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Foreword

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

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

Foran expl
as well as
Technical H

This docu
Committee
ISO Techni
technical c

This first ¢

A list of all

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

hnation on the meaning of ISO specific terms and expressions related to conformity assessm
nformation about ISO’s adherence to the World Trade \Organization (WTO) principles in
arriers to Trade (TBT) see the following URL: wwwsiso.org/iso/foreword.html.

ment was prepared by the European Committee for Standardization (CEN) Techn
CEN/TC 126, Acoustic properties of buildingzelements and of buildings, in collaboration v

poperation between ISO and CEN (Vienna Agreement).
dition cancels and replaces [SO 15712-3:2005, which has been technically revised.

the parts in the ISO 12354 series can be found on the ISO website.

are
the
the

t of
s of
| /or

not

ent,
the

ical
vith

ral Committee TC 43, Acoustics, SC 2, Building acoustics, in accordance with the agreemenft on

© ISO 2017 - All rights rese

rved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=ed9f327dcd1bb1ed5eea7c2fd93058c6

1SO 12354-3:2017(E)

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 standard can only be specified in detail after widespread comparisons with field
data, which can only be gathered over a period of time after establishing the prediction model. To help

the
wit
aut
met

USer I the meantime, indications of The accuracy have been given, based on eariier,c
h comparable prediction models. It is the responsibility of the user (i.e. a person, an organ
horities) to address the consequences of the accuracy, inherent for all measurementand
hods, by specifying requirements for the input data and/or applying a safety margin to

or applying some other correction.

It ig
doc
cirg

The
bui

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.

model is based on experience with predictions for dwelling; it'can also be used for oth
dings provided the dimensions of constructions are not toodifferent from those in dwel

mparisons
fzation, the
prediction
the results

hpplication
tount local

er types of
ings.
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Scope

5 document specifies a calculation model to estimate the sound insulation or,the sou
1 difference of a facade or other external surface of a building. The calculation‘is based o
iction index of the different elements from which the facade is construsgted and it incly
flanking transmission. The calculation gives results which correspond ‘approximately to
field measurements in accordance with ISO 16283-3. Calculations.¢an be carried out fof
s or for single number ratings.

calculation results can also be used for calculating the iridoor sound pressure level
ance road traffic (see Annex E).

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

Normative references

following documents are referred to_in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition.efthe referenced document (including any amendmen

717-1, Acoustics — Rating of sound insulation in buildings and of building elements — Part
nd insulation

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

12354-1:2017~Building acoustics — Estimation of acoustic performance of building
jormance of elements — Part: Airborne sound insulation between rooms (in revision)

Ternmis'and definitions

pressure
the sound
Ides direct
the results
frequency

due to for

htities and

pir content
pplies. For
[s) applies.
1: Airborne

lements —

5 from the

and units

the purposes of this document, the following terms and definitions, and the symbolg

listed Tn Annex A, apply.

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

3.1

NOTE

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

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

Quantities to express building performance

The sound insulation of fagades in accordance with ISO 16283-3 can be expressed in several quantities.

These quantities are determined in frequency bands (one-third-octave bands or octave bands) from which the
single number rating for the building performance can be obtained in accordance with ISO 717-1, for instance

’
RW’

©IS

Dls,2m,nT,w or (R,w + Cr).
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3.11

apparent sound reduction index

R'ss5e

<loudspeaker> airborne sound insulation of a building element when the sound source is a loudspeaker
and the angle of incidence is 45° which is evaluated from

S

R’ 450 = L1,s —L2 +| 10 lg(zj -1,5 dB
where

L1 s igthe average sound pressure level on the outside surface of the building element including the

reflecting effects from the fagade, in decibels;

Ly igthe average sound pressure level in the receiving room, in decibels;

S idthe area of the building element, in square metres;

A iqthe equivalent sound absorption area in the receiving room, in square metres.
3.1.2
apparent $sound reduction index
R'trs
<traffic nojse> airborne sound insulation of a building element when the sound source is traffic ngise,
which is evaluated from

'3 L L 101 S 3 dB

R'trs Jlegis ~leq2 T g Z -
where

Leg,1,5 |s the average equivalent sound preSsure level on the outside surface of the building elenpent

ncluding the reflecting effects ftom the facade, in decibels;

Leg,2 |Js the average equivalent sound pressure level in the receiving room, in decibels.
3.1.3
standardiged level difference
DZm,nT
difference |between the outdoor sound pressure level at 2 m in front of the fagade and the sound
pressure lgvel in the réeeiving room, corresponding to a reference value of the reverberation time,
which is evjaluated from

D =L L 101 T d

2mnT SP12m k2 T 8l - B
0
N <77

where

L1,2m istheaverage sound pressure level at 2 m in front of the facade including the reflecting effects
from the facade, in decibels;

T
Ly

To

is the reverberation time in the receiving room, in seconds;

is the average sound pressure level in the receiving room, in decibels;

is the reference reverberation time, in seconds; for dwellings given as 0,5 s.

