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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical

committees.

Each member body interested in a subject for which a technical committee has been established has

the right to be represented on that committee. International organizations, governmental and non-governmental, in

liaison with
Commission

International

Draft Interna

ISO, also take part in the wark 1SQ collabarates closely with the International Flectrotechnical
(IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3.

ional 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.

Attention is drawn to the possibility that some of the elements of this International Standard may be the|subject of

patent rights

International
SC 1, Noise.

Annexes A ahd B form a normative part of this International Standard.*Annex C is for information only.

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

Standard 1SO 14257 was prepared by Technical Committee~ISO/TC 43, Acoustics, Subcommittee
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Introduction

According to ISO 11690-1, the spatial sound distribution in a workroom is described by a curve characterizing the
sound pressure level from a point source with a known sound power level, and with steady emission and
omnidirectional sound radiation as a function of the distance from the source. This International Standard specifies
a method for the determination of that spatial sound distribution curve, and for the derivation of two characteristics
(rate of spatial decay of sound pressure levels per distance doubling and excess of sound pressure level) for the

room in gyestion.

Data obtained using this International Standard are of use for the following:

— acoudtical qualification of a room with respect to noise control;

— deterinination of appropriate positions of a machine and of work stations in a room;
— assegsment of the necessity to increase the sound absorption in the room;

— qualitative estimation of the potential performance of screens install€d)in the room;

— calculation of the noise-immission levels to be expected when machines with known emission ar¢ operated at
specified positions in the room.

© ISO 2001 — All rights reserved \
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INTERNATIONAL STANDARD ISO 14257:2001(E)

Acoustics — Measurement and parametric description of spatial
sound distribution curves in workrooms for evaluation of their
acoustical performance

1 Scope

This Interpational Standard specifies a method for measuring the spatial sound distribution curve(s$) of a given
workroom| A method is given for determining, from the measured data, two descriptors of the acoustical
performanice of a workroom regarding noise control: i.e. the excess of sound pressure.level with respect to a free
field, and the sound pressure level decay per distance doubling.

This Interpational Standard does not deal with assessment of the acoustical quality with respe¢t to speech
communication or other psychological factors.

This Internjational Standard is applicable to workrooms of any shape.and any dimensions provided thgt the number
of micropHone positions allows the regression calculation to be performed.

2 Normative references

The followjng normative documents contain provisions which, through reference in this text, constitute |provisions of
this Internjational Standard. For dated references,-subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are ephcouraged to
investigate the possibility of applying the mostrecent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of |SO and IEC
maintain registers of currently valid International Standards.

ISO 3741, Acoustics — Determination of sound power levels of noise sources using sound |pressure —
Precision methods for reverberation rooms

ISO 3744:11994, Acoustics~—' Determination of sound power levels of noise sources using sound| pressure —
Engineering method in @n_essentially free field over a reflecting plane

ISO 3745,| Acoustics’ — Determination of sound power levels of noise sources using sound |[pressure —
Precision methads.for anechoic and semi-anechoic rooms

ISO 6926,| Acoustics — Requirements for the performance and calibration of reference sound sourceq used for the
determination of sound power levels

IEC 60651, Sound level meters
IEC 60804, Integrating-averaging sound level meters

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

3 Terms and definitions

For the purposes of this International Standard, the following terms and definitions apply.

© 1SO 2001 - All rights reserved 1
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3.1

sound pressure level

Lp

ten times the logarithm to the base 10 of the ratio of the square of the sound pressure, p, radiated by a sound

source to the

NOTE 1

NOTE 2

square of the reference sound pressure (pg = 20 pPa)

The sound pressure level is expressed in decibels.

should be indicated.

3.2

The frequency weighting or the width of the frequency band used, and the time weighting (S, F or I, see IEC 60651),

sound powq
Lw

ten times thg
sound power

NOTE1 Th

NOTE2 Th
sound power |

3.3
spatial soun
curve which
the source in

NOTE1 Su
spatial sound

From this cury

the rate @

the exces

r level

logarithm to the base 10 of the ratio of the sound power radiated by a sound sourcelto the
(Po = 10712 W)

b sound power level is expressed in decibels.

b frequency weighting or the width of the frequency band used should be indicated. For example, the
bvel is L.

d distribution curve

creases

Ch curves are frequency dependent and characterize_the” acoustic properties of rooms. In some cag
Jistribution curves are necessary to characterize a.room.

e and for a given range of distances from the séurce, two main quantities are determined:

f spatial decay of sound pressure levels.perdistance doubling (DL,), and

s of sound pressure level (DLy).

reference

A-weighted

shows how the sound pressure level from a reference sound source decreases when the distance to

es, several

Three distance¢ ranges are normally of interést) hear, middle and far regions. These two quantities (DL, and DLy) ate useful for

assessing the

NOTE2 Ad
3.4

sound distri
Dj (r)
difference, ir
located at a
source in the

bution value

acoustic quality of a room.

bpted from ISO 11690171996, definition 3.4.11.

decibels, between the sound pressure level, in a given octave band and at a micropho
given distance from the reference sound source, and the sound power level of the refere

e position
hce sound

sdame octave band, as given by

Dj(r)=

where

ij (I’)—L\M

Lw; is the sound power level of the reference sound source used for the test;

@)

Ly is the sound pressure level at each measurement point located at a distance r from the sound source;

j

NOTE

is the number of the octave band.

