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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 Infernational Standards is normally carried out through 1SO
technical conpmittees. Each member body interested in a subject for which
a technical committee has been established has the right to be represented
on that committee. International organizations, governmental and non-
governmental, in liaison with ISO, also take part in the work. 1SO
collaborates |closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International [Standard ISO 140-5 was prepared by Technical ‘Committee
ISO/TC 43, Acoustics, Subcommittee SC 2, Building acoustics:

This second| edition cancels and replaces the first ,edition (ISO 140-
5:1978), whidh has been technically revised.

ISO 140 congists of the following parts, under the general title Acoustics —
Measuremeny of sound insulation in buildings and of building elements:

— Part 1:| Requirements of laboratory) test facilities with suppressed
flanking transmission

—  Part 2: Determination, verification and application of precision data

—  Part 3:| Laboratory smeasurement of airborne sound insulation of
building elements

—  Part 4:| Field-measurements of airborne sound insulation between
rooms

—  Part 5: Field measurements of airborne sound insulation of facade
elements and facades

—  Part 6: Laboratory measurements of impact sound insulation of floors
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—  Part 7: Field measurements of impact sound insulation of floors

—  Part 8: Laboratory measurements of the reduction of transmitted
impact noise by floor coverings on a heavyweight standard floor

—  Part 9: Laboratory measurement of room-to-room airborne sound
insulation of a suspended ceiling with a plenum above it

—  Part 10: Laboratory measurement of airborne sound insulation of
small building elements

Anrnexes-A-and-Biorm-an-integral-part-of-thispartef-HSO-140. Annexes C

to F are for information only.
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Acoustics — Measurement of sound insulation in buildings and of
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f ISO 140 specifies two series of methods (element methods and global methods) for me
e sound insulation of facade elements and whole facades, respectively. The element me
e sound reduction index of a facade element, for examplé-a window. The most accurate elg
ispeaker as an artificial sound source. Other, less ac¢urate, element methods use availablg
methods, on the other hand, aim to estimate the- outdoor/indoor sound level difference
ditions. The most accurate global methods use the actual traffic as sound source. |
br may be used as an artificial sound source. An-overview of the methods is given in table 1.

nt loudspeaker method yields an apparent sound reduction index which, under certain
in laboratories in accordance with(1ISO 140-3 or 1SO 140-10. This method is the preferred
Ce in the laboratory.

nt road traffic method will*'serve the same purposes as the element loudspeaker method. It
n, for different practical-reasons, the element loudspeaker method cannot be used. These

eld slightly different\results. The road traffic method tends to result in lower values of the so
the loudspeaker,‘method. In annex D this road traffic method is supplemented by the g

road traffic'method yields the real reduction of a fagade in a given place relative to a positio
ade, Fhis method is the preferred method when the aim of the measurement is to
ce-0f.a whole facade, including all flanking paths, in a specified position relative to nearh

ents

asurement of
thods aim to
ment method
traffic noise.
under actual
N addition, a

ircumstances

j account of measurement precision(see 7.1)], can be compared with the sound reguction index

method when

the measurement is to evaluate the performance of a specified facade element in felation to its

is particularly
two methods
Lind reduction
orresponding

n 2 min front
evaluate the
y roads. The

result canr

of-be compared with that of laboratory measurements

The global loudspeaker method yields the sound reduction of a fagade relative to a position 2 m in front of the
facade. This method is particularly useful when, for different practical reasons, the real noise source cannot be

used. The

result cannot be compared with that of laboratory measurements.
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Table 1 — Overview of the different measurement methods

©1SO

No. Method Reference Result Field of application
Element
1 |Element Clause 5 450 Preferred method to estimate the apparent
loudspeaker sound reduction index of facade elements
2 | Element Clause 6 Rir s Alternative to method No.1 when road traffic
road traffic noise of sufficient level is available
3 | Element Annex D Rits Alternative to method No.1 when railway
railway traffic (informative) traffic noise of sufficient level is available
4 | Element Annex D Rats Alternative to method No.1 when air traffic
air traffic (informatfive) noise of sufficient Tevelis available
Global
5 | Global Clause 5 Dis2mnT Alternative to methods Nos. 6, 7 and 8
loudspeaker Dis 2m.n
6 | Global Clause 6 Dy 2m.nT Preferred method to estimate the globdl
road traffic Dy 2mn sound insulation of a, facade exposed to
o road traffic noise
7 | Global railway | Annex D Dyt 2m.nT Preferred method to* estimate the globdl
traffic (informative) Dyt 2mn sound insulation‘.of a facade exposed to
o railway traffic-nQise
8 | Global Annex D Dat 2mnT Preferredyméthod to estimate the globdl
air traffic (informative) Dat 2mn sound jnsulation of a fagade exposed to aif
o trafficihoise
2 Normative references

The following

standards contain provisions which,through reference in this text, constitute provisions of

this part of

ISO 140. At the time of publication, the editiohs)indicated were valid. All standards are subject to reyision, and
parties to agfeements based on this part of ISO 140 are encouraged to investigate the possibility of applying the
most recent gdition of the standards indicated below. Members of IEC and ISO maintain registers of curfently valid
international gtandards.

