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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work of
preparing Infernational Standards is normally carried out through 1SO
technical conpmittees. Each member body interested in a subject for which
a technical committee has been established has the right to be represented
on that committee. International organizations, governmental and non-
governmental, in liaison with ISO, also take part in the work. 1SO
collaborates |closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International [Standard ISO 140-4 was prepared by Technical ‘Committee
ISO/TC 43, Acoustics, Subcommittee SC 2, Building acoustics;

This second edition cancels and replaces the first edition. (ISO 140-4:1978)
which has begn technically revised.

ISO 140 congists of the following parts, under the general title Acoustics —
Measuremeny of sound insulation in buildings and of building elements:

— Part 1:| Requirements of laboratory) test facilities with suppressed
flanking transmission

—  Part 2: Determination, verification and application of precision data

—  Part 3:| Laboratory smeasurement of airborne sound insulation of
building elements

—  Part 4:| Field-méasurements of airborne sound insulation between
rooms

—  Part 5: Field measurements of airborne sound insulation of facade
elements and facades

—  Part 6: Laboratory measurements of impact sound insulation of floors
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—  Part 7: Field measurements of impact sound insulation of floors

—  Part 8: Laboratory measurements of the reduction of transmitted
impact noise by floor coverings on a heavyweight standard floor

—  Part 9: Laboratory measurement of room-to-room airborne sound
insulation of a suspended ceiling with a plenum above it

—  Part 10: Laboratory measurement of airborne sound insulation of
small building elements

Anrnexes-A-and-Biorm-an-integral-part-of-thispartef-HSO-140. Annexes C

to F are for information only.
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Acoustics — Measurement of sound insulation in buildings and of
building elements —

Part 4:
Field n
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NOTE1 L

NOTE2 F

2 Nornpative references

The follow
ISO 140. A

neasurements of airborne sound insulation between.foom

e

f ISO 140 specifies field methods for measuring the airborne sodnd insulation properties of
doors between two rooms under diffuse sound field conditiens’in both rooms, and for de
afforded to the occupants of the building.

ds give values for airborne sound insulation which are-frequency dependent. They can be ¢
mber, characterizing the acoustic performance, by afplication of ISO 717-1.

5 obtained can be used to compare sound-igsulation between rooms and to compare
vith specified requirements.

eld measurements of airborne sound insulation of fagade elements and fagades are dealt with in ISO

ng standards contain-provisions which, through reference in this text, constitute provisions
t the time of publication, the editions indicated were valid. All standards are subject to

parties to
most rece
Internatio

ISO 140-2(1991, Acoustics — Measurement of sound insulation in buildings and of building eleme
Determinatian, verification and application of precision data

hgreements Based on this part of ISO 140 are encouraged to investigate the possibility o
t editions-afithe standards indicated below. Members of IEC and ISO maintain registers of
| Standards.

hboratory measurements of airborne soundiinsulation of building elements are dealt with in ISO 140-3.

S

interior walls,
termining the

onverted into

actual sound

140-5.

Df this part of
revision, and
applying the
urrently valid

/In‘s — Part 2:

ISO 140-3:1995, Acoustics — Measurement of sound insulation in buildings and of building elements — Part 3:
Laboratory measurements of airborne sound insulation of building elements.

ISO 354:1985, Acoustics — Measurement of sound absorption in a reverberation room.

ISO 717-1:1996, Acoustics — Rating of sound insulation in buildings and of building elements — Part 1: Airborne
sound insulation.

IEC 60651

IEC 60804

:1979, Sound level meters.

11985, Integrating-averaging sound level meters.
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IEC 60942: 1988, Sound calibrators.

IEC 61260:1995, Electroacoustics — Octave band filters and fractional-octave band filters.

3 Definitions
For the purposes of this part of ISO 140, the definitions given in ISO 140-3 and following definitions apply.

3.1 average sound pressure level in a room, L: Ten times the logarithm to the base 10 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 nvnnptinn of those p:\rfc where the direct radiation-of a-soeungd source or

the near field|of the boundaries (wall, etc.) is of significant influence; it is expressed in decibels.

In practice, ugually the sound pressure levels Lj are measured. In this case L is determined by

(1, n O
L=10|931210L1/1°Dd3 @

Ehj—l H

where L; are the sound pressure levels L, to L, at n different positions in the room.