The sound distribution value for a given sound power spectrum can be calculated according to equation (3).
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rate of spatial decay of sound pressure levels per distance doubling

DL,

slope, in decibels per distance doubling, of the spatial sound distribution curve for a given range of distances

3.6
excess of
DL

sound pressure level

average difference, in decibels, over a given distance range, between the spatial sound distribution curve of the
room and the spatial sound distribution curve for a free field

NOTE

4 Soul

4.1 Ger

For basic
ISO 1169(

4.2 Sps

4.2.1 Re
The refersg

surfaces d
equation:

D ref

where

iq

-

q

ro

Experienc

I'ne spatial sound aistripution curve 101 a free Tield 1alls ot WIth' © db per distance doupling.

nd distribution in aroom

eral

information on sound propagation in a room and on the spatial-sound distribution
-1, ISO/TR 11690-3 and other references in the Bibliography.

tial sound distribution curves

ference spatial sound distribution curve
r scattering objects. At each microphone position, values D, for this curve are given by

2

) =101g) —2 |dB :(20 |gr—°—11) dB
4mr r

the distance, in metres, between the sound source and the measurement point considered;

the reference distanee (= 1 m).

b shows that/~ground reflections and the directivity of the source influence the mea

distribution curve ifthe influence of the room is low, such as in very large rooms and/or in room

absorbent
annex B.

boundaryvsurfaces. This may be taken into account by applying the correction method

curves, see

nce curve is the spatial sound distribution curve which would occur in a free field, without any reflecting

the following

)

sured sound
5 with highly
described in

It is reco

hmended to draw the reference curve in all rlingrnme ehn\/\ling epnﬁnl sound distribution

curves (see

Figure 1).

4.2.2 Spatial sound distribution curves in frequency bands and for a given frequency spectrum

For the purposes of this International Standard, spatial sound distribution curves are measured in octave bands.

NOTE

In narrower frequency bands (such as one-third-octave bands), interference effects can occur. These can affect
spatial sound distribution curves in a complex manner so that extensive experience is required for correct interpretation. Thus,
such measurements are not recommended.

The spatial sound distribution curve in a given octave band and on a given path is determined from equation (1).

© ISO 2001 - All rights reserved
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The sound distribution curve for a given octave band j is the diagram of the sound distribution values Dj(r) where a
logarithmic scale is used for r (see Figure 1).

For practical purposes, there is often particular interest in the spatial sound distribution curve for a given sound
power spectrum, e.g. the spectrum of a specific machine. This curve is determined from octave-band data
according to the following equation that gives the value, Dg, of D at distance r:

210(Dj(f)+LWmach i )/10

Ds(r) =101g-! dB
S( ) g Vlo I-Wmachj/]-0
—
i
where
Dj(r) is the value of D in octave band j, at position r;
Lwmachj is the value of the sound power level of the machine in octave band j.

4.2.3 Fregliency-normalized spatial sound distribution curve

If the frequen
are not know

under test for a normalized frequency spectrum. The normalized.frequency spectrum for the purpd

International

relative to this particular spectrum is calculated from octave-band'data, Dj, according to the equation:

DNorm 7

cy spectra of the sound power of the machines that operate @rwill operate in the workroom
n, it is often sufficient and useful to determine the spatial.sound distribution curve(s) of the

Standard is A-weighted pink noise so that the frequency-normalized spatial sound distribl

10|g 210 (D] +Pj)/10
j

dB-6,2dB

®)

under test
workroom
se of this
tion curve

(4)

where
i is the number of the octave-band;
Dnorm| is the value of D for the\frequency-normalized spatial sound distribution curve;
Pj is given in TableL:
Table 1 ——Values of Pj for the frequency-normalized spatial sound distribution curve
Octave band J, 125 250 500 1000 2 000 4000
centre|frequency, Hz
SUDSCTIPT | T 7 3 7 5 3]
P, dB -16,1 - 8,6 -3,2 0 1,2 1
NOTE A-weighted pink noise has been retained as a normalized frequency spectrum because the range of frequency

spectra met in practice is so large that the use of an average industrial frequency spectrum can imply that a frequency-
normalized spatial sound distribution curve is meaningful for all possible industrial situations, which is not true.

