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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Requirements for laboratory test facilities with suppressed flanking transmission (1ISO 140-1:1997).

EN I1SO 140-3, Acoustics - Measurement of sound insulation in buildings and of building elements - Part 3 :
Laboratory measurements of airborne sound insulation of building elements (1ISO 140-3:1995).

EN ISO 140-5, Acoustics - Measurement of sound insulation in buildings and of building elements - Part 5 : Field

measure

ments of airborne sound insulation of facade elements and facades (1ISO 140-5:1998).

EN ISO 717-1, Acoustics - Rating of sound insulation in buildings and of building elements - Part 1 : Airborne
sound insulation (ISO 717-1:1996).

EN 1SO 11654, Acoustics — Sound absorbers for use in buildings - Rating of sound absorption (1ISO 11654:1997).
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3 Relevant quantities

3.1 Quantities to express building performance

The sound insulation of facades in accordance with EN 1SO 140-5 can be expressed in several quantities. These
guantities 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 EN ISO 717-1, for instance R\, ,

Dis,2m,nT,wOr (Rw + Cy).

3.1.1 Apparent sound reduction index R4z

Airborne sgund insulation of a building element when the sound source is a loudspeaker and the anglé of |ncidence
is 45°. This|apparent sound reduction index is evaluated from :

J S
R45°=L15_L2 +1OIgK—L5 dB Q)
where
Lis is the average sound pressure level on the outside surface of the building element incliiding the

reflecting effects from the facade, in decibels ;

L, is the average sound pressure level in the receiving room, i’ décibels ;
S is the area of the building element, in square metres ;
A is the equivalent sound absorption area in the receiving room, in square metres.

3.1.2 Apparent sound reduction index R’y

Airborne sgund insulation of a building element:when the sound source is traffic noise. This appargnt sound
reduction irjdex is evaluated from :

' S
Rirs= -eq,1s — Leq,2+10 ng_‘?’ dB (2)

where

Leqis | is the average-equivalent sound pressure level on the outside surface of the building element|including
the reflecting)effects from the facade, in decibels ;

Leg2 is the average equivalent sound pressure level in the receiving room, in decibels.

3.1.3 Starrdardized level difference  Domnt

The 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 the reverberation time. The standardized level
difference is evaluated from :

T
Domnr = Liom — L, +10 |g.|_—dB 3)
0

where

Liom is the average sound pressure level at 2 m in front of the facade, in decibels ;

2 © 1SO 2005 — Al rights reserved
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T is the reverberation time in the receiving room, in seconds ;
L, is the average sound pressure level in the receiving room, in decibels ;
To is the reference reverberation time, in seconds; for dwellings given as 0,5 s.

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 1s' respectively, i.e. Dy 2m nTOr Dis 2m nT

3.1.4 Normalized level difference Dy
The differercebetweentheoutdoor sound pressure tevetat 2 i front of the fagadeand-the—sourd-pressure level
in the refeiving room, corresponding to a reference value of absorption area. The normalized leyeldifference is
evaluategl from :
A
D2rr n= I-1,2m - I-2 -10lg—dB 4)
Ao

where

Ay [is the reference equivalent sound absorption area, in square metresg; for dwellings given as 10[mz2.
The normalized level difference can be determined either with the prevailing traffic noise or with npise from a
loudspegker. This is indicated by adding the subscript 'tr' and 'Is' respegtively, i.e Dy om n0r Dis 2m,n
3.1.5 Relations between quantities
The two [sound reduction indices , Rs- and Ry s tend to give results with a systematic difference iver a large
frequencly range. The apparent sound reduction index(Rse, both for the single number rating and f¢r the lower
frequencjes, gives results which are 0 dB to 2 dB_higher than the results for Ry s Ry s gives values which are
comparaple to those measured under laboratory“conditions. These differences will be taken into ac¢ount in the
calculatign model.
The two ound level differences , Do, nrand Doy, are directly related to each other :

N
Donin = Dompnt —101g 016 T = Doyt —101g 0,32V dB (5)
0

where

V [is the volume of the receiving room, in cubic metres.
It is therefore_sSufficient to estimate one of these quantities in order to deduce the other. As far gs the level
differencps atefconcerned the standardized level difference Dym nTis chosen in this document as the prime quantity
to be estlmated.

The measurements with traffic noise or a loudspeaker as noise source tend to give results which are equal without

a system

atic difference. So :

I:)tr,Zm,nT ~ DIs,Zm,anB

(6)

The sound level difference of a fagade is related to the sound reduction index. The model for the sound level
difference therefore is linked to the model for the sound reduction index.