3.2 level diffgrence, D: Difference, in decibels, in the space and time average sound pressure levels groduced in
two rooms by one or more sound sources in one of them:

D=1L,-|L, .. (@
where

L, isthe average sound pressure level in the source room;

L, isthe average sound pressure level in the feceiving room.

3.3 normalized level difference, D,,: Level difference, in decibels, corresponding to the reference absofption area
in the receivipg room:

A
Dn:[>-10|gE dB ... (3)

D s the level difference, in decibels;

A s the equivalent sound absorption area of the receiving room, in square metres;

A is theTeferenceatsorption area, 1T square metres (for Tooms T dwettmgs or Tooms of compdrable size:
Ay =10 m?).

3.4 standardized level difference, D, Level difference, in decibels, corresponding to a reference value of the
reverberation time in the receiving room:

Dy =D+10lg—— dB @)
To

where

D s the level difference;
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T is the reverberation time in the receiving room;
Ty s the reference reverberation time; for dwellings, T, =0,5s.

NOTE 1 The standardizing of the level difference to a reverberation time of 0,5 s takes into account that in dwellings with
furniture the reverberation time has been found to be reasonably independent of the volume and of frequency and to be
approximately equal to 0,5 s. With this standardizing, D,,; is dependent on the direction of the sound transmission if the two
rooms have different volumes.

NOTE 2 The standardizing of the level difference to the reverberation time in the receiving room of T, = 0,5 s is equivalent to
standardizing the level difference with respect to a reference absorption area of

Ay=032V
where
A, is|the reference absorption area, in square metres;

\Y,

s|the volume of the receiving room, in cubic metres.
3.5 appar¢nt sound reduction index R: Ten times the logarithm to the base 10.ef the ratio of the [sound power
W, which |s incident on a partition under test to the total sound power transmitted into the receiving room if, in

addition td the sound power W, transmitted through the separating element;*the sound power W, transmitted
through flanking elements or by other components, is significant; it is expreSsed in decibels:

— W
R=101 dB ... (5
g\NZ+V\é ®)

NOTE 1 Explanations of W, are given in annex C.

NOTE 2 THe expression "apparent sound transmission loss".igsalso in use in English-speaking countries. It i$ equivalent to
"apparent spund reduction index".

NOTE 3 In|general, the sound power transmitted intg\the receiving room consists of the sum of several compgnents. Also in

this case, upder the assumption that there are sufficiently diffuse sound fields in the two rooms, the apparent spund reduction
index in thid part of ISO 140 is evaluated from

R:D+1OIg; dB ... (6)

D is|the level difference;
S  is|the area of the‘separating element;
A is|the equivalent sound absorption area in the receiving room.

In the case[of determination of the sound reduction of a door, Sis the area of the free opening in which the dogr including the

frame is mounted—lt-hasto-be provedthat the sound-transmissionthrough-the rest of the surroundingwallis negligible.

In the case of staggered or stepped rooms, Sis that part of the area of the partition common to both rooms. If the common area
is less than 10 m?, indicate this in the test report. Sis then calculated by max.(S, V/7,5), where V is the volume, in cubic metres,
of the receiving room (which is the smaller room in this case).

In the case that no common area exists, the normalized level difference D, is determined.

NOTE 4 In general, comparison between results from field measurements and those from laboratory measurements should
only be done where the common area Sis approximately 10 m2.

NOTE 5 In the apparent sound reduction index, the sound power transmitted into the receiving room is related to the sound
power which is incident on the common partition irrespective of actual conditions of transmission. The apparent sound
reduction index is independent of the measuring direction between the rooms if the sound fields are diffuse in both rooms.
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4 Equipment
The equipment shall comply with the requirements of clause 6.

The accuracy of the sound level measurement equipment shall comply with the requirements of accuracy class 0 or
1 defined in IEC 60651 and IEC 60804. If not otherwise stated by the equipment manufacturer, the complete
measuring system including the microphone shall be adjusted before each measurement using a sound calibrator
which complies with the requirements of accuracy class 1 defined in IEC 60942. For sound level meters calibrated
for measurements in sound fields of progressive plane waves, corrections for the diffuse sound field shall be
applied.

The filters shall comply with the requirements defined in IEC 61260.

The reverbergtion time measurement equipment shall comply with the requirements defined in ISO 354!

