INTERNATIONAL ISO
STANDARD 12354-4

First edition
2017-07

Building acoustics — Estimnation|of
acoustic performance of buildings
from the performance of elemenits —

Part 4:
Transmission gfiindoor sound to the
outside

Acoustique du bdatitnent — Calcul de la performance acoustique des
batiments a partir de la performance des éléments —

Partie 4: Transmission du bruit intérieur a 'extérieur

Reference number
1SO 12354-4:2017(E)

©1S0 2017


https://standardsiso.com/api/?name=8ee5d34bcc52350641da443a3822c406

ISO 12354-4:2017(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, 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

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=8ee5d34bcc52350641da443a3822c406

1SO 12354-4:2017(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 1
3 Terms aNd AefiMETIOMNIS ...
31 Quantities to express building performance
3.2 Quantities to express element performance
3.3 Other terms and quantities ...
4 Calculation MOAEL. ... e e
4.1 GeNeral PrANCIPLES ... e
4.2 Determination of substitute point sound sources
4.3 Determination of the sound power level for a substitute point soutce..........]
4.3. 1 GENETAL oo s
4.3.2  Segment of structural elements of the building envelope.........
4.3.3  Segment Of OPEMINGS ... e SN s
4.4 Determination of the directivity correction for a substitute point source
4.5 LAMIEATIONS oo Koo
5 ACCUTACY .....ooooiiiets e Wi | 7
Annex A (normative) List of symbols .8
Annex B (informative) Interior sound field ... & s | 9
Annex C (informative) Sound reduction INAeX ... 55 ... e 10
Annex D (informative) Directivity of sound radiation ... . 11
Annex E (informative) Simplified model topredict exterior sound pressure levels.........}........... 12
Annex F (informative) Application ofthe model to single number ratings...............ccfon 15
Annex G (informative) Calculation eXample..............ssssssessssssssssse o 17
BIDJEOZGTAPIY . ....oocc ettt 23
© 1S0 2017 - All rights reserved iii


https://standardsiso.com/api/?name=8ee5d34bcc52350641da443a3822c406

ISO 12354-4:2017(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 proce@lures 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 neededfor
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

This document is part of a series specifying calculation models in building acoustics.

Although this document covers the main types of building construction it cannot as yet cover all
variations in the construction of buildings. It sets out an approach for gaining experience for future
improvements and developments.

The accuracy of this document alone is difficult to specify since it forms just one link in the chain of
inside sound level, sound radiation and sound propagation outdoors; the first and last item are not
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ETed by This document. T e accuracy can onty be specitied after widespread comparisgn
h in combination with other prediction standards, i.e. those for outdoor sound propagati
bonsibility of the user (i.e. a person, an organization, the authorities) to address the'conse
accuracy, inherent for all measurement and prediction methods, by specifying reguiirem
it data and/or applying a safety margin to the results or applying some othericorrection.

intended for acoustical experts and provides the framework for the development of
uments and tools for other users in the field of building construction; taking into ac
umstances.

5 with field
bn. It is the
quences of
ents for the

hpplication
tount local

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=8ee5d34bcc52350641da443a3822c406



https://standardsiso.com/api/?name=8ee5d34bcc52350641da443a3822c406

INTERNATIONAL STANDARD

ISO 12354-4:2017(E)

Building acoustics — Estimation of acoustic performance

of

buildings from the performance of elements —

Part 4:
Transmission of indoor sound to the outside
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Scope

5 document specifies a calculation model to estimate the sound power level radiated by th
building due to airborne sound inside that building, primarily by medns of measu
bsure levels inside the building and measured data which characterize the’sound trans
relevant elements and openings in the building envelope. These sound power levels, tog
be of other sound sources in or in front of the building envelope, form the basis for the ca
sound pressure level at a chosen distance from a building as a measure for the acoustic pe
uildings.

prediction of the inside sound pressure level from knowledge of the indoor sound source
scope of this document.

prediction of the outdoor sound propagation is outside the scope of this document.

E
nnex E.

For simple propagation conditions an approach is given for the estimation of the sound p1

5 document describes the principles of the calculation model, lists the relevant qua
nes its applications and restrictions,

Normative references

following documents aré veferred 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 4
ated references, the latest edition of the referenced document (including any amendmen

7235, Acoustics == Laboratory measurement procedures for ducted silencers and air-termi
rtion loss, flow'noise and total pressure loss

10140-%2016, Acoustics — Laboratory measurement of sound insulation of building €
E 1: Application rules for specific products

16283-3, Acoustics — Field measurement of sound insulation in buildings and of building ¢
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Terms and definitions

For the purposes of this document, the following terms and definitions, and the symbols and units
listed in Annex A, apply.

