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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
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shall not be held responsible for identifying any or all such patent rights.

P was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 2, Buil

in_fiaison with 1S5S0, also take part in the wWork. IS0 collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.

the technical committees are circulated to the member bodies for voting-, Publication as
| 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 pd

consists of the following parts, under the general.title Acoustics — Measurement of sg
buildings and of building elements using sound inteqsity:

Laboratory measurements
Field measurements
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Acoustics — Measurement of sound insulation in buildings and
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building elements using sound intensity —

Part 2:

Fi

ald measurements
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spe
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1.2

The)

Scope

General

part of ISO 15186 specifies a sound intensity method to determiné_the in-situ sound insulat
s, doors, windows and small building elements. It is intended for measurements that have to
presence of flanking transmission. It can be used to provide solind power data for diagnostic
ing transmission or to measure flanking sound insulation pafameters.
part of ISO 15186 can be used by laboratories that ceuld not satisfy the requirements of 1S
th deals with laboratory measurements with no or.little flanking transmission. 1SO 15186-3
surements under laboratory conditions, at low frequencies.

part of ISO 15186 also describes the effect of flanking transmission on measurements mad
cified method, and how intensity measurements can be used

to compare the in-situ sound insulation of a building element with laboratory measurem
flanking has been suppressed (i.€. ISO 140-3),

to rank the partial contributiens' for building elements, and

to measure the flanking. sound reduction index for one or more transmission paths (for v
prediction models sGeh’as those given in EN 12354-1).

verted into a_single number, characterizing the acoustic performance, by application of ISO 717

Precision

reproducibility of this intensity method is estimated to be equal to or better than that of the

on of walls,
be made in
analysis of

0O 15186-1,
deals with

e using the

ents where

alidation of

method gives, values for airborne sound insulation, which are frequency dependent. They can be

-1.

methods of

ISO 140-10 and ISO 140-4, when measuring a single small and large building element, respectively.

NOTE 1

If sound reduction measures made using this method are to be compared with those made using the

conventional reverberation room method in various parts of ISO 140, then it will be necessary to introduce an adaptation
term that reflects the bias between the test methods. This term is given in Annex A.

NOTE 2

index measured according to ISO 140-3 and ISO 140-4 is given in Annex B.

NOTE 3  Flanking transmission is discussed in Annex C.

© 1SO 2003 — Al rights reserved
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2 Norm

ative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

document (

including any amendments) applies.

ISO 140-3:1995, Acoustics — Measurement of sound insulation in buildings and of building elements —
Part 3: Laboratory measurements of airborne sound insulation of building elements

ISO 140-4:1995, Acoustics — Measurement of sound insulation in buildings and of building elements —

Part 4: Fiell

1ISO 140-10
Part 10: Lal

1ISO 717-1:1
Airborne so

IEC 60942:

IEC 61043:

3 Terms and definitions

For the pun
Table 1.

NOTE |
identified usi
surface, whe
surface. Thi
average qua
appear differ

3.1

average sdund pressure level in a source room

Lp1
ten times t
squared to
entire room
the bounda

NOTE1

NOTE2 A

measurements of airborne sound insulation between rooms

1991, Acoustics — Measurement of sound insulation in buildings and of building elemeént
poratory measurement of airborne sound insulation of small building elements

996, Acoustics — Rating of sound insulation in buildings and of building elehtents — P4
und insulation

1991, Sound calibrators

1993, Instruments for the measurement of sound intensity

poses of this document, the following terms and definitions apply. The subscripts are defing

h this part of ISO 15186, quantities that represent the*average over the measurement surface are exp
hg a bar over the measured quantity. For example)\ |, is the average normal intensity over the measure
reas the quantity, /,,, without the bar, is the normal intensity obtained at a single point on the measure

explicit identification of surface average_guantities is intended to help the user quickly identify su
htities and to make the nomenclature consistent with the ISO 9614 series. This may make some defini
ent from those in ISO 15186-1 and 1IS@15186-3 although they are functionally identical.

ne logarithm to the base 10 of the ratio of the space and time average of the sound pres
the square of the-reference sound pressure (20 uPa), the space average being taken over
with the exception”of those parts where the direct radiation of a sound source or the near fie
fies (wall, windew, etc.) is of significant influence

[his quantity/s given in decibels.

dapted from the complete definition given in ISO 140-4.

rt 1:

d in

icitly
ent
ent
face
ions

sure
the
d of

3.2

apparent sound reduction index

R'

ten times the logarithm to the base 10 of the ratio of the sound power incident on the building element under
test to the total sound power radiated into the receiving room by direct transmission and all flanking paths

NOTE 1

measured sound power will contain a flanking component. Annex C provides more details.

NOTE 2

NOTE 3

The expression sound transmission loss, which is equivalent to sound reduction index is also in use.

Adapted from the complete definition given in ISO 140-4.