For special purposes, such as optimizing the sound absorption in a room, a specific spectrum may be used.
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5.1.1 Pe
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eld sound distribution curve
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rement points
ce from the source to the receiver (logarithmic scale)

Figure 1 — Representation of a spatial sound distribution curve

surement of the Spatial sound distribution curve

cifications‘wegarding the sound source used for the test

Fformance requirements to be met by the source

the purpose

requrrements for reference sound sources accordlng to ISO 6926 are more strlngent than

ecessary for
rce, however,

must meet more stringent requrrements for measurements to be in accordance with this International Standard.
Annex A therefore specifies the requirements for a reference sound source for the purposes of this International

Standard.

5.1.2 Cal

libration and verification of the sound power of the source

The sound source shall be calibrated in octave and one-third-octave frequency bands in accordance with
ISO 6926. Table 2 indicates the acoustical environments to be used for sound power and directivity determinations,
depending on the position of the source in normal use, for calibration and verification purposes. The method for
determining the directional characteristics of the sound source is specified in annex A. Checks shall be done in
octave bands. Intervals between checks depend on experience gathered with the source system used.

©1S0 2001 -
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Table 2 — Appropriate environments for the determination of the sound power of the source

for calibration and verification purposes

aco
S

Height above floor of

Appropriate environments for
determination of sound power determination of directional

characteristics

ustical centre of sound
ource in normal use

Appropriate environments for

0,5mor less Reverberation room (see ISO 3741)
or hemi-anechoic room

(see ISO 3745)

Hemi-anechoic room (see ISO 3745)

More than 0,5 m Reverberation room (see I1ISO 3741)

or anechoic room (see ISO 3745)

Anechoic room (see ISO 3745)

If the sourcs
bands every
intervals bety

NOTE Th
power level o
evaluated usir]

5.1.3 Location of the source

For measure

either ag

at a heig
A source is @
The acoustic]

than the floo
shall be reco

system is used rather frequently, it is recommended to determine its sound power leve
3 months or more frequently until there are at least six individual measurement results. Lat
veen checks may be longer.

b purpose of the determination of the spatial sound distribution curve may not require knowledge o
the source. This is the case, for example, when the acoustical performance-0f-a workroom (see
g only the rate of spatial decay of sound pressure levels per distance doubling\(see 3.5).

ment of the spatial sound distribution curve, the acousticakeentre of the sound source shall &
close as possible to the floor, or

ht above the floor of more than 0,5 m.

onsidered as being close to the floor if its acoustical centre is at a height less than or equal t
Al centre of the source shall be located-at least 3 m away from any wall and any reflecting o

. If this requirement cannot be fulfilled because of the room dimensions, the distance used
rded and reported.

5.1.4 Sou

The sound

sound distribution curve is to bemeasured, the sound pressure level due to the source is at least 10 dB |
the backgroynd noise from-other sources. If, at a given measurement point and in a given octave band,
pressure levegl, when the-source used for the test is in operation, is less than 10 dB but more than 6 dB
background noise, a hackground noise correction determined as specified in ISO 3744 shall be made.

5.2 Measlirement instrumentation

d power versus background noise

wer of the source Shall be such that, for all distances and for all octave bands for which

in octave
br on, time

the sound
lause 6) is

e located

D 0,5 m.

bject other
or the test

the spatial
igher than
the sound
igher than

Sound pressure levels in each octave band and at each microphone position shall be measured using a class 1
sound level meter in compliance with IEC 60651 or a class 1 integrating-averaging sound level meter in compliance
with IEC 60804. The microphone shall be omnidirectional (taking into account any supplementary equipment

connected to

it). Octave-band filters shall comply with IEC 61260.

If the signal is recorded (using, for example, analog or digital recorders) for off-line processing, it shall be ensured
that the instrumentation as a whole complies with the above-mentioned requirements.

© ISO 2001 - All rights reserved
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5.3 Measurement path and points

5.3.1 Measurement path

The measurement path shall be parallel to the floor and begin on the source. The last measurement point on the
path shall be located at a minimum distance of 1,5 m from any wall or large reflecting object. A larger distance is
recommended.

Preferred path heights are 1,55 m (so simulating a person standing up) and 1,2 m (so simulating a person seated).
Any other path height is acceptable as long as the path remains parallel to the floor and its value is recorded and

reported.

The path $hall be such that there is no obstacle on the floor below it. If this condition cannot be met,
recorded and reported together with the precise location of the obstacle(s) with respect to the measure

The path
reflecting
above flo

5.3.2 Magasurement points

The meadqurement points shall be distributed on the measurement/path. Possible distributions of
positions dlong a path are many. It is recommended to choose one afithe following distributions:

— 1m,
within|

— 2m,3m,4m,6m,8m,12m, 16 m,24m,32m, 48m, 64 m, ....