3.2 Quantities to express element performance

The quantities expressing the performance of elements are used as part of the input data to estimate building
performance. These quantities are determined in one-third octave bands and can be expressed in octave bands as

© 1SO 2005 — All rights reserved 3
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well. In relevant cases a single number rating for the element performance can be obtained from this, in
accordance with EN I1SO 717-1, for instance Ry(C;Cy) and Dp, e w(C;Cy).

3.2.1 Sou

nd reduction index R

Ten times the common logarithm of the ratio of the sound power W, incident on a test specimen to the sound
power W transmitted through the specimen :

W
R=10lg—~ dB )
W,
This quantity-iste-be-determined-racecordance-with-ENA4SO-140-3-
3.2.2 Element normalized level difference  Dp e
The differepce in the space and time average sound pressure level produced in two rooms, by a sour¢e in one
room, whefe sound transmission is only due to a small building element (e.g. transfer dir devices). Dy e is
normalized|to an equivalent sound absorption area (Ag) in the receiving room; A;=10 mz2.
A
Dpe =[L;-L,-10lg— dB (8)
Ao

This quantity is to be determined in accordance with EN 20140-10.
3.2.3 Other relevant data
For the calgulations additional information on constructions couild*be necessary, e.g.:
— the shape of the facade ;
— sealing|type and quality for gaps and connections.;
— total fagade area.
3.3 Othégfr terms and quantities
Sound redyction index of facade for diffuse incident sound field R'
Sound redyction index of the“facade as it hypothetically can be measured with a diffuse incident sound field in the
actual field |situation. This Quantity is used as a common calculation quantity from which the various quaptities for
the building performancécan be obtained.
NOTE Ih some-gauntries the building performance is not expressed in one of the measurable quantities, but in this quantity
R’
Facade shapedeveldifference—Alfs

Difference of the sound level of the incident sound, L; j,, on a shaped fagcade and the sound level on the surface of
the fagcade plane, L1 s plus 6 dB. This quantity can be determined according to :

Algg =

where

I-l,in

Ll,s

Ll,in — L:LS +6dB

©)

is the average sound pressure level at the position of the fagade plane, without the fagade being

present, in decibels ;

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

© I1SO 2005 — Al rights reserved
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NOTE Information on the facade shape el difference and the method to determine its values is given in annex C.

4 Calculation models

4.1 General principles

By facade is understood 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 transm|33|on of the other elements The dlfferent types of exterlor sound f|elds used in the various

] ' i rmance lead to
different alues. However, it is a reasonably proven assumption that the transmission for a diffuse~ingjdent sound
field is sufficiently representative for these varying types of exterior sound fields. Therefore the_ apparent sound
[ i i deduced.

hrent sound reduction index R of the facade for diffuse incident sound is calculated by adding the sound
power difectly transmitted by each of the elements and the sound power transmitted by, flanking transmission.

R 4-10Ig {Zre, +er]d5 (10)

=1
where
Te,i is the sound power ratio of radiated sound power hy.a‘fagade element i due to direct trarjsmission of
incident sound on this element, relative to incident-sound power on the total facade ;
T is the sound power ratio of radiated sound.power by a facade or flanking element f in the receiving
room due to flanking transmission, relative.1o incident sound power on the total facade ;
n is the number of fagade elements for direct transmission ;
m is the number of flanking facade glements.

NOTE 1 | The sound power ratio te indicates directly the contribution of the element to the total sound transmigsion; for this
purpose Rp = -10 Ig te could be designated as the partial sound reduction index.

NOTE 2 | For direct transmissien.anly, equation (14) and equation (15) could be integrated in equation (10), resulting in the
often used expression for the seund reduction index of composed elements.

For diregt transmissian-the sound power ratio te can be determined for each facade element directly from the
acoustic [data on that(€lement, including the contribution of each composing part ; see 4.2. Alternatively this sound
power ratio for one\or more elements could be estimated from acoustic data on each of the composing parts of that
element | see anhex B. The choice depends on regulations and the available acoustic data.

For flankingtransmission-the-sound-power ratios—can-be-determined-according-to-4.3
) g f g

The apparent sound reduction index of the fagade is determined from :
Rys. = R'+1dB (11)
Rys=R'dB (12)

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.