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

©IS

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

ISO Online browsing platform: available at http://www.iso.org/obp
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3.1 Quantities to express building performance

3.11

sound power level

Lw
sound pow

3.1.2

er level of a substitute point sound source

directivity correction

D
deviation i

n decibels between the sound pressure level of a point sound source in a specified direc

tion

and the levj

3.2 Qua

NOTE i
shape of thq

3.2.1

el of an omni-directional point source producing the same sound power level

ntities to express element performance

or the calculations, additional information on constructions could be necessary;-for example
building envelope, areas, etc.

sound redjuction index

R
ten times
sound pow

R=

[

he common logarithm of the ratio of the sound power Wy incident on a test specimen to
er W7 transmitted through the specimen, which is evaluatedfrom

Lt

D 1g dB

2

Note 1 to enftry: This quantity shall be determined in accordange with ISO 10140-1:2016, Annexes A, B, C and

ISO 16283-1.

3.2.2
element n
Dn,e
difference
one room,
electrical @

where A is

Note 1 to en
Ao =10 m2,

brmalized level difference
in the space and time average seund pressure level produced in two rooms by a sourc

able ducts, transit sealingSystems), which is evaluated from

A
-1 101g| =
gA

0

L. —L

1L, dB

the equivalentsound absorption area in the receiving room, in square metres.

try: Dpes.normalized to the reference equivalent sound absorption area (4,) in the receiving rq

the

the

D or

e in

where sound transmission jstonly due to a small technical element (e.g. transfer air devices,

om;

Note 2 to entry) This quantity shall be determined in accordance with ISO 10140-1:2016, Annex E.

3.2.3

insertion loss

D

<of an element> reduction in sound power level at a given location behind the element due to the

insertion o

f the element into the duct in place of a hard-walled duct section

Note 1 to entry: This quantity shall be determined in accordance with ISO 7235.

Note 2 to entry: For elements where this document does not apply equivalent methods should be used.

© ISO 2017 - All rights reserved
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3.3 Other terms and quantities

3.31

sound pressure level

Ly

measure of sound at a specified reception point outside a building, due to the sound produced inside
the building and by sources associated with the building as normally determined by measurements
according to local requirements (specifying relevant positions, integration period and source
conditions)

Note 1 to entry: The sound pressure level is normally A-weighted.

3.3]2
total attenuation due to propagation
Atot
levgl difference between the radiated sound power and the sound pressure at a\position at{distance d
fromn the building envelope due to the total of all propagation effects

Notg 1 to entry: Propagation effects include geometrical divergence, air absorption,ground effect, scfeening, etc.

3.33
diffusivity term
Ca
levgl difference between the sound pressure level at 1 m to{2,m from the inside face of the relevant
building element and the intensity level of the incident sound\perpendicular to that element

Notg¢ 1 to entry: For a diffuse field and reflecting walls, the.diffusivity term is Cq = -6 dB; for other fituations it
canfhave a value between 0 dB and -6 dB.

3.34

ins]jde sound pressure level
Lp,in
soupd pressure level inside the building,-1 m to 2 m from the considered element or segment of the
building envelope

Note 1 to entry: In the case of a diffuse sound field, this corresponds to the average sound pressurg level in the
diffyise sound field.

3.3]5
substitute point source
point source for whiehthe radiated sound is the same as that of a segment of the building enyelope

Note 1 to entry: The.segment can be composed of one or more building elements or of one or more ogenings.

4 |Caleulation model

4 1 Conoralanrincinlac
. o CHCTrarpTrmCrprcs

The total sound pressure level at a reception point that is a chosen distance from a building is
determined by the following contributions:

— the sound radiated by the elements of the building envelope due to the sound pressure level inside;
— the sound radiated by individual sound sources, fixed in or onto the outside of the building;

— the outdoor sound propagation (effects of distance, air absorption, ground effect, screening,
reflections, etc.).

The sound radiation by the building envelope may be represented by the radiation of one or more
substitute point sources. Each point source can represent the contribution of a segment of the building
envelope or a group of individual sound sources. The number of point sources required to adequately

© IS0 2017 - All rights reserved 3
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represent a building depends upon the distance of each reception point from the building and the
variation in propagation effects. Normally, the building envelope is represented by at least one point

source for

each side, i.e. walls and roofs, but often several point sources are required for each side.