ISO 140-2:1991, Acoustics — Measurement of sound insulation in buildings and of building elements| — Part 2:
Determinatioh, verification and.application of precision data.

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 354:198%, Acoustics — Measurement of sound absorption in a reverberation room.

ISO 717-1:1996< Acoustics — Rating of sound insulation in buildings and of building elements — Part I Airborne

sound insulation.

IEC 60651:1979, Sound level meters.

IEC 60804:1985, Integrating-averaging sound level meters.

IEC 60942:1991, Sound calibrators.

IEC 61260:1995, Electroacoustics — Octave band filters and fractional — Octave band filters.
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3 Definitions

For the purposes of this part of ISO 140, the definitions given in ISO 140-3 and the following definitions apply.

3.1 average sound pressure level on a test surface,

L1 s: Ten times the logarithm to the base 10 of the ratio of

the surface and time average of the sound pressure squared to the square of the reference sound pressure, the
surface average being taken over the entire test surface including reflecting effects from the test specimen and
facade; it is expressed in decibels.

3.2 average sound pressure level in a room,

L,: Ten times the logarithm to the base 10 of the ratio of the space

and time average of the sound pressure squared 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 fi¢ld of the boundaries (wall, window, etc.) is of significant influence; it is expressed in decibelg.

3.3 equivg
sound that
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’ ]
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lent continuous sound pressure level, Lo, Value of the sound pressure level offa conti
. within the measurement time interval, has the same mean square sound presstre-as the
on, the level of which varies with time; it is expressed in decibels.

reduction index, R: Ten times the logarithm to the base 10 of the ratio(ofjthe sound powsg
specimen to the sound power W, transmitted through the specimen:

0w, O
D lg L dB
W, O

expression “sound transmission loss” (TL) is also in use in’English-speaking countries. It is equiv
dex”.

ent sound reduction index, R Ten times theJegarithm to the base 10 of the ratio of the
5 incident on the test specimen to the total sound power transmitted into the receiving room,
nd power W, radiated by the specimen,(sound power Wj radiated by flanking element
s is significant:

g d
5 M Hag

ol
g WO

bnt sound reduction index;” R’5e: Measure of the airborne sound insulation of a building
source is a loudspeaker’and when the angle of sound incidence is 45°. The angle of soun
between the loudspeaker axis directed towards the centre of the test specimen and the
the facade. The{apparent sound reduction index is then calculated from equation (3):

Ly s—Lo+'101g (%) dB-1,5dB

huous steady
sound under

r W incident

(1)

hlent to “sound

sound power
if, in addition
b or by other

)

lement when
incidence is
normal to the

Ne)

where

Ly s Is the average sound pressure level on the surface of the test specimen, as defined in 3.1;

Lo
S

A

is the average sound pressure level in the receiving room, as defined in 3.2;
is the area of the test specimen, determined as given in annex A;

is the equivalent sound absorption area in the receiving room.

NOTE This equation is based on the assumption that the sound is incident from one angle only, 45°, and that the sound field
in the receiving room is perfectly diffuse.
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3.7 apparent sound reduction index,  R% s: Measure of the airborne sound insulation of a building element when
the sound source is traffic noise and the outside microphone position is on the test surface. The apparent sound
reduction index is then calculated from equation (4):

Rirs = Leg,1,s — Leg2 + 1019 (%) dB-3dB ... (4)

where

Leq1,s Is the average value of the equivalent continuous sound pressure level on the surface of the test
specimen including reflecting effects from the test specimen and facade;

Leg,2 is the average value of the equivalent continuous sound pressure level in the receiving roany;
Sand A |are as given in 3.6.

3.8 level difference, D, Difference, in decibels, between the outdoor sound pressure lgvel 2 m in front of the
facade, L, 51 and the space and time averaged sound pressure level, L,, in the receiving,room:

Dom =L42m L2 ... (5)

If a loudspeaker-is used, it is Dls,zm-

m

NOTE If traffic noise is used as the sound source, the notation is D, 5.

3.9 standardjzed level difference, D, .1 Level difference, in decibels,{corresponding to a reference Value of the
reverberation|time in the receiving room:

T
Dyt = Dom + 1019 [T_onB ... (6)

where Ty = 0J5 s.
NOTE If traffic noise is used as the sound source, the notation is Dy ,, - If @ loudspeaker is used, it is Dig 5, 7

3.10 normaliged level difference, D, : Leveldifference, in decibels, corresponding to the reference [absorption
area in the receiving room:

A
Domn = Pom — 10 |gE dB . (7)

where Ay = 1p m2.

NOTE If traffic noise is used as the sound source, the notation is D If a loudspeaker is used, it is Dig o, -

tr,2m,n"

4 Equipnent

4.1 General

The microphone shall have a maximum diameter of 13 mm.

The sound pressure level measurement equipment shall meet the requirements of a class 0 or 1 instrument
according to IEC 60651 or IEC 60804. The measurement chain shall be calibrated by using a class 1 or better
acoustical calibrator according to IEC 60942.

The one-third-octave band filters and, if relevant, the octave band filters shall meet the requirements of IEC 61260.

