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Foreword

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

International Efectrotechmicat-Commissiom (tEC) omattmmattersof etectrotechmicat starmdardizatior—

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart'2.
The main task of technical committees is to prepare International Standards. 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\avote.

Attention is drawn to the possibility that some of the elements of this document may be the subject off patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 354 was| prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 2, Building
acoustics.

This second eflition cancels and replaces the first edition (ISO 354:1985), which has been technically revised,
as follows:

— an integrgted impulse response method has been introduced,;
— the requirement to measure at least 36 decays has been added;

— mounting [conditions according to 1ISO 354:1985:Amd.1:1997 and mounting conditions Type B and [Type J
have been introduced.

iv © ISO 2003 — Al rights reserved
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Introduction

When a sound source operates in an enclosed space, the level to which reverberant sound builds up, and the
subsequent decay of reverberant sound when the source is stopped, are governed by the sound-absorbing
characteristics of the boundary surfaces, the air filling the space, and objects within the space. In general, the
fraction of the incident sound power absorbed at a surface depends upon the angle of incidence. In order to
relate the reverberation time of an auditorium, office, workshop, etc., to the noise reduction that would be

effect
in the
waves
taken

indepe

Hoyamabsorbingtreatment; knmowtedge of the—sound=abrsorbimg tharacteristics of thes

as the basic condition for the purposes of standardization. If, in addition,, the’ sou

sounds reaching a room surface are said to be at random incidence.

The sd

absorption measured in a reverberation room closely approximates the,sound absorption
measured under the basic conditions assumed for standardization.

The p

measurement of sound absorption in reverberation rooms.

rfaces, usually

form of a suitable average over all angles of incidence, is required. Since the distribution of sound
in typical enclosures includes a wide and largely unpredictable range of angles, a uniform distribution is

hd intensity is

ndent of the location within the space, the sound distribution is called a diffuse sound field, and the

und field in a properly designed reverberation room closely approximates a diffuse field.{Hence, sound

that would be

Urpose of this International Standard is to promote unifotmity in the methods and| conditions of

© 1SO 2003 — Al rights reserved
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Acoustics — Measurement of sound absorption

ina

1 S

This In]

reverberation room

cope

ternational Standard specifies a method of measuring the sound absorption cogfficient of acoustical

materigls used as wall or ceiling treatments, or the equivalent sound absorption areal/of objects, such as

furnitu

e, persons or space absorbers, in a reverberation room. It is not intended to be"used for

absorption characteristics of weakly damped resonators.

The re¢

acoustjcs and noise control.

measuring the

sults obtained can be used for comparison purposes and for design\calculation with rgspect to room

2 Nprmative references
The fqllowing referenced documents are indispensable for, the application of this documegnt. For dated
refererjces, only the edition cited applies. For undated. references, the latest edition of the referenced

documient (including any amendments) applies.

ISO 266, Acoustics — Preferred frequencies

ISO 9613-1, Acoustics — Attenuation of sound during propagation outdoors — Part 1: Cal
absorgtion of sound by the atmosphere

IEC 61

260, Electroacoustics — Octave-band and fractional-octave-band filters

3 Terms and definitions

For thg purpose of this.document, the following terms and definitions apply.

31

decay
graphi
sound

3.2

curve
Cal representation of the decay of the sound pressure level in a room as a function off
source has stopped

tulation of the

time after the

reverberation time

T

time, in seconds, that would be required for the sound pressure level to decrease by 60 dB after the sound

source

NOTE 1

has stopped

of shorter evaluation ranges.

NOTE 2 This definition is based on the assumptions that, in the ideal case, there is a linear relations
sound pressure level and time, and that the background noise level is sufficiently low.

© 1SO 2003 — Al rights reserved
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3.3

interrupted noise method

method of obtaining decay curves by direct recording of the decay of the sound pressure level after exciting a
room with broadband or band-limited noise

3.4
integrated impulse response method
method of obtaining decay curves by reverse-time integration of the squared impulse responses

3.5

impulse response
temporal evolution of the sound pressure observed at a point in a room as a result of the emission of a Dirac
impulse at andther point'in the room

NOTE It is[impossible in practice to create and radiate true Dirac delta functions, but short transient seunds (elg. from
shots) may offer close enough approximations for practical measurements. An alternative measurement teghnique,
however, is to Use a period of maximum-length sequence type signal (MLS) or another deterministic{flat-spectrum signal
and to transforn) the measured response back to an impulse response.

3.6
equivalent sound absorption area of a room
hypothetical afea of a totally absorbing surface without diffraction effects whieh, if it were the only absgorbing
element in the[room, would give the same reverberation time as the room under consideration

NOTE 1 The|area is measured in square metres.

NOTE 2 For|the empty reverberation room, this quantity is denoted by ,; for the reverberation room containing the
test specimen, if is denoted by A4,.