© 1SO 2005 — All rights reserved 5
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The standardized level difference of a fagade depends on the sound reduction index of the facade as seen from the
inside, the influence of the outside shape of the fagcade, like balconies, and the room dimensions. It follows from :

I:)Zm,nT

where
\Y

S

=R'+ALi +10lg dB

6 TS

is the volume of the receiving room, in cubic metres ;

(13)

is the total area of the facade as seen from the inside (i.e. the sum of the area of all facade elements),

Algs

NOTE4 T

Information

The model
building ele
at least for
From these
EN ISO 717

NOTE 5 T
frequency ra
calculations f

The model
the single n
The resultin
the building
(Dnewt Ct
frequency r
to 3150 Hz.
larger frequ

NOTE 6 A
instance Ry

NOTE7 T

4.2 Dete

All elements

M Square metres

is the level difference due to facade shape, in decibels.

he standardized level difference can be used to estimate the sound pressure level inside; seeannex E.
on the level difference due to the facade shape is given in annex C.

can be used to calculate the building performance in frequency bands,.based on acoustic da
ments in frequency bands (one-third octave bands or octave bands), The' calculation is to be p
he octave bands from 125 Hz to 2 000 Hz or for the one-third octave bands from 100 Hz to 3
results the single number rating for the building performance, can be deduced in accordg
-1.

he calculations can be extended to higher or lower frequencies.if acoustic data are available for suc
nge. However, especially for the lower frequencies no information is currently available on the ad
pr these frequency bands.

Can also be used to calculate directly the single-number rating for the building performance,

umber ratings of the elements involved. It concerns the weighting in accordance with EN IS
g estimate of the building performance is.given in the same type of single number rating as is
elements, i.e. using Ry and Dy, ¢ w for glements results in Rse \y for the fagade; using (Ry H
for elements results in  (Dom ntw+.Ct) for the fagade. These spectrum adaptation terms re

nge covered by the octave bands\from 125 Hz to 2 000 Hz or the one-third octave bands fror
If a larger frequency range jstto ‘be considered the appropriate spectrum adaptation term fq
bncy range should be used;

or convenience the sumsywith the spectrum adaptation term for buildings can be denoted by one s
+ Cir = R'agr and Dom aF:w+ Cir = Dom,nT,Atr

he energetic summation involved in the model is exact for (Ry + Ctr) and a reasonable approximation for

mination.of direct transmission from acoustic data on elements

of'the facade shall be included in the calculation. The sound power ratio is calculated accordi

following, wj

hete the distinction between small and other elements is in accordance with EN 20140-10.

4.2.1 Small elements

Ao

S

Tej

10~ Dy e;/10

A, =10 m?

a for the

erformed

150 Hz.
nce with

h a larger
curacy of

based on
O 717-1.

used for

C) and

er to the

nh 100 Hz

r such a

mbol, for

Rw-

ng to the

(14)
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where in the input data
Dhei Isthe element normalized sound level difference of small element i, in decibels ;

S
sguare metres.

4.2.2 Other elements

S

Tej =—

10-R/10

3:2005(E)

is the total area of the facade as seen from the inside (i.e. the sum of the area of all elements), in

(15)

where in|the input data

R |is the sound reduction index of element i, in decibels ;

S

is the area of element i, in square metres.

The sound transmission through the connections and sealing between elements is.considered to be ing
data for gne of the connected elements.

NOTE
during thg
‘element’,

Normally the connection between elements is sufficiently represented by the mounting of the eleme
laboratory tests and it is thus included in the acoustic data on the eleménts. Otherwise it can be added
see annex B.

The acol
Howeve
measure

. they could also be deduced in other ways, using, theoretical calculations, empirical est
ment results from field situations. Some informationson-this is given in annex D.

The sources of the data used shall be clearly stated.

4.3 Ddtermination of flanking transmission

The sou

transmis
determin

flanking
elementg
facade e

nd power ratio 7 for flanking transmission by element f follows from the summation of

Gion factors for all flanking transmission paths to that element. These flanking transmission fag
ed in accordance with prEN_12854-1:1999, with the area S;taken as the total area S of the fag

and F designates the~parts of the facade which are not part of the considered receiving rq
ements this concernis—_, in the notation of prEN 12354-1:1999, where d designates the fagcade

The confribution of flanking transmission is normally negligible. However, if rigid elements, such as
brick, ar¢ connected-fo other rigid elements within the receiving room, such as floors or partition w3
transmisgion can{ contribute to the overall sound transmission. This might become important
requiremients are-high.