© ISO 2017 - All rights reserved
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Note 1 to entry: The standardized level difference can be determined either with the prevailing traffic noise or
with noise from a loudspeaker. This is indicated by adding the subscript “tr” and “Is” respectively, i.e. Dty,2m,nT OF
Dls,Zm,nT-

3.14

normalized level difference

D2m,n

difference between the outdoor sound pressure level at 2 m in front of the facade and the sound
pressure level in the receiving room, corresponding to a reference value of absorption area, which is
evaluated from

A
DZm,n = L1,2m —L2 -1 10 lg A_ dB
0

whgre Ay is the reference equivalent sound absorption area, in square metres for dwellings givgn as 10 m2.

Notg¢ 1 to entry: The normalized level difference can be determined either with the*prevailing traffic noise or
with noise from a loudspeaker. This is indicated by adding the subscript “tr” and){ls” respectively, iJe Dtr,2m,n Or

Dls,; m,n-

3.2] Quantities to express element performance

NOTE1 The quantities expressing the performance of elements dre‘used as part of the input datalto estimate
building performance. These quantities are determined in one-third-octave bands and can be efkpressed in
octdve bands as well. In relevant cases a single number rating forsthe element performance can be obtained from
this| in accordance with ISO 717-1, for instance Ry(C;Cty) and Bir e w(C;Ctr).

NOTE 2 For the calculations, additional information*on constructions could be necessary; for gxample, the
shape of the facade (see Annex C), the total fagade area(see 4.3.1), etc.

3.211
sound reduction index
R
ten [times the common logarithm of/the ratio of the sound power Wj incident on a test specimen to the
soupd power W7 transmitted through the specimen, which is evaluated from

Wl
R=|101g— |dB
WZ
Note 1 to entry: This quantity shall be determined in accordance with ISO 10140-1:2016, Annexes A, B, C and D.

3.212
elefnent normalized level difference
D g
difference~in the space and time average sound pressure level produced in two rooms by f source in
one|room, where sound transmission is only due to a small technical element (e.g. transfer air devices,

1 faad 1 1] o 'S r'S 14 | H rs Al Lol ] fad £
e e(,l—l ICdAdIl CAUIU UUUTLS, LI dIIoIt ocauus o_yo\.cuxo), VVIIIUVIT IO CVdAdIudiUCU 11T UIII

A
D, =L —L,—|[101g| == || dB
0

where A is the equivalent sound absorption area in the receiving room, in square metres.

Note 1 to entry: Dy ¢ is normalized to the reference equivalent sound absorption area (4,) in the receiving room;
Ao =10 m2,

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

© IS0 2017 - All rights reserved 3
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3.2.3

sound reduction improvement index

AR

difference in sound reduction index between a basic structural element with an additional layer (e.g. a
resilient wall skin, a suspended ceiling, a floating floor) and the basic structural element without this layer

Note 1 to entry: For direct transmission, this quantity shall be determined in accordance with ISO 10140-1:2016,

Annex G.

Note 2 to entry: ISO 12354-1:2017, Annex D gives information on the determination and the use of this quantity.

3.2.4
sound re
R
difference
room, whe

R =1

S

Note 1 to eq
the receivin

Note 2 to enftry: This quantity shall be determined in accordance with [ISQ"10440-1:2016, Annex J.

3.3 Othg
3.3.1

sound reduction index of fagade for diffuse incidentsound field

RI
sound redu
field in the

Note 1 to enftry: This quantity is used as a comrmon calculation quantity from which the various quantities fot

building pet

Note 2 to enftry: In some countries the building performance is not expressed in one of the measurable quanti

but in this q

3.3.2
facade sha
ALfs

difference
on the surf

AL

dLlction index of joints or slits

n the space and time average sound pressure level produced in two rooms by a sgu¥ce in
e sound transmission is only through the joint or the slit, which is evaluated from

-1

0

L, — L, +| 101g .
[0}

try: Rs is normalized to the length [ of the joint or slit and the equivalent sound absorption area

g room, with So =1 m2and/l, =1 m.

r terms and quantities

ction index of the facade as it hypothetically can be measured with a diffuse incident so
actual field situation

formance can be obtained.
uantity R’

pe level difference

between the-sound level of the incident sound, L1,in, on a shaped fagade and the sound ]
ace of the facade plane, L1 s, plus 6 dB, which can be determined according to

L

N Ll,s +6 dB

one

A in

Lnd

the

Lies,

bvel

where

L1)in is

the average sound pressure level at the position of the facade plane, without the facade

being present, in decibels;

L1,s isthe average sound pressure level on the outside surface of the actual fagade plane, in decibels.

