INTERNATIONAL ISO
STANDARD 23591

First edition
2021-09

Acoustic quality criteria for music
rehearsal rooms and spaces

Criteres de qualité acoustique pour lessalles et locaux de fépétition
musicale

Reference number
1SO 23591:2021(E)

© IS0 2021


https://standardsiso.com/api/?name=f4dee12741f4b17a71886a8d34c44a90

ISO 23591:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2021

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 2021 - All rights reserved


https://standardsiso.com/api/?name=f4dee12741f4b17a71886a8d34c44a90

ISO 23591:2021(E)

Contents Page
FFOT@WOIM..........ooooooooeeeeeee e85 iv
IIETOAUCTION .......ooooo stk \%
1 SCOPI@ ... 1
2 NOIIMALIVE TEEGT@IICES ..........ooooooee e 1
3 Terms and definitIONS ... s 1
4 General criteria..............
4.1 Quiet acoustic music..

Anng

Anng
Bibli

4.2
4.3

Criteria for rooms for music rehearsal...........eoeeeeen eI

Loud acoustic music....
AP MUSIC oo o e

5.1 L] =) =Y OSSN s A AN

5.2 Individual practise rooms

5.3 Ensemble rooms ...

5.4 Rehearsal use of recital rooms.........cccccovnn.

5.5  Multi-purpose rooms. ...,

5.6 Criteria for rooms for different types of music...

5.7 Criteria for reverberation time ... Sl

MEASUTEIMIEIIL .........oooocoieeieeeee et A et

6.1 Reverberation time.....

6.2 Background noise level

Information to be recorded and reportedy............ e 18
bx A (informative) Determination of seund strength and sound power level from

MUSICAl INSTIUMENES .......ccoooe 3 s 20
px B (informative) Guidelines for planning rooms and spaces for music rehearsal |.................. 27
OBTAPIIY e e e 29

© 1S0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=f4dee12741f4b17a71886a8d34c44a90

ISO 23591:

2021(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.
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Introduction

The acoustic properties of a room are crucial for the interaction between the room and the musical
instrument. When the acoustic response of a room works well with the instrument, good conditions are
achieved for both audience and musicians.

There is a clear connection between the intended use of a music room, the type of music, the ensemble
type and the size of the room. It is not possible to achieve satisfactory acoustic conditions for all music
types and speech communication in a single room since the acoustic requirements for each use are
different.

It is
singg
size
into

necessary to divide the spaces in accordance with their function and number of\n
rs (both amateurs and professionals). There are different needs when it comes, to
bf the room (net volume), timbre, reverberation, net room height and room geohigetry.
types of rooms in this document reflects the practical conditions in musical perfoy

musicians play or sing individually (rehearsing or receiving teaching), in smallgroups (eit

samsd
or in
Refel

The
used
rehe

instruments, voices or in ensembles of three to six persons), in medium size group
large groups/ensembles (choirs, marching bands, big bands, orchestras and other ens
‘ence [22].

locument describes criteria for any kind of rooms and spaces uséd for music rehearsa
for music purposes vary from small practice rooms for-ene or a few musicians t
hrsal rooms and concert halls. In large concert halls, skilledacousticians are engaged f

and planning the acoustics. In the practice rooms and rooms.used for rehearsal or more unf

perfy

This
cons
such
and

in m
of th
stagd

Annd
strer]
in qU
ense
rehe

rmances, the acoustic environment is often not suited for this purpose.

document is intended for municipalities and“¢ounty councils, property develope

1ltants, architects, contractors, facility owners (public and private) and others who op¢
buildings. The document may also be used\by others, from the individual musician to }
issociations. A large number of rooms,and spaces are used for music rehearsal and
inicipalities. It is important for property developers to emphasise participation by t
e building and the music rooms as:edrly as possible, preferably during the conceptual
s, of which this document should-form one of the premises.

x A provides guidelines fordetermining the sound pressure level at forte applyin
gth (G) of the room and-the average sound power level at forte of the musical
estion. This leads to-favourable range of net room volume and reverberation time
mble type. Annex Bprovides guidelines concerning user processes for planning of roo
hrsal.
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Acoustic quality criteria for music rehearsal rooms and

spaces

1 Scope

This document specifies differentiated criteria for acoustic conditions and characteristics for rooms

and ; >
the type of building in which the spaces are located. The document provides criteria forvog
in spaces used for music rehearsal, whether this is the primary use of the spaces-or)the

egardless of
m acoustics
y are multi-

purpose spaces. Together with the acoustic criteria, requirements are given fornet’roony height, net

roonp volume and net area.

Criteria for acoustic conditions are differentiated on the basis of three music types: amp
quiet acoustic music, and loud acoustic music.

Thisdocument is applicable to the planning of new buildings and the refurbishment of existi
document can also be used to assess the suitability of existing spaces for different music
The dlocument can be used for the adjustment of rooms and spaCés' whose primary purpose
rehearsal such as sports halls, classrooms, assembly halls, multi-purpose rooms, etc. Flex
solutlions can be used in order to cover several purposes pf-use.

The
spac
stud

‘riteria in this document do not apply to large, spe€ialized concert halls, opera venueg
es which are basically designed for concerts_and performances, or specialized mus
0s.

The document does not deal with the needyfor logistics, storage rooms for instrument
key gupport functions relating to music.rehearsal. Sound insulation criteria are not incl
docujment.

2

The
cons
unda

Normative references

following documents-are’referred to in the text in such a way that some or all of t
fitutes requirements-ef this document. For dated references, only the edition cited
ted references, thelatest edition of the referenced document (including any amendme

ISO 3382-1, Acoustics — Measurement of room acoustic parameters — Part 1: Performance sj

ISO
ordin

8382-2, \Acoustics — Measurement of room acoustic parameters — Part 2: Reverberd
ary reoms

ified music,

ngones. The
hl purposes.
is not music
ble acoustic

and similar
c recording

s and other
ded in this

heir content
applies. For
hts) applies.

aces

tion time in

ISO/PAS 20065, Acoustics — Objective method for assessing the audibility of tones in noise —

Engineering

method

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO Online browsing platform: available at httpss://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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3.1
diffusor

2021(E)

sound-reflecting surface which spreads the sound in many different directions

3.2
rehearsal r

oom

<music> room for practising individual musical skills, teaching and ensemble rehearsal

3.3

individual practise room
<music> room or studio designed for practising individual musical skills for one to two persons

Note 1 to ent

3.4
ensemble r
<music> reh

3.5

recital room

<music>ar
Note 1 to ent

3.6
reverberat
T

time that w
stopped

Note 1 to ent

Note 2 to en
decay time o
first reaches
initial level a

Note 3 to ent
1000 Hzisl4

[SOURCE: IS
Note 3 to en|

3.7

echo

a sound way
a wave disti

Fy: Individual practise rooms are too small for teaching.

pom
earsal room (3.2) for three or more musicians or singers

bom where performances or concerts take place

Fy: Usually, the performances have relatively few musicians.

on time

buld be required for sound pressure level to de¢fease by 60 dB after the sound sourc
Fy: The reverberation time is expressed in seconds.

