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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...".
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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 of building elements. The known limitations of these calculation
models are described in this document. Users 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'bf
buildings provided the construction systems and dimensions of elements are not too different from those: |n
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).

Annrc
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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, =L, -L, +10lg— dB 3)
T,

(o]
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 .
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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 (5a))
S S
: 0,16 V . 0,32V
D, =R +101g =R +101lg dB (5 b))
TOSS S
wher;e

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

It is sufficient to estimate one of these quantities in order to deduce the other ones. In this document the apparent
sound reduction index R' is chosen as the prime quantity to 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.

A 1O N"NnNnr- A
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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-~ dB ®)
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).

A .
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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 reverberation time of the element i or j, 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.

Annc 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 Dyjj

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

___  D..+D

A v, ji

D, = — " 4B (12)

v,ij

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.
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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 sound power by a flanking element 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

A 1O N"NnNnr- A
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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 structural elements, i.e. monolithic 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 "

© I1SO 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 structure-borne transmission and the direct and indirect airborne
transmission. Since these transmission paths can be considered as independent they are treated separately. The
calj[culation 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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— areaof elementiin source room : S;
— area of element j in receiving room : §;

— common coupling length between element i and element j as measured from surface to surface : I ;

NOTE If DnT or Dy is calculated, the area of the separating element serves as an arbitrary reference and could be taken as
10 m2 throughout the calculations.

The acoustic data on the elements involved should be taken primarily from standardized laboratory measurements.
However, they may also be deduced in other ways, using theoretical calculations, empirical estimations or
measurement results from field situations. Information on this is given in some annexes. The sources of the data
used, shall be clearly stated.

Information on the sound reduction index for homogeneous elements is given in annex B.

Information on the structural reverberation time for homogeneous elements is given in annex C.

Information on the sound reduction index improvement and flanking sound reduction index improvement is given in
annex D.

Information on the vibration reduction index for common junctions is given in annex E.

4.2.2 Transfer of input data to in-situ values

Acoustic data for the elements (structural elements, additional layers and junctions) have to be converted into
in-situ values before the actual determination of the sound transmission.

For the separating element and each of the flanking elements the in-situ value of the sound reduction index Rsjt,

follows from :
_ Ts,situ
Rjw =R-10lg — dB (19)
slab
where
Tssiw IS the structural reverberation time of the element in the actual field situation, in seconds ;
Tsiap  Is the structural reverberation time of the element in the laboratory, in seconds.

For direct transmission R shall include the forced transmission as included in laboratory measurements.

For each flanking transmission path the sound reduction index R of the involved elements (including the separating
element) should relate to the resonant transmission only. It is correct to apply the laboratory sound reduction index
above the critical frequency. Below the critical frequency this can be considered a reasonable estimation which errs
on the low side, due to non-resonant transmission. If the values of the sound reduction index are based on
calculations from material properties, it is best to consider only resonant transmission over the whole frequency
range of interest.

For the following building elements the structural reverberation time Ts gjy, Shall be taken as being equal to Tg jap
which leads to a correction term of O dB :

— lightweight, double leaf elements, such as timber framed or metal framed stud walls ;
— elements with an internal loss factor greater than 0,03 ;
— elements which are much lighter than the surrounding structural elements (by a factor of at least three) ;

— elements which are not firmly connected to the surrounding structural elements.
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Otherwise the structural reverberation time, both for the laboratory and for the actual field situation, is to be taken
into account; see annex C.

NOTE 1 As afirst approximation the correction terms for all types of elements can be taken as 0 dB.

For the additional layers the laboratory value can be used as an approximation for the in-situ value of the
improvement ARsjy,

ARy, = AR dB (20)

For each flanking transmission path the sound reduction index improvement AR of the involved elements (including
the separating element) should relate to the resonant transmission only. However, measurement methods to
determine this are not readily available and there is some evidence, to indicate that the improvement for direct
transmission is also reasonable, as an estimate for the improvement for flanking transmission too; see annex D.

For the junctions the in-situ transmission is characterized by the direction-averaged junction velocity level

. This follows from the vibration reduction index :

difference D, ; gy,

l

Dyjsiv = Kij =10lg ———====dB | D j 4, =0 dB (21)
A/ ,situ &, situ
with
- Z’Z”ZSi fref
& situ T f
Cols,i,situ
(22)
2
o 2,21 Si fref
aj,SItu f
CoTs,j,situ
where
3y IS the equivalent absorption length of element i in the actual field situation, in metres ;
q g IS the equivalent absorption length of element j in the actual field situation, in metres ;
f is the centre band frequency, in Hertz ;
fref is the reference frequency ; fef = 1 000 Hz ;
Co is the speed of sound in air, in metres per second ;
Iij is the coupling length of the common junction between elements i and j, in metres ;
S is the area of element i, in square metres ;
S is the area of element j, in square metres ;
Tsisitu 1S the structural reverberation time of element i in the actual field situation, in seconds ;
Tsjsitu Is the structural reverberation time of element  in the actual field situation, in seconds.
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For the following building elements the equivalent absorption length asjy, is taken as numerically equal to the area
of the element, so & ity = S/l, and/or g situ = q/lo, where the reference length |, =1 m :

— lightweight, double leaf elements, such as timber framed or metal framed stud walls ;

— elements with an internal loss factor greater than 0,03 ;

— elements which are much lighter than the surrounding structural elements (by a factor of at least three) ;
— elements which are not firmly connected to the surrounding structural elements.

Otherwise the structural reverberation time for the actual field situation has to be taken into account ; see annex C.

NOTE 2  As a first approximation the equivalent absorption length can be taken as 3 situ = S/, and & sity = §/l,, for all types
of elements with I, = 1 m. If in that case the vibration reduction index has a lower value than a minimum value Kij,minv that
minimum value is to be used. The minimum value is given by (ij = Ff, Fd or Df) :

1 1
kij, min = 10 Ig |:| i Io(g + glj] dB (23)
4.2.3 Determination of direct and flanking transmission in-situ

The sound reduction index for direct transmission is determined from the adjusted input value for the separating
element according to the following :

I%IJd = Rs,situ +ARD,situ + ARd,situ dB (24)

The flanking sound reduction index is determined from the adjusted input values according to the following, with
ij = Ff, Fdand Df :

:Rﬂm
2

&ﬂm

S
+ARjsjty + Dy jjsiu +10lg —= dB (25 a))

VS

NOTE 1 If as a first approximation the terms with the structural reverberation time are taken as 0 dB and the equivalent
absorption lengths are taken as g; iy, = § /|5 and a iy, = §/ | for all types of elements, equation (25 a)) can be written as :

Ri + AR gjpy +

_ RI Ri Ss
Rij—?+ARi+?+AR]—+K”+10Ig dB (25 b))

o'

NOTE 2  Equation (25 a)) is identical to the following equation :

S O i
ﬁ = |?,situ-l_ Al%,situ + ARj,situ-l_ Dv,ij,situ +10 lg gs +10 lg L dB (25 C))

i o j,situ

However, since the junction velocity level difference is not an invariant quantity and the radiation factors are often
not known, this relation is less suited for predictions. It could be used in existing field situations to estimate flanking
transmission if appropriate data (measured or estimated) on the junction velocity level difference D, ;; and the

radiation factors oj and oj for that field situation are available.

V,ij

NOTE 3  For certain building situations (combinations of lightweight elements or combinations of lightweight elements and
massive elements, e.g with suspended ceilings or lightweight facades) the flanking transmission is dominated by path Ff (the
contributions of path Df and Fd being negligible). Often that transmission also includes or is even dominated by indirect airborne
transmission paths. In that case it is feasible to characterize the flanking transmission for this construction as a whole by

laboratory measurements, expressed as Dy, ;, from which the flanking sound reduction index Rg¢ can be deduced ; see annex F.
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The sound transmission by the separating element and by the flanking elements can be calculated in accordance
with equations (15) and (16), applying the equations (17), (19) to (25) inclusive. The total sound transmission
(apparent sound reduction index) can be calculated with equation (14), using the results of section 4.3 if applicable.

4.2.4 Interpretation for several types of elements
— For flanking elements constructed of several parts the sound reduction index of the larger part directly

connected to the separating element should be taken into account. If complete discontinuities occur in the
element, such as doors or heavy cross elements, the parts behind these discontinuities can be neglected.

|
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Legend

1 Structure to consider
2 Side views
3 Vertical cross section

Figure 3
— If a flanking construction consists of more types of elements, each directly connected to the separating

element, each of these types has to be considered as a separate flanking element (in the illustration the
flanking element f consists of the two types a and b).

Legend

1 Side view

Figure 4

— For flanking elements not in a single plane, i.e. with bends or other shapes, the total area can be used, unless
the angles at the discontinuities are large such as those with 90-degree corners ; in such cases an effective
total area can be used, taking into account the vibration level difference at the discontinuity.

Annc 13
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Legend

1 Horizontal cross section

Figure 5

With additional layers such, as wall linings or floating floors, the sound reduction index and junction

transmission index relates to the basic structural element, the effect of the additional layer being taken into
account separately by AR.