The reverberation time measurement equipment shall meet the requirements of ISO 354.
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4.2 Loudspeaker

The directivity of the loudspeaker in a free field shall be such that the local differences in the sound pressure level in
each frequency band of interest are less than 5 dB, measured on an imaginary surface of the same size and
orientation as the test specimen.

NOTE If the loudspeaker method is adapted to large test specimens, i.e. specimens where one dimension exceeds 5 m,
differences up to 10 dB can be accepted. This should then be reported in the measurement report.

5 Measurement with loudspeaker noise

5.1 Gell\eral

Two methqds, the element and the global loudspeaker method, are described.
The elemgnt loudspeaker method will yield an estimate of the apparent sound reduction index which, under
specified dircumstances, can be compared with the sound reduction index for the gorresponding facpde elements

obtained ir| laboratories.

The global loudspeaker method will quantify the airborne sound insulation ©f*a whole facade or gven a whole
building in fa specified situation. This result cannot be compared with laboratory measurements.

5.2 Principle

The loudspeaker is placed in one or more positions outside the‘building at a distance d from the fagade, with the
angle of sqund incidence equal to (45 £ 5)° (see figure 1).

The average sound pressure level is determined either directly on the test specimen (the element method) or 2 m in

front of thg fagade (the global method), as well as inthe receiving room. The apparent sound reductign index R’ge
or the leve| difference Dig ,,, is calculated.

s A -

Z

Key

Normal to the facade
Vertical plane
Horizontal plane
Loudspeaker

A WODN P

Figure 1 — Geometry of the loudspeaker method
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5.3 Generation of sound field

The sound field generated shall be steady and have a continuous spectrum in the frequency range considered. If
the measurements are made in one-third-octave bands, frequency bands with centre frequencies from at least
100 Hz to 3 150 Hz, preferably from 50 Hz to 5 000 Hz, shall be used. If the measurements are made in octave
bands, frequency bands with centre frequencies from at least 125 Hz to 2 000 Hz, preferably from 63 Hz to
4 000 Hz, shall be used. In addition, the differences between the sound power levels in the one-third-octave bands
belonging to an octave band shall not be greater than 6 dB in the 125 Hz octave band, 5 dB in the 250 Hz band, and
4 dB in bands of higher centre frequencies.

In all relevant frequency bands, the sound power level of the sound source shall be high enough to give a sound
pressure level in the receiving room that exceeds the background noise level by at least 6 dB.

5.4 Positipn of the loudspeaker

Choose the gosition of the loudspeaker and the distance d to the fagade so that the variation of’the sound pressure
level on the [est specimen is minimized. This implies that the sound source is preferably‘\placed on the ground.
Alternatively,|place the sound source as high above the ground as is possible in practice.

The distance|r from the sound source to the centre of the test specimen shall be.atleast 5 m (d > 3,5 m) for the
element loudgpeaker method, and at least 7 m (d > 5 m) for the global loudspeakér method. The angle of the sound
incidence shall be (45+5)°(see figure 1).

5.5 Measprements in the receiving room

5.5.1 Genegral

Obtain the alerage sound pressure level in the receiving room by-using a single microphone moved from| position to
position, or y an array of fixed microphones, or by a contiftiously moving or oscillating microphone. [The sound
pressure levgls at the different microphone positions shall*be averaged on an energy basis for all sodyind source
positions. In @ddition, determine the background noise level Ly,

5.5.2  Micrgphone positions
As a minimurp, five microphone positions shall be used in each room to obtain the average sound presspre level of
each sound fleld. These positions shall be.distributed within the maximum permitted space throughout ¢ach room,
spaced unifofmly.

The following separating distances are minimum values and should be exceeded where possible:
— 0,7 m between microphone’positions;

— 0,5 m between any microphone position and room boundaries or objects in the room;

— 1,0 m between.afly microphone position and the sound source.

When using p“moving microphone, the sweep radius shall be at least 0,7 m. The plane of the traverge shgll be
inclined in order to cover a large portion of the permitted room space and shall not Tie in any plane within 10 of a
room surface. The duration of a traverse period shall be not less than 15 s.

5.5.3 Corrections for background noise

Measure background noise levels to ensure that the observations in the receiving room are not affected by
extraneous sound, such as noise from outside the test room, electrical noise in the receiving system, or electrical
cross-talk between the source and receiving systems.

The background level should be at least 6 dB (and preferably more than 10 dB) below the level of the signal and
background noise combined. If the difference in levels is smaller than 10 dB but greater than 6 dB, calculate
corrections to the signal level according to equation (8):
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where

ISO 140-5:1998(E)

Iq (10st 110 _ 10 /10) 4B

L isthe adjusted signal level, in decibels;

Ly, isthe level of signal and background noise combined, in decibels;

L, isthe background noise level, in decibels.

.(8)

If the difference in levels is less than or equal to 6 dB in any of the frequency bands, use the correction 1,3 dB,

correspongtingtoardifferenceof 6 dBtnrthat case-indicate B, D7 or R-vatuesinthe measurement g

is clear thd

5.5.4 Mgasurement of reverberation time and evaluation of the equivalent sound absorption-area

The corre
reverberat

-
7

Following
source hag
decay. Us
straight lin

The minim
position ar

Moving mi
30s.

