INTERNATIONAL ISO
STANDARD 23351-1

First edition
2020-06

Acoustics — Measurement of speech
level reduction of furniture ensembles
and enclosures —

Part 1:
Laboratory method

Acoustique — Mesure-de la réduction du niveau de la parole par les
ensembles de meubles et les enceintes —

Partie 1: Méthode de laboratoire

Reference number
1SO 23351-1:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=5accd273d283312ebe069d4073f95a6a

IS0 23351-1:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=5accd273d283312ebe069d4073f95a6a

Contents

FOTE@WOIM ........ooooooeeeeee oo
INEEOAUCTION.......ooooooe s
1 S0P ...
2 NOIMATIVE TEEETEIICES ...........oooooooeee e
3 Terms and definitiONS ...
4 —Measturementeonditions—

IS0 23351-1:2020(E)

An
An
An
An
An
Bib|

4.1 Test room.......ccoooee......

4.2 Test specimen....

4.3 EQUIPIMENT ..o o e

4.3.1 N0T0 100 BECT0 10 0 o] TOT S N
4.3.2 Measurement equipment

4.4 MiCrophone POSIHIONS ... Iy e

Determination of level reducCtion ... e

5.1 Test method ...

5.2 Level reduction

5.3 Determination of speech level reduction

5.4 | =T0r £3 (0} o I it N

5.5 TYPICAl VAIUES. ..o oo

5.6 Application in room acoustic SIMUlations. .. st i

Information to be recorded and reported ... 2. ... ]

6.1 General

6.2 Test environment and teSt SPECIMEILY......occivriirioirin s

6.3 a0 0 Na ) o k=10 (0] s NN eSO

6.4 FN ol )Ry 5 Lor= Y s F=X = N
ex A (informative) Example of the calculation of the main testresults................c.ccccc.|
ex B (informative) Example of presentation of the main testresults.............ccccccccoen]
eX C (informative) PreCiSIQILN. ...
ex D (informative) Examples of the values of speech level reduction................ccc

ex E (informative) Application of the results in room acoustic design

iography

© IS0 2020 - All rights reserved

iii


https://standardsiso.com/api/?name=5accd273d283312ebe069d4073f95a6a

IS0 23351-1:2020(E)

Foreword

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

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

An increasing number of office occupants are working in open-plan offices and activity-based offices.
Occupants attempting to concentrate on independent tasks are easily distracted by surrounding speech.
In addition, many communications require speech privacy, which is difficult to achieve in an occupied
office without moving to a place providing enhanced sound isolation to the surrounding spaces.

Examples of furniture ensembles are conventional workstations, working pods, meeting pods, partially
enclosed sofa groups and partially enclosed chairs. Examples of enclosures are mobile phone booths
for a single occupant, mobile working booths for 1 to 2 occupants and mobile meeting booths for up
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Scope

5 document specifies a laboratory method to facilitate the comparison of furniture ensg
osures with respect to their ability to reduce the speech level of the occupant speaking
duct.

his method, the sound power level is measured in two scenarios: 1) without the product,
product. During scenario 1), the test signal is produced by the sountd)source in an empty 1
product is absent. During scenario 2), the test signal is produced by the sound sourceg
Huct in the occupant’s position. Level reduction is the differerice of the sound power levels
he two scenarios in 1/1-octave frequency bands from 125 Hzto 8 000 Hz. Speech level re
lle-number quantity that expresses the corresponding reduction in A-weighted sound poy

method is applicable for entire furniture ensembles or enclosures, which form a unity
or several occupants, and which are also used to“provide improved speech privacy.

5 method is not intended for single components used in workstations, such as a screer

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of ‘this document. For dated references, only the edition cited 3
ated references, the Jatest edition of the referenced document (including any amendmen

3741, Acoustics —Determination of sound power levels and sound energy levels of noise so
nd pressure — Precision methods for reverberation test rooms

Terms'and definitions

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

bmbles and
inside the

ind 2) with
room while
inside the
measured
luction is a
ver level of

Fhat serves

, a storage

,atable, aluminaire, a cupboard, a boakshelf, a standard chair, a wall absorber or a ceilinjg absorber.