The number of measurement positions in a givendistribution is a minimum number. More measuren
may be added. Continuous recording of the sound ‘pressure level versus distance, when practical, proy

possible d

The distarjces indicated in the above distributions are from the acoustical centre of the source to the
For sourcgs whose acoustical centre'is’on the floor, Table 3 relates the above distance to the horiza
for the twq microphone heights given-in 5.3.1.

bhall be oriented along a free line of sight from the source, if possible, and it shall be cleal
Structures to a distance of at least 1,5 m to either side. Otherwise, a differentypath or heigk

Pm, 3m, ..., 10m, 12m, 14 m, ..., 20m, 24 m, 28, ... , 40 m, 48 m, 56 m, ... (consts
each range and logarithmically growing incrementftem one range to the next);

escription of the spatial sound distfibution.

this shall be
ment path.

of any large
t of the path

r level shall be chosen. If possible, measurements shall be carried out “along a second preferably
orthogonal path.

microphone

nt increment

ent positions

ides the best

microphone.
ntal distance

Table 3 — Correspondence between the distance r from a microphone to the acoustical cgntre of
the spurce and the ha@rizontal distance, for a sound source whose acoustical centre is on the floor
Values|in metres
Digtancéte acoustical centre of 2 3 4 5 6 7 8 9 10
source
Horizontar distance for a path neight | 1,60 2.75 | 3,82 | 4,85 588 | 6,00 7,01 8,02 9,93
of1,2m
Horizontal distance for a path height | 1 26 2,57 3,69 4,75 5,80 6,83 7,85 8,87 9,88
of 1,55 m
NOTE The horizontal distance is rounded to the nearest centimetre. From a distance of 10 m, these two
distances may be taken as equal.

NOTE 1 The 1-m position of the first recommended distribution is not possible if the acoustical centre of the sound source is

on the floor

© ISO 2001 - All rights reserved


https://standardsiso.com/api/?name=631a562de1239e81acfce08fdcbacb5e

ISO 14257:2001(E)

NOTE 2

special relevance depending on the purpose of the measurements, as follows.

a)

When the room is large enough, there can be several possibilities regarding the choice of paths. Two of them are of

Determination of several spatial sound distribution curves along the longitudinal and lateral axis of the room in different

contiguous zones of it, e.g. when the purpose is evaluation of the acoustical performance of the room (see clause 6) in
the middle region in each of these zones. This is of particular interest in the case of large workrooms whose acoustical
performance varies from one zone to another due to spatial variations of the room architecture and/or sound absorption
properties.

b)

Determination of one spatial sound distribution curve for the room along its longitudinal axis and one along its lateral axis.

This is of particular interest in the case of large workrooms with homogeneous architecture and absorbing properties for
which it is—desired to know the acoustical pnrfnrmsmrn

5.4 Meas

If possible,
leading throy

The sound S
acoustical cq

The room ur
location in th

It shall be
background

With the sou
points locate

The overall
workroom) b
filtering and
dynamic beh
pre-amplifier

If several lod
purpose of th
shall be, if pq

NOTE Fo
uncertainty of
given in this In
Quantitative in

However, the

irement procedure

measurements shall be carried out with all machines, ventilation system, high-pressurg
gh the room, etc. being inoperative except for the sound source used for the test.

ntre as specified in 5.1.3.

der test shall be under its normal operating conditions (normal’fittings in terms of type, v
e room; doors and windows closed if this corresponds to the n@rmal operating conditions).

erified that the requirements regarding background  neise given in 5.1.4 are met. If
hoise corrections shall be made according to 5.1.4.

nd source used for the test in operation, the sound’pressure level shall be measured at tf
H on the measurement path(s), as specified in 523, for the six octave bands from 125 Hz to 4

measurement time may be kept short (so that there is only a short interruption of acti
y the use of recording equipment. In‘this case, the signal shall be recorded without any
the spectral analysis shall be performed later in the laboratory for each measurement
aviour of the recording equipmentishall be taken into account. As a rule, it is recommende
with calibrated decibel ranges:

ations of the source used for the test fulfil the requirements of this International Standard
e test is the evaluatiorraf-the acoustical performance of the room (see clause 6), the locatig
ssible, in the zone gfthe room where the noisiest machines are or will be located.

a given workroom, results of the measurements described above can be influenced by the type and s
the sound source used for the test, and by the position and direction of the measurement path. The s
ternational-Standard ensure that the uncertainty of the measurement method is kept within an accep
formation on the accuracy of the measurement method cannot presently be given.

following maximum values of the uncertainty for A-weighted levels could be expected for tests carrie

repeatability c

pipework

ource used for the test shall fulfil the requirements of 5.1 and shall be_positioned precisgly with its

blume and

lecessary,

e discrete
000 Hz.

ity of the
frequency
point. The
d to use a

and if the
n retained

bund power
ecifications
able range.