F 60 dB. It is then labelled accordingly:Thus, if T is derived from the time at which the decay
5 dB and 25 dB below the initial level, it is labelled T,,. If decay values of 5 dB to 35 dB belo
Fe used, it is labelled T,

ry: The average of reverberation times at the octave bands with the centre frequencies 500 H
belled T,,,;q4.

0 354:2003, 3.2[3}, modified - Notes 1 and 2 to entry are added from ISO 3382-1:2009
[try is added.]

e that has been reflected or returned with sufficient magnitude and delay to be detect
nctfrom that directly transmitted and distinguishable as a repetition of it

b has

ry: T can also be evaluated based on a/smaller dynamic range than 60 dB and extrapolated to a

furve
w the

7 and

, 3.5,

ed as

[SOURCE: IS
3.8

O 20411990, Z-71151]

flutter echo

periodic rec

urrent sound reflections, for example between two parallel sound-reflecting surfaces

Note 1 to entry: In case of short distance between the surfaces, colouration of the sound can be heard. Colouration
is an audible accentuation of certain frequencies and may be caused by periodic recurrent sound reflections at
short time intervals. In larger rooms, where the distance between the surfaces is large, the phenomenon can be

heard asaru

stling or rattling sound.

© IS0 2021 - All rights reserved
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3.9
amplified music
music that is transmitted through an amplifier or sound reinforcement systems

Note 1 to entry: Sound reinforcement systems are often referred to colloquially as "PA equipment”. PA is an
abbreviation of "public address". PA equipment is normally used for audio reproduction of speech or recorded
music.

3.10
sound level
measure for the energy of sound

Note |l to entry: In this document, sound level is given by the measures A-weighted time-averaged)sound pressure

level, Lp_A_T, A-weighted maximum sound pressure level, L or as octave band levels, L

p,AFmax’ octr

3.11
sounyd diffusion
reflection of sound waves in many different directions

3.12
loud‘Lacoustic music
musilc generated by acoustic instruments (non-amplified) that produce music with sound power levels
higher than or equal to 95 dB at forte

Note [l to entry: Examples of instruments are brass (wind) instrumients, percussion, piano, big bamnd, and opera
singipg.

3.13
quief acoustic music
musilc generated by acoustic instrument (non-amplified) that produce music with sound power levels
lowef than 95 dB at forte

Note|l to entry: Examples of instruments are such as woodwind instruments, string instruments, and singing.

3.14
net gverage room height
h
<music room> average of the-interior room height measured from the floor surface to the|surface of a
ceiling above the net areaof aroom

Note |1l to entry: If thereds an acoustically non-transparent suspended ceiling, for music rooms fhe net room
height is measured up to-it. There may be national regulations that have other definitions.

3.15
net grea
<music room> net floor area limited by the inner surface of the enclosing walls

3.16
net volume

volume calculated from the inner surfaces of enclosing structures (floor, walls, ceiling) except structural
parts, shafts, chimneys, etc.

Note 1 to entry: Recesses, projections of an aesthetic nature, profiles and other secondary structural parts are
not taken into account in the net volume. Enclosed volume above the suspended ceiling is not included. The
volume under a telescopic stand (also called retractable seating or risers) is not taken into account in the net
volume.

©1S0 2021 - All rights reserved 3
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sound strength

G

acoustic response of a room specified as sound pressure level from an omnidirectional sound source
relative to the sound pressure level from the same sound source at a distance of 10 m in a free field

Note 1 to entry: Sound strength is stated in decibels (dB). Sound strength can vary within the room, and the
objective is to achieve as even amplification in the room as possible. A more detailed description of the criterion
for sound strength is provided in Annex A.

[SOURCE: IS

0 3382-1:2009, A.2.1]

3.18

room resor
modal resor
resonance V
modes

Note 1 to ent

ance
ance
vhere the excitation frequency coincides with the natural frequency of one\of the

the largest dimension of the room equals one half the wavelength.

3.19

variable so
sound abso
absorption ¥

Note 1 to ent
may also hav

3.20

tonal sound

sound chara
from the tot]

[SOURCE: IS

3.21

sound pow
P

rate per uni

Note 1 to ent
Note 2 to ent

3.22
sound pow

iund absorber
bing curtain, banner, transformable element, or devieeswhich can adjust the aco
vithin a room

ry: Variable sound absorbers may be used to provide adéquate acoustic flexibility. Such eler
e diffusing or reflecting characteristics.

cterized by a single frequency componeht or narrow-band components that emerge ay|
al sound

0 1996-1:2016, 3.4.9141]

2
F time at which airborne sound energy is radiated by a source

Fy: In this document, the sound power is expressed in milliwatts (mW).

Fy: This defiition is technically in accordance with 1SO 80000-8:2020, 8-9121.

b1 level

Ly,

foom

Fy: A room has many room resonances which occur at different frequencies-At'the first room fnode,

ustic

nents

dibly

ten times the logarithm to the base 10 of a ratio of the sound power (3.21) radiated by a source to the
reference sound power 1 pW

Note 1 to entry: The sound power level is expressed in decibels.

Note 2 to entry: This definition is technically in accordance with ISO 80000-8:2020, 8-15[21.

Note 3 to entry: In this document, no frequency weighting is applied to the sound power levels.