Requirement

NOTE For p4
given in OIML

5 Testarn
Measuremen
diffusers in €
three or four

NOTE Guide
under conside

6 Testpn

6.1 Gene

The field megsurements of airborne_sound insulation shall be made in one-third-octave bands unless o

measuremen
When the res
directly comp

6.2 Gene

The sound g

5 for the sound source are given in 6.2 and annex A.

ttern evaluation (type testing) and regular verification tests, recommended procedures|for'sound leve
R58[] and OIML R88[4l.

rangement
ts between empty rooms with identical shape and equal dimensions should preferably be
bbjects will be normally sufficient.

ines (e.g. in the form of a technical report) for performing-measurements in special measurement s
ation.

pocedure and evaluation

al

ts have been agreed ‘upon. The procedure for octave band measurements is specified i
ults from octave band’measurements are converted to single-number quantities, these res
arable with those.from one-third-octave band measurements.

ation of.seund field in the source room

bnerated in the source room shall be steady and have a continuous spectrum in the frequg

meters are

made with

hch room (e.g. pieces of furniture, building boards). The atea of a diffuser should be at legst 1,0 m2;

tuations are

ctave band
annex B.
Its are not

PNcy range

considered. |

filters are used, use those with a bandwidth of at least one-third octave. If broad-band noi

e is used,

the spectrum may be shaped to ensure an adequate signal-to-noise ratio at high frequencies in the receiving room
(white noise is recommended). In either case, the sound spectrum in the source room shall not have differences in
level greater than 6 dB between adjacent one-third-octave bands.

The sound power should be sufficiently high for the sound pressure level in the receiving room to be at least 10 dB
higher than the background noise level in any frequency band. If this is not fulfilled, corrections shall be applied as
shown in 6.6.

If the sound source enclosure contains more than one loudspeaker operating simultaneously, the loudspeakers
shall be driven in phase or it shall be assured in other ways that the radiation is uniform and omnidirectional, as
specified in A.1.3. It is permissible to use multiple sound sources simultaneously, provided that they are of the same
type and are driven at the same level by similar, but uncorrelated, signals. When using a single sound source, it
shall be operated in at least two positions. If the rooms are of different volumes, the larger one should be chosen as
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source room when the standardized level difference is to be evaluated and no contradictory procedure is agreed
upon. In order to evaluate the apparent sound reduction index measurement, results from one measurement
direction only or from both directions may be used. That means the loudspeaker positions shall be in the same room
or the measurements shall be repeated in the opposite direction by changing source and receiving room with one or
more source positions in each room.

Place the loudspeaker enclosure so as to give a sound field as diffuse as possible and at such a distance from the
separating element and the flanking elements influencing the sound transmission that the direct radiation upon them
is not dominant. The sound fields in the rooms depend strongly on the type and on the position of the sound source.
Quialification of the loudspeakers and of the loudspeaker positions shall be performed using the procedures given in
annex A.

6.3 Measurement of average sound pressure level

6.3.1 General

Obtain the] average sound pressure level by using a single microphone moved from pasition to posifion, or by an
array of fixed microphones, or by a continuously moving or oscillating microphone. Thersound pressure levels at the
different npicrophone positions shall be averaged on an energy basis [see equation (1)] for all Jound source
positions.

6.3.2  Microphone positions

The following are minimum separating distances:

— 0,7 m|between microphone positions;

— 0,5 mbetween any microphone position and room boundaries or diffusers;
— 1,0 m|between any microphone position and the sound source.

NOTE Grdater separating distances should be used wherever possible.

a) Fixed microphone positions

A minimum of five fixed microphone positions shall be used; these shall be evenly distributed within the space
permitted for measurement in the room.

b) Movingy microphone positions

When usirl]g a moving micrgphone, the sweep radius shall be at least 0,7 m. The plane of the traverse shall be
inclined in jorder to cover a large proportion of the space permitted for measurement. The plane of traverse shall not
lie within 2§0° of any plane~of the room (wall, floor, ceiling). The duration of a traverse period shall nof be less than
15s.

6.3.3 MTasurement

a) Using a single sound source

The minimum number of measurements using fixed microphone positions is ten (e.g. one measurement at each
microphone position corresponding to each loudspeaker position).

The minimum number of measurements using a moving microphone is two (e.g. one measurement with each
loudspeaker position).

b) Using a multiple sound source operating simultaneously

The minimum number of measurements using fixed microphone positions is five.