NOTE Immost case it is thus not necessary to calculate the contribution of flanking transmission. To be on th

luded in the

Nt as applied
1S a seperate

stic data on the elements involved should be taken primarily from standardized laboratory megasurements.

imations or

he flanking

tors can be
ade. For all

elements this concerns (. ~and 1, in the notation of prEN 12354-1:1999, where D desigpate facade

om. For all
elements.

concrete or
s, flanking
where the

b safe side, it

would be
reduction index for this type of rigid, heavy facade elements ; subtracting 2 dB is hormally sufficient.

4.4 Interpretations

hg the sound

— for glazing and glazed windows the sound transmission is influenced by area and niches. For areas and niches

normally encountered in field situations these effects do not deviate much from the laboratory m
situation and can be ignored for practical purposes ;

easurement

— for several types of elements, especially openable elements, the quality of the sealing is very important for the
obtained sound reduction index. It is therefore important to ensure that the quality in the field will indeed be
equal to that for the laboratory measurements. In case of doubt the effect of transmission through the gaps

and sealing could be estimated as in annex B ;
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— for lightweight double elements, such as panels, the actual sound reduction index can be smaller than in
accordance with laboratory measurements on full size elements, due to differences in area and often a larger

numbe

r of connections ;

— the sound transmission through small elements, such as air inlets, can be influenced by their position relative to
reflecting walls and/or ceilings. This is either accounted for by the mounting position in the laboratory in
accordance with EN 20140-10 or the effect can be estimated ; see annex D. The effect of mounting position for
small elements is also influenced by outside walls and ceilings. This shall be taken into account when
calculating R'; see annex D ;

— if the fagade is not plane, the area is to be taken as the total area of all parts as seen from the inside, as long

as the
homo
differe
possib
depen

outsidg
taking

defineq

4.5 Limif

— the diff¢

neous incident sound shall be treated separately. If the different parts of the total facade
t incident sound levels, as with large bay or bow windows, a corner room or room ungdera
e either to consider these parts separately or combined as the total envelope of the receiv
ing on requirements and the prescribed measurement situation (kind of source))source
microphone position). In the latter case the results of calculations for each part shall be d

for the field measurements.

ations

brences in sound field between the various situations in the field @andthe assumption of a diffus

cade with
can have
roof, it is
ng room,
position,
ombined,

into account the outside sound levels for each part, relative to a reference,(microphone) pgsition as

e field for
of these
accuracy

e caused
This will

the prediction as in the laboratory situation, causes some systematic differences. The average
differemces is taken into account, thus reducing the systematic error, leaving some increase in the ir
of the ;I:rediction due to the random error.

— itis asqumed that with the distance of 2 m for the outside microphone the effect of possible interfereng
by the |[facade is sufficiently reduced, since effect is notitaken into account in the calculation model
generdlly be the case for octave band levels, but for. @ne-third octave band levels the interference effect might
not be hegligible.

5 Accuracy

The calculation model predicts the performance of buildings as it can be measured, assuming state-

workmansh

The accural

ip and high measurement.accuracy.

cy of the prediction by\the presented model depend on many factors: the accuracy of the input

fitting of the situation into the model, the type of elements involved, the geometry of the situation and th

quantity to
applicationg
a variety of

The estima
single num

. Data on the“aceuracy will have to be gathered in the future by comparing the results of the nj
field situations. However, some indications can be given.

ion of-the normalized level difference from the composing parts of the facade is on average cd
perrating (Dis 2mnT, w+ Ct) shows a standard deviation of about 1,5 dB, while for individu

bands the g

tandard deviations will be larger. up to 3 dB.

of-the-art

data, the
e type of

be predicted. It is.therefore not possible to specify the accuracy in general for all types of situations and

odel with

rrect; the
Al octave

The estimation of the apparent sound reduction index of a facade 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.

In applying 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 results gives an impression of the expected
accuracy, assuming state-of-the-art workmanship.
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Annex A
(normative)