Note 1 to entry: Information on the facade shape level difference and the method to determine its values is given

in Annex C.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=ed9f327dcd1bb1ed5eea7c2fd93058c6

1SO 12354-3:2017(E)

4 Calculation models

4.1 General principles

“Facade” is understood to mean the whole outer surface of a room. The facade can consist of different
elements, e.g. window, door, wall, roof, ventilation equipment; the sound transmission through the
facade is due to the sound transmission by each of these elements. It is assumed that the transmission
for each element is independent from the transmission of the other elements. The different types of
exterior sound fields used in the various measurement situations defined for the determination of the
quantities to express the building performance lead to different values. However, it is a reasonably
profen assumption that the transmission for a diffuse mcident sound field 1s sulficiently representative

for

these varying types of exterior sound fields. Therefore, the apparent sound reduction‘i

hdex of the

facdde for diffuse incident sound is calculated, from which all other quantities are deduced.
Thd apparent sound reduction index R’ of the facade for diffuse incident sound is _ealculated by adding
the|sound power directly transmitted by each of the elements and the soundpower transmitted by
flanking transmission. As shown by Formula (1):
n m
R =|-10lg| > 7, + > 7, ||dB (1)
i=1 f=1
whére
Te,i 1is the sound power ratio of radiated sound powerby a facade element i due to direcf transmis-
sion of incident sound on this element, relative to incident sound power on the total facade;
¢ isthe sound power ratio of radiated sound,power by a facade or flanking element f in|the receiv-
ing room due to flanking transmission, @elative to incident sound power on the total facade;
n isthe number of facade elementsfor direct transmission;
m  is the number of flanking facade elements.
NOTE1 The sound power ratioy 7e- indicates directly the contribution of the element to the ftotal sound
trarjsmission; for this purpose Rp-=:~10 Ig 7e could be designated as the partial sound reduction index.
NOTE 2  For direct transmission only, Formulae (7) and (8) could be integrated in Formula (1), resplting in the
often used expression for-the sound reduction index of composed elements.

For|direct transmission the sound power ratio 1. can be determined for each facade eleme
from the acoustic’data on that element, including the contribution of each composing pa
Alt¢rnatively this sound power ratio for one or more elements could be estimated from ac
on gach of the composing parts of that element; see Annex B. The choice depends on regulati
avajlableracoustic data. Guidelines for the practical use of the model are given in Annex F.

nt directly
r't; see 4.2.
bustic data
ns and the

For|flanking transmission the sound power ratio 7¢ can be determined according to 4.3.

The apparent sound reduction index of the facade is determined from Formulae (2) and (3):

R)e. =R +1dB

(2)

R, . =R dB (3)

y

NOTE 3 These equations represent the average relation between the quantities. For the single number rating
the variation around the average is typically + 1 dB. For frequency bands the spread is typically + 2 dB for facades
composed from various elements. However, in special cases, e.g. where the transmission is completely dominated
by single glass panes, the difference between the two quantities at frequencies around and above the coincidence
frequency is less systematic and can be much larger.

© IS0 2017 - All rights reserved
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The standardized level difference of a facade depends on the sound reduction index of the facade as
seen from the inside, the influence of the outside shape of the facade, like balconies, and the room
dimensions. It follows from Formula (4):

, 4
Dy = R+ Al +| 101g| oy - | |dB (4)
0

where

Csap is the Sabine constant, in seconds per metre with Cgsap = 0,16 s/m.

% s the volume of the receiving room, in cubic metres;

S s the total area of the facade as seen from the inside (i.e. the sum of the area-of dll fagade
elements), in square metres;

ALgs  |s the level difference due to fagcade shape, in decibels.

NOTE4  The standardized level difference can be used to estimate the sound pressure level inside;|see
Annex E.

Information on the level difference due to the facade shape is given in Annek C.

The modelfcan be used to calculate the building performance in ffequency bands, based on acoustic
data for the building 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-thfird-
octave barlds from 100 Hz to 3 150 Hz. From these results.the single number rating for the building
performanice can be deduced in accordance with ISO 717-1\The calculations can be extended to higher
or lower fequencies if acoustic data are available for;siich a larger frequency range. Informatioh of
airborne spund insulation in the low frequency range\down to 50 Hz can be found in ISO 12354-1:2017,
Annex 1. The issues of field measurement of facade sound insulation in the low frequency range|are
specifically considered in ISO 16283-3.

The model|can also be used to calculate directly the single number rating for the building performahce,
based on the single number ratings of the.elements involved. It concerns the weighting in accorddnce
with ISO 7[L7-1. The resulting estimatevof the building performance is given in the same type of sipgle
number rafing as is used for the building elements, i.e. using Ry, and Dy, ¢ w for elements results in RYse
for the facgde; using (Rw + Cir) @id (Dpew + Cir) for elements results in (Damntw + Ctr) for the fachde.
These spe¢trum adaptation_terms refer to the frequency range covered by the octave bands ffom
125 Hz to 4 000 Hz or the onerthird-octave bands from 100 Hz to 3 150 Hz. If a larger frequency range is
considered the appropridte)spectrum adaptation term for such a larger frequency range should be uped.

NOTE 5 or convenience the sums with the spectrum adaptation term for buildings can be denoted by|one
symbol, for jnstance’ R4, + Cir = R'acr and Dam nTw + Cer = D2mnT Atr

NOTE 6 he ‘energetic summation involved in the model is exact for (Rw + Ci) and a reasonpble
approximatfionfor Ry.

The two sound level differences, Dymnt and Dz, are directly related to each other, as shown by

Formula (5):

D =D

2m,n 2m,nT -

101g| C dB (5)

sab
where

Csapis the Sabine constant, in seconds per metre with Cs3,=0,16 s/m.

