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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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adopted by
Internationg

Attention is
rights. ISO

ISO 15712
EN 12354-4
Subcommit

Throughout
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sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting. Publication“\as
| Standard requires approval by at least 75 % of the member bodies casting a vote.

drawn to the possibility that some of the elements of this document may be the subject of ps
5hall not be held responsible for identifying any or all such patent rights.

1 was prepared by CEN/TC 126, Acoustic properties of building products“and of buildings
:2000), and was adopted without modification by Technical Commitiee/ISO/TC 43, Acous
ee SC 2, Building acoustics.
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ing acoustics — Estimation of acoustic performance of

buildings from the performance of elements —

Part 4:
Transmission of indoor sound to the outside

1 Scope

This European Standard describes a calculation model for the sound power level radiated by the envelope of a
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building
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building
building
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publicatipn referred to applies (including amendments).
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Part 3 : 1
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EN 201
Part 10 :

EN ISO
pressure

pe—to-airberre-seund-nside-that-bullding—primariy-by-means-of-measured-seund-pressure
ng and measured data which characterize the sound transmission by the relevant elementsvai
Iding envelope. These sound power levels, together with those of other sound sources imor ir
envelope, form the basis for the calculation of the sound pressure level at a chosen dists

hs a measure for the acoustic performance of buildings.

iction of the inside sound pressure level from knowledge of the indoor sound sGurces is outsid
ropean Standard.

iction of the outdoor sound propagation is outside the scope of this Eurepean Standard.

For simple propagation conditions an approach is given for the estimation.ef the sound pressure level

bpean Standard describes the principles of the calculation model, lists the relevant quantities
Cations and restrictions. It is intended for acoustical <experts and provides the framew
nent of application documents and tools for other usets.in the field of building construction
ocal circumstances.

mative references

ppean Standard incorporates by dated or-undated reference, provisions from other publicat
b references are cited at the appropriate places in the text and the publications are listed hg
erences, subsequent amendments toor revisions of any of these publications apply to thi
only when incorporated in it by améndment or revision. For undated references the latest e

140-3, Acoustics — Measurement of sound insulation in buildings and of building
aboratory measurements. of airborne sound insulation of building elements (ISO 140-3:1995).

1 40-5, Acoustics — MeasSurement of sound insulation in buildings and of building elements — R
Iments of airborne’sound insulation of facade elements and facades (ISO 140-5:1998).

10-10, Acoustics — Measurement of sound insulation in buildings and of building
Laboratory tmeasurement of airborne sound insulation of small building elements (ISO 140-10:

7235, Acoustics — Measurement procedures for ducted silencers - Insertion loss, flow nois
loss (1SO 7235:1991).
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3 Relevant quantities

The sym

bols used for the purposes of this European Standard are given in annex A.

3.1 Quantities to express building performance

311 S

ound power level L

w

The sound power level of a substitute point sound source.

3.1.2 Directivity correction

D¢

The deviation in decibels of the sound pressure level of a point sound source in a specified direction from the level

of an om

©IS

ni-directional point source producing the same sound power level.
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3.2 Quantities to express element performance

3.2.1 Sou

nd reduction index R

The sound reduction index of an element for direct sound transmission as defined and determined according to
EN ISO 140-3 or EN 1SO 140-5.

3.2.2 Element normalized level difference

Dnee

The normalized level difference of a small building element as defined and determined according to EN 20140-10.

3.2.3 Insdg

The reducti
the duct in

NOTE For €

3.2.4 Oth
For the cald

the shg

areas.
3.3 Othe

3.3.1 Sou
The sound
building an
requiremen

The sound

3.3.2 Totd

The level d
building en
ground effe]

rtion loss D (of an element)

pn in sound power level at a given location behind the element due to the insertion of the ele
place of a hard-walled duct section as defined and determined according to EN IS©)7235.

lements where this standard does not apply equivalent methods should be used.
br relevant data
ulations additional information on constructions could be necessary,.e.g. :

pe of the building envelope ;

r terms and quantities

nd pressure level L,

pressure level at a specified reception;point outside a building, due to the sound produced i
l by sources associated with the building as normally determined by measurements accordin
(s (specifying relevant positions, integration period and source conditions).

bressure level is normally A-weighted.

|| attenuation due toprepagation Ay
fference betweenythe radiated sound power and the sound pressure at a position at distance @

Ct, screening, etc.

