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National foreword

This British Standard is the official English language version of EN 12354-3:2000.

The UK participation in its preparation was entrusted by Technical Committee
B/209, General building codes, to Subcommittee B/209/18, Sound insulation, which
has the responsibility to:

— aid enquirers to understand the text;

— present to the responsible European committee any enquiries on the
interpretation, or proposals for change, and keep the UK interests informed;

— monitor related international and European developments and promulgate
them in the UK.

A list of organizations represented on this subcommittee can be obtained on request
to its secretary.

Cross-references

The British Standards which implement international or European publications
referred to in this document may be found in the BSI Standards Catalogue under the
section entitled “International Standards Correspondence Index”, or by using the
“Find” facility of the BSI Standards Electronic Catalogue.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the EN title page,
pages 2 to 30, an inside back cover and a back cover.

The BSI copyright notice displayed in this document indicates when the document
was last issued.

This British Standard, having Amendments issued since publication
been prepared under the
direction of the Sector Amd. No. Date Comments

Committee for Building and Civil
Engineering was published under
the authority of the Standards
Committee and comes into effect
on 15 July 2000
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Foreword

This European Standard has been prepared by Technical Committee CEN/TC 126, Acoustic properties of
building products and of buildings, the Secretariat of which is held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of an identical text
or by endorsement, at the latest by September 2000, and conflicting national standards shall be withdrawn at the
latest by September 2000.

It is the first version of this standard which forms a part of a series of standards specifying calculation models in
building acoustics:

- Part 1: Building acoustics — Estimation of acoustic performance of buildings from the performance of elements —
Part 1: Airborne sound insulation between rooms.

- Part 2: Building acoustics — Estimation of acoustic performance of buildings from the performance of elements —
Part 2: Impact sound insulation between rooms.

- Part 3: Building acoustics — Estimation of acoustic performance of buildings from the performance of elements —
Part 3: Airborne sound insulation against outdoor sound.

- Part 4: Building acoustics — Estimation of acoustic performance of buildings from the performance of elements —
Part 4: Transmission of indoor sound to the outside.

- Part 5: Building acoustics — Estimation of acoustic performance of buildings from the performance of elements —
Part 5: Noise from technical installations and equipment.

- Part 6: Building acoustics — Estimation of acoustic performance of buildings from the performance of elements —
Part 6: Sound absorption in enclosed spaces.

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 user in the mean
time, indications of the accuracy have been given, based on earlier comparisons with comparable prediction
models. It is the responsibility of the user (i.e. a person, an organization, the authorities) to address the
consequences of the accuracy, inherent for all measurement and prediction methods, by specifying requirements
for the input data and/or applying a safety margin to the results or applying some other correction.

Annex A (normative) forms an integral part of this part of EN 12354; annexes B, C, D, E and F are informative.
According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Czech Republic, Denmark, Finland,

France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom.
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1 Scope

This European Standard specifies a calculation model to estimate the sound insulation or the sound pressure
level difference of a fagcade or other external surface of a building. The calculation is based on the sound
reduction index of the different elements from which the fagade is constructed and it includes direct and flanking
transmission. The calculation gives results which correspond approximately to the results from field
measurements according to EN ISO 140-5. Calculations can be carried out for frequency bands or for single
number ratings.

The calculation results can be used also for calculating the indoor sound pressure level due to, for instance, road
traffic; this use is treated in the informative annex D.

This document describes the principles of the calculation model, lists the relevant quantities and defines its
applications and restrictions. It is intended for acoustical experts and provides the framework for the development
of application documents and tools for other users in the field of building construction, taking into account local
circumstances.

The model is based on experience with predictions for dwellings; it can also be used for other types of buildings
provided the dimensions of constructions are not too different from those in dwellings.

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any of these publications apply to this
European Standard only when incorporated in it by amendment or revision. For undated references the latest
edition of the publication referred to applies (including amendments).

EN 12354-1:2000, Building acoustics — Estimation of acoustic performance of buildings from the performance of
elements — Part 1: Airborne sound insulation between rooms.

EN 20140-10, Acoustics — Measurement of sound insulation in buildings and of building elements — Part 10:
Laboratory measurement of airborne sound insulation of small building elements (ISO 140-10:1991).

