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reword

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.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the voluntary nature of standards;. the meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
L: www.iso.org/iso/foreword.html.

5 document was prepared by ISO/TC 43, Acoustics, Subcommittee SC 2, Building acoustics

5 second edition cancels and replaces)the first edition (ISO 10848-1:2006), which

extension to field measurements;

extension to building seryice equipment;

elements has been.introduced;

transmission function measurements with a calibrated structure-borne sound sourc
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definitions of element types A and B to avoid issues with the terms “heavy” and “
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normalized direction-averaged vibration level difference for junctions between lightweight

an assessmentaiethod for the decrease in vibration level with distance has been introdiiced;
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Alist of all the parts in the ISO 10848 series can be found on the ISO website.
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Acoustics — Laboratory and field measurement of flanking
transmission for airborne, impact and building service
equipment sound between adjoining rooms —

Part 1:

Frame document

1

ISO
or 9
the

The
con
nor
the

Twy

Scope

10848 (all parts) specifies measurement methods to characterize the flanking transmig
everal building components. These measurements are performed in ajlaboratory test fé
field.

performance of the building components is expressed eithervas an overall quant

malized flanking impact sound pressure level) or as the vibfation reduction index of a
normalized direction-average vibration level difference ¢f ajunction.

approaches are used for structure-borne soundisources in buildings, a normalize

sion of one
cility or in

ty for the

bination of elements and junction (such as the normaljzed flanking level differepce and/or

unction or

d flanking

equfipment sound pressure level and a transmissiowfunction that can be used to estinpate sound

pre
roo
jun
the

Thi
me:
on

application for different types.@fjunction and building elements.

Thd
toe

2

Thd
con
und

ISO

ssure levels in a receiving room due to structurezborne excitation by service equipment
. The former approach assumes that flanking transmission is limited to one junct
ftion if the element supporting the equipniént is the separating element), and the latte
combination of direct (if any) and all flanking transmission paths.

5 document contains definitions, general requirements for test elements and test 1
isurement methods. Guidelines are'given for the selection of the quantity to be measured,
the junction and the types of*building elements involved. Other parts of ISO 10848

quantities characterizing the flanking transmission can be used to compare different p
IXxpress a requirement, or as input data for prediction methods, such as ISO 12354-1 and I§

Normative references

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

in a source
ion (or no
" considers

ooms, and
depending
pecify the

roducts, or
0 12354-2.

Pir content
pplies. For
[s) applies.

/17-1, Acoustics — Rating of sound insulation in buildings and of building elements — rart

sound insulation

1: Airborne

[SO 717-2, Acoustics — Rating of sound insulation in buildings and of building elements — Part 2: Impact
sound insulation

ISO 3382-2, Acoustics — Measurement of room acoustic parameters — Part 2: Reverberation time in
ordinary rooms

ISO 7626-1, Mechanical vibration and shock — Experimental determination of mechanical mobility —

Par

t 1: Basic terms and definitions, and transducer specifications

ISO 7626-5, Vibration and shock — Experimental determination of mechanical mobility — Part 5:
Measurements using impact excitation with an exciter which is not attached to the structure
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ISO 10140-4:2010, Acoustics — Laboratory measurement of sound insulation of building elements —
Part 4: Measurement procedures and requirements

ISO 10140-5:2010, Acoustics — Laboratory measurement of sound insulation of building elements —
Part 5: Requirements for test facilities and equipment

IEC 61183,
IEC 61260

Electroacoustics—Random-incidence and diffuse-field calibration of sound level meters

(all parts), Electroacoustics — Octave-band and fractional-octave-band filters

IEC 61672-1, Electroacoustics — Sound level meters elements — Part 1: Specifications

3 Termis and definitions

For the pui
ISO and [E
IEC Elg

ISO On

3.1
average s(
L

ten times
squared to
room with
the bound4

poses of this document, the following terms and definitions apply.
[ maintain terminological databases for use in standardization at the following addresse

ctropedia: available at http://www.electropedia.org/

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

und pressure level in a room

the common logarithm of the ratio of the space and\time average of the sound press
the square of the reference sound pressure, the space average being taken over the e

ries (walls, etc.) is of significant influence

Noteltoe

Note2toe

L=101g

3.2
normalizéd
Dn,f
difference
sound souft
the result i

|

ry: This quantity is expressed in decibels.
ry: If a continuously moving microphong is'used, L is determined as follows:

T,

! "p?(t)de

|

m

0

2
Po

d flanking level difference

n the space,and time averaged sound pressure level produced in two rooms by one or nj
ces in orte pf them, when the transmission only occurs through a specified flanking path
s nornialized to an equivalent sound absorption area in the receiving room as follows:

ire
the exception of those parts where the direct radiation of a sound source or the near fierIi of

122}

ure

ore
and

D . =L2L, 10104
n,f T—2 1
0
where
L1 isthe average sound pressure level in the source room, in dB;
Ly isthe average sound pressure level in the receiving room, in dB;
A isthe equivalent sound absorption area in the receiving room, in m2;
Ao is the reference equivalent sound absorption area, in m2; Ag = 10 m2

Note 1 to entry: This quantity is expressed in decibels.
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Note 2 to entry: For clarity, the term Dy, ris used when only one flanking path determines the sound transmission
(such as with suspended ceilings) and the term Dyt is used when only one specified transmission path ij out
of several paths is considered (such as with structure-borne sound transmission on junctions of three or four
connected elements).

3.3

normalized flanking impact sound pressure level
Ln,f

space and time averaged sound pressure level in the receiving room produced by a tapping machine
operating at different positions on a tested element (floor) in the source room, when the transmission
only occurs through a specified flanking path and the result is normalized to an equivalent sound
absprption area, in the receiving room and is expressed as follows:

A
L. .=L,+10lg—
n,f 2 gAO

where

Ly isthe average sound pressure level in the receiving room, in dB;

A is the equivalent sound absorption area in the receiving roent,in m2;
Ao is the reference equivalent sound absorption area, in m% Ag = 10 m?
Note 1 to entry: This quantity is expressed in decibels.

Not¢ 2 to entry: For clarity, the term Ly ris used when only one flanking path determines the sound tfansmission
(sudh as with access floors) and the term Ly ¢jj is used whenonly one specified transmission path ij ofit of several
patr}lts is considered (such as with structure-borne sound transmission on junctions of three or fouf connected
elements).

3.4
nornmalized flanking equipment sound pressure level
Lne f
spafe and time averaged sound pressure level in the receiving room produced by a strucfure-borne
soupd source injecting a unit power (1 W) at different positions on a tested element in the squrce room,
when the transmission only oecurs through a specified flanking path and the result is normglized to an
equiivalent sound absorptiofi area in the receiving room and is expressed as follows:

yal
LneO,f =Ly + 1OlgA_
0

whére

Lpe is'the average sound pressure level in the receiving room with a structure-borne sopind source
ihjecting 1 W into the tested element, in dB;

A~ 1s the equivalent sound absorption area 1n the recelving room, in m4;
Ao is the reference equivalent sound absorption area, in m2; Ag = 10 m?
Note 1 to entry: This quantity is expressed in decibels.