The sound pressure level at a reception point outside the building is determined from the contributions
of each substitute point source according to Formula (1):

Lp =L
where

Lp is

of]

i

wn

Lw

D. is

pd
is
to

Atot

The calcul
level of thg
from data

the ing

the ele

The model
of element
a specified
used, for ir
scope of th|

The calculg

The total a
level at the
based on 4
this docun

NOTE
attenuation
divergence,

W+Dc_Atot

M

the sound pressure level at a reception point outside the building due to the sound radia
a substitute point source, in decibels;

the sound power level of the substitute point source, in decibels;

the directivity correction for the substitute point sources in the direction’of the recep
int, in decibels;

the reception point, in decibels.

ition model described in this document is restricted to the)calculation of the sound po

hn
ide sound pressure level, and
ments which form the building envelope.

also gives indications of the directivity.correction that can be expected for various ty
5. The inside sound pressure level will normally be the equivalent sound pressure level
period according to the relevant:réquirements. However, other types of levels can als
stance the maximum level. The(calculation of the inside sound pressure level is outside
fis document.

[tenuation Aot due to propagation effects, necessary for the prediction of the sound presg

reception point,.can’ be estimated according to available methods for outdoor propagat
point source approach. The calculation of these propagation effects is outside the scop
ent.

follows\from the addition of the attenuation due to various propagation effects, such as geomet
air-absorption, ground effect, screening, etc.

ition of the contribution.of individual sound sources is outside the scope of this documenit.

fion

fion

the total attenuation that occurs during sound propagation from the substitute point soyrce

Wer

substitute point sources for the building elements and<openings in the building envelope

pes
ver

be
the

ure
ion,
e of

ne such‘method is given in ISO 9613-2, where the total attenuation is indicated as A. The fotal

Fical

However,

O SIMpie propagation comditions am approacit 15 giver forthe estimmation of the o

pressure level in Annex E.

A calculation example is given in Annex G.

4.2 Determination of substitute point sound sources

The elements contributing to the sound radiation are divided into two groups:

nd

— plane radiators, such as structural elements of the building envelope, i.e. walls, roof, windows,
doors, including small building elements with an area of typically less than 1 m2, such as grids and
openings;

© ISO 2017 - All rights reserved
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— larger openings, area typically 1 m2 or more, i.e. large ventilation openings, open doors, open

windows.

To calculate the sound propagation outside the building each element can be represented by a substitute
point sound source. However, the building may also be divided into larger segments which are each
represented by a substitute point sound source. For the segmentation the following rules apply:

the sound propagation to the nearest reception points of interest (Atot) is the same for a
of a segment;

11 elements

the distance to the nearest reception point of interest is larger than twice the largest dimension of

If o
seg

Unl

isp
the

4.3

4.3

For

the segment,
for the elements in a segment the same inside sound pressure level is applicable;
for the elements in a segment the same directivity is applicable.

ne or more of these conditions is not fulfilled, choose different segménts for instan
ments, until these conditions are met.

bss otherwise specified in the propagation model, the point sourcerepresenting a vertic
psitioned at half the width of the segment and 2/3 the height of the segment; for all othe
[position is at the centroid of the segment.

Determination of the sound power level for a substitute point source

1 General

each segment the sound power level is determined from the following input data:
sound pressure level inside: Lpin;

sound reduction index of large building element i of the building envelope: R;;
element normalized level difference of small element i: Dy e j;

insertion loss of silencing élement for opening i: Dj;

area of building element.or opening i: Sj,

ce smaller

al segment
' segments

4.312 Segment of structural elements of the building envelope
The sound powérlevel for the substitute point source is determined by Formula (2):
L, =FL C,-R +101 S 2
W, T><p,in tly -+ g S_ (2)
(0]
wheére
Lp,in isthe sound pressure level at 1 m to 2 m from the inside of the segment, in decibels;
Cq  isthe diffusivity term for the inside sound field at the segment, in decibels;
R’  isthe apparent sound reduction index for the segment, in decibels;
S is the area of the segment, in square metres;
So is the reference area, in square metres ; S, = 1 mZ2.
© IS0 2017 - All rights reserved 5
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The apparent sound reduction index for the segment follows from the data on the composing elements

i by Formula (3):

< S R0 No Ay D, ../10
R’ =-101 —L10 i + 9210 “ned 3
gl 2 2 3)
i=1 i=m+1
where
Ri is the sound reduction index of element i, in decibels;
Si is|the area of element 1, In square metres;

Dy,e,i is[the element normalized sound level difference for a small element i, in decibels;
Ao is[the reference absorption area, in square metres; 4, = 10 m?;
m is|the number of large elements of the segment;

n is|the number of small elements of the segment.

