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INTERNATIONAL STANDARD

ISO 2204-1973 (E)

Acoustics — Guide to the measurement of airborne
acoustical noise and evaluation of its effects on man

0 INTRPDUCTION

The problems associated with the measurement of noise
and evalyation of its effects are of increasing importance to
the community, not only to specialists in acoustics, but also
to a large number of individuals with more limited
experienge in this field.

Although noise-measuring equipment in common use is
relatively| simple to operate, a programme of noise
measurements and the evaluation of the results obtained
must be parefully planned. The correct methods, scales and
units must be chosen and a number of precautions must be
observed|in order that meaningful results may be obtained.

This International Standard outlines some of the basic
problemq associated with the measurement of noise and
evaluatioh of its effects on man and presents a summary of
the methpds in common use.

1 SCOPE AND FIELD OF APPLICATION

This International Standard describes the\" general
procedurps for the measurement of noise and evaluation of
its effects on man.

It is intgnded as an introduction to~the more specialized
instructilns contained in acoustical test codes and
interpretation procedures published by national and
internatipnal standardization-bodies.

2 CLASSIFICATIONOF NOISE PROBLEMS

2.1 Most noise-problems may be classified as follows :

211 P : ass A :
amount and character of noise emitted by one or more
noise sources, or with the prediction of the performance of
one or more noise sources under specified conditions.

() dl1eC(] [ _Ne qgeierinin onR O ne

For problems of this group, the purpose of the noise
measurements is to determine some physical quantity,
usually the sound pressure level at a certain point or the
sound power level of the source(s). The character of the
noise may be described by the frequency spectrum and
dependence on time of these levels and by the character of
the sound field.

2.1.2 Problems associated with the evaluation and
prediction of the different effects of noise on man.

For problems of this group, the purpoge of the noise
measurements is to obtain a quantity that relates the
magnitude of the sound stimulus to'the effects of the noise
on man,

2.2 Broadly speaking, the problems of 2.1.1 are mainly
concerned with the generation and transmjission of noise,
whereas the problems-of 2.1.2 are mainly|concerned with
the reception of noise. {t must be emphagized that these
two categories, are not mutually exclugive, because a
particular _noise problem is usually related to both
categories.{ For example, the purpose pf many noise
abatement projects is to reduce the noise emitted by a
source.to a level at which the influence on fnan of the noise
recéived is tolerable.

3 CLASSIFICATION OF DIFFERENT
NOISE

KINDS OF

The character of a noise may be described py its frequency
spectrum, the variations of level with [time, and the
character of the sound field. Many noises have a continuous
spectrum, i.e. the sound energy is rather eyenly distributed
over a large part of the audible frequenc';] range. In some
cases, discrete tones are clearly audible in the noise.

The noises most frequently encountered in|practice may be
classified according to the following characteristic features :

3.1 Frequency spectrum

3.1.1 Continuous spectrum

3.2 Dependence on time

3.2.1 Steady noise: A noise with negligibly small
fluctuations of level within the period of observation.

3.2.2 Non-steady noise: A noise whose level shifts
significantly during the period of observation.

3.2.2.1 Fluctuating noise : A noise whose level varies
continuously and to an appreciable extent during the
period of observation.
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3.2.2.2 Intermittent noise : A noise whose level suddenly
drops to the ambient level several times during the period

of observation, the time during which the level remains at a-

constant value different from that of the ambient being of
the order of magnitude of 1 s or more.

3.2.2.3 Impulsive noise : A noise consisting of one or
more bursts of sound energy each of a duration less than
about 1s.

3.2.2.3.1 Quasi-steady impulsive noise : A series of noise

frequency range or, alternatively, in narrow frequency
bands. The width of these bands may be 1/1 or 1/3 octave
or narrower.

The term “band pressure level” is used to describe the
sound pressure level measured in a particular band.

The measurement may also be made with a specified
weighting network inserted in the measuring chain. The
reading is then termed sound level.

NOTE —
bbb

Weighting networks A and B (as defined in IEC

Dl16] are

bursts of compgrable amplitude with intervals shorter than
0,2 s between the individual bursts.

3.2.2.3.2 An |isolated burst of sound energy : The
envelope waveform of the burst may be of constant or
nearly constant] amplitude, or it may be that of a decaying
transient.

3.3 Character of sound field

3.3.1 Free field : The sound field in an area far from
reflecting surfades.

3.3.2 Reverbe'rnt field : That portion of the sound field
in the test room over which the influence of sound received
directly from the source is negligible.

3.3.3 Semi-reverberant field : The sound field prevailing in
a large enclosure with moderately reflecting surfaces.

334 HemisphErically divergent field : The sound field'of-a
source which is situated near to a hard reflecting plane
{usually the ground) but free from other obstructions.

4 PHYSICAL MEASUREMENTS OF-NOISE
. The method ofl measurement must’be chosen according to
a) the character of the noise-problem (see section 2};

b} the character of.the noise (see section 3) and the
source;

c) the required* degree of thoroughness of the
description of-the-noise-problem-

used. The readings are then termed A-weighted, B-wei
level etc. and are expressed in decibels, commonly| call
dB (B) etc.

4.1.2 Choice of measuring methods

The choice of measuring methed depends on the type of
sound source and its environment, the character of the
noise and the degree (of thoroughness needefl in the
description.