Unless special efforts have been made to suppress flanking transmission (i.e. those defined in ISO 140-1), the

© ISO 2003 — Al rights reserved
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3.3

sound intensity

I

time-averaged rate of flow of sound energy per unit area in the direction of the local particle velocity, in watts
per square metre, which is a vector quantity and is equal to

T
I :% gp(t).ﬁ(t) dr )
where
p(») is the instantaneous sound pressure at a point, in pascals;
i(¢) is the instantaneous particle velocity at the same point, in metres per second;
T is the averaging time, in seconds.
NOTE This quantity is measured in watts per square metre.
3.4
normal sound intensity
In

component of the sound intensity, in watts per square metrefin the direction normal to a mpasurement
surface defined by the unit normal vector 7

InE1-ii )
whegre 7 is the unit normal vector directed out of the’volume enclosed by the measurement surfacg
3.5
normal sound intensity level

Ly,

ten ftimes the logarithm to the base 10 of the ratio of the unsigned value of the normal sound intgnsity to the
refefence intensity /7, as given by

1
L;|=10Ig % (3)

whdre

Io =10°"2 wim’

3.6
surface pressure-intensity indicator

Fpln _ _
difference, in decibels, between the sound pressure level, L ,, and the normal sound intensity level, Lz, , on
the measurement surface, both being time- and surface-averaged, given by

F

pln:Lp_L[n (4)

© 1SO 2003 — Al rights reserved 3
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where
N _
- 1 01L .
Lp=10Ig| —> Sy 10" 7 | dB (5)
Smia
and
N _

— 1 SM _[n .

Ly, =10lg—>» ——*+{ dB (6)
where

Zpi is [he time- and surface-averaged sound pressure level measured on the ith sub-area;

Tn,- is the time- and surface-averaged signed normal intensity measured on the ith subZarea, and there

are¢ N sub-areas having a total area of S,
N
Sm = 25, (7)
i=1

NOTE In the limit of equal sub-areas, this indicator corresponds to the negative partial power indicator /5 defingd in
ISO 9614-1 @nd signed pressure-intensity indicator, Fpln’ defined in ISO 9614-3.
3.7
pressure-residual intensity index
%10

difference, |n decibels, between the indicated sound pressure level, L , and the indicated sound intensity Igvel,
L;, when the intensity probe is placed and oriented in a soundfield such that the sound intensity is zero

S0 = (Lp| = Lis) (8)

where L, is the level of the residual intensity and'is given by

1,5 ~{oiglel

15 =101g dB (9)
1o

NOTE This definition is consistent’ with that given in the ISO 9614 series. Details for determining S, @re given in

IEC 61043.

3.8

apparent inptensity sound reduction index

R

index, in degcibels;.for a building element that separates one source room and one receiving room, which plso
may be theloutside, defined as

R',:{Lp1—6+1OIg[Sij:|—{Z1n+1OIg(§—MJ:| (10)
0 0

where the first term relates to the incident sound power in the source room and the second term relates to the
sound power radiated from the building element(s) contained within the measurement volume in the receiving
room, and

L, is the average sound pressure level in the source room;

S is the area of the separating building element under test or, in the case of staggered or stepped
rooms, that part of the area common to both the source and receiving rooms;

4 © ISO 2003 — Al rights reserved
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an is the average normal sound intensity level over the measurement surface(s) in the receiving room;
Sy is the total area of the measurement surface(s);
SO =1 m2

NOTE 1 Where the intent is to assess the apparent sound reduction index due to all elements radiating sound into the
receiving room, the contribution from this index R’; may be combined with the intensity sound reduction index for each
flanking element R, Fi (see 3.9), as described in Annex C.

NOTE 2  The weighted apparent intensity sound reduction index, R',,, is calculated according to ISO 717-1 by replacing
R with R,

NOTE 3  This index R’ differs fundamentally from the apparent sound reduction index R’ of ISQ 140-4 where total
soumd power from all receiving sources is measured. The definition of apparent intensity sound._reduction|index allows
diregtionality of the intensity probe to be used, to selectively measure the sound power from each receiving foom surface
as desired. In principle, by combining the sound power from all surfaces in the receiving room{_an estimatel of R’ can be
obtgined; Annex C discusses this in more detail.

