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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document is part of a series specifying calculation models in building acoustics.

Although this document covers the main types of building construction it cannot as yet cover all
variations in the construction of buildings. It sets out an approach for gaining experience for future
improvements and developments.

The accuracy of this document can only be specified in detail after widespread comparisons with field
data, which can only be gathered over a period of time after establishing the prediction model. To help
the [USer 1 the Mmeantime, Ndications of the accuracy nave been given, based on eariier,cqmparisons
with comparable prediction models and an estimation procedure has been presented in Arnex K. It is
theresponsibility of the user (i.e. a person, an organization, the authorities) to addressthe comsequences
of the accuracy, inherent for all measurement and prediction methods, by specifying requifements for
thefinput data and/or applying a safety margin to the results or applying some other correctiion.

Thif document is intended for acoustical experts and provides the framework for the devdlopment of
application documents and tools for other users in the field of building construction, taking ijmto account
locdl 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 Jimitations
of these calculation models are described in this document, Qther calculation models also|exist, each
with their own applicability and restrictions.

Theg models are based on experience with predictions for dwellings; they could also be used for other
typgs of buildings provided the construction systems-and dimensions of elements are not tqo different
fromn those in dwellings.

Theg document also provides details for application to lightweight constructions (typically st¢el or wood
framed lightweight elements as opposed toieavier masonry or concrete elements).

© IS0 2017 - All rights reserved v
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Scope

5 document specifies calculation models designed to estimate the airborne sound insulati
cent rooms in buildings, primarily using measured data which charactérize direct

hd propagation in structural elements.

ptailed model is described for calculation in frequency bands, in“the frequency range
Hz to 3 150 Hz in accordance with ISO 717-1, possibly extended.down to 1/3 octave 50 H
h and junction data are available (see Annex I); the single number rating can be detern
calculation results. A simplified model with a restricted{ield of application is deduced
ulating directly the single number rating, using the single.number ratings of the element

5 document describes the principles of the calculdtion scheme, lists the relevant qua
nes its applications and restrictions.

Normative references

following documents are referred.to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

717-1, Acoustics — Rating-of sound insulation in buildings and of building elements — Part
nd insulation

10848-1, Acgustics — Laboratory measurement of the flanking transmission of airborne
nd between‘adjoining rooms — Part 1: Frame document

108482, Acoustics — Laboratory measurement of the flanking transmission of airborne

dn between

br indirect

king transmission by the participating building elements, and theoretically-derived methods of

1/3 octave
v if element
hined from
from this,
; a method

htities and

Pir content
pplies. For
[s) applies.

1: Airborne

10140 (all parts), Acoustics — Laboratory measurement of sound insulation of building eleinents

pnd impact

and impact

1d between adjoining rooms — Part 2: Application to light elements when the junction

infl

ernce

Tas a small

[SO 10848-3, Acoustics — Laboratory measurement of the flanking transmission of airborne and impact
sound between adjoining rooms — Part 3: Application to light elements when the junction has a substantial
influence

ISO 10848-4, Acoustics — Laboratory measurement of the flanking transmission of airborne and impact
sound between adjoining rooms — Part 4: Application to junctions with at least one heavy element

ISO 15186-3, Acoustics — Measurement of sound insulation in buildings and of building elements using
sound intensity — Part 3: Laboratory measurements at low frequencies
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3 Term

s and definitions

For the purposes of this document, the following terms and definitions, and the symbols and units
listed in Annex A, apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

3.1 Qua

NOTE ]
of several r
octave band
with ISO 71

3.11
apparent
RI

minus 10 ¢
receiving 1

R =-

Note 1 to entry: This ratio is denoted by 7', where

htities to express building performance
'he sound insulation between rooms in accordance with ISO 16283-1 can be expressed-in te
plated quantities. These quantities are determined in frequency bands (one-third-octave band

s) from which the single number rating for the building performance can be obtained+in accord
-1, for instance R'yw, DnT.w Or (Dytw + C).

sound reduction index

imes the common logarithm of the ratio of the total sound power Wiy transmitted into
oom to the sound power W; which is incident on a separating.element, evaluated from

[0lg7” dB

ot/Wl

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

is normally determined from measurements according to

S

—-L,+|10lg— |dB

he average sdund pressure level in the source room, in decibels;
he average sound pressure level in the receiving room, in decibels;

he€quivalent sound absorption area in the receiving room, in square metres;

rms
S Or
ince

the

'wWer

=W
Note 2 to e
radiated by
The index R

R = L]
where

L1 st

Ly st

A ist

Ss s
3.1.2

ne area of the separating element, In square metres.

standardized level difference

Dnt

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

receivingr
D =L

where

oom, which is evaluated from

T
1 L +|101g - |dB

o
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T isthe reverberation time in the receiving room, in seconds;

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

3.1.3

normalized level difference

Dn

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, which is evaluated from

D =1L

n 1_L

A
—|10lg— |dB
gA

o}

2

whgre A, is the reference absorption area given as 10 m2.

3.2| Quantities to express element performance

NOTE1 The quantities expressing the performance of the elements are-used as part of the irffput data to
estijnate building performance. These quantities are determined in one-tliird-octave bands and [can also be
expressed in octave bands. In relevant cases a single number rating for the)¢lement performance can pe obtained,
in agcordance with ISO 717-1, for instance Ry/(C; Cty).

NOTE 2  For the calculations, additional information on the element can be necessary; for example, mass per
uniffarea m’in kg/mz2, type of element, material, type of junction; etc.

3.211
sound reduction index
R
ten[times the common logarithm of the ratio-ef'the sound power Wj incident on a test specimen to the
soupd power W3 transmitted through the'specimen, which is evaluated from

Wl
R=|101g—L |dB
WZ

Not¢ 1 to entry: This quantity.shall be determined in accordance with ISO 10140 (all parts) or ISO 1/5186-3 (use
of agoustical intensity).

3.2{2

sound reduction improvement index
AR
difference in_sound reduction index between a basic structural element with an additional layer (e.g. a
resilient walhskin, a suspended ceiling, a floating floor) and the basic structural element withoit this layer

Notg 1 te entry: This quantity shall be determined in accordance with ISO 10140-1:2016, Annex G.

3.2.3
element normalized level difference

Dn,e

difference in the space and time average sound pressure level produced in two rooms by a source in
one room, where sound transmission is only due to a small technical element (e.g. transfer air devices,
electrical cable ducts, transit sealing systems), which is evaluated from

A
—-|10lg— |dB
gA

[0}
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where A is the equivalent sound absorption area in the receiving room, in square metres.

Note 1 to entry: Dy ¢ is normalized to the reference equivalent sound absorption area (4,) in the receiving room;

Ao =10 m2
Note 2 to en

3.2.4

try: This quantity shall be determined in accordance with ISO 10140-1:2016, Annex E.

normalized level difference for indirect airborne transmission

Dn,s

difference in the space and time average sound pressure level produced in two rooms by a source in one

of them, w

n,s

Note 1 to e
ventilation
receiving rg

Note 2 to enftry: The subscript s indicates the type of transmission system considered-

Note 3 to {
ISO 10140-1

3.2.5
flanking n
Dn,f
difference
of them, w

D

n,f

Note 1 to er
(e.g. suspen
(Ap) in ther|

Note 2 to en|

Note 3 to en|
(such as wi
of several p
elements).

3.2.6
vibration

L . 1 1L
IICIT IS €vVdiudicU ITOUIII

A
L, — L, — 101gA— dB
(o]

htry: Transmission is only considered to occur through a specified path between’ the rooms
bystems, corridors). Dy s is normalized to the reference equivalent sound abserption area (4,) in
om; Ao =10 m2.

entry: This quantity shall be determined with a measurement,method which is comparabl
:2016, Annex G.

ormalized level difference

n the space and time average sound pressure level produced in two rooms by a source in
nich is evaluated from

/

L, —L dB

—|(101g A
2 A

o

try: Transmission is only considered to occur through a specified flanking path between the ro
Hed ceiling, access floor, facade)iDy, ris normalized to the reference equivalent sound absorption
pceiving room; Ag = 10 m2.

try: This quantity shall'be determined in accordance with ISO 10848-1, ISO 10848-2 and I1SO 1084
try: For clarity, theterm Dy, ris used when only one flanking path determines the sound transmis

th suspended céiling) and the term Dy ¢jj is used when only one specified transmission path ij
aths is considéred (such as structure-borne transmission on junctions of three or four conne

reduction index

(e.g.
the

e to

one

oms
hrea

8-3.

Kion
out
Cted

Kij

quantity related to the vibrational power transmission over a junction between structural elements,
normalized in order to make it an invariant quantity, which is determined by normalizing the direction-
averaged velocity level difference over the junction, to the junction length and the equivalent sound

absorption

D, .+D,.
=—4 5 ~L +1101g

ij

where

length, if relevant, of both elements in accordance with
ij

a, aj

v,ij

dB
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Dyjjj is the velocity level difference between element i and j, when element i is excited, i

Dyji s the velocity level difference between element j and i, when element j is excited, i

[ij is the common length of the junction between element i and j, in metres;
aj is the equivalent absorption length of element i, in metres;
aj is the equivalent absorption length of element j, in metres.

Note 1 to entry: The equivalent absorption length is given by

whd

Not
if itg
situ

Not

3.2

normalized direction-averaged vibration level difference

D

V,ij

diff]

from j, and normalized—to the junction length and the measurement areas on both e

acc

whd

2
2,27 S f
a= ref
o Ts f
re

Ts isthe structural reverberation time of the elementi or j, in seconds;

S isthe area of elementi orj, in square metres;

f  isthe centre band frequency, in Hertz

fref is the reference frequency; frer=1 000 Hz;

Co isthe speed of sound in air, in metres per second.

e 2 to entry: The equivalent absorption length is thesléngth of a fictional totally-absorbing edge o
critical frequency is assumed to be 1 000 Hz, giving the same loss as the total losses of the eleme]
htion.

e 3 to entry: The quantity Kjj shall be deterthined in accordance with ISO 10848-1 and ISO 10848

7

n
brence in velocity level between elements i and j, averaged over the excitation from i anc

rdance with

D, Q0P Ll

Dyjjn = fu 101g
S .S

m,i “ m,

dB

n decibels;

n decibels;

F an element
ntina given

excitation
lements in

Dy,jj 1s the velocity level difference between element 1and ), when element 11s excited, 1n
Dy ji is the velocity level difference between element j and i, when element j is excited, in
lij  is the common length of the junction between element i and j, in metres;

Sm,i is area of element i over which the velocity is averaged, in square metres;

Sm,j is area of element j over which the velocity is averaged, in square metres;

lo  isthe reference length, in metres; I, = 1 m.

decibels;

decibels;

Note 1 to entry: The quantity Dvij , shall be determined in accordance with ISO 10848-1 and ISO 10848-4.

© IS0 2017 - All rights reserved 5
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Note 2 to entry: In case of lightweight, often highly-damped junction elements, the use of Kj; (3.2.6) is no longer
valid (non-uniform vibration field); however, the notion of vibration level difference is still appropriatel30] and
this quantity can be normalized as defined in 3.2.7.

3.2.8

direction-averaged junction velocity level difference
D v,ij
average of the junction velocity level difference from element i to j and element j to I, evaluated from

— Dv,ij +D

_ \ALEETS
DV,ij —_ 2 up
3.29
flanking spund reduction index

minus 10 tfmes the common logarithm of the flanking transmission factor tj;, which.i$\evaluated fr¢m

R; =-{(101g7, ) dB
where

Ty =Wy /Wy
and where

Tjj is|the ratio of the sound power Wj;j radiated from:a flanking element j in the receiving room|due
td incident sound on element i in the source t¢om to the sound power Wy;

W1 is|the incident sound power on a reference-area in the source room.
Note 1 to enftry: The area of the separating elemeéntis chosen as the reference area.

Note 2 to erftry: The area of the separating element is chosen as the reference since then the contribution of ¢ach
transmission path to the total transmissienis directly indicated, which is not the case with other choices.

3.3 Othe¢r terms and quantities

3.31
airborne direct transmission
transmissipn due only;te sound incident on a separating element that is then directly radiated by|the
element or|transmitted through parts of it (airborne) such as slits, air moving devices or louvres

3.3.2
indirect tyransmission
transmission of sound from a source room to a receiving room, through transmission paths other than
the direct transmission path

Note 1 to entry: It can be divided into airborne transmission and flanking transmission.

3.3.3

indirect airborne transmission

indirect transmission of sound energy via an airborne transmission path, e.g. ventilation systems,
corridors, double facades

6 © IS0 2017 - All rights reserved
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3.34

flanking transmission

indirect structure-borne transmission

transmission of sound energy from an excited element in the source room to a receiving room via
structural (vibrational) paths in the building construction, e.g. walls, floors, ceilings

Note 1 to entry: In cases of cavity walls and suspended ceilings airborne transmission can contribute to or even
dominate the transmission.

3.3.5
Type A element
elethent with a structural reverberation time that is primarily determined by the connecte£ elements

(up|to at least the 1 000 Hz one-third-octave band), and a decrease in vibration level offlesg than 6 dB
acrgss the element in the direction perpendicular to the junction line (up to at leastthe 10
thirld-octave band)

0 Hz one-

Note 1 to entry: Examples include cast in situ concrete, solid wood (including cross {aminated timper panels),
glasps, plastic, metal, bricks/blocks/slabs with a finish/topping (e.g. plaster, parge)ceat, screed, cohcrete) that
medhanically connects them together.

Not¢ 2 to entry: An element may only be defined as Type A over part, or parts'gfithe frequency range. For example,
somle masonry walls can be Type A elements in the low- and mid-frequency ranges and a Type B el¢ment in the
high-frequency range.

3.3l6
Type B element
any|element that is not a Type A element

Note 1 to entry: Examples typically include plasterboard/timber cladding on timber or metal frames|
Notg 2 to entry: An element may only be defined asType B over part or parts of the frequency range. Jor example,

somle masonry walls can be Type A elements in the low- and mid-frequency ranges and a Type B el¢ment in the
high-frequency range.

4 |Calculation models

4.1 General principles

The sound power in the teceiving 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 indire¢t airborne
soupd transmissien,-The total transmission factor can be divided into transmission factors} related to
each element in{th& receiving room and the elements and systems involved in the direct ahd indirect
airhorne transmission, as shown by Formula (1):

R = ——(101g1') dB €]

where

n m k
T =1, +er +Zre +er
f=] e=l s=I

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

and where

© IS0 2017 - All rights reserved 7
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T’ 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;

7q isthe 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;

7r 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 Ffand Df shown in Figure 2;

Te is the sound power ratio of radiated sound power in the receiving room by an element in thle
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;

Ts is fhe sound power ratio of radiated sound power in the receiving room by a systém s due tp
indlirect airborne transmission of incident sound on this transmission systetm;relative to
in¢ident sound power on the common part of the separating element;

n is the number of flanking elements; normally n = 4, but it can be smalleror larger;
m is the number of elements with direct airborne transmission;

k is the number of systems with indirect airborne transmission:

Key
d rddiated directly from the separating element

fiand f; rddiatedfrom flanking elements

e rddiated from components mounted in the separating element

s indirect transmission
Figure 1 — Illustration of the different contributions to the total sound transmission to a room

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.