3.3.3 Diffiisivity\term Cgy

ment into

nside the
g to local

from the

velope, due to~the total of all propagation effects, such as geometrical divergence, air alpsorption,

The level d

ffclcllbc lUﬂvau\,ll L;IC bUUIId PIressuic iUVUi dal Tm |19 2 LLL fIUIII l;IC illbidc fd.l,c Uf L;IC IUiCVcU

element and the intensity level of the incident sound perpendicular to that element.

NOTE

between 0 dB and - 6 dB.

3.34

Inside sound pressure level

I—p,in

building

For a diffuse field and reflecting walls the diffusivity term is Cyq = - 6 dB ; for other situations it can have a value

The sound pressure level inside the building, 1 m to 2 m from the considered element or segment of the building

envelope.

NOTE

In the case of a diffuse sound field this corresponds to the average sound pressure level in the diffuse sound field.

© I1SO 2005 — Al rights reserved
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3.3.5 Substitute point source
A point source for which the radiated sound is the same as that of a segment of the building envelope.

NOTE  The segment may be composed of one or more building elements or of one or more openings.

4 Calculation model

4.1 General principles

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

— the $ound radiated by the elements of the building envelope due to the sound pressure level inside|;
— the $ound radiated by individual sound sources, fixed in or onto the outside of the building\
— the gutdoor sound propagation (effects of distance, air absorption, ground effect, screening, reflectipns etc.).

The sound radiation by the building envelope may be represented by the radiationmof one or more subjstitute point
sources.|Each point source can represent the contribution of a segment of the)building envelope o a group of
individual sound sources. The number of point sources required to adequatély represent a building depends upon
the distgnce of each reception point from the building and the variation“in propagation effects. Nprmally, the
building €nvelope is represented by at least one point source for each sidg, i.e. walls and the roof, but dften several
point soyrces are required for each side.

The sound pressure level at a reception point outside the building is determined from the contributipns of each
substitut¢ point source according to :

Lp F Lw + D¢ — Aot (1)
where

Ly is the sound pressure level at-areception point outside the building due to the sound rddiation of a
substitute point source, in decibels ;

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

D. is the directivity cortection for the substitute point sources in the direction of the receptfon point, in
decibels ;

At is the total attenuation that occurs during sound propagation from the substitute point sgurce to the

receptiop-point, in decibels.

The calculation_model described in this standard is restricted to the calculation of the sound power |level of the
substitut¢ point sources for the building elements and openings in the building envelope from data on :

— the inside sound pressure level ;

— the elements which form the building envelope.

The model will also give indications of the directivity correction that can be expected for various types of elements.
The inside sound pressure level will normally be the equivalent sound pressure level over a specified period
according to the relevant requirements. However, other types of levels can also be used, for instance the maximum
level. The calculation of the inside sound pressure level is outside the scope of this European standard.

The calculation of the contribution of individual sound sources is outside the scope of this European standard.

The total attenuation A,; due to propagation effects, necessary for the prediction of the sound pressure level at the
reception point, can be estimated according to available methods for outdoor propagation, based on a point source
approach. The calculation of these propagation effects is outside the scope of this European standard.

© 1SO 2005 — All rights reserved 3
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One such method is given in ISO 9613-2, where the total attenuation is indicated as A. The total attenuation follows

from the addition of the attenuation due to various propagation effects, such as geometrical divergence, air absorption, ground
effect, screening etc.

However, for simple propagation conditions an approach is given for the estimation of the sound pressure level in

annex E.

4.2 Determination of substitute point sound sources

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

plane

small Quilding elements with an area of typically less than 1 m2, such as grids and openings ;

larger

To calculat
sound sour|
substitute p

the so
segme

the dig
segme

for the
for the

If one or m|
these cond

Unless othg

at half the
centroid of

4.3 Dete
For each sd
sound
sound

elemer

diators, such as structural elements of the building envelope, i.e. walls, roof, windows, doors,

penings, area typically 1 m2 or more, i.e. large ventilation openings, open doors, opetwindow:
e the sound propagation outside the building each element can be represented by a substi
ce. However, the building may also be divided into larger segments whichyaté each represe
oint sound source. For the segmentation the following rules apply :

Ind propagation to the nearest reception points of interest (Ao is the same for all elem
nt ;

tance to the nearest reception point of interest is larger_than twice the largest dimensid
Nt ;

elements in a segment the same inside sound pressuré level is applicable ;
elements in a segment the same directivity is applicable.

ore of these conditions is not fulfilled, choose different segments for instance smaller segmg
tions are met.

rwise specified in the propagation\model, the point source representing a vertical segment is g

width of the segment and 2/3sthe height of the segment; for all other segments the position
he segment.

