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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-govern
Internationg

Internationg

The main t
adopted by
Internationg

Attention is
rights. ISO

ISO 10848-
CEN/TC 12
Committee

on technical cooperation between ISO and CEN (Vienna Agreement).

mental, in_fiaison with 190, also take part in the work. 1S9O coltaborates closely wiin| the
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
ask of technical committees is to prepare International Standards. Draft International Standards
the technical committees are circulated to the member bodies for voting:‘Publication ag an

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

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

1 was prepared by the European Committee for Standardization (CEN) Technical Commlfttee

B, Acoustic properties of building elements and of buildifgs, in collaboration with Technical
ISO/TC 43, Acoustics, Subcommittee SC 2, Building acoustics, in accordance with the Agreement

consists of the following parts, under the general.title Acoustics — Laboratory measurement of the
hsmission of airborne and impact sound betwegeh, adjoining rooms:

Frame document

Application to light elements whenthe junction has a small influence
Application to light elements when the junction has a substantial influence
g part is under preparation:

Application to all other cases

ISO 10848
flanking tra
— Part1:
— Part 2:
— Part 3:
The followir
— Part4:
iv
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Scope

10848 specifies measurement methods to be performed in a laboratory test facility
racterize the flanking transmission of one or several building components. The performance of
ponents is expressed either as an overall quantity for the combination of elements and juncti
and/or L,, ¢ ) or as the vibration reduction index X;; of a junction:

part of ISO 10848 contains definitions, general requirements for test specimens and test

surement methods. Guidelines are given for the selection of the quantity to be measured dg
unction and the types of building elements involved-Other parts of ISO 10848 specify the ap
rent types of junction and building elements.

quantities characterizing the flanking transmission can be used to compare different pro
'ess a requirement, or as input data for prediction methods, such as EN 12354-1 and EN 12354

Normative references

following referenced doctments are indispensable for the application of this document,
rences, only the edition,_cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

140-1, Acoustics~= Measurement of sound insulation in buildings and of building element
uirements fordaboratory test facilities with suppressed flanking transmission

140-3:1995, Acoustics — Measurement of sound insulation in buildings and of building €
3: Laberatory measurements of airborne sound insulation of building elements

140-6:1998, Acoustics — Measurement of sound insulation in buildings and of building €

n order to
the building
bn (such as

rooms, and
pending on
plication for

ducts, or to
}-2.

For dated
referenced

5 — Part 1:

lements —

lements —

Part®: Laboratory measurements of Impact sound insulation of floors

ISO

354, Acoustics — Measurement of sound absorption in a reverberation room

ISO 3382, Acoustics — Measurement of the reverberation time of rooms with reference to other acoustical
parameters

ISO 7626-1, Vibration and shock — Experimental determination of mechanical mobility — Part 1: Basic
definitions and transducers

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=0fe466e6a0a4f1107f95c61c8f475577

ISO 10848-1:2006(E)

ISO 10848-2:2006, Acoustics — Laboratory measurement of the flanking transmission of airborne and impact
sound between adjoining rooms — Part 2: Application to light elements when the junction has a small
influence

ISO 10848-3:2006, 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

IEC 61260, Electroacoustics — Octave-band and fractional-octave-band filters

IEC 60651, Sound level meters

IEC 60804, |Integrating-averaging sound level meters

IEC 60942,|Sound calibrators

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31
average sdund pressure level in a room
L
ten times tHe common logarithm of the ratio of the space and time average of the sound pressure squaregd to
the square |of the reference sound pressure, the space average being taken over the entire room with| the
exception of those parts where the direct radiation of a sound source.or the near field of the boundaries (walls,
etc.) is of significant influence

NOTE 1 This quantity is expressed in decibels.

NOTE 2 If a continuously moving microphone is used, L iS\ydetermined by

1 Tm 2
— pS(Hde
|

L=10|lg dB (1)

2
Po
where

p is the sound pressure, in pascals;

po s the reference sound-pressure, in pascals; po = 20 uPa;

T, is the integration time/in seconds.

NOTE 3  [f fixed microphone positions are used, L is determined by
2\ )52 2
=10 iglrtP2* " Pu 4g @)
n-pg

where p,, p,, ... p, are r.m.s. (root mean square) sound pressures at » different positions in the room, in pascals.

NOTE 4  In practice usually the sound pressure levels L, are measured. In this case L is determined by
n
L=10 |ng1oLr‘”° dB (3)
=

where L, are the sound pressure levels L, to L, at » different positions in the room, in decibels.

2 © 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=0fe466e6a0a4f1107f95c61c8f475577

ISO 10848-1:2006(E)

3.2

normalized flanking level difference

Dn,f

difference in the space and time averaged sound pressure level produced in two rooms by one or more sound
sources in one of them, when the transmission only occurs through a specified flanking path

NOTE Dy ¢ is normalized to an equivalent sound absorption area (4p) in the receiving room and is expressed in
decibels:
A
D,s=L1—L,-10 Ig— dB (4)
’ AO
where

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

A is the equivalent sound absorption area in the receiving room, in square metres;

Ay is the reference equivalent sound absorption area, in square metres; 4, = 10 m2;

3.3
normalized flanking impact sound pressure level
n,f
spage and time averaged sound pressure level in the receiving room produced by a standard tapping machine
opefating at different positions on a tested floor in the source room, when the transmission pnly occurs
through a specified flanking path

NOTE L, ¢ is normalized to an equivalent sound absofption area (4p) in the receiving room and is pxpressed in
decipels
A
Lot =L, +10 Ig— dB ®)
’ AO
where

L, s the average sound pressure-level in the receiving room, in decibels;

A is the equivalent sound absorption area in the receiving room, in square metres;

A4q s the reference equivalent sound absorption area, in square metres; 4, =10 m2.