The minimum number of measurements using a moving microphone is one.
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6.3.4 Averaging time

At each individual microphone position, the averaging time shall be at least 6 s at each frequency band with centre
frequencies below 400 Hz. For bands of higher centre frequencies, it is permissible to decrease the time to not less
than 4 s. Using a moving microphone, the averaging time shall cover a whole number of traverses and shall be not
less than 30 s.

6.4 Frequency range of measurements

The sound pressure level shall be measured 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

In order to @btain additional information and to obtain results comparable to that of 'laboratory medsurements
according to|ISO 140-3, it is recommended to enlarge the frequency range of the (measurements by one-third-
octave filter jands with the following centre frequencies, in hertz:

4000 5000

If additional ipformation in the low-frequency range is required, use one-third-octave band filters with the following
centre frequencies, in hertz:

50 63 80

Guidance is given in annex D for such additional measurements in the low-frequency bands.

6.5 Measurement of reverberation time and évaluation of the equivalent sound absorption arga

The correction term of equation (6) containing the equivalent sound absorption area is evaluated from the
reverberation time measured in accordance Wwith ISO 354 and determined using Sabine's formula:

016}

where
A s the equivalentabsorption area, in square metres;

V is the receiving room volume, in cubic metres;

T is the'‘reverberation time in the receiving room, in seconds.

Following ISO 354, begin the evaluation of the reverberation time from the decay curve about 0,1 s after the sound
source has been switched off, or from a sound pressure level a few decibels lower than that at the beginning of the
decay. Use a range neither less than 20 dB, nor so large that the observed decay cannot be approximated by a
straight line. The bottom of this range shall be at least 10 dB above the background noise level.

The minimum number of decay measurements required for each frequency band is six. At least one loudspeaker
position and three microphone positions with two readings in each case shall be used.

Moving microphones which meet the requirements of 6.3.2 may be used but the traverse time shall be not less than
30s.
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6.6 Correction for background noise

0-4:1998(E)

Measure background noise levels to ensure that the observations in the receiving room are not affected by

extraneous sound such as noise from outside the test room, electrical noise in the receiving system
cross-talk between the source and the receiving systems.

The background noise level shall be at least 6 dB (and preferably more than 10 dB) below the level

, or electrical

of signal and

background noise combined. If the difference in levels is smaller than 10 dB but greater than 6 dB, calculate

corrections to the signal level according to the following equation:

L=101g (10st’10 - 10Lb’1°)dB

where

L

s|the adjusted signal level, in decibels;

Ly, islthe level of signal and background noise combined, in decibels;

L, isthe background noise level, in decibels.

If the diffefence in levels is less than or equal to 6 dB in any of the frequeney bands, use the corr

correspondling to a difference of 6 dB. In that case, indicate D,,, D, or/Rlin the measurement repo
clear that the reported values are the limit of measurement [see j) of clause 9].

7 Prec|sion
The measlirement procedure shall give satisfactory repeatability. This shall be determined in accord

method giyen in ISO 140-2 and should be verified from time to time, particularly when a change is
procedure [or instrumentation.

8 Expression of results

tement of the airborne sound insulation between rooms, the values of the normalized level
dized level difference/D,,T or the apparent sound reduction index R” shall be given at all f

For the stg
the stand
measurem

decibels plotted‘against frequency on a logarithmic scale, using the following dimensions:

.(8)

bction 1,3 dB
t so that it is

ance with the
made in the

Hifference D,
equencies of

nt, to one decimal pface, in tabular form and in the form of a curve. Graphs in the test rep¢rt shall show

The use
informatio

port, state all

When calculating the values of D,, D, or R” in octave bands from the values in one-third-octave bands, the

following equations shall be used:

B %3 10_ Dn,1/3OCt,j/1OE
Dn,oct - _10 |g %Zl 3 EdB

. (9)
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If the test procedure for R”is repeated either in the same
mean of all m

9

The test repo

a)
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d)
e)
f)

)}

h)

)

k)

E3 1O_DnT,1/3OCt,J/1O E

Dht,0ct = —101g %El 3 EdB

O3 10‘R'1/3oct,j /10 E

Rot=-10lgFy ———=dB
=1 3 %

©1SO

... (10)