Fmination of the sound power level for a substitute point source
gment the sound-power level is determined from the following input data :
bressure levelinside : Ly ;

reduction index of large building element i of the building envelope : R ;

t hermalized level difference of small elementi : Dy.;:

including
5.

ute point
ted by a

ents of a

n of the

ents, until

ositioned
is at the

insertion loss of silencing element for opening i : D; ;

area of building element or opening i : S,

© I1SO 2005 — Al rights reserved
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For a segment of structural elements of the building envelope the sound power level for the substitute point
source is determined by :

L, = Ly, + Gy —R+10 |gsi )

(o]
where

Loin  isthe sound pressure level at 1 m to 2 m from the inside of the segment, in decibels ;

Cq is-the-diffusivity-termtertheinside sound-feldatthe segmentin-decibels—
R' is the apparent sound reduction index for the segment, in decibels ;

S is the area of the segment, in square metres ;

S is the reference area, in square metres ; S =1 m2.

The apparent sound reduction index for the segment follows from the data on the Composing elements i|by :

R 5-10Ig ii 10 R0, nin 2o 1 g7Pne10 3)
i=1 S i=m+1
where
R is the sound reduction index of element i, in decibels ;
S is the area of element i, in square metres;

Dne} is the element normalized sound leveldifference for a small element i, in decibels ;

A, is the reference absorption area,in square metres; A, = 10 m®;
m is the number of large elements of the segment ;
n is the number of small_ elements of the segment.

Informatipn on the inside sound pressure level and diffusivity of the sound field is given in annex B, based on the
type of epclosed space and.internal conditions for the elements of the building envelope.

NOTE 1 | In the case»of an ideal diffuse sound field and non-absorbing elements Cy = - 6 dB; for industrial|l spaces and
segments|which areinon-absorbing at the inside a value of Cy= - 5 dB is generally more appropriate.

NOTE 2 | The contribution of structure-borne sound to the sound radiation is not incorporated into the model. It ¢ould roughly
be incorpgrated through an adjusted sound reduction index ; some indications are given in annex C.

Information on the sound reduction index to be used is given in annex C.

© 1SO 2005 — All rights reserved 5
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For a segment of openings

the sound power level for the substitute point source is determined by :

0
- S -D/10
L, = vam +C, +10lg E ElO

where
S
S
Di

(0]

i=1

is the area of opening i, in square metres ;

(4)

is the area of the segment being the total area of the openings in that segment, in square metres ;

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

is the number of openings of the segment.

The calculation of the sound power level is performed in frequency bands, based on acousti¢c\data for the

in frequenc
bands from

NOTE 3

frequency rg

calculations.

NOTE 4

R

125 Hz to 2 000 Hz or for the one-third octave bands from 100 Hz to 3150 Hz.

he calculations can be extended to higher or lower frequencies if acoustic data are available for s
nge. However, especially for the lower frequencies no information is cugrently available on the accur

For rough indications it could be sufficient to apply the model directlyto"A-weighted levels and single num

of the perforinance of building elements according to EN ISO 717-1. Guidelines.for this are given in annex F.

4.4 Dete

The directiy

rmination of the directivity correction for a substitute point source

ity correction D, contains the inherent directivity Of the radiating elements and openings as giv

elements

y bands (one-third octave bands or octave bands). The calculation is performied at least for the octave

Lich larger
acy of the

Der ratings

en by the

directivity index D,. It can also contain the effect of the vicinity of hard surfaces (reflection and screening)| as given
by the solidlangle index Dq,.
For a specific direction the directivity correction-issdetermined from :
4
D, =0, + D, =D, +10 lg—= (5)
Q
where
Q2 is the solid angle into-which radiation occurs, in steradians.
Whether or not the solid angle index is included in the directivity correction depends on the propagatipn model
used. Whef reflections on the ground and other surfaces are taken into account by image sources, the s¢lid angle
index Dg = 0 dB.>However, when the reflecting surfaces are the building envelope itself, it is recommended to
include the| effect of these surfaces in the solid angle index. In giving the directivity correction the vallie of the
included solid anglp index is therefore ta he stated r‘Ipany
Information on the directivity correction is given in annex D.
4.5 Limitations

Although large, homogeneous building elements, for instance a complete side wall, can have specific radiation
patterns, favouring certain directions ; these effects are not taken into account in the model.