3.4
avefrage velocity level

ten times the{Common logarithm of the ratio of the time and space averaged mean squared norm3l velocity of
an ¢lementito the squared reference velocity vy (vg =1 x 10-9 m/s)

T
J' vz(t)dt

L.=101g ——0 4B 6
Yo

4

NOTE 1 It should be stressed that the reference velocity preferred in 1ISO 1683 is 1 x 10~9 m/s, although a common
reference value in some countries is still vy =5 x 1078 m/s.

NOTE2 Instead of the average velocity level, the average acceleration level L, can be measured. The reference
acceleration preferred in 1ISO 1683 is 1 x 1076 m/s2.

© I1SO 2006 — All rights reserved 3


https://standardsiso.com/api/?name=0fe466e6a0a4f1107f95c61c8f475577

ISO 10848-1:2006(E)

NOTE 3  If airborne or stationary structure-borne excitation is used, the spatial averaging is calculated with
2, 2 2
L,=10 |gw dB @)
n- VO

where v4, v,, v, are r.m.s. (root mean square) velocities at » different positions on the element, in metres per second.
NOTE 4  For transient structure-borne excitation, use Equations (9) and (10).
3.5
structural reverberation time
TS
time that would be required for the velocity or acceleration level in a structure to decrease by 60 dB after the
structure-bgrne sound source has stopped
NOTE 1 The quantity is expressed in seconds.
NOTE 2  The definition of T, 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.
3.6
velocity leyel difference
D,
difference Hetween the average velocity level of an element i and that of-an.element j, when only the element i
is excited (airborne or structure-borne)

Dv,ijzl v,i_Lv,j (8)
NOTE 1 If a transient structure-borne excitation is used, then the normal velocity should be measured simultanequsly
on both elenfents and the velocity level difference determined by.

| Mo
Dv,g'/' = 'W Z Z(Dv,[j)mn dB (9)
m=1 n=1
where

M is the number of excitation points on element ;;

N is the number of transducer positions on each element for each excitation point;

(Dv,ij)mn is the velocity-level difference as given by Equation (10) for one excitation point and one pair of transducer

positions only; in decibels:
Tm
f v,-z(t) dt
(Dyji)mn =10 Ig 2——— dB (10)
f vjz-(t) dt
0
and
vy, are the normal velocities at points on elements i and j respectively, in metres per second;
T, is the integration time, in seconds.
NOTE 2 For practical purposes, Equation (8) is preferable to Equation (9).

© I1SO 2006 — All rights reserved
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3.7
direction-averaged velocity level difference

DV,ij
arithmetic average of D, ;; and D, ;; as defined by the following equation:

1

D=5

(D,; +D, ;) dB (11)

v, Jji

where

D, Is the difference between the average velocity level of an element [ and that of an element j, when
only the element i is excited, in decibels;

D, .. is the difference between the average velocity level of an element j and that of ‘an’ elenmjent i, when
only the element j is excited, in decibels.

3.8
equivalent absorption length a; of an element

length of a fictional totally absofbing junction of the element j when the eritical frequency is asspmed to be
1 000 Hz, giving the same losses as the total losses of the element ; in a given situation

NOTE 1 a; is expressed in metres.

NOTE 2  Itis given by the following equation:

22 1% S,
a;=— I (12)

J
[f
TSJ o fref

is the structural reverberation time of the‘etement j, in seconds;

whe

SJ. is the surface area of the element.j,in‘square metres;
¢y isthe speed of sound in air, in metres per second;

/' is the current frequency,in hertz;

Jrer IS the reference freguency, in hertz (f,; = 1 000 Hz).

NOTE 3  For lightweight; well-damped types of elements where the actual situation has no real influence pn the sound
redyction index and‘damping of the elements, a; is taken as numerically equal to the surface area S]. of the element:
a;= S/. /1y, where the(reference length [y =1m. '

3.9
vibration\reduction index
K
value given by the fofftowing equation and expressed i decibets:
I /..
K;=D,;+10 lg——— dB (13)
' a;a;
where
D,; is the direction-averaged velocity level difference between elements i and j, in decibels;
ll.j is the junction length between elements i and j, in metres;
a;, a;  are the equivalent absorption lengths of elements i and j, in metres.

© I1SO 2006 — All rights reserved 5
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NOTE It follows from Equations (11) to (13) that K, can be obtained from measurements of the velocity level
difference in both directions across the junction as well as the structural reverberation time of the two elements.

3.10

light element

element for which the boundary conditions, when mounted in the test facility, have no influence on the test
result, for example because the element is much lighter than the surrounding test facility (see 8.2) or highly
damped

NOTE 1 A test element may be regarded as highly damped in case of a strong decrease in vibration across the
element as specified in 4.3.4.

NOTE 2  Timber or metal-framed stud walls or wooden floors on beams often fulfil this definition of a light element:

4 Quantities to characterize flanking transmission

4.1 General

In this part pf ISO 10848, the flanking transmission by coupled elements and junctions is characterized in[two
ways:

— by an qverall transmission quantity for a specified flanking path (D,, ¢ oris ¢);

— by the Vibration transmission over a junction (Kl.j).
Each of thepe quantities has its own restrictions and field of appli¢ation.