<

Information on the inside sound pressure level and diffusivity of the souhdfield is given in Annex B
based on the type of enclosed space and internal conditions for the elements of the building envelof

®

NOTE1 Inthe case of anideal diffuse sound field and non-absorbing eléments Cq = -6 dB; for industrial sphces
and segmernjts which are non-absorbing at the inside a value of Cq = -5 dB.is generally more appropriate.

NOTE 2  The contribution of structure-borne sound to the soundxadiation is not incorporated into the mgdel.
It could royghly be incorporated through an adjusted sound reduction index; some indications are givep in
Annex C.

Information on the sound reduction index to be usedyis given in Annex C.

4.3.3 Segment of openings

The sound [power level for the substitute point source is determined by Formula (4):

[}
Si FD /10
- i i
Ly =k, +Cy +101g25—10 i 4)
i=1-%0
where
Si is[the area ofi@pening i, in square metres;

D;  is[the insertion loss for a silencing element for opening i, in decibels;

0 is[the,number of openings of the segment.

The calculation of the sound power level is performed in frequency bands, based on acoustic data for the
elements in frequency bands (one-third-octave bands or octave bands). The calculation is performed at
least for the octave bands from 125 Hz to 2 000 Hz or for the one-third-octave bands from 100 Hz to
3 150 Hz. The calculations can be extended to higher or lower frequencies if acoustic data are available
for such a larger frequency range. Information of airborne sound insulation in the low frequency range
down to 50 Hz can be found in ISO 12354-1:2017, Annex I. The issues of field measurement of facade
sound insulation in the low frequency range are specifically considered in ISO 16283-3.

NOTE For rough indications it could be sufficient to apply the model directly to A-weighted levels and single

number ratings of the performance of building elements in accordance with ISO 717-1. Guidelines are given in
Annex F.

6 © IS0 2017 - All rights reserved
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4.4 Determination of the directivity correction for a substitute point source

The directivity correction D, contains the inherent directivity of the radiating elements and openings as
given by the directivity index Dy. It can also contain the effect of the vicinity of hard surfaces (reflection
and screening) as given by the solid angle index Dg.

For a specific direction the directivity correction is determined from Formula (5):

4T
Dc:DI+DQ:DI+101gE (5

whére

Iy is the directivity index, in decibels.
o isthe solid angle index, in decibels.

() is the solid angle into which radiation occurs, in steradians.

modlel used. When reflections on the ground and other surfaces are taken into account by imajge sources,
thelsolid angle index Dg = 0 dB. However, when the reflecting surfaces are the building envelppe itself, it
is recommended to include the effect of these surfaces in the selid angle index. In giving the[directivity
corfection the value of the included solid angle index is theréfore to be stated clearly.

Whether or not the solid angle index is included in the directivity correction depends on the [%Eopagation

Infqrmation on the directivity correction is given in AnnexD.

4.5 Limitations

Altlhough large, homogeneous building elements, e.g. a complete side wall, can have specific radiation
patterns, favouring certain directions; thesejeffects are not taken into account in the model.

The possible contribution of structuresborne sound by machinery in the building is not inclfided in the
modlel, although an approximate approach is indicated in Annex C.

5 |Accuracy

The accuracy of the prediction by the model presented depends on many factors: the accufracy of the
inpuit data, the fitting.of the situation into the model, the type of elements involved, the geometry of
the[situation, the type of quantity to be predicted and the workmanship. It is therefore notjpossible to
spefify the accuracy in general for all types of situations and applications. Data on the ac¢uracy will
hav to be gathered in the future by comparing the results of the model with a variety of field|situations.

In dpplying the predictions it is advisable to vary the input data, especially in complicated situations

and with'rare elements with questionable input data. The resulting variation in the resulgs gives an
impression of the expected accuracy for these situations assuming similar workmanship.