The possible contribution of structure-borne sound by machinery in the building is not included in the model,
although an approximate approach is indicated in annex C.

© I1SO 2005 — Al rights reserved
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5 Accuracy

The accuracy of prediction of the model 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, the type of quantity to be
predicted and the workmanship. 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.

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 for situations where good workmanship can be assumed.

© 1SO 2005 — All rights reserved 7
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Annex A
(normative)

List of symbols

Table A.1 — List of symbols

Symbol Physical quantity Unit
A reference absorption area; A, = 10 m* m?
Aot total attenuation due to the outside sound propagation from a point source dB
A'tot,j estimated 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 speed of sound in air (~ 340 m/s) m/s
D¢ directivity correction for a substitute point source dB
D, directivity index of a substitute point source dB
D, solid angle index of a substitute point source dB
Dn,e,i [element normalized sound level difference for a small element i dB
D; insertion loss for a silencing element for opening i dB
d distance from the centre of a side of the building to<the reception point m
d, perpendicular distance from the reception pointito a side m
d, reference distance; d, =1 m m
f frequency Hz
h;, h, [ vertical distances to the two bordersef'a side from the projection of the reception point m
on the side
i index for element or opening«far a segment of the building -
j index for a segment or side-ef the building -
I1,l2 horizontal distances to the two borders of a side from the projection of the reception m
point on the side
Lod sound pressure-level at a reception point at distance d at the outside the building dB rle 20 pPa
Lpin  fsound presstite level at 1 m to 2 m from the inside of a segment or side dB e 20 pPa
Lw sound_power level of a substitute point sound source dBfre 1 pW
m number of large elements of segment or side j -
n number of small elements of segment or side | -
o] number of openings of segment or side j -
R sound reduction index of element i dB
R apparent sound reduction index for a segment or side dB
S area of element or opening i m?
S area of a segment or side m?
S reference area; S, = 1 m’ m’
¢ angle between the orientation of a substitute point sound source and the direction from °
this source to the reception
0 solid angle into which radiation occurs sr

© I1SO 2005 — Al 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 level at a
distance of 1 m to 2 m from the interior of the building envelope. It is considered as input data for the model
described in this European standard. This level could be based on measurements in the actual situation,

dels or ray-

the inside

measurements-in-similar-situations-or r\nlr\nlnfinnc, for instance h\Jl nmpirir\nl mndolc' imngn source - m
tracing models.
The diffysivity term  Cy is influenced by the amount of diffusivity of the interior sound field and
absorptign of the considered segment of the building envelope. Indications of its value for different roonps are given
in Table B.1.
Table B.1 — Indication of the diffusivity term for different rooms, based on a generaldescription of the
spaces and local surface properties of the inside of the building ‘envelope
Situation Cy
dB
Relatively small, uniformly shaped rooms (diffuse field) ; in ffont of reflecting surface -6
Relatively small, uniformly shaped rooms (diffuse field):in front of absorbing -3
surface
Large flat or long halls, many sources (average ifdustrial building) ; in front of -5
reflecting surface
Industrial building, few dominating directional sources ; in front of reflecting surface -3
Industrial building, few dominating directional sources ; in front of absorbing surface 0

© I1SO 2005 — All rights reserved
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Annex C
(informative)

Sound reduction index

The sound reduction index of elements can be obtained from laboratory measurements according to EN 1SO 140-3
or EN 20140-10 and field measurements according to EN ISO 140-5. Some information on the sound reduction
index according to these standards is also given in EN 12354-1 and EN 12354-3.