4.2 Normalized flanking level difference D ; and normalized flanking impact sound
pressure level L ¢

D, ¢ and L,k characterize the flanking transmissiopvover an element in the source room and an element i the
receiving rdom, including the sound radiation jn‘the receiving room. D, ; and L,, ; depend on the dimensior]s of
the elements involved.

Dy, ¢ is meagured with airborne excitation:yFor measurements of L ;, a standard tapping machine is used.

n,f:
4.3 Vibration reduction index; K;

4.3.1 Gerneral

The vibratign reductiontindex K;; is defined in EN 12354-1 as a situation invariant quantity to characterize a
junction between eleirients. K; is determined according to Equation (13). It is based on power transmisgion
considerations asza simplification of statistical energy analysis (SEA) theory. This implies in principle thaf the
basic assumptions of SEA are strictly met.

The main assumptions are that:
— the coupling between i and j is weak;

— the vibration fields in the elements are diffuse.

6 © I1SO 2006 — All rights reserved
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K; might not be relevant in the following cases:

a)

b)

c)

1:2006(E)

elements that are strongly coupled, such that the individual elements cannot be considered as SEA

subsystems (see 4.3.3);

elements where the vibration field cannot be considered as reverberant due to a significant decrease in
vibration with distance across the element, for example due to high internal losses or periodic structure

(see 4.3.4);

low modal overlap factors or low mode counts.

The)
the

Kiji

NOT

limitations are important for the frequency range where reliable measurements are expected
accuracy of the measurement results.

5 measured with structure-borne or airborne excitation.

E 1 With airborne excitation the vibrations of the source element are both forced and resonant.

, and/or for

Since forced

vibrations do not always contribute to the vibration transmission through a junction, sz measured with airbofne excitation

tend
freq

NOT
Ki/' (e

In th
valu
mea

4.3.

For
floo
of tH

How
app
cas
spe

s to be greater than when measured with structure-borne excitation. This is"mainly the case belo
lency, and the mentioned difference is therefore most important for lightweight(elements.

E2
an be determined indirectly from D, ¢ by

V4 4

i

R, +R; AV
/10 Ig +10 Ig | L
Ao

eory, this equation is only correct when R, and R; are associated with resonant transmission only. Howev
bs obtained with ISO 140-3 or ISO 15186-1 also include forced transmission. In this part of ISO 10848,
sured directly as given by Equation (13) or (14).

Kjj=Dnt~

g K;; for lightweight well-damped eléments

lightweight, well-damped types of.elements (for example, timber or metal-framed stud walls
's on beams) where the actualsituation has no real influence on the sound reduction index a
e elements, Equation (13) gan'be simplified as:

q

v

ication of LY for light elements in prediction models such as EN 12354-1 and EN 12354-2 ha
bs been:shown to be inaccurate. Therefore, the validity and practical use of K;; shall be evalua
Cificccase. An example of a useful application of K;; as given by Equation (14) is the comparisor,
tions ‘between the same elements.

v the critical

If values for R; and R; measured for elements i and j according to ISO 140-3 or ISO 15186-1 (4] are available,

Br, measured
Kij is always

or wooden
nd damping

(14)

ever, K, is.often not relevant for such elements because the vibration fields are not reverberant, and the

5 in several
ed for each
of different

jund

4.3.3 Strong coupling between elements

The measured value of K;; may not be relevant due to strong coupling, if the following condition is not
satisfied:

m; fcj

m; Sei

D, .. >

vij =

3-10 Ig[ JdB

© I1SO 2006 — All rights reserved
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where
m;,m;  are the masses per unit area of the elements, in kilograms per square metre;
JeirJoj  are the critical frequencies of the elements, in hertz, for example determined by Equation (20).

Inequality (15) is mainly of importance for heavy elements. If inequality (15) is not satisfied, try for example to
increase the energy loss by providing the edges of the elements with damping material or connecting them to
other structures.

4.3.4 Strd
If the meas
element of
(keeping th

NOTE A
metal-frameq

4.4 Sele

The differept possibilities mentioned below are summarized in Table 1 aceording to the types of junction

elements.

In certain cases, the tested specimen is placed in such a way in the«est facility that only one path is domir

This is geng
the test fac

on the flanKing transmission. Typically, the separating elemeht is not rigidly connected to the flanking elen]

ng decrease in vibration across an element

ured velocity level decreases by more than 6 dB over the allowed measurement area)for
the tested junction when the accelerometer is moved away from a stationary vibration so
b minimum distance given in 7.2.4), then the measured value of K;; may not be relevant.

velocity level decrease of more than 6 dB can occur in, for example, lightweight elements such as timb,
stud walls or wooden floors on beams. In some types of masonry walls, it can occur at high frequencies.

ction of the principle of measurement

brally the case for suspended ceilings, or access floors; or lightweight fagades laterally mountg
lity. The separating element is only built to separate.the two volumes and has no substantial e

any
irce

er or

and

ant.
din
fect
ent,

and the gag between separating and flanking element is sealed with a flexible material.

In these cages, verifications shall be carried out to make sure that only the path considered is dominant, then
the measurements may be done without any furthér-action to separate path i.

ISO 108482 deals with this type of element. D, ¢ and L,, ¢ are the relevant quantities to be measured.