3.9
intensity sound reduction index for flanking element ;
RyF|;
whegn a building element separates the source room from the regeiving room, this index is dgfined for a
flanking surface j in the receiving room as

N - Sm,
R”j{Lm-6+10|g[gﬂ{unj+10|g(So-’ﬂ (11)

where the first term relates to the sound power incident on the separating element under test fronmj the source
roo:lg and the second term relates to the sound.power radiated from the flanking surface ; into the receiving
room, and

L, is the average sound pressure-level in the source room;

S is the area of the separating building element under test or, in the case of staggered| or stepped
rooms, that part of the~area common to both the source and receiving rooms;

L, ;is the average normal sound intensity level over the measurement surface for the flanking element ;
in the receivingroom;

Sm; s the totalarea of the measurement surface for the flanking element j in the receiving room;
SO =1 m2
NOTE Where the intent is to combine the effect of multiple elements radiating sound into the receiving room, the

contribution from this index can be combined with the apparent intensity sound reduction index, R’, for the separating
elenenttsee-3-8)asdescribedmATTEXx €

3.10
intensity element normalized level difference

D] ne
difference given by

D,nez[Lm—ﬁ]{Z,n+10|g[i—'\"ﬂ (12)

0

© 1SO 2003 — Al rights reserved 5
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where

L, is the average sound pressure level in the source room;

Z,n is the average normal sound intensity level over the measurement surface in the receiving room;

Sm

Ag

NOTE 1 Themtensity element normatized feverdifference s used for smat buliding etements. |

NOTE 2 The weighted intensity element normalized level difference, D,

is the total area of the measurement surface(s);

=10 m?

with D

Ine’

intensity nprmalized level difference

replacing D,,
3.1
Dln
difference g
Dy = [L )
where
Ly
L
SM
Ao

NOTE 1 This index is used when therelisthot a common building element separating the source room from
m. Such a situation can occur When the rooms are diagonally separated.

receiving rog

NOTE2 1
with D, ..

3.12
modified a

’
Im
index given

iven by

_6]—{Z1n+10Ig(i—'\gﬂ

is the total area of the measurement surface(s);

=10 m2

[he weighted intensity pormalized level difference, D; .

bparent intensity sound reduction index

by

K=

R’Im:R'I

is the average sound pressure level in the source.reom;

N is the average normal sound intensity level over the measurement surface in the receiving ro

new’

is calculated according to ISOV17{1 by

(13)

the

is calculated according to ISO 717-1 by replacing D,

(14)

where the v

C

alues of K are given in Annex A

NOTE 1 It is generally recognized that there is a difference between the sound reduction index determined by the
sound intensity method [ISO 15186 (all parts)] and that measured by traditional methods (ISO 140-3, ISO 140-4 and
ISO 140-10) at low frequencies. If the intensity results are to be compared to results measured using the traditional
method, then the intensity results should be adjusted, giving the modified apparent intensity sound reduction index.

NOTE 2 The adaptation values K, for in-situ measurements are consistent with K. for measurements made in
laboratories (i.e. ISO 15186-1). It is recognized that receiving room conditions may introduce a further bias, as discussed

in Annex B.
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NOTE 3  The weighted modified apparent intensity sound reduction index, R’ is calculated according to ISO 717-1

Imw’
by replacing R’ with R’ .. Correspondingly the notation for D, ... is obtained.

3.13

measurement surface

surface totally enclosing the building element under test on the receiving side, scanned or sampled by the
probe during the measurements

3.14

measurement distance
dy

distance between the measurement surface and the building element under test in a direction-ngrmal to the
element

3.15
measurement sub-area
part of the measurement surface being measured with the intensity probe using one continuous scan or that of
a discrete position

3.1
measurement volume
volyme bounded by the measurement surface(s), the building element under test, and any adjacg¢nt surfaces
that|do not radiate significant sound relative to the building element.tinder test

NOTE See 6.4.2.

Table 1 — Subscripts

Subscript Meaning
e element
F flanking
1 intensity
i sub-area
j loudspeaker position
m modified
M measurement
p pressure
w weighted

4 |InStrumentation

4.1 General

The intensity-measuring instrumentation shall be able to measure intensity levels in decibels (ref. 10-12 W/m2)
in one-third-octave bands. The intensity shall be measured in real time when the scanning procedure is used.
The instrument, including the probe, shall comply with class 1 of IEC 61043:1993.

The pressure-residual intensity index, §p]0, of the microphone probe and analyser shall be adequate to satisfy

the requirements relative to the surface pressure-intensity indicator Fpr, (see 6.5.4) for each measurement
sub-area and for the total measurement surface.

© 1SO 2003 — Al rights reserved 7
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NOTE In order to cover the full frequency range different spacers can be required between the probe microphones.
The optimum combination of spacer and frequency band will depend on 5p]0 and Fpln' As an example, the following rule

could apply:

— between 50 Hz and 500 Hz, use a 50 mm spacer;

— above 500 Hz, use a 12 mm spacer. The frequency response will normally have to be corrected above 2 000 Hz.
Refer to probe manual for the appropriate method.

Often it is possible to cover the whole frequency range 100 Hz to 5 000 Hz by using a 12 mm spacer and two 12,5 mm
microphones.

The equipn
the microph

4.2 Calik

Verify comy
making cal
calibrator is

ent for sound pressure level measurements shall meet the requirements of ISO 140-4. Incadd
one in the source room shall give a flat frequency response in a diffuse sound field.

pration

liance of the sound intensity instrument with IEC 61043 either at least once d_year in a labord

used before each measurement series.