8 © IS0 2017 - All rights reserved
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Ff

Ed

Key
Dd
Df
Fd

Ff

The
con
the
eler
of t
rest

typ
nor

Sonpe indications are given in Annex Jfor the application to other double elements such as ca

The

trapsmission and n flanking tratismission paths, as shown by Formula (2):

The
con

direct direct path
direct flanking path
flanking direct path
flanking flanking path

Figure 2 — Definition of sound transmission paths'ij between two rooms

main assumptions with this approach are that :the transmission paths describ
sidered to be independent and that the sound and<wibrational fields behave statisticg
be restrictions this approach is quite general, in principle allowing for various types off
hents, i.e. monolithic elements, cavity walls, lightweight double leaf walls, and different
e two rooms. However, the available possibjlities to describe the transmission by each p
rictions in this respect. The model presented is therefore restricted to adjacent rooms

malized direction-averaged vibration-level difference or the normalized flanking level

transmission factor for the separating element consists of contributions from the airb

n
Tqa =Tpa t Z Trq
F=1

transmissign™Mactor for each of the flanking elements f in the receiving room
Lributions frem two flanking transmission paths, as shown by Formula (3):

Tt = Tpt T Trr

bd can be
lly. Within
structural
hositioning
hth impose
, while the

b of elements is mainly restricted by the available information on the vibration reduction index, the

difference.
vity walls.

brne direct

(2)

ronsists of

(3

Th

TransSmission factors for these StIuctUre-borne transmission pthS are rerated to

the sound

reduction index for direct transmission Rpq and the flanking sound reduction index Rj; as shown by

Formula (4):
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The transmission factors for the direct and indirect airborne transmission are related to the element
normalized level difference Dy ¢ and the normalized level difference for indirect airborne transmission

Dy, s as shown by Formula (5):

_ Ay =D, /10
T, = 5—10 e
S
(5)
D_./10
T, =—>10 s/
S

where

Ss is the area of the separating element, in square metres;

A, is the reference equivalent sound absorption area, in square metres.
In order to|calculate a single number rating for the building performance in accordance with ISO 717-1,
the calculation shall be carried out for octave bands from 125 Hz to 2 000 Hzor for one-third-octave
bands from 100 Hz to 3 150 Hz.
NOTE The calculations can be extended to higher or lower frequencies if eleément data and junction datd are
available fof these frequencies. However, especially for the lower frequenciesino information is available atfthis
time on the pccuracy of calculations for these extended frequency regions;see Annex I.
The detailed model deals with both direct and flanking transthission as well as direct and indifect
airborne transmission. Since these transmission paths cansbe considered as independent they|are
treated separately. The calculation of the direct and flanking transmission is described in 4.2. [The
direct and [indirect airborne transmission is described in4.3.
The simplified model calculates the building performance as a single number rating, based on the sipgle
number ratings of the performance of the elements-involved. The simplified model is described in 4/4.
In this docyiment the apparent sound reductionindex R’ is chosen as the prime quantity to be estimalted.
The level d{fferences are related to the apparent sound reduction index as shown by Formulae (6) and|(7):

A , 10
D, =R|+|101g—% |=R’+| 10]g=— |dB (6)
IS‘S IS‘S
, N 0,32V
D,r =R +| 101g=32< 1=R"+| 101g dB (7)
TOSS SS

where

Csqp is|the,Sabine constant, in seconds per metre with Cgap = 0,16 s/m.

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

A calculation example is given in Annex L.

4.2 Detailed model for structure-borne transmission

4.2.1

Input data

The transmission for each of the paths can be determined from the following:

— sound

sound

10

reduction index of separating element: Rg;

reduction index for element i in source room: Rj;
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sound reduction index for element j in receiving room: Rj;

sound reduction index improvement by additional layers added to the separating element in the

source room and/or in the receiving room: ARp, ARg;

sound reduction index improvement by additional layers added to the 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 jab;

vibration reduction index for each transmission path from element i to element j: Kijj;

NOT
also

NO1
bet

Infd
Infd

Infq
isg
Infd
jun

Thd
med

empirical estimations or field measurements. Further information is given in Annexes E

sou

For
the

normalized direction-averaged velocity level difference between element i to element j:
flanking normalized level difference Dy, ¢;

E1 Normally this concerns only transmission path Ff for a given flanking element;*but the qu
be applied to other transmission paths like Fd or Df.

area of separating element: Sg;

area of element i in source room: Sj;
area of element j in receiving room: Sj;
common coupling length between element i and element§ as measured from surface to 3

E2  If Dyror Dy is calculated, the area of the separating.element serves as an arbitrary referen
hken as 10 m2 throughout the calculations.

rmation on sound reduction index is given in-Annex B.

ven in Annex D.

rmation on vibration reduction index and on flanking normalized level difference fd
‘tions is given in Annex E¢

acoustic data on theelements involved should be taken primarily from standardized
isurements. However, they may also be deduced in other ways: using theoretical c:

I'ces of data used shall be clearly stated.

each flaitking transmission path, the sound reduction index R of the involved elements
separating element) should relate to the resonant transmission only. If laboratory me

res

be 3pplied below that frequency, see Annex B. If the values of the sound reduction index af

Itsdare used as input data, this is therefore correct above the critical frequency; a corre

rmation on structural reverberation time for homogeneous elements is given in Annex (.

D

v,ij,n

hntity could

urface: [j.

re and could

rmation on sound reduction index improvement and flanking sound reduction index improvement

r common

laboratory
ilculations,
| to E. The

(including
asurement
ction shall
e based on

calcuTlations from material properties, 1t 1S best to consider only resonant transmission ovel

frequency range of interest.

- the whole

For airborne direct transmission, R shall include forced transmission as included in laboratory
measurements. However, transferring these laboratory data to the in situ situation requires the use of

the

4.2,

4.2,

structural reverberation which applies to resonant transmission only (see 4.2.2).
2 Transfer of input data to in situ values

2.1 General

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

©IS
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For the additional layers, the laboratory value can be used as an approximation for the in situ value of
the improvement ARg;jty, as shown by Formula (8):

AR..  =ARdB (8)

situ

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. There is some evidence to
indicate that the improvement for airborne direct transmission is also a reasonable estimate for the
improvement for flanking transmission. An exception is lightweight basic elements, for which there are
indicationd that using the same value for flanking transmission as for airborne direct transmissign|can
no longer He assumed. See Annex D.

NOTE \Vith lightweight elements, the additional reduction of sound transmission for flankingtrafhsmisgsion
(for each frgquency band) can then be approximated as ARf = ARd /2.

For structxlral elements and junctions, two cases shall be considered: Type A eletnents (4.2.2.2) pnd
Type B elements (4.2.2.3).

4.2.2.2 Type A elements

For Type Alelements, the in situ value of the sound reduction index Rgifor the separating elementpnd
each of thel|flanking elements follows from Formula (9):

T .
R. =R-|101g—=™ |dB (9)

situ
slab
where
Ts situ fs the in situ structural reverberation time of the element, in seconds;
Ts)ab [s the structural reverberation time of the element in the laboratory, in seconds.

The structural reverberation time, both for the laboratory and in situ, is therefore to be taken |nto
account; sde Annex C.

NOTE As a first approximatiomit can be assumed that Rgjty = R.
For the jurctions, the in situ transmission is characterized by the direction-averaged junction velofity

level differgnce D ; This follows from the vibration reduction index, as shown by Formula (10]:

v,ij,sitd

I.. -
D .| =K —|10lg———— |dB;D >0 dB 10)

v,ij,pitu ij v,ij,situ
ai,situ aj,situ

with Formula [TT7J:

2
. ~ 2,2 1"S, f fref
isitu —
CoTs,i,situ f
2,2m%s; [f
a _ j ref
jsitu —
CoTs,j,situ f

where

(11)
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aisitu 1S the in situ equivalent absorption length of element i, in metres;
ajsitu  is the in situ equivalent absorption length of element j, in metres;
f is the band centre frequency, in Hertz;

fref is the reference frequency; fref=1 000 Hz;

Co is the speed of sound in air, in metres per second;

I is the coupling length of the common junction between elements i and j, in metres;
Si is the area of element i, in square metres;

Sj is the area of element j, in square metres;

Ts,isitu 1s the in situ structural reverberation time of element i, in seconds;
Tsj,situ 1s the in situ structural reverberation time of element j, in seconds.

In this case, the in situ structural reverberation time shall be taken inte’account; see Annex (.

4.212.3 Type B elements

For|[Type B elements, the structural reverberation time 75ty shall be taken as being eqyal to Ts ap
whilch leads to a correction term of 0 dB (Rsjty = R).

For|the Type B elements, the in situ direction-averaged junction velocity level difference follows from
thenormalized direction-averaged junction velocitylevel difference (with lp a reference length of 1 m),

as shown by Formula (12):

11

0'ij

\[Si,situ Sj,situ

In the case of a junction composed of elements of both categories (for example Type B wall on Type A
flodr), Formula (10) can still beyused as an approximation, the equivalent absorption length pf the Type
B element being taken equdl to the element area [Formula (13)] and Kjj being estimated as p¢r 3.2.6.

=D . —|101lg

v,ij,situ v,ij,n

dB (12)

a (13)

i,situ = Si,situ / 10
4.2{3 Determination of direct and flanking transmission in situ

4.213.1, TGeneral

The sound reduction index for airborne direct transmission is determined from the adjysted input
value for the separating element according to Formula (14):

R, =R + AR + AR

Dd — "'s,situ D,situ d,situ dB (14)

For flanking transmission, two cases shall be considered: Type A elements (4.2.3.2) and Type B elements
(4.2.3.3).
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4.2.3.2 Type A elements

For Type A elements, the flanking sound reduction index is determined from the adjusted input values
according to Formula (15), with ij = Ff, Fd and Df:

i,situ j,situ s
i + ARLsitu +———+ AR].‘Situ + Dvli].,Situ +(101g s dB (15)
VoY

In the case of diagonal transmission, a separating element of area Ss = 10 m2 shall be used.
NOTE for certain suspended ceilings and light uninterrupted facade, the Ilanking transmission 1s dominpted
by path Ff (the junction having a small influence, the contribution of path Df can be neglected). In that case,|it is
possible to ¢haracterize the flanking transmission for this construction as a whole by laboratory measuremgnts
(see Annex (7).
4.2.3.3 Type B elements

For buildiy
either by t

averaged juinction velocity level.

The flankil
by Formulz

In case of
the labora
or estimat
See Annex

The flanki
combining

R..
1)

The sound

element, that are alsodistinguished in the normalized direction-averaged vibration level differg

D

vijn (€

The sound
accordancg

he normalized flanking sound level difference Dy, or by using the_normalized direct

| (16) (see also Annex G):

Sl
+|101g=s12b |4p
A

0'ij

n,f,ij,situ

dominant structure-borne sound transmission, Dyfijsitu can be taken as identica
fory situation. In case of important indirect airborne transmission path, the measy
bd Dj f1ap for the laboratory situation shall be transferred to in situ, as indicated in G.
G for further guidance.

hg sound reduction index can also be deduced from the performance of the element:

Formulae (15) and (12), as shown by Formula (17):

+D

v,ij,n

i,situ

2

j,Situ S
+AR, o F = T AR].'Situ +|101g dB

0'j
reduction indjeeS) Rj and Rj, refer to either the double element as a whole or the inner

e Annex F) and should relate to resonant transmission only.

tranSmission by the separating element and by the flanking elements can be calculate

with Formulae (2) and (3), applying Formulae (4), (8) to (17) inclusive. The total so

1gs made of Type B elements, the flanking transmission can be charaeterized adequaftely

on-

1g sound reduction index can be deduced from the flanking&ound level difference as shgwn

16)

to
red
2.2.

by

17)

leaf
nce

1 in
und

transmissi

a¥al fahparnnf sound-reduction inﬂnv) canhbe calculated with Eormula {1\’ ncing the resul
e e

s of

4.3 if applicable.

4.2.4 Limitations

The limitations are as follows.

a)

or the normalized vibration level difference is known or can be estimated from known values.

b)

radiation characteristics for both sides.

14

The model can be used only for combinations of elements for which the vibration reduction index

The model is only applicable for bare structural elements which have approximately the same

© ISO 2017 - All rights reserved
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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; see proposed solution in Annex J.

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 or the normalized
vibration level difference 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 several

e)

elements.

The model only describes the transmission between adjacent rooms.

4.3

4.3]1 Determination from measured airborne direct transmission for small technical

The

elethents considered, Dy e, through Formulae (5) and (1). In principle the element as applied
identical to the element for which data are available, so Dy, ¢ situ = Dn,e-

NOT

the pcoustic behaviour of an element as applied in situ from the element'data on an equivalent elem|

Detailed model for airborne transmission

contribution can be directly determined from the element normalized’level differe

E However, for some types of elements, like slits or transfer aik devices, it is feasible to

elements
nce of the
| should be

extrapolate
ent with for

instpnce a different length. In that case, Dy e situ could be deduced ffom Dy e by taking into account ghe different

dimensions in an appropriate way.

4.3]12 Determination from measured total indirect transmission

No standardized methods of measurement are currently available to characterize the indire
trapsmission Dy s for transmission systems as @,whole. While it is desirable to develop sug

for

trajpsmission systems it may be preferablet€o’base predictions on data for the separate elemg

sys

4.3

No falculation scheme is cufrently available to determine the normalized level difference

certain transmission systems such as ‘domestic ventilation systems, for many oth
ems (see 4.3.3).

3 Determination from the performance of the separate elements of a system

rt airborne
h methods
br indirect
nts of such

b Dp,s from

kngwledge and acoustical ‘data on the elements involved in the transmission, i.e. ventilation ducts,

silepcers, suspended ceilings, corridor/hall, doors and door-gaps. Some proposals do, how

whi
situ

4.4

4.4

ch could form the.basis for further development of such schemes. Information is give
ations in Annex-H-

Simplified model

1 AGeneral

ever, exist,
h for some

The

application of the simplified model 1s restricted over a frequency range 100 Hz to 5

application to lightweight constructions is restricted to the use of Dy f [see Formula (21)].

4.4.2 Calculation procedure

50 Hz; its

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 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. Ry, + C. The resulting

©IS
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estimate of the building performance is given in the same type of single number rating as is used for the
building elements, i.e. Ry, or (R'y + C).