V' is the volume of the receiving room, in cubic metres.

6 © IS0 2017 - All rights reserved
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It is therefore sufficient to estimate one of these quantities in order to deduce the other. As far as the
level differences are concerned the standardized level difference Dy n is chosen in this document as
the prime quantity to be estimated.

The measurements with traffic noise or a loudspeaker as noise source tend to give results which are
equal without a systematic difference, as shown by Formula (6):

D dB 6)

tr,2m,nT ~D Is,2m,nT

The sound level difference of a fagade is related to the sound reduction index. The model for the sound
levgtdifferemnce therefore {5 Hinmked to tie modet for the sound Teduction Idex.

A c3lculation example is given in Annex G.
4.2 Determination of direct transmission from acoustic data on elements

4.2)]1 General

All elements of the facade shall be included in the calculation. The@ound power ratio is|calculated
accprding to the following, where the distinction between small ¢echnical and other elefnents is in
accprdance with ISO 10140-1.

4.212 Small technical elements
Small technical elements are calculated using Formula (A):

Ay p
=210 Pnei/10 (7)

el
_ 2
A,=10 m
whg¢re in the input data

Dpe,i isthe element normalized sound level difference of small element i, in decibels;

S is the total area of the facade as seen from the inside (i.e. the sum of the area of 4l1
elementg);.in' square metres.

4.213 Other elements

Othler elements are calculated using Formula (8):

3
2= 107 R/ (8)

where in the input data

R; 1isthe sound reduction index of element i, in decibels;
Si isthearea of element i, in square metres.

The sound transmission through the connections and sealing between elements is considered to be
included in the data for one of the connected elements.

NOTE Normally, the connection between elements is sufficiently represented by the mounting of the element

as applied during the laboratory tests and it is thus included in the acoustic data on the elements. Otherwise it
can be added as a separate “element”, see Annex B.

© IS0 2017 - All rights reserved 7
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In case an element consists of a basic element and a lining, the sound reduction index can either be
the index for the complete element or the combinations of the indices for the basic element and the
improvement by the lining following Formula (9):

R

=R .+ AR

basic,i

i lining,i (9)
The acoustic data on the elements involved should be taken primarily from standardized laboratory
measurements. However, they could also be deduced in other ways, using theoretical calculations,
empirical estimations or measurement results from field situations. Some information on this is given

in Annex D.

The sources of the data used shall be clearly stated.

4.3 Det¢rmination of flanking transmission

The sound|power ratio tr for flanking transmission by element f follows from thestimmation of|the
flanking tfansmission factors for all flanking transmission paths to that element. These flanking
transmissipn factors can be determined in accordance with ISO 12354-1, with the area Sg taken as
the total area S of the fagade. For all flanking elements this concerns tpf ahd~tpf in the notatioh of

ISO 123541, where D designate facade elements and F designates the parts of the facade which|are

not part of
ISO 12354

The contri
concrete o

the considered receiving room. For all fagade elements this céncerns 7gq in the notatio
1, where d designates the fagade elements.

bution of flanking transmission is normally negligible. However, if rigid elements, sucl
- brick, are connected to other rigid elements within.the receiving room, such as floor

partition
become i

NOTE
the cases w

1.

Valls, flanking transmission can contribute to thé’overall sound transmission. This m
ortant where the requirements are high.

th rigid elements, flanking transmission can be incorporated in a global way by reducing the sd

h of

1 as
5 Or
ght

wever, in most case it is not necessary to cal¢ulate the contribution of flanking transmissiof. In

und

reduction irjdex for this type of rigid, heavy facade elehients; subtracting 2 dB is normally acceptable.

4.4 Limitations

The follow|ng phenomena, not taking into account in prediction, might affect the results.

The di
diffusq
The av
some i

fferences in sound field‘\between the various situations in the field and the assumption |of a

field for the predjetion as in the laboratory situation causes some systematic differenjces.
erage of these differences is taken into account, thus reducing the systematic error, leaying
hcrease in thednaccuracy of the prediction due to the random error.

ible

the
ave

tsumed that-with the distance of 2 m for the outside microphone the effect of posg
rence caused by the facade is sufficiently reduced, since effect is not taken into account in
tion model. This will generally be the case for octave band levels, but for one-third-ocf
byelsithe interference effect might not be negligible.

It is a
interfd
calculs
band 1

5

The calculation model predicts the performance of buildings as it can be measured, assuming state-
of-the-art workmanship and high measurement accuracy. The accuracy of the prediction by the model
presented depends on many factors: the accuracy of the input data, the fitting of the situation into
the model, the type of elements involved, the geometry of the situation and the type of quantity to be
predicted. It is therefore not possible to specify the accuracy in general for all types of situations and
applications. Data on the accuracy will have to be gathered in the future by comparing the results of the
model with a variety of field situations. However, some indications can be given.

Accuracy
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The estimation of the normalized level difference from the composing parts of the facade is on average
correct; the single number rating (Dis,2mnT, w + Ctr) shows a standard deviation of about 1,5 dB, while
for individual octave bands the standard deviations will be larger, up to 3 dB.