AR

o "% %%

Figure 6

With additional external layers, such as lightweight external lining, which have negligible influence on the
behaviour of the basic structural element, the calculation should concern only the basic inner element. The

effect of the external lining or construction may be neglected or otherwise be taken into account through the
vibration reduction index.

Figure 7

With cavity flanking elements the calculation should concern primarily the inner element with the effect of the
external element taken into account through the vibration reduction index. This index can be based on

measurements in similar situations or be estimated by considering the various transmission paths contributing
to the vibration reduction index.
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— With cavity walls as a separating element the sound reduction index should include the effect of the
transmission from one leaf to the other via the connections around the perimeter of the element, if any.

-

Figure 9

— With split-level (i.e. stepped) or horizontally displaced (i.e staggered) rooms the continuation of the separating
construction should be treated as a flanking element, often the dominant one.

SNSRI
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Legend Legend
1 Horizontal cross section 2 Vertical cross section

Figure 10 Figure 11

— In the case of lightweight internal walls and large floor slabs between load-bearing walls, the transmission is
determined by the vibrations of the total floor area. In the limiting case of very light walls it is prefered to
estimate the direct and flanking transmission by the floor as a whole by :

Ba+of = R-101g9( Tot/ Tjan) —1019(Sec/Stot).

where

Sec is the total floor area in the receiving room and the subscript 'tot' refers to the total floor between the
load-bearing walls. This corresponds to applying the model for the relevant flanking path

with D =0 dB.

v, ij, situ
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Legend
1 Source room
2 Vertical cross section
3 Receiving room
Figure 12

4.2.5 Limitations

— The model can be used only for combinations of elements for which the vibration reduction index is known or
can be estimated from known values ;

— The model is only applicable for basic structural elements which have approximately the same radiation
characteristics for both sides ;

— With very large floors, floors with columns and lightweight internal walls, the floor of a room can no longer be
considered as an independent element, so the incorporation according to the model can only be considered a
rough estimate ;

— The contribution of secondary transmission paths involving more than one junction is neglected. This is partly
compensated by the values for the vibration reduction index as far as these are based on field measurements,
but could cause an underestimation of flanking transmission with homogeneous elements in other cases.
These secondary transmission paths may become important when additional layers are applied to a large part
of the elements ;

— The model only describes the transmission between adjacent rooms.
4.3 Detailed model for airborne transmission

4.3.1 Determination from measured direct transmission for small elements

The contribution can be directly determined from the element normalized level difference of the elements
considered, Dy ¢ through equations (18) and (14). In principle the element as applied should be identical to the
element for which data are available, so Dy, ¢ situ= Dn e

NOTE However, for some types of elements, like slits or transfer air devices, it may be feasible to extrapolate the acoustic
behavior of an element as applied in situ, from the element data on an equivalent element with for instance a different length. In
that case Dp g sitycould be deduced from Dn g by taking into account the different dimensions in an appropriate way.

LI~ :
Copyright International Organization for Standardization © ISO 2005 - A“ rlghts reserved
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 15712-1:2005(E)

4.3.2 Determination from measured total indirect transmission

No standardized methods of measurement are currently available to characterize the indirect airborne transmission
D, ; for transmission systems as a whole. While it is desirable to develop such methods for certain transmission

systems such as domestic ventilation systems, for many other indirect transmission systems it may be preferable to
base predictions on data for the separate elements of such systems (see 4.3.3).

For flanking constructions, the transmission is generally a combination of both airborne and structure-borne
transmission. However, the only standardized measurement method currently available to determine flanking
normalized level difference (D, ;) is for suspended ceilings, where the indirect airborne transmission path is usually

dominant and therefore its use in a prediction method is feasible ; see annex F.

No standardized method is currently available for other types of flanking constructions with dominant indirect
structure-borne transmission (see annex F).

4.3.3 Determination from measured transmission for the separate elements of a system

No calculation scheme is currently available to determine the normalized level difference Dy, s from knowledge and

acoustical data on the elements involved in the transmission, i.e. ventilation ducts, silencers, suspended ceilings,
corridor/hall, doors and doorgaps. Some proposals do however exist, which could form the basis for further
development of such schemes. For some situations information is given in annex F.

4.4 Simplified model for structure-borne transmission

4.4.1 Calculation procedure

The simplified version of the calculation model predicts the weighted apparent sound reduction index on the bases
of the weighted sound reduction indices of the elements involved. It concerns the weighting in accordance with
EN ISO 717-1. The model is given for the weighted sound reduction index, Ry, but can also be applied to the single

number rating with the spectrum adaptation term, i.e. R, + C. 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. R\, or (R, + C).

NOTE 1  For convenience the sums with the spectrum adaptation term can be denoted by one symbol, for instance
RIW +C= RIA and DnT'W+ C= DnT'A.

NOTE 2  The energetic summation involved in the model is exact for Ra and a reasonable approximation for Ryy.

The application of the simplified model is restricted to direct and flanking transmission with primarily homogeneous
elements. The influence of the structural damping of elements is taken into account in an average way, neglecting
the specifics of the situation. Each flanking element should be essentially the same on the source and receiving
side. If the values for the vibration reduction index depend on frequency, the value at 500 Hz may be taken as a
good approximation, but the result can then be less accurate.

For the simplified model the prediction equations (13), (14), (15) and (16) are re-written and the weighted apparent
sound reduction index between two rooms is determined from :

n n n i
R,=—101g [10 Bon 0431107 Fin B04 3 107 o 04 3 g 07 e ’10} dB 26)
F=f < f=I F=1

where
Rpgw  is the weighted sound reduction index for direct transmission, in decibels ;
Refw is the weighted flanking sound reduction index for the transmission path Ff, in decibels ;
Rorw  is the weighted flanking sound reduction index for the transmission path Df, in decibels ;

Rrgw  is the weighted flanking sound reduction index for the transmission path Fd, in decibels ;
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n: is the number of flanking elements in a room ; normally n=4, but it can be smaller or larger
‘ depending on the design and construction of the considered situation (see 4.2.4).

NOTE 3  For certain building situations (combinations of lightweight elements or combinations of lightweight elements and
massive elements, e.g with suspended ceilings or lightweight facades) the flanking transmission is dominated by path Ff and the
last two terms in (26) can be neglected for that flanking element.

NOTE 4  The contribution by one flanking element to the total flanking transmission can be evaluated by adding the
corresponding transmission via the paths Ff and Df ; the contribution of flanking transmission to the radiation by the separating
element can be evaluated by adding the transmission via the paths Fdfor all flanking elements.

For each transmission path the weighted sound reduction index is predicted from the input data on the elements
and junctions (see 4.4.2).

The weighted sound reduction index for direct transmission is determined from the input value for the separating
element according to the following :

I%d,w = &,W + ARDd,w dB (27)
where
Rs.w is the weighted sound reduction index of the separating element, in decibels ;

ARpqw is the total weighted sound reduction index improvement by additional lining on the source and/or
receiving side of the separating element, in decibels.

The weighted flanking sound reduction indices are determined from the input values according to the following :

+ S
RFf,W=M+ARFf,W+ Kg+101lg — dB
2 o'f
+ S
Requ = S Row ARegy+ Kpgt101g — dB (28a))
2 (NP
+ S
RDf'W=M+ARDf'W+ Ky +101g —— dB
2 (NP
where
Rew is the weighted sound reduction index of the flanking element F in the source room, in decibels ;
Rt w is the weighted sound reduction index of the flanking element f in the receiving room, in decibels ;

ARrsy is the total weighted sound reduction index improvement by additional lining on the source and/or
receiving side of the flanking element, in decibels ;

ARrgq s the total weighted sound reduction index improvement by additional lining on the flanking element
at the source side and/or separating element at the receiving side, in decibels ;

ARpfw Is the total weighted sound reduction index improvement by additional lining on the separating
element at the source side and/or flanking element at the receiving side, in decibels ;

Kgs is the vibration reduction index for transmission path Ff, in decibels ;
(=] is the vibration reduction index for transmission path Fd, in decibels ;
Kbt is the vibration reduction index for transmission path Df, in decibels ;
S is the area of the separating element, in square metres ;

© I1SO 2005 — Al rights reserved
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It is the common coupling length of the junction between separating element and the flanking
elements F and f, in metres ;

lo is the reference coupling length ; 1o =1 m.

NOTES5  According to equation (25c)) it follows for homogeneous building elements with a radiation factor of 1 that the
weighted flanking sound reduction index can be expressed as (ij = Ff, Fd or Df) :

S
Rw=Rw +AR;,+D +10lg — dB (28b))
: , : S

J

v, ij, situ

However, since the junction velocity level difference is not an invariant quantity this relation is less suited for predictions. It could
be used in existing field situations to estimate flanking transmission, if appropriate, measured or estimated, data on the junction
velocity level different D,, ;; for that field situation is available.

NOTE 6  For certain flanking constructions, like suspended ceilings, lightweight facades or walls, the transmission is
dominated by path Ff, so the contributions of path Df and Fd can be neglected. If that transmission is characterized by the
weighted flanking normalized level difference Dn,f‘Wthe following holds (see also annex F) :

R =D IIab Ss
Ftw = Dnrwt 1019 _I +101g _AD dB (28c))
f

For suspended ceilings this quantity is denoted as Dp ¢ wand l;;,=4,5 m.