Note 2 to entry: For clarity, the term Lpeor is used when only one flanking path determines the sound
transmission (such as with equipment installed on access floors or light facades) and the term Lyeq f,ij is used
when only one specified transmission path ij out of several paths is considered (such as with structure-borne
sound transmission on junctions of three or four connected elements).

Note 3 to entry: The sound pressure level generated by any equipment, Lne f,equip, can be approximated when the
equipment has been characterized using EN 15657 and its averaged installed power Ly, equip has been determined
from the spatial average single equivalent mobility of the supporting element as described in EN 15657:2009, C.3
and using EN 15657 to give the installed power from the equipment and receiver characteristics.

© IS0 2017 - All rights reserved 3
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3.5

transmission function for excitation position k

DtEk

difference between the space and time averaged sound pressure level in the receiving room and the
structure-borne sound power level for a source at excitation position k on the source element as follows:

Dy =Layk —Lwk

where

Lav,k

Lw

Note 1 to enftry: This quantity is expressed in decibels.

Note 2 to ejf
the combin
spatial aver]
will only co
of the direc
as a flankin

3.6
spatial av¢

DTF,aV
average tra

D TF,av

3.7
normalizd

DTF,aV,n
spatial ave
in the rece

D TFav,1

s the average sound pressure level in the recelving room, in dB, referenced to 2 x 10=2,P3

s the structure-borne sound power level, in dB, referenced to 10-12 W.

try: The transmission function[25] is specific to the building in which it is measuved and quant
tion of all the transmission paths from the power injected at a source position’ on an element
age sound pressure level in a receiving room in a building. In some cases,the transmission fung
transmission path and all the flanking paths. The building could either'be a laboratory set-up (
b laboratory with wall and/or floor junctions) or an actual building.

brage transmission function

nsmission function from K excitation positions oncthe source element as follows:

ZK 10DTF,k/10
k=1

=101g

d spatial average transmission function

rage transmission function{3:6) which is normalized to an equivalent sound absorption ¢

ving room that is calculated as follows:
A
= DTF,aV +101gA—
0

Noteltoe
Note2toe

a)

to asse
numbe

I

ry: This quantity is expressed in decibels.
ry: Normalized transmission functions can be used in the following ways:

ks.the ‘accuracy of prediction models such as ISO 12354-1 or ISO 12354-2 which consider a lim
F of/flanking transmission paths that are either measured according to ISO 10848 (all parts

fies
to a
tion

'respond to the combination of all the flanking paths, but in some situations; it will be a combination

uch

rea

ited
, or

estimated according to ISO 12354-1 or ISO 12354-2;

b)

building types;

<)
3.8

to determine the optimum position for service equipment in an existing building.

structural reverberation time

Ts

to create databases of average transmission functions as a simplified prediction tool for different

time that would be required for the velocity or acceleration level in a structure to decrease by 60 dB
after the structure-borne sound source has stopped

Note 1 to entry: This quantity is expressed in seconds.

4
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Note 2 to entry: The definition of Ts with a decrease by 60 dB of the velocity or acceleration level in a structure
can be fulfilled by linear extrapolation of shorter evaluation ranges.

3.9

average velocity level

Ly

ten times the common logarithm of the ratio of the time and space averaged mean-square normal
velocity of an element to the squared reference velocity as follows:

(%jzmvz(t)dt)

Vg

L,=101g

whgre vg is the reference velocity, in m/s; vo =1 x 10-9 m/s
Not¢ 1 to entry: This quantity is expressed in decibels.

Not¢ 2 to entry: The reference velocity preferred in ISO 1683 is 1 x 10-9 m/s, although a common refg¢rence value
in spme countries is still vo =5 x 10-8 m/s.

Note 3 to entry: Instead of the average velocity level, the average accelération level L, can be mepsured. The
reference acceleration preferred in ISO 1683 is 1 x 106 m/s2.

3.1£

velgcity level difference
Dv,i
difference between the average velocity level (3.9) of at¥element i and that of an element j, wheen only the
elerpent i is excited (airborne or structure-borne)

Note 1 to entry: This quantity is expressed in decihels.

3.11
dirgction-averaged velocity level difference
D

arithmetic average of Dy,jj and Ry as defined as follows:

\Z ]

F:%(D

v,ij

+D

v,ij v,ji )

whére

Dy,jj isthedifference between the average velocity level (3.9) of an element i and that of an ele-
ment j, when only the element i is excited, in dB;

Dyjp ' is the difference between the average velocity level of an element j and that of an ¢lement i,
when only the element j is excited in dB

Note 1 to entry: This quantity is expressed in decibels.

3.12
equivalent absorption length of an element
a:

gl

© IS0 2017 - All rights reserved 5
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length of a fictional totally-absorbing junction of an element j when the critical frequency is assumed
to be 1 000 Hz, giving the same losses as the total losses of the element j in a given situation as follows:

2,2n25j
a;=———=—
! [ f
Ts,jCO
fref
where

Ts; is the structural reverberation time (3.8) of the element j, in s;

S; is the surface area of the element j, in m2;

co isthe speed of sound in air, in m/s;

[ isthe frequency, in Hz;

fref is the reference frequency, in Hz (fref= 1 000 Hz).
Note 1 to enftry: This quantity is expressed in metres.

3.13
vibration feduction index
Kij
direction-aperaged velocity level difference (3.11) between twolelements across a junction that is
normalised to the junction length and the equivalent sound*absorption length of both element§ as
follows:

_ I
K; =D}, ; +10lg

a;a;
where
vi s the direction-averaged velocity level difference between elements i and j, in dB;
lij s the junction length between elements i and j, in m;

aj, aj qre the equivalent @dbgorption lengths of elements i and j, in m.

Note 1 to enftry: This quantity)is expressed in decibels.

Note 2 to entry: Kjj can be obtained from measurements of the velocity level difference (3.10) in both directjons
across the jiinction and'the structural reverberation time (3.8) of the two elements i and j.

3.14
normalizdddirection-average vibration level difference

Dv ij

Jjn

difference in velocity level between elements i and j, averaged over the excitation from i and excitation
from j, and normalized to the junction length and the measurement areas on both elements as follows:

_ L.1
=D, +101g| ——2=

\/ Sm,i Sm,j

D

v,ij,n

where

6 © IS0 2017 - All rights reserved
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Ih) is the reference length, in m; Ip = 1 m;
Sm,i isthe area of element i over which the velocity is measured, in m2;
Sm,j isthe area of element j over which the velocity is measured, in m2.

Note 1 to entry: This quantity is expressed in decibels.