3.7
equivalent sound absorption area of the test specimen
At
difference between the equivalent sound absorption:area of the reverberation room with and without the test
specimen

NOTE Thelarea is measured in square metres.
3.8

area of the test specimen

S

area of the flogr or wall coveréd)by the test specimen
NOTE 1 Thelarea is megasured in square metres.

NOTE 2  In the case’of a test specimen surrounded by a structure (type E mounting or type J mounting), it is the area
enclosed by the(structure.

3.9
sound absorption coefficient

s

ratio of the equivalent sound absorption area of a test specimen divided by the area of the test specimen

NOTE 1 For absorbers where both sides are exposed, the sound absorption coefficient is the equivalent sound
absorption area of the test specimen divided by the area of the two sides of the test specimen.

NOTE 2  The sound absorption coefficient evaluated from reverberation time measurements can have values larger
than 1,0 (e.g. because of diffraction effects), and ¢ is not, therefore, expressed as a percentage.

NOTE 3  The use of the subscript “s” is to avoid confusion with the sound absorption coefficient defined as the ratio of

non-reflected-to-incident sound energy if a plane wave strikes a plane wall at a particular angle of incidence. That
“geometric” sound absorption coefficient is always smaller than 1,0 and may therefore be expressed as a percentage.

2 © 1SO 2003 — Al rights reserved
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4 Principle

The average reverberation time in the reverberation room is measured with and without the test specimen
mounted. From these reverberation times, the equivalent sound absorption area of the test specimen, 4+, is
calculated by using Sabine’s equation (see 8.1.2.1).

In the case of a test specimen that uniformly covers a surface (a plane absorber or a specified array of test
objects), the sound absorption coefficient is obtained by dividing A by the treated surface area S (see 3.8).

When the test specimen comprises several identical objects, the equivalent sound absorption area Ao of an

individual object is found by dividing 41 by the number of objects, »:

Adpj = Atln
5 Frequency range
Measurements shall be made in one-third-octave bands with the following ccentre frequencies, in hertz, as
specified in ISO 266:
100 125 160 200 250 315
400 500 630 800 1 000 1250
1 600 2000 2500 3150 4 000 5000

Additig
ISO 24

accurate measurement results due to the low modal density of the reverberation room.

6 T

6.1 |

6.1.1

The vd

recomimended to be atMeast 200 m3. When the volume of the room is greater than about 500

be pos

6.1.2

nal measurements may be made in one-thirdsoctave bands with centre frequencie

5 specified by

6 outside this range. Especially at low frequencies (below 100 Hz), it could be very difficult to obtain

pst arrangement
Reverberation room and diffusion of sound field

Volume of reverberation room
lume of the reverberation room shall be at least 150 m3. For new constructions, the voll

sible to measure sound absorption accurately at high frequencies because of air absorpti

Shape-of reverberation room

me is strongly
m3, it may not
on.

The s

ape-of-thereverberation-room-shall-be-such-that-the-following-conditionis-fulfilled:

Imax <19 V13

(1)

where
Iax is the length of the longest straight line which fits within the boundary of the room (e.g. in a
rectangular room it is the major diagonal), in metres;
14 is the volume of the room, in cubic metres.

In order to achieve a uniform distribution of natural frequencies, especially in the low-frequency bands, no two
dimensions of the room shall be in the ratio of small whole numbers.

© 1SO 2003 — Al rights reserved
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6.1.3 Diffusion of the sound field
The decaying sound field in the room shall be sufficiently diffuse. In order to achieve satisfactory diffusion

whatever the shape of the room, the use of stationary or suspended diffusers or rotating vanes is, in general,
required (see Annex A).

6.1.4 Sound absorption area

The equivalent sound absorption area of the empty room, 4,, calculated according to 8.1.2.1, determined in
one-third octave bands, shall not exceed the values given in Table 1.

Tabm:mmmmmm

Frequency, Hz 100 125 160 200 250 315 400 500 630
Equivalent sound absorption area, m?2 6,5 6,5 6,5 6,5 6,5 6,5 6,5 6,5 6,5
Frequency, Hz 800 | 1000 1250 1600 | 2000 | 2500 [\3150 | 4000 5 000
Equivalent soufid absorption area, m2 | 6,5 | 7,0 7,5 8,0 9,5 10,5 12,0 13,0 14,0

If the volume| 7 of the room differs from 200 m3, the values given in Table 1 shall be multiplied by
(V1200 m3)2/3,

The graph of the equivalent sound absorption area of the empty:room versus the frequency shall be a smooth
curve and shgll have no dips or peaks differing by more than 15 % from the mean of the values ¢f both
adjacent one-third-octave bands.

6.2 Test specimens

6.2.1 Plane absorbers

6.2.1.1 The test specimen shall have an area between 10 m2 and 12 m2. If the volume ¥ of the foom is
greater than 200 m3, the upper limit forthe test specimen area shall be increased by the factor (77200 m?3)2/3.

The area to bg¢ chosen depends_on the room volume and on the absorption capability of the test spgcimen.
The larger the| room, the larger’the test area should be. For specimens with small absorption coefficignt, the
upper limit arep should bechosen.