This is only applicable if the dimensions considered are similar to those applied in the laboratory.

4.4.2 Input data

Acoustic data on the elements involved should be taken primarily from standardized laboratory measurements.
However, they may also be deduced in other ways, using theoretical calculations, empirical estimations or
measurement results from field situations. Information on this is given in some annexes. The sources of data used,
shall be clearly stated.

The input data consist of the following :

— the weighted sound reduction index of the elements : Rsw Rrw, Ry,

— Information on this for homogeneous elements is given in annex B ;
— the vibration reduction index for each junction and path : Kgs; Keg; Kpst ;

Information on this for common junctions is given in annex E. If the values are frequency dependent the value f
at 500 Hz is to be used in this simplified model. If the value is lower than a minimum value Kj min, that -

minimum value is to be taken. The minimum value is given by (ij = Ff, Fd or Df) :

1

1
T ]

If a flanking element has insignificant or no structural contact with the separating element, Kgs is to be taken

equal to this minimum value, while the transmission paths Fd and Df are to be neglected (i.e. by setting the Kj;
values very high) ;

— the total weighted sound reduction index improvement for the separating element : ARpq y ;

This value follows either directly from available results for the appropriate combination or is deduced from
results for each of the layers involved separately :

19
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one layer : ARy, =AR,,, or AR, dB

ARy, ARy, (30)
two layers : ARyy,, = ARy, +7' or :ARd’WJr 2' dB

In the case of two linings half the value is taken for the lining with the lower value ;
__ the total weighted sound reduction index improvement for each flanking path : ARgs v ; AREq w; ARDfw ;

These values follow either directly from available results for the appropriate combination or are deduced from
results for each of the layers involved separately (ij = Ff,Fd or Df) :

one layer : A I%’W :AR,W or AR],W dB

AR AR (31)
M oor = AR]w + —R"W dB
' 2

two layers :AR; , =AR,, +

In the case of two linings half the value is taken for the lining with the lower value.

Information on the weighted sound reduction index improvement is given in annex D.

4.4.3 Limitations
— the limitations for the detailed model also apply for the simplified model ;

— the simplified model applies mainly to dwellings where the dimensions of the elements are similar to those in
the test facility. Deviations from this may result in less accurate results ;

— the simplified model assumes elements for which the sound reduction index has a similar frequency
dependence ; with elements which have a clearly deviating frequency behaviour, as for instance double,
lightweight elements, the accuracy may be less.

5 Accuracy

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

The main experience in the application of similar models has been so far with buildings where the basic structural
elements are homogeneous, i.e. brick walls, concrete, gypsum blocks etc. In those situations the prediction of the
single number rating by the detailed model is on average correct (no bias error) with a standard deviation of 1,5 dB
to 2,5 dB (the lower value if all aspects are taken into account, the larger to complex situations and when
neglecting the structural reverberation time).

Predictions with the simplified model show a standard deviation of about 2 dB, with a tendency to over-estimate the
insulation slightly.

In applying the predictions it is advisable to vary the input data, especially in complicated situations and with
atypical elements with questionable input data. The resulting variation in the results gives an impression of the
expected accuracy for these situations, assuming similar workmanship.
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Annex A
(normative)
Symbols
Symbol Physical quantity Unit
a equivalent absorption length of a structural element [m]
asity equivalent absorption length of a structural element in the actual field situation [m]
A equivalent sound absorption area in the receiving room [m?]
Ao reference equivalent sound absorption area ; for dwellings given as 10 m? [mZ]
An equivalent sound absorption area of a hall [mZ]
Cg bending wave speed [m/s]
CL longitudinal wave speed [m/s]
Ca correction term for absorption above suspended ceiling [dB]
Cdoorpos | COrrection term to take into account the relative position of the doors in a hall [dB]
C spectrum adaptation term 1 according to EN ISO 717-1 [dB]
Cir spectrum adaptation term 2 according to EN ISO 717-1 [dB]
Co speed of sound in air (= 340 m/s) [m/s]
Dnt standardized sound level difference [dB]
Dn.e element normalized level difference of small building elements [dB]
Dns normalized sound level difference for indirect transmission through a system s [dB]
Dn t flanking normalized level difference [dB]
Dn.c D ¢ for a suspended ceiling [dB]
Dy,jj junction velocity level difference between excited element i and receiving element j [dB]
D. direction-averaged junction velocity level difference between elements i and j in the [dB]
viSitu 1 actual field situation
d depth of cavity of additional linings [m]
E Young's modulus of a flexible interlayer [N/m2]
f frequency [Hz]
fe critical frequency [HZ]
fc eff effective critical frequency, taking into account longitudinal and shear waves [HZz]
fref reference frequency (= 1 000 Hz) [Hz]
fi characteristic frequency for the effect of flexible inter layers at junctions [Hz]
fp plateau frequency for the sound reduction index [Hz]
fx frequency to express the frequency dependence of the vibration reduction index [HZ]
(=500 Hz)
fo mass-spring resonance frequency [Hz]

"continued"”

Symbols (continued)
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Symbol Physical quantity Unit
G Shear modulus of a flexible interlayer IN/m?]
hpi free height of the plenum above the ceiling [m]
hiab laboratory value, as reference, for h, (= 0,7 m) [m]
ij indices for an element ; for a transmission path ij, i indicates an element in the [-]
source room (= F,D) and j an element in the receiving room (= f, d)
k index for a border of an element [-]
Ko wave number in air (k, = 2 nf/ c) [rad/m]
Kij vibration reduction index for each transmission path ij over a junction [dB]
Kij,min minimum value for Kj; in the actual field situation [dB]
Lq average sound pressure level in the source room [dB re 20
uPaj
Lo average sound pressure level in the receiving room [dB re 20
uPaj
Lk length of border k of a total floor plate between load-bearing walls [m]
li common coupling length between element i and element | [m]
l¢ common coupling length between flanking element f and separating element [m]
llab laboratory value, as reference, for [ [m]
Ik length of border k of an element [m]
lo reference length (= 1 m) [m]
m’ mass per unit area of an element [kg/mz]
m, reference mass per unit area (= 1 kg/m? 2]
M g (m'i/m’) -]
n number of flanking elements in a room [
R sound reduction index of an element [dB]
Rsitu sound reduction index of an element in the actual field situation [dB]
R’ apparent sound reduction index [dB]
Rj flanking sound reduction index [dB]
Rs sound reduction index of separating element [dB]
R sound reduction index for element i in source room [dB]
Ri situ sound reduction index of element i the actual field situation [dB]
R sound reduction index for element j in receiving room [dB]
R situ sound reduction index of element j in the actual field situation [dB]
ARg sound reduction index improvement by additional layers for separating element [dB]
ARp sound reduction index improvement by additional layers for separating element in [dB]
the source room
ARy sound reduction index improvement by additional layers for separating element in [dB]
the receiving room

"continued"
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Symbols (continued)

Symbol Physical quantity Unit
AR sound reduction index improvement by additional layers for element i [dB]
AR1 sound reduction index improvement by additional layers for element | [dB]
Rhs sound reduction index of the wall between a hall and the source room [dB]
thl sound reduction index of the wall between the hall and the receiving room [dB]
Rw weighted sound reduction index according to EN I1ISO 717-1 [dB]
Rs.w weighted sound reduction index of the separating element [dB]
Re.w weighted sound reduction index of the flanking element F in the source room [dB]
Rew weighted sound reduction index of the flanking element f in the receiving room [dB]
ARpg w total weighted sound reduction index improvement by additional lining on the source [dB]

and/or receiving side of the separating element
ARt w total weighted sound reduction index improvement by additional lining on the source [dB]
and/or receiving side of the flanking element
AREg w total weighted sound reduction index improvement by additional lining on the [dB]
flanking element at the source side and/or separating element at the receiving side
ARDf w total weighted sound reduction index improvement by additional lining on the [dB]
separating element at the source side and/or flanking element at the receiving side
Sec area of the part of a floor, seen from the receiving room [mZ]
Sot total area of a floor field between load bearing structural elements [mZ]
SsShr area of the wall between the hall and the source room and receiving room, [mZ]
respectively
Ssr the area of the ceiling in the source room and receiving room, respectively [mZ]
Sab laboratory value, as reference, for S;gand S (= 20 mz) [mz]
S area of separating element [mZ]
S5 area of an element in the source room (i) and receiving room (j), respectively [m?]
t thickness of a structural element [m]
ta thickness of an absorbing lining [m]
f) thickness of a flexible interlayer [m]
T reverberation time in the receiving room [s]
To reference reverberation time ; for dwellings given as 0,5 s [s]
Ts structural reverberation time of a (homogeneous) element [s]
Ts,lab laboratory structural reverberation time for each (homogeneous) element [s]
Ts situ structural reverberation time in the actual field situation [s]
\Y the volume of the receiving room [m3]
Vi2 average square velocity over element i (free waves) [(m/s)z]
Vj2 average square velocity over element j (free waves) [(m/S)Z]
Wiot total radiated sound power into receiving room W]
“continued”
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Symbols (concluded)