The following procedure shall be followed before each use of a sound intensity ‘instrument to verify that

operating ¢

a) Theins

brrectly.

trument shall be allowed to warm up according to the manufacturer’s instructions.

b) Calibrate both microphones for absolute pressure using an’IEC 60942:1991, class 1 or better, sg
pressufe calibrator.

c) Apply the residual intensity testing device to the twg“microphones and measure the pressure-resi
intensity index, &,,0, and ensure that the instrument is within the requirements for its class in the rg
which the residual intensity testing device operates. Phase compensation and any other proced
recommended by the manufacturer for performance enhancement may be applied. Phase compens3

and pr

d) Ifasou

ssure-residual intensity testing should preferably be done at a level close to the level of use.

nd intensity calibrator is available, use this to verify the intensity calibration directly.

5 Test arrangement

5.1 Sele

In general,
When chog
should be g

cting source)and receiving room

the building element under test will be part of a series of building elements separating two rog
sing which room will be the source room and which will be the receiving room, considerg
iven.to the following facts that can affect the quality of the measurement.

tion

tory

brations in accordance with appropriate standards, or at least every~2 years if an intenpsity

it is

und

Hual
nge
iIres
tion

ms.
tion

a) Room absorption: a highly absorptive receiving room having a short reverberation time is very beneficial,

while a

highly absorptive source room is not.

b) Room volume: the volume of the receiving room is not overly important, while a large source room can
improve the accuracy of the intensity sound reduction index in the low frequencies.

c) Room diffusion: irregular room geometry and randomly located reflecting objects are beneficial in
achieving a uniform sound field in the source room. Such properties are not of significant benefit for the
receiving room.

© ISO 2003 — Al rights reserved
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5.2 Mounting conditions

If the intent is to compare with results from other standards (ISO 140-3 for doors, walls and floors, or
ISO 140-10 for small building elements), the building element under test should meet the requirements of
those standards regarding mounting and boundary conditions.

If the intent is to characterize in-situ performance with the field installation of the actual building element under
test, then no changes to the building element under test shall be made unless explicitly noted in the test report.

6 Testprocedure

6.1| General
For|each loudspeaker position, measure the average sound pressure level in the souree room, L1, and the
avefage sound intensity level on a measurement surface in the receiving room,)Z; . Provided that the
measurement conditions are satisfactory [i.e. the criterion of Equation (15) is satisfied], calculate the apparent

intepsity sound reduction index R’; and/or the intensity sound reduction index R; Fj for flanking sunface(s) j or,
altefnatively, the intensity normalized level difference, D, ,

6.2| Generation of sound field

Thel sound source, signal and loudspeaker positions shall meet thevrequirements of ISO 140-4.

6.3| Measurement of average sound pressure levelin the source room

Measure the average sound pressure level in the source’room according to the procedures given in ISO 140-4.
6.4| Initial test for suitability of the receiving room

6.4.1 Measurement field check

To test the suitability of the receiying room for intensity measurements, switch on the sound squrce in the
soufce room and scan with the intensity probe diagonally across the building element under test at a distance
of 0,1 m to 0,3 m (see 6.5.5)-The receiving room may be any space meeting the requirements|of the field
indigator, F,; , (see 4.1 and 6:5.4) and the background noise (see 6.7).

6.4.2 Flanking transmission check

Acoustic radiation from building elements adjacent to the measurement surface can adversely affect the
acclracy of the{measurements. Building elements that bound the measurement surface should|not radiate
sigrfificant «<soind power relative to the building element(s) under test. Annex C provides a| method to
detg¢rmine/if these surfaces will have an effect.

6.5 Measurement of average sound intensity level on the receiving side

6.5.1 General

The average sound intensity radiated by the building element shall be estimated for each loudspeaker position
using either the scanning or discrete point method.

6.5.2 Measurement surface

On the receiving side, define a measurement surface that totally encloses the building element under test. For
practicality, the surface may be formed from a number of smaller sub-areas.

© 1SO 2003 — Al rights reserved 9
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If the building element under test is mounted in a niche, the measurement surface is normally the flat surface
of the niche opening. The sound field is usually more uniform in the niche opening than inside the niche. If the
building element under test is not mounted in a niche, or if the depth of the niche is less than 0,1 m, use a
box-shaped measurement surface as shown in Figure 1. This will be the most common condition for small
building elements. If the building element is a complete surface of the room, such as a partition wall, the
measurement surface is a plane parallel to the wall, as shown in Figure 2.

Figure 1 — Box-shaped measurement surface enclosing the building element under test (dark area)

Key
1 receiving room

2 measurgmentsurface divided into eight sub-areas
3 bu||d|ng lamant iindar tact (Harlz shadad QI’QO)

NOTE In this figure eight sub-areas are identified. The actual number used is at the discretion of the operator.