© IS0 2021 - All rights reserved
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4 General criteria

4.1 Quiet acoustic music

Quiet music means music that is performed primarily on quiet acoustic music instruments or singing,
see 3.12. Typical groups are choirs, vocal ensembles, folk groups, string quartets, string orchestras and
groups with string instruments (such as guitars) without amplification.

In rooms for quiet acoustic music, it is generally important to take care of the following:

— appropriate room size (net volume and net area);

dppropriate net room height;

— 1everberation adapted to the purpose, the reverberation time as a function of -frequency does not
yary too much, see 5.7;

— ¢ontrol of repeated reflections, inclining of surfaces, sound diffusion and sound diffusing elements
in order to avoid flutter echo;

— gound strength adapted to sound power of the ensemble;
— low background noise level.

Tabl¢ 1 gives an overview of important properties of rehearsal rooms for quiet acoustic mpsic. Table 4
giveqd an overview of important properties of recital roomsfor rehearsal use for quiet acougtic music.

4.2 | Loud acoustic music

Loud music means music that is performed ondcoustic instruments that generate a powgrful sound,
see 3.11. Typical groups are brass bands, cencert bands, big bands and symphony orchegtras with a
wind group. Percussion and opera singingbelong to this category as well. The number of the musicians
affedts the need for floor area, net volunie’and the overall size of a room.

In ropms for loud acoustic music, it is generally important to take care of the following:
— gJppropriate room size (net volume and net area);
— appropriate net room height;

— feverberation adapted to the purpose, the reverberation time as a function of frequency does not
yary too much,sée 5.7;

— ¢ontrol of répeated reflections, inclining of surfaces, sound diffusion and sound diffusing elements
in order-to"avoid flutter echo;

— gound strength adapted to the sound power of the ensemble;

— not too high background noise level.

Table 2 gives an overview of important properties of rehearsal rooms for loud acoustic music. Table 4
gives an overview of important properties of recital rooms for rehearsal use for loud acoustic music.

Pipe organs need special consideration although they belong to loud acoustic music instruments.
The design of the organ should meet the size of the room. Other instruments, as Japanese drums or
percussion ensembles, also need special consideration.

Grand piano belongs to the group of loud acoustic music instruments, but this does not apply if the
piano is used for simple accompaniment or other quiet activities.

© IS0 2021 - All rights reserved 5
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4.3 Amplified music

Amplified music includes all music which is transmitted through amplifying or sound reinforcement
system, e.g. pop and rock, electronica, jazz, vocal groups, big bands and musicals or similar, where the
sound is mainly transmitted through amplifying equipment.

For rehearsal, quiet acoustic and loud acoustic music groups can also be amplified by using microphones.
These are included in amplified music if the majority of the sound volume is transmitted through the
loudspeaker system. It should be considered to what extent the sound reinforcement system does
create the total sound pressure level in the room.

normalluy ineclndoad 1n lond acanctice manicic cinecn thao cnnnr] nroduction ic nrimarily LaVaYal
TOTITIorrTy rrrerercre o rirrocrero ot tre oo oo e e erre—ootrir CprotoctroT> PrIrrietr T »4

1stic.
.

Big band is

Big band mdy however be included in amplified music when all the wind instruments are amplifie

In rooms foff amplified music, it is generally important to take care of the following:

appropiiate bass absorption;

short regverberation time, the reverberation time as a function of frequency doesinot vary too much,

see 5.7;

control
in order

of repeated reflections, inclining of surfaces, sound diffusion and sound diffusing elements
to avoid echo;

not too prominent room resonance,

not too high background noise level.

Table 3 give
an overview

5 an overview of important properties of rehearsal rooms for amplified music. Table 4
of important properties of recital rooms forrehearsal use for amplified music.

bives

NOTE The criteria for rehearsal spaces, also used for+xecital, for amplified music are based on Referencg [18].

5 Criteria for rooms for music rehearsal

5.1 Genefal

and
mall
with

Rehearsal r
type of ensg
ensemble ro

poms are divided by typeé of music (amplified, loud acoustic or quiet acoustic music]
emble (number of musicians). The division is made into individual practise rooms, §
oms, medium and-large ensemble rooms. These room types are divided in accordance

different re
acoustics (r
the music ty

or teaching],

Juirements as‘to room size (net volume, net area, net room height, room geometry),
pverberation'€ime, sound absorption, sound reflections) and other needs which disting
pes. Thedivision relates to whether the musicians play or sing alone (individual rehe
in small ‘groups (either with the same instruments, voices or in ensemble of three t

foom
ruish
arsal
0 SiX

persons) or |n large groups (choir, marching band, big band, orchestra, etc.)

£ ie 1 RERE D | a3 PSS | F Lo 1 1 )
Rehearsal usesofrecitatroomsare-dividedaceot OHTE tO tIe MUSIC Ty Pes,ampiiriet, ot acotstt and

quiet acoustic music.
Tables 1, 2, 3 and 4 define the criteria for properties of the different room types.

Acoustically, a music room is like an extension to the musical instrument that is being played in the room.
This is particularly pronounced for singing and musical instruments without inherent reverberation,
like wind instruments. Sound strength, G, and other acoustic properties of the room are crucial for the
interdependence between the room and the musical instrumentl9], If the sound strength of the room
is too low, the music will sound weak and the musician may try to compensate by forcing the playing,
which may lead to harsh sound quality and decreased dynamic range of the music. On the other hand,
if the sound strength is too high, the music will sound too loud and the musician may restrain their
playing, which in turn will decrease the dynamic range of the music. When acoustic response of the
room works well with the instrument, good rehearsal conditions are achieved for the musician. It is

© IS0 2021 - All rights reserved
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important to consider sound strength, G, to reduce risk of hearing damage or hearing loss. Appropriate
sound strength will assure the right quality of music rehearsal and recital as well. Informative Annex A
describes the relationship between sound strength, reverberation time and net room volume.