Symbol Physical quantity Unit
Wi radiated sound power by element j due to incident sound on element i [W]
Wy sound power incident on a test specimen in the source room W]
Ws sound power radiated from a test specimen into the receiving room due to incident [W]

sound on that specimen in the source room
w index to indicate weighted sound reduction indices according to EN ISO 717-1 [-]
ok absorption coefficient for bending wave field at border k of an element [-]
Yij power transmission factor for bending wave field at a junction between element i and j [-]
A reduction of vibration reduction index by a flexible layer [dB]
Niot total loss factor [-]
Niot lab total loss factor in the laboratory situation [-]
MNint internal loss factor [-]
P density [kg/m3]
Po density of air [kg/m3)]
o radiation factor for free bending waves [-]
of radiation factor for forced waves [-]
T transmission factor (sound power ratio) [-]
Tij flanking transmission factor [-]
T 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
T4 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 path Dd and paths Fd
Tf sound power ratio of radiated sound power by a flanking construction f in the receiving [-]
room relative to incident sound power on the common part of the separating element.
It includes paths Ff and Df
Ts sound power ratio of radiated sound power in receiving room by indirect airborne [-]
transmission system s due to incident sound power on this transmission system,
relative to incident sound power on the common part of the separating element
Te sound power ratio of radiated sound power in the receiving room by an element in the [-]
separating element due to direct airborne sound transmission of incident sound on this
element, relative to incident sound power on the common part of the separating
element
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Annex B
(informative)

Sound reduction index for monolithic elements

B.1 Sound reduction index in frequency bands

For common monolithic structural elements the laboratory sound reduction, R, can be calculated accurately (see
literature). In such cases the contribution of forced transmission can be neglected for flanking paths. The total loss
factor as influenced by the laboratory is important and has to be taken into account in accordance with the
specifications given in EN ISO 140-1 (see annex C).

The following equations can be used, based on [10] (see bibliography) :

R=-10Ig~

2p.C 2 nf o’

(&)

1=| Lo | f>f,

2nfm’ ) 211,

2p.C, ) mo?

f1%e]

1 =| £l frf, (B.1)

2nfm’ ) 2n,

2 2 2

2p.C |+l f. o
1=| Lo 2cf+(12 22) — f<f,

2nfm’ Lo+ f N

where

T is the transmission factor ;
m’ is the mass per unit area, in kilograms per square metre ;
f is the frequency in Hertz ;
fe is the critical frequency (= 0(2, /(1,8 ¢ t), in Hertz ;
Ntot is the total loss factor (for the laboratory situation see annex C) ;
c is the radiation factor for free bending waves ;
of is the radiation factor for forced transmission ;
I1,l2 are the lengths of the borders of the (rectangular) element, in metres.

The total loss factor for the laboratory situation is calculated according to annex C.
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The radiation factor for forced waves is based on [16] (see bibliography), and with |, greater than |, calculated

from :

or =05 [INkoyT112)-A | i0f < 2 (B.2)
| | 51
A=-0964-(05+ —2-)In 2 +—2 _ ! -
mly i 2mly 4wy iy kS
where

k, is the wave number, in radian per metre ; k,=2 n f/c,

The radiation factor for free waves is based on [13] (see bibliography) and calculated from :

. 1 . 4”[]:)2 o [l
I el 2= 2| 37T s~
S =NT 12 ¢ 16¢,

foCo |t 1
afc 1213

(B.3a))

if fi; <f./2then:

f>2f..o=04

2(|1+|2)i—°61+82

f<f.ioc=

l4l,

(1—x2j|n1+7‘ + 20

8, = 1'7‘15 with A = /fi (B.3.h))
4r? (1—x2j ' c

8c2(1-242)
f>f./2: 5,=0else 5, = £
f2nd ,AN1- A2

f<fy<f/2ando>o,: 0 =0,

c

0<2,0

Iff;4 >f./2then:

f<f.and o, <c3:0=0y

f>f.ando; <o3:0=04 (B.3¢c)
else : c =03
<20
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Thfese equations are valid for a plate surrounded by an infinite baffle, often relevant for the laboratory situation.
However, in buildings a structural element is often surrounded by orthogonal elements which will increase the
radiation efficiency well below the critical frequency by a factor of 2 (edge modes) to 4 (corner modes).

For the radiation factors alternative equations are available from more recent literature (see bibliography [18]).
Above the critical frequency this frequency is replaced in the calculation by an effective critical frequency, to take

into account other wave types relevant for thick walls and/or higher frequencies (see bibliography [5], [12]),
according to :

tf tf
fc,eﬁ = fc 4,056—+ [1+| 4,05— f < fp
CL CL
3
foe = 2f; | with f, = S f>f (B.4)
fo 5,5t
where

t is the thickness of the element, in metres ;

c_ is the longitudinal velocity of the material, in metres per second.

Based on calculations according to this model, some examples of the sound reduction index in octave bands for
monolithic elements are given in table B.2 for a laboratory situation in accordance with annex C. The calculations
are performed at single frequencies at one-third octave distance and the results averaged over a band-width of one
octave in order to assure a smooth transmission between the three frequency ranges of equation (B.1). The
material properties are given in Table B.1, together with the generic material names for which they are indicative.

Table B.1 — Typical material properties

Material Density Longitudinal Velocity Internal loss factor
p(kg/m3) cL (m/s) Nint (-)
Concrete 2300 3500 0,006
Calcium-silicate 1750 2 600 0,015
Lightweight concrete 1300 1700 0,015
Autoclaved aerated 650 1400 0,010
concrete

Nnnr-
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Tableau B.2 — Calculated sound reduction index in octave bands for some monolithic structures

(examples)
Construction Mass Sound reduction index (dB) in octave bands Ry (C; Cy)
kg/m? (H2)
63 125 250 500 1k 2k 4k
120 mm concrete 276 35 34 36 46 54 62 69 49 (-2 ; -6)
260 mm concrete 598 43 42 51 59 67 74 75 61 (-1;-7)
110 mm Ca-Si blocks 193 34 34 33 39 49 58 65 44 (-1 ; -4)
240 mm Ca-Si blocks 420 38 38 46 54 62 68 68 56 (-1; -6)
120 mm lightweight conc. 156 33 36 34 35 44 53 56 42 (-1;-3)
300 mm lightweight conc. 390 37 37 42 51 58 58 58 54 (-2 ; -6)
100 mm autocl.aer. conc. 65 26 30 31 27 32 41 45 32(0;-1)
200 mm autocl.aer. conc. 130 30 30 29 34 43 46 46 39 (-1;-3)

B.2 Weighted sound reduction index

Based on calculations according to the model given in Figure B.1 information is given on the weighted sound
reduction index R, for monolithic structural elements in Figure B.1, as function of the mass per unit area for some

common materials (see Table B.2). The single number ratings are calculated from the octave band values
according to EN ISO 717-1.

These data can be used to provide a reasonably safe estimate, in cases where no measured data are available. It
is applicable to homogeneous single-leaf elements constructed from clay bricks, concrete, calcium-silicate blocks,
gypsum blocks, autoclaved aerated concrete and various types of lightweight concrete. Mortar and firmly attached
plaster can be included in the determination of the surface mass. Structural elements with holes cannot be
considered as homogeneous, unless the dimensions of the holes are small and the volume of holes is less
than 15 % of the gross volume.
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B
Legend
A Weighled sound reduction index R, (dB)
B Surface mass m (kg/m?)
1 —Concrete
2 — Calcium — Silicate
3 ... Lightweight concrete
4 ---- Autoclaved aerated concrete

For m' > 150 kg/m2 the data in the figure can as a safe average be represented by :
Ry =37,5lg(m/m'y)-42dB (B.5)

For the corresponding spectrum adaptation terms the following holds :

C is about constant : -1 till -2 dB for the higher masses,

Cy =16 -91g (m/m,) dB, limited by -7 < C;, < -1 dB. (B.6)

Figure B.1 —Weighted sound reduction index for some common monolithic structural elements according
to Table B.2

A comparison with measurement results gathered in different laboratories over the last thirty years show that the
measured results lie in a range around the given lines from - 4 dB till + 8 dB. This relatively large spread is due to
several factors, some related to specific product properties but some to the laboratory facilities and measurement
methods applied. It is to be expected that measurement results according to the new version of EN ISO 140 will
show about half this spread. These facts are reflected in the different empirical 'mass-law' relations which have
been and are being used within Europe, examples of which are given in Figure B.2.
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Legend
1 Weighted sound reduction index R, (dB)

2 Surface mass m' (kg/m?)
The data in this figure can be represented by the following expressions :

A, ni>100 kg /n? :R,=32,41g (m'/m';)-26,0 dB
F, m>150 kg /n? :R,= 40,0 Ig (m'/m',)-45,0 ;C=-1 dB
GB n>50kg /nf :R,=21,65Ig(m/m',)-2,3+1 dB

(B.7)

Figure B.2 — Existing empirical relations for the weighted sound reduction index of homogeneous
structural elements (A, F, GB) ; the minimum values from Figure B.1 are given for comparison
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Annex C
(informative)

Structural reverberation time

The reverberation time of a structural element Tg can be evaluated from the total loss factor, which follows from the
internal losses, the losses due to radiation and the losses at the perimeter of the element :

T, = f2,2
Ntot

Mot = Mint + ZZIDTEOfC(T)Tl'O- nZSCOf fc kg_;lIk % (C.l)
where

Ntot is the total loss factor ;

f is the centre band frequency, in Hertz ;

Nint is the internal loss factor of the material ;

m' is the mass per unit area, in kilograms per square metre ;

G is the radiation factor for free bending waves ;

fe is the critical frequency (= cg /(1,8 ¢ 1), inHertz,

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

Oy is the absorption coefficient for bending waves at the perimeter k ;

I is the length of the junction at the perimeter k, in metre ;

Co is the speed of sound in air, in metres per second ; ¢, = 340 m/s ;

Lo is the density of air, in kilogram per cubic metres.