NOTE If th

5.6 Ele

is|the equivalent absorption area, in square metres;

is|the reverberation time in the receiving room, in.seconds.

t the reported values are the limit of measurement [see i) of clause 9].

on time measured in accordance with ISO 354 and determined using Sabine's'formula:

16V

T

the receiving room volume, in cubic metres;

been switched off, or from a sound pressure level a few decibels lower than that at the be
b a range neither less than 20 dB norsso large that the observed decay cannot be appro
b. The bottom of this range shall bé at'least 10 dB above the background noise level.

um number of decay measuiements required for each frequency band is six. At least ong
d three microphone positions‘with two readings in each case shall be used.

crophones which meet:the requirements of 6.3.2 may be used, but the traverse time shall be

e reverberatiofitime is extremely short (e.g. shorter than about 0,4 s), a moving microphone may be

ment |[oudspeaker method

port so that it

Ction term in equation (6) containing the equivalent sound absorption argayis evaluated from the

- (9)

SO 354, begin the evaluation of the reverheration time from the decay curve about 0,1 s after the sound

pinning of the
ximated by a

loudspeaker

not less than

broblematical.

5.6.1 Tqg

strequirements

If the purpose of the measurement is to obtain results as comparable as possible to those of laboratory

measurem

ents, carry out the following steps:

a) verify that the facade element under test is in accordance with the specified construction and is properly
mounted according to the manufacturer's instructions;

b) estimate the sound reduction index of the facade to ensure that the sound transmission through the wall
surrounding the test specimen does not contribute significantly to the sound pressure level in the receiving

room.

If the purpose of the measurement is to compare the sound insulation of a window with the results of laboratory
measurements, verify in addition that the area of the test opening is representative of that of the laboratories and
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that the niche opening and the window position in the niche do not deviate from the requirements given in
ISO 140-3.

Annex C outlines some examples for carrying out these checks. In case of doubt about unacceptably high sound
transmission through the wall surrounding the test specimen, the procedure described in annex B shall be carried
out.

5.6.2 Measurements on the outer surface of the facade element

Determine the average sound pressure level L; ¢ on the test surface. Carry out the measurements either with the
microphone fastened directly on the actual test specimen with its axis parallel to the plane of the facade and
directed upwards or downwards, or with its axis pointing in the direction normal to the test specimen. The distance

from the test specimen to the centre of the microphone membrane shall be 10 mm or_shorter, depend

ing on the

diameter of t
axis is norma
adhesive tap

If simultaneg
cables, have
fastened to tH

Choose betw
between the
surface. Itis

e microphone, if the axis of the microphone is parallel to the test surface, and 3 mm or¢sh
| to the test surface. If fastened, the microphone shall be fastened to the test specimen-wit
b, Equip the microphone with a hemispherical windscreen (see figure 2).

us measurements are carried out outdoors and indoors, only microphone {ypes which
been shown not to affect the sound insulation of the test specimen should be.used if the mid
e test specimen.

een three and ten measurement positions depending on the difference in the sound pres
positions. Distribute the measurement positions evenly but asymmetrically on the me
ecommended to begin with three measurement positions (n=3)=lf.the difference in the soun

level between two positions in one frequency is more than n, increase the )number of measurement pos

ten. If the teq
difference in
in the measu

t specimen is mounted in a recess of the facade, always:choose ten measurement posit]
he sound pressure levels between the measurement positions is more than 10 dB, this sha|
ement report.

As an alternative to several fixed positions, a scanning microphone is allowed provided that the distg

facade eleme
level.

Average the

10

Lis
where L4, L,

NOTE The di
balconies and

nt can be kept constant and provided that the\khackground noise is kept at least 10 dB below

N positions as given by equation (10):
lg(10L1/10 4+ 10L2/10 4 . + 10L/10).— 10 Ig(n) dB
..., L, are the sound pressure levels in positions 1,2,..., n.

fferences in the sound-pressure levels depend among other things on the height h above the groun
the position of the test.specimen.

orter if the
h a strong,

, including
rophone is

sure levels
asurement
d pressure
tions up to
ons. If the
| be stated

nce to the
the signal

... (10)

, recesses,

Figure 2 — Flush-mounted microphone
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bal loudspeaker method

5.7.1 Test requirements

There are

no special requirements.

5.7.2 Measurements in front of the facade

Place the microphone on the outside of the facade, in the middle. The distance shall be:

a) 2,0z
b) 1,0m
The height
If the main
the project
large, see

NOTE Beq

573 L4

If the room is very large or if it has more than one outside wall, it is nermally not possible to meag

source pos
positions id

574 Cg

If several

according
I:)Is,Zm

where
n g
D, is

6 Meag

6.1 General

0,2) m from the plane of the fagade, or

from a balustrade or other similar protrusion.

of the microphone shall be 1,5 m above the floor of the receiving room.
part of the facade is a sloping construction such as a roof, choose the position not-nearer to
pd part of the vertical part of the facade. If the room considered has more than pne-outside
b.7.3. Denote the measured sound pressure level Ly om.

ause of uncontrolled interference effects, systematic errors will occur, particularly_at low frequencies.