... (11)

n the opposite measurement direction, the arithmetic
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rt shall state:

b to this part of ISO 140;

the organization that has performed the measurements;

d address of the organization or person who ordered the test(client);

eSt;

bn and identification of the building construction and\test arrangement;

of both rooms;

e normalized level difference D, or the standardized level difference D, 1 between the ro
sound reduction index R’ of the .separating element as a function of frequency, wh

S used for evaluation of R

cription of details of procedure and equipment;

s of results whichhare to be taken as limits of measurement. They shall be given as

. This shall be applied if the relevant sound pressure level in any band is not measurable on
nd noise (acoustic or electrical, see 6.6);

ng transtission [if measured (see annex C)] in the same form as R’ It should be stated ag

ment.

bms or the
ichever is

D, DT or
account of

clearly as

which,part or parts of the transmitted sound power are included in the flanking transmission

For the evaluation of single-number ratings from the curves D,(f), D,7(f) and R{f), see ISO 717-1. It shall be
clearly stated that the evaluation has been based on a result obtained by a field method.
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Annex A
(normative)

Quialification and positioning of the sound source

0-4:1998(E)

A.1 Qualification procedures for loudspeakers and for loudspeaker positions relative to
microphone positions

All G

neral

The objec
microphon
to be outsi
on the surf

Requiremgq
essential t

requiremeits for uniform omnidirectional radiation given in A.1.3.

Al2 Lo

Ensure that the microphone positions are outside the direct sound*field of the source. Each fixeq

position sh

When usin
6.3.2).

For a movi

A.13 Te

At all sour
closed cab

Mounting

approximation of uniform omnidirectional radiation. Omnidirectional radiation into the room is also ach

hemispher
the directid

For a test
distance o
one-third-g

bs as diffuse as possible. The positions and the directivity of the source shall permit microph
He the direct field of the source and shall ensure that the direct radiation from the source is
ace of the walls, floors and ceilings which contribute to the sound transmission,

nts for radiation characteristics of the sound source depend on the dimensions of the sour
hat the requirement for separating distances given in 6.3.2 is fulfilled if @source is used wh

udspeaker positions with regard to microphone positions

all lie outside the region in which levels decrease significantly with distance from the source,

g a source with omnidirectional radiation, the distance to a microphone shall be not less t

ng microphone, no significant level increase’shall occur when the path comes close to the s

st procedure for loudspeaker radiation directivity

Ce positions in the free roomSspace, loudspeakers should be used with the speaker units
inet. All speaker units in the.same cabinet shall radiate in phase.

loudspeakers on the-surfaces of a polyhedron, preferably a dodecahedron, gives

e polyhedron logdspeaker (mounted directly on the floor). Carry out vertical measurements
n from the lowerroom to the upper room.

of the_directional radiation of a source, measure the sound pressure levels around the

ive of these requirements is to make the sound field in the source room which is-sampled by the

one positions
not dominant

ce room. It is
ch meets the

microphone

han 1 m (see

purce.

mounted in a

an adequate
evable with a
n this case in

source at a
ents made in

abot-1,5 m in a free field. The source shall be driven with a noise signal, and measurem
ctave bands. Measure the level difference between the energetic mean value for the arc

and the "g

Tf 360° (Lggo)

ding" mean values of all arcs of 30° (1 45

The directivity indices are

Dl; = L3gg — L3g,i

Uniform omnidirectional radiation can be assumed if the DI values are within the limits of +2 dB in the frequency
range from 100 Hz to 630 Hz. In the range from 630 Hz to 1 000 Hz, the limits increase linearly from +2 dB to
+ 8 dB. They are +8 dB for frequencies of 1 000 Hz to 5 000 Hz.

Carry out the test in the different planes to ensure inclusion of the "worst case” condition. For a polyhedron source,
testing in one plane is sufficient.
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A.2 Guidance on the selection of optimum source positions

The suitability of source positions also depends on the radiation characteristic of the loudspeaker as well as on the
microphone positions (or the microphone path in the case of a moving microphone).

The distance between different loudspeaker positions shall be not less than 0,7 m.
At least two positions shall be not less than 1,4 m apart.

The distance between the room boundaries and the source centre shall be not less than 0,5 m. Small irregularities
of the room boundaries may be neglected.

Different loud

Deviating from the above-mentioned requirements concerning the distance between the room boandaries and the
source, espegially in small rooms it is often of advantage for the practical execution of the measuremgnts to use
loudspeaker positions in the corners of the source room. Take special care with regard to possible influgnce on the
flanking trangmission and with regard to unwanted increase of level fluctuations in the source:room.