6.2.1.2 The test.specimen shall be of rectangular shape with a ratio of width to length of betwgen 0,7
and 1. It should bé.placed so that no part of it is closer than 1 m to any edge of the boundary of the room; the
distance shall|be_at least 0,75 m. The edges of the specimen shall preferably not be parallel to the nearest
edge of the room. If necessary, heavy test specimens may be mounted vertically along the walls of the room,
and directly resting on the floor. In this case, the requirement of at least 0,75 m distance need not be
respected.

6.2.1.3 The test specimen shall be installed in one of the mountings specified in Annex B, unless the
relevant specifications provided by the producer or the application details provided by the user require a
different mounting. The measurement of the reverberation time of the empty room shall be made in the
absence of the frame or the side walls of the test specimen except for the barrier around a Type J mounting.

6.2.2 Discrete sound absorbers

6.2.2.1 Rectangular unit sound absorber pads or baffles shall be installed in a Type J mounting as
specified in Annex B.

4 © 1SO 2003 — Al rights reserved
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6.2.2.2 Discrete objects (e.g. chairs, free-standing screens or persons) shall be installed for the test in the
same manner as they are typically installed in practice. For example, chairs or free-standing screens shall rest
on the floor, but they shall not be closer than 1 m to any other boundary. Space absorbers shall be mounted at
least 1 m from any boundary or room diffusers and at least 1 m from any microphone. Office screens shall be
mounted as individual objects.

6.2.2.3 A test specimen shall comprise a sufficient number of individual objects (in general, at least three)
to provide a measurable change in the equivalent sound absorption area of the room greater than 1 m2, but
not more than 12 mZ2. If the volume, V, of the room is greater than 200 m3, these values shall be increased by
the factor (77200 m3)2/3. Objects normally treated as individual objects shall be arranged randomly, spaced at
least 2 m apart. If the test specimen comprises only one object, it shall be tested in at least three locations, at
least 2 m apart, and the results shall be averaged.

6.3 Temperature and relative humidity

nt can have a
ive humidities.

6.3.1
large ¢
The ch

Changes in temperature and relative humidity during the course of a measurems
ffect on the measured reverberation time, especially at high frequencies and-at low relaf
anges are described quantitatively in ISO 9613-1.

6.3.2 Measurements should be performed in the empty room and_in the room containing the test

specini
adjusti
be at |
measu

Allow 1
before

7 M

71 (

711

Two m
metho
metho
measu

en under conditions of temperature and relative humidity that‘are almost the sam
hents due to air absorption do not differ significantly. In any case,the relative humidity in
east 30 % and max. 90 % and the temperature shall be at least 15 °C during the whqg
rements, the corrections for the change in air absorption as described in 8.1.2.3 shall be

he test specimen to reach equilibrium with respect-fo’temperature and relative humidi
tests are carried out.

leasurement of reverberation time
5eneral

Introduction

ethods of measuring decay curves are described in this International Standard: the in
| and the integrated-impulse response method. The decay curve measured with the in
| is the result of~a\statistical process, and averaging several decay curves or rever
red at one microphone/loudspeaker position is mandatory in order to obtain a suitable rej

integrated impulse response of a room is a deterministic function and not prone to statistical de|

averag
interru

7.1.2

ing is necessary. However, it requires more sophisticated instrumentation and data proce
pted noise'method.

£

e so that the
the room shall
le test. For all
pplied.

ty in the room

rrupted noise
rrupted noise
beration times
eatability. The
viations, so no
ssing than the

Microphones and microphone positions

The directivity characteristic of the microphones used for the measurement shall be omnidirectional. The
measurements shall be made with different microphone positions which are at least 1,5 m apart, 2 m from any
sound source and 1 m from any room surface and the test specimen. Decay curves measured at different
microphone positions shall not be combined in any way.

7.1.3 Source positions

The sound in the reverberation room shall be generated by a sound source with an omnidirectional radiation
pattern. Different sound source positions which are at least 3 m apart shall be used.

© 1SO 2003 — Al rights reserved
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7.1.4 Number of microphone and loudspeaker positions

The number of spatially independent measured decay curves shall be at least 12. Therefore the number of
microphone positions times the number of sound source positions shall be at least 12. The minimum number
of microphone positions shall be three, the minimum number of sound source positions shall be two. It is
permissible to use more than one sound source simultaneously provided the difference in the radiated power
is within a tolerance band of 3 dB for each one-third-octave band. If more than one sound source is used for
excitation simultaneously, the number of spatially independent measured decay curves may be reduced to six.