© IS0 2017 - All rights reserved 7
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Annex A
(normative)

List of symbols

Table A.1 — List of symbols

Symbol Physical quantity Unit
Ao reference absorption area; Ay = 10 m2 m?2
Atot, fotal attenuation due to the outside sound propagation from a point source dB
tot,j pstimated total attenuation due to the outside propagation in a simple propagation dB
situation for a side of the building
Cq diffusivity term for the inside sound field at a segment or side dB
Co cpeed of sound in air (approximately 340 m/s) m/s
D¢ directivity correction for a substitute point source dB
Dy directivity index of a substitute point source dB
DQ solid angle index of a substitute point source dB
Dneii element normalized sound level difference for a small element i dB
Dj nsertion loss for a silencing element for opening i dB
d distance from the centre of a side of the building te-the reception point m
dJ_ perpendicular distance from the reception pointto a side m
do reference distance; do =1 m m
f frequency Hz
hy, hy vertical distances to the two borders of a side from the projection of the reception m
point on the side
i ndex for element or opening-for a segment of the building -
j ndex for a segment or Side of the building -
I,I» horizontal distances to'the two borders of a side from the projection of the m
Feception point enthe side
Lp,d cound pressutedével at a reception point at distance d at the outside the building dB re 20 pyPa
Lp,in sound pressure level at 1 m to 2 m from the inside of a segment or side dBre 20 pJPa
Lw sound.power level of a substitute point sound source dBre 1 pW
m humber of large elements of segment or side j -
n rrmber-of smattetementsofsegmentor-—side

number of openings of segment or side j -

Ri sound reduction index of element i dB
R’ apparent sound reduction index for a segment or side dB
Si area of element or opening i m?2
S area of a segment or side m?2
So reference area; Sp = 1 m2 m2
0} angle between the orientation of a substitute point sound source and the direction °

from this source to the reception

Q0 solid angle into which radiation occurs ST

8 © IS0 2017 - All rights reserved
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Annex B
(informative)

Interior sound field

The inside sound pressure level, relevant for the predictions of sound radiation, is the sound pressure
levelat-a-distance-oflm-to-2mfrom-theinteriorofthe-buildingenvelopetisconsideredas input data
for the model described in this document. This level could be based on measurements’in|the actual
situation, measurements in similar situations or calculations, for instance by empiricalkmoflels, image

The diffusivity term Cq is influenced by the amount of diffusivity of the interiot sound fi¢ld and the
inside absorption of the considered segment of the building envelope. Indications of it$ value for
different rooms are given in Table B.1.

Table B.1 — Indication of the diffusivity term for different rooms, based on a general
description of the spaces and local surface properties of the-inside of the building epvelope

Ga
Situation

dB
Relatively small, uniformly shaped rooms (diffuse field)y'in front of reflecting surface -b
Relatively small, uniformly shaped rooms (diffuse\field); in front of absorbing surface -B
Large flat or long halls, many sources (average industrial building) ; in front of -b
reflecting surface
Industrial building, few dominating direetional sources ; in front of reflecting surface -B
Industrial building, few dominating directional sources ; in front of absorbing surface )

© IS0 2017 - All rights reserved 9
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Annex C
(informative)

Sound reduction index

The sound reduction index of elements can be obtained from laboratory measurements in accordance

with ISO

101402 and fiald ymo~cniramaonte of covind dncnlation of fooadac 1y Accnrdanca v
Her e Re—HSHratoh—-6 € ¥ e

7ith

ISO 16283
givenin IS

However, t
those used
data for el
sound red
connection
predict anc
recommen
is recomm
practical

Direct exd
transmissi
contributig

101402 field surements—ef—sou ffaca aceordane
3. Some information on the sound reduction index according to these documents,is
D 12354-1 and ISO 12354-3.

he dimensions of the elements and the mounting methods are generally quite différent f;
for laboratory measurements. This can give rise to large deviations between the acou
ements from the laboratory and the apparent values in the actual situation. Moreover,

hlso

"fom
stic
the

iction index of composed parts is normally limited by the sound transmission thr
s between elements, sealing of slits and small openings. This transmission is diffic

ded to apply data based on representative field measurements. If laboratory data are usgq
ended to limit the resulting sound reduction index for a segnient'in each frequency band
aximum, relevant for the type of constructions and the situation considered.

itation of the building structures by internal sourees causes structure-borne so
pbn through the building which could contribute to_the sound radiation. Estimations of
n can be performed in accordance with the relevant clauses of EN 12354-5.

u
| normally not well represented by laboratory measurements. For-these reasons it is stroOIngly

gh
to
dit
to a

und
this

10

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=8ee5d34bcc52350641da443a3822c406

1SO 12354-4:2017(E)

Annex D
(informative)

Directivity of sound radiation

D.1 General
. Fenera:

Large homogeneous constructions show a directionality for frequencies above the critical

FGS}

Iting overall in a higher sound radiation parallel to the plane than perpendiculat.Howe
bmogenities in practical constructions and leakages this is normally not very imp6értant.

inh
con
occ
bet
0°3

D.2

Op¢d
ind
ling

If a
mot
by (
a pl
and,
treg

Structions radiate sound essentially only into a half sphere, so the solid angle‘into whic
irs is (2 = 2 1t leading to D = +3 dB. In practice the directivity correction infront of a p
veen D = +5 dB and D = -5 dB. It may be taken on average as D. = 0 dB ferradiation angl
nd 90° relative to the normal on the plane.