In certain other cases, the tested junction' is formed by three or four light elements (light compared to the walls
of the test facility), which are connected by a solid junction or coupling elements or mortars. This is the case,

for examplg
exist.

Verification
depending
ij both on th

ISO 10848

, for T or X junctions-of_plasterboard or chipboard on studs. In these cases, 3 or 6 different pat

5 shall be made to make sure that no flanking path occurs through the test facility. T
bn the measured quantity, it may be necessary to separate each of path ij by shielding other p
e source.and receiving sides.

3 _deals with these types of junction. For lightweight, well-damped elements where the adg

situation (

s ij

hen,
aths

tual

mensions and boundary conditions) has no real influence on the sound reduction index

and

damping of the elements, D¢ and L, ; are the relevant quantities to measure. If the acoustical properties of
the elements are substantially influenced by the actual situation, K; as specified by Equation (13) is the
relevant quantity to measure. For special applications such as, for example, comparison of different junctions
between the same elements, K. can also be measured between well-damped elements. The validity of
measured values of K;; is checked according to 4.3.4.

For all other cases, typically combinations of heavy or heavy and light masonry constructions, it may be
necessary to provide a structural break between the tested elements and the test facility and, if the airborne
method is selected, to separate each path ij by appropriate shielding both in source and receiving sides.

ISO 10848-4 deals with these types of junction. For junctions between heavy elements, it is recommended to
measure K. Structure-borne excitation is most appropriate.
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Table 1 — Different measurement methods according to the types of tested junction and elements

Type of junction

Dy and/or Lyg a

K

Structure-borne
excitation

i

Airborne
excitation

the

Light flanking elements where

junction has a small

influence
(see ISO 10848-2)

Applicable after verification
(see 8.3)

Not applicable

Not applicable

con
(se

Light elements structurally

Applicable primarily for

Applicable primarily for

nected
b SO 10848-3)

light, well-damped elements
after shielding elements
other than I-, -

elements with reverberant
vibration fields

elements with-r¢verberant

Ap,pﬂcad&.pﬂmfrily for
vibration fields after

shielding eleme
thany,j

nts other

con

(se

nected
b SO 10848-4b )

transmission along paths
other than i, j is insignificant
or suppressed by adequate
measures, for example
shielding

insignificant or suppressed
by adequate measures; for
example structurahisolation

(slow and ineffigient)
Combination of heavy or heavy [Applicable between light, Applicable if transmission ~-{Applicable if trahsmission
and light elements structurally | well-damped elements if along paths other than i)y is’| along paths other than i, j is

insignificant or §
by adequate mq
example structy
and shielding

(slow and ineffi

uppressed
asures, for
ral isolation

ient)

Under preparation.

Shielding is not necessary in the source room for measurement of Z,, ; only:

The)
The)
The)
The]
clas
con
sou
levd
diffy
Spe

The)

Measuring equipment

equipment shall be suitable for meeting the requirements of Clause 7.
loudspeaker shall fulfil the requirements-given in Annex C of ISO 140-3:1995.
standard tapping machine shall meet the requirements given in Annex A of ISO 140-6:1998.
accuracy of the sound leyel measurement equipment shall comply with the requirements
s 0 or 1 defined in IEC 60651 and IEC 60804. If not otherwise stated by the equipment manut
plete measuring system), - including the microphone, shall be adjusted before each measurem
nd calibrator which,eéomplies with the requirements of accuracy class 1 defined in IEC 60942
| meters calibrated) for measurements in sound fields of progressive plane waves, correct
se sound fieldsshall be applied.

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

one-third-octave-band filters shall meet the requirements specified in IEC 61260.

bf accuracy
acturer, the
ent using a

For sound
ons for the

The Teverberation time equipment shall comply with the requirements speciiied In 150 394.

NOTE

meters are given in OIML R 58 8l and OIML R 88 [4],

6 General requirements for test specimens and test rooms

For pattern evaluation (type testing) and regular verification tests, recommended procedures for sound level

The dimensions of the test junction shall be as given in Figures 1 and 2. The test facility shall make it possible
to install the junction in the test facility and, in addition, it shall comply with the following requirements,
corresponding to the general requirements of rooms for laboratory tests with suppressed flanking transmission
specified in ISO 140-1.
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The volumes and corresponding dimensions of the test rooms should not be exactly the same. A difference in
room volumes and/or in the linear dimensions of at least 10 % is recommended. The volumes of the test
rooms shall be at least 50 m3.

The ratios of the room dimensions should be chosen so that the modal frequencies in the low-frequency
bands are spaced as uniformly as possible.

Large variations of the sound pressure level in the room indicate the presence of strong standing waves. In
this case, it is necessary to install diffusing elements in the rooms. The positions and the necessary number of
diffusing elements shall be evaluated by experiments with the goal that the measured quantity (for example

Dy ) is not influenced when further diffusing elements are installed (see ISO 140-1).

The reverblration time in the rooms under normal test conditions (with negligible absorption by the test'object)
shall not bg excessively long or short. Where the reverberation time at low frequencies exceeds 2s'or is |ess
than 1's, acheck shall be made to determine whether the measured quantity (for example Dy, ). dépends on
the reverberfation time. When such a dependence is found, even with diffusors in the rooms, the’room shall be
modified to|adjust the reverberation time to values between 1 s and not higher than 2 (V/50)23 s at low |test
frequencieq (7 is the value of the room volume in cubic metres). These requirements réfer’to the test ropms
with a heavy, reflective test object.