The estimation of the apparent sound reduction index of a fagade from the composing elements is
expected to be at least as accurate.

NOTE This is based on comparison of the normalized level difference in over 70 situations, covering a large
variety of facade designs; the acoustic data used for the composing parts were on the safe-side, that is around
1 dB lower than laboratory measurement results.

When the model is used to directly calculate the single number rating for the building pefformance,
baspd on the single number ratings of the elements involved, the uncertainty<an be calculated using
the|method proposed in ISO 12354-1:2017, Annex K; however, the formulae used for airb¢rne sound
insylation against outdoor sound (Clause 4) are different from the ones ‘Used for airbgrne sound
insylation between rooms and the partial derivatives required for thé determination of yncertainty
shopld be modified consequently.

© IS0 2017 - All rights reserved 9
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Annex A
(normative)

List of symbols

Table A.1 — List of symbols

Symbol Physical quantity Unit
A d¢quivalent sound absorption area in the receiving room M2
Ao ileference equivalent sound absorption area; for dwellings given as 10 m2 m?2
Co dpeed of sound in air m/s
C dpectrum adaptation term 1 in accordance with ISO 717-1 dB
Cir dpectrum adaptation term 2 in accordance with ISO 717-1 dB
Domnt stf'mdardi_zed s_ound leve_l difference of_a facade (additional index “tr” if measured dB
With traffic noise or “I5” if measured with loudspeaker sound)
Domn :[rorrr_lalizgd sou“ndnl_evel difference_ of a facade (additional index “trZif measured with dB
affic noise or “Is” if measured with loudspeaker sound)
Domntw |Weighted standardized sound level difference of a fagade in accordance with dB
SO 717-1
Domnw |Weighted normalized sound level difference of a fagade. itvaccordance with ISO 717-1 dB
Dn,e dlement normalized sound level difference for a small'building element dB
Dn,e lab el('emen.t normalized sound level difference for a.$mall building element, as deter- dB
thined in the laboratory
Dn,e situ element_ norrpalizgd sound level difference for a small building element, as in the dB
dctual field situation
f Frequency Hz
i index for an element of a facadg -
j ihdex for a composing part of an element of a facade -
k ihdex for sealed gaps and.joints -
ko wave number (= 2 1 fleg) m-1
Is x length of sealed gap or joint k m
Io ileference lengths-given as 1 m m
lab length of asmall building element for the laboratory measurement of D ¢ 1ab m
Lsitu length.ofa'small building element in the field situation m
Ly dverage sound pressure level in the source room dBre 20 pfPa
L1,s drefage-sound-pressuretevelonthe-outsidesurface-efafacade &B+re26 pIPa
L1,in average sound pressure level of the incident sound field dBre 20 pPa
L1,2m average sound pressure level at 2 m in front of a facade dBre 20 pPa
Leqg,1,s average equivalent sound pressure level on the outside surface of a facade dB re 20 pPa
Ly average sound pressure level in the receiving room dBre 20 pPa
Leg,2 average equivalent sound pressure level in the receiving room dBre 20 pPa
Lan average sound pressure level in the receiving room, normalized to 4, dBre 20 pPa
L2 nt average sound pressure level in the receiving room, normalized to T, dBre 20 pPa
m number of flanking elements or number of sealed gaps or joints between parts -
n number of elements in a facade or parts of an element -
Ne number of small building elements -
10 © IS0 2017 - All rights reserved
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Table A.1 (continued)

Symbol Physical quantity Unit
R sound reduction index of an element in accordance with ISO 10140 (all parts). dB
R’ apparent sound reduction index of a fagade for diffuse incident sound dB
R45e apparent sound reduction index of a fagade for sound incident from an angle of 45° dB
R'trs apparent sound reduction index of a fagade for traffic noise dB
R; sound reduction index for element i of the fagcade dB
R; sound reduction index for composing part j of an element of a fagcade dB
Rs ) sound reduction index of sealed joint or slit k between parts of a facade, per unit length dB
R'43o  |weighted apparent sound reduction index of a fagade for sound incident from an dB

angle of 45° in accordance with ISO 717-1
R'ufw weighted apparent sound reduction index of a fagade for traffic noise in accordance
with dB
IS0 717-1
S total area of the facade as seen from the inside m?2
Si area of an element i of the facade m?2
Sj area of a partj of an element i m?2
Sopkn area of the opening in an air inlet m?2

T reverberation time in the receiving room s
To reference reverberation time; for dwellings given as\0,5's S
|4 volume of the receiving room m3
741 sound power incident on a test specimen in thé source room w
w» sound power radiated from a test specimertinto the receiving room due to incident w

sound on that specimen in the source rgom
w index to indicate weighted sound reduction indices in accordance with ISO 717-1 -
xr distances of a small element to reflecting planes m
ALg facade shape level difference dB
ADy e reduction of the element normalized level difference due to the vicinity of dB
reflecting planes
Te,i sound power ratiof,radiated sound power by a facade element i due to direct
transmission ofincident sound on this element, relative to incident sound power -
on the total fagade
Tf sound powenratio of radiated sound power by a fagcade or flanking element f in the
receiving,room due to flanking transmission, relative to incident sound power on the -
totalfacade

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

Determination of transmission by elements from composing parts

B.1 Sou d nower ratiofor comnosed element
. a-poweriato+1o PO

vy TUTCUMMTIPUDTU CICIIITITT

If no data qre available on the acoustic performance of an element as applied, the sound powertatiq for
that element may be estimated globally from acoustic data on parts of that element.