3.15

Type A element
element with a structural reverberation time (3.8) that is primarily determined by the connected
elerpents (up to atleast the 1 000 Hz one-third octave band) and a decrease in vibration level pfless than
6dH across the element in the direction perpendicular to the junction line (up to at least.the 1 000 Hz
onefthird octave band)

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

Not¢ 2 to entry: An element may only be defined as Type A over part or parts ofithe frequency range. for example,
somle masonry walls can be Type A elements in the low-frequency and mid-frequency ranges and a Type B element
(3.1b) in the high-frequency rangel15].

3.16
Type B element
elerpent that is not a Type A element (3.15)

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

somle masonry walls can be Type A elements in;thé low-frequency and mid-frequency ranges aijd a Type B
element in the high-frequency rangel15].

4 [Quantities to characterize flanking transmission

4.1 General
Flanking transmission by.coupled elements and junctions is characterized in the following ways:

— [by vibration transmmission across a junction using Kj; for Type A elements or combinations of Type A
and B elements;

— | by vibrationitransmission across a junction using D for Type B elements;

v,ij,n

— |by an,everall transmission quantity for a specified flanking path (Dpf Lnf or Lpeof) [for Type B
eléments.

Each of these quantities has its own restrictions and field of application.

The vibration reduction index is related to the normalized flanking level difference using Formula (1):

R.+R; la;a; S:S;
K.=D %_10@ N NS

ij nf~ +101g

ij 4

M)

where R;and R; only correspond to resonant transmission for elements i and j, hence R; and Rj measured
according to ISO 10140-2 or ISO 15186-1 shall be corrected before they can be inserted in Formula (1)
because they include forced transmission. ISO 12354-1 indicates how to correct the measured sound
reduction index to remove the forced transmission.

© IS0 2017 - All rights reserved 7
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The normalized flanking level difference can be calculated from the acoustic performance of the

elements using Formula (2):
R; +R j A
Dyf= +ARi+ARJ-+DV’ij'n+1OIg I (2)
0%y
NOTE This relationship can be used to check the consistency of D¢ and Dv'ij’n measurements from

ISO 10848-3 for Type B elements where the junction has a substantial influence.

4.2 Normatizedftanking fevetdifference, D mormmatized flankinmg impact soumd—

pressure [level, L, ,and normalized flanking equipment sound pressure level, Lye( f

4.2.1 General

Dy f, Lnfand Lpeo f characterize the flanking transmission over an element in the saurce room and an

element in|the receiving room, including the sound radiation in the receiving room».Dy, f, Ly f and Lheo,f

depend uppn the dimensions of the elements involved. Dy, fis measured with airborne excitation, Ly f is
measured With a standard tapping machine and Lye,fis measured accordingde 7.1.1.3.

4.2.2 Dy}j, estimated from measurements of D), ¢

When Dy, f s measured for junctions of only Type B elements, Dy can be estimated from Dy, f uging

Formula (3):

R +R; Ay
D¢ = +AR;+AR; + Dy ;; , +10lg I (3)
0%

4.3 Vibnation reduction index, Kj;

4.3.1 Geperal

The vibratfon reduction index Kj; is,defined in ISO 12354-1 and ISO 12354-2 as a situation invarjant

quantity tq characterize a junctiod between elements. Kj; is measured with structure-borne excitafion

and is detdrmined according to/Formula (14) which is based on power transmission considerationf as

a simplificption of StatisticalCEniergy Analysis (SEA). This implies that the following assumptionfs of

classical SEA are met:

— the coyipling betweeni and j is weak;

— the viljration.fields in the elements are diffuse.

Kjj might nptberelevant and might not be situation-invariant in the following cases:

a) elements that are strongly coupled, such that the individual elements cannot be considered as SEA
subsystems (see 4.3.3);

b) elements where the vibration field cannot be considered as reverberant due to a significant
decrease in vibration level with distance across the element, for example, due to high internal
losses or periodicity in the structure. This shall be assessed using Annex A;

c) low modal overlap factors or low mode counts (see ISO 10848-4:2017, 6.3.1 for Type A elements).

The above limitations can be used to identify the frequency range where measurements are applicable
to ISO 12354 and indicate potential issues with the accuracy of the measurement results.

© ISO 2017 - All rights reserved
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4.3.2 Kjjfor combinations of Type A and B elements

The formula in 3.13 can be used for combinations of Type A and B elements by replacing the absorption
length of the Type B element(s) with its surface area.

4.3.3 Strong coupling between Type A elements

The measured value of Kj; may not be relevant due to strong coupling, if the condition in Formula (4) is
not satisfied:

mjfci

(ml.ft. A
Dv'ij23dB—101gL ? J 4)

whegre

m;, mj are the masses per unit area of the elements, in kg/m2;
fcifj  are the critical frequencies of the elements, in Hz.

If Fprmula (4) is not satisfied in the laboratory situation, it might\be’ possible to increade the total
danpping by adding damping material to the edges of the elements.or by connecting the glements to
other structural elements.

NOTE Connecting test elements to other structural elements\increases the likelihood of unwanted flanking
trarjsmission via structure-borne paths affecting the measurement(16] and therefore the measurenjent will not
be dituation invariant because it will include many additionalflanking paths. This is a particular ifsue with in
situ[measurements.

Forfhomogeneous and isotropic elements, f. can b&'calculated by Formula (5):

2

Co
= 5
fe=Tane (5)

whére

co isthe speed of sound(inair, in m/s;

c, isthelongitudinalywave speed, in m/s;
h isthe thickhess, in m.

For[some elements, f; can be estimated by identifying the dip in the sound reduction index cfirve.

Forlorthotropic plates, there are two critical frequencies, fc x and fc y, in the x-directions and ypdirections
respectively; hence, an effective critical frequency of the element can be calculated using Fofmula (6):

£t [ ¢ (6)

Jc— yJcxIcy

4.4 Normalized direction-average vibration level difference, D ; ,

4.4.1 General

For Type B elements, the use of Kj;is no longer valid due to the existence of non-uniform vibration fields;
however, the use of vibration level difference as a descriptor is still appropriate.[1218] Compared to
Type A elements which are rigidly connected, Type B elements often have significantly higher vibration
level differences that are frequency-dependent.
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The existence of unwanted airborne and structure-borne flanking paths will limit the possibility to
quantify this transmission path in both the laboratory and the field.

4.5 Selection of the measurement method

The different possibilities mentioned below are summarized in Table 1 according to the types of
junction and elements.