H out under

nditions (same source, same height and orientation of the source, same path, same height of the m

pasurement

path, same number and position of microphones, same instrumentation, same operator, unchanged acoustical environment):

+ 0,3 dB for DL,, and

+ 2 dB for DLy,

5.5 Representation of the measured data

The spatial sound distribution curve shall be drawn into a diagram as shown in Figure 1. The distance drawn on the
abscissa is the distance from the microphone to the acoustical centre of the source. Values of D shall be tabulated
as shown in Table 4. If it is desired to determine the spatial sound distribution curve for a specified sound power
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spectrum S (see 4.2.2) and/or a frequency-normalized spatial sound distribution curve (see 4.2.

corresponding values of D shall also be plotted and tabulated.

3), then the

6 Parametric description of the measured spatial sound distribution curve in view of

evaluation of the acoustical performance of workrooms

6.1 General

One of the main purposes of the measurement of spatlal sound dlstrlbutlon curves is evaluatlon of the acoustical

performance of a ) )
, hamely the rate of spatial decay of sound pressure levels per dlstance doubllng (see
sound pressure level with respect to a free field (see 3.6). These parameters are normally ¢
nce ranges from the source.

excess of
three dist

is dominated by the direct sound from the source used for the test. The posrtlon of the source uss
in relgtion to near reflecting surfaces or surfaces limiting the radiation’to a certain solid angle (e.g.
cornef or in a part of the room with a low ceiling) has a considerable influence on the sound distri
range} This region is used for evaluation of the acoustical properties of small rooms.

The
togo
aroo

b) iddle region: this region ranges from distance d; te'distance d,. It is recommended, wheng
Up to 24 m. The middle region is of particular impertance for characterizing the acoustical pe

]r: for health and safety aspects.
The far

reflec
the ad

c) region: this region starts from distance dy-In this region, the sound distribution is strongly

ing and scattering surfaces (of machines or other fittings) in the room. This region is also

Typical va

depending on the purpose of the test,cother values are used, they shall be recorded and reported.

Distances|shall be measured fromthe acoustical centre of the sound source used for the test.

6.3 Det
DL>

ermination of the rate of spatial decay of sound pressure levels per distance d

The rate d
and for a
following 4

f spatiakdecay of sound pressure levels per distance doubling, DL, in the range [rp, rml ¢
jivengoctave band j, is calculated from the values of D at microphone positions i (see 4.2
quation:

oustical evaluation of workplaces faraway from the source, under health and safety aspectd.

e of specific
3.5) and the
etermined in

irve and the

d for the test
source in a
bution in that

ver possible,
rformance of

nfluenced by
important for

lues for d; and d, are 5 m and\.16 m, respectively. If, in order to take account of room dimpensions and

oubling,

f values of r
.2) using the

where
z=m-n+1
D; is given by equation (1), or equation (B.1) if the correction defined in annex B is used.
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If the value of DL» is to be determined only in octave bands, the sound power level of the source used for the test
need not be known. However, all other specifications regarding the sound source given in 5.1 shall be fulfilled.

The rate of spatial decay of sound pressure levels per distance doubling over the distance range [rp,rml, for the
frequency-normalized spectrum defined in 4.2.3, is obtained using equation (5) with D; replaced by the value of D
given by equation (4).

6.4 Determination of the excess of sound pressure level with respect to a reference sound
distribution curve, DL¢

6.4.1 General

In each distahce range, the excess of sound pressure level can be characterized in two different ways\that are both
of practical interest: first, by means of an average value; and second, by means of its value at a specified|distance.

The excess pf sound pressure level shall be determined from measurements carried out_udsing a soynd source
complying with 5.1.

6.4.2 Valug of the excess of sound pressure level over a distance range [r, ] and in a given octave band

The excess pf sound pressure level with respect to a free field (or a hemi-free field) at a given distancp from the
source and i a given octave band is given by:

DLt = Q- Dyt (6)
where

D s given by equation (1), or equation (B.1) if the correction defined in annex B is used,;

Dret s given by equation (2).

The averagq value, DL¢(rp ), of DLt as given by.lequation (6), over the distance range limited by npjicrophone
positions i = h and i = mlocated at distances r,, andt,, from the sound source and for a given octave band, is given
by:

ill(ol_f +DLy,_ l)lg( - 1)}

DLy (rpdm) == dB @)
Zlg(rm]
rn

6.4.3 Valu¢ DL’ of DLy at a specified distance r and for a given octave band

The value, DIL';0f\DLs in a given octave band at a conventional distance r from the source is useful for|describing
the sound digtribution curve in each distance range, as illustrated in Figure 2. DL’ is the height of the fegression
line over the free-field line, at distance r and for the given octave band. Conventional distances retained for the
purpose of this International Standard are 4 m for the near region, 10 m for the middle region and 30 m for the far
region. DL’ shall be calculated using equation (8):

DL, =[22 ]+20Ig( O]dB {DLZ Mzn "i/fo ] [rroﬂ+11d8 ®)

where

Zz=m-n+1;

ri s the distance to the sound source from the microphone position i within the distance range [rp,rml;

10 © IS0 2001 — All rights reserved
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D; is given by equation (1), or equation (B.1) if the experimental reference curve defined in annex B is used;

ro Iisthe reference distance (=1 m).