For calculations in one-third octave bands the frequency can be taken as the centre frequency of the band
considered. For calculations in octave bands the best estimate is obtained by using the centre frequency of the
lower one-third octave band within the octave band considered.

The internal loss factor for common homogeneous building materials is roughly 0,01. The radiation losses can
normally be neglected. The absorption coefficients depend on the situation and the structural elements connected
at the perimeter.
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Field situation
The absorption coefficient at a perimeter will vary between 0,05 and 0,5 in field situations.

This absorption coefficient ay for a structure i can be deduced from the vibration reduction index (Kjj) at the junction
between the considered element i and the element j connected to it.

3| fej 1o°Kif10

oK = (C.2)
=1 fref
where
fe is the critical frequency, in Hertz ;
fret is the reference frequency, in Hertz ; f,ef= 1 000 Hz ;
i indicates the elements which are connected to the considered element i at border k.

If the area considered is part of a larger structural element and the junctions are formed by light elements, the
actual structural reverberation time can be influenced or dominated by the behaviour of the larger structural
element as a whole due to the back flow of vibrational energy.

This effect can be incorporated by maximizing the sum-term in equation (C.1) for a sub-area S of a large structural

element to :
4 4
D e S > Loy (C3)
k=1 k=1
where

Lk is the length of junction k of the total floor slab, in metres ;

ok is the absorption coefficient of junction k of the total floor slab.
By this approach an effective structural reverberation time is calculated which is not the actual structural
reverberation time, but yields the correct results for the in-situ sound reduction index. The actual structural

reverberation time is larger by a factor So/S.

Laboratory situation

For measurements in the laboratory in accordance with EN ISO 140-3 the average absorption coefficient, as

specified in EN ISO 140-1, is about 0,15 for heavy constructions (around 400 kg/mz). This can be represented by a
heavy frame of 600 mm concrete around the test opening. For that situation oy can be calculated according to :

ay = a(1-09999 )

a:i 2.\Xw (1+X)(1+l|J) 2
3 { X (1+y)? +2y (1+ xz) ] (©4

/31,1 f,
X=.|—— y=443-"S
f. m’

This is based on a one dimensional theory (see bibliography [2]), empirically adjusted for diffuse fields. Based on
this the total loss factor for the laboratory situation can be estimated as :
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r

m

Ntotlab = MNint +m (C.5)

This equation holds for structural elements with a surface mass below m’'= 800 kg/m2 ; Mint can normally be taken
as 0,01.

NOTE For a specific laboratory the values can be calculated as for the field situation, making use of the appropriate values
for the vibration reduction index at the borders of the test opening.
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Annex D
(informative)

Sound reduction index improvement of additional layers

D.1 Sound reduction index improvement of layers

The improvement in sound reduction by a layer, such as a resiliently mounted wall lining, floating floor or
suspended ceiling, is in principle different for flanking transmission and direct transmission and depends
additionally on the type of basic structural elements it is applied to. It should therefore be determined by
measurements in a laboratory, both for direct and flanking transmission, with the same basic structural element as
is applied in the field situation considered.

For the time being there is no standardized measurement method available, nor accurate possibilities to derive the
effect for flanking transmission from the one for direct transmission or to correct results for changes in the basic
structural element. Some information is given in this annex for a realistic and practical approach.

D.1.1 Direct transmission, AR

— Determine the improvement by a layer as the difference in sound reduction index, measured in accordance
with EN ISO 140-3, between a basic structural element with the lining and the basic element alone. To get at
least comparable results, use as a standardized basic structural element a homogeneous, plastered element
with a mass of (250 + 50) kg/m®. Care should be taken that the sound reduction index for the basic element
alone is not affected by any indirect airborne transmission through leaks in the element and around the
perimeter. Other basic structural elements can be used in addition ;

— Apply the laboratory results for the standardized basic structural element in the calculations for direct
transmission, unless results for a more appropriate basic element are available.

NOTE The improvement decreases generally with an increase in the surface mass of the basic structural element, mainly
due to direct or indirect (at the perimeter) coupling between the layer and the basic structural element. The result for the
standardized basic structural element will therefore be correct or on the safe side for structural elements with a surface mass not
much larger than that of the standardized basic structural element.

The results can be expressed in a single number rating AR, by applying EN ISO 717-1 to the results for the basic
structural element with and without the tested lining and taking the difference.

Some typical examples of the improvement by additional layers are given in Table D.1.

D.1.2 Flanking transmission

— The improvement can be determined by measurements in the field or special laboratory facilities, where it can
be assured that transmission occurs only by a flanking path (i.e. path Ff). This can be realized by special
constructions and/or by applying very efficient wall linings and floor coverings to prevent all other transmission
paths. The sound reduction index improvement is obtained from the measurement of the sound transmission
with and without the lining to be tested, applied to one of the structural elements involved in the flanking
transmission path considered. To get results at least comparable as with direct transmission, it is
recommended to use as the basic structural element a homogeneous, plastered element with a mass of

(250 + 50) kg/m?. Care should be taken that the sound reduction index for the basic structural element alone is
not affected by any indirect airborne transmission through leaks in the element and around the perimeter.
Other basic structural elements can be used in addition ;
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— Apply the results for the standardized basic structural element in the calculations for flanking transmission,
unless results for a more appropriate basic element are available ;

— As a reasonable estimate the sound reduction index improvement for flanking transmission can be taken as
equal to the improvement for direct transmission ;

NOTE The improvement for flanking transmission can deviate from that for direct transmission. At low frequencies, that is
below the critical frequency of the lining and below the frequency where coupling effects occur, this is due to the different
excitation involved, while at higher frequencies this is mainly caused by the effect of leakages in the basic structural element for
the measurements without linings.

The results can be expressed in a single number rating AR, by applying EN ISO 717-1 to the results for the basic
structural element with and without the tested lining and taking the difference.

Some typical examples of the sound reduction index improvement for flanking transmission by additional layers to
a flanking wall are given in Table D.2.

Table D.1 - Sound reduction index improvement AR of additional layers (examples)

Construction additional layer AR [dB] in octave bands [HZ] ARy

63 125 | 250 | 500 1k 2k [dB]

Basic wall 100 mm gypsum blocks, 80 kg/m 2 :

12,5 mm plaster board ; 44 mm cavity with 25 mm 0 2 14 23 24 19 18
mineral wool ; no studs

12,5 mm plaster board; 73 mm cavity with 50 mm 2 8 15 23 25 21 21
mineral wool ; wooden studs

12,5 mm plaster board ; 60 mm cavity with 50 mm 2 8 15 24 25 20 21

mineral wool ; metal studs, isolated from wall

Basic wall 175 mm plastered porous concrete, 135 kg/m 2

12,5 mm plaster board ; 40 mm mineral wool ; 3 12 14 15 17 15 15
metal studs®

35 mn} porous concrete ; 50 mm mineral wool ; no 3 11 14 16 14 13 14
studs*

Basic wall 100 mm Calcium-Silicate blocks, 180 kg/m 2

2 mm x 12,5 mm gypsum board ; 20 mm foam ; no 2 5 19 30 41 42 23
studs

Basic wall 300 mm plastered hollow blocks, 240 kg/m 2

15 mm cement plaster ; 30 mm mineral wool ; no 0 -4 5 9 11 15 7
studs*
15 mm cement plaster ; 50 mm mineral wool ; no 0 -5 5 8 10 14 6
studs®

*  Same construction as in Table D.2.
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Table D.2 - Sound reduction index improvement AR for flanking transmission of additional layers on a

flanking wall (examples) ; same constructions as indicated in Table D.1 with G
Construction additional layer AR [dB] in octave bands [HZz] ARy
63 125 | 250 | 500 1k 2k [dB]

Basic wall 175 mm plastered porous concrete, 135 kg/m 2
12,5 mm plaster board ; 40 mm mineral wool ; 0 6 12 14 14 14 13
metal studs
35 mm porous concrete ; 50 mm mineral wool ; no 0 5 8 13 11 13 12
studs
Basic wall 300 mm plastered hollow blocks, 240 kg/m 2
15 mm cement plaster ; 30 mm mineral wool ; no 0 -3 5 10 12 13 6
studs
15 mm cement plaster ; 50 mm mineral wool ; no 0 -3 6 10 12 15 5
studs

D.2 Weighted sound reduction index improvement of layers

If additional layers (wall linings, floating floors or suspended ceilings) are fixed to a homogeneous basic structural
element (separating element or flanking element) the airborne sound insulation can be improved or reduced
depending on the resonance frequency f, of the system.