NOTE1 For convenience, the sums with the spectrum adaptation term can be denoted by one symbol, for
instance R’y + C=R’a and Dyt,w + C = Dyt A-

NOTE2  The energetic summation involved in the model is exact for R’s and a reasonable approximation for R'y.

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. Additionally, the airborne transmission through technical elements and other
transmissipmrsystemrs tambeimcorporated:

For the simplified model, the prediction Formulae (1), (2), (3), (4), and (5) are re-writtemand [the
weighted apparent sound reduction index between two rooms is determined from Formula {18):

, 10 10 10 10 /10
R, = 4| 101g| 107 Roaw /10, Z 10 Frw/ +Z10 Forw/ +210 Rraw ! 210 njw/
F=f=1 f=1 F=1 5 3
18)
where

Rpd,w |s the weighted sound reduction index for airborne directtransmission, in decibels;

Rrfw |s the weighted flanking sound reduction index for the'transmission path Ff, in decibels;

Rpfw |s the weighted flanking sound reduction index for the transmission path Df, in decibels;
Rrdw |s the weighted flanking sound reductiofhindex for the transmission path Fd, in decibels;

Dnjw fs the weighted normalized sound.lével difference for the transmission through a small
technical element j (Dp ) or an dirborne transmission system j (D s), in decibels;

n s 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 Annex]);

m s the number of airberne transmission elements or systems j;
Ss s the area of the separating element, in square metres;
Ao s the reference equivalent absorption area, in square metres; A, = 10 m2.

NOTE 3  Iff DyTon\Dy, is calculated, the area of the separating element serves as an arbitrary reference|and
could be talfensas 10 m2 throughout the calculations.

NOTE 4 g 18 elements and massive elements, e.g.
with suspended ceilings or lightweight facades, the flanking transmission is dominated by path Ff and the third
and fourth terms in Formula (18) can be neglected for that flanking element.

NOTES5 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 Fd for 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).

16 © IS0 2017 - All rights reserved
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The weighted sound reduction index for airborne direct transmission is determined from the input
value for the separating element according to Formula (19):

RDd,w = Rs,w + ARDd,w dB [19)

where

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

ARpg4w 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 valiies adcording to
Formula (20):
R = R ek 4| 101955 |aB
Ffw — > + ARppy + R T 1018
of
R = R g K., +|10lg—- |dB 20
Fdw — > TARp y T Rpg + g (20)
of
R Fow Riw | o Ky, +|10lg— |dB
Dfw > T ARpryw T Rpp t+ g
of
wheére

Rpw  is the weighted sound reduction index dfthe flanking element F in the source ropm, in
decibels;

Rew  is the weighted sound reduction-index of the flanking element f in the receiving foom, in
decibels;

ARpfyw is the total weighted sodnd reduction index improvement by additional lining on] the
source and/or receiying side of the flanking element, in decibels;

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

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

Krf is the vibration reduction index for transmission path Ff, in decibels;

Kgd is the vibration reduction index for transmission path Fd, in decibels;

Kps is the vibration reduction index for transmission path Df, in decibels;

Ss is the area of the separating element, in square metres;

If 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; [, = 1 m.

NOTES5 InFormula (20), it is assumed that the element absorption length a is equal to the element area S.

© IS0 2017 - All rights reserved
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For lightweight constructions, the weighted flanking sound reduction index Rjjw for any path Ff, Df or
Fd shall be determined from the corresponding weighted flanking normalized level difference Dy ¢ijw

using Formula (21):

Ilab Ss
Rl],W = Dn,f,l],W + 101gI_A_ dB (21)
ij "o
For certain flanking constructions, like suspended ceilings and lightweight facades, the transmission is
normally dominated by path Ff, as characterized by the weighted flanking normalized level difference
Dy tw, so the contributions of path Df and Fd can be neglected. Dy can be either measured or
determinegl from the performance of elements (see Annex G). For horizontal flanking elements [like
ceilings I,y is usually of 4,5 m and for vertical flanking elements like facades l15p is usually 2,5m:

4.4.3 Inputdata

Acoustic data on the elements involved should be taken primarily from standardized laborafory
measuremgents. However, they may also be deduced in other ways, using theoretical calculatipns,
empirical gstimations or field measurements. Information on this is given in Afihexes B, D, E and ]. [The
sources of fata used shall be clearly stated.

The input data consist of the following.

a) The weighted sound reduction index of the elements: Rsw, REw<Bfw-
Infornjation for homogeneous elements is given in Annex B.

b) The vibration reduction index for each junction and path*Krf; Krq; Kpt.

Infornjation for common junctions is given in Anmex E. If the values for the vibration reducfion
index flepend on frequency, the mean value averaged over the frequency range 1/3 octave 25( Hz
to 1 0Q0 Hz should be taken as an approximatien in accordance with ISO 10848 (all parts), but then
the reqult can be less accurate.

If a flanking element has insignificant\or no structural contact with the separating element, ¢nly
Krr is felevant (see Annex ]), whiletthe transmission paths Fd and Df are neglected (i.e. by setfing
the Kijjvalues very high).

c) The weighted normalized flanking sound level difference for transmission path Ff: Dy, £ pfw.
d) The total weighted sound\reduction index improvement for the separating element: ARpg w-

This vplue followsleither directly from available results for the appropriate combination dr is
deduce¢d from results for each of the layers involved separately, as shown by Formula (22):

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

AR, AR 22)

Doz
T

T or = AR T

D,w

two layers ARy dw = ORp

In the case of two linings, half the value is taken for the lining with the lower value; however, if both
linings have a negative value, then half the value is taken for the lining with the higher value.

e) The total weighted sound reduction index improvement for each flanking path: ARgfw; ARFd,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), as shown by

Formula (23):
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AR.

»w

dB

or

AR.

LW

onelayer : AR.,
ijw

ARiw

,
i,w

2

two layers: ARij,w =AR. + or = AR].,W + dB

i,w

(23)

In the case of two linings, half the value is taken for the lining with the lower value; however, if both

linings have a negative value, then half the value is taken for the lining with the higher v
Information on the weighted sound reduction index improvement is given in Annex D.

The weighted normalized sound level difference for technical elements: Dy e w.

alue.
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The weighted normalized sound level difference for indirect airborne sound transmissi
a system: Dy s w-

4 Limitations
following comments apply concerning the limitation of the prediction by,thé models pre
The limitations for the detailed model also apply for the simplified mredel.

The simplified model applies mainly to dwellings where the dimenSions of the elements
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 hasg
frequency dependence; with elements which have a clearly deviating frequency behay
instance double, lightweight elements, the accuracy«may be less.

Accuracy

calculation models predict the measured-performance of buildings, assuming good wo
high measurement accuracy. The aceuracy of the prediction by the models presente
many factors: the accuracy of the input data, the fitting of the situation to the model,
hents and junctions involved, the'geometry of the situation and the workmanship. It is th

h on the accuracy have to be-gathered in the future by comparing the results of the modg¢
isurements from a variety of different buildings. However, some indications can be given

main experience in the application of similar models has been so far with buildings whei

ictural elements are homogeneous, i.e. brick walls, concrete, gypsum blocks, etc. In those
prediction of the_single number rating by the detailed model is on average correct (no
 a standard/deviation of 1,5 dB to 2,5 dB (the lower value if all aspects are taken into a
er to complex situations and when neglecting the structural reverberation time).

ictions with the simplified model show a standard deviation of about 2 dB. Uncertai

sim

lified model can be estimated using the method proposed in Annex K.

bn through

sented.

Are similar

a similar
jour, as for

rkmanship
d depends
the type of
erefore not

Kible to specify the accuracy of‘the predictions in general for all types of situations and applications.

| with field

e the basic
situations,
bias error)
ccount, the

hty for the

In applying the predictions It 1s advisable to vary the Input data, especially In complicate
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. A possibility
to do this in a more systematic way by estimating overall accuracy from the accuracy of all acoustic
input data is described in Annex K.
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Annex A
(normative)

Symbols

Table A.1 — List of symbols

Symbol Physical quantity Unit|
a equivalent absorption length of a structural element m
dsity equivalent absorption length of a structural element in situ m
A equivalent sound absorption area in the receiving room m?2
Ao reference equivalent sound absorption area; for dwellings given as 10 m2 m?2
Ap equivalent sound absorption area of a hall m?
Bi bending stiffness per unit width of element i Nm
CB bending wave speed m/s
CL quasi-longitudinal wave speed m/s
Ca correction term for absorption above suspended ceiling dB
Cdoorpos. | correction term to take into account the relative position.ofithe doors in a hall dB
Cc coefficient used in presence of elastic interlayers in junction -
C spectrum adaptation term 1 in accordance with ISO\717-1 dB
Cir spectrum adaptation term 2 in accordance witlp[SO 717-1 dB
Co speed of sound in air (= 340 m/s) m/s
Csab Sabine constant (= 0,16 s/m) s/m
Cw Waterhouse correction dB
Dt standardized sound level difference dB
Dntw weighted standardized soundlevel difference dB
Dn,e element normalized leveldifference of small building elements dB
Dn,e situ element normalized lével'difference of small building elements in situ dB
Dy,s normalized sound level difference for indirect transmission through a system s dB
Dn flanking normalized level difference dB
Dn flab flanking nerihalized level difference in laboratory dB
Dn £ situ flankingwnormalized level difference in situ dB
D £ flanking normalized level difference between excited element i and receiving element j dB
Dn gjjsitu | flanking normalized level difference between excited element i and receiving element dB
Jarsreud

D tij,w weighted flanking normalized level difference between excited element i and dB
receiving element j

Dn fFrtw weighted flanking normalized level difference for the transmission path Ff dB

D jw weighted normalized sound level difference for transmission through an small dB
technical element or system

Dnfw weighted flanking normalized level difference dB

Dyjj junction velocity level difference between excited element i and receiving element j dB
direction-averaged junction velocity level difference between elements i and j in situ dB

v,ij,situ
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Table A.1 (continued)

Symbol Physical quantity Unit
—_— normalized direction-averaged velocity level difference between elements i and j dB
v,ij,n
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
fe.eflf effective critical frequency, taking into account longitudinal and shear waves A Hz
fref reference frequency (=1 000 Hz) (-\'\‘ Hz
fi characteristic frequency for the effect of flexible inter layers at junctions ko(.]/v Hz
/o plateau frequency for the sound reduction index N - Hz
K frequency to express the frequency dependence of the vibration reducticgavldex Hz
(=500 Hz) N
fo mass-spring resonance frequency 0 Hz
hpi free height of the plenum above the ceiling ) \(0v m
ha laboratory value, as reference, for hp| (= 0,7 m) . (5\ m
i indices for an element; for a transmission path ij, i indi an element in the source -
room (= F,D) and j an element in the receiving room (&1,
k index for a border of an element L\\\\ ) -
ko wave number in air (ko = 2 f / ¢,) 0,\V rad/m
Kjj vibration reduction index for each transmié%‘k\)n path ij over a junction dB
Krf vibration reduction index for each trag@]%‘ssion path Ff dB
Krd vibration reduction index for each :c_\ra*\smission path Fd dB
Kpf vibration reduction index for eggﬁ\hgansmission path Df dB
Kij hin minimum value for Kj; in Si’t-l,(\c}\ dB
L1 average sound pressure lewan the source room dBre
RN 20 pPa
Ly average sound pr @}Z level in the receiving room dBre
- é) 20 pPa
Ly length of bog;\fel)k of a total floor plate between load-bearing walls m
Ljj commog@ﬁing length between element i and element j m
If com?ﬁq)ct)upling length between flanking element f and separating element m
lab I;Q?%tory value, as reference, for m
Ix k\’{gth of border k of an element m
Io &v reference length (= 1 m) m
m' | <D mass per unit area of an element kg/m?2
m'y reference mass per unit area (= 1 kg/m?2) kg/m?2
M -
lg (m,J_i /m] j
n number of flanking elements in a room -
R sound reduction index of an element dB
R* sound reduction index of an element for the resonant transmission only dB
Rmeas measured 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
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Table A.1 (continued)
Symbol Physical quantity Unit
W weighted apparent sound reduction index dB
Rjj flanking sound reduction index dB
Rs sound reduction index of separating element dB
Rf sound reduction index of flanking element dB
Rs situ sound reduction index of separating element in situ dB
Rpd sound reduction index for airborne direct transmission dB
RFf sound reduction index for the transmission path Ff dB
Rpf sound reduction index for the transmission path Df dB
Rrq sound reduction index for the transmission path Fd dB
Ri sound reduction index for element i in source room dB
Ri situ sound reduction index of element i in situ dB
R; sound reduction index for element j in receiving room dB
Rj situ sound reduction index of element j in situ dB
AR sound reduction index improvement by additional layers dB
ARsity sound reduction index improvement by additional layers in situ dB
ARjap measured sound reduction index improvement by additional ldyer's dB
ARy sound reduction index improvement by additional layers for flanking transmission dB
AR sound reduction index improvement by additional layers.for separating element dB
ARp sound reduction index improvement by additional layers for separating element in the dB
source room
ARq sound reduction index improvement by additiomal layers for separating element in the dB
receiving room
AR sound reduction index improvement by additional layers for element i dB
AR; sound reduction index improvement byadditional layers for element j dB
ARD sity sound reduction index improvement by additional layers for separating element in the dB
source room in situ
AR situ sound reduction index imptroyement by additional layers for separating element in the dB
receiving room in situ
AR; situ sound reduction index.improvement by additional layers for element i in situ dB
ARj situ sound reductiondhdex improvement by additional layers for element j in situ dB
Rhs sound reduction/index of the wall between a hall and the source room dB
Rhr sound reduction index of the wall between the hall and the receiving room dB
Rw weighted'sound reduction index in accordance with ISO 717-1 dB
Rsw weiglited sound reduction index of the separating element dB
REw 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
Rpd,w weighted sound reduction index for airborne direct transmission dB
Refw weighted sound reduction index for the transmission path Ff dB
Rpfw weighted sound reduction index for the transmission path Df dB
RFd,w weighted sound reduction index for the transmission path Fd dB
ARy weighted sound reduction index improvement by additional layers dB
ARy situ weighted sound reduction index improvement by additional layers in situ dB
ARpd,w total weighted sound reduction index improvement by additional lining on the source dB
and/or receiving side of the separating element
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Table A.1 (continued)