rge rooms or facades comprising more than one outside wall

ition only. In those cases, use several source positions, each in full compliance with 5.4. T|
given by the directional characteristics of the loudspeaker.and the area of the fagade (see

Iculation of measurement results

source positions have been used, calculate theuilevel difference for each position and 4
0 equation (11):

_ 1 D-/1o)
=-10Ilg| =) 10+ dB

the number of source positions;

the level difference for.each source-receiver combination.

surements-with road traffic

R

the roof than
vall or is very

ure with one
he number of
1.2).

verage them

... (11)

PSS alaman alabal—raad+ daceribhad Tha ocarracnan PAHZYN

Two meth

t o o o o o o
JUS, UIC TITTTITCTIU drnu it yiouvar tuau uaamme e UCTOUITTuUTuU. Fic CUNTCOpPUTIUNTY

railway and air traffic noise are described in annex D.

methods for

The element road traffic method will yield an estimate of the apparent sound reduction index which, under specified
circumstances, can be compared with the corresponding sound reduction index obtained in laboratories.

NOTE Due to background noise, this method is normally limited to measuring R, < 40 dB.

The global road traffic method will quantify the airborne sound insulation of a whole fagade or even a whole building
in a specified situation. This result cannot be compared with the sound reduction index obtained in a laboratory.
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6.2 Principle

If the sound is incident on the test specimen from different directions and with varying intensity (e.g. traffic noise in

busy streets), the sound reduction index or the level difference is obtained from the equivalent sound pressure
levels measured as a function of frequency on both sides of the test specimen.

6.3 Test requirements

During the measurements the background noise in the receiving room shall be at least 10 dB below the measured
equivalent sound pressure level. Use the existing traffic noise incident on the test specimen for sound generation.

The measure

ment time shall include at least 50 passing vehicles.

On account
opposite sid
background 1

NOTE Correq

6.4 Frequ

When measu
100 Hz to 3]
bands, frequ

jf possible fluctuations in traffic noise, measure the equivalent sound pressure levels simultal

s of the specimen. Avoid quiet periods, i.e. periods when the traffic noise doeschat ¢
oise by more than 10 dB.

tions for background noise according to 5.5.3 cannot normally be carried out.

ency range
rements are made in one-third-octave bands, frequency bands withccentre frequencies of alf

bncy bands with centre frequencies of at least from 125 Hz\to 2 000 Hz, preferably fror

4 000 Hz, shall be used.

6.5 Elemgd

6.5.1 Gengd

If the purpos
which are ref
that procedu
requirements

NOTE Under
requirements

nt road traffic method

ral

e of the measurement is to compare the results with laboratory measurements or to ob
resentative of a facade element, follow, ifpossible, the procedure given in 5.6. If, for practic

given in 5.6.1 shall be complied with;

some circumstances it may bhecome necessary to apply the element road traffic method a
btated in this part of ISO 14Q are not fully complied with. If results of such measurements are

deviations from this part of ISO 140 should be reported.

6.5.2 Gengd

The measurg

ration of the sound field

ment situation shallfulfil the following requirements.

heously on
xceed the

least from

|50 Hz, preferably from 50 Hz to 5 000 Hz, shall be used. Wheh measurements are madg in octave

n 63 Hz to

ain results
Al reasons,

e is not applicable, the element road traffic method is an alternative. However, in all casg¢s, the test

though the
eported, all

a) The trafflc shall flowapproximately along a straight line within an angle of sight within +60° from the facade;
within this angle,"deviations from a straight line are allowed within £15° with the tangent to the traffig line at the
intersectfon ofsthe traffic line and the normal from the fagade on the traffic line (see figure 3).

b) The angle 6f elevation, observed from the point of least distance between the facade and the line of traffic, shall
be less than 40°.

c) Free view of the whole facade shall be possible from the whole width of the traffic flow.

d) The minimum horizontal distance between the traffic line and the fagade shall be at least three times the width

of the fagade to be tested, or 25 m, whichever is the largest (see note in 6.5.1).

10


https://standardsiso.com/api/?name=482f73bd65fed45dd58034044ce4847e

©1S0 ISO 140-5:1998(E)

e /

35,
Key

1 Receiving point
2 Traffic line

NOTE s, | is the distance between the receiving point and the traffic line;
s, { is the horizontal distance between the receiving point and the traffic line;
H | is the height difference between the receiving point and the traffic line:

Figure 3 — Conditions at long straight traffic’'lines

6.5.3 M¢gasurement of the equivalent sound pressure levels

Place the [microphone on the outside of the test specimen as.given in 5.6.2. If the facade is flat
recesses qr balconies, use three microphone positions asymmetrically distributed over the measurem

without large
pnt surface. |If

the facadel has large recesses or balconies, use five microphone positions. Denote the measured sound pressure

level Ly o

12

Carry out the measurements in the receiving room-as given in 5.5. If discrete microphone positions gre used, it is

permitted o use one position for each microphene’position on the outside.

6.5.4 Mgasurement of reverberation time and evaluation of equivalent sound absorption area
Proceed a$ given in 5.5.4.

6.6 Glopal road traffic method

6.6.1 Gegneral

There are ho restrictions-other than those given in 6.3.

6.6.2 Gegneratieh of the sound field

There are ha-special requirements.