7.2

7.21

Interrupted noise method

ion-oftha racrm
OTT OT e TouTH

Excita

A loudspeaker
or band-limiteq
analyser, the

levels in the rd
the bandwidth

The excitation
bands of inter
be at least half

The level of
evaluation ran

If a signal with a bandwidth greater than one-third octave is used, reverberation times of different le

adjacent freqy
adjacent band

source shall be used and the signal fed into the loudspeaker shall be derived from broa
noise having a continuous frequency spectrum. When using broad-band noise and a re

om shall be less than 6 dB in adjacent one-third-octave bands. When using band-limited
shall be at least one-third octave.

signal shall be sufficiently long to produce a steady-state sound pressure level in all fre
bst before it is switched off. In order to obtain steady-state condijtions, the excitation tim
of the estimate of the expected reverberation time.

ne excitation signal before decay shall be sufficiently high*that the lower decibel level

pe is at least 10 dB above the background noise level (see 7.4.1).

ency bands can influence the lower part of the decay curve. If the reverberation ti
s differ by more than a factor of 1,5, the~decay curves for those bands with the s

d-band
al-time

spectrum of the noise used shall be such that the differences in the resulting.!sound pressure

noise,

juency
e shall

of the

hgth in
mes in
hortest

reverberation fimes shall be measured individually using one-third-octave band filtering of the sound solrce.

7.2.2 Averag

As explained i
mandatory in
averages shal

produced by the integrated impulse fesponse method, the number of averages shall be at least ten (sq

Two averaging
one microphori

Ly(t)=1

ng

N 7.1.1, averaging several measurements performed at one microphone/loudspeaker pog
brder to reduce the measurement uncertainty caused by statistical deviations. The nun
be at least three. If the.desired repeatability is to be in the same range as the repeg

methods are possible. The first averaging method is to average the decay curves reco
e/loudspeaker pgsition using the formula

Lpn([)
10

1N
D 1g | =Y 10
gN;

where

ition is
nber of
tability
e 8.2).
rded at

(2)

L,

(1)

Lpn

is the averaged sound pressure level at the time ¢ calculated for a total number of N decays;

(¢) is the sound pressure level of the nth decay at the time .

This method is generally referred to as “ensemble averaging”. As the second averaging method to be applied
in cases where ensemble averaging is not possible, the single decay curves shall be evaluated first and the
resulting reverberation times shall be averaged using arithmetic averaging. Decay curves recorded at different
microphone/loudspeaker positions shall not be averaged.

NOTE In theory, for laboratory measurements, averaging the reverberation times produces similar results as
ensemble averaging. When using computer-controlled devices, however, ensemble averaging should be used in any case.
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The decay curve resulting from several averaged decays is normally “smoother” than a single recorded decay. This leads
to a more reliable detection of the evaluation range, which is done automatically in most cases.

7.2.3 Recording system

The recording system shall be a level recorder or any other adequate system for determining the average
slope of the decay curve of the corresponding reverberation time, including the necessary amplifiers and filters.

The apparatus for recording (and displaying and/or evaluating) the decay in sound pressure level may use

a) exponential averaging, with a continuous curve as output, or

b) exXponential averaging, with successive discrete sample points from the continuous average as output, or

c) linear averaging, with successive discrete linear averages as output, in some casés with pauses of
cdnsiderable duration between determinations of the averages.

The time constant of an exponential averaging device (or approximate equipment,”’see Note 2) shall be less
than, but as close as possible to, 7/20.

The averaging time of a linear averaging device shall be less than 7/12,

For apparatus in which the decay record is formed as a succession of discrete points, th¢ time interval
betwegn points on the record shall be less than the averaging timeé.of the device (< 7/12).

In all ¢gases where the decay record must be evaluated visually, the time scale of the display should be
adjusted so that the slope of the record is as close to 45°% as possible.

NOTE Commercial level recorders in which the sound pressure level is recorded graphically as a funiction of time are
approximately equivalent to exponential averaging deyices.

NOTE 2 When an exponential averaging device is used, there is little advantage in setting the averaging time to very
much Igss than 7/20. When a linear averaging device is used, there is no advantage in setting the interva| between points
to very| much less than 7/12. In some ,sequential measurement procedures, it is feasible to set the|averaging time
approptiately for each frequency band.<n\other procedures this is not feasible, and an averaging time of interval chosen
as aboye with reference to the smallestireverberation time is strongly recommended to be used for measurements in all
frequency bands.

The one-third-octave bandfilters included in the receiving equipment shall meet the requirements specified in
IEC 61]260.

7.3 Integratedimpulse response method

7.3.1 |Directmethod

The i pu:cc response—may be-meastred d;lcut:y by uoillg an ;III}JU:OC sotrce-stch—as—=a }J;Otb: ShOt, balloon
burst, spark gap or any other sound source that produces an impulse with sufficient bandwidth and energy to
meet the requirements of 7.2.1.

NOTE Loudspeakers are usually not suited to produce broadband impulse signals with sufficient energy. It is,
however, possible to generate band-filtered pulses. One practice that works well is to feed the loudspeaker system with
the time-reversed impulse response of a bandpass filter, i.e. a one-third-octave band filter.