The backgriound noise level in the receiving room shall be sufficiently low to permit measurements of| the
sound trangmitted from the source room, considering the power output in the,'source room and the sdqund
insulation of the specimens for which the laboratory is intended.

Examples df test facilities for different kinds of junctions are shown on:Figure 3.

The test fagility can be constructed in various ways varying from>héavy masonry to lightweight, multiple [leaf
partitions.

If a lightweight test object is to be rigidly connected to the facility, a heavy envelope should preferably comply
with 8.2. Iff this is not the case, the envelope shall have a high sound insulation, but weak structural
connectiong with the test junction, or the envelope*of the source and receiving room respectively shall be
separated Qy vibration breaks.

The test elgment may be of a dimension smaller than the dimension of the test facility. In these cases the|gap
shall be fillgd with an element (light or heavy) with sufficient sound insulation.

In case of |any doubt about a possible influence on the test result from sound transmission through| the
envelope of the facility or through)a filler element, shielding of these surfaces in the test rooms shall be
applied accprding to the checkpfocedures specified in Clause 9.

NOTE The requirements“and recommendations, as stated in this Clause 6, are intended to improve reproducipility
between meg@surements made by different organizations on similar materials.

7 Measprement methods

7.1 Measurement of D sand L,

7.1.1 Generation of sound field in the source room

7111  Airborne noise

The sound generated in the source room shall be steady and shall have a continuous spectrum in the
frequency range considered. Use filters with a bandwidth of at least one-third octave. Pink noise or white
noise as the source signal is recommended. When using broad-band noise, the spectrum of the noise source
may be modified to ensure an adequate signal-to-noise ratio at high frequencies in the receiving room. The
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sound spectrum in the source room shall not have level differences larger than 6 dB between adjacent one-
third-octave-bands.

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 shown in ISO 140-3. 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
chapging source and receiving room with one or more source positions in each room.

Plag
the
stro|
loud
the

stance from
ms depend
and of the
uidance on

e the loudspeaker enclosure so as to give a sound field as diffuse as possible and atrsuch a di
test specimen that the direct radiation upon it is not dominant. The sound fields.in the rog
hgly on the type and on the position of the sound source. Qualification of the \loudspeakers
speaker positions shall be performed using the procedures in Annex C of 1S@-140-3:1995. G
Lise of continuously moving loudspeakers is given in Annex C of ISO 140-3:1995.

71/1.2 Impact sound pressure level
The
dist
sep
dist
etc.
of th

impact sound shall be generated by the standard tapping machine (see Annex A of ISO 140-6
hnce of the tapping machine from the edges of the floor shall’ be’at least 0,5 m and at least 0,§ m from the
arating wall, but not more than 3 m (see Figure 4). As a minimum, four tapping machine positions evenly
ibuted in the permitted area shall be used; in the case éf\anisotropic floor constructions (with 1jibs, beams,
, more positions may be necessary. The hammer confiecting line shall be orientated at 45° to the direction
e beams or ribs.

:1998). The

The| impact sound pressure levels may reveal a time dependency after the tapping is started. In such a case,

the
reaq
The]

measurements should not begin until after the sound level has become steady. If stable condit
hed after 5 min, then the measurements“should be carried out over a well-defined measuren
measurement period shall be reported.

ons are not
nent period.

When floors with soft coverings are under test, the standard tapping machine shall fulfil the r¢quirements
givgn in Annex A of ISO 140-6:1998. Advice regarding the mounting of the standard tapping machine on soft
floof coverings is given also in.Annex A of ISO 140-6:1998.

Corfections for background’ noise shall be applied as shown in ISO 140-6. The correction valjye shall not
exceed 1,3 dB.

7.1.2 Measurement of the average sound pressure level

7121 _General

Obtainthe average sound pressure level by using a single microphone moved from position to pogition, or by

an

fray of Tixed micropnones, of by a continuously moving microphone. The sound pressure levels at the

different microphone positions shall be averaged on an energy basis [see Equations (1) to (3)] for all sound
source positions.

7.1.2.2 Microphone positions

As a minimum, five microphone positions shall be used in each room. These shall be distributed within the
maximum permitted space throughout each room taking in the room space uniformly. When using a moving
microphone, the sweep radius shall be at least 1 m. The plane of the traverse shall be inclined in order to
cover a large proportion of the permitted room space and shall not lie in any plane within 10° of a room
surface.
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The duration of a traverse period shall be not less than 15 s. The following separating distances are minimum

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 microphone position and the sound source;

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

71.23

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

centre freq
less than 4
shall be nof]

7.1.3 Megsurement of reverberation time and evaluation of the equivalent sound absorption area

The correc
from the re
using Sabin
420
where
A is
Vo is
T is

7.2 Measurement of the vibration'reduction index with structure-borne excitation

7.21 Gen
The princip
transmissio
the test fac
the tested ¢

veraging time

encies below 400 Hz. For bands of higher centre frequencies, the time may be decreased to
s. Using a moving microphone, the averaging time shall cover a whole numbef\of traverses
less than 30 s.

ion term of Equations (4) and (5) containing the equivalent soundyabsorption area is evalu
verberation time measured with the same procedure as specified in ISO 140-3 and determ
e’s formula:

he equivalent sound absorption area, in square metres;
he receiving room volume, in cubic métres;

he reverberation time in the receiving room, in seconds.