10
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Annex B
(normative)

Procedures for the measurement of sound insulation in octave bands

B.1 General

For the field measurements of airborne sound insulation between rooms, the procedure for the measurement in
one-third-octave bands is specified in this part of ISO 140. However, if measurements in octave bands have to be

performed

B.2 Gelr

The soung
checked K
reverberat
octave bar
of higher c

Filters with
noise sour

Other speq

B.3 Me

Details of
and spatia

this annex shall he applipd

neration of sound field in the source room

generated in the source room should be steady and should have a smooth spectrum.
y measurements of the sound power levels of the sound source in-.one-third-octave
on room. The differences between the sound power levels in the one-third-octave bands be
d shall not be greater than 6 dB in the 125 Hz octave band, 5 dB in the:250 Hz band, and 4
entre frequencies.

a bandwidth of at least one octave shall be used. When using broad-band noise, the sp
ce may be modified to ensure an adequate signal-to-noise.ratio at high frequencies in the re

ifications on the sound source are the same with thoserstated in 6.2.

hsurement of average sound pressure\level

measurement procedures such as microphone positions or microphone traverse paths, a
averaging procedures are the same.with those specified in 6.3.

This shall be

bands in a
longing to an
| dB in bands

bctrum of the
Ceiving room.

eraging time

B.4 Frepguency range of interest
The sound pressure level shall_be measured using octave band filters having at least the following centre
frequenciep, in hertz:
125 250 500 1000 2000
It is recommended\to enlarge the frequency range of the measurements by the 4 000 Hz octave filter hand in order

to obtain 3

dditional information and to obtain results comparable to that of laboratory measurements

according to

ISO 140-3

IfZadditional information in the low frequency range is required, then an octave band filter

with a centre

frequency of 63 Hz should be used. When such additional measurements in the low frequency band are performed,
the guidance given in annex D should be followed.

B.5 Measurement of reverberation time and evaluation of the equivalent sound
absorption area

Follow the

procedure given in 6.5.

11
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B.6 Correction for background noise

Follow the procedure given in 6.6.

B.7 Precision

Follow the requirements given in clause 7.

B.8 Expression of results

For the statefnent of the airborne sound insulation between rooms, the values of the normalized level-difference D,,,
the standardiged level difference DT, or the apparent sound reduction index R’, shall be given at alh frequencies of
measurement, to one decimal place, in tabular form and in the form of a curve. Graphs in the test.report|shall show
the value in decibels plotted against frequency on a logarithmic scale, the following dimensionsAising:

— 15 mm f¢r an octave band;

— 20 mm fgr 10 dB.

If the test prqcedure for R”is repeated either in the same or in the opposite fmeasurement direction, thg arithmetic
mean of all nleasurement results at each frequency band shall be calculated:

12
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Annex C
(informative)

Measurement of flanking transmission

The sound power transmitted into the receiving room can be assumed to consist of the sum of the following
components:

power which has entered the partition directly and is radiated from it directly;

Wleak
If the flank

a) By co
board

power which has entered the partition directly but is radiated from flanking constructions;
power which has entered flanking constructions and is radiated from the partition directly;
power which has entered flanking constructions and is radiated from flanking constructions
power which has been transmitted (as airborne sound) through leaks, ventilation ducts, etc
ng transmission has to be investigated, this may be done in either of‘the following ways.

Vering the separating element on both sides with additional flexible layers, for example 13
on a separate frame at a distance which gives a resonance frequency of the system

airspa

deter
the m

b) By mgd
room.

L, =1

where
Vq, Vs,
Yo

NOTE 1 In
equation (C

With ’{yis measurement Wpy, Wp; and Wy are suppressed,“and the measured apparent redu

ce well below the frequency range of interest. The airspaee should contain sound-absor

ined by Wr. Additional flexible layers, covering particular flanking surfaces, may permit id
jor flanking paths.

asuring the average surface velocity levels_gf'the specimen and the flanking surfaces in
The average surface vibration velocity levehL,, of the specimen is given by:

2 2

2
0 lg(vl +V3 +.2..+Vn ] dB
n-vg

..., Vp are the r.m.s.normal surface vibration velocities at n different positions on the specimn
is the reference vibration velocity?) (v, = 102 m/s).

building acoustics, the reference velocity of 5x108 m/s is also in use. Therefore, the reference v
1) should always be stated.