However, tiLe dimensions of the elements and the mounting methods are generally quite different fromithose used

for laborata
the laboratd
parts is no
small oper
measureme
measuremse
segment in
considered

Direct excit
the building

accordanceg

nts. For these reasons it is strongly recommended to apply data based ‘on represent
nts. If laboratory data are used it is recommended to limit the resulting sqund reduction in

htion of the building structures by internal sources causes structure-borne sound transmissio

. 1)
with the relevant clauses of EN 12354-5 .

ry measurements. This can give rise to large deviations between the acoustic data forcelements from
ry and the apparent values in the actual situation. Moreover, the sound reduction index of composed
mally limited by the sound transmission through connections between elements, sealing of|slits and
ings. This transmission is difficult to predict and normally not well represented by Ilaboratory

tive field
Hex for a

each frequency band to a practical maximum, relevant for the type of constructions and the| situation

h through

which could contribute to the sound radiation. Estimations_of‘this contribution can be performed in

1) In course of preparation.
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Annex D
(informative)

Directivity of sound radiation

D.1 Plane radiator

Large h
overall if
practical
essentia
In practic
on averal

D.2 Op

Opening
varies b
towards

If an opsd
surfaces
to which
through

directivity

mogeneous constructions snhow a directuonality 1or frequencies above (he Critical trequen

pe as D, = 0 dB for radiation angles between 0° and 90° relative to the normal on'thé plane.

enings

he front can be even more pronounced.

the effect of these planes can be incorporated in the’directivity correction by considering the
radiation is restricted. If the opening is at large distance from a plane, i.e. at the end of a dug

index of the opening, the plane being treatedas a reflecting object in the propagation model.

y, resulting

a higher sound radiation parallel to the plane than perpendicular. However, due to inhOmfogenities in
constructions and leakages this is normally not very important. Large plane constructions radiate sound
y only into a half sphere, so the solid angle into which radiation occurs is 2 = 2 n leading to p.= + 3 dB.
e the directivity correction in front of a plane varies between D.= + 5 dB and D. 5+ 5 dB. It may be taken

5 show in general a radiation pattern with predominance towards the front. The directivity index roughly
tween D, = + 2 dB and D, = -10 dB. If the opening is silenced (absorbing muffler, lined ducts) the radiation

ning is positioned in a plane or at short distance (less than one wavelength) from one or moye reflecting

solid angle
t protruding

the plane, the radiation will be in all directionS*and the directivity correction should conthin just the

©IS

O 2005 — 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 the result of
the array calculation under certain restriction, leading directly to the outside sound pressure level as radiated by a
side of the building. This applies to situations where :

the sar
the dis
the dis
no con
NO SCr§
the gro

The distang
large enoug
from radiati
the other si

It is assum
sound pow
divergence
point sourc
considered
of the build
simplified n

By assumir
of a side of
ground bet
estimated b

The resultin

p=1

ne inside sound pressure level applies for the whole relevant part of the side of the building-,
ance to the reception point is relatively short ;

ance to the reception point from large openings is large compared to their dimensioris ;
ribution from individual sound sources is considered ;

ening exists between the building envelope and the reception point ;

und surface is mainly hard.

e to the side of the building may be small compared to the dimensions of the building but sh
h for substantial meteorological effects (approximately dless than 100 m) or for substantial con
bn by other building sides. This last assumption normajly*holds true as long as the sound powsg
e of the building is not substantially larger than that©f the considered side.

ed that the considered side of the building eavelope radiates uniformly over the area, givin
br level. By representing the side by severaltidentical point sources, the attenuation due to ge
of the envelope as a whole can then be ‘ebtained from the attenuation by geometrical diverge
b, by summation over all these point seurces taking a density of point sources which is sufficie
distance. Together with the radiatien\of the side of the building into a quarter sphere formed by
ing itself and the hard ground, .this' gives one expression for the total attenuation, indicate
odel as the estimated total atteénuation A'y:.

g radiation into a quarter.sphere, leading to a contribution to the directivity correction of + 6 d
the building, the resulting sound pressure levels are normally on the safe side. In the cases V
veen the building and reception point is essentially absorbing, the sound pressure level will

y at most a few decibels.
g sound pressure at a reception point in front of a side of the building follows from :
b Ig [10 tw,e/10 | jgtwio } — Aoy

all not be
tributions
r level of

g a total
lometrical
nce for a
nt for the
the side
0 for this

B in front
vhere the
be over-

(E.1)

where
I—W,e

I—W,o

'
A tot

is the sound power level for the whole side of the building envelope, in decibels ;

is the sound power level for the (group of ) openings in the side of the building, in decibels ;

is the estimated total attenuation for the simplified propagation for the side of the building, due to

geometrical divergence, directivity and ground effect, in decibels.