Pir content
pplies. For
[s) applies.

Lrces using

ISO

3.1

and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

artificial mouth
instrument primarily used as the sound source inside the test specimen for measuring the level
reduction (3.4)

Note 1 to entry: Requirements for an artificial mouth are specified in ITU-T P.51.
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3.2
enclosure

single object used, for example, in offices to provide local places with enhanced sound insulation

Note 1 to entry: See examples in Figure 1 e) and f).

Note 2 to entry: An unambiguous position of the occupant shall be identifiable.

EXAMPLE

Enclosures can be mobile phone booths for a single occupant, mobile working booths for 1 to 2
occupants, and mobile meeting booths for up to, for example, 6 occupants.

a) Works
with o]
ceilin

NOTE ’

3.3

furniture
setup of fy
specified c

Noteltoe
Note2toe

EXAMPLE
storage uni

|

<=

Figure 1 — Examples of furnhiture ensembles

ensemble
rniture consisting of items such as tables, screens, storage units, connected sofas or
bmbination considered as a single object

ry: Furniture ensembles ean-also be called partial enclosures (3.2).
ry: Examples for furniture ensembles are given in Figure 1 a) to d).

Furniture ensembles can be conventional workstations (consisting of, for example, scree
(s) and a table),\working pods, meeting pods, partially enclosed sofa groups and partially encl

chairs. An uhambiguous-position of the occupant shall be identifiable.

3.4
level redu

ction

\_ / | —
tation b) Workstation c¢) Partially d) Sofagroup ,~€) Mobile f) Mobilg
hen with closed closed chair for meetings{) working booth phone boot
g ceiling
'he occupant is sitting in Figure 1 a) to €) and standing in Figure 1 f).

any

(s),

sed

D

frequency-

dependent mMeasure describing how much the Sound power tevet 1S Teduced by the

specimen in 1/1-octave frequency bands from 125 Hz to 8 000 Hz

est

Note 1 to entry: Level reduction is determined as the difference between the sound power level radiated by a
reference box without and with the test specimen. For the determination of sound power levels, see ISO 3741.

3.5

omnidirectional sound source
instrument used as the sound source inside the test specimen for measuring the level reduction (3.4)

Note 1 to entry: The directivity of the omnidirectional sound source fulfils the specifications given in ISO 3382-1.

Note 2 to entry: An omnidirectional sound source is used when the relative criteria for background noise cannot
be met with an artificial mouth (3.1).

© IS0 2020 - All rights reserved
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3.6
reference box
smallest box-shaped surface within which the test specimen is located during the test

3.7

speech level reduction

Ds a

reduction of A-weighted sound power level of speech (3.8) caused by the test specimen

3.8
sound power level of speech

Ly 41
soupnd power level of normal effort genderless speech

Note 1 to entry: Genderless speech is the mean of female and male speech.

4 [Measurement conditions

4.1 Testroom

The test is conducted in a reverberation room. The criteria for the tést room are given in ISQ| 3741.

4.2 Test specimen

A product tested according to this document shall have a‘predefined size, geometry and matgrial listing.
The position(s) of the occupant(s) shall be clearly identifiable.

Thetest specimen shall be tested atleast in two pgesitions in the test room. The distance betw¢en the two
posjtions shall be at least 1,7 m. The distance s measured from the middle point of the tes§ specimen.
Thereported level reduction is the arithmetic average of the position-specific level reductior] values.

The test specimen shall be installed.in*the same manner as it would be typically instjiled for an
occpipant’s use. Operable parts, such as doors or windows, shall be in normal operable condition. The
pregsure loss of ventilation openings shall be the same as in normal operation conditions.