Symbol Physical quantity Unit
ARFfw total weighted sound reduction index improvement by additional lining on the source dB
and/or receiving side of the flanking element
ARFdw 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
ARDpfw 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
A correction of the Kjj in presence of elastic interlayers in junction dB
Sre area of the part of a floor, seen from the receiving room m?2
Stot total area of a floor field between load bearing structural elements m2
ShslShr area of the wall between the hall and the source room, and receiving room, respectively m?2
SesfSer the area of the ceiling in the source room and receiving room, respectively m?2
Slat laboratory value, as reference, for Scs and Sy (= 20 m2) m?2
Ss area of separating element m?2
Si, 4 area of an element in the source room (i) and receiving room (j)srespectively m?2
Si,situs Sj,situ |area of an element in the source room (i) and receiving roomj);respectively in situ m?2
Smi area of an element i over which the velocity is averaged m?2
s’ dynamic stiffness of a layer MN/m3
st apparent dynamic stiffness of a flexible interlayer MN/m3
t thickness of a structural element m
ta thickness of an absorbing lining m
t thickness of a flexible interlayer m
T reverberation time in the receiving room S
To reference reverberation time; forsdwellings given as 0,5 s S
Ts structural reverberation timeofa (homogeneous) element S
Ts tht laboratory structural reveérberation time for total (homogeneous) element S
Tst structural reverberation time of a (homogeneous) flanking element S
Ts,14b laboratory structutalreverberation time for each (homogeneous) element S
Ts,sjtu structural reverberation time in situ S
%4 the volume 0fthe receiving room m3
)2 average.square velocity over element i (free waves) (m/s)2
1
)2 aveyage square velocity over element j (free waves) (m/s)2
J
Wide total radiated sound power into receiving room W
Wi radiated sound power by element j due to incident sound on element i \\
741 sound power incident on a test specimen in the source room w
w» 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 in accordance with 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
Nij coupling loss factor between element i and j -
Ntot total loss factor -
Ntot,lab total loss factor in the laboratory situation -
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Table A.1 (continued)

Symbol Physical quantity Unit
Ntot,situ total loss factor in situ -
Nint internal loss factor -

p density kg/m3
density of air kg/m3

Po

0, O radiation factor for free bending waves (case of structural excitation) -

of radiation factor for forced waves p

Oa radiation factor for airborne excitation -

T transmission factor (sound power ratio) -

Tij flanking transmission factor -

T sound power ratio of total radiated sound power in the receiving room relative te -

incident sound power on the common part of the separating element

Td 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

Tf sound power ratio of radiated sound power by a flanking construction f in the -
receiving room relative to incident sound power on the commomnpart of the
separating element; it includes paths Ff and Df

Dpd sound power ratio of radiated sound power for airborne diréct transmission dB
TFf sound power ratio of radiated sound power for the transmission path Ff dB
Dt sound power ratio of radiated sound power for the transmission path Df dB
TFd sound power ratio of radiated sound power for the transmission path Fd dB
Tg 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.eemmon 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

%So percentage of the area over.which the additional layer is glued to the basic element %
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Annex B
(informative)

Sound reduction index

General
=enera:

For
the

each flanking transmission path, the sound reduction index R of the involved elements
separating element) should relate to the resonant transmission only. If laboratory me

restilts are used as input data, this is therefore correct above the critical frequency;while a

sha
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bas
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B.2
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NOT
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elern]

Thy

1 be applied below that frequency, particularly for elements with high critical
htweight elements). A correction is proposed in B.2. If the values of the,sound reductio
bd on calculations from material properties (case of homogeneous elements), it is best
 resonant transmission over the whole frequency range of interest, @s)explained in B.3.

5 annex also proposes empirical relations to estimate weighted $ound reduction indices

Sound reduction index for resonant transmission only

der to deduce the sound reduction index for resonanttransmission R* from laboratory mq
Its R, data on the radiation factor for airborne excitation o, and for (indirect) structura
re required. The corrected value then follows a$a good estimation from Formula (B.1):[§

(o)
R*=R+101g—2

Oy

E In the case of double elementswith cavity, Formula (B.1) overestimates the correction at
e to the cavity resonance.

re is no standardized method available to determine these radiation factors yet. Howsg
lsurements, using the method proposed in Reference [30], have indicated that in cas¢
hents with cavity the-eorrection is small or negligible, while for elements without cavity
wall often framed eléments), the correction seems to be reasonably independent of 1
nent and around8,dB below the critical frequency.

s, an estimate-of the correction is given by the following:
no correction for elements separated by one or two cavities;

acorrection of 8 dB for single, homogeneous or layered, wood or steel frame elements (

(including
asurement
correction

frequency
h index are
o consider

see B.4).

asurement

excitation
0]

(B.1)

frequencies

ver, recent
e of double
(i.e. single
he type of

.e. without

acavity) below the critical frequency only.

For lightweight and usually stiffened elements, the radiation factors cannot be easily calculated. For
homogeneous elements, these factors could be calculated, for instance as indicated in B.3; however, it is
then simpler to directly calculate the contribution of resonant transmission as also shown in B.3.

B.3 Frequency dependent calculated sound reduction index

For common homogeneous structural elements, the laboratory sound reduction R can be calculated
accurately (see the bibliography). In cases below the critical frequency, the contribution of forced
transmission can be neglected for flanking paths in Formula (B.2). The total loss factor as influenced by
the laboratory is important and shall be taken into account in accordance with the specifications given
in ISO 10140-5 (see Annex C).
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Formula (B.2) can be used[10]:

[ )
W
\S]
—

(B.3)

R=-10Igzt
2 2
2p ¢ nf.o

r=| Lo | e f> fe

27fm 2 fNot

2

2p,c, | mo’ P
T= ] " J~Jc

Anfm Zntot

9 2 -2 - )

c 2

7= Po 20, -7 +2-¢9 f<fe

p ’ 2 4‘f

anfin fé Mot

where

T  is|the transmission factor;

m’  is|the mass per unit area, in kilograms per square metres;

is[the frequency in Hertz;

fe is|the critical frequency (= cg /(1,8 cLt), in Hertz;

Neot is|the total loss factor (for the laboratory, situation see Annex C);

o is|the radiation factor for free bendingwaves;

of is|the radiation factor for forced transmission;

I1,I; atfe the lengths of the borders of the (rectangular) element, in metres.
The radiat]on factor for forced waves is based on Reference [16], and with /1 greater than I calculdted
from Formpla (B.3):

o; = 0f5(In(k, I} A) 07 <2

l 51 1

A= —(,964—(0,5+i]ln—2+ 2 _

nl Iy, 2ml 47c1112k‘,2J

\ /

where k, is the wave number, in radian per metre; ko =2 1t f/ co.

Table B.1 gives the results for two common openings for laboratory measurements of 10 m2 and 2 m2.

26
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Table B.1 — Calculated radiation efficiency (=10 Ig ) in one-third-octave bands for forced
transmission for two typical laboratory dimensions

Centre frequency Opening

Hz 2 m2 (1,25 m x 1,5 m) 10 m2 (2,65 m x 3,75 m)

50 -6,5 21

63 -4,8 1,4

80 -3,5 -0,7

100 -2,6 -0,2

JWAS) -1,0 U,3 A
160 1,1 0,8 ~N\°
200 -0,5 11 )7
250 0,0 15 o
315 0,5 £

400 0,9 N

500 1,3 (O 25

630 1,7 NY 27

800 2,0 , O 3,0
1000 2,3 RN 3,0
1250 26 X 3,0
1600 29 WO 3,0
2000 3,09 3,0
2500 30 3,0
3150 ;\\Qz?,o 3,0
4000 O 30 3,0
5 000 - 3,0 3,0

C)\\\J
N
O
O
53
O
Q~
e
$0
R
S
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The radiation factor for free waves is based on Reference [13] and calculated from Formulae (B.4), (B.5)

and (B.6):

(512

iffii<fe/

Vi-f/f

(B4)

fzfc:gq=01

f<f.|o

1,5 f
4152(1—7»2 ) ‘

D for f> f. /2
8cZ(1-212)

f<fi15

iffi1>fc/
f<fcan

f>fcan

else: o

for f<f. /2

f 2t N1 -2

fe/2ando>02:0=07

P then :

doy<03:0=09
do1 <ogo'=01

:03

3.5)

3.6)

In all cases

0<2,0

These equations are valid for a plate surrounded by an infinite baffle in the same plane. However, in
buildings walls and floors are usually 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 efficiencies alternative equations are available from more recent literature (see

References

[18], [19] and [27]).

NOTE1 For homogeneous elements, the efficiencies used in Formula (B.1) could be calculated using
Formula (B.7):

28
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6.=0

S
5 _Gf+r(5‘r_1tfc6 (B.7)
A 1+r T 4fny
NOTE 2  The method of subtracting the contribution of forced transmission can also be applied with a limit
of 8 dB of correction, as proposed in B.2. The only values needed for this correction are the mass m’of the element
and the radiation efficiency of which is readily available for the fixed laboratory situations (10 m2 and 2 m?; see
Table B.1).

For f <2f_~88000/m’ it follows as shown by Formula (B.8):

-1
2

* R_.../10| 2pc
R =R .. +101g| 1-10 meas 2n f o

(B.8)

If the term between [ ] becomes smaller than 0,16 or even negative the correction shall[be limited
to §dB.

Duq to the normally small contribution of the resonant transmission; this method providef a smooth
calqulation method with continuous results over the frequency range without the need t¢ know the
critical frequency exactly.

Abdve the critical frequency, the critical frequency is replacedhin the calculation by an effecfive critical
frequency, to take into account other wave types relevant for thick walls and/or higher freqyencies (see
References [5] and [12]), according to Formula (B.9):

2

footr = fo 405 4 [14|405L (B.9)
L ‘L

whére

t isthe thickness of the element, in metres;

c, isthelongitudinal velocity of the material, in metres per second.
At dven higher frequencjes there are indications that the sound reduction index is limited. [t is safe to

assyme a plateau level(given by the transmission factor shown by Formula (B.10):

2
4pvc
_ PoCo 0,02 (B.10)

1’1pCL Mot

plateau

where p ig'the density of the material, in kilograms per cubic metres.

At the high frpqnpnr‘ipc where this npp]ipc the loss factor can be taken asthe internal loss fattor.

Based on calculations according to this model, some examples of the sound reduction index in 1/3 octave
bands for homogeneous 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 ensure a smooth transmission between
the three frequency ranges of Formula (B.2). The frequency range around the critical frequency is
taken as f;/1,12 < f < 1,4 fc using f = f; in this whole range with 62 = 1/0,71 and ¢, = 340 m/s. The
material properties are given in Table B.3, together with the generic material names for which they are
indicative.
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Table B.2 — Calculated sound reduction index in one-third-octave bands for some
homogeneous structures: examples

Construction
Centre |Concrete | Concrete Ca-Si Ca-Si Light. Light. |Auto. Conc.|Auto. Conc.
frequency blocks blocks blocks blocks blocks blocks
Hz 120 mm | 260 mm 110 mm 240 mm 120 mm 300 mm 100 mm 200 mm
264 12<g/ 572 12<g/ 198 kg/m?2 | 432 kg/m2 | 168 kg/m?2 | 420 kg/m2 | 60 kg/m2 | 120 kg/m?2
m m
50 31.0 36,1 321 339 30.6 338 219 24,1
63 31,5 34,5 33,4 35,0 31,9 34,7 23,4 25,0
80 30,8 34,5 34,4 35,4 33,0 33,9 24,9 25,4
100 28,1 44,8 35,0 34,8 33,6 33,8 26,1 24,5
125 25,5 46,2 34,8 34,8 33,6 33,8 27,0 21,3
160 30,1 47,8 32,8 37,6 32,0 42,2 27,5 23,8
200 30,3 49,3 26,1 41,7 26,8 43,7 26,9 23,8
250 36,6 51,9 31,2 451 29,7 45,2 24,2 24,6
315 40,2 54,7 31,2 48,2 29,7 48,2 22,4 29,5
400 43,6 57,5 36,2 51,2 33,6 51,1 22,4 33,3
500 46,5 60,0 39,9 53,9 37,5 53,7 23,2 36,4
630 49,3 62,5 43,3 56,6 409 56,2 27,7 39,5
800 52,2 65,1 46,5 59,2 44,2 58,7 31,6 42,4
1000 54,8 67,4 49,4 61,5 47,0 60,9 349 45,0
1250 57,3 69,7 52,1 63,8 49,7 63,1 379 47,5
1600 60,1 72,1 55,0 66,2 52,6 65,3 41,0 50,1
2000 62,5 74,2 57,5 68,3 55,1 67,3 43,8 52,4
2500 64,9 76,2 59,9 70,3 57,5 67,6 46,3 54,5
3150 67,3 76,1 62,4 70,7 59,9 67,3 48,9 56,7
4000 69,6 75,7 64,8 70,4 62,2 67,0 51,4 56,8
5000 71,8 75,3 66,9 70,1 64,3 66,7 53,6 56,7
Ryw(C;Cir) || 47(-2;-7) | 63(-1;-5)143(-1;-5) | 56(-2;-7) | 41(-1;-4) | 56(-2;-7) | 32(-1;-3) | 39(-2;16)
Ryw(Cs0;Crr|| 47(-2;-8) |63(-3;-12)) 43(-1;-5) | 56(-3;-9) | 41(-1;-4) | 56(-2;-9) | 32(-1;-4) | 39(-2;16)
50)
NOTE Strycture area takenras 10 m2 (2,65 m x 3,75 m) and total loss factor estimated in laboratory using
Formula (C}3).
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Table B.3 — Typical material properties

Material Density p Quasi-longitudinal | Internal loss factor
phase velocity

(kg/m3) cL (m/s) Nint(-)
Concrete 2200 3800 0,005
Calcium-silicate blocks 1800 2500 0,01
Autoclaved aerated concrete blocks 400 to 800 1900 0,0125
Lightweight aggregate blocks 1400 2200 0,01
DeffSeaggregate biocks 27000 37200 001
Britks 1500to 2 000 2700 0,01
Plagterboard (natural gypsum) 860 1490 0,014 1
Plagterboard (flue gas and natural gypsum) 680 1810 0,012 5
Chipboard 760 2200 0,01
B.4 Weighted sound reduction

Based on calculations according to the model given in Figure B.1 information is given on the weighted
soupnd reduction index Ry, for homogeneous structural elementSin Figure B.1, as function ¢f the mass
per|unit area for some common materials (see Table B.3). The single number ratings are|calculated
the one-third-octave band values in accordance withISO 717-1.

fro

The
ava
cald
con

hold

For

For

Cis

se data can be used to provide a reasonably safe estimate, in cases where no measurg¢d data are
lable. It is applicable to homogeneous single-leaf‘€lements constructed from clay bricks, concrete,
ium-silicate blocks, gypsum blocks, autoclaved derated concrete and various types of lightweight
crete. Mortar and firmly attached plaster cawbe included in the determination of the sufface mass.
Striictural elements with holes cannot be considered as homogeneous, unless the dimensfions of the
s are small and the volume of holes is less than 15 % of the gross volume.

m’> 150 kg/m? the data in Figure.B:1 can, as a safe average, be represented by Formula [

R, =(3751g(m'/m' )~ 42) dB

the corresponding spectfum adaptation terms Formula (B.12) holds:

about constant: ~I\till -2 dB for the higher masses,

Cir = (16 - 94g{my/m’,)) dB, limited by -7 < C¢r < -1 dB.