eral

e of measurement for the vibration reduction index K;; is based on Equation (13) or (14).
h between elements i and j shall be dominant compared to all other transmission paths thrg
lity. It may/be necessary to provide structural breaks where strong transmissions occur betw
lements.through constructions of the test facility (see also Clauses 6 and 8).

with
not
and

hted
ned

16)

The
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een

The requir

bd —quantities are the direction averaged level difference l)”.j- and, in the case of u

ing

Equation (13), the equivalent absorption lengths @; and a;. All these quantities can be obtained by vibration

measurements with structure-borne excitation. D

differences
points, and

viij

D,; and D, i
by measuring the surface average velocity level of both elements i and ;.

is obtained from the mean value of the velocity level
and each velocity level difference is obtained by exciting one structure at several

The values of ¢; and a; are determined according to Equation (11) after measurement of the structural
reverberation times 7 ; and T ; or taken as constant values, for example for lightweight elements.

NOTE

12

As a supplement to the following specifications, see for example NT ACOU 090 [10],
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7.2.2 Vibration transducer

The vibration transducer shall be mounted on the surface of the test element. It shall have a sufficient
sensitivity and low noise in order to obtain a signal-to-noise ratio of the measurement chain that is adequate to
cover the dynamic range of the response of the structure. The attachment of the transducer to the test
element should be stiff in the direction normal to the surface of the element. The mass of the transducer

should be small enough to minimize structural loading of the structure under test.

NOTE

For further details, see ISO 7626-1.

7.2.3 Generation of vibration on the “source” element

To J;enerate a vibrational field, the excitation may be stationary or transient.

A sfationary excitation on a horizontal surface can be provided by, for example, a,tapping machine as
spegified in 7.1.1.2. A modified tapping machine may be used on vertical elements.-Instead df a tapping
maghine, an electrodynamic exciter (vibrator) may be used.

A triinsient excitation can be provided by an impact of a hammer or a dropping“mass. In the cas¢ of using a
transient excitation, D, ;; shall be measured for each pair of transducers separately. Both single and multiple
impfpcts are allowed.

Mulfiple hammer hits with approximately the same strength may be‘given over an area of 1 m2 to R m2 over a

time
the

detd
sing

For

period of 20 s to 30 s. The frequency of hits around 1 Hz to,2'Hz is recommended but should
case of background noise problems. The number ofs\ transducer positions and the pr

le positions (see 7.2.4).

both stationary and transient excitation, care shall be taken to avoid self-noise of the so

be higher in
bcedure for

rmination of the velocity level difference using transducer pairs is the same as for transient ¢xcitation at

urce or the

radiption from the excited element excites other eléments.

Depending on the type of excitation (stationary or transient), the specifications in 7.2.5 or 7.2.6 shall be

follqwed.

7.2.4 Performance of the measurement

On pach element (source and-receiving plate) a minimum of three excitation positions and a minimum of nine

transducer positions shall be~dsed. For each excitation position three different pairs of transducgr positions
ymmetrical.
diating side

on masonry walls. Hence, the measured vibrational level difference D,
or the excitation and transducer positions. A check of the decrease in vibration across an element is specified in 4.3.4.

es over the
-elements.

itlon can occur
v,ij is strongly dependent on the size of the element

In the case of composite elements, the number of positions may be increased, and the positions shall be
distributed over all different types of sub-elements. The following procedure shall be used for checking the
necessary number of transducer positions.

a) Make measurements for at least nine transducer positions on each element i, ;.
b) For each pair of transducer positions m,n on elements i and j, measure the velocity level difference
(D, jj)mn @s defined in Equation (10).

© I1SO 2006 — All rights reserved
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c) For each one-third-octave-band, determine the difference A, between the minimum and maximum
values of (D, ;;),,,,-

d) The necessary number of transducer positions on each element is at least 0,7 x A, ., Where A, o is
the maximum value for all one-third-octave-bands.

The source shall be located at three different randomly distributed positions on the element under test. In the
case of anisotropic constructions (with beams or bars), a higher number of positions may be necessary at and
between these discontinuities. In the case of using a tapping machine, the axis of the tapping machine shall
have an angle of 45° to the direction of the beams or bars.

Equation (8)) as the difference between the average velocity levels L, and L, ; of the two elements(iyand j,

In the casf of stationary excitation, the velocity level difference D, ,; can be determined according to
nt i is excited, provided that the same force is applied for aII posmons of excitation.

when elem
In the case|of transient excitation, the force is not constant, and D, ;; shall be determined with’simultangous
measuremgnts on both elements according to Equation (9) as the arithmetic mean for, at least 3 x 3 =

measuremeants.

With a vibrgtor, the force can vary and should be verified at least before the vibrator is-dismounted and mgved
to another position. If this is not possible, Equation (9) may be applied to keep theforce constant.

The transdycer positions and excitation points shall be arranged using the féllowing minimum distances:
— 0,5 m hetween excitation points and the test element boundaries;

— 1,0 m hetween excitation points and the junction under test;

— 1,0 m hetween excitation points and the associated transducer positions;

— 0,25 m|between transducer positions and the test.element boundaries;

— 0,5 m hetween the individual transducer positiohs.

The maximym distance between transducer positions and the junction under test shall be 3,5 m.