List of symbols

Table A.1 — List of symbols

Symbol Physical quantity Unit
A equivalent sound absorption area in the receiving room [m2]
A, reference equivalent sound absorption area; for dwellings given as 10 m2 [m2?]
c, speed of sound in air [m/4]
Cc spectrum adaptation term 1 in accordance with EN ISO 717-1 [dB]
C, spectrum adaptation term 2 in accordance with EN ISO 717-1 [dB]
Dynt standardized sound level difference of a facade (additional index 'tr' if measured‘with traffic [dB]
noise or 'l if measured with loudspeaker sound)
D,mn normalized sound level difference of a facade (additional index 'tr' if measured with traffic noise | [dB]
or 'l if measured with loudspeaker sound)
Dzm’nT‘W weighted standardized sound level difference of a fagade in accerdance with EN ISO 717-1 [dB]
D2m,n,w weighted normalized sound level difference of a facade in aceordance with EN ISO 717-1 [dB]
D.. element normalized sound level difference for a smallbuilding element [dB]
Dn,e,lab element normalized sound level difference for a small building element, as determined in the [dB]
laboratory
nesiu element normalized sound level difference*for a small building element, as in the actual field [dB]
situation
f frequency [HZ]
i index for an element of a fagcade [-]
j index for a composing part'of/an element of a facade [-]
k index for sealed gaps-andjoints [-]
K, wave number (= 2.5f/co) [mT]
I, length of sealed)gap or joint k [(m]
L reference\length; givenas 1 m [m]
ab length-of a small building element for the laboratory measurement of Dp g |ab [m]
liw length of a small building element in the field situation [m]
L, average sound pressure level in the source room [dB re 20 pPa]
L average sound pressure level on the outside surface of a fagade [dB re 20 pPa]
Lin average sound pressure level of the incident sound field [dB re 20 pPa]
Liom average sound pressure level at 2 m in front of a fagade [dB re 20 uPa]
Legis average equivalent sound pressure level on the outside surface of a facade [dB re 20 uPa]
L, average sound pressure level in the receiving room [dB re 20 puPa]

(to be continued)
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Table A.1 (conc lude d)

Symbol Physical quantity Unit
eq2 average equivalent sound pressure level in the receiving room [dB re 20 pPa]
L, average sound pressure level in the receiving room, normalized to Ag [dB re 20 uPa]
L2’nT average sound pressure level in the receiving room, normalized to Tg [dB re 20 uPa]
m number of flanking elements or number of sealed gaps or joints between parts [-]
n number of elements in a fagade or parts of an element [-]
n, Rber-ef-smalt-building-elements —
R sound reduction index of an element in accordance with EN ISO 140-3 [dB]
R’ hpparent sound reduction index of a fagcade for diffuse incident sound [dB]
R hpparent sound reduction index of a fagade for sound incident from an angle of 45° [dB]
Ris hpparent sound reduction index of a fagade for traffic noise [dB]
R sound reduction index for element i of the facade [dB]
RJ sound reduction index for composing part j of an element of a fagade [dB]
R« sound reduction index of sealed gap or joint k between parts of a facade, pepunit length [dB]
R veighted apparent sound reduction index of a facade for sound incidént/from an angle of 45° in | [dB]
hccordance with EN ISO 717-1
Riw veighted apparent sound reduction index of a fagade for traffié.nogise in accordance with [dB]
EN ISO 717-1
otal area of the facade as seen from the inside [m?]
S hrea of an element i of the fagade [m?]
S hrea of a part j of an element i [m?]
Sopen prea of the opening in an air inlet [m?]
T everberation time in the receiving room [s]
T, eference reverberation time; for«wellings given as 0,5 s [s]
\Y olume of the receiving room [m3]
A sound power incident on'a fest specimen in the source room W]
W, sound power radiatédyfrom a test specimen into the receiving room due to incident sound on (W]
hat specimen in the source room
w ndex to indicate*weighted sound reduction indices in accordance with EN ISO 717-1 [-]
X,Y,r listances of-a small element to reflecting planes [m]
AL, acade'shape level difference [dB]
AD,, eddsction-af-the-element-normalizedtevel-difference-due-to-the-vicinity-efreflesting-planes {dB]
Toi sound power ratio of radiated sound power by a fagade element i due to direct transmission of |[ -]
incident sound on this element, relative to incident sound power on the total facade
T sound power ratio of radiated sound power by a fagade or flanking element f in the receiving [-1]
room due to flanking transmission, relative to incident sound power on the total fagade
10 © 1SO 2005 — Al rights reserved



https://standardsiso.com/api/?name=617f4d6637fd371b770c739aac2bd531

ISO 15712

Annex B
(informative)

Determination of transmission by elements from composing parts

B.1 So

und power ratio for composed element

-3:2005(E)

If no data are available on the acoustic performance of an element as applied, the sound power.r

element

For typig
reductior
Such adj

Another
relative 3
which of
sound re
Neglectir

sound p
estimate

Te

where

NOTE

may be estimated globally from acoustic data on parts of that element.