Table 1 — Different measurement methods according to the types of junction and test elements

- - Drhrand/or L r and/or -
Type of junction Lneo, & Kjj Dv,ij,n
Type f elements Not applicable Applicable if flanking Not applicable
(see ISP 10848-4) an i 15 Subprs
or insignificant
Type B elements where the Applicable after Not applicable Not applicable
jungtion has verification (see 8.3)
a small influence
Laborjatory only
(see ISP 10848-2)
Type B elements where the | Applicable after shielding Not applicable Applicable if transmissjon
junction has a substantial |and possible indirect path other than jj is
influence determination of Dv,ij,n TrL:Sipl;ﬁ?isceadn(t)g
Laboratpry and field J
(see ISP 10848-3)
Combinatign of Type A and Not applicable Applicable if flanking Not applicable
Type B elements transmission along paths
Laboratpry and field otheroihiz:lr;iy Illsifsilclggtrfssed
(see ISP 10848-4) §
a  Shieldinlg is not necessary in the source room for measurement of Ly f and Lpeo,f.
b Field mdgasurements are allowed.
5 Instrgimentation
5.1 General
The loudsgeaker shall fulfil the requirements on directivity given in ISO 10140-5:2010, Annex D.
The standdrd tapping machine shall meet the requirements given in ISO 10140-5:2010, Annex E.
If used, thle instruments for measuring sound pressure levels, including microphone(s), as well as
cable(s), wi i i i i ass

1 instrument according to IEC 61672-1 for random incidence application.

Specifications and calibration of the vibration transducers shall comply with ISO 7626-1.

The filters shall meet the requirements for a class 1 instrument according to IEC 61260 (all parts).

The reverberation time equipment shall comply with the requirements defined in [SO 3382-2.

All other equipment shall meet the requirements for measurement in Clause 7.

10
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5.2 Verification

Compliance of the sound pressure level measuring instrument, the filters and the sound calibrator
with the relevant requirements shall be verified by the existence of a valid certificate of compliance.
If applicable, random incidence response of the microphone shall be verified by a procedure from
IEC 61183. All compliance testing shall be conducted by a laboratory being accredited or otherwise
nationally authorized to perform the relevant tests and calibrations and ensuring metrological
traceability to the appropriate measurement standards.

Unless national regulations dictate otherwise, it is recommended that the sound calibrator should be

cali

brated at intervals not exceeding one vear, the compliance of the instrumentation s

the
con
not
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requirements of IEC 61672-1 should be verified at intervals not exceeding two yeal
pliance of the filter set with the requirements of IEC 61260 (all parts) should be verified
exceeding two years.

General requirements for test facility and test elements

Laboratory

laboratory measurements of Dy, Ly f, and Lyeo,, the test facility 'shall comply with th
1lirements, corresponding to the general requirements of roomsfor laboratory tests with §
king transmission specified in ISO 10140-5 unless there are'specific requirements on din
oduct standard.

E For example, with unitized products such as curtain walling, EN 13830 gives dimension{

volumes and corresponding dimensions of-the laboratory test rooms should not be
e. A difference in room volumes and/or in'the linear dimensions of at least 10 % is recq
room volumes shall be at least 50 m3, Fhe ratios of the room dimensions should be cho
modal frequencies in the low-frequency-bands are spaced as uniformly as possible. Large

necessary to install diffusing élements in the rooms. The positions and the necessary
Lsing elements shall be evaluated by experiments with the goal that the measured qu
mple, Dy, f) is not influenced when further diffusing elements are installed (see ISO 1014(

er normal test conditions, the reverberation time in rooms with a test element installg
bed 2 s and shall not+be less than 1 s. Where the reverberation time at low frequencie
Hz) exceeds 2 syacheck shall be made to determine whether the measured quantity (fg
) depends on theTeverberation time. When such a dependence is found, even with diffy
s, the room@hall be modified to adjust the reverberation time to values between 1 s and
n 2 (V/50)2/3 s at low frequencies (V is the value of the room volume in m3).

sound transmitted from the source room, considering the power output in the source ro

stem with
s, and the
Wt intervals

e following
uppressed
hensions in

for the test

bxactly the
mmended.
sen so that
variations

he sound pressure level in the roofvindicate the presence of strong standing waves. If this case,

number of
antity (for
-5).

d shall not
b (50 Hz to
r example,
sors in the
not higher

background noise level in the receiving room shall be sufficiently low to permit measufrements of

bm and the

ddncnlation ~f+hatact alaraantc forvhich tha l-baoratory ic intandad

sou

T o T C T o O Tt T o T Cr e IIC It TOT vV IITCIT tirc oo oTotoT y 1o I cCoTor

The dimensions of the test elements that form the junction shall be as given in Figures 1 and 2. The test
element may be of a dimension smaller than the dimension of the test facility. In these cases, the gap
shall be filled with an element with sufficient sound insulation.

Examples of test facilities for different kinds of junctions are shown on Figure 3. To assess the possible
influence of sound transmission through the envelope of the facility or through a filler element, shielding
of these surfaces in the test rooms shall be applied according to the procedures specified in Clause 9.
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I

Iy

NOTE All flimensions are considered from the surface of the elements

I,']' >(2,3 m

3,0im < ;< 6,0 m for all elements i

1.1

7L T1>0,1 when the junction only contains:Type A elements

s 0,1 when the junction piily»contains Type A elements

Figure 1 — Vertical junction

12
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N

Ii

NOTE All dimensions are considered from the surface of the elements
I,‘j >2,3m

3,0 m < [; < 6,0 m for all elements #

1. -1
ij i

>0,1 when the jungtion only contains Type A elements

I,

i

1, -1
Lo |4A—2

1 2071 when the junction only contains Type A elements

27

Iy

Figure 2 — Horizontal junction
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Key
horizorjtal section of T-junction - horizontal transmission
vertical section of T-junction - vertical transmission
horizorftal section of cross-junction - horizontal transmissioen

B oW N R

vertical section of cross-junction - vertical transmissioit

Figure 3 — Examples of test facilities for different kinds of junctions

6.2 Field

The requirpments on the test facility and test elements for laboratory measurements in 6.1 can be ysed
as a guide for field measurements. However, it will not usually be possible to satisfy them in the field;
hence, the fonnected building structure shall be described in the test report.

For measurements requiring sound pressure levels in rooms, the room volumes shall be at least 25 m3.

7 Measurenrent methods

7.1 Measwrement of Dy ¢ Ly cand Liaegg

7.1.1 Generation of sound field in the source room

7.1.1.1 Airborne sound

The sound generated in the source room shall be steady and shall have a continuous spectrum in the
frequency range considered. Pink noise or white noise as the source signal is recommended. If the
sound is filtered, the filters shall have a bandwidth of at least one-third octave. When using broad-band
noise, the spectrum of the noise source may be modified to ensure an adequate signal-to-noise ratio in
the receiving room; however, the sound spectrum in the source room shall not have level differences
larger than 6 dB between adjacent one-third octave bands.
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The sound power should be sufficiently high for the sound pressure level in the receiving room to be at
least 15 dB higher than the background level in any frequency band. If this is not fulfilled, corrections
shall be applied as described in ISO 1014 0-4. The correction value shall not exceed 1,3 dB.