If the test specimen involves'operable components such as doors or windows, these components shall
be ppened and closed atleast five times immediately before the testing to ensure that they operate

properly.

If the test specimen-fas several evident operating conditions due to, for example, operable doors or
windows, or adjustable ventilation openings, they can be optionally tested in different positions if the
subpcriber of thetest finds it relevant. The operating condition(s) shall be unambiguously sfated in the
testi report.

A wlorKstation shall be tested in such a way that it involves all components that are used in the specific
woikplace configuration.

If the test specimen consists of several components, such as a user-specific workstation involving,
for example, a table, a chair, several pieces of screens and a storage unit, all the components shall be
installed according to the specified way, which conforms to the intended final configuration of the
workstation.

If the test specimen involves fixed accessories which can affect the sound propagation inside the test
specimen, such as computer monitors or chairs, they shall be installed during the test. Additional
accessories not included with the typical installation of the product (i.e. accessories typically brought
by the occupant) are not installed during the test.

The test specimen shall be unoccupied during the test. A dummy torso shall not be installed to the
occupant’s position.

© IS0 2020 - All rights reserved 3
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Electrical cables needed during the test between the sound source (located inside an enclosure) and
the reverberation room shall not affect the level difference of the test specimen. The level difference
of a tightly sealed enclosure can reduce significantly if a cable passes, for example, across a door seam.
Therefore, the electrical outlet inside the test specimen is primarily used if it is available. Furthermore,
the signal generator and the amplifier may be located inside the specimen to avoid the need to pass the
signal cable, for example, across a door seam.

Many enclosures involve internal noise sources, such as a ventilation fan, which increase the background
noise of the reverberation room. Internal noise sources may activate automatically when the electricity
is connected to the enclosure. The electricity is usually switched on during the measurements to
provide electrici ' insi | be
taken that the internal noise sources produce the same sound pressure level during all sound presgure
level measfirements. If the internal noise sources are on during the sound pressure level measurenfent
with soundl source on, the internal noise sources shall be also on during the sound pressure lgvel
measuremgnt of background noise of the room with sound source off. If the sound pressure levgl of
the interngl noise sources is not constant (e.g. rotation speed of fan may depend on-carbon dioxide

concentratj

According
volume. Fu

ion), it is recommended that the internal noise sources are shut down duxingthe whole t

to ISO 3741, it is allowed that the size of the test specimen be up t0,5"% of the test r
rthermore, the test specimen shall not be closer than 1 m to any Toom boundary, r

J

pSt.

om
om

diffuser or|microphone during the measurements.

4.3 Equijpment

4.3.1 Sopund source

The
741

The sound source shall produce wide-band steady-state noise' with constant acoustic output power.
sound pregsure level of the sound source shall be high enrough to meet the relative criteria of ISO 3
for background noise.

an

An
hise
7.

An artificipl mouth is primarily used as the sound source. However, the sound power level o
artificial nhouth may not be sufficient for the esting of enclosures having high level reduction
omnidirectional sound source shall be used,if the relative criteria of ISO 3741 for background n
cannot be et with the artificial mouth in every 1/1-octave frequency band from 125 Hz to 8 000 H

An artificigl mouth shall be used dufing the measurement of a furniture ensemble which is not tof]
enclosed filom the surrounding roor. Examples of such products are shown in Figure 1 a) to d). §
products dan produce a specific) acoustic radiation pattern to the surrounding room in the ac
condition lpecause some parts-of the envelope are sound insulating and/or sound absorbing while
other partg of the envelope.are open and transmit sound perfectly. The directivity of an artificial ma
resembles the directivity.of the occupant’s speech. Using an artificial mouth guarantees that the so
field incidgnt to the envelope of the furniture is realistic.

ally
uch
fual
the
uth
und

An omnidifectional sound source can be used when enclosures with high level reduction are tesfed.