For typical elements, like a specific type of window, this could be done by applying adjustments
to the soupd reduction index of the main part, i.e. the glazing, to take into accountythe influence of
window frame and sealing. Such adjustments should be based on the results of general research of|the
considered effects.

Another agjproach is to use the sound reduction index of each part that formsthe element, taking |nto
account the relative area of the parts. In this respect the sealing of joints arid gaps between parts forips a
special type of part which often has to be taken into account. For this paft the acoustic performancefcan
best be expressed as the sound reduction index per unit length, taking\into account the actual lengtI;
all

Neglecting| the interaction which can be present in the sound transmission with combined s
elements, the sound power ratio for an element composed of several parts j and sealings k between|the
parts is then estimated in accordance with Formula (B.1);

S. R0 1y & R
" 0 k /10
T =Y —10 V +— E 1,10 s B.1
: JEZ; S S o P

where

Rj is[the sound reduction index efipartj of the element, in decibels;
Sj  is|the area of a partj of the element, in square metres;
Rs k is|the sound reductiomindex of sealed gap or joint k per unit length, in decibels;

the length of-sedled gap or jointk, in metres, with I, = 1 m as reference;

[%2)

IS,k 1
n islthe number of parts composing the element;

m is|themymber of sealed gaps or joints between parts.

NOTE [hicic nottabho ueadta ctatathao ~cactio narforinanen of alamantc comanacad of cavuaral narte T+ an
HSI5F BE-H5eat0-State-—tRe-aceusSte FHoHHahRee-o-ereehtseompoes +SevefFarpaFts—1t "

however, be used to estimate the influence of a different quality of the sealings than applied for the laboratory
measurement of the sound reduction index of an element.

In B.2 information is given about the sound reduction index of typical parts of facade elements.

In B.3 information is given about the sound reduction index of (sealed) joints and slits.

12 © IS0 2017 - All rights reserved
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B.2 Sound reduction index of composing parts of facade elements

B.2

.1 General

In this clause, information is given on the sound reduction index of some typical parts as applied in
facade elements, such as windows and doors composed of glazing, door leaves, frames and sealings.

B.2

.2 Glazing

The sound reduction index of glazing is determined in accordance with ISO 10140-1:2016, Annex D.

B.2

Themeast H 5 +t5 d A £
identical elements and can thus be considered as being on the safe side. These values can

a large group of glazing, say R\, less than 37 dB, the sound.transmission through the win
be ignored, if the area of the element is taken as that of the'glazing plus frame.

.3 Doors

nominally
be used in
] for some

culated in
bviation of

hnsmission

dow frame

To dletermine the sound reduction index for a door‘{the sound transmission through the d¢or leaves),

the

Thd

B.2

The
met
and
or K
con
be |

B.3

Thd
red

glazing (if present), the door frame and through the sealing is taken into account.

.4 Window frames

sound reduction index of window frames is related to the area of the frame. The mo:s
hod to determine it, is froffi:-measurements on complete windows with perfect sealing
joints between parts, where the transmission by the glazing is either subtracted by
locked during the measurements. It will often be sufficient to deduce in this way valug
mon types of window{rames, since for specific situations and constructions the predict
ased on measunement results for the complete element.

Quality/of sealing of gaps and joints

quality of the sealing of joints and slits between elements and parts can be expressed iy
iction index Rg per unit length of the joint as measured in accordance with ISO 101

sound reduction index of doors is detepmined in accordance with ISO 10140-1:2016, Annex B.

t practical
pf the gaps
calculation
s for some
ons should

the sound
40-1:2016,

Anr

ex
J
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Table B.1 — Examples of the sound reduction index of glazing

from result
might resu

NOTE 2 Th

width, this
inherent sp

Glazing Sound reduction index (dB)
type 125Hz | 250Hz | 500Hz 1kHz | 2kHz | 4kHz | Ry(CCu)dB
Single panes (mm)
3 14 19 25 29 33 25 28 (-1;-4)
4 17 20 26 32 33 26 29 (-2;-3)
5 19 22 29 33 29 31 30 (-1;-2)
6 18 23 30 35 27 32 31 (-2;-3)
8 20 24 29 34 29 37 32 (-2,43)
10 23 26 32 31 32 39 33 (=2;-3)
12 27 29 31 32 38 47 34(0;-2)
Laminated panes (mm) + plastic laminate (0,5 to 1) (mm)
@+ 20 23 29 34 32 38 32 (-1;-3)
g+ 20 25 32 35 34 42 33 (-1;-3)
10+ 24 26 33 33 35 44 34 (-1;-3)
Double pahe units with single or laminated panes (mm); air filled cavity from (6 to 16) (mm)
4-(6-16)-4 21 17 25 35 37 31 29 (-1;-4)
6-(6-16)-4 21 20 26 38 37 39 32 (-2;-4)
6-(6-16)-6 20 18 28 38 34 38 31 (-1;-4)
8-(6-16)-4 22 21 28 38 40 47 33 (-1;-4)
8-(6-16)-6 20 21 33 40 36 48 35 (-2;-6]
10-(6-16)-4 24 21 32 37 42 43 35 (-2;-5)
10-(6-16)-4 24 24 32 37 37 44 35 (-1;-3)
6-(6-16)-6} 20 19 30 39 37 46 33 (-2;-5)
6-(6-16)-10+ 24 25 33 39 40 49 37 (-1;-5)
NOTE 1 This selection and the values are in acdordance with EN 12758-1. The single number ratings are deduced