For elements where the insulation layer is fixed directly to the basic construction (without studs or battens) the
resonance frequency f, is calculated by :

fo = 160\/ s [i+ LJ (D.1)

mll mlz

where
s' is the dynamic stiffness of the insulation layer according to EN 29052-1 “Acoustics — Determination of
dynamic stiffness — Part 1 : Materials used under floating floors in dwellings”, in Meganewtons per cubic
metre ;

m'q is the mass per unit area of the basic structural element, in kilograms per square metre ;

m's> is the mass per unit area of the additional layer, in kilograms per square metre.
For additional layers built with metal or wooden studs or battens not directly connected to the basic structural
element, where the cavity is filled with a porous insulation layer with an air resistivity r > 5 kPa s/m? according to

EN 29053 “Acoustics — Materials for acoustical applications — Determination of airflow resistance”, the resonance
frequency f, is calculated by :

-0 [ O L, 1| 2

ml mlz
where

d s the depth of the cavity, in metres.
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For basic structural elements with a weighted sound reduction index in the range of 20 dB <R, <60 dB, the

resulting weighted sound reduction index improvement as a result of an additional layer can be estimated from the
resonance frequency f, (rounded to the nearest integer value), according to table D.3. For resonance frequencies

lower than 200 Hz the value also depends upon the weighted sound reduction index of the basic structural
element ; this is illustrated in figure D.1.

Table D.3 - Weighted sound reduction index improvement by a lining, depending on the resonance

frequency
Resonance frequency AR, indB
f, of the lining in Hz
<80 35-R,/2
100 32-R,/2
125 30-R,/2
160 28 -R,/2
200 -1
250 -3
315 -5
400 -7
500 -9
630 — 1 600 -10
> 1 600 -5

NOTE 1 For resonance frequencies below 200 Hz,
the minimum value of AR, is 0 dB.

NOTE 2 Values for intermediate resonance
frequencies can be deduced by linear interpolation
over the logarithm of the frequency.

NOTE 3 R, denotes the weighted sound reduction
index of the bare wall or floor in dB.

Legend
A Weighted sound reduction index improvement AR, (dB)

B Weighted sound reduction index of the bare wall or floor (dB)

Figure D.1 - Weighted sound reduction index improvement by an additional layer with resonance frequency
below 200 Hz, as function of Ry for the bare structural element
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Annex E
(informative)

Vibration reduction index for junctions

E.1 Determination methods

The vibration reduction index Kjj at junctions is defined by equation (10) in relation to the velocity level difference

over a junction in both directions, taking into account, where relevant, the structural reverberation time of the
elements involved.

It can therefore be deduced from measurements of the vibration level difference Dy jj and Dy j over a junction. In
general this relates to the not excited side of structural element i (‘outside’) and the radiating side of structural
element j (‘inside") ; for substantially homogeneous constructions the side of the construction is irrelevant, but not
so for double leaf constructions.

In principle the structural reverberation time is to be determined for both elements involved. However, for
lightweight, double elements like timber frame or metal-stud walls, timber floor constructions and other elements
with a high internal loss factor (greater than 0,03), the structural reverberation time need not be measured and the
equivalent absorption length should be taken numerically equal to the area of the element.

NOTE A standardized measurement method to determine this quantity will be given in document prEN ISO 10848-1. It is
probably feasible to apply the standardized measurement method also in field situations to deduce this quantity to characterise
a junction.

For homogeneous elements the vibration reduction index can be expressed in the structure-borne power
transmission factor vj; for the transmission over the junction of elements i and j :

fc,i

f ref

fej _

Kij =-101g Yij +51g =-101lg Vii +51g dB (E.1)

1Eref
where

fc  is the critical frequency, in Hertz ;
fref is reference frequency, in Hertz ; fres = 1 000 Hz.

For these types of elements the vibration reduction index could also be deduced from measured or calculated
values of the power transmission factor.

E.2 Empirical data

For common types of junctions data on Kj are given in this annex, depending on the mass per unit area of the
elements connected at the junction, denoted as m; and m,. Data are only available for junctions where the
elements at either side of the junction in the same plane have the same mass. The relations for K are given as
function of the quantity M defined as :

m';
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where
mij is the mass per unit area of the element i in the transmission path ij, in kilograms per square metre ;
m; is the mass per unit area of the other, perpendicular, element making up the junction, in kilograms per

square metre.

NOTE 1 The choice of the mass ratio for M is actually arbitrary for transmission around the corner; since the vibration
reduction index is the reciprocal of the result for transmission around the corner is the same for M = Ig m;/m, or M = Ig my/my.

These data are deduced from generalized data on the junction velocity level differences as available from literature.
The other terms in equation (10) are estimated on the basis that the vibration reduction index should be such that
for all structural elements and field situations the estimated junction velocity level difference should on average be
correct. This resulted generally in values for Kj; which are 5 dB lower than the corresponding direction-averaged

junction velocity level difference. If other relevant data are available on the junction velocity level difference, the
same approach could be used to deduce values for the vibration reduction index Kj; for application of the model.

For the time being there are insufficient data available to deduce values directly according to the given
relation (10).

The transmission is in general only slightly dependent on frequency, at least in the frequency range from 125 Hz
to 2 000 Hz. Where possible an indication is given of the frequency dependency in this range ; the frequency to be
applied is the centre frequency of the one-third octave band or octave band considered. Outside this range the
frequency effect can be larger, especially with lightweight constructions.

It is indicated in which cases the equivalent absorption length of the structural elements should be taken as
numerically equal to area of these elements.

For flexible interlayers the improvement by the interlayer over the rigid junction is characterized by a frequency f;,
which depends on the shear modulus G and thickness t; of the interlayer and the density, p; and p,, of the

. . 15 . . . . .
elements connected. This frequency varies as (G/tl,/plpz) . The given estimate in (E.5) is a global estimate for

some typical junctions, characterised by E;/t; of about 100 MN/m3, where E; is the modulus of elasticity
(G; = 0,3 Ep) and t; the thickness of the layer.

NOTE 2  Work is in progress which could make it possible to improve these relations, making them more generally applicable
for various kinds of inter layers.

The measured data show a typical spread around the given lines of + 3 dB, increasing to =5 dB for junctions with
lightweight elements ; in some cases the deviation can be much larger due to variations in junction details and in
workmanship.

E.3'§ Limiting values

If a flanking element has insignificant or no structural contacts with the separating element only Kgs is relevant ; Keq
and‘KDf can be given high values in order to make those transmission paths negligible. In the case of a
homogeneous flanking element the minimum value for the vibration reduction index is Kg; =5 Ig fo- 15,0 dB ; with
double leaf lightweight elements Kgs~ 0 dB is a reasonable minimum value in these cases. As a lower limit the

=0dB.

value of K; chosen should resultin D, ;
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Rigid cross-junction
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Rigid T-junction
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Wall junction with flexible interlayers
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f
A,=10 Igf— dB for f > f;
1

. E
f, =125 Hz if t—l ~100 MN/m? ; see text
1

Figure E.5
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Lightweight fagade junction
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Junction of lightweight double leaf wall and homogeneous elements
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Junction of lightweight coupled double leaf walls
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Corner or thickness change
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Annex F
(informative)

Determination of indirect transmission

F.1 Laboratory measurement of total indirect transmission

Under the restriction that the transmission connected with a flanking structural element is dominated by the path Ff
it is feasible to characterize this transmission by laboratory measurements. This will often be the case with flanking
constructions like lightweight elements, suspended ceilings, access floors. In these cases the transmission can be
primarily structure-borne, primarily airborne or a combination of both. To express the results from such
measurements it would be desirable to use an invariant quantity, that is a quantity which is independent of the
measurement situation. From such a quantity the behaviour in the field could be extrapolated. However, such a
guantity cannot be given in general, it is at most feasible to deduce such a quantity if the main transmission
mechanism is known, i.e. primarily structure-borne or primarily airborne.

For the time being therefore the laboratory measurement of indirect transmission has the primary objective of
intercomparison of different products in a standardized measurement situation. The measurement results are for
that purpose expressed sufficiently as a flanking normalized level difference Dy, 1, related to the specified laboratory

situation.

D

n,f

A
=L,-L,- 10 |gz dB; A,=10m? (F.1)

L, isthe average sound pressure level in the source room, in decibels ;

L, is the average sound pressure level in the receiving room due only to sound transmitted by the considered
flanking construction, in decibels ;

A is the equivalent sound absorption area in the receiving room, in square metres; reference
value A, =10 m?.

For suspended ceilings this is measured in accordance with EN 20 140-10, the quantity there being denoted as
Dn, and for access floors according to prEN ISO 140-11 "Laboratory measurements of the reduction of transmitted
impact noise by floor coverings on a lightweight floor". For other flanking constructions, measurement methods are
specified in prEN ISO 10848-1.

In the next sections a possible approach will be given for the use of this quantity in predictions, separately for
airborne and structure-borne (flanking) transmission.