Figure 2 — Planar measurement surface constructed from a series of sub-areas all of which are
parallel to the large building element under test

For small building elements, hemispherical, cylindrical or partially box-shaped measurement surfaces may
also be applicable.

Initially select a measurement distance between 0,1 m and 0,3 m. Avoid measurement distances shorter than
0,1 m because of the near field of the vibrating element. In the near field the intensity tends to change sign

10 © 1SO 2003 — All rights reserved
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rapidly with position. When using box-shaped measurement surfaces, avoid measurement distances longer
than 0,3 m.

As shown in Figure 1, four of the five faces of the box-shaped measurement surface intersect the perimeter of
the element under test. These side surfaces will have a depth equal 0,1 m to 0,3 m, i.e. the distance between
the frontal face and the specimen. Thus, complete sampling the side surfaces can include the effect of near-
field radiation. This situation may be avoided by providing an offset of 0,1 m for the four sides of the box-
shaped measurement surface when the sound power radiated by the building element under test is
considerably greater than that radiated by non-specimen surfaces contained in the measurement volume.
Radiation from the non-specimen surfaces may be viewed as being unwanted flanking and the criterion of
Annex C.2 may be used to determine the suitability of this alternative measurement surface configuration.

The)
abs

the
an

con
ove

6.5.

The)
Ip,

6.5.

Me

surf
inte

an

one

for

spe

0,5

NOT
be d

If th

doe
dist

Ext!aneous noise sources that are present when making in-situ measurements can create u

me

measurement surface should be chosen so that the measurement volume does not(con
brbing surfaces that are not part of the specimen under test (e.g. thick pile carpet). If this)is n
absorbing surfaces that are not part of the specimen under test shall be shielded with"a mat
bbsorption coefficient of less than 0,1 in each of the one-third-octave bands for-which the
Hucted. Failure to shield these surfaces can result in an underestimation of the“radiated inter]
restimation of the apparent intensity sound reduction index.

I

B Probe orientation

orientation of the probe shall be normal to the measurement surface. The reported normal soJ
shall be positive for energy flowing from the building element under test.

B Qualification of the measurement surface

gsure the time- and space-integrated normal sound.dntensity level, Z,n for the complete m
ace either by the scanning or discrete point procedure. If possible, measure the time-
g¢stimate of the quality of the measurement environment. A satisfactory environment is defing

that satisfies the criterion
< 0,;0— 7 dB for reflective test specimen, or F,;, < 6 dB for absorptive test specimen

¢ach one-third-octave frequency band for which the intensity sound reduction index will be rep

E A typical absorptive test specimen is a perforated panel in front of an absorber. Most other test sg
pnsidered to be reflective.

e measured ormal sound intensity, Tn, is negative, or if the surface pressure-intensity indi
5 not satisfy\Equation (15), then improve the measurement environment. First, increase the m
hnce by 5'cm to 10 cm. If this fails, add sound-absorbing material to the receiving room.

grated sound pressure level, L, simultaneous)y:~The surface pressure-intensity indicator, Fpl.,

tain sound-
ot possible,
erial having
test will be
sity and an

nd intensity,

casurement
and space-
, provides
ed as being

(15)

brted. A test

cimen shall be considered absorptive for any one-third-octave band if the absorption coefficignt exceeds

ecimens can

cator, Fpy
pasurement

hacceptable

oom. Such

sources may have to be removed or shielded if an adequate measurement environment is to be achieved, as
discussed in Annex C.

6.5

6.5

.5 Scanning procedure

5.1 General

The measurement surface shall consist of one area or several sub-areas. The scanning time of each sub-area
shall be proportional to the size of the area. Keep the scan speed constant. Select a speed between 0,1 m/s
and 0,3 m/s. Interrupt the measurements when going from one sub-area to another. Avoid other stops.
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N AN A

NOTE T

Figure 3 — Scan patterns for the first and second scans, differing in orientation by 90°

Scan each
scanning lir
caused by |
to be equal

If the meas
case for snj
the intersea
Each side g

6.5.5.2 H

The repeatability of the scanned intensity of each'sub-area shall be checked before the data may be usg

computing {

Once the in
indicated in
satisfied for

L1,

If the criteri
two scan m

L1y 7

Y/

Yo atala

N AN N N

[he measured intensities are Z1n1 and Z[nz , respectively.

area or sub-area using parallel lines turning at each edge as showh~in Figure 3. The requ

cakages, requires a higher line density. Normally, select the distance between adjacent scan |
to the measurement distance, dj,;.

urement surface is box shaped as shown in Figure 1, or>partially box-shaped, which may be
all building elements mounted at an edge or in a corner, give particular care to the areas clos
tion between the box surface and the partition in which’the building element under test is mour
f the box will be considered to be a subarea in the calculation procedure.