al elements, like a specific type of window, this could be done by applying adjustments td
ustments should be based on the results of general research of the considered’effects.
Approach is to use the sound reduction index of each part that forms the-element, taking into
rea of the parts. In this respect the sealing of joints and gaps between_ parts forms a special
en has to be taken into account. For this part the acoustic performance can best be expre
duction index per unit length, taking into account the actual length.

g the interaction which can be present in the sound transmission with combined small el

pwer ratio for an element composed of several parts j and“sealings k between the parts ig
] in accordance with :

Zsj 1010, lg Zm:| 10-Rex/10
'3 S &

is the sound reduction index of part j of the element, in decibels ;
is the area of a part j of the'element, in square metres ;
is the sound reduction-index of sealed gap or joint k per unit length, in decibels ;

is the length of 'sealed gap or joint k, in metres, with |o = 1 m as reference ;

is the number of parts composing the element ;

is thesnumber of sealed gaps or joints between parts.

atio for that

the sound

index of the main part, i.e. the glazing, to take into account the influence of window frame and sealing.

account the
type of part
5sed as the

ements, the
then to be

(B.1)

ThIS is not to be used to state the acoustlc performance of elements composed of several parts. It cal

used to e
reduction

In B.2 so

In B.3 so

index of an element.

me information is given about the sound reduction index of typical parts of facade elements.

me information is given about the sound reduction index of (sealed) gaps and joints.
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B.2 Sound reduction index of composing parts of facade elements

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.2.1 Glazing

The sound reduction index of glazing presented here is deduced from measurement results taking into account the
spread in results for nominally identical elements and can thus be considered as being on the safe side. These
values can be used in cases when no other information is available and serve as an indication of what is typical for

some types-ofproduscts-
The sound|reduction index is given in octave bands with the single number rating calculated in aceerdance with
EN ISO 717-1. The data represent the average result minus a standard deviation of approximately.1,dB to[2 dB.
Table B.1 - Examples of the sound reduction index of glazing
Glazing Sound reduction index (dB)
type
125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4Kk Hz Rw (GCy)
dH
Single ppnes (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;-3)
10 23 26 32 31 32 39 33 (-2;-3)
12 27 29 31 32 38 47 34 (Q;-2)
Laminated panes (mm) + plastic laminate (0,5-1) mm
6+ 20 23 29 34 32 38 32 (-1;-3)
8+ 20 25 32 35 34 42 33(-1;-3)
10+ 24 26 33 33 35 44 34 (-1;-3)
Double pane units with single or laminatéd-panes (mm) ; air filled cavity from (6-16) mm
4-(6-16)}4 21 17 25 35 37 31 29 (-1;-4)
6-(6-16)t4 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-(6-14)-6 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)F10+ 24 25 33 39 40 49 37 (-1;-5)
NOTE 1L_This selection and the values are in accordance with prEN 12758-1, The single number ratings are defluced
from results in 1/3-octave bands and therefore single number ratings deduced from the given octave band data might
result in values which differ 1 dB at the most.
NOTE 2 Though it is known that for a given double pane unit the sound reduction increases with increasing cavity
width, this effect has been found to be too small to take into account here for air filled cavities in the light of the inherent
spread in results for nominally identical units.

To determine the sound reduction index for a glazed window with these data, the sound transmission through the
window frame and through the sealing is to be taken into account.

For a large group of glazing, say Ry less than 37 dB, the sound transmission through the window frame can be
ignored, if the area of the element is taken as that of the glazing plus frame.

12
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B.2.2 Doors

To determine the sound reduction index for a door, the sound transmission through the door leaves, the glazing - if
present - , the door frame and through the sealing is to be taken into account.

The sound reduction index of door leaves or door leaves with frame is to be related to the area of the considered
construction. The most practical method to determine it, is from measurements on complete doors with perfect
sealing of the gaps and joints between parts. It will often be sufficient to deduce in this way values for some
common types of doors, since for specific situations and constructions the predictions should be based on
measurement results for the complete element.

B.2.3 Window frames

The sound reduction index of window frames is to be related to the area of the frame. The most‘practical method to
determing it, is from measurements on complete windows with perfect sealing of the gaps and joints befween parts,
where the transmission by the glazing is either subtracted by calculation or blocked during,the measpirements. It
will often| be sufficient to deduce in this way values for some common types of window, frames, since| for specific
situation$ and constructions the predictions should be based on measurement results.for the complete g¢lement.