B.11):

(B.11)

(B.12)
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Y  weight¢d sound reduction index Ry, (dB)
X  surfacelmass m’ (kg/m?2)

1 concrete

2 calcium - silicate

3 lightweight concrete

4 ____ autoclaved aerated concrete

Figure|B.1 — Weighted sound reductien index calculated for some common homogeneous
structuralielements according to Table B.2

A comparigon with measurementresults gathered in different laboratories over the past 30 years show
that the mpasured results liedn-a range around the given lines from - 4 dB till + 8 dB. This relatiyely
large spread is due to several factors, some related to specific product properties but some to|the
laboratoryf(facilities and fneasurement methods applied. It is to be expected that measurement respults
in accordapce with thediew version of ISO 10140 (all parts) will show about half this spread. These
facts are r¢flected ithe different empirical “mass-law” relations, which have been and are being ysed
within Eurppe, assshown in the following examples (see Figure B.2).

The data ir] Figure B.2 can be represented by Formula (B.13) with adaptation terms similar to Figure B1:

A, m’ > 100 kg/m? : R 32,4lg(m’/m:))—26,0 dB

w

F, m’ > 150 kg/m2 ' R,
GB, m’'> 50kg/m® : R = 21,65 lg(m'/m;)—2,3 +1 dB

40,0 Ig(m’ /m’ )—-450 ; C=-1 dB
( /0) (B.13)

1 m' > 80kg/m?: R = 20,0 lg(m'/m;) dB
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weighted sound reduction index R, in dB

E The minimum values from Figure B.1 are given for comparison.

situation) of homogeneous structural elements (A, F, GB, I)

following formula is uséd)in Germany, derived from laboratory measurements of vat
omogeneous constructions and including a correction to a representative loss factor g
ected in typical solid\buiildings:

Concrete floors; concrete, CaSi and brick walls:
65 kg/m2 g m"< 720 kg/m2: Ry = (309 lg (m’/m’y) - 22,2) dB

The spectrum adaptation terms are constant: C = -1,6 dB and Ci = -4,6 dB
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02017 - All rights reserved

bure B.2 — Existing empirical relations for the weighted sound reduction index (laboratory

ious kinds
s it can be

33


https://standardsiso.com/api/?name=320ea906fd15da0b11540af81971b2ec

ISO 12354-1:2017(E)
Annex C
(informative)

Structural reverberation time: Type A elements

C.1 General

The reverhjeration time of a structural element T5 can be evaluated from the total loss factor, 'which
follows frdm the internal losses, the losses due to radiation and the losses at the perimeter of|the

element, ag shown by Formula (C.1):

r o B2
Mot
2p,C,0 c, 24:1 &1
=MN.. + + o :
Mot =it ™o i NI =
. k=
where

Ntot is|the total loss factor;

F  is|the band centre frequency, in Hertz;

Nint is|the internal loss factor of the material;

m’ is|the mass per unit area, in kilograms per square metres;

o is|the radiation factor for free bending waves;

fe

is|the critical frequency [ = cg / (1,8 c1, t)], in Hertz;

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

ak is|the absorption coefficient for bending waves at the perimeter k;
Iy is|the length oftthe junction at the perimeter k, in metres;

co is|the speedof sound in air, in metres per second; ¢, = 340 m/s;

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

Po

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.

C.2 Laboratory situation

For measurements in the laboratory in accordance with ISO 10140 (all parts), the average absorption
coefficient, is about 0,15 for heavy constructions (around 400 kg/m2). This can be represented by
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a heavy frame of 600 mm concrete around the test opening. For that situation ax can be calculated

according to Formula (C.2):

Thi

fieldls. Based on this the total loss factor for the laboratory situation can be‘€stimated as

For|

Thi
be ]

NOT
abo

NO1
for 4

C.3

Thd

Thi
at t
For|

whg

o = a(1—0,9999a)

1 24w (1+)()(1+1//)

;((1+1//)2 +21//(1+)(2)

(€.2)

x= " y=43le
m

5 is based on a one dimensional theory (see Reference [2]), empirically, adjusted

mula (C.3):

~0,01+—"
485\[f

m,
Miotlab =~ Nint *
ot,la n 485\/7

aken as 0,01.

E1 The loss factor of a given building element type ¢mounted in a given laboratory can dif
e averaged estimation.

E2  For aspecific laboratory the values can be ¢alculated as in situ, making use of the approp
he vibration reduction index at the borders of the,test opening.

In situ

in situ absorption coefficient at'a perimeter will vary between 0,05 and 0,5.

5 absorption coefficient ay-for'a structure i can be deduced from the vibration reduction
he junction between the-eonsidered element i and the element j connected to it, as

mula (C.4).

3 .

- fej L7 Kiy/10
f

j=1 ref

re

feis the critical frequency, in Hertz;

for diffuse
shown by

(C.3)

5 formula holds for structural elements with a surface mass-bélow m’ = 800 kg/m?2; nint cajn normally

er from the

riate values

index (Kj)
shown by

(C.4)

fref is the reference frequency, in Hertz; frer =1 000 Hz;

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

structural

4

k=

where

4
Ikock < Z Lkak
1 k=1

element to Formula (C.5):

Lk is the length of junction k of large structural element, in metres;

ok is fhe absorption coeiricient oI junction K of the total rloor slab.

By this approach an effective structural reverberation time is calculated which is not the ac
structural freverberation time, but yields the correct results for the in situ sound reduction index.

actual str

The in situ

ntot, sity

with ¢ beirlg a constant depending on the typical building system.
Based on References [21] and [31] the following can be applied:

— ¢ =1 fgr masonry or concrete elements connected to at leasttwo walls on each of its four sides;

— ¢=0,5

Francg, since it has been recognized that in these countries

10 1g ndot, situ ~-12,4-3,3 1g (f/100)

— ¢=0,0

— ccould be taken as m/300 with nin'= 0,005 based on the German research for lighter elements t
150 kg/m?2, since it has been recognized that in general

10 Ig ny

NOTE1 4
constants, i

NOTE2 1
estimation.

36

(C.5)

tural reverberation time is larger by a factor Stot/S.

total loss factor can in general be estimated by Formula (C.6):

Cc c

M +—==0,01+
Cr s

for elements with m > 150 kg/m?2 in typical masonry or concrete buildings in Germany

b for heavy elements in a furtheptather light weight surrounding.

ot,situ *-12,4-3,3 1g (f/100)+10 lg (m/150)

An expression ag-in-Formula (C.6) is preferred since it is based on theory with empirical adjustme
Fsuch an expréssion covers measured results as well as other empirical expressions.

[he loss factor of a given building element type mounted in situ can differ from the above aver:

fual
The

£.6)

and

han

ht of

ged
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Annex D
(informative)

Sound reduction index improvement of additional layer

D.1.1 General

and flanking transmission, with the same basic structural element as lis)applied in the fiel
confidered.

For| the time being there is a standardized measurement shethod available for airbd
tramsmission, but none for flanking transmission, nor an accarate possibilities to derive t
flanking transmission from the one for airborne direct tranSmission or to correct results
int

D.1.2 Airborne direct transmission, AR

The improvement by a layer is measured in.accordance with ISO 10140-1:2016, Annex G.
be given for a heavy basic wall or floor, a light weight one or an arbitrary basic wall or fl¢
the results for the heavy basic structural element (approximately 350 kg/m?2) will be pr

Apply the laboratory results for,the-heavy basic wall or floor in the calculations for airb
transmission; this will be relevant for all kind of walls or floors with a mass of at least ]
In other cases use results foira more appropriate basic element, if available.

NOTE The improvement(decteases generally with an increase in the surface mass of the basi
ele:]:ent, mainly due to direct or indirect (at the perimeter) coupling between the layer and the basi
ent. The result for thestandardized basic structural element will therefore be correct or on the

ele
stryctural elements with-a surface mass not much larger than that of the standardized basic structu

D.1.3 Flankingtransmission

cerning-the flanking transmissions, the following comments apply.

The 1mprovement can be determmed by measurements in the f1eld or special laboratol

§

he basic structural element. Information is given in thissannex for a realistic and practical approach.

S

ing, thermal

hinsmission

3] elements

for direct
d situation

rne direct
effect for
r changes

Results can
or. At least
bsented.

brne direct
P00 kg/m?2.

C structural
c structural
safe side for
al element.

y facilities
a flanking

path (i.e. path Ff) Thls can be reahzed by spec1al constructlons and/or by applylng 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 airborne direct transmi
recommended to use as the basic structural element a homogeneous, plastered ele

ssion, it is
ment with

an equivalent mass to the heavy basic element from ISO 10140-1:2016, Annex G. 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.

b) 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.

© IS0 2017 - All rights reserved

37


https://standardsiso.com/api/?name=320ea906fd15da0b11540af81971b2ec

ISO 12354-1:2017(E)

c) As an estimate, the sound reduction index improvement for flanking transmission can be taken
as equal to the improvement for airborne direct transmission, with an exception for lightweight
supporting element as mentioned in 4.2.2.

NOTE

The improvement for flanking transmission can deviate from that for airborne 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.

D.2 Weighted sound reduction index improvement of layer

D.2.1 Ge

If addition
basic strud
improved

For elemer

neral

hl layers (wall linings, floating floors or suspended ceilings) are fixed to a homoégene
tural element (separating element or flanking element) the airborne sound insulation ca
r reduced depending on the resonance frequency f, of the system.

ts where the insulation layer is fixed directly to the basic construction”(without stud

battens) thle resonance frequency f, is calculated by Formula (D.1):

1

fo= 27
where

s’ s

in
m’y is
m’, is

For additig
structural
r=5kPas

fo=

N

where d is

D.2.2 Pr

For basics

the dynamic stiffness of the insulation layer in aceg¥fdance with EN 29052-1,
meganewtons per cubic metres;

fhe mass per unit area of the basic structural’element, in kilograms per square metres;
'he mass per unit area of the additional tayer, in kilograms per square metres.

nal layers built with metal or wog¢den studs or battens not directly connected to the b
element, where the cavity is filled with a porous insulation layer with an air resisti
m?2 in accordance with EN.29053, the resonance frequency f, is calculated by Formula (I}

e

the depth of the cavity, in metres.

0,111
d

1

’
my

1
4
my

ediction of performance for interior linings

ructural elements with a weighted sound reduction index in the range of 20 dB < Ry, < 60

ous
n be

1°2)

D.1)

psic
ity
).2):

.2)

dB,

the resulti

hg-weighted sound reduction index improvement as a result of an additional layer can be

estimated

38

from the resonance frequency f, (rounded to the centre frequency of the one-third-octave
band in which f; falls), according to Table D.1. 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.
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Table D.1 — Weighted sound reduction index improvement by a lining, depending on the
resonance frequency

Resonance frequency f, of the lining ARy,
Hz dB
30<fp<160 74,4 - 20 1g(fo) - Rw/2
200 -1
250 -3
315 -5
400 i
500 -9
630to 1600 -10
1600<fp=<5000 -5
NOTE 1 For resonance frequencies below 200 Hz, the minimum value of AR,y is 0{@B-
NOTE 2 R, denotes the weighted sound reduction index of the bare wall or floorin dB.

Key

X |weighted sound reduction index of the bare wall/floor Ry, in dB

40 I
fo ]
35 32Hz [HH
........... 40 Hz |
- - - —50Hz [
30 ———63Hz
SERENE — —80Hz [
T Y —-—100 Hz [
25 ~ — > SRS 125 Hz ]
S~ T —--—160 Hz [}
Y 20 — ~ = =
~L <] I
I~ \ <
- i - ~ I <
15 e = =t —
= — ~ ~ ~ = S
10 ~ <L N~ = ~ i L 1 .~
.\\- ~ . L L B
N~ <. ~
5 S s N =
~ -\\
0
20 25 30 35 40 45 50 55 60

Y Lweighted sound reduction index improvement ARy, in dB

Figure D.1 — Weighted sound reduction index improvement by an additional layer with
resonance frequency below 200 Hz, as function of R,, for the bare structural element

D.2.3 Prediction of performance for exterior linings

For the reference situation with the system applied to the heavy basic wall of about 350 kg/m?2
with 40 % glued area and no anchors or battens the improvement is estimated with the Formula (D.3)
for mineral wool and Formula (D.4) for foams like polystyrene (PS), extruded polystyrene (EPS) or
elastified extruded polystyrene (EEPS). The presence of anchors or a different glued area is then taken

into account though Formulae (D.5) and (D.6).

© IS0 2017 - All rights reserved
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Mineral wool:

AR, =-36lgf +82,52-4
AR, =-421g f, +92,0> —4 (D.3)
AR, =-391gf +87,7 >4

Foams:

AR, =-33lg f, +76,0=-3

AR, =-33lg f, +74,02-3 (D.4)

AR, +-36lg f +77,0=-3
Results following Formulae (D.3) and (D.4) are the results for the reference situation and are illustrated

in Figure 1.2

If anchors jor battens are applied, in the order of 4 per m2 to 10 per m2, different frgny the refergnce
situation, the correction shown in Formulae (D.5) is applied:

AR, =[0,66AR,, .. —1,2
AR, =[0,62AR, . —1,3 (p-5)
AR, +0,54AR, . —1.6

If the glued area differs from 40 % as in the reference situation, the fellowing corrections can be appllied
to all singl¢ number ratings, resulting from Formulae (D3), (D4) and\(D5):

AR AR ~0,05 %S, +2,0 (b.6)

wAAtr — 2w A Atr;eq.D2,3,4

where %J5{ is the percentage of the area over which thelayer is glued to the basic element.

20 20
Reference situation; (E)EPS Reference situation; mineral wool
\ \
15 v\ — 15 -
N\ AR AR w
A ——=<4R, —---AR,
\
10— “ETARM | 10 —— AR
m \ m
S, v\ S
x W\ x
< \ \ <
5 Y 5
v\
\
)
)\
0 N 0
\\ \\
SN
e S e e S e S B an R e e . S B e
50 80 125 200 315 500 800 1250 50 80 125 200 315 500 800 1250
fres [HZ] fres [HZ]

Figure D.2 — Single number ratings of the sound reduction index improvement by an additional
layer as function of the resonance frequency and type of interlayer; layer fixed to the basic wall

For additional layers built with metal or wooden studs or battens not directly connected to the basic
structural element, the resonance frequency is calculated by Formula (D.2).
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For the reference situation with the system applied to the heavy basic wall of about 350 kg/m?2 the
improvement is estimated with Formula (D.7) and is illustrated in Figure D.3.