L, - L, dB
\
\
\

Key

Free-fleld soundudistribution curve
Measyrementpoint

Regrepsion line for the middle region
Excesb-ofsound pressure levelinthe 1 000 Hz actave hand at the cpnr\ifinrl distances of 4 M, 10 m-and 30 mh
Near region

Middle region

Far region

~NOoO O~ WNPR

r Distance from the source

Figure 2 — lllustration for the 1 000 Hz octave band of the parametric description of a spatial sound
distribution curve using three portions of straight lines (regression lines of slope DL,) bounded by
distances di and dy and the excess of sound pressure level at the three specified distances
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6.5 Evaluation of measured data

Evaluation of the measured data shall be done from the spatial sound distribution curve represented as indicated

in 5.5.

Values of DLy, DL; and DL’ for each path and each distance range of interest among those defined in 6.2 shall be

derived from

the measured data using equations (5), (7) and (8) respectively.

When two orthogonal measurement paths are used and, depending on the purpose of the measurements, the two
so-obtained spatial sound distribution curves may be considered and evaluated separately or merged into one
average curve (arithmetic average of levels).

Values of DU
with d; =5 m

In order to &
notation shal

— DLy r(rm

excess ¢f sound pressure level, respectively, over the distance range limited by distances r, and rp,

the valu

- DL’f,F,r f
frequeng

EXAMPLES
DL; 1 000(1:5)

DLf’4 000(24; 1d

DL’t 2 000,10 IS

The indicatio
determined f

b and DL; shall at least be determined for the middle region. This determination shall atleas
and d, = 16 m if data comparison at the international level is intended.

void confusion between the values of DLy, DLs and DL’ in the three regions,(the specifi
be used:

rm) and DLs g (ry;ry) for the average sound pressure decay per distance(doubling and for th
b of the centre frequency, in hertz, of the octave band considered;

pr the excess of sound pressure level at the specified distance)r, where F is the value of
y, in hertz, of the octave band considered.

s the average value of DL, in the octave band of 1 000 Hz'for a near region ranging from 1 mto 5 m.
0) is the average value of DL; in the octave band-ef 4 000 Hz for a far region ranging from 24 m to 100
he excess of sound pressure level in the octave band of 2 000 Hz, at the specified distance of 10 m.
n of the frequency band shall be replaced by subscript S or Norm if DL, and/or DL; and/g
br a specific spectrum (see 4.2.2) or for the normalized frequency spectrum (see 4.2.3), resp
ation to be recorded and reported

ements according-to this International Standard, the following information shall be rec

ption of:the sound source used for the test including its directivity characteristics; hei
al centre of the source above the floor;

t be made

c following

e average
where F is

the centre

m.

r DL, are
ectively.

brded and

pht of the

btionh of the measurement instrumentation ||corl;

7 Inform
For measurg
reported:
a) a descr

acoustic|
b) adescri
c)

in the room of the source used for the test (both shown preferably on a scaled top view of the room);

path, the number of measurement points and their positions;

an indication of the type of data aimed at;

ound distribution curves in octave bands;

recorded in a table or a diagram);

d) foreach
e)

f) spatial s
9)

12

a description of the room (shape, dimensions, fitting) and clear identification of the path(s) and the position(s)

the spatial sound distribution curve for a given sound power spectrum (in which case this spectrum shall be

© ISO 2001 - All rights reserved
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i) the experimental reference curve for correcting according to the method of annex B if this correction is made;

j)  background noise levels, especially at the measurement points far from the source used for the test and, if
relevant, indication of the measurement points at which a background noise correction has been applied and

the m

k) them

agnitude of it;

easured data;

[) if the purpose of the test is the evaluation of the acoustical performance of a workroom, calculated values of

DL+ (

the mjddle region; the values of d; and d, used;

m) the stptement that the determination was made in accordance with this International Standatd; if

devia
justifi

n) the pq
0) the tin
Regarding

Spatial so
form.

ations;

ne and date of the measurements.

rson responsible for the measurements and calculations;

ions from the requirements of this International Standard shall be recorded and r

item a), the directivity characteristics of the sound source used for the test need not be repg

ind distribution curves for each path shall be reported in tabular (see Table 4) or graphical (

Table 4 — Example of tabular form for reporting spatial sound distribution data

, at least, for

relevant, any
bported  with

rted.

ee Figure 1)

micro
cerl

Distance from
phone to acoustical
tre of the source

m

Octave-band centre frequency

Hz

Reference cul
(see 4.2.1 and

ve used
annex B)

125

250

500

1000

2000

4000

Lp

— Ly, dB
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Annex A
(normative)

Performance requirements for the sound source to be used for the test

A.1 Directivity of the source

The sound s
source shall
ISO 140-3:14
Measuremer|
field or hemi
and surfaceg
interest.