Together with sound strength, G, the main criterion used in this standard is reverberation time (see
5.7), which is a common and easily measurable parameter. However, when designing rooms for music,
avoiding several other issues might be equally important; room resonances, colouration due to early
reflections, flutter echoes, harshness due to playing directly towards a close, reflecting surface,
positions of musicians etc. Such issues tend to be more important in small rooms. Most of these issues

can be analysed by inspection of the impulse responses, see ISO 18233[8l,

In ord

prop

betw
not ¢

Flutt
categ
eithd

requ

prim|
statd
madj

NOTIH
surfal

ClI tU auhicvc d DlllUUth fl Cqucuu_y 1 UDIJUIIDC ill thC bClDD I ausc, it iD dcoil ablc tU hClVC
prtion between room dimensions, especially in rooms smaller than 300 m3. Ratips of
een room dimensions should be avoided. The ratio between width and length of the i
xceed 1:1,6. See B.2 for more guidance.

fory of music rooms, variable acoustics may be needed. Some contro6l of low frequ
r in the form of absorption, sound diffusion or scattering is necessary as well. For musi
rements to background noise given in the tables, apply. For other types of rooms and s
ary purpose is not music rehearsal, requirements to background noise from servicq
d for the different spaces or room types apply. In such rooms and spaces, every effo
e to achieve equally good acoustic conditions as in music réoms.

1  Flutter echo is often perceived in rooms where two parallel surfaces are reflective,
ces more absorbing. This often gives a high frequencytail of the sound decay, especially

soundls. For small distance between surfaces, this can bedudible as a sound coloration. For 14

betw|

The |

type

critiq

shall

Good
cond
flexil

NOTIH
Refer

Good
purp

ben reflective surfaces, a periodic series of echoes can'be heard.

packground noise from service equipment stfdll not exceed the tabled values for the dif
5. Tonal sound of the noise, as defined in,ISO/PAS 20065, shall be avoided because it

al in music rooms. Background noise from other service equipment and from outside n|
be subjected to special assessment{See 6.2 for requirements for background noise ley

sound insulation between rooms is recommended, in addition to requirements for roo
fitions. The aim is to avoidsdisturbing noise from adjacent rooms and to ensure su
bility of the rooms for their.desired purpose.

2 National regulations or standards can give limit values for sound insulation, see
ences [10], [11] and\{12].

ventilation,good lighting and appropriate storage capacity are important in buildin
oses. The need for increased ventilation depends on the level of exertion required by

muslic.

Reqy
dealt

irernents for other important conditions such as ventilation, lighting and storage are
Wwith in this document. Requirements for ventilation and ventilation rate are given

favourable
1:1 and 1:2
oom should

er echo and other echo and focusing effects (see 3.6 and 3.7) should be aveided. Within each main

ency sound,
c rooms, the
baces whose
P equipment
rt should be

vith all other
for impulsive
rge distance

ferent room
s especially
pise sources
el.

m acoustical
tability and

for example

ps for music
the type of

not directly
for example

in EN T5Z5Tt2 or In national regulations. In a number of situations, there may however be a need for
increased ventilation.

Ventilation rate often relate to sedentary work. For other situations, the ventilation rate per person is
calculated in accordance with the metabolic rate. Music playing and singing can be comparable with
different degrees of light or heavy physical work. Therefore, the ventilation rate may be dimensioned
by using values averaged over time and number of musicians.

Requirements for level of illumination and the design of illumination installations (including for music
rooms) are given for example in EN 12464-111. The aim should be to have variable positional lighting
as a supplement to the general level of illumination in the room. The selected solution for illumination
should take into account the possibility of light being reflected from instruments and other objects.
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For assessments relating to universal design, additional measures may be necessary. lllumination
installations should not give rattling sounds when music is played.

NOTE3 The need for storage capacity can be described in other documents e.g. from national music
organizations.

5.2 Individual practise rooms

Individual practise rooms are designed for practise for one to two persons, see 3.3. The acoustic
requirements for individual practise rooms are relatively similar for the individual musical instruments
or singing, except for rooms for percussion. In practise, it will often be appropriate to incorporate

solutions fol
rooms will {

5.3 Ensel

In this docu
rooms are i
amplified

acoustic mu|
for amplifie
referred to i

Many music
music ense|
small group
etc. Mediunmnj
instrument
rhythmic gy
forth. Such ¢

Large ensen
music enser]

variable acoustics to makKe the room suitable for several types of music. Individual pra
hen be able to be used for both quiet acoustic and loud acoustic instruments.

mble rooms

ment, ensemble rooms are divided by size as small, medium and large) Small ense
tended for three to twelve musicians for acoustic music and three,td” six musician
sic. Medium size ensemble rooms are for thirteen to twenty-foufntsicians playing
sic and for up to thirty musicians for quiet acoustic music or for.seéven to twelve musi
H music. If there are more musicians, the room size shall be inéreased, and such room
s large ensemble rooms.

groups playing acoustical music have between three and twelve musicians, such as cha
hbles, small jazz groups etc., and they will use small’ensemble rooms. The same cong
5 between three and six musicians playing amplified music such as pop bands, rock gr
size rooms may also be suited to group rehearsals and vocal exercises, such as bass |
rehearsals, soprano voice exercising in chojrs; first violin rehearsals for orchestras,

Froups require a larger net area and netwolume than smaller groups.

hble rooms are suited for ensemble playing, tutti rehearsals and tutti practises for 1
hbles. Typical music groups aref for example, brass bands (25 musicians to 35 music

concert bands (35 musicians to 70 musicians), choirs (30 singers to 80 singers), amateur orche

(40 musicia

For amplifig
they should

hs to 70 musicians) and proefessional orchestras (70 musicians to 110 musicians).

d music, large ensemble‘rooms should have their own sound reinforcement system

ctise

mble
s for
loud
cians
S are

mber
erns
bups,
brass
arge

oups (salsa bands, large jazz groups etc.)\clarinet rehearsals for marching bands, and so

hrger
ans),
stras

and

be suitable for preproduction. To some extent, such rooms may also be usable for public

concerts.

Large ensemble rooms<shall have a large net volume adapted to the different music groups{ The
distinction petween large ensemble rooms and rehearsal use of recital rooms (see 5.4) is due tp the
musicians' jeed for'greater clarity and somewhat shorter reverberation time.

For string ensembles, the floor should be able to vibrate in order to amplify the sound from the dTuble
bass and cellowhich have contact with the floor. The same applies for the harp, see also 5.5.