A 1O N"NnNnr- A
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F.1.1 Indirect airborne transmission

In the case of mainly airborne transmission the following relation can be used to determine the normalized level
difference Dy, sin a field situation from the product information D, ¢ (see figure F.1).

Figure F.1 - lllustration of the relevant quantities for the prediction of indirect airborne transmission

h,l. S,
D, = Dy, +10 lg——— +10 |g—S°S’E’1b o +c, dB (F.2)
lab' lab s ~cr
with
— no absorbing lining :
C,=04dB
— absorbing lining :
; c
C,=0dB f < 0’015'[_0 (F.3)
, a
SsSe h c 03¢
C,=10lg |—— 8 4 0015-% < f < ——°
s:sjabscr,lab hpI ta min IF\ab’hpl
%sscr héb 0,3 Co

S dB f >
s:sjabscr,lab hpI min hlab’hpl

where

Ss & is the area of the ceiling in the source room and receiving room, respectively, in square metres ; in
the laboratory, as reference, with the index 'lab', which for the ISO-laboratory can be taken as

Ss,lab= Srylab= 20 m? ;

hpi is the free height of the plenum above the ceiling, in metres ; in the laboratory, as reference, this is
hiap, Which for the 1ISO-laboratory can be taken as hjgp= 0,7 m.

ta is the thickness of the absorbing lining in the plenum, in metres ;
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Co is the sound speed in air, in metres per second ; ¢, = 340 m/s.

NOTE 1 For the use of this, and future improved, relations, it actually would be necessary to perform additional
measurements in the laboratory, to established that indeed the indirect airborne transmission is dominant and to establish a
more accurate discriminant for the absorption in the plenum.

NOTE 2 The flanking normalized level difference will normally relate to the complete flanking construction, including the
indirect airborne transmission through auxiliaries such as air inlets and light fixtures. However, in this case it could be
constructed from separate data on the indirect transmission for the ceiling as such and the auxiliaries as such.

F.1.2 Flanking transmission

In case of mainly structure-borne transmission the following relation can be used to determine the flanking sound
reduction index Rt in a field situation from the product information Dy, 1.

S| T T
Rey = Dy +101g S5 4 101g 2F0 4 901 -Sheb
A

o' Ff sF Ts,f

dB (F.4)
The last terms with the structural reverberation time are neglected if the construction concerned has a high internal
loss factor such as sandwich walls, lightweight double leaf walls.

NOTE For the use of this, and future improved relations, it would be necessary for some types of construction to perform

additional laboratory measurements, to establish that the structure-borne transmission is indeed dominant.

F.2 Determination of indirect airborne transmission from known transmission for the
separate elements of a system

F.2.1 Hall or corridor

The normalized level difference D, s for transmission via halls or corridors can be estimated from equation (F.5) if
diffuse sound fields in the rooms and the hall can be assumed, see Figure F.2.

Ay I
= | e L -
Shs Ris é She Rir
s Z )

Figure F.2 - lllustration of two rooms along a corridor with relevant quantities

Ds= Dip= RstRy +101g ﬂ + Cooorpositon  dB (F.5)
s “hr
where
Rhs is the sound reduction index of the wall between the hall and the source room, in decibels ;
Rnr is the sound reduction index of the wall between the hall and the receiving room, in decibels ;

Annrc

Copyright International Orgamzauon for Slandardlzatlon ghtS reserved 49
Reproduced by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale



ISO 15712-1:2005(E)

Shs is the area of the wall between the hall and the source room, in square metres ;
Shr is the area of the wall between the hall and the receiving room, in square metres ;
An is the equivalent sound absorption area of the hall, in square metres ;

Cdoorposition IS @ correction term to take into account the effect of the orientation of the doors to each other.

NOTE The value for this correction term can be estimated to be between - 2 dB for doors at 90° to each other and less
than 1 m apart to O dB for greater distances and/or parallel positions.

The sound reduction index of the walls, Ry, follows from the sound reduction indices of the different composing
elements R;j, such as the wall itself, doors and windows including seals. Normally the sound reduction to the hall is
dominated by the doors in those walls and the quality of the seals.

For halls the absorption is normally dominated by the area of the opening to the stairways ; for (long) corridors the
parts of the corridor beyond the rooms under consideration can be taken into account as absorption by the open
cross section of the corridor.

F.2.2 Ventilation system

The normalized level difference Dy ¢ for transmission via ventilation systems could be estimated from the

transmission loss through the elements involved, such as bends, grids, silencers and area changes. This is directly
related to the estimation of the sound levels due to installation.
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Annex G
(informative)

Laboratory weighted sound reduction index including field simulated
flanking transmission (‘Prufstand mit baudhnlicher Flankentbertragung',
DIN 52210)

In Germany the prediction of the performance in the field in accordance with DIN 4109 is based on product
information about the separating element, denoted as R\, which is determined in a special laboratory facility in

which the flanking transmission is simulated as it occurs on average in the field for a given type of building
construction. This annex gives information about the way to deduce this quantity Ry, from the weighted sound

reduction index R,, of the element in accordance with EN ISO 140-3, and vice versa. This allows a transition period
to apply German standards on the basis of product information in accordance with EN ISO 140-3 and European
standards on the basis of product information in accorance with DIN 4109:1989.

The conversion from R, to R, is done by :
R,=-10lg (10*R~ 10410 ‘(R”vW”’)’lo) dB (G.1)

The conversion from R, to R, is done by :

if Ry < Ryy—2dB:R,=-101g (10’R/~ 1o —10’(R”vw+5)’1°) dB (G.2)

if R >Ryy—20dB: R,=R,+4dB

where
Rw is the weighted apparent sound reduction index with field-a-like flanking transmission, in decibels ;
Ry is the weighted sound reduction index without flanking transmission, in decibels ;

Ref w is the weighted flanking sound reduction index of the laboratory, as tested with a lightweight double
leaf separating element according to DIN 52210, in decibels ;

) is the increase of the weighted flanking sound reduction index of the laboratory facility due to a heavy
test object, in decibels.

For the conversion from R, to R\, (see equation G.1) the value for Rgt, is to be taken as Rgsy, = 55 dB.

For the conversion from R\, to Ry, (see equation G.2) Resy iS the measured value from the test facility in which Ry,
has been obtained ; if measured data are not available this can be taken also as Ry, = 55 dB.

A 1O N"NnNnr- A
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Provided an ideal T-junction (i.e. rigid connection) between test object and test facility and assuming dominant
flanking transmission by path Ff, 8 can be estimated by :

m

—<21: 5-30dB
mI
21< M <3 5-90-1881g " dB (G.3)
m, my
LY 5-00dB
mt
where

m; is the mass per unit area of the test object, in kilograms per square metre ;

m; is the averaged mass per unit area of the flanking elements of the test facility, in kilograms per square
metre. '

For the conversion from R, to R\, the value for m} is to be taken as m = 450 kg/mz.

For the conversion from R\, to R, the averaged mass per unit area m}; is the actual value for the test facility in
which R\, has been obtained.

If no rigid connection exists between test object and test facility, take & = 0 dB.

In practice 8 =0 dB is an approximation which yields a conversion for both lightweight and heavy separating
elements with a precision within the limits of EN 20140-2:1993 "Acoustics - Measurement of sound insulation in
buildings and of building elements - Part2: Determination, verification and application of precision data
(ISO 140-2:1991)" (annex B).
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H.1 Situation

Annex H
(informative)

Calculation examples

ISO 15712-1:2005(E)

Rooms next to each other, volumes both 50 m® and dimensions in metre ; see figure H.1.

Key

A Ground plan
B Sectional view

Separating element :

4,36

4,50

3 V=50m *

g
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Cal
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5

W/f/‘/‘/‘/////‘////////

DO NN\

1 wall450mx255m=11,5 m?2 ; 200 mm concrete, 460 kg/m2.

Flanking elements (identical on both sides) :

2 Facade:

3 Internal wall :

4  Ceiling :

5 Floor:

6 flexible connection
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436 mx255m=11,1 m? ; rigid T junction ;

100 mm calcium-silicate blocks, 175 kg/mz.
436mx255m=11,1 m? ; Cross junction with elastic layer ;
70 mm gypsum blocks, 67 kg/mz.

4,36 m x 4,50 m= 19,6 m? ; rigid cross junction ;

100 mm concrete, 230 kg/m2.

4,36 m x 4,50 m= 19,6 m? ; rigid cross junction ;

100 mm concrete / 30 mm finish, 287 kg/m2.

Figure H.1
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H.2 Detailed model

H.2.1 Results

The resulting direct and flanking sound reduction indices are given per element, per path and total, in octave bands
and as weighted values ; values are rounded to the nearest dB. The details of the calculation are illustrated for the
values underlined in paragraph H.2.2 and H.2.3.