For a test o
applied in e

install th
set the n

with the
weightin

calculatg
calculatg
The directivit

DI; = L3

Uniform ommidrectional radiation shall be assumed if the DI values are within £2 dB in the one-t

frequency bg
of DI values
1000 Hz to §

For sources

purce used for the test shall be as omnidirectional as possible. Directional characteristics'of
be measured in one-third-octave frequency bands in accordance with the following method
95, 1.3.

ts shall be carried out in an appropriate environment as indicated in 5.1.2, Table 2 . Approx

free-field conditions, indoors or outdoors, are acceptable if the influence of~réeflections from
(other than the floor for an approximate hemi-free field) is less than 0,2/dB in the frequena

f the directional radiation of a source operating above the floor,“the following “gliding”
ch one-third-octave frequency band of the frequency band of interest, shall be used:

e source in a free field on a rotating table;
hicrophone at 1,5 m from the acoustical centre of the-soeurce;

source driven by a wide-band noise and slowly rotated, measure the sound pressure levels,
p F, in steps of 1°;

the mean sound pressure level over the-0° to 360° range, Lzgo;
the mean sound pressure levels, L3q;, over the ranges 0° to 30°, 1° to 31°, 2° to 32°, etc.

y indices are:

0i — L3s0

nds from 10044z to 630 Hz. In the one-third-octave frequency bands of 630 Hz to 1 000 Hz
increases\linearly from +2 dB to £8 dB. It is £8 dB for the one-third-octave frequency
000 Hz.

bperating with their acoustical centre on the floor, directional characteristics shall be measu

At thaa coriran ont A tha vaflactines crrfana oty Athay tha SabiAdinA poanthad Aacarihad

the sound
based on

mate free-
obstacles
y range of

procedure,

with time-

(A.1)

ird-octave
the range
bands of

red over a

hemisphere

VIt e SOt CC ot T Ot T e ot g~ ST Tt oo g CiC T i gira g — et mot— Ot SThiot o™

discrete point method.

above or a

Only sound sources whose directional characteristics have been measured in one-third-octave bands in the
frequency range 100 Hz to 5 000 Hz and which fulfil the following criteria in that range shall be used. The maximum
absolute value of the directivity index of the source in one-third-octave bands, as defined above, shall not exceed

8 dB.

The fulfilment of the above criteria may be assured by appropriate means, for example by allowing the sound
source to rotate. If the sound source is rotated, any measured value of DI shall be an average over at least one

revolution of

14

the source system.
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Considering that the source used for the test is not perfectly omnidirectional, in order to improve the repeatability of
the measurements and to ensure consistency of the results between possible repeated sets of measurements in a
given room, the source shall be marked so that its orientation with respect to the measurement path can be
controlled and kept unchanged.

A.2 Sound power level difference between adjacent frequency bands

The sound power level of the source in each one-third-octave band in the frequency range 100 Hz to 5 000 Hz
shall not deviate by more than 8 dB from the sound power level in the adjacent one-third-octave bands.

A.3 Ovaerall sound power level

There is np requirement for the overall value of the sound power level in one-third-octave banhds.

A.4 Stability over time

It shall be|ensured that the sound power of the sound source system (which_if the case of a loudspg¢aker system
includes g generator and a power amplifier) is constant over time. When "a loudspeaker system |s used, it is
recommerjded

— to usg a power amplifier with temperature compensation and stabilized voltage,

— to use¢ a generator with volume adjustment in discrete steps defined by resistors, or with stopgs at discrete
volune settings, rather than a generator with continuous volume adjustment, and

— to chgck the stability with temperature of the loudspeakers used.

The variatjon of the sound power level of the source, determined under repeatability conditions, shall not exceed
+ 1 dB in fthe one-third-octave bands from 200 Hz to 160 Hz, and £ 0,5 dB in the one-third-octavg bands from
200 Hz to p 000 Hz.

The short-ferm stability of the sound power shall be checked by measuring the sound pressure level af a fixed point
1 m from the source or at the first measurement position, just before and just after the measurement |of the spatial
sound disfribution curve. The level difference in each octave band shall not exceed + 1 dB for the mefasurement to
be valid.
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Annex B
(normative)

Correction of measured sound distribution curves to account for differences

in ground reflections and source directivity

Experience shows that in rooms with a low value of DL; the actual sound distribution curve in a free field over a

reﬂecnng pl a of tha nartictlar catnd canrcea Hicad Inflliancac tha carind dictrihiitian ~rirva Af tha vwnarler
O —tHe—partctha—S B H eSOt eeuSe o eRee St eEe-—SoOuRa—atStoutoR—-Cuye—-B— e okt

tested due td the effects of ground reflections and source directivity.

om to be

The experimental reference curve is the spatial sound distribution curve measured in a free field jover 4 reflecting
plane, withoput any other reflecting or scattering objects. The reflecting plane shall fulfil the requirements of

ISO 3744:19p4, annex A. The measurement shall be carried out with the sound source to be
characterizing the workroom under test. The orientation of the sound source, the heights of the sound s

used for
ource and

of the microphone, together with the distances from the source to the microphones, shall be at least the same as

those to be yYsed for characterizing the workroom under test.