B.3 Quality of sealing of gaps and joints

The qualjty of the sealing of gaps and joints between elements and pafts can be expressed in the sound reduction
index Rg|per unit length of the gap. A standardized measurement“method to determine this quantity is not yet
availablel. It can be developed on the basis of sound insulation measurements in accordance with EN I$O 140-3 or
EN 2014p-10, specifying the mounting method and evaluation.of\the results. The most practical way is to deduce
this sound reduction index from measurements on a typicakelement with gaps and/or joints, with pnd without
additiond| sealing of the considered gaps and joints.
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Annex C
(informative)

Influence of fagade shape

The effect of the exterior shape of facades can be both positive (less sound transmission) and negative (more
sound transmission). The positive effect is due to shielding or partial shielding of the facade plane by balconies or
other objects. The negative effect is due to extra reflections and a sound field that could be considered to be

reverberan
basis of th

Alfg is defi

of the facal
accuracy a

Algs =
where

I—1,2m

Lis

Examples ¢

the shape
incoming sq

The shape

have closed fences, i.e no substantial opening-in-the fence, the fence is indicated on the cross-section

not. The ab
as <0,3;(
a reflecting
the height
results in th

given geometry shows reasonable accordance with measured effects (field tests, scale-mepdel

ed as the difference in sound pressure level of the incoming sound field and the sound“on th

e plus 6 dB, thus being 0 dB for a reflecting, plane facade. It can be measured with re|
cording to :

Liom—Lis+3 dB

is the average sound pressure level at 2 m in front of the (shapé&d) fagcade, in decibels ;

is the average sound pressure level on the outside surface, of the fagade plane, including the
effect of that plane, in decibels.

f the level difference due to the facade shape, ALssare presented in Figure C.2. The value de
pf the facade, the absorption of the underside~of any balcony and on the general directi
und.

of the facade is indicated by a vertical-cross-section through the gallery, balcony or terrace]

Sorption is indicated by the weighted sound absorption coefficient a,, in accordance with EN |9
,6 or > 0,9. The effect for intermediate values can be deduced by interpolation ; oy > 0,9 appl

bf the line of sight from the source at the facade plane; the relevant source position is the o
e lowest height (see Eigure C.1).

ts on the
tests).

e surface
asonable

(C.1)

reflecting

pends on
bn of the

. If these
btherwise
O 11654

es also if

surface above the considered facade is absent. The direction of the incoming sound is characterised by

ne which
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Key

1 Absojption

2 Heig}lt of line of sight
3 Facade plane

4 Soungl source

Figure C.1 - lllustration of relevant parameters for the facade shape level difference

The datg in Figure C.2 represent a weighted average over frequency. The values can be used as a fifst estimate
for frequency bands also ; in that case the data under-estimate the effect for higher frequencies for| differences
larger than 3 dB. Some illustrations of the frequency dependence in octave bands are given in Figure Q.3.
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NOTE

Al 1 plane facade 2 gallery 3 gallery 4 gallery 5 gallery
dB
absorption roof does not apply <0,3 0,6 >0,9 <0,3 0,6 >0,9 <0,3 | 0,6 >0,9 <0,3 0,6 >0,9
(ow) P
line-gf-sight
on facade : 0 -1 -1 0 -1 -1 0 0 0 1 does not apply
<1,9m
(1,5-,5) m 0 does not apply -1 0 2 0 & 3
>2,5Mm 0 1 1 2 2 2 3 3 4 6

6 balcony 7 balcony 8 balcony 9 terrace

open fence closed fence

absoyption roof <0,3 0,6 [>0,9 |<0,3 | 0,6 >0,9 <0,3 | 0,6 >0,9 <0,3| 0,6 >0,9 <0,3 0,6 >0,9
(ow) P
line-gf-sight
on fgdcade : -1 -1 0 0 0 1 1 1 2 1 1 1 3 3 3
<1,5|m
(1,5-R,5rm -1 1 3 0 2 4 1 1 2 3 4 5 5 6 7
>2,5m 1 2 3 2 3 4 1 1 2 4 4 5 6 6 7

source orientations are indicated by the height of the line of sight on the fagade ; see Figure C.1.