Openings

nings show in general a radiation pattern with predonmiinance towards the front. The

d ducts) the radiation towards the front can be even‘tore pronounced.

e reflecting surfaces, the effect of these planes can be incorporated in the directivity
onsidering the solid angle to which radiatien is restricted. If the opening is at large dis
ane, i.e. at the end of a duct protrudingythrough the plane, the radiation will be in all

ted as a reflecting object in the prepagation model.

h opening is positioned in a plane or at short‘distance (less than one wavelength) fi

frequency,
ver, due to
arge plane
h radiation
lane varies
bs between

directivity

bx roughly varies between Dy = +2 dB and Dj = -10 dB.If.the opening is silenced (absorbing muffler,

om one or
correction
tance from
directions

the directivity correction should contain just the directivity index of the opening, the plane being

© IS0 2017 - All rights reserved
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Annex E
(informative)

Simplified model to predict exterior sound pressure levels

The simplified model avoids the need to construct an array of equivalent point sources by presenting

utcida cn l’ld
H+t5Hee—S6

TeTtT

n{-‘ H«n SEFaF caleulation i dar cartain ractrictiogy loding divact]y to flﬂa o
€ resu
1 Sy—CarcUratHo—uhaer—certati—festHeteheaeiig—& Y

pressure ldvel as radiated by a side of the building. This applies to the followmg situations:

— the same inside sound pressure level applies for the whole relevant part of the side of the building;

— the digtance to the reception point is relatively short;

— the digtance to the reception point from large openings is large compared to their“dimensions;

— no confribution from individual sound sources is considered;
— no scr¢ening exists between the building envelope and the reception point;

— the ground surface is mainly hard.

The distanice to the side of the building may be small compared:te the dimensions of the building|{but

shall not bge large enough for substantial meteorological effects.(approximately less than

100 m) o1 for

substantial contributions from radiation by other building sides. This last assumption normally h¢lds
true as lonlg as the sound power level of the other side of the building is not substantially larger than

that of the considered side.

It is assumpd that the considered side of the building envelope radiates uniformly over the area, giying
a total soupd power level. By representing the.side by several identical point sources, the attenuafion
due to geometrical divergence of the envelope'as a whole can then be obtained from the attenuatiop by
geometricgl divergence for a point source,'by summation over all these point sources taking a denfsity
of point sofirces which is sufficient for the-considered distance. Together with the radiation of the yide
of the building into a quarter spherefotrmed by the side of the building itself and the hard ground, this

gives one gxpression for the total attenuation, indicated for this simplified model as the es
attenuation A'iot.

By assuming radiation into-a‘quarter sphere, leading to a contribution to the directivity
+6 dB in frpnt of a side oftheébuilding, the resulting sound pressure levels are normally on

timated tptal

correctiop of
the safe dide.

In the casds where the'ground between the building and reception point is essentially absorbing,|the

sound pregsure level'will be over-estimated by at most a few decibels.

The resultling sound pressure at a reception point in front of a side of the building

Formula (H.H:

follows from

_ Ly e 10 Ly ’
Lp-lOlg[lO 10 410 We |- 47

where

Lwe isthe sound power level for the whole side of the building envelope, in decibels;
Lw, isthe sound power level for the (group of) openings in the side of the building, in

A'tor s the estimated total attenuation for the simplified propagation for the side of the
to geometrical divergence, directivity and ground effect, in decibels.

(E.1)

decibels;

building, due
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The sound power level for the considered side of the building envelope as a whole and for the considered
total group of openings is determined according to 4.3.