The vibrati

low compdred/with the point impedance of the surface.

pn.transducer used should be well attached to the surface and its mass impedance should

mm gypsum
of layer and
Ding material.
Ction index is
entification of

the receiving

... (C.1)

blocity used in

pe sufficiently

If the critical frequency (lowest coincidence frequency at sound incidence of 90°) of the specimen or of the flanking
objects is low compared with the frequency range of interest, the power W, radiated from a particular element k with
area S in the receiving room may be estimated by

W = pcsvEo k

1) Taken from ISO 1683.

... (C.2)

13
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where

v% is the spatial average of the mean square of the normal surface velocity;
oy is the radiation efficiency, a figure of about 1 above the critical frequency;
pc is the characteristic impedance of air.

If, for instance, the power radiated from the flanking constructions is determined in this way, the measurement can
be used for the calculation of the apparent sound reduction index, in decibels, as follows:

ef 1V gL ab e .

NOTE 2 The flanking transmission may be measured directly using the intensity measuring method if the different special
conditions required to obtain reliable results with this method are fulfilled. This should be shown ,in,the test rg¢port unless
reference can pe given to a standard on this method.

14
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Annex D
(informative)
Guidance on measurements in the low frequency bands
D.1 General

0-4:1998(E)

In low-frequency bands (lower than about 400 Hz in general and especially lower than 100 Hz), no diffuse-field
conditions in the test rooms can be expected especially when room volumes of only 50 m3 or even less are

considered

for the low
wave strud

The excita
strongly or
may be ve

In order to
and sampl

In rooms W
frequency

microphon

D.2 Min

A strong {
quarter of
doubled fg
boundaries
positions g

D.3 Sar

In order to
positions 4
volume of
very low fri
pressure \
found outs

bst frequency bands. The small number of room modes in the frequency bands are the caug
tures that are found in the whole room space.

measurements. At least one room dimension should be of one Wwavelength and another of
wavelength of the lowest band centre frequency, and there should\be the space to position the sg
s according to the requirements.

The gpnpral rpquirpmpnr that the room dimensions should be at least one \Am\/plpngrh can

ion of the room modes is highly dependent on the source locations. The sound reduction in
which room modes are excited. Even if the repeatability is not bad at low frequencies, the

y poor.

reduce the spread of the measured results, additional effort is necessary with regard to

ith small volumes and unfavourable dimensions, it is not always\possible to obtain reliable 1

imum distances

ound pressure level increase is measured towards the room boundaries from a distang
a wavelength. The minimum separatifig distances (see 6.3.2) have to be increased li
r measurements in the 50 Hz band.\For the distance between the microphone positions
, about 1,2 m should be the ultimate limit. This is also valid for the distances betwee
nd the surface of the separating-element.

npling of the sound-field

obtain a reliable)average of the sound pressure levels in the room volume, the number @
hould be increased. The microphone positions should be spread uniformly throughout
he roomf.a moving microphone is used, it should sample all parts of the allowable volumsg
bguencies'where the room dimensions tend to be in the range of half a wavelength, extrem
alues\are found in the centre part of the room. Therefore, suitable microphone positions s
de this area.

ng of the sound field in the rooms and the special requirements that the‘rooms have to meef.

not be fulfilled

e of standing

dex depends
eproducibility

the excitation

esults of low-
at least half a
urce and the

e of about a
hearly, being
nd the room
microphone

f microphone
he allowable
uniformly. At
bly low sound
hould also be

D.4 Loudspeaker positions

The lack of diffusivity in small rooms at low-frequency measurements can be partly compensated by exciting
different sound fields one after the other and averaging the results. Therefore, the number of loudspeaker positions
has to be increased; the minimum number should be three.

15
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D.5 Averaging time

Due to the smaller absolute filter bandwidth and low modal overlap, the averaging times should be increased to not
less than 15 s for measurements in the 50 Hz band (about three times compared to the requirements for
measurements at 100 Hz). When using a moving microphone, the averaging time should not be less than 60 s.

D.6 Reverberation time

At very low frequencies, test rooms with hard surfaces tend to have long reverberation times. This should be
avoided in order to reduce the dominance of single room modes by improving the modal overlap. The absorption in
the room should be well distributed

16
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Annex E
(informative)

Forms for the expression of results

This annex gives examples of forms for the expression of results for the field measurements of airborne sound
insulation between rooms (for one-third-octave bands and for octave bands).

