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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.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15712-1 was prepared by CEN/TC 126, Acoustic properties of building products and of buildings (as
EN 12354-1:2000), and was adopted without modification by Technical Committee ISO/TC 43, Acoustics,
Subcommittee SC 2, Building acoustics.

Throughout the text of this document, read "...this European Standard..." to mean "...this International
Standard...".

© I1SO 2005 — All rights reserved Vv
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Building acoustics — Estimation of acoustic performance of
buildings from the performance of elements —

Part 1:
Airborne sound insulation between rooms

1 Scope

This document describes calculation models designed to estimate the airborne sound insulation between rooms in
buildings, primarily using measured data which characterize direct or indirect flanking transmission by the
participating building elements and theoretically derived methods of sound propagation in structural elements.

A detailed model is described for calculation in frequency bands ; the single number rating can be determined from
the calculation results. A simplified model with a restricted field of application is deduced from this, calculating
directly the single number rating, using the single number ratings of the elements.

This document describes the principles of the calculation scheme, 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 calculation models described use the most general approach for engineering purposes, with a clear link to
measurable quantities that specify, the performance ofibuilding elementsy Therknown limitations of these calculation
models are described in this'document.” Usérs should, however, be aware that other calculation models also exist,
each with their own applicability and restrictions,

The models are based on experience with predictions for dwellings ; they could also be used for other types of
buildings provided the construction systems and’ dimensions’ of elements 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.

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 140-4, Acoustics - Measurement of sound insulation in buildings and of building elements - Part 4 : Field
measurements of airborne sound insulation between rooms (ISO 140-4:1998).

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

prEN ISO 10848-1, Acoustics - Laboratory measurement of the flanking transmission of airborne and impact noise
between adjoining rooms — Part 1 : Frame document (ISO/DIS 10848-1:1998).

© 1SO 2005 — All rights reserved 1
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3 Relevant quantities

3.1 Quantities to express building performance

The sound insulation between rooms in accordance with EN ISO 140-4 can be expressed in terms of several
related 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 Ry, Dy wor (Dptw+ C).

3.1.1 Apparent sound reduction index R’

Minus ten times the common logarithm of the ratio of the total sound power W;q; transmitted into the receiving room
to the sound power Wy which is incident on a separating element. This ratio is denoted by t'.

R'=-10Ig7" dB (@H)
where
7'= Wt /Wy

In general the total sound power transmitted into the receiving room consists of the power radiated by the
separating element, the flanking elements and other components.

The index R'it is normally determined|from measurements according to :
1 SS
R =L, -L,+10lg— dB 2
A

where
L1 is the average sound pressure level in the source room, in decibels ;
L, isthe average sound pressure level in the receiving room, in decibels ;
A is the equivalent sound absorption area in the receiving room, in square metres ;

S, is the area of the separating element, in square metres.

3.1.2 Standardized level difference  Dpt

The difference in the space and time average sound pressure levels produced in two rooms by one or more sound
sources in one of them, corresponding to a reference value of the reverberation time in the receiving room.

T
D,r =L, -L, t10lg— dB 3)
TO
where
T is the reverberation time in the receiving room, in seconds ;

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

2 © 1SO 2005 — Al rights reserved
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3.1.3 Normalized level difference Dy

The difference in the space and time average sound pressure levels produced in two rooms by one or more sound
sources in one of them, corresponding to the reference equivalent sound absorption area in the receiving room.

A
D,=L,-L,-10lg— dB @)

n

where

A, is the reference absorption area given as 10 m?2.

3.1.4 Relation between quantities

The level differences are related to the apparent sound reduction index as follows :

. A, , 10
D,=R+10lg— =R +10lg — dB (5 a))
S S
. 0,16 V . 0,32V
D, =R +101g =R +101g dB (5 b))
TOSS S
where

V is the volume of the receiving roomsin‘cubic ‘metres.

It is sufficient to estimate one of these quantitiestin ordér-to’deduce the other ones. In this document the apparent
sound reduction index R isichosenlasithelprime quantityto,/be estimated:

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

bands. 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 Ry(C ; Cy).

3.2.1 Sound reductionindex 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 :

— Wl
R=10lg— dB (6)
2

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

3.2.2 Sound reduction index improvement AR

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

Annex D gives information on the determination and the use of this quantity.

© 1SO 2005 — All rights reserved 3
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3.2.3 Element normalized level difference Dy ¢
The difference in the space and time average sound pressure level produced in two rooms by a source in one,

where sound transmission is only due to a small building element (e.g. transfer air devices, electrical cable ducts,
transit sealing systems). Dy, ¢ is normalized to the reference equivalent sound absorption area (Ap) in the receiving

room ; A, = 10 m2.
A
D,.=L,-L,-10lg— dB (7)
: A,
where
A is the equivalent sound absorption area in the receiving room, in square metres.