For reception points in front of the considered side of the building the estimated total attenuation
follows from Formula (E.2) (see Figure E.1):

. ! ahy h

S
A;ot =-10lg—>| tan " — + tan"! —Z || tan +tan ! % (E.2)
S n d, d, d,
where
d is the perpendicular distance from the reception point to the plane of the side;in llnetres;
il
S is the area of the side of the building, in square metres;
o is the reference area, in square metres; Sp = 1 m2;

i, are the horizontal distances to the two borders of the side from the projection of the reception
point on the side, in metres;

—

1,hp  are the vertical distances to the two borders of the side from the projection of th¢ reception
point on the side, in metres.

NOTE1 In deducing this equation from the radiation of point¢ources an approximation has bden used for
large distances compared with the dimensions of the radiating'side. However, for shorter distancgs this leads

to vhlues which have been shown to be more realistic than making a correct deduction; this is due tfo the actual
dirgctivity of a radiating side.

NOTE 2  For a reception point in front of the, ¢entre of the side (d =d ,l; =1,,h; = hz) the relation

simplifies to

48 L H
A" =-10lg—2 tan~! = tan e
tot & s 2d 2d

whdre
I is the width (= 2 Ir= 2'13);
H is the heightofithe radiating area in metres; (S = L H).

NOTE 3  Atadistarice thatislarger than the largest dimension of the side the attenuation term becpmes simply

A 101 SO
ss1Ulg
tot ndz

h aaitl dack o il 4 £l 1 H i
w ICTU IS LIIT UISTAIILT LU LIHT LTI T U THT PIdIITIINITIITLITO.
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d,

I

Key
1  building side
2 receptipn point
Figurd E.1 — Illustration of the geometric situation of a radiating side-of a building and a
reception point
If the projgction of the reception point is outside the radiating area;S,)the smallest I and/or h is taken
as negativg, i.e. the corresponding tan-1-term is subtracted from:the other, otherwise both distanges [
and/or h ate taken positive.
The sound| pressure level at a distance significantly less.thian the dimensions of the side, can differ

locally from the calculated average level if the sound reduction indices of the composite parts di

significant]y or the distance to openings and sources is4¢oo small.
Since the aftenuation term is independent of frequency, the calculations can also be performed dire
for the A-wleighted sound pressure level using the A-weighted sound power levels.
NOTE 4 In the case of a reception point at very short distance, e.g. at 1 m, from a part of the building envel
and assumipg that this distance is also small compared to the height above the ground, the Formulae (2), ({
and (E.2) arje adjusted so as to neglect the ground reflection and simplify to

Lp,dzln = Lp,in +Cy—R +4

This relati
building er

14

bn can be used~fo’ estimate the in situ apparent sound reduction index of that part of
velope from{field measurements.

ffer

ctly

ope,

E1)

the
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(informative)

Application of the model to single number ratings

F.1—General

In some cases only the A-weighted sound pressure level inside the building and, the¢ weighted
performance of the elements forming the building envelope are known. The following guiglelines can
be dpplied in those cases to determine a rough estimate of the A-weighted sound power leve|s as in 4.3.

F.2[ Inputdata
Theg input data to consider are the following:
— [the A-weighted sound pressure level Lpa in in dB inside the buitding;

— |the weighted airborne sound insulation index Ry, and the)spectrum adaption terms ( and Ci in
accordance with ISO 717-1 of the large elements of the.btiilding envelope;

— [the weighted element normalized level difference Dy’ w and the spectrum adaption ternps € and Cir
in accordance with ISO 717-1 of the small elements of the building envelope.
FE.3| Model for single number ratings

The A-weighted sound power level Lya.radiated by a segment of structural elements of the building
envelope is estimated in accordance with Formula (F.1):

, S
Lya = LpA,in -6— X, +101g5— (F.D)
(0]
where
Loa,in  is the Asweighted sound pressure level at 1 m to 2 m from the inside of segment j, in decibels;

A'as is the-quantity characterizing the A-weighted sound level difference over segment j for
source spectrum s, in decibels;

S is the area of segment j, in square metres;
So I1s the reference area, In square metres; 5, = I m<.
NOTE In several countries X'a1 is indicated as the apparent weighted sound reduction index R’y and X’s2 as

the apparent weighted sound reduction index R sty

The characterization of the A-weighted sound level difference for the segment follows from the data on
the composing elements i by Formula (F.2):

i m
X,As =-10lg z % 10_(Rw’i+cs'i )/10 + 2 A_O 10_(Dn,e.w,1 +CS,i)/10 2)
=1 i=1

where
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Rw,i is the weighted sound reduction index of element i, in decibels;

Dp,ew,i is the weighted element normalized level difference of a small element i, in decibels;

Cs,i is the spectrum adaptation term for spectrum s of element i, in decibels;