The curves of reference values shown in the forms are taken from ISO 717-1. The latest version of that standard is

applied. T
according

[ence curves

he reference curves should be qupplpmpntpd Qr_at least rplnlam:d hy the shifted refe

o the procedure described in ISO 717-1.

17
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Normalized level difference according to ISO 140-4
Field measurements of airborne sound insulation between rooms

Client : Date of test :

Description and identification of the building construction and test arrangement, direction of measurement :

Source room|volume : m m==—- Frequency range according to the
Receiving rogm volume : m3 —_— curve of reference values (ISO 717-1)

~
o

Dn
(pne-third
f octave)
Hz dB

Frequency

[*N
(=]

50
63
80

il
(=)

100
125
160

Normalized level difference, D, dB

40

200
250
315

400
500

630 30

800
1000
1250

20

1600
2000
2500

3 150
4 000 10
5000

\

C-—fF-—————<F——————fF——————Ff=——=—=———fF——————=

L 11 L L1 ]
53 125 250 500 BYUYY 27000 4 000

Frequency, f,Hz —=

Rating according to ISO 717-1

Dnw (C;Cy) = t 0 )dB Cso3150 = dB; Cro5000 = dB; Cigo-5000 = dB

Evaluation based on field measurement dB:

results obtained by an engineering method Cir,50-3150 = dB; Ctr,50-5000 Cir,100-5000 = dB

No. of test report : Name of test institute :

Date : Signature :

18
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Normalized level difference according to ISO 140-4
Field measurements of airborne sound insulation between rooms
Client : Date of test :
Description and identification of the building construction and test arrangement, direction of measurement :
Source ropm volume : m === Frequency range according to the
Receiving|room volume : m3 —_— curve of reference values (ISO 71751)
70 T —7
! 1
I ]
m ! !
o | [}
~ ] [l
f=d ] [l
Q J )
Frequendly Dn < ' !
f (octave) 2 60 ; i
dB 9 ' i
Hz QL ! I
£ ' !
o : et
g : / i
63 = I 1
€ 50 5 / !
- B S { i
i ! I ' / !
] e
125 | | | = i |
} 1 i
: | | !
| | : :
! ' 40 : 1
250 | |t l / l
1 | p |
] [} 1
.' | | !
500 | || | ' |
| i 30 ' I
! ! ! !
I | ! \
T | |
: | : [
1000 | |! ! . )
1 ) i [
1 t : [
l i 20 , ;
! | | |
| 1 : 1
2000 | | : i \
1 1\ : |
LoD o i :
! |
: |
[}
4 000 10 1 (I L1 [ 1 L 1
53 125 250 SO0 o000 27000 4 000
Frequency, f, Hz —=
Rating according to ISO 717-1
Dnw (CCy) = C 7 )dB; Ce32000 = dB; Ce3-4000 = dB:  Cigag0 = dB
Evaluation based on field measurement .
results obtained by an engineering method Cir,63-2000 = dB; Cr,63-4000 = dB; Ctr125-4000 = dB
No. of test report : Name of test institute :
Date : Signature :
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Standardized level difference according to ISO 140-4
Field measurements of airborne sound insulation between rooms

Client : Date of test :

Description and identification of the building construction and test arrangement, direction of measurement :

Source room|volume : m m==—- Frequency range according to the
Receiving rogm volume : m3 —_— curve of reference values (ISO 717-1)

~
o

Dnr
(pne-third
f octave)
Hz dB

Frequency

[*N
(=]

50
63
80

il
(=)

100
125
160

Standardized level difference, D7, dB

40

200
250
315

400
500

630 30

800
1000
1250

20

1600
2000
2500

\

C-—fF-—————<F——————fF——————Ff=——=—=———fF——————=

3150 [ N
4 000 10
5000

L 11 L L1 ]
53 125 250 500 BYUYY 27000 4 000

Frequency, f,Hz —=

Rating according to ISO 717-1
Dntw (CiCy) = t & )dB Cs0-3150 = dB; Cso5000 = dB; Cro0-5000 = dB

Evaluation based on field measurement

results obtained by an engineering method dB

Cir,50-3150 = dB; Cir,50-5000 = dB; Ctr,100-5000

No. of test report : Name of test institute :

Date : Signature :
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