If the sound source enclosure contains more than one loudspeaker operating simultaneously, the
loudspeakers shall be driven in phase. Multiple sound sources may be used simultaneously, provided that
they are of the same type and are driven at the same level by similar but uncorrelated signals. Continuously
moving loudspeakers may be used. When using a single sound source, it shall be operated in at least two
positions. They shall be in the same room or the measurement shall be repeated in the opposite direction
by changing source and receiving room with one or more source positions in each room.

Plage the loudspeaker enclosure so as to give a sound field as diffused as possible and at sucH a distance
fromn the test specimen that the direct radiation upon it is not dominant. The sound fields.inf the rooms
depend strongly on the type and on the position of the sound source. Qualification ofithe loudspeakers,
loudispeaker positions and continuously moving loudspeakers shall be performed using the procedures
in 1$0 10140-5:2010, Annex D.

For| measurements in the low-frequency range, guidance on loudspeaker positions if given in
[SO({10140-4:2010, Annex A.

7.1]1.2 Impact sound

Thgimpact sound shall be generated by the standard tapping machine (see ISO 10140-5:2010, Annex E).
The distance of the tapping machine from the edges of the floor’shall be at least 0,5 m and at|least 0,8 m
from the separating wall, but not more than 3 m (see Figure.4).

A nlinimum of four tapping machine positions shall b’ used for Type A elements and a minifnum of six
posjtions shall be used for Type B elements. Thesé\shall be evenly distributed in the pernjitted area.
In the case of anisotropic Type A floor construgtions (with ribs, beams, etc.) or Type B floors, more
excltation positions may be necessary. The haimmmer connecting line shall be orientated aff 45° to the
dirgction of the beams or ribs.

The impact sound pressure levels may(seveal a time dependency after the tapping is started. In such
a cgse, the measurements should fot*begin until after the sound level has become steady. If stable
conditions are not reached after ‘5 min, then the measurements should be carried out oyer a well-
defined measurement period, The' measurement period shall be reported.

When floors with soft _coverings are under test, the standard tapping machine shall fulfil the
reqpirements given in-ISO 10140-5:2010, Annex E. Advice regarding the mounting of thg standard
tapping machine onsoftfloor coverings is also given in ISO 10140-5:2010, Annex E.

Corfections fordiackground noise shall be applied as described in ISO 10140-4. The correftion value
sha|l not exceed~1,3 dB.
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Figure 4

7.1.1.3 H

A calibrate
element to
excitation

Dimensions in metres

0,5

0,5

r wall

area where tapping machine shall not be placed

— Floor surface where the tapping machine shalknot be placed for measurements
normalized flanking impact sound-pressure level L, f

quipment sound

d structure-borne sound source shall.be used as described in Annex B to excite the so

of

rce

determine Lyeq f using a known power level, Lycal. On the source element, a minimum of four
positions shall be used for Type‘A’elements and a minimum of six excitation positions shall

be used foil Type B elements. For the N excitation positions, sound pressure levels in the receiving r¢om
are measufed according to 7.1.2 to determine DTfay,» and the results normalized to unit power (1{ W)
according fo Formula (7):

LneO,f T DTF,av,n + LWO (7)
where Ly, | = 101g(1/107L2) = 120 dB.
7.1.2 Measurement of the average sound pressure level
7.1.2.1 (Geéneral

Obtain the average sound pressure level by using a single microphone moved from position to position,
or by an array of fixed microphones, or by a continuously moving microphone. The sound pressure
levels at the different microphone positions shall be averaged on an energy basis for all sound source

positions, see Formulae (6) to (8).

NOTE1 Ifa continuously moving microphone is used, L is determined according to Formula (8):
1 T . 2
—[o™p” (t)dt
L=10lg| 2 - (8)
Po
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where

p is the sound pressure, in Pa;
po isthe reference sound pressure, in Pa; pg = 2 x 10-5 Pa;

Tint isthe integration time, in s.

NOTE 2  If fixed microphone positions are used, L is determined according to Formula (9):

(03 4p3+. +p2 |

whd

NO']
to F|

whg

7.1

As

wit
SWE
pro

Thd
min

For
pos

7.1

npO

re p1, p2, ... Pn are root mean square (r.m.s.) sound pressures at n different positions in the room,

LzlulgL 5

E 3 In practice, usually the sound pressure levels L; are measured. In this case, L'isydetermine

brmula (10):

1 L./10
L=10lg| = ¥ 101 /
Ni=1
re L;jare the sound pressure levels L1 to L, at n different positions in the room, in dB.

2.2 Microphone positions

h minimum, five microphone positions shall be yused in each room. These shall be
hin the maximum permitted space throughoutg€ach room. When using a moving micra
ep radius shall be at least 1 m. The plane of thie traverse shall be inclined in order to cq

duration of a traverse period shall be'not less than 15 s. The following separating dig
imum values and shall be exceeded, where possible:

0,7 m between microphone positions;

0,7 m between any microphone position and room boundaries or diffusers;
1,0 m between any micrephone position and the sound source;

1,0 m between any-microphone position and the test specimen.

measurements/in the low-frequency range, additional guidance on the number of 1
tions and mihimum distances is given in ISO 10140-4:2010, Annex A.

2.3, (Averaging time

At

9

n Pa.

d according

(10)

listributed
phone, the
ver a large

portion of the permitted room space and shall not lie in any plane within 10° of a room stirface.

tances are

hicrophone

pach individual microphone position, the averaging time shall be at least 6 s at each

frequency

band with centre frequencies below 400 Hz. For bands of higher centre frequencies, the time may be
decreased to not less than 4 s. Using a moving microphone, the averaging time shall cover a whole
number of traverses and shall be not less than 30 s.

For measurements in the low-frequency range, additional guidance is given on the averaging time in

ISO

10140-4:2010, Annex A.
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7.1.3 Measurement of reverberation time and evaluation of the equivalent sound
absorption area

The equivalent sound absorption area is evaluated from the reverberation time measured using the
same procedure as described in ISO 10140-4 and determined according to Formula (11):

0,16V
T

A

(11)

where

A is the equivalent sound absorption area, in m2;
V' isthe receiving room volume, in m3;

T isthe reverberation time in the receiving room, in s.

7.2 Measurement of Kjj and Dy ijin

7.2.1 Geperal aspects for Kj

The vibratjon reduction index Kj; shall be measured using structurg<borne excitation and calculgted
according fo Formula (13). The required quantities are the direction-averaged level difference I

v,ij

and the eduivalent absorption lengths a; and a;. D, ;; shall b€ obtained from the mean value of|the

v,ij
velocity leyel differences Dy and Dy j;, and each velocitydevel difference obtained by exciting jone
structure gt several points, and by measuring the surfaceaverage velocity level of both elements i and .

For Type A elements, the values of a; and a; shall.be determined according to Formula (16) u$ing
measurements of the structural reverberation times Ts ; and Ts ).