5.4 Rehearsal use of recital rooms

Many recital rooms with audience, are used for rehearsals without audience as well. Rooms with
seating for an audience of up to 500 persons, or for amplified music, with a standing audience of up to
1 000 persons, maybe considered according to Table 4. These rooms could for example be rooms for
large music groups (marching bands, choirs, big bands) or for smaller groups (performing arts school
groups, jazz groups, stage bands, brass ensembles and vocal ensembles).
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These rooms shall have satisfactory acoustic conditions for both performers (in the stage a

rea) and the

audience. If there is a separate stage area, this shall be in the same acoustic space as the public area, i.e.

without fixed boundaries to the sides or above the edge of the stage.

NOTE 1
musical purposes.

NOTE 2
footnote 3).

The maximum number of musicians and audience or seats is a dimensioning criterion

5.5 Multi-purpose rooms

Partially recessed stages with small stage openings, so-called "peep-show stages", are unsuited to

(see Table 4,

Mult}-purpose rooms can be rooms for music and other purposes (theatre, dance, sports, et
for different types of music. For rooms used for music rehearsal and music performar
withput audience present), see 5.4 and Table 4.

Multj-purpose rooms can be adapted to several types of music. In such roomsyvarious p

c.) or rooms
ce (with or

poses shall

ul
be clearly defined and prioritised. The main intended use and other uses should be s;t-ecified and

mad¢ known to all users, in order to avoid conflicts concerning suitability of the spaceg
applications.

Diffe
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purp

rentiated criteria for acoustic conditions and characteristics for spaces used for mug
recital are similar regardless of the type of building in which the spaces are locate
stics should be similar whether music rehearsal is thé primary use, or if the roonj
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In m
to fa
that
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will
sevel

Llti-purpose rooms and spaces, it is necessary toHave solutions with variable acous
cilitate the distinct needs of different music types and music groups. The different r¢
hpply to the different music types in Tables.1to 4 of this document shall also be tak(
-purpose rooms, based on the prioritised\applications of the individual room. In pra|
pften be appropriate to incorporate solutions for variable acoustics to make the room|
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5. For example, for string ensembles the stage floor should be able to vibrate in order tq
d from the double bass and cello which have contact with the floor. The same applies
ome Asian and Africantypeés of instruments with direct contact to the floor.
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5.6 (Criteria for rooms for different types of music

Table 1 specifies properties for rehearsal rooms for quiet acoustic music.

Table 1 — Properties for rehearsal rooms for quiet acoustic music

Rehearsal rooms for quiet acoustic music

Property Individual Small Medium Large
prnr‘ticp room ensemble rooma ensemble room ensemble room
Number of njusicians/ 1to2 3to12 13 to 30 20 to-35
singers (N) See 4.1 See 4.1 See 4.2 (string orchesfras)
Ensemble type 30.te’80/1Q0
(choirs)
See 4.1
Net volume (see NOTE) >35 m3 >25 x N m3 >25 x Nm3 >25 x N m§
Net area >13m?%a >20 m? to 40 m?2 >40 m? to 70'm? >50 m?
(rel. to number of | (rel. to number of +1,5 x N m?
musicians/singers) | musicians/singers)
Net average foom height, h 22,7 m 23,5m 24,5 m 25 m¢
Room geomgtry® Adequate room Adequate room Adequate room Adequate ropm
ratios ratios ratios ratios
Acoustic treatment¢ (WA),CA,BA,D (WA), CA, BALD WA, CA,BA,D WA, CA,BA)D
Reverberatign time, T See Figures 1 and 2
Background|noise leveld See national standakd, or use recommended level L, , 7= 25 dB.
NOTE Thelsound strength is related to net volume and-weverberation time. For assessments of sound stregngth
and sound ppwer level from different musical instruments, see 5.1 and Annex A.
Key
CA = Ceilingjabsorbers, WA = Wall absorbers, BA = Bass absorbers, D = Diffusors.
a Inclyides teaching for one to two(pérsons.
b B.2 (see also Reference [21]).shows room ratios that are recommended to be used, for large rooms see
B.2.2. The whll may be angled at 5°te’7° or more or the wall may be convex curved.
¢ Varipble absorption is used for rooms where singing occurs and/or several types of instrument are played.
d Tongl sound of thé hoise is especially disturbing for music rehearsal and should not occur in rehegarsal

rooms. It is lecommended-that the background noise level should not exceed 45 dB at 63 Hz.

e For

arger ensembles, there may be a need for greater net average room height.
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Table 2 specifies properties for rehearsal rooms for loud acoustic music.

Table 2 — Properties for rehearsal rooms for loud acoustic music

Rehearsal rooms for acoustical loud acoustic music

Property Individual Small Medium Large
practise room | ensemble room? | ensemble room ensemble room
Number of musicians (N) 1to2 3to12 13 to 24 >25
Ens ulb}c ty pT See ﬁ See ﬁ See ﬁ See ﬂ
Net yolume (see NOTE) >50 m3 >30 x N m3 >30 x Nm3 >50 x N m3
>50 x N m3 for >50 x N m3 for >60 k N m3 for
extraloud groups | extraloud groups\| extra |oud groups
Net 4reab >15 m? c c 2120 m?
+2 x Nm?
Net gverage room height, h 23,0m 23,5m 24,5 m 25,0 mé
Roorh geometryd Adequate room Adequate room Adequate room Adeduate room
ratios ratios ratios ratios
Acoystic treatment® WA, CA, BA CA,BA,D CA,BA,D,R CA|BA,D,R
Revdgrberation time, T See Figures 1 and 2
BacKground noise levelf See national standard/critexia, or use recommended level L, , 7= 25 dB.

net

(e}

(¢ wﬁ-

-

8

NOT
sem

A

N

Extra loud groups can for instance be professionalsymphony orchestras, brass bands, pe
les or groups playing instruments with sound powerlevels above 100 dB. The sound strength
olume and reverberation time. For assessments-pf sound strength and sound power levels f1
cal instruments, see 5.1 and Annex A.

Ceiling absorbers, WA = Wall absorbers,BA = Bass absorbers, D = Diffusors, R = reflectors.
Includes teaching for one to two. persons.

For some instruments, forexample percussion and piano, there is aneed for a greater areat
cal instruments. This should bé taken into account in the planning of rooms for this purpose.

The net area will be-detérmined by the net volume and net average room height.

B.2 (see also Reférence [21]) shows room ratios that are recommended to be used, for larg
. The wall may belangled at 5° to 7° or more or the wall may be convex curved.