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.

12
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For reception points in front of the considered side of the building the estimated total attenuation follows from (see

Figure E.1) :

Ao =—101g S { tart—L ¢ tanll—z}{ tan 'Y 4 tanlﬁ} (E.2)

nS d. L Ik i

where

d, is the perpendicular distance from the reception point to the plane of the side in metres ;

S s thearea of theside of theboitding;, T sguare etres

S is the reference area, in square metres; §=1 m?;

1,1, are the horizontal distances to the two borders of the side from the projection ef the reception point on

the side, in metres ;
h;,h{  are the vertical distances to the two borders of the side from the projection of the receptfon point on
the side, in metres.

NOTE 1 | In deducing this equation from the radiation of point sources an approxitmation has been used for lajge distances
compared with the dimensions of the radiating side. However, for shorter distances this leads to values which have been shown
to be morg realistic than making a correct deduction; this is due to the actual diregtivity of a radiating side.
NOTE 2 | For a reception point in front of the centre of the side (d =d,, ;=\, by = hy) the relation simplifies to :

Ao E—-101g % tan* % tan* 2H_d (E.2a)
where

L [|is the width (=21:=212);

H |the height of the radiating area in metres ; (S=L H).
NOTE 3 | At a distance that is larger than the largest dimension of the side the attenuation term becomes simply

Aot | —101g 502 (E.2b)

nd

where

d [is the distance to the centre of the plane in metres.

© 1SO 2005 — All rights reserved 13
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hy

h,

Key

1
2

Building
Receptid

Figure E
If the projeg
taken positi
The sound

openings a

Since the gttenuation term is independent of frequency, the calculations can also be performed directly f

weighted s¢
NOTE 4 |

that this dist
neglect the d

Lp,dzlm

This relation
measureme

side

1

tion of the recePtion point is outside the radiating area S the smallest | and/or h is to be taken
i.e. the coresponding tan"-term is to be subtracted from the other, otherwise both distances | and/or h
ve.

pressure level at a distance significantly less than the dimensions of the side, can differ locally
calculated average level if the sound reduction indices of the composite parts differ significantly or the di
nd sources is too small.

h the case of a reception point at very short distance, e. g. at 1 m, from a part of the building envelope,
Ance is also small compared to the height above the ground, the relations (2), (E2) and (E3), adjuste

n point

- lllustration of the geometric situation of a radiating side of-a-building and a reception point

und pressure level using the A-weighted sound power levels.

round reflection, simplify(to
= Lyn +Cy—R~+4

can be used \fo estimate the in-situ apparent sound reduction index of that part of the building envelopg]
ts.

negative,
are to be

from the

Stance to

or the A-

assuming
l so as to

(E.3)

from field
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Annex F
(informative)

Application of the model to single number ratings

F.1 General

In some Eases only the A-weighted sound pressure level Inside the pbuilding and the weighted performance of the
elementq forming the building envelope are known. The following guidelines can be applied incthoge cases to
determing a rough estimate of the A-weighted sound power levels as in 4.3.

F.2 Input data
The inpuf data to consider are the following :
— the A-weighted sound pressure level Lyain in dB(A) inside the building ;

— the eighted airborne sound insulation index R, and the spectrum, ‘@daptation terms C and C; gccording to
EN IISO 717-1 of the large elements of the building envelope ;

— the veighted element normalized level difference D, ., and the spectrum adaptation terms C and { according
to EN 1SO 717-1 of the small elements of the building enyélope.

F.3 Madel for single number ratings

The A-wgighted sound power level Ly, radiated-by a segment of structural elements of the building |envelope is
estimatefl in accordance with equation (2) by~

' S
LWA = LpA,in -6 - XAS+ 10 |g N\ (Fl)
S
where
Loai is the A-weighted sound pressure level at 1 m to 2 m from the inside of segment j, in decibels ;

X'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 ;
S is the reference area, in square metres; S =1 mZ.
NOTE In several countries X ,; is indicated as the apparent weighted sound reduction index R’s and X' 5, as the apparent

weighted sound reduction index R’ .