s in 1/3-octave bands and therefore single number ratings deduced from the given octave band data
t in values which differ 1 dB at.the most.

bugh it is known that for a given double pane unit the sound reduction increases with increasing cayity
effect has been found te-betoo small to take into account here for air filled cavities in the light of|the
read in results for ngminally identical units.

14
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Annex C
(informative)

Influence of facade shape

The effect of the exterlor shape of fa(;ades can be both p051t1ve (less sound transmlssmn) and negative

(more
plane by balcomes or other ob]ects The negatlve effect is due to extra reflectlons and’a
that could be considered to be reverberant when a balcony forms a partial enclosure afound
plame. Calculation of these effects on the basis of the given geometry shows reasonablelaccor
meagsured effects (field tests, scale-model tests).

AL
the
wit

is defined as the difference in sound pressure level of the incoming souhd field and th
surface of the facade plus 6 dB, thus being 0 dB for a reflecting, plané-\facade. It can bd
N reasonable accuracy according to Formula (C.1):

AL, =1L

12m ~ LLs +3dB

fs

whére

L1,2m is the average sound pressure level at 2 m in front of the (shaped) facade, in decib

L1,s isthe average sound pressure level on the.outside surface of the fagade plane, incl

reflecting effect of that plane, in decibels.

Examples of the level difference due to the-facade shape, AL¢s, are presented in Figure C.2
deplends on the shape of the facade, the absorption of the underside of any balcony and on
dirgction of the incoming sound.

The shape of the facade is indicated by a vertical cross-section through the gallery, balcony
If these have closed fences, i.e.sno*substantial opening in the fence, the fence is indicated on
section otherwise not. The absorption is indicated by the weighted sound absorption coeffi
acc
intg
dirg
facg

rpolation; aw = 0,9-applies also if a reflecting surface above the considered fagade is
ction of the incoming sound is characterized by the height of the line of sight from the sd
de plane; the rélevant source position is the one which results in the lowest height (see H

the facade
sound field
the facade
dance with

e sound on
measured

(C.1)

bls;
pding the

The value
he general

or terrace.
the cross-
cient ayy in

prdance with ISO 11654~as < 0,3; 0,6 or = 0,9. The effect for intermediate values can be ¢leduced by

bsent. The
urce at the

igure C.1).
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Key
1 absorption
2 height ¢f line of sight
3 facade plane
4 sound jource

Figufe C.1 — Illustration of relevant parameters for<the facade shape level difference

The data ih Table C.1 represent a weighted average over frequency. The values can be used as a f{irst
estimate fdr frequency bands also; in that case the data under-estimate the effect for higher frequengies
for differences larger than 3 dB. Some illustrations of the frequency dependence in octave bands|are
given in Figures C.2 and C.3.
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Table C.1 — Facade shape level difference for different facade shapes and sound source

orientations
AlLgs 1 plane 2 gallery 3 gallery 4 gallery 5 gallery
dB
— I —— L —

absprption does not apply <03} 0,6 [209(|<0,3| 06 | 209 [<03] 06 | 209<03]]0,6 |=209
roof (aw) =

ling-of-sight |0 -1 -1 0 -1 -1 0 0 0 1 |doesnofapply

on facade:

<1,$m

(1,9t0 2,5)m |0 does not apply -1 0 3

>2,5 m 0 1| 1 2 3 3 |4 | 6

6 balcony 7 balcony 8 balcony 9 terrace
open fence closed fg¢nce

absprption <0,3| 0,6 |209(<0,3]70,6 [209(<0,3| 0,6 | =209 |<0,3] 0,6 209 | <0,3(]0,6 |=209
roof (aw) =

ling-of-sight -1 -1 0 0 0 1 1 1 2 1 1 1 3 3 3
on facade:

<1,fm

(1,9t0o 2,5 m | -1 1 3 1 1

>2,5 m 1 2 3 3 1 1 2 4 6 7
NOTE The different facade shapes are indicated by a vertical cross-section with the outside to[the left and
the found-source orientations are indicated by the height of the line of sight on the facade; see Figurd C.1.