7.2.2 General aspects for D

v,ij,n

For measurement with structure-borng*excitation, the normalized direction-average vibration lgvel
difference |shall be determined as'described in 3.14. If airborne or steady-state structure-bdrne
excitation |s used, the spatial averaging is calculated using Formula (12):

2 2 2
Vi+Vv, +...KV
L,=1qlg| -—2—=—= 12)
n'VO

where v1, 2, v, ared.m.s. velocities at n different positions on the element, in m/s.

For steady}state excitation, the velocity level difference between element i and that of an element]j, is

calculated using Formula (13):
D L,; (13)

v,if =Ly; - v,j

If transient structure-borne excitation is used, then the normal velocity should be measured
simultaneously on both elements and the velocity level difference determined using Formulae (14)

and (15):

1 M N
Duiy =gy 2 2P ), (14)

where
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M is the number of excitation positions on element i;

N is the number of measurement positions on each element for each excitation po

sition;

(Dv,ij)mn is the velocity level difference as given by Formula (15) for one excitation position and

one pair of measurement positions only, in dB:

Tlnt 2
J v (0)de
(Dy;) =101g (15)
U mn I‘Tint 2
- (£)dE
\J 0 it AY
where
vj, vj are the normal velocities at points on elements i and j respectively, in m/s;
Tint is the integration time, in s.
7.2{3 Vibration measurement
Vibfation measurements shall be carried out using accelerometersimounted directly onto the surface
of the test element. It shall have a sufficient sensitivity and low hoise in order to obtain & signal-to-
noige ratio of the measurement chain that is adequate to covertlie dynamic range of the response of the
structure.
The fixing of the accelerometer to the test element should-be stiff in the direction normal to the surface
of the element. Bees wax or petroleum wax is convenienit but weak fixing can cause measurerhent errors
in the high-frequency range. If the surface texture prevents use of wax, then small metal washers can
be glued/cemented to the surface to allow wax fixing or fixing via a stud on the washer (see [SO 5348).
Theg mass of any accelerometer in contact with the test element shall be small enough to minimize the
effects of mass loading on the measured yibration. Mass loading can be avoided when the irfequality in
Formula (16) is satisfied[15].
1
m e (16)
acc
2nfY dp
whgre
Macc is the mass-of the accelerometer, in kg;
Yqp is thedriving-point mobility, in N-s/m;
f is-thie centre frequency of the one-third octave band, in Hz.
For|materials such as concrete, masonry, solid bricks, timber, plasterboard and glass, the drjving-point
impedanee-in-the-centralregion-of aplate-canbe-estimated by-assumingathinisetrepieplate as shown
n Formula (17):
1 1
de = = (17)
8\ Bps 2,3pscLh
where
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B

Ps
CL

h

is the bending stiffness, in N-m;
is the mass per unit area of the plate, in kg/m?;
is the longitudinal wavespeed, in m/s;

is the plate thickness, in m.

For orthotropic plates with bending stiffnesses Bx and By in the x-directions and y-directions,
respectively, an effective bending stiffness can be calculated according to Formula (18):

BzJB

724 Ge

To generat
the measul
noise level
ISO 10140-

Steady-sta
noise signa
where the

Transient 4
a dropped
Multiple h3
of 1 m2 to
need to be

For both sf
the radiati

Depending]

be followedl.

7.2.5 Pr

On the so
a minimu
three meas

All measur
some of th
using the f

i

B

XYy

neration of vibration on the source element

b a vibrational field, the excitation may be steady-state or transient. In each\frequency b
ed velocity level on the receiving element shall be at least 10 dB higher,than the backgro
in any frequency band. If this is not fulfilled, corrections shall be applied as describe
4. The correction value shall not exceed 1,3 dB.

e excitation on a horizontal surface can be provided by an electrodynamic shaker wi
] or a tapping machine specified in 7.1.1.2 for floors or a tapping machine adapted for w
multiple impacts are mechanically controlled to be repeatable.

bxcitation can be provided by single or manually-applied multiple impacts of a hamme
mass and Dy,j shall be simultaneously measured,on the source and receiving elemg
immer hits should be manually applied with approximately the same strength over an 4
P m2 over a time period of 20 s to 30 s. The frequency of hits should be 1 Hz to 2 Hz but {
higher when there is high background noise

eady-state and transient excitation, care shall be taken to avoid self-noise of the sourc
bn from the excited element excites other elements.

on the type of excitation (steady-state or transient), the specifications in 7.2.6 or 7.2.7 s

bcedure for Type A and-B elements

ce element, a minimum of four excitation positions shall be used for Type A elements

urement posjtions per excitation position shall be used for Type A and B elements.

ement positions shall be randomly distributed over the surface of each test element such

pllowing minimum distances:

18)
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of six excitation-positions shall be used for Type B elements. On each plate, a minimun of

that

b may be on top of the frame. The measurement and excitation positions shall be arranged

0,5m

20

etween excitation positions and the test element boundaries;

1,0 m between different excitation positions (Type A);

0,7 m between different excitation positions (Type B);

1,0 m between excitation positions and the junction under test;

1,0 m between excitation positions and the associated measurement positions;
0,25 m between measurement positions and the test element boundaries;

0,5 m between the individual measurement positions for each associated excitation position.
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For elements that can be considered as homogeneous, either side of the construction can be used to
measure the vibration.

For inhomogeneous elements formed from sub-elements (e.g. masonry walls formed from hollow
bricks, beam and block floors), the velocity level can vary over the surface of each bricks. Therefore,
the positions shall also be randomly distributed over the sub-elements. For framed floors (e.g. beam
and block floors), the axis of the tapping machine shall have an angle of 45° to the direction of any
beams/joists.

For framed elements, the positions shall be randomly distributed over the area (therefore, some of the
positions may be on top of the frame). For framed floors (e.g. timber joist floor), the axis of the tapping
maghine shall have an angle of 45° to the direction of any beams/joists/studs.

For|double-leaf elements, it is necessary to identify which element is to be considered in [the source
room and the receiving room. Two kinds of elements are considered: single-frame jelehentq where the
laygr(s) on both sides of the wall/floor are directly connected to the same framye and double-frame
elemnents where there are two isolated frames that support the layer(s) on each side of the wall/floor. In
the|prediction model for both single-frame and double-frame walls/floor$, it is possible o consider
either the whole element or only the inner leaf [i.e. layer(s) and frame]that faces into the pource and

rec¢iving rooms. Note that the appropriate Dy ijn index will be mleasured differently ag shown in
Figlire 5.

For|junctions of lightweight walls and floors, it is advisable for)the operator not to stand dn the floor
unless it can be shown that the weight of the operator (and any damping that they proyide to the
strycture) will not affect the transmission of vibration across the junction.

Jiv (| w t 1 _vit

a) [Excitation location and medsuring surfaces for b) Excitation location and measuring syrfaces for
D

measurement when inner leaves are D measurement when double elerhents are

v,ij,n v,ij,n

considered considered as a whole

l excitationlocation

---1 measuring surfaces

7.2.6 Steady-state excitation
Steady-state excitation can be applied using, for example, a tapping machine or an electrodynamic shaker.