The measufement points shall be randomly distributed over the test element.
In each frequency band, the measured velocity level shall be at least 10 dB higher than the background npise

level in any frequency band. Il this is not fulfilled, corrections shall be applied as shown in ISO 140-3. [The
correction Value shall not exeeed 1,3 dB.

7.2.5 Spegcifications for stationary excitation

A stationary sourte-is, for example, a tapping machine or an electrodynamic exciter (vibrator).

Detailed be PR e c oo i £ oo o d-uaaae-af-vibration-exeitera—sherld-be-taken-f 1ISO-7626-2.16]
e al e In\- UL uvIrTo vurioetTTim IS TMACGUUTT AarTtu uaugu VT VINTUUUTT UCAUINIUT O OTTUUTU VU TUANNUTT TTUTTT TOUWU T UL U .

With a vibrator, it is possible to use, for example, the MLS-technique to improve the signal-to-noise ratio (see
ISO 18233 for details).

NOTE The use of the maximum length sequence technique requires that the system by linear. Non-linearity 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, it can happen that the velocity level has 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.
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For each transducer position, the integration time T,, (measurement period) shall be selected in such a way
that no significant change in the average level can occur. The integration time T,,, (measurement period) shall
be a minimum of 10 s.

In case of measurement of the average velocity level with stationary excitation, it has to be ensured that the
excitation is constant for different positions. If it cannot be validated that the source is constant, use the
velocity level difference for transducer pairs.

7.2.6 Specifications for transient excitation

To ensure a minimum signal-ta-noise ratio of 10 dB in each frequency band_it may be advantageous to use
diffgrent masses and materials for the impact hammer, because different materials lead to differénf excitations
in frequency bands.

For| each transducer position, the integration time T,, shall not be shorter than the ‘longest structural
revegrberation time of the two elements. On the other hand, the integration time shall be so short that the
background noise level is at least 10 dB lower than the signal level.

NOTE The longest structural reverberation time of the elements occurs at low frequencies.
7.3| Measurement of the structural reverberation time

7.3/1 General
The| structural reverberation time of an element is determined\with point excitations and measurerents of the
veldcity or acceleration at different transducer positions. Fhe integrated impulse response method as defined
in 130 3382 is used with backward integration of the squared impulse response.

The specifications for the vibration transducer giver’in 7.2.2 shall be followed.

NOTE The relation between the total loss factor 7., and the structural reverberation time T, of the eleent is given
by
2,2
Mtotal 7T,

Theltotal loss factor includes the internal losses, the edge losses and the radiation losses.

7.3.2 Excitation of the element under test

Twq methods of excitation may be used: vibrator excitation or hammer excitation. With a vibrator, the impulse
response is measured with the MLS (Maximum Length Sequence) technique or another method that can yield
the porrect impulSe response.

For[laboratory measurements, the preferred method uses a vibrator with an MLS signal. Hammgr excitation
may be used if it can be shown that the reverberatlon tlme measurements on the test element are pot affected
bec ach element. It may be
necessary to use different masses and materials for an impact hammer, because different matenal leads to
different excitations in frequency bands. The recorded decay curves shall start at least 35 dB above the
background level.

Detailed instructions concerning fixing and usage of vibration exciters should be taken from 1SO 7626-2 51 If
an impact hammer is used, the limitations given in 1ISO 7626-5 [6] regarding non-linearity, high damping and
frequency range should be taken into account.

NOTE The use of the maximum length sequence technique requires that the system is linear. Non-linearity 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.
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7.3.3 Measurement and excitation points

At least three excitation points shall be used on the test element. At least three transducer positions shall be
used for each excitation point.

The transducer positions and the excitation points shall be arranged using the following minimum distances:

0,5 m between transducer positions and the test element boundaries;

1 m between the excitation point and the associated transducer positions;

0,5mt

The measu

7.3.4 Eva

The decay
of the test ¢
averaging ¢
below the n

shall predominantly account for the upper sections of the curves.

7.3.5 Lower limits for reliable results caused by filter and detector

With traditipnal forward analysis of the impulse response, it shall be checked that the measured struc

reverberatid
T, > 39
and
Ts> Ty
where Ty

If inequalityf
filter on the
inequality (7

NOTE 1
filtering. The

transient memory fortheimpulse response or an analog tape recorder and reverse replay.

If inequalityj

Juation of the decay curves

1

etween the individual transducer positions.

rement points shall be randomly distributed over the test element.

curves shall be formed and evaluated as specified in ISO 3382. The structural reverberation

lement is determined by arithmetic averaging of the individual reverberation times or by energ
f the individual decay curves. The evaluation range shall be between’5 dB and 20 dB, or 24
haximum level. If multi-sloped decay curves occur during the measurements, the evaluation rg

n times for one-third-octave-bands fulfil the following réquirements:

Iif

pt

s the reverberation time of thexaveraging detector.
(17) is not fulfilled, the'time reversal technique shall be applied to reduce the influence from
7).

he time reversal technique is achieved by inversion of the impulse response with respect to time bd
technique”makes use of the rise time of the filter, which is much shorter than the decay time. It requin

(@8)is not fulfilled, the time reversal technique shall be applied, or the impulse responses sha
h &lowar cnaod and analucad wath trancnacnd filtare (con 1SN 2299 fAr Antaile A AAraI~~ Lonits

ime
etic
b dB
nge

ural

17)

18)

the

decay curve. With ¢this technique, the limit is approximately four times lower than that given by

bfore
es a

| be

replayed wi

d ath
ToTovweTopCCtartTararyott WHA-tFaT ToP oS COTTCTo (o CTOo o090 1O G C oS CorCer gt it

reliable results).