AR, =-201g f, +48> -4

ARA =-221g f0 +51>-4 (D.7)
ARAtr = —241gf0 +54>-4
20
Reference situation
46 AR
———AR,4
10 — - ~ARA |
m
ke
\g
4
5
0
ST 7T T T =% T 1

50 80 125 200 315%\500 800 1250 2000
fres-[H2Z]

Figure D.3 — Single number, ratings of the sound reduction index
improvement by an additional layer as function of the resonance frequency
system with studs;not directly fixed to the basic wall

D.2.4 Data transfer to field situation

Even if the sound reduction index improvement for a layer is invariant to the properties gf the basic
elerpent, the single numbef rating of the improvement still depends on the acoustic properties of the
basjc element. So for predictions of performance using single numbers ratings following thig document
and|/or I1SO 12354-3, the measured or estimated laboratory single number rating shall be fransferred
intq a field single nidmber rating, taking into account the acoustic performance of the basiclelement as
expressed in RyFor all types of weighted values this can be done by applying Formula (D.8):

ARw,A,Atr;situ = ARw,A,Atr;lab +aX
a=(1;351g f, ~3.5)<0 (D.8)
X= (R, o —53) with—10 < X <+7

where

ARjyp  is the measured or estimated single number rating of the sound reduction index
improvement in accordance with ISO 10140-1:2016, Annex G for the heavy basic element;

Ry situ is the weighted sound reduction index for the basic element in the considered field
situation, which could be deduced from Annex B.

D.2.5 Accuracy

The performance estimation following D.2 gives the average result with a standard deviation of
about 2 dB for all three types of single number rating. If data on the safe side are required, the estimated
value could best be reduced by this value.
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Annex E
(informative)

Vibration transmission over junctions: case of heavy buildings

E.1 General

In this anpex, buildings with heavy structures such as masonry or concrete wall and fleors

considere

introduce
and (ii) d

traceable (pee E.4). First comparisons have shown that both Kj; data types lead(tg very close calculg

building p

E.2 Determination methods

The vibra

[SO 1084844.

NOTE

measuremepnts.

, for which junctions are characterized by Kjj. The presence of lightweight elements s
s, separating walls or facades is still possible, thus leading to junctions mixing he
ight elements and also treated using Kijj as explained in 4.2.2.2. Two types.of Kj; data

: (i) empirical data deduced from standardized measurements or theory or both (see H

ta from simulations, more difficult to use (with additional input parameters) but n

rformances.

on reduction index Kjj at junctions can be measureduin accordance with ISO 10848-

It is probably feasible and better (see 4.2.4) to deduce these quantities from in situ standard

are
uch
avy
are
.3);
ore
ted

or

zed

For homogeneous elements the vibration reduction index can also be calculated from the structfire-

fom
See

E.1)

2)

borne powgr transmission factor yjj for the transnrission over the junction of elements i and j or f:
the coupling loss factor njj as used in SEA mgadels.[20.21] yj; or n;j can be calculated or measured.
Formulae (|E.1) and (E.2):
fc,j _ i
i].:(-101gyi].)+ 51g —(—101gyji)+ 5lg dB (
ref ref
2
n°S. | fy
_ i Gyl
Ky =-10lgn; —— ¥ Sretf (
0'ij C)j
where
fc istheritical frequency, in Hertz;
fref is I'eference frequency, IMHeTtZ; frer = L 000 HZ;
nij is the coupling loss factor between element i and j;
Yij is the structure-borne power transmission factor between elementiand j.
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Empirical data from measurements or theory or both

1 General

In this section, data on Kjj are given with dependency on the mass per unitarea of the elements connected
at the junction, denoted as m1 and mjy. 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 Kj; are given as function of

the

quantity M defined as shown by Formula (E.3):

’
m,;
M—tg—— (E.3)
m;
whére
m’i is the mass per unit area of the element i in the transmission path ij;in‘kilogramp per
square metres;
m’. . isthe mass per unit area of the other, perpendicular, elementaking up the junqtion, in
L1 Kkilograms per square metres.
NOTE1  The choice of the mass ratio for M is actually arbitrary for,transmission around the cornr, since the

reci

The
on

the
tha
sho
cor
on

vib}

procal of the result for transmission around the corner is the same‘for M =1g m1/my or M =1g mp

background and choice made for the Kj; data presented.are indicated for each type of jun
(ij are generally deduced from data on the junctionvelocity level differences. The othg
formula for Kijj (3.2.6) are estimated on the basis that the vibration reduction index shoy
for all structural elements and different buildings, the estimated junction velocity leve
ild on average be correct. This resulted geperally in values for Kj; which are 5 dB low
‘esponding direction-averaged junction velocity level difference. If other relevant data af
the junction velocity level difference, the same approach could be used to deduce val
ation reduction index Kj; for application of the model.

Thd
be

measured data show a typical spread around the given lines of + 3 dB; in some cases the de|
uch larger due to variations in.junction details and in workmanship. It is therefore rec

mi.

ction. Data
T terms in
11d be such
difference
br than the
e available
hes for the

viation can
bmmended

to gather data at national levellin accordance with ISO 10848-4 in order to deduce averaged Kjj values

mote adapted to the types pf eanstructions used.

The transmission is in-general only slightly dependent on frequency, at least in the frequ

fro
ran
con

For
dep)

125 Hz to 2 000\Hz. Where possible an indication is given of the frequency depends
be; the frequency-to be applied is the centre frequency of the one-third-octave band or o
Kidered. OutSide this range the frequency effect can be larger.

the sake.of clarity, graphs of Kjj as a function of M are only given in the case wher
endenton frequency.

bncy range
ncy in this
ctave band

e Kijj is not
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E.3.2 Rigid cross-junction

The vibration reduction index Kjj for a rigid cross-junction is given in Figure E.1. Examples of such
junction are given in Figure E.2.

50
/
)/ [
40 K
7 |RASES
/ Sy me=m:
30
E- d
E= 20 -~ m % sﬁ s =ny,
x N - ,/
1o T - 7] Ki2, K3
2
141 NN
0 /// = m2
-10
0,1 1 10 100
my/my
K, =87+17,1M+57M? dB;0dB / oct
2
K, =87+57M (=K23)dB;OdB/oct
Figure E.1 — Rigid\cross-junction
NOTE The above data are purely based on.iwsitu measurements and confirmed by theory, at leas{ for
my/myq = 1. For values of mp/m1 either much lower or much greater than 1, the data presented take into accpunt
better the realistic coupling between elements than the theoretically assumed rigid coupling.
Examples
2 N
Y
b | P | .1
Vid N
AL AN
Figure E.2 — Examples of rigid cross-junction
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E.3.3 Rigid T-junction

The vibration reduction index Kj;j for a rigid T-junction is given in Figure E.3. Examples of such junction
are given in Figure E.4.
50

40 IK13

30

[13= 14

20

]

K. [dB]

A - K12 Kas

10 —~ A

0,1 1 10 100
my/m,

K, =57+14,1M+57M? dB;0dB / oct
- 2
K., =57+57M*(=K,,)dB;0dB / oct

Figure E.3,— Rigid T-junction

NOTE The above data are obtained from the data for cross junctions, by applying the theoreticgl difference

betyeen T and X junctions according tg Reference [2].

Examples

Figure E.4 — Examples of rigid T-junction

© IS0 2017 - All rights reserved 45


https://standardsiso.com/api/?name=320ea906fd15da0b11540af81971b2ec

ISO 12354-1:2017(E)

E.3.4 Walljunction with flexible interlayers

The vibration reduction index Kjj for a wall junction with flexible interlayers is given in Figure E.5.
Examples of such junction are given in Figure E.6. The presence of flexible interlayers in junction can
modify the junction type; for example, a cross-junction can be changed into a T-junction or a T-junction
into an L-junction (corner junction).

For masonry wall junction and for common resilient joints (resilient layer with an apparent dynamic
stiffness st between 50 MN/m3 and 100 MN/m3 in accordance with EN 29052-1):

a) if the transmission path crosses one joint:

Kij = Kijrigid + A1 (dB)

b) if the transmission path crosses two joints:
Kij = Kijrigid + 2 A (dB)

where
A=C gL (dB)

1
Cc =20 for aload lower than 80 kN/mZ on the resilient layets
Cc =15 for aload between 80 kN/m2 and 750 kN/m2 on‘the resilient layer;
Cc =10 for aload higher than 750 kN/m2 on the resilient layer.

and,A;=5(dB

fi =110 Hzlfor typical resilient joint where s’ is'hetween 50 MN/m3 and 100 MN/m3 in accordance with
EN 29052-1.

NOTE1 fj =50 Hz for more flexible resilientjoint where s’; is between 30 MN/m3 and 49 MN/m3 in accordgnce
with EN 29(52-1.

15
NOTE 2  The frequency f] vari€s-as (El / £ lplp2 ) with E] and t] being respectively the Young’s modjulus

and the thigkness of the interlayer, and p1, p2 the densities of the connected elements.

NOTE3  HRor more accuracy, the coefficient C. of A} can be estimated with the following empirical forrpula
(“load” is the right lodd)applied on the resilient joint in kN/m?2):

¢, =24 20
load .

Loadyef= 100 KN/m?2

NOTE4 Kpa=37+141M+57M2dB; 0 < Kps < -4 dB;; (slope: 0 dB/oct)
4
my |7 /l I// /l ms=m, my f

NOTE5 K3=57+14,1 M +5,7 M2dB; (slope: 0 dB/oct.)
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m 0 T Z A my=m,

Examples
Ny
1 1
Key)
1 |elastic
Figure E.6 — Examples of wall junction with flexible interlayers
E.3{5 Junction of lightweight double leaf wall and:homogeneous elements

The

vibration reduction index Kjj for a junction oflightweight double leaf wall and ho

elertpents is given in Figure E.7. Examples of such junetion are given in Figure E.8.

K = WaY 4f\|v| 2.1 Lz
12— LU T IUM5,518 23]
fx

f

K3 =10+20M—-3:31g~=— dB and minimum 10 dB
f

k

m
K,, =3.0%14,1M+5,7M% dB; —% >3;0dB / oct

my

\

nogeneous

f,, =500 Hz

The lightweight elements are considered as single element of absorption length agjty, = S / lo.

NOTE The above data are purely based on in situ measurements.

Figure E.7 — Junction of lightweight double leaf wall and homogeneous elements
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Examples

bz

. -
] KX]
5 KX

Tzl |

S

Figure E{8 — Examples of junction of lightweight double leaf wall and homogeneous elemeilts
E.3.6 Cofner or thickness change
The vibratjon reduction index Kjj for corner or thickness change is given in Figure E-9.
5p
4p
3p T
) my
5 [ K., K r LI
._.=2:) { M2 N21 /IAT m,
X -
1P 1< RS .
= ~ - B | m1 1 ] 2
i _ Pl
:) [ Nl ///”
2
-1p
0,1 1 10 100
myhm,
where
A Corner:
K1, =|15|M| - 3dB-and minimum - 2dB(= K, ) ;0dB / oct.
B  Changp:
K. =lowm2 capl ¥ \.0dp /oe
12 JOIVT uuu\ 1\21}1\.’“” / \w A =) v

Figure E.9 — Corner or thickness change

NOTE The above data are purely based on theory according to Reference [2] and globally adjusted for
random incidence.

E.4 Data from simulations

In this section, data on Kjj have been obtained from numerical simulations of vibration transmission
across L-, T- and X- junctions of homogeneous, isotropic plates.[41] As more experience is gained with
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using these values, the intention in future revisions is to use numerical simulations to provide data on
Kjj for more complex types of junctions.

In E.3, Kjj is assumed to be frequency-independent to simplify the calculation procedure; however, in
practice Kjj becomes frequency-dependent in the mid- and high-frequency range where there are in-
plane waves as well as bending waves generated when bending waves are incident upon the junction.
For this reason the data from numerical simulations in this section is given in three different frequency
ranges: a low-frequency range (50 Hz to 200 Hz), a mid-frequency range (250 Hz to 1k Hz) and a high-
frequency range (1,25 kHz to 5 kHz). For most junctions of heavyweight walls and floors, the generation

of in-plane waves only becomes important in the mid- and high-frequency ranges.

In

strycture-borne power transmission factor, yj, is calculated as a function of the PC ratio/fro
can|then be calculated. (Note that the PC ratio equals the ratio ) / y in Reference [1])¢The ac
thid approach is that (a) it provides a strong relationship between the variables, where the

be
For|

Tw
fini
the
whe
wav
sou
fred
plat

.3, Kij is shown as a function of the ratio of mass per unit areas. However, in this jection the

ing waves, and (b) it reduces the scatter in results when there are bendingand in-plane

mula (E.4):

PC ratio = 4

different types of models are used to determine transmission loss values: (1) wave the
Fe element methods, both of which assume thin plate bending theory. For the approach
bryl[27,38] the low-frequency range considers only bending waves by assuming a pinned jy
breas the mid- and high-frequency ranges consider bending, transverse-shear and quasi-1
res with an unpinned junction line. Wave theory assumes that there is a diffuse vibration
ce plate. For the finite element approachl ] a pinned junction line is also used f
[uency range and an unpinned junction linegfor the mid- and high-frequency ranges wif
e boundaries pinned. The in situ total loss-factor that was applied in the finite element 1

2 7, 3,11

which Kij
Jlvantage of
e are only
waves. See

(E4)

bry and (2)
1sing wave
nction line
ngitudinal
field on the
br the low-
h all other
hodels was

calqulated using Formula (C.6) where ¢ =<}/ An ensemble of plate junctions was calculated using the
material properties from Reference [2];'given in Table B.3, and where the plates represented walls or

flod

rs with dimensions in the range from 2,5 m to 6 m. Regression lines were determined using the

datj points from wave theory and the ensemble average value from FEM with R2 > 0,87.
For|the junction under considenation, calculate PC according to Formula (E.5):
, 3/2 , 3/2
m’, . m’, .
Li f . 1il| t,.c
PC = lg(PC ratio) =1g - = = - =l (E.5)
mi | fo; mp | tiCp;
Theg numbering system for the plates in the L, T and X-junctions is the same as in E.3. The|structure-
borhe power transmission loss is calculated according to the formulae given in Table E.1} which are
valid for ¥T,2 < PC < 2,4 (equivalent to 0,064 < PC ratio < 242).
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Table E.1 — Structure-borne power transmission loss expressions for L, T and X-junctions as a
function of PC