In the case of stationary excitation, the velocity level difference Dy,jj can be determined according to
Formulae (12) and (13).

Detailed instructions concerning fixation and usage of electrodynamic shakers are described in
ISO 7626-2.
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With a shaker, maximum length sequence (MLS) or swept sine signals can be used to improve the
signal-to-noise ratio as described in ISO 18233.

NOTE The use of the maximum length sequence technique requires that the system be linear. Nonlinearity
can be detected by low signal-to-noise ratios in the calculated impulse response. They can be reduced by
decreasing the excitation level and, if necessary, increasing the period of measurement.

With a tapping machine, the velocity level may have a time dependence after starting the excitation.
In this case, the measurement should not be started until the velocity level is constant. If no stable
condition is reached after 5 min, the measurement procedure with transducer pairs shall be performed

as for transient excitation.

For eachm
a way that
period) sh:

In case of 1
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7.3 Measurement of the structural reverberation time for Type A elements

Pasurement position, the integration time Tt (measurement period) shall be selected.in
no significant change in the average level can occur. The integration time Tjnt (meaSure
111 be a minimum of 10 s.

heasurement of the average velocity level with stationary excitation, it shall\be' ensured
on is constant for different positions. If it cannot be validated that the soutcCe is constant,
V level difference for transducer pairs.

e of transient excitation, the velocity level difference By shall be determined u

4).

h minimum signal-to-noise ratio of 10 dB in each frequency band, it may be advantageou
ht masses and materials for the impact hammer because different materials lead to diffe
in frequency bands.

pasurement position, the integration time Tjggshall not be shorter than the longest struct
jon time of the two elements. On the other*hand, the integration time shall be sufficie
he background noise level is at least 10dB lower than the signal level.
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7.3.1 Gepneral

The strucfural reverberation time is determined with point excitation and measurementg of
acceleration at different measurement positions. The integrated impulse response method is usedl as
defined in [SO 3382-2 withdackward integration of the squared impulse response.

In general) acceleration/rdther than velocity should be used in order to avoid any signal proces$ing
affecting the decay euxve.

The vibratjon measurement shall meet the requirements described in 7.2.3.

NOTE The total loss factor equals the sum of the internal losses, coupling losses and radiation losses.|The

relation between the total loss factor ntota) and the structural reverberation time Ts of the element is according to

Formula (19):

Ntotal = F

2,2

S

7.3.2 Excitation of the test element

(19)

Two methods of excitation may be used: electrodynamic shaker or impact hammer. With an
electrodynamic shaker, the impulse response can be measured with an MLS signal or swept sine signal
that can yield the correct impulse response (see ISO 18233).
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For laboratory measurements, the preferred method uses an electrodynamic shaker with an MLS or
swept sine signal. Details on fixing and using electrodynamic shakers are described in ISO 7626-2.

NOTE

The use of the maximum length sequence technique requires that the system is linear. Nonlinearity

can be detected by low signal-to-noise ratios in the calculated impulse response. They can be reduced by
decreasing the excitation level and, if necessary, by increasing the period of measurement.

If an impact hammer is used, there may be limitations (e.g. nonlinearity, high damping, frequency

ran

tes

one|position

ha

7.3

At Jeast three excitation positions shall be used on the test element. At(least three me

pos

The
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The

7.3
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Hammer excitation may be used if it can be shown that the reverberation time measurem

ge) as described in ISO 7626-5 which shall be taken into account.

for each element. It may be necessary to use different masses and materials
mer, because different material leads to different excitations in frequency bands.

3 Measurement and excitation positions

tions shall be used for each excitation position.

measurement positions and the excitation positions shall be arranged using the followin
ances:

0,5 m between measurement positions and the test elementboundaries;
1 m between the excitation position and the measuremient positions;
0,5 m between the measurement positions.

measurement points shall be randomly distributed over the test element.

4 Evaluation of the decay curves

decay curves shall be formed and.evaluated as specified in [SO 3382-2. The structural rey
e of the test element is determined by arithmetic averaging of the individual reverberati
nergetic averaging of the individual decay curves.

recorded decay curvessshall start at least 35 dB above the background level.

evaluation range shall be between 5 dB and 15 dB. If multiple-slope or curved decay cu
ing the measurements, the evaluation range shall predominantly account for the upper
hy curve.

E For Reavy elements that are coupled to other heavy elements, decay curves for bendin
acterized.by a short, fast, straight decay which is followed by distinct curvature due to energ
h other parts of the building structure; hence, a 5 dB or 10 dB evaluation range is always prefer
surénients.[16] An evaluation start point of 3 dB (rather than 5 dB) below the maximum level iy
owsfrequency and mid-frequency ranges based on consideration of the signal processing errors

for

ents on the

be done in
an impact

asurement

b minimum

erberation
bn times or

rves occur
part of the

b waves are
y returning
red for field
feasible for
in the early

par

oI the decay and the Iact that evaluation ol the decay curve can only begin arter tne rirst rer

ected wave

from the plate boundary arrives at the measurement position. A procedure to evaluate structural decay curves is
given in Reference [16].
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7.3.5 Lower limits for reliable results caused by filter and detector

With traditional forward analysis of the impulse response, it shall be checked that the measured structural
reverberation times for one-third octave bands fulfil the requirements in Formula (20) and (21):

T, >70/f (20)

and

Ts >2T get (21)

where Tget|is the reverberation time of the averaging detector.

If the ineqyality in Formula (20) is not fulfilled, the time reversal technique shall be applied, 'to reduce
the influerfce from the filter on the decay curve. With this technique, the limit is appreximately four
times lowefr than that given by the inequality in Formula (20).

NOTE 1 he time reversal technique is achieved by inversion of the impulse response.with respect to fime
before filterling. The technique makes use of the rise time of the filter, which is much sHonter than the decay tjme.
It requires 4 transient memory for the impulse response or an analogue tape recorder’and reverse replay.

If the ineqpality in Formula (20) is not fulfilled, the time reversal teehnique shall be applied or|the
impulse rgsponses shall be replayed with slower speed and analysed with transposed filters [see
[SO 3382-2 for details concerning limits for reliable results).

ith linear averaging and a very short averaging time, itis'often possible to form the decay re¢ord
lems related to the averaging detector.

7.4 Frequency range of measurement

The measurements shall be performed using onesthird octave band filters having at least the following
centre frequencies, in hertz:

100, 125, 160, 200, 250, 315, 400, 500, 630, 800, 1 000, 1 250, 1 600, 2 000, 2 500, 3 150

If additiongl information in the low-freguency range is required, use one-third octave band filters yith
the followihg centre frequencies, in-hertz:

50, 63,80

If additional information in‘the high-frequency range is required, use one-third octave band filters yith
the followihg centre frequencies, in hertz:

4 000,/5 000

8 Influ¢nees from other parts of the test facility or the building construction in
the field situation

8.1 Laboratory installations of test junctions

In the laboratory, the transmission path between elements i and j shall be dominant compared to all
other transmission paths through the test facility. It may be necessary to provide structural breaks
where strong transmission occurs between the test elements through the construction of the test
facility (see also Clauses 6 and 8).
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8.2 (Criterion to assess flanking transmission for junctions comprised of Type A
elements

8.2.