NOTE 2

problems related to the averaging detector.

7.4 Measurement of the vibration reduction index with airborne excitation

5 for

With linear averaging and a very short averaging time, it is often possible to form the decay record without

The vibration reduction index K;; may also be measured with airborne excitation, but it can be a slow and
inefficient method compared to structure-borne excitation, since both directions have to be tested, and
shielding has to be done.

16
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The specifications for the positions and type of sound source are the same as given in 7.1.1.1. The velocity
level difference is determined according to Equation (8) or (9). At least 9 transducer positions on each element
shall be used, distributed as specified in 7.2.4. For each transducer position, the integration time 7.,
(measurement period) shall be at least 10 s.

7.5 Frequency range of measurement

The measurements shall be performed using one-third-octave-band filters having at least the following centre
frequencies in hertz:

00 25 TG0 200 250 315
400 500 630 800 1000 1250
1600 2000 2500 3150 4 000 5,000

8 |Influences from the structures of the test facility

8.1| Criterion to verify flanking transmissions through constructions of the test fagility

8.1.1 General

The] general requirement is that the transmissions through junctions other than the junction under test shall
havg no effect on the measured quantities, for example K.

Thig can be achieved if the net flow of vibrational energy'is always positive from any tested element j to any
room element .

Thig requirement is fulfilled if, in each frequency,band when element i is excited,

10 Ig {MJ+DW >0 dB (19)
my-Jgi

where

m;, my are the mass per unit area of elements j, k, in kilograms per square metre;

fojr Jor  are theceritical frequencies, in hertz;

D is-the“velocity level difference during the test, in decibels.

v,jk

Forhomogeneous and isotropic elements, 1, can be calculated by

¢y

<fc - 1,8C|_ -h-m

(20)

where

cp s the speed of sound in air, in metres per second,;
c_ s the longitudinal wave speed, in metres per second;
h is the thickness, in metres;

For other types of elements, £, can be estimated by observing the dip in the sound reduction index curve.
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8.1.2 Practical considerations

Inequality (19) indicates that the velocity level difference D, ik should be as large as possible.

This can be obtained by using the following different solutions:
a) by using constructions in the test facility which are much heavier than the tested constructions;

b) by using a vibration break between the tested elements and the constructions of the facility. In order to

allow an energy flow and then produce a reallstlc structural reverberat|on time, it is in some cases
ese
one

Referring t¢ Table 1, an element is considered to be a light element without any further verification if its
surface maps is less than or equal to 0,16 times the surface mass of the lightest.element of the test fagility
rigidly connpcted to this element.

If this condition is fulfilled, the light junction may be constructed with rigid cofnnections with the test rooms,|and
ISO 10848 and ISO 10848-3 should be used.

8.3 \Verification procedure for a light flanking element that'is structurally independent of a
separating element

Referring tp Table 1, a light flanking element (ceiling, floor, facade, etc.) is considered as structurally
independent from the separating element if the following test conditions are fulfilled:

a) install the flanking element without connection to the separating element;
b) use thg structure-borne method to determing (Dv,zj)O between the source and receiving element;
c) connedt the separating element;

d) use thq structure-borne method to’determine (D between source and receiving element;

vl

e) verify that the differencedbetween (Dv’l.j)1 and (Dv,ij)O is less than 3 dB in each frequency band.

9 Shielding

The efficiepcy~ofta shield or a lining is strongly dependent on the construction behind it. A comparjson
between the ‘average velocity level before and after shielding can give an indication of the efficiency of| the
shield. The following specificalions are applicable o the shielding of elements of the fest specimen as well as
to the shielding of surfaces of the test facility.

Depending on the test method, it is necessary for junctions of 3 or 4 elements to shield successively each 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
element in both rooms.

When measuring L, ¢ for transmission through element i and j, the other element in the receiving room shall
be shielded.
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When measuring K;; with airborne excitation shielding, the other element in the room with the sound source

shall be shielded.

When measuring K; with structure-borne excitation, shielding is not necessary.

If the radiated sound from element j is measured with intensity technique, the requirement for shielding in the

receiving room is not applicable.

The determination of the minimum shield efficiency for test elements expressed as the sound reduction index
improvement AR depends on the type of junction. If, for example, the 3 or 4 elements of the junction are

identical, a AR of 10 dB in all frequency bands is sufficient for the test elements.

A ggeneral method to determine the required minimum value for AR is to measure the average v

elocity level

L, 1) of element j in the receiving room due to excitation of element 1 in the source room;and the average

veIc0|ty level L
soufce room.

v,2j

of element j in the receiving room due to the same kind of excitation of element 2 in the

If, for example, the quantity to be tested is D, ¢, Ly, s or K;; for the transmission threugh element 1 ir} the source

room and element ; in the receiving room, and the sh|eld|ng of element 2 is to_be checked, the sh
have a minimum level of

ARpin =10 =Ly i+ L, 5. if L, 4~ L, 5 < 10 dB

v2/

ARin =0 dBif L, 1= Ly 5> 10 dB

elding shall

(21)

(22)
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A

Y

=
1
Y
3
NOTE All dimensions are considered from the surface.of'the elements.
h>23m

3,5m g /; <6 m for all elements i

> 0,1 for all combinations of-elements i and j

Figure 1 — Vertical junction
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