6.6.3 Measurement of the equivalent continuous sound pressure levels

Place the microphone on the outside of the fagade, in the middle. The distance shall be:
a) (2,0£0,2) mfrom the plane of the facade; or

b) 1,0 m from a balustrade or other similar protrusion.

The height of the microphone shall be 1,5 m above the floor of the receiving room.

If the main part of the fagade is an oblique construction such as a roof, choose the position not near
than the projected part of the vertical part of the facade. If the room considered has more than one

er to the roof
outside wall,

position the microphone in front of each of the facades. Denote the measured sound pressure level Ly g o

11
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NOTE 1 Because of uncontrolled interference effects, systematic errors will occur, particularly at low frequencies.
Carry out the measurements in the receiving room as given in 5.5.

NOTE 2 In addition to measurements in one-third-octave or octave bands, direct A-weighted measurements may be carried
out.

6.6.4 Measurement of reverberation time and evaluation of equivalent sound absorption area

Proceed as given in 5.5.4.

In the case of direct A-weighted measurements, the reverberation time and absorption area at 500 Hz should be
used when normalizing D, and D,, respectively.

6.6.5 Calc1|1|ati0n of measurement results

If several migrophone positions on the source side have been used, calculate the level differencefor each position
and average pccording to equation (12):

Dyom = £101g (%210‘” ! 10) dB Y

where

n is the number of microphone positions on the source side;

D; is the level difference for each source-receiver combination.
7 Precisipn
7.1 Genefal

The measurgment procedure shall give satisfactoty repeatability. This shall be determined in accordange with the
method given in ISO 140-2 and should be verified from time to time, particularly when a change is njade in the
procedure orlinstrumentation.

NOTE 1 Numerical requirements for repeatability are given in ISO 140-2.

NOTE 2 As the sound insulation of windows and small facade elements depends on the dimensions, the sound |nsulation in
practice could [differ considerably if-@‘construction has an area other than the one tested in the laboratory. It is unlifely that test
specimens (egpecially window<panes) the areas of which have a ratio of up to 2:1 will show differences in sourd insulation
greater than 3[dB in the singlesnumber quantity. With an area greater than that which has been tested, a lower sounpd insulation
will generally rpsult.

7.2 Elemgntloudspeaker method

If the variation In the sound pressure levels between the different outdoor microphone positions I1s less than 10 dB,
the value of the weighted apparent sound reduction index R'ss-,, obtained by this method, can be 0 dB to 2 dB
higher than the value of the corresponding sound reduction index R, measured in a laboratory, assuming that
mounting conditions, including niche size, and test specimen type and size are identical. In discrete frequency
bands, the deviations may become greater, especially at frequencies below 250 Hz. In addition, the reproducibility
of such measurements shall be taken into account. As a comparison, laboratory measurements have been shown
to have a reproducibility, as defined in ISO 5725-1, of about 2 dB for the R, value.

7.3 Global loudspeaker method

The reproducibility has been shown to be about 2 dB.

12
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7.4 Element and global road traffic methods

The precisions of the element and global road traffic methods are not known.

8 Expression of results

For the statement of the airborne sound insulation of a fagcade element and a fagade, the standardized level
difference D, or the apparent sound reduction index R shall be given at all frequencies of measurement, to one
decimal place, in tabular form and/or in the form of a curve. Graphs in the test report shall show the level in decibels
plotted against frequency on a logarithmic scale, using the following dimensions:

— 5 mmifor a one-third octave band,
— 20 mnp for 10 dB.

The use of a form in accordance with annex E is preferred. This being a short versionyofithe test rejport, state all
information of importance regarding the test object, the test procedure, and the test results.

If octave Hand values are to be calculated from the one-third-octave bands, thesévalues shall be cdlculated from
the three gne-third-octave band values in each octave band, using equation (13):

3 10_X1/30ct/10 O

Xoct 7 ~101g élT% ... (13)

where X is|the normalized level difference, the standardized leveldifference, or the apparent sound reduction index.

9 Testreport

The test rgport shall state:

a) reference to this part of ISO 140;

b) name of the organization that has performed the measurements;

c) identifjcation of test site;

d) namejand address ofdhig organization or person who ordered the test (client);
e) date of test;

f)  description 0ffacade elements and of facade;

g) volume—of rnr‘oi\/ing room;

h) area of test surface;

i) apparent sound reduction index, standardized level difference, or normalized level difference, as a function of
frequency, and the corresponding weighted values;

i) Information on background noise;
k) Information about which test method has been used.
[) any deviations from this part of ISO 140.

For the evaluation of single-number ratings, see ISO 717-1.

13
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Annex A
(normative)

Determination of area S

When determining the sound reduction index for a fagade element, e.g. for a window or a door, the area Sis equal
to the area of the free opening where the window or the door is mounted. The area Sthat is used shall be given in
the measurement report.

qual to the

14
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Annex B
(normative)

Control of sound transmission through the wall
surrounding the test specimen

Cover the test specimen and only the test specimen on the inside with 10-cm-thick mineral wool covered with at
least two 13-mm-thick plaster boards, and then measure the sound insulation. If the measurements show an
improvement in the sound insulation which is less than 6 dB throughout the whole frequency range or parts of it, the
sound trarsmissionthrooghthe—surrounding—watt s unacceptabty tigh—imthat tase—accuratecomparisons with
laboratory measurements cannot be made for those frequencies for which the improvement is less-thap 6 dB.