1 General

The general requirement is that the transmission through junctions other than the junction under test
shall have no effect on the measured quantities, for example Kj;.

This can be achieved if the net flow of modal energy is always positive from any tested element j to any
room element k, in each frequency band when element i is excited[15] according to Formula (22):

whg

See

8.2
Ine

Int

b)

8.3

independent 6fa separating element

Ref
con|
fulf]

mjfc,k

My Je,j

Dy +101g >0dB

ere

mj, mk  are the mass per unit area of elements j and k, in kg/m?;

fc» fck are the critical frequencies, in Hz;

ing the test, in dB.

guidance in 4.3.3 to calculate critical frequencies.

2 Practical considerations

juality [Formula (20)] indicates that the velocity level difference Dy jk should be as large
he laboratory, this can be satisfied with different solutions such as the following:

using constructions that form the testfacility which are much heavier than the tested con|

inserting a vibration break between the tested elements and the constructions of the
order to allow an energy flaw and then produce a realistic structural reverberation ti
some cases, recommended that the tested elements be rigidly connected to the const
the facility. In these cases, the connection should be made with a part of the test facility
contact with only one'tested element (back wall, for example).

Verificationprocedure for a Type B flanking element that is structurally

brring terTable 1, a Type B flanking element (e.g. suspended ceiling, access floor, facz
sideredias structurally independent from the separating element if the following test con
jlled:

(22)

Dy jk is the velocity level difference between elements j and k'with excitation of element i dur-

s possible.

structions;

facility. In
e, it is, in
ructions of
which is in

de, etc.) is
ditions are

a)
b)
‘)
d)
e)

©IS

install the flanking element without connection to the separating element;

use structure-borne excitation to determine (Dy,jj)o between the source and receiving element;

connect the separating element;

use structure-borne excitation to determine (Dy,jj)1 between the source and receiving element;

verify that the difference between (Dy,jj)1 and (Dy,jj)o is less than 3 dB in each frequency

02017 - All rights reserved
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9 Shielding

The efficiency of a shield or a lining is strongly dependent on the construction behind it. A comparison
between the average velocity level before and after shielding can give an indication of the efficiency of
the shield. The following specifications are applicable to the shielding of elements of the test specimen,
as well as to the shielding of surfaces of the test facility.

Heavy shielding on a test element with a low surface mass may change vibration transmission across
the junctions and should be avoided.

NOTE Shielding down to 50 Hz can be achieved using two or three layers of gypsum boards (having a
combined nfass per unit area of 25 kg/mZ) with a T00 mm cavity partly filled (60 % to 80 %) with mineral flibre
(<15 kg/m3).

Dependinglon the test method, it is necessary for junctions of 3 or 4 elements to shield successively dach
of the elements facing the test rooms. Two elements of the junction will face each room.

When measuring Dy, ¢ for transmission through element i and j, shielding shall be.carried out of|the
other elempnt in both rooms.

When meapuring Ly ¢ for transmission through element i and j, the other elenient in the receiving rgom
shall be shielded.

When meapuring Kjj with structure-borne excitation, shielding is notnecessary.

If the radijted sound from element j is measured with intensity.according to ISO 15186-1, there i$ no
requirement for shielding in the receiving room.

The determination of the minimum shield efficiency for test‘elements expressed as the sound reduction
index imprpvement AR depends on the type of junction. Iffor example, the three or four elements off the
junction arfe identical, a AR of 10 dB in all frequency baids is sufficient for the test elements.

A general thethod to determine the required minimmum value for AR is to measure the average velofity
level Ly1j of element j in the receiving room due to excitation of element 1 in the source room, pnd
the averagp velocity level Lyz; of element jinthe receiving room due to the same kind of excitatiop of
element 2 in the source room.

If, for exanjple, the quantity to be tested is Dy f, Ly f or Kjj for the transmission through element 1 infthe
source room and element j in the teceiving room, and the shielding of element 2 is to be checked,|the
shielding shall have a minimum(lével shown by Formulae (23) and (24):

ARpyin 10— Ly + Ly fAAF Ly, — Ly 5; <10 dB 23)

AR 0 dB if by~ Ly, >10 dB 24)

min

10 Expression of results

For the normalized flanking level difference and the normalized flanking impact sound pressure level,
the results shall be presented using the single-number quantities, Dy, fw(C;Ctr) and Ly £w(C1), which are
determined according to ISO 717-1, and ISO 717-2, respectively. Additional spectrum adaptation terms
may be quoted as required.

For the vibration reduction index and the direction-averaged velocity level difference, the results shall
be presented using the single-number quantities described in this clause due to fluctuations in the
spectrum, particularly in the low-frequency range.

To provide input data relevant to the simplified models described in ISO 12354-1 and ISO 12354-2, the
single-number quantity for the vibration reduction index, K, is the arithmetic average of Kj; within
the frequency range 200 Hz to 1 250 Hz (one-third octave bands). If Kj; varies considerably within the
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indicated frequency range, care shall be taken in applying K_U The single-number quantity for the

normalized direction-average vibration level difference, D ; ,, is the arithmetic average of D ,

within the frequency range 200 Hz to 1 250 Hz (one-third octave bands). If D varies considerably

v,ij,n

within the indicated frequency range, care shall be taken in applying Dy, ;; , -

To provide input data relevant to the detailed models described in ISO 12354-1 and ISO 12354-2, the one-
third octave band results shall be expressed as a single-number quantity for each of the low-frequency,
mid-frequency and high-frequency ranges, and these average values shall be used for all one-third
octave bands in each of the low-frequency, mid-frequency and high-frequency ranges, respe¢tively.

K.

ij low

20 Hz.

and Dy hiow are the arithmetic average of the one-third octave band values from 50 Hz to

Kjjtnia and Dy ;o miq are the arithmetic average of the one-third octave.band values frpm 250 Hz
to 1 kHz.

Kjjhigh and Dy i, high are the arithmetic average of the one-thirdoctave band values from [,25 kHz to
3,13 kHz.
NOTE1 The reason for quoting average values is that the bdundary conditions, geometry and wprkmanship
in the laboratory or field only represent that specific set oftboundary conditions geometry and wgrkmanship;

therjefore, they are not representative of the ensemble average that is needed for ISO 12354-1 and IFO 12354-2,
whifh is based upon first-order Statistical Energy Analysis(SEA).

NOTE 2  These definitions of low-frequency, mid*frequency and high-frequency ranges[15] can|be used to
des¢ribe general aspects relating to both direct and flanking transmission.

Thdre is no single-number quantity defined for Lyeo,f.
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