Repeatability check for scanning

he average intensity of the measurement surface.

itial test for the suitability of the receiving room has been passed (6.4), make the two scan
Figure 3. Record the measurements L; 1 and L; ». Determine if the criterion of Equation (1
all one-third-octave bands measured:

L L2 < 10dB

bn of Equation{(15) is satisfied, then the sub-area intensity is given by the arithmetic average o
pasurements:

1

E (Z1n1 + Zan)

ired

e density depends on the uniformity of the sound radiation. Non-ufiform radiation, which can be

nes

the
e to
ted.
din

5 as
b) is

(16)

the

(17)

where the subscript i indicates the sub-area and ; indicates the position of the loudspeaker when the
measurement was made.

If the criterion of Equation (15) is not satisfied, repeat the two scans again and check if the repeat
measurements satisfy the criterion of Equation (15). If the requirement is not fulfilled, change the scanning line
density, measurement surface or measurement environment and repeat the procedure until the requirement is
fulfilled. If, despite these efforts, it is impossible to comply with these requirements, the results may still be

given in the

12

test report providing that all deviations from the requirements of this method are clearly stated.
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6.5.6 Procedure for discrete positions

As an alternative to scanning, fixed positions may be used on the measurement surface described in 6.5.2.
Initially select the distance between the probe positions to be approximately dy,;, where d), is the measurement
distance from the building element under test. If a building element under test has strong sound leaks or
inhomogeneous sound flow, use a denser measurement grid but keep the measurement distance constant.
For the measurements, follow the procedures of a grade 2 method as specified in 1ISO 9614-1:1993. Check

the adequacy of the chosen array of measurement positions using Annex B of ISO 9614-1:1993. Measure for
at least 10 s in each probe position.

6.6 Combini lts of multiple sub- ! loud I iti

For|each sub-area, apply the procedures of 6.5.5 or 6.5.6. This shall be repeated for each lpudspeaker
posltion.

If tHe measurement surface is divided into M sub-areas, each with the area, Sy;;»and there afe N source
loudspeaker positions, evaluate the average sound intensity, 1, , for the measurement surface from

— 10 N 1 M 1 Inl] W 18
:W ZW ZSM O Sgn(ln,]) F ( )
Jj=
whegre
Vi indicates the loudspeaker position;

i indicates the sub-area;

sgn (Tn,-j) takes the value of negative unitytif the sound intensity for a measurement [sub-area is
directed into the measurement volumeotherwise it is unity;

Sy is the total area of the measurement surface and is given by

M
Sm =D Sm, m? (19)
i

It ig possible for I,,, evaluated using Equation (18), to take a negative value, indicating that the average
intepsity flow through the/measurement surface is toward the specimen under test. In this case| the sound
insylation measures arelnot defined and shall not be reported.

NOTE A negative) intensity can occur when the receiving room is excessively reverberant or when there are
extr@aneous noise.saurces (such as flanking surfaces) exterior to the measurement volume. Procedures to cqrrect this are
giveh in 6.5.4 and{Annex C.

The  surfaceaverage estimate of the normal sound intensity level, Zln , Is obtained using

_10|g| | (20)
0

where the normal sound intensity, 7, n» takes the surface-averaged value obtained using Equation (18).

Similarly, calculate the surface pressure-intensity indicator using

F, =101 151
pin =119 WZS
j=1"M

O%ri |_T, dB 21)

n

Sm, x10

ME

I
-

i

where L Pij is the surface-averaged sound pressure level over sub-area i for the ;th loudspeaker position.

© 1SO 2003 — Al rights reserved 13


https://standardsiso.com/api/?name=8a536d01d5bd9bd3007fc1a013638cd3

ISO 15186-2:2003(E)

For building elements separating the source and receiving rooms, the apparent intensity sound reduction
index, R, is given by Equation (10), where the surface intensity computed using Equation (18) is positive and
the criterion of 6.5.4 is satisfied.

6.7 Background noise

Both the sound pressure level and the sound intensity level shall be at least 10 dB higher than the background
sound pressure level. These requirements may be tested by applying the following procedure. If the criterion

for the field

indicator F; is satisfied (see 6.5.4), then lower the source level by 10 dB. If F;

by less than 1 dB, then the requirements are fulfilled.

I is changed

NOTE
because the

6.8 Freq

Measure th
least the fol

100 1

If additiona
following c¢g

50 63

If additional
following c¢g

4 000

Octave ban
1ISO 140-4.