15
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C.1 Evalu

Annex C
(informative)

Examples of verification of test requirements

ation of a test specimen

©1SO

To find out if a test specimen is identical to the one tested in the laboratory, the following checks may be carried out:

type of w
—  thicknes
—  number

— airspace
— typeofg
— number

— the exist

- type and

C.2 Verifi

To ascertain
following test

— visual ex

— totalorp

indow construction;

5 and type of glass;

bf panes;

between panes;

As in a sealed glazing unit;

pf seals;

bnce of a dust seal (in windows between the coupled sashes);

material of the frame.

cation of mounting

that the mounting is carried out according to the manufacturer's instructions, one or m
5 may be carried out:

amination;

artial dismounting;

— acoustical check, e.g. by testing the test specimen after the space between the frame and the wal

taped ov|

pr. If there is a differefice in the sound insulation, there is a leak.

16
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Annex D
(informative)

Measurements with aircraft and railway traffic noise

D.1 Introduction

Air traffic noise in the neighbourhood of airports normally penetrates into buildings through a number of different
propagation paths during each aircraft operation. This happens at the same time as the frequency composition of

the noise

aries_Thus the described methods of measurements of air traffic noise reduction in buildi

on time-in
pattern.

D.2 Ge
Two methd
The elem
circumstar

method is

The global
position 2

egrated noise descriptors. Railway traffic noise is dealt with simultaneously as it has-g

neral

ds, the element and the global traffic method, are described.

bnt method yields an estimate of the apparent sound reduction index which, un
ces, can be used to estimate the noise reduction of one partictifar element of a building.

0 be used with care as the measurement precision is not known,

method quantifies the airborne sound insulation of a whele facade or even a whole buildin
M in front of the fagade. This result cannot be compared, with that of laboratory measuremen

D.3 Deflinitions

For the pu

D.3.1 sou

poses of this annex, the following definitions apply.

nd exposure level: The sound exposure level of a discrete noise event is given by equatio

t
12 p%(1)

Le=101g— dt
to-t[ Po”

where
p(t)
-1t

Po

is the instantaneous sound pressure;

is asstated time interval long enough to encompass all significant sounds of a stated event;

gs are based
. similar time

ler specified
However, this

) relative to a
S.

n (D.1):

...(D.1)

iSthe reference sound pressure, with p, = 20 uPa;

ty

is the reference duration, with t; =1 s.

NOTE Sound exposure level is also called "single event sound pressure level".

D.3.2 sound exposure level difference, Dg,,,: Difference between the outdoor sound exposure
and the space-averaged sound exposure level, L, in the receiving room:

Deom

NOTE If ai

=Llgiom—Le2

r traffic is used as sound source, the notation is D, g,,. If railway traffic noise is used, it is Dy gop,.

level, Lgg om,

... (D.2)

17
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D.3.3 standardized sound exposure level difference,

998(E) ©1S0

Degom e Level difference corresponding to a reference

value of the reverberation time in the receiving room:

Deomnt

where Ty =0,

NOTE |If air tr.

D.3.4 normalized sound exposure level difference,

= Dg,p + 101g [lj dB
To

.(D.3)

5s.

affic noise is used as sound source, the notation is D g5, 7 If railway traffic is used, itis Dy gor -

Dgom nt Level difference corresponding to a reference value

of the absorp,
DE2m,n

where Ag =1

NOTE

D.3.5 appard
when the sou
from equatio

Rats = Le1,

where

Leis Is
ef

Lgo is
S is
A is

D.3.6 appar
when the so
calculated frg

Rits =

4 Dgopy — 10 Ig(%JdB

If air triaffic noise is used as sound source, the notation is D

O area 1T the TETEIviTIg TOOTT.

. (D.4)

D m?2.

ate2m - |f railway traffic jslused, itis Dy o 1

nt sound reduction index,
nd source is air traffic noise and the outside microphone position is on the test surface; it is|
(D.5):

Rats: Measure of the airborne sqund insulation of a building element
calculated

s—Lgp+10 Ig( )dB 3dB .(D.5)

the average value of the sound exposure«level on the surface of the test specimen includin
ects from the test specimen and facade;

j reflecting

the average value of the sound exposure level in the receiving room;
the surface area of the test specimen;

the sound absorption area_in the receiving room.

ent sound reductionyindex,

ind source is_tailway traffic n0|se and the outside microphone position is on the test sy
m equation (D.6):

R\ : Measure of the airborne sound insulation of a building element
rface; it is

— g2 10 Ig( )dB 3dB .(D.6)

where

Lels

Lep

Sand A

D.4 Instru

See 4.1.

18

is the average value of the sound exposure level on the surface of the test specimen including
reflecting effects from the test specimen and facade;

is the average value of the sound exposure level in the receiving room;

are as given in D.3.5.
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D.5 Measurements

D.5.1 General

Aircraft or railway noise is used as the sound source. The sound pressure level is measured simultaneously
outdoors and indoors at specified positions. Then the relevant noise descriptor is calculated.