7.3.2 Indirect method

Special sound signals may be used which yield the impulse response only after special processing of the
microphone signal. This can provide an improved signal-to-noise ratio. Tone sweeps or pseudo-random noise
(e.g. maximum-length sequences) may be used if the requirements for the spectral characteristics of the
source are fulfilled. Because of the gain in signal-to-noise ratio, the dynamic requirements of the source may

© 1SO 2003 — Al rights reserved 7
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be considerably lower than those set in 7.3.1. If synchronized time averaging is used (e.g. in order to enhance
the signal-to-noise ratio), it is necessary to verify that the impulse response remains unchanged during the
whole measurement process. The signals may be generated by devices that will consist either of external
hard- and software, or devices that form an integrated part of the measuring device.

The bandwidth of the signal shall be greater than one-third octave. The spectrum should be reasonably flat
within the actual one-third-octave band to be measured. Alternatively, the broadband noise spectrum may be
shaped to provide an approximately pink spectrum in the range covering the one-third-octave bands with mid-
band frequencies from 100 Hz to 5 kHz ,with the reverberation time being measured simultaneously in
different one-third-octave bands. The test signal shall be such that the resulting decay curve for the respective

frequency band meets the level requirements given in 7.2.1.

7.3.3 Recordiing system

The recording
and 7.2.3, as

system shall consist of microphones and amplifiers satisfying the requirementscgiven i
well as an additional device that is capable of digitalizing the recorded signal ahd-of perf

all the necessary data processing, including the integration of the impulse response and the-evaluatiorn

decay curve.
software to prd

The impulse r
after the digitg
digital filters m

NOTE The
data processing
detailed introdu
literature.

7.3.4

The filtered im|
number of av
systems avail
necessary for

Generate for

response. In g
response (¢t —
of time is

In the case of 7.3.2, the recording system may also contain the neeessary hardwa
cess the impulse response from the recorded signal and also to generatethe test signal.

bsponse shall be filtered in one-third-octave bands. The filtering may be processed be
lization of the impulse response, but in any case before perforthing the integration. An
ay be used. The filters shall conform to IEC 61260.

use of special test signals, such as maximum length sequeneces, not only requires more sophi
, but also a deeper knowledge of the theoretical background in order to obtain proper results.
ction to this technique is outside scope of this International Standard, the user should refer to app|

Integration of the impulse response

pulse response shall be backward intégrated. The result is theoretically equivalent to an
braged decays obtained by the interrupted noise method. As there are several com
bble that offer the backward, integration as an integrated feature, it will normally
he user to program the integration. The basic procedure is the following.

each frequency band._the’/decay curve by a backward integration of the squared i

h ideal situation with-no.background noise, the integration would start at the end of the i
o) and proceed to-the-beginning of the squared impulse response. Thus the decay as a fi

4 o0 t
2z 2] pP(e)dr = [ p2(e)dr = [ p2()d(-7)
0 t o0

n7.1.2
orming

of the
re and

fore or
alog or

[sticated

Since a
ropriate

infinite
mercial
nhot be

mpulse
mpulse
inction

3)

where

E(7)

is the backward integrated squared impulse response;

p(7) is the sound pressure impulse response.
In order to minimize the influence of the background noise on the later part of the impulse response, use the
following technique for implementation.

If the level of the background noise is known, determine the starting point of the integration 7, as the
intersection between a horizontal line through the background noise and a sloping line through a
representative part of the squared impulse response decay curve. Continue the backward integration up to the
beginning of the impulse response, and calculate the decay curve from
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t
E(t) = [ pP(e)d-r)+C

4

(4)

where (t<t;) and C is an optional correction for the integrated squared impulse response between ¢, and
infinity. The most reliable result is obtained when C is calculated under the assumption of an exponential
decay of energy with the same rate as given by the squared impulse response between ¢, and ¢, where ¢; is

the tim

e corresponding to a level 10 dB higher than the level at ¢,.

If C is set to zero, the finite starting point of the integration causes a systematic underestimation of the
reverberation time. For a maximum underestimation of the reverberation time of 5 %, the backward integration
shall begi i ' ich i

the dyrﬁamic range over which T is to be assessed.

7.4 |

7.41

The e\
initial S
at leas

7.4.2

When

evalua
be ussg
fitted 1
numbe

8 Ej

Fvaluation of reverberation times based on decay curves

Evaluation range
aluation of the decay curve for each frequency band specified in Clause 5 shall start at

ound pressure level. The evaluation range shall be 20 dB. The hottom of the evaluation
t 10 dB above the overall background noise of the measuring system.

Evaluation method

using a computer-controlled recording system, the'<calculation of a least-squares-fit
lion range is a convenient method for the determination of the reverberation time. Other ¢

nanually as closely as possible to the decay‘curve. In the case of evaluation of discr
r of points shall be sufficient for applying, for example, a least-squares-fit line algorithm.