16

The different fagcade shapes are indicated by a vertical cross-section with the outside to the left and the sound

Figure C.2 - Facade shape level difference for different facade shapes and sound source orientations
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20 -
— 0pen gallery low
15 4 open balcony low
— e open terrace low
m 10
K=
3 5] .
0 J%
-
125 250 500 1000 2000 4000
frequency (Hz)
20 closed gallery high
closed balcony high _—
15 | == =—closed terrace high - -
_____ open terrace high |~
™ >l
%/ 10 e e —— w— _:—__ ___________ ——_
3 51
— \
0 1 L L I
-5
125 250 500 1000 2000 4000
frequency (Hz)
NOTE The legends refer to figure C.2 \\.open gallery’ =3, ‘closed gallery’=4, ‘open balcony'=6, ‘closed balcgny’=7, ‘open
terrace’=9 with an open fence ; ‘low’ means‘the line-of-sight < 1,5m and 'high' means the line-of-sight >2,5m.
Figure 4.3 - lllustrations of thefrequency dependence of the facade shape level difference in octave bahds
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Annex D
(informative)

Sound reduction index of elements

The sound reduction index of facade elements is determined by measurements in accordance with EN ISO 140-1,
EN ISO 140-3 and EN 20140-10. In this annex some indication is given about the application of data from such
measurements or other sources.

D.1 Build

For window
glazing and
sealing for
different se

For doors t
of the gapsg
the field ap
For homog

Lightweight
normally ne

D.2 Sma

These facg
present ger

For unsilen
with negligi

Dn,e

where

Snpen

ing elements

s the sound reduction index is determined by the glazing, the frame, the mounting meth
the sealing of joints and gaps. Especially with openable windows care should e taken that th

hling should be taken into account; see annex B.
e sound reduction index is determined by the construction of the daorpanel, the frame and th
. Care should be taken that the applied sealing for the laboratory(measurements is represer]
blication. Otherwise the effect of a different sealing should be takeh into account; see annex B.
eneous structures some information on the sound redugtion index is given in prEN 1235

panels, roofs and hollow brick walls can show a large.variety in construction details, whic
cessary to rely on specific data.

| elements

eralized data.

is the area of the opening, in square metres.

NOTE

lower element'normalized level difference in certain frequency bands than according to this equation.

Vith"small openings resonances can occur, determined by the effective depth of the element, which r

bd of the
e applied
the laboratory measurements is representative for the field application., @therwise the effect of a

e sealing
tative for

1-1:1999.
N make it

de elements like air inlets show a large Vvariety in construction details, which make it impgssible to

(D.1)

Ced air inlets, like openings or louvres, a global indication is given by treating the element as af opening
ple sound reduction. This results in an element normalized level difference of :
SO en
-101g —~
g 10

psults in a

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 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 Ity :

|
Dn,e,situ = Dn,e,lab -10Ig ng or Dpesity = Dpejap —101g —

This is only

18

situ

lab

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

(D.2)
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The element normalized level difference will be influenced by the position of the element in the facade with respect
to side walls and ceilings, both inside and outside. If this position is fixed in normal use the laboratory mounting will
be fixed accordingly, so the data are directly applicable. If for more general cases the laboratory data are without
these influences, they can be estimated from the geometry of the situation.

The effect on the element normalized level difference (ADp, ¢ follows from :

1+075SMZ%X)+075gdz%y)+oyssm@kM?] (D.3)
2ky X 2kyy 2kor

ADme=10@[

where
X [is the distance to a plane in the x-direction, in metres ;

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

r |is the distance to the corner :w/X2 + y2 , In metres ;

ko lis the wave number, kg = 2 nf / co.

For an element the results according to this equation have to be averaged over frequency within the| considered
band width and over the open area of the element.

The resuting element normalized level difference for a corner position follows from :

D =D AD (D.4)

n,efcorner nefree ne
For octaye bands and two types of elements the resulting effects are illustrated in Figure D.1 (two-plane corner)
and D.2 (three-plane corner). If a corner position oceurs at both sides of the fagade (inside and outside), the effects

according to these figures shall be added.

The element normalized level difference in situ can be affected by the direction of the incident soung in a more
specific way than the other type of facade elements. Especially with ventilation openings there has shpwn to be a
tendency of lower values at angle were\the sound is directed into the opening. This could amount to feduction of
1 dB to 3 dB.
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(o3}

Figure D.1

x=0,1 m
— 'X=0,2 m
= ™ x=0,3m
4 = ==x=0,5m
— —X>:1,5m
m
S
g 2 N \
@) N
< NN
O y -
N g
=2
125 250 500 1000 2000 4000
frequency (Hz)

X

Key

1 element

Effect on Dnpe of nearness of\reflecting side walls or ceilings (interior or exterior), relative to
position without reflecting side walls; 'small element near two-plane corner, gap element near two- or

three-plane corner
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N

125 250 500 1000 2000 4000
frequency (Hz)

0,2m

Key

1 element

Figure’D.2 - As Figure D.1 for small element near three-plane corner
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