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INTERNATIONAL STANDARD

1SO 140/1Vv-1978 (E)

Acoustics — Measurement of sound insulation in buildings

and of building elements —

Part 1V : Field measurements of airborne sound insulation

between rooms

0 INTRODUCTION
The purpose of this International Standard is

— to g|ve procedures to measure the sound insulation
between two rooms in buildings, thus making it possible
to check whether the desired acoustical conditions have
been obtained;

— to give field procedures to determine whether
building| elements have met specifications and to check
whether|faults have occurred during construction.

1 SCOPE AND FIELD OF APPLICATION

This Interpational Standard specifies field methods for
measuring [the airborne sound insulation properties of
interior walls, floors and doors between two rooms under
diffuse sound field conditions in both rooms and for-deter-
mining thg protection afforded to the occupants)of the
building.

The resulty obtained can be used to comparé sound insu-
lation betyween rooms and to compare. actual sound in-
sulation with specified requirements,

When detefmining the protectiontafforded to the occupants
of the building, the standardized level difference (see 3.3)
is approprigte.

When detdrmining the\'sound insulation properties of a
building element, the/ apparent sound reduction index
(see 3.4) is|used.

NOTES

ISO 140/V, Acoustics — Measurement of sound insulation
in buildings and of building elements — Part V : Field
measurements of airborne hsound insulation of facade
elements and facades.

ISO/R 354, Measurement of absorption coefficients in a
reverberation room.

ISO/R 717, Rating of sound insulation for dwéllings.

|EC Publication 225, Octave, half-octave and third-octave
band filters intended for the analysis of spund and vi-
brations.

3 DEFINITIONS

3.1 average sound pressure level in a room : [Ten 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 averagi being taken
over the entire room with the exception those parts
where the direct radiation of a sound sourc¢ or the near
field of the boundaries (wall, etc.} is of significpnt influence.
This quantity is denoted by L :

pf+p§+...+p2

L=10ig 2 4B AN
npf)
where
P1.P2,...,Pp are the r.m.s. sound pressures at n

different positions in the room;

1 Laboratory measurements of airborne sound insulation of build-
ing elements are dealt with in ISO 140/I11.

2 Field measurements of airborne sound insulation of facade
elements and facades are dealt with in 1SO 140/V.

2 REFERENCES

ISO 140/11, Acoustics — Measurement of sound insulation
in buildings and of building elements — Part |l : Statement
of precision requirements.

1SO 140/111, Acoustics — Measurement of sound insulation
in buildings and of building elements — Part Il : Labor-
atory measurements of airborne sound insulation of build-
ing elements.

Po = 20 pPa is the reference sound pressure.

3.2 level difference : The difference in the space and time
average sound pressure levels produced in two rooms by
one or more sound sources in one of them. This quantity
is denoted by D :

D=L, —-1L, ... {2)
where

L4, is the average sound pressure level in the source
room;

L, is the average sound pressure level in the receiving
room.
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3.3 standardized level difference : The level difference
corresponding to a reference value of the reverberation time

in the receiving room. This quantity is denoted by D,y :

7
D..=D+10ig-—dB ... (3)
To
where
D is the level difference;

T is thereve

beration time in the receiving room;

where
S is the area of the test specimen;

A is the equivalent absorption area in the receiving
room.

In the case of evaluation of R of a door S is the area of the
free opening in which the door including the frame is
mounted. It must be proved that the sound transmission
through the rest of the surrounding wall is negligible.

To is the ref
For dwellings, T
T,=05s

NOTES

1 The standardizi
of 0,55 takes intg
reverberation time|
the volume and o
standardizing, D
transmission if the

2 The standardizi
time in the receivir
izing the level diff|
area of :
Ap=032V

where

rence reverberation time.
is given by
. (4)

g of the level difference to a reverberation time
account that in dwellings with furniture the
has been found — nearly independently of
frequency — to be equal to 0.5s. With this
is dependent on the direction of the sound

wo rooms have different volumes,

hg of the level difference to the reverberation
g room of Tg=0,5s is equivalent to standard-
brence with respect to an equivalent absorption

Aq is the equiyalent absorption area, in square metres;

V is the volum)

p of the receiving room, in cubic metres.