Kpression of results

8.1 Method of calculation

8.1.1

The re
numbe

The m
T, resy

Calculation of reverberation times 7, and 7,

verberation timé of the room in each frequency band is expressed by the arithmetic mq
r of reverberation time measurements made in that frequency band.

ectively, shall be calculated and expressed using at least two decimal places.

ast 15 dB plus

b dB below the
range shall be

line over the
Igorithms may

d that provide similar results. When using a direct plot from a level recorder, a straight line shall be

bte points, the

an of the total

pan reverberation times of the room in each frequency band without and with the test spgcimen, 7, and

8.1.2

8.1.2.1

Calculation of 44, 4, and 4t

The equivalent sound absorption area of the empty reverberation room, 4, in square metres,
shall be calculated using the formula

55,3V

Aq = -4 Vm
1 oT, 1
where
V' is the volume, in cubic metres, of the empty reverberation room;

© 1SO 2003 — Al rights reserved
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¢ is the propagation speed of sound in air, in metres per second;

T, is the reverberation time, in seconds, of the empty reverberation room;

m4 is the power attenuation coefficient, in reciprocal metres, calculated according to 1ISO 9613-1 using
the climatic conditions that have been present in the empty reverberation room during the
measurement. The value of m can be calculated from the attenuation coefficient, «, which is used in

ISO 9613-1 according to the formula

(2

m =
101g(e)

NOTE For temperatures in the range of 15 °C to 30 °C, ¢ can be calculated from the formula

c = (331+0,6¢/°C) m/s (6)
where ¢ is the aif temperature, in degrees Celsius.
8.1.2.2 The equivalent sound absorption area of the reverberation room containing a test specimen, A4,
in square metnes, shall be calculated using the formula

14
A2 = 5573 - 47 mo (7)
C12

where

¢ and ¥ have the same meanings as in 8.1.2.1;

T, is thg reverberation time, in seconds, of the reverberation room after the test specimen hap been

introquced;

m, is the power attenuation coefficient, in‘\reciprocal metres, calculated according to 1SO 9613-
the ¢limatic conditions that havew«been present in the empty reverberation room duri
meagurement. The value of m can.be calculated from the attenuation coefficient, «, which is

ISO 9613-1 according to the formula

o
Olg(e)

8.1.2.3 The equivaleit-sound absorption area of the test speciment, A, in square metres, s

calculated using the formula

1 1

AT = A2 - 44 = 55,3V( ) — 4V(mo — myq)

using
ng the
ised in

hall be

(8)

\c2l?2 cil1)

where
cq is the propagation speed of sound in air at the temperature 1.
¢ is the propagation speed of sound in air at the temperature 1,;

A4, V, Ty and my have the same meanings as in 8.1.2.1;

Ay, Ty and my have the same meanings as in 8.1.2.2.
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Calculation of oy

The sound absorption coefficient o of a plane absorber or a specified array of test objects shall be calculated

using t

he formula

aS:_

where

S

(9)

At is the equivalent sound absorption area of the test specimen, in square metres, calculated in

S

8.14

For dig
which

For a g

8.2 |

8.2.1
The o
noise

Itis ca
Variati

8.2.2

accardance with 8 1 2 3:

is the area, in square metres, covered by the test specimen (see 3.8).

Calculation of equivalent sound absorption area of discrete absorbers

crete absorbers, the result is generally expressed as the equivalent sound absorption a
s determined by dividing 41 by the number of objects tested.

pecified array of objects, the result is given as the sound absorption coefficient.
Precision

General

erall measurement uncertainty of absorption coefficients is influenced by two effects.

uncert%nty of the measured reverberation times.~This effect is particularly important when

sed by the complete measurement set-up including the reverberation room and the mo
bns due to the laboratory set-up are-being investigated in interlaboratory tests (see 8.2.3)

Repeatability of measured.reverberation times

The relative standard deviation\of the reverberation time 7,,, evaluated over a 20 dB decay

rea per object,

lhe first is the
he interrupted

ethod is used (see 8.2.2). The second factor causing uncertainty is described by reproducibility limits.

Linting method.

range, can be

(10)

estimated by the following fermula (see ISO/TR 140-13 for details):
s) (T)IT = 2’42;3%59”\]
&} (T) sis:the standard deviation of the reverberation time Tq;
T is the reverberation time measured:
is the centre frequency of the one-third-octave band;
N is the number of decay curves evaluated.

An example of the standard deviation of measurement of 7,5 at 12 positions with 3 repetitions of decay
registration at each position is illustrated in Figure 1.

©1S02
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8.2.3 Reproducibility

The reproducibility of absorption coefficient measurement is still under investigation.

Figure 1 — Example of the standard deviation

8.3 Presentation of results

For all frequer

a) for plane absorbers, the sound absorption coefficient, o;

b) for single pbjects, the equivalent sound absorption area per object, Aopj;

c) for a spedfied array of objegcts,the sound absorption coefficient, a.