Variable absorption is used for rooms where several types of instrument are played.

Tonaliseund of the noise is especially disturbing for music rehearsal and should not occur

rooms. See als0"6.2. It is recommended that the background noise level should not exceed 45 dB at

Eor larger ensembles, there may be a need to increase the net average room height.

rcussion en-
is related to
om different

han for other

pe rooms see

in rehearsal
h3 Hz.
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Table 3 specifies properties for rehearsal rooms for amplified music.

Table 3 — Properties for rehearsal rooms for amplified music

Rehearsal room for amplified music
Property Individual Small Medium? Large?
practise room ensemble room | ensemble room ensemble room
Number of musicians (N) 1to?2 3to6 7to 12 >12
Ensemble ty T See ﬁ See4-1 See ﬁ See ﬁ
Net volume >35 m3 >60 m3 2200 m3 >400m3
Net area >13 m2¢ >20 m? >60 m? >(00"m?
Net average foom height, h 22,7 mb 23,0 mP 23,5m 24 m
Room geomgtryd Adequate room Adequate room
ratios ratios
Acoustic trefatment® WA, CA,BA, D WA, CA,BA,D WA, CA, BA WA, CA, B4
(D if necessary) (D if necessaty)
Reverberati¢n time, T See Figures 1 and2 f
Background|noise levels See national standard, or use recomfended level L, , 7 =30 dB.
Key
CA = Ceilingjabsorbers, WA = Wall absorbers, BA = Bass absorbers, D =\Diffusors.
a Acouistical requirements for medium and large ensemblex00ms may be the same for amplified musi¢ and
preproductipn.
b National regulation may have other criteria.
c For fome instruments, there is a need for a greater area than for other musical instruments. This should
be taken int¢ account in the planning of rooms for this-purpose.
d B.2 (see also Reference [21]) shows rogmyratios that are recommended to be used, for large rooms see
B.2.2. The wpll may be angled at 5° to 7° or more or the wall may be convex curved. If inclining is not possible,
diffusors shguld be used.
e Somle control of low-frequency setund is necessary. The smallest dimension of the room will often/be a
reason for pffonounced standing waves at low-frequencies and potential ceiling absorption should be considgred.
f For the 1/1 octave band$63 Hz and 125 Hz in rooms with a net volume of <100 m3, the thresholds for
reverberatign time may differ’somewhat due to room modes. See Figure 2.
g The[background rpis€ level is not as critical for amplified music as for other types of music. It is repom-
mended thaf the background noise level should not exceed 50 dB at 63 Hz.
Table 4 spgcifies properties for rehearsal use of recital rooms with audience up to 500 s¢ated

(1 000 standing) persons. The rooms should be considered with and without audience, and with

appropriate

12

variable absorption.
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Table 4 — Properties for rehearsal use of recital rooms with audience up to 500 seated
(1 000 standing) persons

Rooms with audience up to 500 seated (1 000 standing) persons®

Property Amplified music Loud acoustic Quiet acoustic
music music
Club venue Room
Net volume? 300 m3 to 800 m3 >600 m3 >10 m3/person >12m3/10 m3 /
(1 eltorumberof e TS teTaTTs© penson incl.
audience) and at least musifians®and
>2 000 m32 at léagt 2600 m3
Net grea 100 m?2 to 300 m? >150 m?
(rel. no. of audi-
ence)
Net gverage room height, h d 4mto 6 m¢ 25m 28m 26 m
Number of audience 100 to 500 2200 2150b =50
Ensgmble type?2 See 4.3 See 4.3 See 4.2 See 4.1
Stage area (net rig area) >30 m?2 >50 m?2 >100 m2f 25 m2f
Roormn geometry? Adequate room Adeqpate room
ratioss rfatioss
Avoid concave room Flat{floors or
surfaces and slightly sloping
triangular/fan- ghlleryf
shaped layouts Avoid cpncave room
surflaces and
triangular/fan-
shaped layouts
Acoystic treatment? D, CA;7BA D, CA, BA D,R D,R
WA

Revdrberation time, T

See Figures 1 and 2

BacKground noise level
fron] service equipmenthi

See national standard/criteria,
or use recommended level
Lp,A,T = 28 dB

See national standard/driteria,
or use recommended [level

Lyar=

23 dB

BacKground noisedevelhi
front outdoor sotind sources

See national standard/criteria,
or use recommended level
Lp,A,T = 30 dB

See national standard/driteria,
or use recommended |level

Lyar=

25dB

Staggh

D
T = as in the room

D
T = as in the room!

D
T ~ as In the room}

Chieck the sound fevel on smait stages

Parttatty absorbing
rear wall

Large room height,
at least the same
as the room

Stage floork

Partiatly absorbing
rear wall

Large room height,
at least the same
as the room
Stage floork
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NOTE Intimate club venues with lower net room heights can also work if proper acoustic treatment of
the room is taken care of.

Key

CA = Ceiling absorbers, WA = Wall absorbers, BA = Bass absorbers, D = Diffusors, R = Reflectors.

a The number of audience or seats is a dimensional criterion, together with the maximum number
of musicians that is desirable to be placed in the room.

b There may be up to 500 seated or 1 000 standing persons in the audience, depending on type of
music. See &Iso 5.4 and 5.5.

¢ Thelnumber of musicians is determined on the basis of the largest relevant ensemble:

d Thefre are often problems with too low net room heights. The lowest net room height in the §able

corresponds with the lowest number of audience. These values are indicative for the Jowest net room
heights and the room height should be planned more precisely on basis of the prioritised application of
the room.

e Fulllequipped symphony orchestrarequires alarger area. Rooms for rehearsal use where a ¢hoir
and orchestfira/ marching band perform simultaneously require a larger stage area. The same is trule for
stages in mplti-purpose rooms with theatre and dance.

f Telgscopic stand (also called retractable seating or risers) hassasually a too steep inclineland
should be ayoided, because too much of the sound energy is directéd towards the audience that acfs as
a sound-abgorbing surface.

g B.2.2 shows recommended room ratios that are to beused. There should be atleast 3,0 m of Hoom
height aboye the rearmost row under any reflecting surface, for instance a balcony. The room hgight
should be af least 4 m at back row of the gallery.

h Requirements for background noise from sexvice equipment and outdoor noise sources are in
Tables 1 to [3. Stricter requirements should be considered based on the prioritised use of the room. In
practise, nojise from stage equipment such as lighting rigs etc. is often the dominant sound source dyring
concerts. It|is important to take this in to consideration during detailed project planning.

i For [rehabilitation of existing roomns, 5 dB higher sound level is acceptable.