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

3.2.4 Normalized level difference for indirect airborne transmission Dn s
The difference in the space and time average sound pressure level produced in two rooms by a source in one of

them. Transmission is only considered to occur through a specified path between the rooms (e.g. ventilation
systems, corridors). Dy, 5 is normalized to the reference equivalent sound absorption area (Ay) in the receiving

room ; A, = 10 m2.
D.=L-L -10lg-~ d8 ®)
ns 1" L2 " 9—
Ao

The subscript s indicates the type of transmission system considered.
This quantity is to be determined with'a' measurement method which ‘is'comparable'to EN 20140-10.

NOTE Dedicated measurement methods for specific systems should be prepared by CEN/TC 126 or CEN/TC 211 (see
annex F).

3.2.5 Flanking normalized level difference  Dp¢
The difference in the space and time average sound pressure level produced in two rooms by a source in one of

them. Transmission is only considered to occur through a specified flanking path between the rooms (e.g.
suspended ceiling, access floor, facade). Dy, ¢ is normalized to the reference equivalent sound absorption area (Ao)

in the receiving room ; Ay = 10 m.
D =L-L,-10lg-~ dB 9)
nf— k1" k2" _
Ao

This quantity is to be determined according to prEN 1SO 10848-1.

NOTE For suspended ceilings EN 20140-9 is available, where the subscript 'c' is used instead of the more general 'f'. For
access floors a standard is in preparation : prEN ISO 140-11 (see annex F).

4 © 1SO 2005 — Al rights reserved
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3.2.6 Vibration reduction index  Kj

This quantity is related to the vibrational power transmission over a junction between structural elements,
normalized in order to make it an invariant quantity. It is determined by normalizing the direction-averaged velocity
level difference over the junction, to the junction length and the equivalent sound absorption length, if relevant, of
both elements in accordance with the following equation :

D..+D

Ky=—2—"1 L1019 i e (10)
g a;
where
Dy is the velocity level difference between element i and j, when element i is excited, in decibels ;
Dy ji is the velocity level difference between element j and i, when element j is excited, in decibels ;
|ij is the common length of the junction between elementi and j, in metres ;
g is the equivalent absorption length of element i, in metres ;
8 is the equivalent absorption length of element j, in metres.

The equivalent absorption length is given by :

g - 221°S [ fy

(11)
c, Tg f
where
Ts is the structural revérberationtime'of'thé ‘elementi‘orj;'in’seconds’;
S is the area of element i or j, in square metres ;
f is the centre band frequency, in Hertz ;
fref is the reference frequency; fres = 1 000 Hz ;
Co is the speed of sound in air, in metres per second.

NOTE 1 The equivalent absorption length is the length of a fictional totally absorbing edge of an element if its critical
frequency is assumed to be 1 000 Hz, giving the same loss as the total losses of the element in a given situation.

The quantity Kjj is to be determined in accordance with prEN I1SO 10848-1.

NOTE 2  For the time being values for this quantity can be taken from annex E or be deduced from available data on the
junction velocity level difference according to annex E.

3.2.7 Other element data

For the calculations additional information on the element can be necessary, e.g. :
— mass per unit area m, in kilograms per square metre ;

— type of element ;

— material ;

— type of junction.

© 1SO 2005 — All rights reserved 5
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3.3 Other terms and quantities

3.3.1 Direct transmission

Transmission due only to sound incident on a separating element and directly radiated from it (structure-borne) or
transmitted through parts of it (airborne) such as slits, air moving devices or louvres.

3.3.2 Indirect transmission
Transmission of sound from a source room to a receiving room, through transmission paths other than the direct

transmission path. It can be divided into airborne transmission and structure-borne transmission. The latter is called
flanking transmission.

3.3.3 Indirect airborne transmission

Indirect transmission of sound energy via an airborne transmission path mainly, e.g. ventilation systems,
suspended ceilings and corridors

3.3.4 Indirect structure-borne transmission (flanking transmission)

Transmission of sound energy from a source room to a receiving room via structural (vibrational) paths in the
construction mainly, e.g. walls, floors, ceilings.

3.3.5 Direction-averaged junction velocity level difference Dy

The average of the junction velocity level difference from elementito j and elementjtoi:

___  D..+D

A v, ji

O
I
o
vs)

(12)

A

3.3.6 Flanking sound reduction index  R;

Minus ten times the common logarithm of the flanking transmission factor tj;, which is the ratio of the sound power
Wj; radiated from a flanking construction j in the receiving room due to incident sound on construction i in the
source room to the sound power W; which is incident on a reference area in the source room. The area of the
separating element is chosen as the reference area.

RJ- =-10 Ig‘rij dB (13)
where

5 =W /'Wy
NOTE The area of the separating element is chosen as the reference since then the contribution of each transmission path

to the total transmission is directly indicated, which is not the case with other choices.