3.4 apparentsolind reduction index, apparent transmission

loss : Ten times
sound power W/{
total sound pow
This quantity is d

! W‘]
R =10 Ilg—
Wy

In general, the s
room consists of

Wpg which
radiated from

the common logarithm of the ratio.ofthe

incident on a partition under test to the
er W5 transmitted into the reg€iving room.
enoted by R’ :

dB ... (5)
bund power transmitted into the receiving

the sum of the.following components :

has entered’ the partition directly and is
it directly;

has-entered the partition directly but is

WDf which

In the case ot staggered rooms, S Is that part ot the|area of
the partition common to both rooms; if, however, the
common area is less than 10 m?2, the valuéJof S|for in-
sertion in equation (6) shall be 10 m2 but, the 'measurement
results shall not be used for comparison with |results

obtained by measurement in laboratory:

NOTE — In the apparent sound reddction index, the sound power
transmitted into the receiving room-is related to the sound power
incident on the common partition-irrespective of actual cdnditions
of transmission.

The apparent sound reduction index is independent of the|measur-
ing direction between{the 'rooms if the sound fields are djffuse in
both rooms.

4 EQUIPMENT

The equipment shall be suitable for meeting the
medts of clause 6.

equire-

5 TEST ARRANGEMENT

For the test arrangement to be used in the field, it is not
possible to standardize the area of the test specimen and
the volume and shape of the rooms.

Measurements between empty rooms with equal dimensions
should preferably be made with diffusers in each rpom. If
diffusing elements are used, they should be sufficiently
isolated from the building, for example by placing them on
pads of resilient material.

6 TEST PROCEDURE AND EVALUATION

6.1 Generation of sound field in the source room

radiated from

ftankimgconstroctions;

Wey4 which has entered flanking constructions and is

radiated from

We
radiated from
W eax which

through leaks,

the partition directly;

which has entered flanking constructions and is

flanking constructions;

has been transmitted (as airborne sound)
ventilation ducts, etc.

Under the assumption of diffuse sound fields in the two

rooms, the appa

rent sound reduction index may be evalu-

ated from the formula

R'=L,-1L,

S
+ 101g—dB ... (B
gA (6)

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.

If the sound source contains more than one loudspeaker
operating simultaneously, the loudspeakers should be con-
tained in one enclosure, the maximum dimension of which
should not exceed 0,7 m. The loudspeakers should be
driven in phase.

The loudspeaker enclosure should be placed to give a sound
field as diffuse as possible and at such a distance from the
test specimen that the direct radiation upon it is not
dominant.
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6.2 Measurement of the average sound pressure level

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 p2.

When in any frequency band the sound pressure level in
the receiving room is less than 10 dB above the background
level, then the background level should be measured just
before and after the determination of sound pressure level
due to the sound source and a correction as given in the

1SO 140/1V-1978 (E)

where
A is the equivalent absorption area, in square metres;
V is the receiving room volume, in cubic metres;
T is the reverberation time, in seconds.

An alternative method of determining the equivalent
absorption area is to measure the average sound pressure
level produced by a sufficiently stable sound source the
power output of which is known,

table shallﬁl-bz-uppl;cd.
TABLE — Correction to sound pressure level readings

Correction to be subtracted
from sound pressure level
measured with sound source
operating to obtain sound
pressure level due to
sound source alone

Differefice between sound

pressure {evel measured with

sound sgurce operating and
backgtound level alone

dB dB
3 3
4to5 2
6t09 1

The abovg corrections, if any, are to be made to the in-
dividua! rdadings.

If the difference is less than 3 dB, i.e. the sound pressure
tevel L, I less than the background level, a preciselvalue
of L, canpot be determined.

6.3 Freqlency range of measurements

The soundl pressure level should be measured using third-
octave or| octave band filters. The\discrimination charac-
teristics df the filters should beyjin accordance with 1EC
Publication 225.

Third-octgve band filters—having at least the following
centre frequencies in_hertZ should be used :

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

6.5 Measurement procedure

Each organization should determing'a’ normal est procedure
which complies with this International Standdrd.