J Thefre shall be a good acousticcoupling between the stage and the rest of the room, so that the
total space can be considered asthe same acoustic space; see 5.4.

k The|stage floor shouldbé elevated over the audience floor when there is no raked seating.

5.7 Criteria for reverberation time

Depending ¢n net«oldme, V, and type of music, the reverberation time, T, ;4, is given in Figure 1{ The
reverberatign time-is the average value of the octave bands 500 Hz and 1 000 Hz (the mid-freqyency
range). The [réverberation times are given for normal furnishing (with or without seats), but without

1 H A 4 - | b il £ 1
persons. The BIrapIIsS T CIgUTIe I dl © 1T aCCOT UdlCe WITIT tITe TOT NTuia:

Tmig =a-1g(V)=b (s) (M

where the constants a and b are given in Table 5.

For rehearsal use of recital rooms, the reverberation time shall satisfy the criteria given in Figure 1 for
each area of application. If seating for audience is not normally set out for rehearsals, it shall be taken
into consideration when calculating reverberation time. It will often be necessary to use variable sound
absorbers to ensure good conditions for rehearsal use of recital rooms.

14 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f4dee12741f4b17a71886a8d34c44a90

ISO 23591:2021(E)

mid

2,6
2,4

2,2

1,8

1,6

1,4

1,2

0,8
0,6

0,4

0,2

0 s
10 100 1000 10000 VvV

Key
volume, expressed in cubic metre

=N <

‘mid | average of mid-frequency reverberation time, expressed in seconds

upper and lower limit fox quiiet acoustic music in rehearsal rooms (solid lines)

upper and lower limit for'loud acoustic music in rehearsal rooms (solid lines)

upper and lower limit for amplified music in rehearsal rooms (solid lines)

upper and lower)limit for quiet acoustic music for rehearsal use of recital rooms (dashed lines)
upper and dewer limit for loud acoustic music for rehearsal use of recital rooms (dashed lines)

N U1 A W N

upper abhdlower limit for amplified music for rehearsal use of recital rooms(dashed lines)
Solid|lines apply to rehearsal rooms, dashed lines apply to rehearsal use of recital rooms.

igure T — Reverberation time, T4, relative to net volume, V] for different types of music
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Table 5 — Values for constants in Formula (1) related to reverberation time as a function
of net volume in Figure 1

Rehearsal rooms a b Minimum | Maximum
volume volume

%4 %4

m3 m3
Amplified music, lower limit 0,325 0,335 35 1000
Amplified music, upper limit 0,415 0,335 35 1000
Loud acoustic music, lower limit 0,415 0,335 50 6500
Loyd acoustic music, upper limit 0,600 0,500 50 6500
Quilet acoustic music, lower limit 0,550 0,450 35 3000
Quilet acoustic music, upper limit 0,750 0,650 35 3000

Rehearsal use of recital rooms

Amblified music, lower limit 0,345 0,335 200 6500
Amblified music, upper limit 0,415 0,335 200 6500
Loud acoustic music, lower limit 0,525 0,425 1500 6 500
Loyd acoustic music, upper limit 0,675 0,575 1600 6 500
Quit acoustic music, lower limit 0,600 0,500 600 6500
Quilet acoustic music, upper limit 0,830 0,730 600 6500

rage value of the mid-frequency reverberation time, .
brberation times for the entire frequency range.

m

i¢» 1s found, it is important to ac

hieve
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Figures 2a and 2b specify frequency-dependent tolerance limits for the highest and lowestreverberation
times T at a given frequency in octave bands from 63 Hz to 4 000 Hz. The figures show the relation
in percentage of the reverberation time T at a frequency relative to the mid-frequency reverberation
time, T,,;4- This percentage should lie within the lines shown in Figures 2a and 2b. When evaluating
measured reverberation times, another + 10 %-points tolerance in each octave band may be acceptable,
see Clause 6 and ISO 3382-2.

p
150
140
130
120
110

100
90 T~

70
60
50

63 125 250 500 1 000 2000 4000 f

a) Quiet acoustic music and loud acoustic music
for rehearsal use and for recital use (solid lines)

150
140
130
120 —
110 S —T
100 —
80 — —
70
60
50

\

63 125 250 500 1000 2000 4000 f

b) Amplified music for rehearsal use (solid lines) and recital use (dashed lines)

Key
f  centre frequency of octave band, expressed in hertz
p  percentage of reverberation time T relative to the average value of mid-frequency reverberation time T,;;in %

Figure 2 — Frequency-dependent tolerance limits in percentage relative to average value of

mid-frequency reverberation time, T ,,, at the frequency bands 500 Hz and 1 000 Hz
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EXAMPLE

An example on application of the frequency-dependent tolerance limits in Figure 2a is presented in Table 6. The
selected room is a rehearsal room for quiet acoustic music with the volume 1 000 m3 and the mid-frequency
reverberation time T,,;4 = 1,4 s. The percentages p,,,;, and p,,., in the table are taken from Figure 2a. The lowest
and highest reverberation times in each octave band are shown in the Table 6.

Table 6 — An example of lowest and highest reverberation times in octave bands from 63 Hz to
4 000 Hz for a rehearsal room for quiet acoustic music when 7, ;;=1,4s

f Pmin Pmax Tain Tnax
H07Z 70 70 S S
63 80 140 1,12 1,96
125 85 120 1,19 1,68
250 90 110 1,26 1,54
500 95 105 1,33 1,47

1000 95 105 1,33 147
2000 85 105 1,19 A7
4000 75 105 1,05 1,47

6 Measurement

6.1 Reverberation time

Reverberatipn time shall be determined in accordance with ISO 3382-1 or ISO 3382-2, depending op the
room size apd use. ISO 3382-1 applies to performance t@oms with stage and audience area. ISO 3382-
2 applies tolall other spaces, including individual practise rooms (3.3) and ensemble rooms (3.4)f The
main differgnce between these two methods is position of the sound source and microphone.