The equivalen

NOTE It should be noted that the precision of the results may be less than the above decimal rounding limi

imply.

sound absorption area of a test specimen shall be rounded to 0,1 m2 and the sound abs
coefficient to 0,01.

c
o
0,2
>
[
O
z
50,15
5
@
()
= 0,1
n
]
[a e

05

\\
)
10 100 1000 10 000

Frequenty, Hz

cies of measurement, the following results shall be reported, presented in the form of
and as a grapip:

a table

orption

s might

In the graphical presentation, the points of measurement shall be connected by straight lines, the x-axis giving
the frequency on a logarithmic scale and the y-axis showing the equivalent sound absorption area or sound
absorption coefficient on a linear scale. The ratio of the y-axis distance from A1 =0 to 41 =10 m2, or from
as =0 to o5 =1, to the x-axis distance corresponding to 5 octaves, shall be 2:3. For measuring results with
A < 3 m?, a y-axis distance from 41 = 0 to 41 = 5 m2 can be chosen.

In addition, a single-number rating calculated according to ISO 11654 may be included. As specified in
ISO 11654, octave-band values are deduced by determining the arithmetic mean of the three one-third-octave
sound absorption coefficients within the octave.

12
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9 Testreport

The test report shall make reference to this International Standard and shall include the following information:
a) the name of the organization that performed the test;

b) the date of test;

c) the description of the test specimen, the test area of the test specimen, S, and its mounting and position in
the reverberation room, preferably by means of drawings;

d) the_shape of the reverberation room. its diffusion treatment (the number and size of diffusers) and the
nymber of microphone and sound source positions;

e) the dimensions of the reverberation room, its volume, V, and its total surface area (walls, floor and
cdiling), S

f)  the temperature and relative humidity during measurements of 7, and 7>;
g) the mean reverberation times 7, and T, at each frequency;

h) t

=3

b test results, reported in accordance with 8.3.

© 1SO 2003 — Al rights reserved 13
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Annex A
(normative)

Diffusivity of the sound field in the reverberation room

A.1 Diffusers

An acceptabld
diffusing elem{
Diffusers of
recommended
the room.

ents should be sheets with low sound absorption and with a mass per unit area of about

The sheets may be slightly curved and shall be oriented at random and positiohed thr

If rotating vanes are used, the decay repetition frequency and frequency of rotation of-the vane shall n

the ratio of sm

A.2 Check

Select a suitg
material which
frequency ran
criterion.)

Mount the test|

Perform sound

a) with no dif
b) with asm
c) withincre

For each set
from 500 Hz td

It will be seen
constant with i

all whole numbers.

of diffusivity

ble test specimen, i.e. a sample 5cm to 10 cm thick,~“of homogeneous, porous ab
, under optimum conditions, has a sound absorption coefficient greater than 0,9 o
je from 500 Hz to 4 000 Hz. (Certain glass-wools, rock-wools or polyurethane foams mg¢
specimen in accordance with 6.2.

absorption measurements on the test.specimen as follows:

fusers;

Il number of stationary diffusers (approximately 5 m2 in area); and

hsing quantities of stationary diffusers, in steps of approximately 5 m2 in area.

bf measurements) calculate the mean value of the sound absorption coefficients, in thg
5 000 Hz, and plot these values against the number (total area) of diffusers used in each

that_the*mean sound absorption coefficient approaches a maximum and thereafter r
ncreasing numbers (area) of diffusers.

diffusivity can be achieved by using fixed diffusers and/or rotafing vanes. Ideally] these

kg/m2.

Hifferent sizes, ranging from approximately 0,8 m2 to 3m?2 in area (for ore) side) are

ghout

t be in

sorbing
er the
pet this

range
case.

Emains

The optimum

umper (ared) Or diffusers 1S that at wnich this Constant value IS dtlaineda.

If rotating vanes are used, the resulting diffusion shall be proved to be equivalent to that achieved by the

procedure des

NOTE
achieve satisfac

14

cribed above.

tory diffusion is approximately 15 % to 25 % of the total surface area of the room.

From experience it has been found that, in rectangular rooms, the area (both sides) of diffusers required to
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https://standardsiso.com/api/?name=740f7e3f2e566cc6ae74afbe0ce6810d

ISO

Annex B
(normative)

Test specimen mountings for sound absorption tests

B.1 General

354:2003(E)

The sd
annex
Norma|

Desigr
suffix i

NOTE
a stang
Specim

B.2 1

The te
room.

specini
metho
report.

If two (¢
necess
that is
pieces
used.

The perimeter edge of the-test specimen shall be sealed or covered to prevent the edges f|

sound.|
applicd
not co

The treg
was in

specifies several different standard mountings that shall be used during a test for(sou
lly a test specimen is tested using only one of the specified mountings.

ations for Type E and Type G mountings include a numerical suffix, for example, E-400
5 equal to a distance characteristic of the mounting in millimetres, rounded-offto the near

Where applicable, the designations used for each type of mounting have begen chosen to mat
ard that already existed when this annex was written, ASTM E 795, (Sfandard Practices for
lens During Sound Absorption Tests.