This measured reference curve may be used for correcting the values of D; measured in the workroom.
values of Dj { Dcorr j, are given by:

Dor (1) = 10|9[10 Dj(r)/10 _ 1 Dmeas,ref (1)/10 14 Df'°°”ef(r)/lo}d|3
where

Dj(r) is given by equation (1);

Dmeas,refj(r) is taken from the measured referernce curve defined above;

Drioor ref[r)  is given by the following equation:

r2
D r)=D r)+1Qig| 1+ —— |dB
fl or,ref( ) fef( ) g[ r2 +4hghp

ref (1) s givén by equation (2);

hg is"the height of the source;

Corrected

(B.1)

(B.2)

hp is the height of the path

If the height of the sound source is the same as that of the path, equation (B.2) reduces to:

r2
D r)=D r)+10lg| 1+ ———- | dB
roor,ref( ) ref( ) g[ r2 +4h§

If the sound source is located on the floor, hg = 0 and equation (B.2) reduces to:

Dioor ref (r) = Dyes (r) +3dB

(B.3)

(B.4)
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Annex C
(informative)

Example of use of this International Standard

C.1 General

In the example chosen

— the squrce used for the test has its acoustical centre on the floor,

— the experimental reference curve of the sound source is known and used for correcting-the values
the wprkroom,

— the wprkroom is new and the activity to take place in it is not well definedso that no particu
spectfum is known, and

— the regason for measuring the spatial sound distribution curve is determination of the rate of spat
distarjice doubling and of the excess of sound pressure level, in“0ctave bands and for the A-w
noise [reference frequency spectrum.

C.2 Dat

a concerning the workroom and measurement path chosen

See Figurg¢ C.1 and Table C.1.

The workr

— shapag:

— dimer]

bom has the following characteristics;
rectangular hall; large shipyard workroom;
sions: 83 m x 32 mx\11m;

— natur¢ of walls:  see drawing (special feature: chequered sound-absorbing treatment);

— fitting

maderately fitted hall.

o

measured in

ar frequency

al decay per
pighted pink-
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17


https://standardsiso.com/api/?name=631a562de1239e81acfce08fdcbacb5e

ISO 14257:2001(E)

Dimensions in millimetres

Key

1 Roof: fibrpcement and 50 % chequered sound-absorbing panels
2 Walls: m¢tal skin and 50 % chequered sound-absorbing panels

O Source

Figure C.1|— Sketch showing the workroom with the location,of the sound source and the measurement
path in the room

Table C.1 — Measurement path’Location of microphones

Microphone number 1 2 3 4 5 6 7 8 9 10 11
Distarjce from microphone to
acqustical centre of the 2 3 4 5 6 8 12 16 24 32 48
source, m

C.3 Soung source used for test

See Table CJ2 and Figure C.2.

The sound sgurce has theAfollowing characteristics:
— type: CIMPO - INRS (electromechanical);

— make: INRS;

— date of latest calibration: December 1995.

Table C.2 — Sound power spectrum in octave bands and A-weighted sound
power level of the source used

Octave-band centre frequency, Hz
A
125 250 500 1000 2000 4 000
Ly, dB 97,6 98,6 102,2 110,8 111,2 107,4 115,7
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Performance characteristics of the source fulfil the requirements of ISO 14257, i.e.:
— maximum directivity index: 4,4 dB;
— maximum sound power level difference of adjacent one-third-octave bands: 6,5 dB;

— stability over time conforming to A.4 of ISO 14257:2001. OK.

[z100 |-
NN
90 = \\"\:\tk\tk
~ / S~ T = 125|Hz
80 [ AN > \\ﬁ\ﬂ\ & 250( Hz
- N ~ 500| H
— ~aA \O\‘i\\ﬂ\r\ e
70 RS AN AN A2 Kz
- \;\;\\\K\A - L KHz
ol el X
- N
50 L
1 10 100
r, m

Figure €.2 — Experimental reference spatial sound distribution curves of the source measure
field|over a reflecting plane (see annex B), to be used for correcting the sound distribution
measured in the workroom, for each octave band

din afree
values

© ISO 2001 - All rights reserved

19


https://standardsiso.com/api/?name=631a562de1239e81acfce08fdcbacb5e