6.9 Quantities to be determined

Determine
areas exist,

7 Expre

Data asses|
Fpp, » shall
These data
logarithmic

1

uency range of measurements

he criterion for background sound level is more stringent than the corresponding criterion in 1ISO14
intensity measurement cannot be corrected for background sound pressure level.

e sound pressure level and the sound intensity level using one-third-octave band filters havin
owing centre frequencies, in hertz:

P5 160 200 250 315 400 500 630 800 1000 1250 160042000 2500 3150

information in the low frequency range is required, then use one-third-octave band filters with
ntre frequencies, in hertz:

80

information in the high frequency range is required, then use one-third-octave band filters with
ntre frequencies, in hertz:

5000

d values, if needed, shall be calculated frof one-third-octave levels using the procedure defing

elevant quantities from R'(R';m, Rjrj, Din, Drne @nd F ;. In the special case that no com
R’y and R, are undefined and shall be replaced by D, o and Dy, respectively.

ssion of results

10-4,

g at

the

the

din

mon

sing the sound insulation (e.g. R, R; g, Dy, Dype) and the surface pressure-intensity indicator,

be givenin tabular form to an accuracy of one decimal place for all measurement frequeng
mayralso be given in graphical form with the level in decibels plotted against frequency (
scale, 'and the following dimensions shall be used:

ies.
n a

20 mm

14

5 mm for a one-third octave;

for 10 dB.
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b)
c)

d)
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Test report

test report shall state the following:

name of organization that has performed the measurements;
identification of test site;

name of client;

date of test;

e)
f)

9)

h)

NOT

the reference number of this part of ISO 15186 and any requirements that were not satisfied;
description of the building element under test, including mounting, sealing and mass.per-unit a

volume and description of measurement rooms; major flanking paths shouldybe clearly
identified;

the common area of the building element under test, s, with a special indication (< 10 m2) if it
10 m2, and the area of the measurement surface sy;;

for all one-third-octave bands where the surface average <mormal sound intensity [as
Equation (18)] is positive, report the relevant sound insulation data (e.g., R', R/ Fjr Dy pe)i
values are reported as well, then the value of K shall also be given;

weighted sound reduction indexes shall only be reported when the surface average no
intensity [as defined by Equation (18)] is positive.forall one-third-octave bands used in detq
weighted index.

surface pressure-intensity indicator, Fpr and pressure-residual intensity index, 5p]0 as a
frequency;

measurement distance and shape“and area of the measurement surface; description of m
segment(s); spacing between scan’lines or measurement grid for discrete points, depending
method used;

rea;

ndicated, if

is less than

defined by
if modified

rmal sound
rmining the

function of

pasurement
on the test

information regarding the) measurement equipment, including the probe (microphone diameter and

spacing).

E For evaluation of the weighted sound reduction indexes, see ISO 717-1.
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Annex A
(normative)

Adaptation term K

It is generally recognized that if sound reduction measures made using the method of this part of ISO 15186
are to be compared with those made using the conventional reverberation room method specified in

ISO 140'3, SC 140'4 Ul :SC 140'10, thUII It VV;:: bU Nnolcoodly tU ;Iltl UCIIUUU =1 adaptat;uu tCIIII that IUf:UUt; the
bias betwegn the test methods.
For the purposes of this part of ISO 15186, the following values of K, shall be used.
Provided thpat the traditional measurements according to ISO 140 have been taken in a well-défined receiying
room

K. =101g [1 + Sb—z’q dB A1)

Va

where

Sy is [he area of all the boundary surfaces in the receiving room;

V, is fhe volume of the receiving room;

A is the wavelength of the mid-band frequency.

When the tfaditional measurements according to ISO 140-3 have been taken in a room that is not well def

K. has the

NOTE i

J
These dime

laboratories:
possible.

alues given in Table A.1.

[he values in Table A.1 have been calculated based on the following values of the room parameters:
b2 = 117 m2;

, =81m3(4,5x6,0 x 3,0).

nsions have been seleCted’ to be a compromise between two commonly used room sizes in aco)
approximately 50 m3Cand 100 m3 respectively. The preferred solution is to use the Equation when

ned,

ustic
ever

Table A.1
Frequency Ko Frequency Ko Frequency Ko
Hz Hz Hz
50 35 250 10 1250 02
63 3,0 315 0,8 1600 0,2
80 2,5 400 0,6 2 000 0,1
100 2,1 500 0,5 2500 0,1
125 1,7 630 0,4 3150 0,1
160 1,4 800 0,3 4 000 0,1
200 1,2 1000 0,3 5000 0,1

Additional bias and precision considerations related to the effects of flanking for the measurements of this part
of ISO 15186 are presented in Annex B.

16
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Annex B
(informative)

Estimated precision and bias of the method

B.1 General

Thig

app
buil
con

It s
ISO
inte
ade
may

B.2

It is
conm
K>,

The

Itis
both
a si
this

Figu

ISO)
surf

-2:2003(E)

annex provides an estimate of the precision with which this part of ISO 15186 can_req]
arent sound reduction index, R, as defined by ISO 140-4 (large building elements) and+{SO 14
Jing elements) when measuring the same building element with the same mounting an
ditions.

hould be noted that unless shielding is used, the apparent sound reduction index as m
140-4 includes all flanking paths to the receiving room and the corresponding measures mag
nsity method require the summation of the intensity over all the receiving‘room surfaces. Failur
nuately all significant radiating surfaces will result in a large and negative’bias term K,. Thus, th
be used to provide guidance when deciding if all significant sourcesishave been sampled.