L-junction
Low-frequency 3 2
range -10lgy,, =—0,8PC” +5PC* +1,5PC+5,9
m, Mid- and high-fre- 3 2
L) quency ranges | —101g¥;, =0,24PC® +3PC? +1PC+9,5
T-junction
my | range | -10lgy,, =—0,4PC> + 4,8PC* —1,4PC + 9/4
~101gy,5 =-0,3PC> + 4,5PC* +7,5PC'} 8,9
Mid-frequenc
m; range 0| <101gy,, = ~0,43PC3 +3,8PC2 &-0,3PC + 11,
~10lgy,, = —0,2PC* +1,3PC% ¥ 6,9PC +9,1
High-frequenc
range Y1 101gy,, = -0,43PC3 %3,8PC% ~ 0,3PC +11,p
~10lgy,; = —0,04PC° + 1PC® + 4,5PC +5
X-junction
ON = Low-f
N\ range 01 -101gyg, = —0,5PC3 + 4,1 PC? +1,4PC +12,p
-101gy,5 =-0,2PC> +3,7PC* +10,3PC + 11,f
m, % 3% my=m,
Mid-frequency 3 2
range ~10lgy,, = —0,5PC* + 4,1 PC? +1,4PC+12,p
A ~10lgy,, = 0,03PC® +1,8PC* + 8,8PC + 11,4
M High-frequency 3 2 i
rangd -10lgy,, =-0,5PC* + 4,1 PC* +1,4PC+12,5
~101gy,5 =0,2PC* +1,4PC* +5,9PC+7,3

Calculate Hjj from the transmission loss according to Formula (E.1) for which the critical frequency|can
be calculated using Formula(E.6)

fo=+

T

where

’ 2
3m (1—v )_ch/g

Et 3 Ttc L

t isthe plate thickness, in m;

E isthe Young’s modulus, in N/m2.
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Annex F
(informative)

Vibration transmission over junctions: case of lightweight

buildings

F1

Int

b)

F.2
The

leve

NOTI
me3

For
con|
fra
fra
side
pos
intd

as §

h

General
his annex, two types of lightweight buildings are considered:

buildings made of massive wood based elements such as cross laminated timber ele
which the structural reverberation time is in most cases principally determined by the
elements and the corresponding junctions are characterized by Kij;j (see .3);

buildings such as steel or wood frame lightweight buildings for which junctions are chg
by D (see E.4).

v,ij,n

Determination methods

vibration reduction index Kjj at junctions as well, as the normalized direction-averag
1 difference D

v,ij,n

at junctions can be measuréed'in accordance with ISO 10848-3 or ISO

E It is probably feasible and better (see4:2.4) to deduce these quantities from in situ s
surements.

Kidered in the source room and/the receiving room. Two kinds of elements are conside
e elements where the layer(s) on both sides of the wall/floor are directly connected t
e and double-frame elements\where there are two isolated frames that support the layet
of the wall/floor. In the prediction model for both single-frame and double-frame walls
5ible to consider either'the whole element or only the inner leaf (i.e. layer(s) and frame
the source and receiving rooms. Note that the appropriate Dyjjn index will be measured

hown in Figure E4.*Empirical dataon D, jin are given for both cases in F.4.

ments, for
connected

iracterized

bd velocity
10848-4.

andardized

steel or wood frame lightweight elements it is necessary to identify which element is to be

"ed, single-
b the same
(s) on each
floors it is
that faces
differently

©IS
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Vi ___Ki_'t__ _1 Vi 0

Key
blue arrow
dotted lines

F3 Empirical data for junctions characterized by Kj;

F.3.1 Ge

Junctions |
section.

F.3.2 Junctions between cross-laminated timber (CLT) building elements

F3.2.1 G

n) Dy jj,n measurement when b) Dy jj,n measurement when double
inner leaves are considered elements are considered as a whole

excitation location

measuring surfaces

Figure F.1 — Possible junction measurement configuratiens

neral

etween cross-laminated timber (CLT) building:€lements is the only case presented in fhis

eneral

Cross laminated timber building elements are elements for which the structural reverberation time

is in most
characteris
values are

So far, only]
The values

F3.2.2 Trjunction

The vibrat

cases principally determined by the connected elements. The junctions can thereforg¢ be
red by the vibration reduetion index Kj;. However, these junctions are not rigid and th¢ Kj;
higher than for rigid junctions and show a significant dependency on frequency.

data for junctions between elements of mass per unit arearatio 0,5 <m1/my < 2 are availgble.
given are meafi'yalues obtained from junction measurements in a few buildings.[37]

onreduction index Kijj for a T-junction is given in Figure F.2.
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13 K13 =22 + 3.3 1g(f/fi)
K3 =15+ 3.3 1g(f/fx)

- fk =500 Hz (slope: 1dB/oct.)

Key
1,2)3 junction element numbering used in Kj; formulae

Figure F.2 — T junction between CLT elements

F.3.2.3 Cross-junction
The vibration reduction index Kij; for a cross-junction is giverrin Figure F.3.

4 Ki3=10-3.31g(f/fi) + 10 M

K24 =23 + 3.3 1g(f/f)

N
w

K14 =18 + 3.3 Ig(f/fx)

fi = 500 Hz

Key
1,2)3,4 junctiomelement numbering used in Kjj formulae

Figure F.3 — Cross junction between CLT elements

F.4 Empirical data for junctions characterized by D

v,ij,n
F.4.1 General

In this section, building such as steel or wood frame lightweight buildings are considered. The junction
data obtained usually show a frequency dependency stronger than for heavy homogeneous elements.
Attention is required for which element is to be considered in the source room and the receiving room:
either the whole element or only the inner leaf, as described in F.2. Both are possible in combination

with the appropriate sound reduction indices R;, R;j of the elements and the appropriate Dv’i].'rl which

will be measured differently (see Figure F.1), and will lead to very different values. Empirical data on
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Dv jin are given here for both cases, with indications on which element is to be considered. The data

given have been obtained from available measurements of timber frame lightweight elements;[37] their
use should be restricted to this type of elements.

F.4.2 Timber frame lightweight building elements; inner leaf transmission

F4.2.1 General

For this type of elements, the mass per unit area is in general not too different between elements, so its
influence beem T rettot Tt . . Ttherefore be

characterited by the normalized direction-averaged vibration level difference D, iin - The values.given

correspondl to double elements taken into account as inner leaf (see E.2) and are mean values-obtained
from junctjon measurements in different timber frame lightweight buildings. Figure F4 indicates|the
inner leavgs considered in the formulae given in this section.

~1 ~

’/ 2 1 \ 3
/ N N\

Key
1,2,3,4 jupction element numbering used in Kj; formulae

Figure F.4 — T and X junction inner leaf numbering

The formujae given in F.4.2.2, F4.23)F.4.2.4 and F.4.2.5 are valid over the frequency range 50 HE to
5 000 Hz fqr the following categories of lightweight elements (mass per surface area without framej:

a) floors |n the range 30 kg/mm¥2 to 70 kg/m2;
b) facadep in the range,25kg/m? to 45 kg/m?;
c) doubldframe wall'in the range 35 kg/m?2 to 75 kg/m?;

d) single framepartition in the range 20 kg/m?2 to 40 kg/m?2.

Solid woodland CLT elements are excluded

The measured data show a typical spread around the given values of + 6 dB. It is therefore recommended

to gather data at national level in order to deduce averaged D values more adapted to the types of

v,ij,n
constructions used and with smaller uncertainty.
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F.4.2.2 T-junction floor: facade
Floor-facade or facade-facade path, as shown by Formula (F.1):

DV,lZ,n = DV,13,n =30+ 101g(f / fk )

fx =500 Hz (slope: 3dB/oct.)

Examples

Figure F.5 — Examples of T-junction between a floor and a facade

F4.2.3 Cross-junction floor: double frame separating wall

Anyf horizontal path through the cavity (except floor-floor), as shown by Formula (F.2):

Flog¢r-floor path

Flogr-separating wall

Sepprating wall-

i = 500 Hz

(slope: 4 dB/oct.)
D int=38+1331g(f / f,

(slope: 1 dB/oct.)

D13, =36+33lg f/fi

separating wall

)
(f/ £
D, 150 =18+33lg(f/ fi)
(f/ £

D, oun =22+3318(f/ fy

© IS0 2017 - All rights reserved
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Examples

2 %
Z Z
% %

R || SN

-

Figure 16 — Examples of cross-junction between a floor and a double frame separating w4l

F.4.2.4 ' junction facade: double frame separating wall

Any path through the cavity, as shown by Formula (F.3):

Dy ian|= Dy1sn =38+13,31g(f/ fy) (F.3)
fxk=500 Hz
Examples

Figure|F.7 — Examples of T-junction between a facade and a double frame separating wal

F.4.2.5 (Qross-junction with continuous floor

Floor-floortorfloor-wall pafh, as shown ]’\y Eormula (F4):

D130 = Dyzan =20 —3,3lg(f / fk) (F.4)

Wall-wall path

Dypun =30+3,3g(f/ fy)

fk =500 Hz
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Example
7. 7
Figure F.8 — Example of cross-junction with a continuous floor
F4{3 Timber frame lightweight building elements; double-elements as a whole

F.4.
As s

3.1 Junction of lightweight coupled double leaf walls

hown by Formula (F.5):

D, 13, =15+ 20M —(3,31gi]dB and minimum 10 dB
19, fk

_ f _
D, 12n = 15+10M|- [3,3lgf— LIRS
k

fic = 500 Hz

Figure F.9 — Junction of lightweight couple double leaf walls

(composed elements considered as a whole)

© IS0 2017 - All rights reserved
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Examples

]

Figure F.10 — Examples of junction of lightweight couple double leaf walls
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Annex G
(informative)

Determination of normalized flanking level difference

many lightweight, composed elements the flanking transmission only marginally-depe
b of surrounding structures and the way it is mounted, due to a large damping|in th¢
structures. In these cases, the total flanking transmission can be adequately character
malized flanking level difference Dy, fas measured in accordance with ISO 10848-1, ISO 1
10848-3. The transmission is mostly dominated by path Ff, as is the gestriction of th¢

vever, if necessary, the same approach could be used for other paths like Pf or Fd if the
‘tion is available and precautions are taken to restrict transmission fojthose paths.

flanking sound transmission can be described as being either" structure-borne, air
bination of structure-borne and airborne. This determines the-data transfer from labot
which is described in E.3.

Transfer of laboratory data to in situ

.1 Dominant structure-borne transmission

ase of mainly structure-borne transmission the normalized flanking level difference
e in situ as in the laboratory situation..Hence, Formula (G.1) can be assumed:

D =D

n,f,situ n,flab

E It might become necessary for some types of construction to perform additional
surements, to establish thatthe structure-borne transmission is indeed dominant.

.2 Dominant airborne transmission

re G.1 and\Formulae (G.2) and (G.3).

nds on the

materials
zed by the
D848-2 and
standard.

dppropriate

borne or a
atory to in

will be the

(G.1)

laboratory

he case of mainly-airborne transmission the following relation can be used to determife the field
valge of the nofmdlized flanking level difference Dy fsity from the product information
FigI

Dh,flab, See

© IS0 2017 - All rights reserved

59


https://standardsiso.com/api/?name=320ea906fd15da0b11540af81971b2ec

ISO 1235

4-1:2017(E)

pl

/Ca

SCF

SCS

Figure|G.1 — Illustration of the relevant quantities for the prediction of indirectairborng
transmission
hpl Iij Scs,lab Scr,lab N
nEsite] = Dn,f,lab +(10lg— |+ 101g +C, | dB (G.2)
lab "lab cs “cr
with
a) no pbsorbing lining:
C,=0dB
b) abgorbing lining:
c, i
C, =0[dB f<0,015— (.3)
t
a
h c 0,3c¢
c, lab 4B’ 0,015-2 < f < 0
Scs,lab Scr,lab hpl t, min (hlab , hpl )
S.S 2 0.3
Ccs Cr. C
c, =1oig 4B fz——°
Scs,lab Scr,lab hpl min (hlab , hpl )
where
Scs, Scr] is.the area of the ceiling in the source room and receiving room, respectively, in square
nretres;-n-the-laboratory-asreference with-the-index—lab -which-forthe laboratory
fulfilling ISO 10848-series recommendations can be taken as Scs Jab = Scrlab = 20 m?Z;
hpi is the free height of the plenum above the ceiling, in metres; in the laboratory, as reference,
this is hjap, which for the laboratory fulfilling ISO 10848-series recommendations can be
taken as hjgp = 0,7 m;
ta is the thickness of the absorbing lining in the plenum, in metres;
Co is the sound speed in air, in metres per second; ¢, = 340 m/s.
NOTE1 It might become necessary for some types of construction to perform additional laboratory

measurements, to establish that the indirect air-borne transmission is indeed dominant and to establish a more

accurate dis

60

criminant for the absorption in the plenum.
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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 and the

auxiliaries.

G.3 Determination from performance of the elements

The normalized flanking level difference can be deduced from an appropriate combination of measured,
calculated or estimated data on the acoustic performance of the elements as given in Formula (G.4). It is
advantageous to apply this approach first to the laboratory situation; in that way a direct comparison

betyveen the TWo approaches 13 possibie. ThiSapproacih can atso be netpful i estimating t
chapges in a system for which measurement results of Dy, ¢jj are available.

R, + R, S
T]+AR1+AR].+D

A
+|10lg —2° dB
o'ij,lab

D nfij = v,ij,n

The normalized direction-averaged vibration level difference can be determined in accor
1S0|10848 (all parts).

e effect of

(G.4)

Hance with
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Annex H
(informative)

Determination of indirect airborne transmission from
performance of system elements

H.1 Hall or corridor

The normgdlized level difference Dy s for transmission via halls and corridors or the cavity”withjn a
double facdde can be estimated from Formula (H.1) if diffuse sound fields in the rooms and the hall|can
be assumefl, see Figure H.1.

T
|
.

) E— — L 1 L {

Shs R hs Shr th

Figure H.1 — Illustration of two rooms along a corridor with relevant quantities

4 h Ao
Dn,s = Dn,h = Rhs + th +110 lg + Cdoorposition dB ({1
hs “hr
where
Rhs is the sound.reduction index of the wall between the hall and the source room, in
decibels;
Rhr isthesound reduction index of the wall between the hall and the receiving room, [in
deeibels;
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;
Ap is the equivalent sound absorption area of the hall, in square metres;

Cdoorposition 1S a 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 0 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 Ryj, 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.

62 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=320ea906fd15da0b11540af81971b2ec

1ISO 12354-1:2017(E)

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.