ISO 3382-1 defines a series of room acoustic,parameters which can be measured in addition tp the
reverberatign time, including sound strength, G. In ISO 3382-2, there are several degrees of predision
for measuring reverberation time withdifferent numbers of measurement positions. For simple checks
of reverberdtion, survey measurement/method can be used. For meeting the requirements set dqut in
the architedt’s plans or which are_centractual, the engineering degree of precision in ISO 338242 for
measuring fleverberation time jis‘used.

6.2 Background noiseé level

The background noise,shall be measured in octave noise bands and assessed. The A-weighted spund
pressure level, L, »74S determined accordingly. The average background noise level of all the meagured
positions is determined.

Sound level fref-fixedserviceequipmentinabuildingeanbemeasuredinaccordance-with 1564603 2(7]
and evaluated in relation to limit values for the type of space, unless otherwise required in national
criteria. If the noise contains tonal sound, this shall be determined and reported. Background noise

levels from outdoor sound sources can be measured by using ISO 1996-2[5 or other relevant standards.

7 Information to be recorded and reported

For rooms with variable acoustics, instructions for operation and maintenance shall be incorporated
in the general facility management documentation of the building, in the facility management
documentation for the technical facilities of the stage or as a separate document. The documentation
shall include operating instructions with safety assessments, maintenance routines and supplier
information with contact details. Where the operation and setting of acoustic measures are not self-
explanatory, a separate user manual shall be prepared and made available to the users.
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Reporting of measured reverberation time shall be performed as stated in [SO 3382-1 or ISO 3382-2.

Reporting of measured background noise level can be performed as stated in ISO 16032[Z], ISO 1996-
2[5 or other relevant standards as given in Clause 6.
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Annex A
(informative)

Determination of sound strength and sound power level from
musical instruments

A.1 Gendral

For musical|instruments which are not electrically amplified, the sound pressure level in'the space is
determined|by the following factors:

— the typ¢ and number of the musical instruments;
— the stylg of playing, dynamic expression;

— the net foom volume;

— the revgrberation time of the room.

The musica] instrument may be a string instrument, a woodwind instrument, a brass instrumnent,
percussion, p keyboard instrument or singing. The instruments may be played solo or in small or |arge
ensembles. Electronically amplified music is not relevant in this’context.

Musical insffruments can be played at different sound pewer. The most common dynamic designafions
are pianissimo - piano - mezzoforte - forte - fortissimo (pp - p - mf - f - ff). Pianissimo spegifies
that the soulnd is very quiet but still with timbre; fortissimo is very loud, but without the timbre heing
distorted. There are also ppp (extremely quiet) and fff (extremely loud).

The dynamic range from pp to ff for solo musical instruments is typically around 25 dB to 30 dB,
somewhat less for the flute and the oboe, somewhat more for the clarinet and the horn. An orchpstra
may have a dynamic range between 50-dB*and 60 dB. This dynamic range also depends on the musig¢ian's
proficiency.|Novices do not master as great a dynamic range as experienced for professional musidians.
To characterise the sound level using a single figure, in the following, the sound level at forte (f) is pised,
i.e. when pldyed consistently loud: The typical sound power level at forte for a range of different mysical
instrumentg is given in Table,A.1. The sound power levels are the time-averaged energy equivplent
levels without frequency-weighting.

Sound strenlgth specifi€s how many decibels the sound level in a space is above the sound level which a
given sound source-would produce outdoors at a distance of 10 m. This assumes a sound source which
emits the sqund evenly in all directions. "Outdoors" in this context means a free sound field without
sound refle¢tions. Sound strength depends on the net volume and reverberation time of the roonj, see
Figure A.1. The plotted curves for soumnd Strengtit show that different combinations of net votume and
reverberation time will produce the same sound level for a given ensemble.

In a music room which is well suited to a given ensemble, the sound level at forte in the audience area
lies within a relatively narrow range between 85 dB and 90 dB, or possibly a little higher for very loud
ensembles such as concert bands and brass bands. If the sound level at forte is higher than 90 dB, this
means that the sound level at fortissimo will exceed 100 dB, which may entail a risk of hearing damage.
If the sound level at forte is lower than 85 dB, this means that the music loses intensity and is perceived
as distant, especially in quiet passages where the details disappear. It is therefore important for the
room to have sound strength that is adapted to the instrument types and ensemble sizel19],

The net volume of a large ensemble room for loud acoustic music is decisive for the sound pressure
level which musicians and conductors are exposed to. For realistic room sizes, one can expect sound
pressure levels at forte of up to 97 dB in rehearsal rooms for large loud acoustic ensembles.
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Figure A.1 shows how the reverberation time may be adapted to the type of music and room size. If the
reverberation time is too long, the sound becomes thick and unclear. However, if the reverberation time
is too short, the music becomes dry, and the tones lose some of their timbre and brilliance. This is most
significant for vocals, woodwind instruments and brass instruments, while it is less of a problem for
piano and string instruments which have a built-in sound board.

If the room is too small and has too long a reverberation time, the sound will be too powerful, and
the sound can become unpleasant or damaging to the hearing. If the room is too large and has too
short a reverberation time, the sound will be too quiet. In the first case, an experienced musician can
compensate to a certain degree by playing quieter than normal, but this compromises the dynamic range
and musical expression. In the second case, most musicians will try to compensate by playing louder
than[mormal, but when a musical Instrument 1s pushe bmpromises
the timbre which becomes sharp and coarse. Novices and less practised musicians w111 b less able to
compensate for unsuitable acoustics.

For gmall, individual practise rooms, it is useful to assess effective reduction oftispund leve¢l more than
just shortening the reverberation. For a sound source at constant power, thersound level will typically
be rgduced by 4 dB to 5 dB when an individual practise room is damped ftom "medium|[damped" to
"strongly damped"[1Z]. During practical exercise, the musicians will compensate somewhat jn a damped
roon} so that in practise the reduction will be 2 dB to 3 dB even if the’musicians keep tp the stated
sound power. In such (too) small rooms, it can be useful to focuscon damping room res¢nances and
damping trebles (2 kHz to 4 kHz) in order to reduce "shrillness'in high frequency brass instruments,
instead of a pure reverberation assessment.
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