EN ISO 140-1, Acoustics — Measurement of sound insulation in buildings and of building elements — Part 1:
Requirements for laboratory test facilities with suppressed flanking transmission (ISO 140-1:1997).

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

EN ISO 140-5, Acoustics — Measurement of sound insulation in buildings and of building elements — Part 5: Field
measurements of airborne sound insulation of fagade elements and fagades (ISO 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 SO 11654, Acoustics — Sound absorbers for use in buildings — Rating of sound absorption
(ISO 11654:1997).

3 Relevant quantities

3.1 Quantities to express building performance

The sound insulation of fagades in accordance with EN ISO 140-5 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 EN ISO 717-1, for instance R'y,

D1s2mnT,w Or (R" + Cy). Documents
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3.1.1  Apparent sound reduction index R'45°

Airborne sound insulation of a building element when the sound source is a loudspeaker and the angle of
incidence is 45°. This apparent sound reduction index is evaluated from:

' S
R g =Lys— L, +101g =15 dB (1)

where

Lis is the average sound pressure level on the outside surface of the building element including the
reflecting effects from the facade, in decibels;

Lo is the average sound pressure level in the receiving room, in decibels;
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'tr,s

Airborne sound insulation of a building element when the sound source is traffic noise. This apparent sound
reduction index is evaluated from:

/ S
Rtr,s = Leq,1,s — Leq,2 + 10 |g Z -3 dB (2)

where

Leq1,s is the average equivalent sound pressure level on the outside surface of the building element
including the reflecting effects from the facade, in decibels;

Leq,2 is the average equivalent sound pressure level in the receiving room, in decibels.

3.1.3 Standardized 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:

.
Domnt =L12m — Lp +101g T dB .

where

L12m is the average sound pressure level at 2 m in front of the fagade, in decibels;

T is the reverberation time in the receiving room, in seconds;
Lo 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. Dir2m nT Or D1s 2mnT-
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3.1.4 Normalized level difference Dom n

The difference between the outdoor sound pressure level at 2 m in front of the fagade and the sound pressure
level in the receiving room, corresponding to a reference value of absorption area. The normalized level
difference is evaluated from:

A
Domn =L1pm — L, —101g—dB (4)
Ao
where
Ao is the reference equivalent sound absorption area, in square metres, for dwellings given as 10 m>.

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 1s respectively, i.e. Dy 2m n Or D1s 2m n.

3.1.5 Relations between quantities

The two sound reduction indices, R'45- and R’y s, tend to give results with a systematic difference over a large
frequency range. The apparent sound reduction index R'4se, both for the single number rating and for the lower
frequencies, gives results which are 0 dB to 2 dB higher than the results for R'trs. R'trs gives values which are

comparable to those measured under laboratory conditions. These differences will be taken into account in the
calculation model.

The two sound level differences, Dom nT and Dom n, are directly related to each other:

Domn = Dopnt —101g 0,16 =Dspnt —101g 0,32V dB (5)
' ' ToAo '
where
74 is the volume of the receiving room, in cubic metres.

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 DomnT 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. So:

Dtr,2m,nT ~ D1s,2m,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 well. In relevant cases a single number rating for the element performance can be obtained from this, in
accordance with EN ISO 717-1, for instance Rw(C;Ctr) and Dn ¢ w(C;Ctr).
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3.2.1 Sound reduction index R

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

R=101g " 4B @)
W,

This quantity is to be determined in accordance with EN ISO 140-3.

3.2.2 Element normalized level difference Dy e
The difference in the space and time average sound pressure level produced in two rooms by a source in one

room, where sound transmission is only due to a small building element (e.g. transfer air devices). Dp¢ is
normalized to an equivalent sound absorption area (Ao) in the receiving room; As= 10 m?

Dpo =Ly —L, —101g-2- dB ®)
il AO

This quantity is to be determined in accordance with EN 20140-10.

3.2.3 Other relevant data

For the calculations additional information on constructions could be necessary, e.g.:
— the shape of the fagade;

— sealing type and quality for gaps and connections;

— total fagade area.

3.3 Other terms and quantities

Sound reduction index of fagade for diffuse incident sound field R’

Sound reduction index of the fagade 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 quantities for
the building performance can be obtained.