6 © 1SO 2005 — Al rights reserved



ISO 15712-1:2005(E)

4 Calculation models

4.1 General principles

The sound power in the receiving room is due to sound radiated by the separating structural elements and the
flanking structural elements in that room and by the relevant direct and indirect airborne sound transmission. The
total transmission factor can be divided into transmission factors, related to each element in the receiving room and
the elements and systems involved in the direct and indirect airborne transmission :

R=-101Igt dB (14)

k
T =14 +Zn:rf +ire +2rs
f=I e=| s=|

where the indices d, f, e and s refer to the different contributions to the sound transmission illustrated in Figure 1
and where

1" is the sound power ratio of total radiated sound power in the receiving room relative to incident sound
power on the common part of the separating element ;

14 is the sound power ratio of radiated sound power by the common part of the separating element relative to

incident sound power on the common part of the separating element. It includes the paths Dd and Fd
shown in Figure 2 ;

1¢ is the sound power ratio-of,radiated,soundypewer by a flanokingielement'f/in the receiving room relative to

incident sound power on the common part of the separating element. It includes paths Ff and Df shown in
Figure 2 ;

Te IS the sound power ratio of radiated sound, power in the receiving room by an element in the separating
element due to direct airborne. transmission of incident-sound on this, element, relative to incident sound
power on the common part of the separating element ;

15 is the sound power ratio of radiated sound power in the receiving room by a system s due to indirect
airborne transmission of incident sound on this transmission system, relative to incident sound power on
the common part of the separating element ;

n is the number of flanking elements ; normally n = 4, but it can be smaller or larger ;

m is the number of elements with direct airborne transmission ;

k is the number of systems with indirect airborne transmission.

Figure 1 — lllustration of the different contributions to the total sound transmission to a room : d - radiated
directly from the separating element, f1 and f2 — radiated from flanking elements, e — radiated from
components mounted in the separating element, s — indirect transmission

© 1SO 2005 — All rights reserved 7
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The sound radiated by a structural element can be considered to be the sum of structure-borne sound transmission
through several paths. Each path can be identified by the element i on which the sound is incident in the source
room and the radiating element j in the receiving room. The paths for a flanking element and the separating
element are shown in Figure 2, where in the source room the elements i are designated by F for the flanking
element and D for the separating element and in the receiving room the elements j are designated by f for a
flanking element and d for the separating element.

Ff

Od

Fd

Figure 2 — Definition of sound transmisson paths ij between two rooms

The main assumptions with this approach are that the transmission paths described can be considered to be
independent and that the sound and vibrational fields behave statistically. Within these restrictions this approach is
quite general, in principle allowing for,various;types, of, structurab elements,; i.e..monalithic elements, cavity walls,
lightweight double leaf walls, and different positioning-of the -two, rooms. However, the available possibilities to
describe the transmission by each path imposes restrictions in this respect. The model presented is therefore
restricted to adjacent rooms, while the type of elements is mainly restricted by the available information on the
vibration reduction index to monolithic and lightweight double elements. Some indications are given in 4.2.4 for the
application to other double elements such as cavity walls.

The transmission factor for the separating element consists of contributions from the direct transmission and n
flanking transmission paths.

n
Td:TDd+ZTFd (15)
1

The transmission factor for each of the flanking elements f in the receiving room consists of contributions from 2
flanking transmission paths.

Ty =Tpr + g (16)

The transmission factors for these structure-borne transmission paths are related to the sound reduction index for
direct transmission (Rpg) and the flanking sound reduction index (Rj) as follows :

_ -Ro /10
Tpg =10 7™

17)

“R. /10
7, =10 "

8 © 1SO 2005 — Al rights reserved
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The transmission factors for the direct and indirect airborne transmission are related to the element normalized
level difference (Dp, ¢ and the normalized level difference for indirect airborne transmission (D, J as follows :

7, = i 10 Dre 110
SS
(18)
Tg = A 1o Psl10
SS
where

S, is the area of the separating element, in square metres ;
A, isthe reference equivalent sound absorption area, in square metres.

The detailed model calculates the building performance in frequency bands, based on acoustic data for the building
elements in frequency bands (one-third octave bands or octave bands). As a minimum the calculation has to be
performed for octave bands from 125 Hz to 2 000 Hz or for 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 ISO 717-1.

NOTE The calculations can be extended to higher or lower frequencies if element data are available for these frequencies.
However, especially for the lower frequencies no information is available at this time on the accuracy of calculations for these
extended frequency regions.

The detailed model deals with both( the Zstfucture-borne transnission and the direct and indirect airborne
transmission. Since these transmission paths can be considered as independent they are treated separately. The
calculation of the structure-borne transmission. is. described in section 4.2. The direct and indirect airborne
transmission is described in section 4.3.

The simplified model calculates the building performance as a single number rating, based on the single number

ratings of the performance of the elements involved. The simplified model considers only the structure-borne
transmission and is described in section 4.4.

4.2 Detailed model for structure-borne transmission
4.2.1 |Inputdata

The transmission for each of the paths can be determined from :
— sound reduction index of separating element : Rg;

— sound reduction index for element i in source room : R ;

— sound reduction index for element j in receiving room : R ;

— sound reduction index improvement by additional layers for separating element in the source room and/or in
the receiving room : ARy, ARy ;

— sound reduction index improvement by additional layers for element i in the source room and/or element j in
the receiving room : AR, AR, ;

— structural reverberation time for an element in the laboratory : T ap;
— vibration reduction index for each transmission path from element i to elementj : K; ;

— area of separating element : S;
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