Examples o¢f stich products are shown in Figure 1 e) to f). The sound power incident on interior surfjgces
of the enclgpsure’s envelope is relatively constant due to inevitable modes and associated reverberafion
inside the enclosure. Therefore, the test result is expected to be similar with an artificial mouth and
with an omnidirectional sound source.

The position and the direction of the sound source is determined according to the typical use of the
test specimen. The sound source shall be located in the most probable position of the occupant’s
mouth. When an artificial mouth is used, it shall be oriented towards the most probable direction of
the occupant using the furniture ensemble or an enclosure under test. A different position can be used
by agreement between the parties involved in the test. The position and the direction shall be exactly
reported in the test report. The recommended height of the acoustical centre of the sound source is
1,20 m for a seated occupant and 1,55 m for a standing occupant. The distances are measured from the
floor of the test specimen. Other heights can be used if they are more appropriate for the intended use
of the product.

© IS0 2020 - All rights reserved
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The position of the sound source shall be the same during the measurements of Ly p; and Ly p,
[see Formula (1)] with respect to room boundaries (see Figure 2). If an artificial mouth is used, the
orientation shall be also the same during the measurements of Ly p; and Ly p, with respect to room

bou

ndaries.

If the test specimen involves several occupant positions, all positions are measured separately and the

arit

hmetic mean of the position-specific level reductions shall be reported.

Measurement of Lyy p; shall be conducted using a single position of the sound source per test specimen
position. Even if the test specimen involved several occupant positions (sound source positions), the
measurement of Ly, p, does not need to be replicated for each occupant position.

Thd

sound power level of the sound source without the test specimen, Ly, p 1, should be mea

befgre and after the measurement of Ly, p , to ensure that the sound power level of the-gound

remnj

4.3
Thd

Bef
sha
wit

If th
cony

4.4

The
sha
am

The
recs
and
the
mic

©IS

ained constant during the series of measurements.

2 Measurement equipment
sound pressure levels shall be measured using equipment in accordance’with [SO 3741.

bre and after each series of measurements, a sound level calibrater in accordance wit
1 be applied to verify the calibration of the entire measurement chain at one or more fj
hin the frequency range of interest.

e signal is recorded for off-line processing, it shall be ensured that the instrumentation
plies with the requirements of 4.3.1 and 4.3.2.

Microphone positions

number of microphone positions shall ben accordance with ISO 3741. All microphon
] be located outside the reference box enclosing the test specimen. The minimum distan
icrophone position, reference box and room boundary shall be in accordance with ISO 37

test specimen shall be orientéd,'so that there are no direct sound paths between
biver positions. Direct sound pathis strong in the direction of the frontal axis of the artif
in the direction of openingsi\of the specimen. Figure 2 is an example of good arrange
artificial mouth is oriented towards the corner and not towards the middle of the
rophone positions are.usually located.

B

sured both
source has

h 1SO 3741
requencies

as a whole

e positions
‘e between
41.

$ource and

cial mouth
ent where
om where
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~—
/ )
T
;@ //
/ /
/ /
L\\ /
~J
1) Measurement without the test specimen 2) Measurement with thetest specimen
Key
_( micfophone position (the number of measurement positions is stated in [ISO\3741)
=~ soupd source

_ refdrence box

NOTE The test specimen of Figure 2 is a workstation [equivalent to Figure 1 a)].

5 Deten

5.1 Test

The methofd is based on repeated measurements according to [SO 3741.

NOTE The content of [SO 3741\s not repeated in this document.

5.2 Levgd

The level reductioncof the test specimen is determined by Formula (1):

D; =Ly

Figure 2 — Example of measurementarrangements in a test room

mination of level reduction

method

1 reduction

P TEw p2,i 1)

where

LW,P,l,i

LW,P,Z,i

is the sound power level [dB re 1 pW] radiated by the reference box without the test
specimen when the sound source is on;

is the sound power level [dB re 1 pW] radiated by the reference box with the test
specimen when the sound source is on.