© 1SO 2005 — All rights reserved 15
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The characterization of the A-weighted sound level difference for the segment follows from the data on the
composing elements i by :

m m
X'ne=-10 Ig| 3 S 4o Rui+ /10, S Ho 19 (Pnew1+Csi)/10

where

Ry,i

i=1 i=1

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

Dn,e,w,i

$

S w

m

n

According tb EN I1SO 717-1 the spectrum s = 1 refers to A-weighted pink nhoise, the spectrum adaptation te

denoted as

A of EN ISQ 717-1:1996). The spectrum s = 2 refers to A-weighted*foead traffic noise, the spectrum adapts

being deno
and for disd

F.4 Limitations

Since the p
with an em
sound pow!
chosen fixe
for sound s

The interion

and low soyind absorption.

is the weighted element normalized level difference of a small element i, in decibels ;
is the spectrum adaptation term for spectrum s of element i, in decibels ;

is the area of element i, in square metres ;

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

is the number of large elements of the segment ;

is the number of small elements of the segment.

C; this spectrum is also relevant for factory noise with mainly medium and high frequency sour

ed as C, ; this spectrum is also relevant for factory ngise with mainly low and medium frequen
0 music.

rocedure for evaluating the single nutaber rating of sound reduction index assumes an interior
phasis on either the high frequencies or the lower frequencies, the accuracy of estimated A{

d spectrum according to EN~SO 717-1. The A-weighted sound power level can still be under
bectra with main componénts’at frequencies around and below about 250 Hz.

sound field should be)diffuse. This condition is fulfilled in enclosed spaces with relatively unifo

(F.2)

rm being
d (annex
tion term
cy sound

spectrum
weighted

br level depends on the agreement between the shapes of the actual interior sound spectrunp and the

pstimated

rm shape
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Annex G
(informative)

Calculation example

G.1 Situation

Given is g iNdustral buitding, width 60 m, fength 100 m, height IO m (See Figure G.1).

Side 1, 0 m x60 m : 100 mm light concrete with a large industrial door, 6 m x 4 m.
Side 2, 10 m x 100 m : 100 mm light concrete with glazing over the whole length ; height'1‘m, 4 mm plass, partly
openable.
Side 3, 10 m x 60 m : 100 mm light concrete with a small door, 1 m x 2 m.
Side 4, 0 m x 100 m :  as side 2, with silenced ventilation opening (gross 1ymx 4 m, net 32 %).
Side 5, 60 m x 100 m :  light weight metal roof, with 5 glazed light openings (2 m x 2 m) on the centre [ine.
Key
A Roof [side 5)
Figure G.1 - lllustration 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.
Table G.1 - Inside sound pressure level in octave bands
Octave bands (Hz)
63 125 250 500 1k 2k 4k 8k
Lpin dB re 20 pu Pa 70 74 76 72 70 67 62 57

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.

© I1SO 2005 — All rights reserved
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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 | 8k
100 mm light concrete RY 32 36 36 33 39 49 57 63
4 mm glass windows RY 15 19 23 25 | 25 | 25 | 25 | 25
Industrial door R? 21 23 28 30 | 30 | 30 | 30 | 30
Normal door R? 13 17 22 25 | 25 | 25 | 25¢}|25
Roof ¢onstruction R? 16 24 27 30 37 44 47 49
Roof glass elements R? 9 11 15 22 | 26 | 30430 |30
Ventilation silencers DY 0 4 11 13 10 8 8 5
1) Data from laboratory measurements.
2) Data from field measurements.
G.2 Resylts complete model
G.2.1 Sufstitute point sources
Minimum distance d = 50 m, thus maximum dimension segments@re as follows (see Figure G.2) :
— wall segment = 1/4 J2 d= 17,7 m, thus segments of 20°m x 20 m ;
— roof segment = 1/4 J2 (d + 30) = 28,3 m, thus segments of 20 m x 20 m ;
— Side 1} 3 substitute point sources; j = 1 with~door, j = 2 and 3 without door ;
— Side 2| 5 substitute point sources; js<=\I to 5, all identical ;
— Side 3| 3 substitute point sources; j = 1 with door, j = 2 and 3 without door ;
— Side 4| 6 substitute point.sources; j = 1 to 5 identical envelope segments, j = 6 for openings ;
— Side 5(: 15 substitute~point sources; j = 1 to 5 identical roof segments with light glass elements, j £ 6 to 15

identicalro0f segments without glass.

18

Figure G.2 - Illustration of the division in segments of the building
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