The necessary criteria which affect the repeatability of the
measurements are shown-below :

— number and sizes of diffusing elements|(if any);
— position~of the sound source;

— minimum distances between microphgne and sound
sourcen'and microphone and room bolindaries with
regard to near fields;

— number of microphone positions or, i the case of a
moving microphone, the microphone path

— averaging time of the levels;

— method for determining the equivalgnt absorption
area, which involves a number of repeatpd readings in
each position.

An example of typical test conditions is given|in annex A.

7 PRECISION

It is required that the measurement procedure should give
satisfactory repeatability. For the instrumerjtation and, in
specific cases, for the complete measurement condition,
this can be determined in accordance with the method
shown in ISO 140/11.

It is recommended that different organizatiops in the same
country should periodically perform compafison measure-

If octave band filters are used, as a minimum the series
beginning with centre frequency 125 Hz and ending at
2 000 Hz should be used.

6.4 Measurement and evaluation of the equivalent
absorption area

The correction term of equation (6) containing the equival-
ent absorption area may preferably be evaluated from the
reverberation time measured according to 1SO/R 354 and
evaluated using Sabine’s formula :

0,163V
T

A A7)

ments on the same test specimen to check the repeatibility
and the reproducibility of their test procedures.

8 EXPRESSION OF RESULTS

For the statement of results, the apparent sound reduction
index R of the test specimen and/or the standardized level
difference D, between the two rooms should be given at
all frequencies of measurement, in tabular form and/or in
the form of a curve. For graphs with the level in decibels
plotted against frequency on a logarithmic scale, the length
for a 10 : 1 frequency ratio should be equal to the length
for 10 dB, 25 dB or 50 dB on the ordinate scale.
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9 TEST REPORT

With reference to this International Standard, the test
report shall state :

a) name of organization that has performed the
measurements;

b} date of test;

c) description of the building construction and test
arrangement;

h) brief description of details of procedure and equip-
ment (see 6.5);

i) limit of measurement in case the sound pressure level
in any band is not measurable on account of background
noise (acoustical or electrical);

j) the flanking transmission — if measured (see
annex B) — in the same form as R’. It should be stated
as clearly as possible which part or parts of the trans-

d) volumes of both rooms;

e) type of ngise and filters used;

f) either apparent sound reduction index R’ of test
specimen or dtandardized level difference D,+ between
the two rooms as a function of frequency, whichever is
appropriate;

g) the area S|used for evaluation of R';

ANNEX A

EXAMPLE OF A TEST PROCEDURE

mitted sound power are Included fn the flanking trans-
mission measurement;

k) totalloss factor 1,41, — if measured {see anngx C) —
at all frequencies of measurement in-tabular form|and/or
in the form of a curve,

For the evaluation of a single_figdre rating from thg curve
R' (), see ISO/R 717.

An example of la_test procedure which will normally be
expected to give satisfactory repeatability in cases where
the room volumes exceed 25 m3 is given below :

When the empty rooms have identical shape, each will be
modified in such a way that they will have a more random
sound field. This can be achieved by means of portable
diffusers such as sheets of building boards or pieces of
furniture, whichever are the most convenient. Three or
four objects will be sufficient in most cases.

One loudspeaker is placed separately in two different
corners opposite the test specimen (but not directed at it)
such that with six microphone positions randomly dis-
tributed throughout each room, three can have readings
taken for each loudspeaker position, using an averaging

4

time of B in each frequency band at each pasition. The
loudspeaker is fed with white noise in one-third octave
bands. in the microphone channe! one-third octave band
filters are used as well. No microphone position should be
nearer than 0,5 m to the room boundaries or diffusers.

As an alternative, the sound field sampling procedure can
be carried out using a rotating microphone device having a
minimum sweep radius of 0,7 m. In this case, the plane of
the traverse is inclined in relation to the room boundaries
and the device should have a traverse time equal to the
averaging time, which should be a minimum of 30 s.

The equivalent absorption area should be determined from
readings taken using three microphone positions with two
reverberation time analyses at each position.
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