The 1/1-octave frequency band is denoted by i. P indicates wide-band steady-state noise, such as
pseudorandom pink noise, produced by the sound source.

Lwpy and

Lywp,; shall be determined according to the direct method of ISO 3741 including the

background noise correction procedure.

© IS0 2020 - All rights reserved
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5.3 Determination of speech level reduction

The frequency-dependent level reduction values D; are used to determine the speech level reduction
Dg . The calculation of Dg , is based on a mathematical transformation where the sound power level
pr1 .is replaced by the standardized sound power level of speech, Ly s, given in Table 1. In this case,
the sound power level radiated by the test specimen, Lws,2,p 1S determined by Formula (2):

LW,S,Z,i :LW,S,I,i -D; (2)

The A-weighted sound power level radiated by the test specimen within the frequency range from
125 Hzto 8600 Hz s determmimed by Formmuda{33:

7
LW,s,Az:lOloglO [Zlo(LW.S.Z,i+Ai)/10] .,

i=1

wh¢re 4; is the A-weighting for 1/1-octave frequency band i. The values are shown in AnnexJA.

The speech level reduction is determined by Formula (4):
Ds a=Lwsai—lwsapz (4)

where Ly s o 1 = 68,4 dB is the A-weighted sound power level ofistandardized speech withiy the entire
frequency range from 125 Hz to 8 000 Hz.

Annex A gives an example of the calculation processl4l. Anhex B describes the presentation ¢f the main
tesf results.

Table 1 — Unweighted sound power level of genderless speech

1/1-octave frequency band

Hz
125 250 500 1000 2000 4000 8000
Ly [dBrelpW] 60,9 65,3 69,0 63,0 55,8 49,8 44.5

5.4 Precision

The precision of thigsmethod is described in Annex C.

5.5/ Typicalkvalues

Typiical values obtained by this method are given in Annex D.

5.6] “Application in room acoustic simulations

The application of the test results in room acoustic simulations are explained in Annex E.

6 Information to be recorded and reported

6.1 General
The following information shall be recorded and reported:

a) astatement that the measurements were made in conformity with this document (i.e. ISO 23351-1);

© IS0 2020 - All rights reserved 7
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b) if deviations were made from this document, a clarification shall be given about the exact point of
deviation and an explanation shall be given of why the deviation was unavoidable;

c) date and time when the measurements were performed;

d) the name and the country of the test organization, the name of the operator.

6.2 Test environment and test specimen

The following information shall be recorded and reported:

a) locatidn of the test room and the dimensions of the room in metres;

b) description of the test specimen, including the manufacturer, type, parts of the test-speCimen,
externpl dimensions and the thicknesses and descriptions of sound-absorbing and sound-insulating
material layers;

c) description of any special treatment or exceptional property of the test specimen, if it deviates
from alcommercial version;

d) photograph of the test specimen taken in the test room during the test'so that the type, positfion,
heightfand orientation of the sound source in the occupant’s position are unambiguously shown;

e) dimenkions concerning the locations of the test specimen in the testroom;

f) air temperature, relative humidity and static pressure in the, test room during the sound pofwer
level tg¢sts;

g) numbdr of microphone positions or the description of the microphone traverse if a moying
microphone was used.

6.3 Instrumentation

The follow|ng information shall be recorded-and reported:

a) name, fype and manufacturer of measurement equipment and sound source;
b) date and place of calibration of-the sound calibrator;

c) date, place and methods usedto verify the calibration of the instrumentation system.

6.4 Acoustical data
The follow|ng information shall be determined and reported:

a) level reductien, D, in 1/1-octave frequency bands, rounded to the nearest 0,1 dB;

b) speecH level reduction, D ,, rounded to the nearest 0,1 dB;

c) following statement: “The results are only valid for the tested specimen configuration. Changes in
size, geometry or materials can lead to significant changes in reported results.”

An example for the presentation of the main test results is shown in Annex B.