H.2 Ventilation system

The normalized level difference Dy, s 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 treated in EN 12354-5, which examines the estimation of the sound levels due to installations,
especially in 4.2.
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Annex I
(informative)

Sound insulation in the low frequency range

I.L1 General

s of
tial
sue
unt
y of
[ion
dex
and
hble
son
vith
[ion

At low frequencies, there are three issues that need to be considered when comparing estimate]
the airborpe sound insulation with field measurements. The first issue concerns the large spa
variation ¢f the sound pressure level in the source and receiving rooms.[22,23,32] The second is
concerns the fact that sampling the sound pressure in the central zone of a room de€s not accd
for the higher energy density near the room boundaries.[24.25] The third issue is thiatthe accurac
estimating| the in situ performance depends on the laboratory measurement of’thé sound reduc
index of byiilding elements and on the measurement or estimation of the vibration reduction in
(or normalized vibration level difference) of junctions between elements.«For the 50 Hz, 63 Hz
80 Hz one-third-octave bands, measurements in accordance with ISO 10140 tend to be highly vari
between lgboratories and tend to overestimate the actual sound reduction index.[32.33] For this req
it is advispble to use laboratory measurements of the sound reduction index in accordance ¥V
[SO 15186¢3 as input data. The intention is for future editions.of{the ISO 10848-series for junc
measurements to take into account low frequency measurement issues.

Field meaqurements (engineering grade) of airborne sound-insulation are carried out in accordgnce

with ISO 1
but the low

The first &
volumes s
specifically
for the 50
The low-fr
measurem

H283-1. Survey grade measurements can also_be carried out in accordance with ISO 10[052
er accuracy means that it is less critical to make any allowances for the low-frequency rapge.

nd second issues that were described above become particularly important with r
maller than 25 m3, but remain important for larger room volumes. These issues
r considered in ISO 16283-1 which describes a low-frequency procedure that shall be ysed
Hz, 63 Hz and 80 Hz one-third-oetave bands when the room volume is smaller than 25|m3.
pquency procedure is carriediout in addition to the default procedure and requires additignal
ents of the sound pressureéjlevel in the corners of the source and/or receiving room uging

hOIM
are

either a fi

measuremgnts made in accordance with ISO 16283-1 in receiving room volumes below 25 m3,
advisable fo account for the higher energy density near the room boundaries using the Waterhd
correction|(see 1.2).

NOTE

ed microphone or a manually-held microphone. However, for comparison of estimates with
tis
use

situ measuséments of airborne sound insulation and predictions of airborne sound insulation from

des

element performancemeasured in the laboratory consider several source positions to ensure that all room m
are excited &t low frequencies and the resulting sound levels are spatially averaged. However, in common usa
the building with a’Source at one position in the source room and a listener at one position in the receiving rd
the corresppuding apparent airborne sound insulation could differ significantly from the average perform
that is measured-erpredieted:

e of
om,
nce

.2 Waterhouse correction

See Formula (1.1):

C

w

where

64

dB

COSt
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Co isthe sound speed in air (¢, approximately 340 m/s), in m/s;
f  is the centre frequency of the band, in Hertz;

V  is the room volume, in cubic metres;

ST is the total surface area of the room, in square metres.

Cw should be subtracted from the estimate of the in situ airborne sound insulation in one-third-octave
bands below 250 Hz or octave bands below 250 Hz. This correction is not exact for small rooms but in
many cases it will err on the side of caution. Examples of Cy are shown in Figure I.1.

5
N
4 S
~. ~
Y el ”\‘ \N\\
2 — T~
"~-_~ \__ ~\~ ~
1 - o
O T T | T T
50 63 80 100 125 160 200
X
V=15 m?
— — v=30m®
— - —.V=50 m®
—(~ V=100 m®
----- - V=200 m®
Key
X |frequency in HZ
Y |[CwindB
Figure 1.1 — Examples of the Waterhouse correction for rectangular rooms
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J.1 Gen

Annex ]
(informative)

Guidelines for practical use

ral

This annex gives guidelines for the interpretation and application of the prediction models~and
needed input data.

J.2
J.2.1

J.2.2

Interpretation of the situation

Int

erpretation of different building situations is proposed in ].2.2 to ].2.7,

Flanking elements constructed of several parts. The sound redugtion index of the larger

directly co
occur in th

be neglectdd. See Figure .1

Key

hnected to the separating element should be taken into accotint. If complete discontinu
e element, such as doors or heavy cross elements, the parts.behind these discontinuities

HHH‘H | ANNRRARRARRNNRNNRRRRRANAD  (NRNNRRRRRRRRRRNARRRRRARRRRRRRRRARRRN]

1 structu

2 3

'e to consider.

2 side vidws

3 vertical cross section

66

Figur

pJ.1 — Interpretation example for flanking elements constructed of several parts

the

bart
ties
can
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Flanking elements. For each directly connected to the separating element, each of these types

has to be considered as a separate flanking element (in Figure ].2 the flanking element f consists of the
two types a and b).

m

-
_

I

0 rTTTaor
| | [
| | [
| | [

1 L L

L

i i

Key

].2.4
use
an ¢
See

Key

K

side view

Figure J.3.

horizontal cross section

1

connected to the separating element

igure J.2 — Interpretation example for flanking elements flanking.elements, each

i  Flanking elements not in a single plane, i.e. with bends, or'other shapes. The total
1, unless the angles at the discontinuities are large such as thiose with 90-degree corners; inj such cases
ffective total area can be used, taking into account the vibration level difference at the digcontinuity.

FigurieJ.3 — Interpretation example for flanking elements not in a single plane

directly

hirea can be
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J.2.5 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 (see

Figures ].4 and ].5 respectively).

Key
1 horizontal cross section

Figure ].4 — Interpretation example for split-level\rooms

Key

1  vertical cross section

Figure J.5— Interpretation example for horizontally displaced rooms

J.2.6 Large«floor slabs or long heavy walls with lightweight partitions. See Figure ].6. [The
transmissipn-is determined by the vibrations of the total floor or wall area. In the limiting case of yery
light walls ITis preferred to estimate the direct and (lanking transmission by the {loor or wait as a whole

by Formula (J.1):

RDd+Df = Rs -101g (Ts,tot / Ts,lab) —10lg (Srec / Stot ) (J.1

where Srec is the total floor or wall area in the receiving room and the subscript “tot” refers to the total
floor or wall between the load-bearing walls. This corresponds to applying the model for the relevant

flanking path with D =0dB.

v,ij,situ
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RDd+Df

Key]

].2.
See
tran

whg
for

sho

whi
roo

source room
vertical cross section

receiving room

Figure ].6 — Interpretation example for large floor slabs or
long heavy walls with lightweight paptitions

Figure ].7. Only Rt is relevant, while the transmission’ paths Fd and Df are neglected. T
smission is then estimated as Formula (J.2):

S

sou rec

1 1
Ry = R, —1015_;(Tsfmt /Tsﬁlab)+101g S, (—S +—]

re the subscript frefers to the flanking element considered. This corresponds to applying
the relevant flanking path with DVij sity = 0 dB. Formula (J.2) leads to the approxims
ivn by Formula (J.3):
1 1
K.. =10lg| L.l .| ——S+—
Ff ij’o
(SSOU SI'EC ]

ch can be seen{as’a minimum value for the vibration reduction index and is close to -5 dB
I dimensions.

/ Flanking elements with insignificant or no structural contact with the separating element.

he flanking

(J.2)

b the model

tion of Kpf

(J3)

for current

©IS
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7] ]
1 § 3
A
=
SSOU Srec
[ - %
2

Key
1 source
2 vertical

foom

cross section

3 receivifg room

Figure .

].3 Inte
J.3.1 Int

].3.2 Wi
junction tr3
taken into

Figur

3.3 Wi

rpretation of composed and complicated eleménts

erpretation of composed and complicated elements isproposed in J.3.2 to ].3.5.

f — Interpretation example for flanking elements with insignificant or no structural
contact with the separating element

'h additional layers, such as wall linings or floating floors, the sound reduction index fand
insmission index relates to the basic structuralelement, the effect of the additional layer b¢ing
hccount separately by AR (see Figure ].8).

;

e ].8 — Interpreétation for additional linings such as wall linings or floating floors

'h additional external layers, such as lightweight external lining, which have negligible
thetbehaviour of the basic structural element, the calculation should concern only the bpsic

inner element. The effect of the external lining or construction may be neglected or otherwise be tdken

influence TF

into accoumnt ﬂ'\rnngh the vibration reductionindex (CDQ Eicurel Q)
=g erreyv>

4.4

Figure ].9 — Interpretation for additional linings such as lightweight exterior linings

J.3.4  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

70
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be based on measurements in similar situations or be estimated by considering the various transmission
paths contributing to the vibration reduction index (see Figure ].10).

P;Q;Q;O;Q;Q'O‘ ’0.0‘0.0.0'0.0.0,0;0 0YOfOzO;0;0;0;0;0;0;‘;0;0;0;0‘03

L X X X X X X X X X X X R XD X XXX XXX XX XXX XXX

J.3.5  With cavity walls as a separating element the sound reduction index should indlude the effect of
the [transmission from one leaf to the other via the connections around the perimeter of the|element, if

any|(see Figure ].11).
0

-
N N N

Figure ]J.11 — Interpretation for cases withi.cavity walls as separating elemer

[

J.4| Interpretation of complicated junctions

J. 41 General

Intdqrpretation of complicated junctiensis proposed in ].4.2 to ].4.4.

J.4.2 Cross-junction withamoere than 2 element types

Figuire |.12 presents the proposed interpretation for a cross-junction with more than 2 elemént types.

7

J AMNNNNNNN

f mg f Mmys

7 )

My3=Vs (My+my)

a) Actual building situation b) Idealised building situation

Key
m  surface mass of the elements

Figure ]J.12 — Interpretation for cross-junction with more than 2 element types
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J.4.3 T-junction with more than 2 element types

Figure |.13 proposes an interpretation in the case of T junctions with different facade elements: junction
between a heavy (concrete) ground floor fagade of mass mp with a lighter facade (i.e. hollow bricks ...) of
mass m3 on top and a heavy (concrete) floor of mass mj.

Condition on surface masses: my, mz = 2 ms.

Dy13 § ]
ms
m % ms
D,5 (equivalent)
ms;
Dy1z § [ ]
ms ms
m
D4, (equivalent)
ms;
Dv23 §
ms (my+my)/2
v
D, 53 (equivalent)
ms;

Figure ].13 — Interpretation for T-junction with more than 2 element types
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J.4.4 Junctions with small offset

Figure ].14 proposes an interpretation in the case of junctions with a small offset.

].4.

Actual building situation

Idealised building situation if d < 0,5 m

F F
D 7R D
=X
d d d
f f
Idealised building'situation if d = (
F
D
d

Figure ]J.14 — Interpretation for junctions with a small offset

5 Junctions with heavy double wall

Figlire ].15 proposes an interpretation in the case of junctions with heavy double wall.

Actual building situation Idealised building situation

F d D

Figure J.15 — Interpretation for junctions with heavy double wall
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Annex K
(informative)

Estimation of uncertainty

This annex describes a method to determine the uncertainty of the predicted airborne sound reduction

index fro
in measurg
detailed m

The appar
establishes

RI

w

(=Y

The input
uncertaint
can be neg

are thus
the we

the wg
(Room

the we
the 12
the we

Depending
uncertaint

whcartaintiac of tha 1nnat A an fitiac ucing an. !“ Aa to flﬂa exXPression nF vheerta
ortH XP¥ tot

IO C e Tt eI e o o tre Hirp ot oo cr e o ooty

ment.[34] The procedure is applled to the 51mp11f1ed model of 4.4. It can be extended to
bdel if input uncertainties are available per frequency bands.

bnt sound reduction index is calculated according to Formula (18) in 4.4. Forrnula |
the functional relationship g between Ry and the input quantities X;.

(%;)

uantities Xj are geometric or acoustic parameters. Only the acoustic quantities and t

nty
the

K1)

K.1)

heir

es will be considered, since the uncertainty contribution from all the geometric quantities

lected. The input quantities for the transmission between-two adjacent rectangular ro

ighted sound reduction index of the separating element Rs yy;

ighted sound reduction indices of the four flanking elements Rpy in the sending r
1;

DINS

hOIM

jghted sound reduction indices of the 4 flanking elements Rg,y in the receiving room (Roon 2);

(unweighted and averaged, see 4.4.3)lvibration reduction indices Kj; of the 4 junctions;

ighted improvements of altogether 10 possible linings AR; w.

on the number of linings,this leads to 21 to 31 acoustic input quantities. The combined

 of the apparent weighted-sound reduction index is shown by Formula (K.2):

(xi)f 2

31

2

i=1

2
pred

Ciu

Here, an additional \ncertainty contribution for the prediction method upreqd is included whic

estimated
of the func

Fo be 0,8'dB.[35] The sensitivity coefficients, shown by Formula (K.3), are partial derivat
Lion, fiwith respect to the input quantity X;.

’

K.2)

h is
ves
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Using Formula (18) from 4.4, they can be expressed by analytic equations. The separating element is

shown by Formula (K.4):

4 4
-R 10 -R. 10 —Ry; 10
a 10 Dd,w/ + %210 1d,w/ + %Zlo Dl,W/
R’ = =
oR - 1_113 = (K.4)
S,W ZlO_Rj'W /10
=1

where Rpqw is the weighted sound reduction index of the direct path, Riqw are the weighted sound
redfiction 1ndices of the Ilanking patns Fd, Rpiw are the weighted sound reduction indjces of the
flarlking paths Df and the Rj are the weighted sound reduction indices of all 13 paths:Fof the other
inpyit quantities, the partial derivatives are shown by Formulae (K.5), (K.7) and (K.8):

, -R;; /10
R ij,w
ij,w Z 10—R].’W/10
j=1

1[10—Riilw/1o N 10—Rid,w/1°)
2

oR!
aRW = = (K.6)
iw Zlo_Rj'W/lo
=1
OR’ 10 Riw /10
w__ (K.7)
JAR.

13
iw Z 10—R].'W /10
j=1

For|two linings in path i, thespartial derivative for the lining with the smaller sound reduction
impgrovement is shown by Fermula (K.8):

, 1 10_Ri.w/10
R, 7
woo_ (K.8)
JAR.

T 13
jw 210_Rj'w/10
=1

Theg input-uncertainties u(Xi) are determined from the superposition of the standard deviation of
reproducibility of 1,2 dB for the weighted sound reduction index from ISO 12999-1, the standard
deviakion for the product scatter of 1,0 dB and an additional uncertainty for the difference hetween the
laboratory and the in situ situation of 0,8 dB[35], as shown by Formula (K.9):

u(Rii‘w) = \/1,22 +1,0% +1,0% +0,8% dB = 2,0 dB (K.9)

The product scatter has to be included twice, once for the measurement in the laboratory and once for
the choice of the individual specimen in situ. The value for the product scatter is estimated to be 1,0 dB
and may be considerably larger for special specimens. There is no solid knowledge available on the
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