Frequency : 125Hz | 250 Hz | 500 Hz | 1 kHz | 2 kHz 4 kHz Ry

(dB)

R wall Ry 39 46 54 62 70 74 57
Rpg 40 49 57 65 72 76 59

Rr1d 51 56 64 73 80 86 68

Re2d 50 55 63 71 79 85 67

Re3g 52 54 61 70 78 85 66

Read 50 56 62 73 84 93 67

R floor Ri1 48 51 60 68 76 82 63
Rps 51 56 64 73 80 86 68

Re 51 52 61 70 78 85 65

R ceiling =5 48 50 58 67 75 82 62
Ros 50 55 63 71 79 85 67

Rr+ 52 51 60 69 77 85 64

R facade Rz 51 50 56 66 74 82 61
Rps 52 54 61 70 78 85 66

Rr+ 56 52 57 67 76 85 63

R internal wall Ria 49 54 59 71 83 93 64
Rot 50 56 62 73 84 93 67

Rrs 55 57 62 75 90 105 68

Total 37 42 50 59 67 73 54

Rw(C; Cy) =54(-2 ; -6) dB, so for instance R\, + C (= Rp) =54 - 2 =52 dB(A).

H.2.2 Detailed steps for separating element, floor and inner wall

As an example the calculations are worked out for the separating element, the floor and the internal wall ; for
calculations of the structural reverberation time for the 500 Hz octave band (bold), see H.2.3.

H.2.2.1 Transfer of input data of elements to in situ values :

Partition wall , m= 460 kg/m?, f.= 94 Hz, S= 11,5 m?

Frequency 125 250 500 1k 2k 4k Hz
Input : Rs (see annex B) 38,0 46,9 55,1 62,9 70,0 74,4 | dB
Calculated : | 10 Ig (Ts sitd Ts,lab 2,1 -1,9 -1,8 -1,7 -1,6 -1,5 | dB
Result : Rs situ(See equation (19)) 40,1 48,8 56,9 64,6 71,6 759 | dB

RA .
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Floor, m= 287 kg/mz, fo=173 Hz, S=19,6 m2, lj=4,5m

ISO 15712-1:2005(E)

Frequency 125 250 500 1k 2k 4k |Hz
Input : Rs (see annex B) 35,5 35,9 45,1 53,7 61,5 68,1 | dB
Calculated : |10 lg (Ts sitd Tslan -15 -1,4 -1,4 -1,3 -1,2 -1,0 | dB
Result : Re situ (See equation 37,0 37,3 46,5 55,0 62,7 69,1 | dB
(19))
Internal wall , m= 67 kg/m?, fo = 391 Hz, S= 11,1 m?, |;; =2,55m
Frequency 125 250 500 1k 2k 4k Hz
Input : R (see annex B) 31,8 28,5 25,7 33,3 42,3 50,4 | dB
Calculated : | 10 Ig (T siti/Tslab -2,4 -1,8 -0,8 -0,9 -0,8 -0,7 | dB
Result : Resitu (see equation 34,2 30,3 26,5 34,2 43,1 51,1 | dB
(19))
H.2.2.2 Transfer of input data of junctions to in situ values :
Floor, I =4,50m, S£= §=19,6 m?, §=11,5m?
Annex E, equation (E.3) with my¢m = 460/287 : Kgs = 12,4 dB ; Kps = 8,9 dB ; Kgg = 8,9 dB.
Frequency 125 250 500 1k 2k 4k | Hz
Partition : asity (see| 14,7 14,5 14,3 14,7 15,3 16,2 dB
equation (22))
Floor : asity (see| 12,2 13,4 13,5 14,2 15,4 17,1 dB
equation (22))
Equation (21): Dygrf=12,4-10194,5/13,5=17,2dB
(500 H2) Dypr = 8,9 - 10 Ig 4,5/1/14,3 /13,5 = 13,8 dB
Dyrqd=89-101g4,5/14,313,5 =13,8dB
Internal wall : lg=2,55m, S=&=11,1 m2, S5=115 m2.
Annex E, equation (E.5) with m¢m = 460/67 : Krs = 33,5 dB ; Kps = 15,7 dB ; Kgg = 15,7 dB.
Frequency 125 250 500 1k 2k 4k Hz
Partition : ity (see equation 14,7 14,5 14,3 14,7 15,3 16,2 | dB
(22))
Int. wall : asity (see equation 2,2 2,4 4,1 3,6 3,9 46 | dB
(22))
Equation (21): Dy g =33,5-101g 2,55/4,1 = 35,6 dB
(500 Hz) Dypf = 15,7 - 10 Ig 2,55//14,3 /4,1 = 20,5 dB
Dyrq = 15,7 - 10 Ig 2,55/4/14,3 /4,1 = 20,5 dB
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H.2.2.3 Determination of direct and flanking sound transmission ; equations 24, 25 ; 500 Hz :

Partition : direct Rpg = 56,9
floor Rrq=46,4/2 + 56,9/2 + 13,8 - 1,2 = 64,2 dB
Internal wall | Reg = 26,6/2 + 56,9/2 + 20,5 + 0,1 = 62,3 dB
Floor : Rrs=46,4/2 + 46,4/12 + 17,2 - 2,3 =61,3 dB
Rpf = 46,4/2 + 56,9/2 + 13,8 - 1,2 = 64,2 dB
Internal wall : Rrf = 26,6/2 + 26,6/2 + 35,6 + 0,2 = 62,4 dB
Rpr = 26,6/2 + 56,9/2 + 20,5 + 0,1 = 62,3 dB

The rounded values are given in the table with results in H.2 (bold).

H.2.3 Structural reverberation time partition wall at 500 Hz octave :

Calculations for this octave band with f = 400 Hz (lower one-third octave band).

Laboratory

With m' = 460 kg and f. = 94 Hz ; equation (C4) gives :

With 1 = 0,006 ;6 =1,1; S§5p=10 m? and Zlx =12,8 m, equation (C.1) gives :

ak = 0,191.

Niot = 0,051, thus.

Ts1ab= 0,108 s (the estimation according to equation (C.5) would give Tg jap= 0,103 s).

Field ; borders with :

— floor : Kij =5,4; 8,9 and 8,9 dB (see equation (E.3)) ;

thus equation (C.2) gives o = 0,195 ;

— ceiling Kij =4,1;9,2and 9,2 dB (see equation (E.3)) ;

thus equation (C.2) gives a. = 0,223 ;

— facade: Kjj = 6,7 and 6,7 dB (see equation (E.3)) ;

thus equation (C.2) gives o = 0,214 ;

— internal wall : Kj =-4,0; 15,7 and 15,7 dB (see equation (E.5), 500 Hz) ;

thus equation (C.2) gives o = 0,800.

This results in (see equation (C.1)) : n; = 0,076 and Tg iy, = 0,072 s.

So the terms for the sound reduction index and the junction transmission are :

— partition : 10 1g T sjtu/Ts lap= 10 19 0,072/ 0,108 =- 1,8 dB ;

sty = 14,3 m.

[N~
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Following the same procedure it also follows that :
— floor: agjty = 13,5m;

— internal wall : agjiyy = 4,1 m.

H.3 Simplified model

The simplified model is applied to the same situation.

IS oY el
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INPUT DATA : ELEMENTS JUNCTIONS
m Ry (dB) mg/m Ks (dB) Krq (dB) Kps (dB)
(kg/m?) Annex B Annex E
Wall (s) 460 57
Floor (F=f=1) 287 49 1,61 12,4 8,9 8,9
Ceiling (F=f=2) 230 46 2,00 14,4 9,2 9,2
Facade (F=f=23) 175 42 2,63 12,6 6,7 6,7
Internal wall (F=f = 4) 67 33 6,97 33,5 15,7 15,7
RESULTS : (equations (27), (28))
Wall : Rpg =57,0dB
Riqg =49/2+57/2 +89+4,1 =66,0 dB
Rog =46/2+57/2 +92+4,1 =64,8dB
Raq =42/2 +57/2 +6,7+6,5 =62,7dB
Ryqg =33/2+57/2 +157+6,5 =67,2dB
Floor : Rp1 =49/2+57/2 +89+4,1 =66,0 dB
Ri1 =49 +12,4+4,1 =65,5dB
Ceiling : Rpo =46/2+57/2 +92+4,1 =64,8dB
Ry, =46 +144+4,1 =64,5dB
Facade : Rps =42/2 +57/2 +6,7+6,5 =62,7dB
Ra3 =42 +12,6 +6,5 =61,1dB
Internal wall : Rpa =33/2+57/2 +157+6,5 =67,2dB
Ry =33 +335+6,5 =73,0dB
Total (equation (26)) R\ =52,2~52dB (Cca.-1dB)
(equation (5b)) Dyr,, =52,2+10Ig[50/(3x11,5)]=52,2+1,6=53,8~54dB

As a second example a floating floor is added, both in the source and receiving room. The sound reduction index
improvement is given as AR, = 14 dB.
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This affects the transmission paths Ff, Fd and Df for the floor (equation (31)) :
ARoow = 14 + (0,5 x 14) = 21 dB ; ARyqgy = 14 dB and ARpyy, = 14 dB

So for the separating wall and the floor the following transmissions change :

Wall Rig =66,0+14=280,0dB
Floor Rp, =66,0+14=280,0dB
Roo =655+21=86,5dB

And the total result becomes :

R',, =52,7 ~53dB (Cca.—1 dB)

Dnrw =52,7 +1,6 =54,3 ~ 54 dB
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