Estimated bias term, k,

generally recognized that if sound reduction measubes made using this part of ISO 1518
pared with those made using ISO 140-4 (R';4), then it will be necessary to introduce an aday

hat reflects the bias between the test methods

Ky = R'i40 — Ry dB

cause(s) of the bias will not always be known in each situation.
realistic to expect that the bias\and precision for the method of this part of ISO 15186 will be 2
the specimen under test.and the receiving room environment. For this reason, it is not possibl

ngle bias estimate that is ‘applicable to all situations that can be encountered when applying th
part of ISO 15186. However, it is possible to define a range for the values.

15186, which' might apply when the receiving room is large, well defined, and radiation fr
pces is suppressed.

roduce the
0-10 (small
d boundary

easured by
e using the
e to sample
e bias term

b are to be
tation term,

(B.1)

function of
e to provide
e method of

re B.1 shows the-precision and bias for the method of ISO 15186-1 when applied to a serig¢s of doors,
winglows and walls.-This can be viewed as defining a best case for the precision for the method o

this part of
bm flanking
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Now
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NOTE 1 1
series of dog

NOTE2

line) of the sample.

Figure B.1

In-situ mea
worst case

The data s
made in th
measuremg
shown in F
in the sing
laboratories
tested.

N

Estimated bias term, K, dB

N

1 1
vl L
| |

125 250 500 1000 2 000 4 000
Fregtency, Hz

|
(=)}

[he data (taken from reference [6]) are an average of the measured résults made in three laboratories
rs, windows and walls.

[he precision is expressed in terms of the mean bias term X, (bold line) and the standard deviation (no

— Estimate of the precision with which the method of ISO 15186-1 can reproduce ISO 14
results

surements made in the presence of stfong flanking and in small receiving rooms should be|
for precision. Results from two flanking-facilities are shown in Figures B.2 and B.3.

hown in Figure B.2 are the results of fourteen measurements of heavy monolithic construct
e same laboratory. They exhibit a similar, but increased, bias term K, relative to that
nts in accordance with {IS©"15186-1 shown in Figure B.1. Comparing the standard deviat
gures B.1 and B.2, it is~evident that the standard deviation is smaller for the set of measurem
e laboratory (Figure-B:2). This implies that there may be significant variation in K, betw
that are presumably due to differences in receiving room conditions and the type of specim

for a

rmal

}0-3

the

ons

for
ons
ents
een
ens
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The data are for 14 cases measured in the same laboratory. The precision is expressed in termq of the mean

term K, (bold line) and the standard deviation (normal line) of the sample.

jure B.2 — Estimate of the precision with which the method of this part of ISO 15186 can [reproduce
ISO 140-4 results when measuring heavy monolithic constructions

Estimated bias term, K,, dB

500

1000

2 000

4 000
Frequency, Hz

The data are from 34 measurements of lightweight double-leaf constructions, measured in the same
laboratory. The precision is expressed in terms of the mean bias term X, (bold line) and the standard deviation (normal
line) of the sample.

For this situation, the bias term is larger than those shown in Figures B.1 and B.2.

Figure B.3 — Estimate of the precision with which the method of this part of ISO 15186 can reproduce
ISO 140-4 results when measuring lightweight constructions
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The data comprising Figure B.3 were analysed to determine if the bias term was a function of the surface
being measured; partition or flanking element. The bias term proved to be nearly identical. However the
uncertainty in the estimate for flanking surfaces is greater, especially for frequencies below 250 Hz. This might
be due to the combination of several factors, including the following:

— high sound insulation shielding is necessary due to the fact that well below the critical frequency
(approximately 2 500 Hz for these cases) the flanking surfaces radiate very little sound power;

— a reduced pressure-residual intensity index in the low frequencies will reduce the precision of intensity
estimates;

— a low ’tnode count in the receiving room will reduce the accuracy of the 1ISO 140 methods in the|low
frequencies;

— sampling errors might be introduced by the pronounced gradient in the radiated intensity, ‘of flanking
surfacgs as the measurement position is moved away from the excitation junction.

Comparison of Figures B.1 to B.3 indicates that the expected bias will be a function, of the measurement
situation (determined by the degree of flanking, room volumes, amongst others)-and it is not feasiblg to
specify a sihgle bias and precision. However, it is expected that measurements will typically fall in the rgnge
defined by Figures B.1, B.2 and B.3.

B.3 Precjsion

The estimdted standard deviation with which the modified intensity sound reduction will reproduce| the
ISO 140 regult for large or small building elements is expected-tofall in the range defined by Figures B.1,|B.2
and B.3.
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