© IS0 2017 - All rights reserved
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Key

1 open gdllery low
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2 open bglcony high

3  open terrace high

Figure C

18

octave bands — “low” cases

2 — Illustrations of the frequency dependencé- of the facade shape level differencelin
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open terrace high

ine-of-sight >2,5 m.
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octave bands — “high” cases

E The legends refer to Table C.1: “open gallery” = 3, “closed gallery” = 4, “open ballcony” = 6,
bed balcony” = 7, “open terrace” = 9 with an open fenice; “low” means the line-of-sight <1,5 m and “high” means

sure C.3 — Illustrations of the frequency dependence of the fagade shape level difference in
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Annex D
(informative)

Sound reduction index of elements

D.1 General

The soun

with ISO 10140-2. In this annex some indication is given about the application of data.‘from {
measuremgents or other sources.

D.2 Building elements

For windoyvs the sound reduction index is determined by the glazing, the frame;the mounting met

of the glazi
that the aj
Otherwise

For doors t
the sealing
is represer

For homog]
Lightweigh
make it no

D.3 Sm4g

These fac3
impossible

For unsilet

reduction index of facade elements is determined by measurements in accorda

nce
uch

hod

g and the sealing of joints and gaps. Especially with openable windows care should be taken

plied sealing for the laboratory measurements is representative for the field applicat
the effect of a different sealing should be taken into account;‘see Annex B.

he sound reduction index is determined by the construgtion of the door panel, the frame
of the gaps. Care should be taken that the applied sealing for the laboratory measuremg

eneous structures some information on theound reduction index is given in ISO 1235

'mally necessary to rely on specific data:

11 technical elements

to present generalized data.

ion.

and
bnts

tative for the field application. Otherwise the effect of a different sealing should be taken
into account; see Annex B.

4-1.

t panels, roofs and hollow brick walls can show a large variety in construction details, which

de elements like air inléts ‘show a large variety in construction details, which makle it

iced air inlets, like*gpenings or louvres, a global indication is given by treating the elenpent

as an openling with negligible 'sound reduction. This results in an element normalized level differgnce
shown by Formula (D.1);
D =|-101gferen D.1
ne —| V'8 (p-1)
)
where

Sopen 1s the area of the opening, in square metres.

Ag is the reference equivalent sound absorption area, in square metres for dwellings given
as 10 m2.
NOTE With small openings resonances can occur, determined by the effective depth of the element, which

results in a lower element normalized level difference in certain frequency bands than according to this formula.

Often there will be a larger number of identical small elements or a small element with a larger length,
for instance slit-type air inlets, than the actually tested specimen. The element sound level difference
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to be applied in the calculations can then be estimated from data on the tested element by taking into
account the number of elements ne or the length of the element Ly, as shown by Formula (D.2):

=D

n,e,situ n,e,lab

I,
-10]g 3t (D.2)
lab

-10lgn, or D .. =D

n,e,situ n,e,lab

This is only allowable when it has been established for similar elements that this extrapolation is
correct.

The element normahzed level dlfference w1ll be 1nfluenced by the posmon of the element in the facade

ith-re e : 2Fe : s : al use the
labg¢ratory mountmg w1ll be fixed accordlngly, S0 the data are dlrectly apphcable If for more general
cases the laboratory data are without these influences, they can be estimated from the(geonetry of the
situation.

The effect on the element normalized level difference (ADy ) follows from Formula (D.3):

) 7)o 70 Pher) 03
k x Zkoy 2kor

(o]

AD =101g|1+0,75
n,e

whére

x isthe distance to a plane in the x-direction, in metres;

y isthe distance to a plane in the y-direction, in metres;

is the distance to the corner = \lxz + y2 +in metres;
ko isthe wave number, ko = 2 Ttf / co.

For|an element, the results according ‘te- this formula shall be averaged over frequency [within the
conpidered band width and over the.open area of the element.

The resulting element normalized level difference for a corner position follows from Formula (D.4):

D =D AD (D.4)

n,e,corner n,e free ne

For|octave bands and\two types of elements, the resulting effects are illustrated in Figure D.1 (two-
plame corner) andFigure D.2 (three-plane corner). If a corner position occurs at both sides of the facade
(ingide and outside}, the effects according to these figures shall be added.

The elementnormalized level difference in situ can be affected by the direction of the incidept sound in
a mpre specific way than the other type of facade elements. Especially with ventilation opefings there
has|showh to be a tendency of lower values at angle were the sound is directed into the oppning. This
couldamount to reduction of 1 dBto 3 dB
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-2 01m
125 250 500 1000 2000 1000 ' —|

X _1

a) Effect ¢gn Dy of nearness of reflecting side walls b) Geometric configurations: small elemjent
or ceilings (interior or exterior), relative to near two-planecorner, gap element near
position without reflecting side walls two-.of three-plane corner

Key
1 elemeng
X  frequercy in Hz

Y ADpein|dB
Figure D.1 — Resulting effects (two-plane corner)
6 x=0,1 m
—_—— x=0,2m
NSNS (T |
Y 2- *
0 0,1m .
-2 \
125 250 500 1000 2000 4000 1
X
a) Effect on Dye b) Geometric configuration: small element

near three-plane corner

Key

1 element

X  frequency in Hz
Y DpeindB

Figure D.2 — Resulting effects (three-plane corner)
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