D.52 Te

st requirements

The sound pressure levels from the traffic, both outdoors and indoors, shall be sufficient to ensure that the
measurements are unaffected by background noise within the frequency range of interest.

D.5.3 Fr
If the med|

least 100 |
the freque

D.5.4 EIl
D.5.4.1 G
If the purp

which are
that proce

NOTE Und
requiremen
deviations f
D.5.4.2 G
There are

D.543 M

Place the
recesses ¢
the facade

Pquency range
surements are made in one-third-octave bands, use frequency bands with centre freque

Hz to 3 150 Hz, preferably from 50 Hz to 5 000 Hz. If the measurements are made-in octav
hcy bands with centre frequencies from at least 125 Hz to 2 000 Hz, preferably\from 63 Hz tq

bment method

eneral

ose of the measurement is to compare the results with laboratory measurements or to
epresentative of a fagcade element, follow, if possible, the procedure given in 5.6. If, for prag

er some circumstances it may become necessary to-apply the element air or railway traffic methol
s stated in this part of ISO 140 are not fully complied with. If the results of such measurements a
om this part of ISO 140 should be reported.

eneration of the sound field
No restrictions other than those given in D.5.2.
easurement of the sound exposure level

microphone on the outer)surface of the test specimen as given in 5.6.2. If the facade is flat
r balconies, use three/microphone positions asymmetrically distributed over the measurem

ncies from at
e bands, use
4 000 Hz.

bbtain results
tical reasons,

Hure is not applicable, this element air or railway traffic’ method is an alternative. Howgver, the test
requiremeits given in 5.6.1 shall in all cases be complied with.

d although the
e reported, all

without large
bnt surface. If

has large recesseS/or balconies, use five microphone positions. Measure the sound exposu

least five Moise events./The microphone may be moved between the noise events. Denote the me

exposure |

In the rec
permitted

pvel for the event i as Lgy; o

re level for at
sured sound

bjving-.reom, use as a minimum five microphone positions uniformly distributed within the maximum
pace throughout the room. A moving microphone can be used in those cases where the duration of the
noise event{s about equal to or longer than the traverse period. When using a moving microphone, the sweep

radius shall be not less than 0,7 m. The plane of the traverse shall be inclined in order to cover a large portion of the
permitted room space and shall not lie in any plane within 10° of a room surface. The duration of a traverse period
shall be not more than 15 s.

The followi

0,7m

0,5m

1,0m

ng separating distances are minimum values and should be exceeded where possible:
between microphone positions;
between any microphone position and room boundaries or objects in the room;

between any microphone position and the test specimen.
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Measure the sound exposure level for the same events as for the outdoor measurements. If discrete microphone
positions are used, it is permitted to use one position for each microphone position on the outside. Denote the
measured sound exposure level for the event i as Lgy;.

D.5.4.4 Measurement of reverberation time and evaluation of equivalent sound absorption area

Proceed as specified in 5.5.4.

D.5.4.5 Calculation of measurement results

Calculate the apparent sound reduction index R s or Ryts and the weighted apparent sound reduction index
Ratsw Of Ritsw according to the method given in ISO 717-1. If several noise events were used, calculate the

apparent sou

R =-1(
where

n isth

R, isth
NOTE The a

when there is

D.5.5 Glob
D.5.5.1 Gen
There are no
D.5.5.2 Medg

Place the mig
plane of the f

If the main p3g
the projected
facade, posit
sound expos

NOTE 1 Beca|

! ! s | £ ! ' ! 41 (H +
U TEUULUUTT TTUEA TUN ©AllT PUSTUHUTT AU aveTayc UiIcHiT aLLurdiriy tu

Ig%ZlO_W”O%dB

£ number of noise events;
P apparent noise reduction index for the i-th noise event.

parent sound reduction index can only be used to estimate the sgund insulation of a particular facg
o significant flanking transmission.

al method

eration of the sound field

restrictions other than those given in D.5:2(
surement of the sound exposure levél

rophone on the outside of the facade, in the middle of the width, at a distance of (2,0 £ 0,2)
hcade. The height of the mierophone shall be 1,5 m above the floor of the receiving room.

rt of the facade is a sleping construction such as a roof, choose the position not nearer to th
part of the verticalCpart of the fagcade. If the room considered has more than one outs
on the microphone,in front of the fagade with the highest outside noise level. Denote the
ire level Lgq o

use of uncentfolled interference effects, systematic errors will occur at low frequencies.

NOTE 2 Whe
than the faca

1

air traffic noise is used as sound source, it often happens that the outdoor microphone is screeng
.Ahthese cases systematic differences can occur compared to cases when this is not so.

...(D.7)

de element

m from the

e roof than
de wall of
measured

d differently

Carry out the measurements in the receiving room as given in 5.5. If discrete microphone positions are used, it is
permitted to use one position for each noise event.

Measure the sound exposure level for at least five noise events.

NOTE 3 In addition to measurements in one-third-octave or octave bands, direct A-weighted measurements may be carried

out.

D.5.5.3 Measurement of reverberation time and evaluation of equivalent sound absorption area

Proceed as s

20

pecified in 5.5.4.
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