The sound power levels, Lyp; and Ly p,, the reverberation times of the room, Ty and T,, and the
background noise levels can be reported optionally in 1/1-octave frequency bands in an annex to the
test report.

8 © IS0 2020 - All rights reserved
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Annex A
(informative)

IS0 23351-1:2020(E)

Example of the calculation of the main test results

Table A.1 represents an example of the calculations according to this document. The A-weighted sound

OWeE laval gf cnoach wiithin thao fraogvaney rango fram 1920 o +0 9 NONO) 2 3o T
powerlevel-of speech-within-the-frequeneyrangefrom125-Hzt0-8

=684-(B without

SO TS EWS AT

the[specimen. The value is based on Table 1. The A-weighted sound power level of speech|within the
frequency range from 125 Hz to 8 000 Hz becomes Ly, g » , = 40,0 dB with the specinien. The speech
levgl reduction becomes Dg , = 28,4 dB.

Table A.1 — Example of the calculations according to this document

Index 1/1-octave Unweighted D; Unweighted A; A-weighted
frequency values values vdlues
i band Lwp1i | Lwpz,i Ly,s,1,i Lws2,i Lwsaali [Lw,s,a,z,i
Hz dB dB dB dB dB dB dB dB
1 125 75,0 64,0 11,0 60,9 49,9 -16,1 44,8 33,8
2 250 85,3 62,0 23,3 65,3 42,0 -8,6 56,7 33,4
3 500 85,9 57,0 28,9 69,0 40,1 -3,2 65,8 36,9
4 1000 86,2 49,0 37,2 63,0 25,8 0,0 63,0 25,8
5 2000 87,7 49,0 38,7 55,8 17,1 1,2 57,0 18,3
6 4000 85,0 50,0 35,0 49,8 14,8 1,0 50,8 15,8
7 8000 85,5 48,3 37,2 44,5 7,3 -1,1 43,4 6,2
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Annex B
(informative)

Example of presentation of the main test results

An example of presentation of the main test results is shown in Figure B.1.

Determination of speech level reduction according to ISO 23351-1
Product: Product name
Operating ¢ondition: e.g. normal use
Manufacturer: Name, address, country
Test laborafory: Name, address, country
Name of the operator: Name, surname
Test date: Year, month, day:
Filequency Speech level 50
reduction
45
f D
d 40 ;s
Hz B b 3\\
125 11,0 35 L/ T
250 23,3 30 j/
500 28,9 5 o //[
1000 37,2 Q j{
20
2000 387 /
4000 35,0 15 /
8000 37,2 105
5
Dg A 28,4 0
N o o o =) o =)
N N S S S S s 3
— N N S ) S s )
— ~N < op
f [Hz]
Key
f 1/1-octave frequency band, in Hz
D  level reduction, in dB
Dg , speech level reduction, in dB

Figure B.1 — Example of the presentation of the main test results
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Annex C
(informative)

Precision

IS0 23351-1:2020(E)

The precision of the method described in this standard has been determined in an accuracy experiment

in 2049201 Eicht laborateries—from-six-countries—testedtwonroducts—ThevroductA—wasa furniture
40T O uLbLL\, TODUractuoriIicy Uy CUTTIICTI IC O cootTTeTrovvw TUUUCCT, T I1IT TUUUCUC I VFOOO H

ens
an ¢
con

TTOTIT

emble (a workstation such as in Figure 1 a) having a mean value of Dg , = 4,2 dB. The product B was
nclosure (a phone booth such as in Figure 1 f) having a mean value of Dg , = 28,7 dB:Fhejtests were
ducted according to this document. The results are shown in Table C1.

Table C.1 — Precision

Type of tested product Reproducibility Repeatability
(level range) standard deviation standard deviation
sg [dB] s [dB]
Furniture ensemble, partial enclosure 06 01
(Dg|p <10 dB) ’ ’
Endlosure (Dg , > 10 dB) 1,1 0,2
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