NOTE In some countries the building performance is not expressed in one of the measurable quantities, but in this
quantity R'.

Facade shape level difference ALss

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

ALfs = L1,in _L1,S +6 dB (9)
where

L1jn  is the average sound pressure level at the position of the fagade plane, without the fagade being
present, in decibels;

L1s is the average sound pressure level on the outside surface of the actual fagade plane, in decibels.

NOTE Information on the fagade shape level difference and the method to determine its values is given in annex C.
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4 Calculation models

4.1 General principles

By facade is understood the whole outer surface of a room. The fagcade 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 proven assumption that the transmission for a diffuse incident
sound field is sufficiently representative for these varying types of exterior sound fields. Therefore the apparent
sound reduction index of the fagade for diffuse incident sound is calculated, from which all other quantities are
deduced.

The apparent sound reduction index R’ of the fagade for diffuse incident sound is calculated by adding the sound
power directly transmitted by each of the elements and the sound power transmitted by flanking transmission:

R’=—1OIg(ire,i+§rdeB (10)

i=1 f=1

where
Teii is the 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;
i 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 to incident sound power on the total fagade;
n is the number of fagade elements for direct transmission;
m is the number of flanking fagade elements.

NOTE 1 The sound power ratio 7e indicates directly the contribution of the element to the total sound transmission; for this
purpose Rp = -10Ig e could be designated as the partial sound reduction index.

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

For direct transmission the sound power ratio ze can be determined for each fagade element directly from the
acoustic data on that element, 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 annex B. The choice depends on regulations and the available acoustic data.

For flanking transmission the sound power ratio zr can be determined according to 4.3.

The apparent sound reduction index of the facade is determined from:
Ris =R'+1dB (1)
Rizs = 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 fagades 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.
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The standardized level difference of a fagade depends on the sound reduction index of the fagade as seen from
the inside, the influence of the outside shape of the fagade, like balconies, and the room dimensions. It follows

from:
Dot =R+ AL +101g v dB (13)
’ 6 ToS
where
74 is the volume of the receiving room, in cubic metres;
S is the total area of the fagcade as seen from the inside (i.e. the sum of the area of all facade

elements), in square metres;
ALt is the level difference due to fagade shape, in decibels.
NOTE 4  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 fagade shape is given in annex C.

The model can be used to calculate the building performance in frequency bands, based on acoustic data for the
building elements in frequency bands (one-third octave bands or octave bands). The calculation is to be
performed at least for the octave bands from 125 Hz to 2 000 Hz or for the one-third octave bands from
100 Hz to 3 150 Hz. From these results the single number rating for the building performance can be deduced in
accordance with EN I1ISO 717-1.

NOTE 5 The calculations can be extended to higher or lower frequencies if acoustic data are available for such a larger
frequency range. However, especially for the lower frequencies, no information is currently available on the accuracy of
calculations for these frequency bands.

The model can also be used to calculate directly the single number rating for the building performance, based on
the single number ratings of the elements involved. It concerns the weighting in accordance with EN ISO 717-1.
The resulting estimate of the building performance is given in the same type of single number rating as is used
for the building elements, i.e. using Ry and Dp e w for elements results in R'45¢ \ for the facade; using (Rw + Ctr)
and (Dnew *+ Ci) for elements results in (Dom ntw + Ctr) for the fagade. These spectrum adaptation terms refer to
the frequency range covered by the octave bands from 125 Hz to 2 000 Hz or the one-third octave bands from
100 Hz to 3 150 Hz. If a larger frequency range is to be considered the appropriate spectrum adaptation term for
such, a larger frequency range should be used.

NOTE 6 For convenience the sums with the spectrum adaptation term for buildings can be denoted by one symbol, for
instance R'w + Cr = R'atr and Do2m nT,w + Ctr = D2m,nT Atr

NOTE 7  The energetic summation involved in the model is exact for (Ry + Ctr) and a reasonable approximation for Ry.

4.2 Determination of direct transmission from acoustic data on elements

All elements of the facade shall be included in the calculation. The sound power ratio is calculated according to
the following, where the distinction between small and other elements is in accordance with EN 20140-10.
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