Si is the area of element i, in square metres;

Ao is the reference absorption area, in square metres; A, = 10 m?;

m is the number of large elements of the segment;

n s the number of small elements of the segment.
In ISO 71711 the spectrum s = 1 refers to A-weighted pink noise, the spectrum adaptation tefm bging
denoted ag C; this spectrum is also relevant for factory noise with mainly medium and high frequgncy
sound (ISQ 717-1:2013, Annex A). The spectrum s = 2 refers to A-weighted road-traffic noise,|the
spectrum adaptation term being denoted as Cyr ; this spectrum is also relevant fof)factory noise yith
mainly low and medium frequency sound and for disco music.
F4 Limjtations
Since the |procedure for evaluating the single number rating of{sound reduction index assumes
an interio1 spectrum with an emphasis on either the high frequencies or the lower frequencies,|the

accuracy o
the actual

A-weightec

frequencie

The interid
uniform sh

16

f estimated A-weighted sound power level depends emthe agreement between the shape
interior sound spectrum and the chosen fixed spe¢trum in accordance with ISO 717-1.
| sound power level can still be underestimated:for sound spectra with main component
5 around and below about 250 Hz.

r sound field should be diffuse. This condition is fulfilled in enclosed spaces with relati
ape and low sound absorption.

s of
The
s at

Uely
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Calculation example

G.1—Situation

G.1{1 General
Indpistrial building, width 60 m, length 100 m, height 10 m (see Figure G.1).

Sid¢ 1, 10 m x 60 m: 100 mm light concrete with a large industrial door,®6 m x 4 m.

Sid¢ 2,10 m x 100 m: 100 mm light concrete with glazing over the whole length; height 1 m, 4 mm
glass, partly openable.

Sid¢ 3, 10 m x 60 m: 100 mm light concrete with a small doef; T x 2 m.

Sid¢ 4, 10 m x 100 m:  as side 2, with silenced ventilation opening (gross 1 m x 4 m).

Sid¢ 5,60 m x 100 m:  lightweight metal roof, with 5 glazed light openings (2 m x 2 m) on the cen-
tre line.

Key
1,2)3,4 building sides
A yoof

Figure G.1 — Illustration of a building as example

The sound pressure level near the walls and roof is the same and given in Table G.1.
The acoustic performance of the building elements is given in Table G.2.

None of the walls or the roof has internal absorbing lining. The minimum distance for reception points
of interest is 50 m from the sides of the building.

© IS0 2017 - All rights reserved 17
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Table G.1 — Inside sound pressure level in octave bands

Octave bands (Hz)
Level

63 125 250 500 1k 2k 4k 8k
Lp,in dB re 20 uPa 70 74 76 72 70 67 62 57
G.1.2 Acoustic data for elements

Table G.2 — Acoustic data for the building elements, as input to the calculations
Element Quantity Octave bands with mid frequency in Hz
dB 63 125 250 500 1k | 2k | 4k 9k

100 mm light concrete Ra 32 36 36 33 39 49 57 43
4 mm glassfwindows Ra 15 19 23 25 25 25 25 35
Industrial door Rb 21 23 28 30 30 30 30 30
Normal dog¢r Rb 13 17 22 25 25 25 25 35
Roof constfuction Rb 16 24 27 30 37 44 47 49
Roof glass ¢lements Rb 9 11 15 22 26 30 30 30
Ventilation|silencers Da 0 4 11 13 10 8 8 b

a  Datafrog

b Data f1

m laboratory measurements.

om field measurements.

G.2 Res

G.2.1 Su

nlts complete model

bstitute point sources

Minimum dlistance d = 50 m, thus maximum dimehsion segments are as follows (see Figure G.2):

— wall s¢

— roof se
— Side 1:
— Side 2:
— Side 3:
— Side 4:

— Side 5
j=6td

gment = 1/4 \/5 d = 17,7 m, thus segments of 10 m x 20 m;

gment = 1/4 \/E (d + 30) =28,3 m, thus segments of 20 m x 20 m;
3 substitute point sources; j = 1 with door, j = 2,3 without door;

5 substitute pointsources; j = 1 to 5, all identical;

3 substitutepoint sources; j = 1 with door, j = 2,3 without door;

6 substitute point sources; j = 1 to 5 identical envelope segments, j = 6 for openings;

15¢substitute point sources; j = 1 to 5 identical roof segments with light glass elemg

I5-identical roof segments without glass.

nts,

18
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