'ype A mounting

Adhesives or mechanical fasteners that do notleave a thin air space may be used tq
en in place during the test, if required. A complete description of the fasteners and their
| of surface preparation and the adhesive\used to retain the specimen shall be inclug

r more pieces of material (or sepdrate panels) are butted together to form the test speci
ary to cover the joints between‘the adjacent pieces with tape, caulking compound, or
not sound absorbing. The reason for covering the joints is to prevent the side edges o
from absorbing sound. If thejjoints are covered, the test report shall describe the metho

If the edges ofthe test specimen are exposed when the material is normally installg
tion, then the_edges of the test specimen shall not be sealed or covered during a test. If
ered, the area of the edges shall be included in calculating the test specimen area.

atment.of the edges of the test specimen shall be described in the test report. If the are)
cluded'in the calculation of test specimen area, this shall be noted in the test report.

und-absorption properties of a material depend on how that material is mounted durihg a test. This

nd absorption.
or G-100. The
st 5 mm.

th those used in
Mounting Test

5t specimen is mounted or placed directly against a‘toeom surface, such as the floor of the reverberation

hold the test
location or the
led in the test

men, it may be
other material
F the individual
d and material

rom absorbing
d in an actual
the edges are

a of the edges

The perimeter edges of the test specimen may be sealed or covered with an acoustically reflective frame. The
frame shall be solid, not hollow, and shall have no air space between the test specimen and the frame and
between the room surface and the frame. A frame of 1,0 mm thick steel, 12,5 mm thick gypsum board or
12,5 mm wood (minimum thicknesses) may be used. The frame shall be tightly butted to the specimen and
sealed to the room surface. The exposed face of the frame shall be flush with the surface of the specimen.

If a perforated, expanded metal, or other open facing material is used over the test specimen, a complete
description of this facing material shall be given in the test report.

© 1SO 2003 — Al rights reserved
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B.3 Type B mounting

This mounting is used for products that are glued directly to a hard surface with an acoustic panel adhesive,
the application of which normally leaves a thin airspace between the product and the surface to which it is
adhered.

Adhere the test specimen to a gypsum board laid directly against the room surface. The thickness of the
gypsum board is not critical. Apply the adhesive in accordance with the manufacturer’s specification. If there
are no instructions, apply four dabs of adhesive to the back of each piece of the test specimen. In order to
secure the airspace, shims of 3 mm thickness of size 25 mm by 25 mm shall be located at the four corners of
each piece of the test specimen. The perimeter edges of the test specimen shall be sealed or covered with an
acoustically reflective frame. The frame shall be solid, not hollow, and shall have no air space between the

test specimen
gypsum board
test specimen
of the test spe

B.4 Type E

The test speci
be the distang
specimen and
tested in eithe

200 mm, 300 mm or 400 mm distances.

The mounting
of at least 20
partitions unle
sealed to prev|
edges of the t

the test specimen shall be sealed to prevent air leakage between the enclosed space and the outside.

The Type Em
the constructid

B.5 Type G

The test spec
surface. The g
test specimen
configuration.

and the frame or between the room surface and the frame. A frame of 1,0 mm steel 12
or 12,5 mm wood (minimum thicknesses) may be used. The frame shall be tightly butteq
and sealed to the room surface. The exposed face of the frame shall be flush with-the
Cimen.

mounting

men is mounted with an airspace behind it. The suffix of the designation (e.g. Type E-40
e rounded off to the nearest integral multiple of 5 mm between* the exposed face of t
the room surface behind the specimen. If a Type E mounting’is used, the specimen g
r an E-400, E-300 or E-200 configuration. Other air spaces may be used in addition

fixture shall be constructed of metal, wood or other-non-porous material with a surface
kg m2, and shall enclose an air space behind*the sample that does not have any
5s provided as part of the sample. The joint-between the fixture and the room surface g
ent air leaks between the enclosed space @nd the outside. The fixture shall cover the pe
bst specimen. The joints between the fixture and the room surface and between the fixty

punting may be placed on the floor of the room with the test specimen pointing upwards,
n of the sample will affect the,sound absorption due to gravity effects.

mounting

men, such ag)a-curtain, drapery, window shade or window blind, is hung parallel to th
uffix of the \mounting designation (e.g. Type G-100) shall be the distance from the facq
to the roem 'surface. If a Type G mounting is used, the specimen shall be tested in the
Dther.air Spaces may be used in addition to the 100 mm distance.

If another dist

P,.5 mm
to the
surface

D) shall
he test
hall be
to the

Hensity
interior
hall be
rimeter
re and

unless

B room
of the
G-100

Bnce is used, it shall be an integral multiple of 50 mm. The specimen may be tested

with or

without a perimeter frame, depending on how it is used in practice. If a perimeter frame is used, it shall be

butted against

the specimen and sealed to the room surface.

Other curtain arrangements are possible and may be tested. The test report shall describe the specific
arrangement in detail.

B.6 Type | mounting

This mounting is used for spray- or trowel-applied materials, such as plaster. The material shall be applied to
a suitable substrate. Care shall be taken to prevent distortion of the substrate while the applied material is
curing. The test specimen shall be tested in a Type A mounting including a frame around the test specimen.
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