4.1.21 Source and environment

The IS0, publications on noise measuremgnts (see
Bibliography) contain information on the apgpropriate
choice of measuring methods, measuring points, cprrections
for’y background noise and investigation of| acoustic
environments for specific noise sources and envifonments,

for example, machinesl?][2]1[3]  rotating |electrical
machineryl4], vehiclesl®], and aircraftl71.
The measuring positions are chosen so that {ignificant

influence from small irregularities of the shapge of the
source or from the presence of other objects or sources is
avoided. If these interferences cannot be elimindted, their
influence on the result must be determined.

4.1.2.2 Character of the noise

In section 3, noises are listed according to their character in
an order corresponding to the ease with which the noise
measurements may be carried out. The procedures for
measuring steady noise are well established and felatively
simple. The methods for measuring impulsive poise are
much more complicated and less well established.

4.1 Noise problems of 2.1.1

The general problem is to determine the characteristics of
the noise source and the noise emitted by the source.

4.1.1 Quantities to be measured

For the solution of problems in this group, the sound
pressure level {expressed in dB re 20 uN/m?2) is measured as
a function of time.

The sound pressure level may be measured in a broad
frequency band covering the whole of the audible

4.1.23 Thoroughness of description

A thorough analysis of a noise problem requires recordings
of band pressure levels in narrow frequency bands measured
at suitable microphone locations over an appropriate time
interval. For some problems, such a thorough description
may be unnecessary. In such cases, a simplified measuring
procedure may be entirely adequate for the purpose of the
measurements.

The method to be selected depends upon the thoroughness
of the description required for the particular noise problem
under investigation.
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4.1.3 Methods available

4,1.3.1 The survey method

This method requires the least amount of time and
equipment. It may be used for comparisons between noise
sources of similar characteristics. The sound field is
described by the sound level as measured by a sound level
meter. A limited number of measuring points is used and no
detailed analysis of the acoustic environment is made.
However, the time dependence of the noise being measured
must be nated

ISO 2204-1973 (E)

environment. If possible, the effect of the environment on
the measurements is quantified by carrying out the
measurements under laboratory-controlled conditions, for

example, in a free-field or reverberation room.

Use of the precision method is required in complex
situations where a thorough description of the noise field is

needed.

The instruments used should preferably be in accordance
with 1EC Publication 1791151 and 2250171 but some

Readings| of the sound level meter give the sound pressure
level veighted according to a standardized
frequency-response curve. In these cases, the use of A or C
weighting networks is recommended although the use of
other nefworks such as “linear” may be appropriate. For
many pr4ctical cases, sound level C is a fair approximation
to the oyerall sound pressure level. The A-weighted sound
level is useful for assessments of human response (see
section b}.

The minjmum requirements to the specifications of the
sound leviel meter are given in IEC Publication 123[741,

For greater precision, the sound level meter shall be in
accordange with 1EC Publication 179[15],

This method is generally of limited value if corrective
measures| to reduce the noise are to be evaluated. It is not
suitable fpr the measurement of impulsive noise.

4.1.3.2 [The engineering method

In this method, the measurements of sound levelhor sound
pressure Jevel are supplemented by measurements of band
pressure |levels. The acoustic environment\is analyzed to
its effect upon the measuremeénts. The measuring

eristics of the noise source and the environment
it operates. The time~dependence of the level

Publications-179115] and 2251771, where

programmes.
impulsive noise.

4.1.3.3 The precision method

This method gives as thorough a description of the noise
problem as possible.

The measurements of sound presssure level or sound level
are supplemented by measurements of band pressure levels.
Records are made over an appropriate time interval in

accordance with the duration and fluctuations of the noise.

The acoustic environment is carefully analyzed and the
measuring points and the frequency range are selected
according to the characteristics of the noise source and

problems, for example, in connectipn with the
measurement of impulsive noise, may mpke the use of

instruments with other specifications necess

4.1.4 Presentation of results

From measurements made by the survey
possible to calculatesa.mean sound level.
this calculation areto be found in ISO/R 16

From measurements made by the engineerir
methods;. itSis possible to calculate a mean |g
either, .inv" broad or narrow frequency
environment is suitable, it is also possible
soond power level of the source and a
directivity. Instructions for performing the
given in ISO/R 49511, ISO/R 168014], IS
ISO 2946(31.

It is possible to evaluate the time distrib)
of the levels of fluctuating and intermittent
cases, this function can be used for the com|
level of a steady noise having the same effg
under test. Instructions for performing the

given in ISO/R 1996[121 and 1SO/R 1999131,

From measurements made by the precisio|
furthermore possible to evaluate the prope
noise and to make precise evaluations of t
level of the sourcef2! [3] and to determin
etc.

ry.

method, it is
nstructions for
Bol41,

g and precision
vel of the noise
bands. If the
o calculate the
measure of its
calculations are
0 2880[2] and

pition function
noise. In some
putation of the
ct as the noise
ralculations are

—

n method, it is
es of impulsive
e sound power
b its directivity

When data obtained from measurements m
this guide are intercompared or compa

of the comparison in all respects. This

e according to
d with other
ure the validity
precaution is

necessary when the comparison is with other measured

values or with prescribed values.

4.2 Noise problems of 2.1.2

The general problem is to determine the effects of noise on
people. These effects cannot be measured directly with
currently available physical instruments, but the methods
mentioned in 4.1.3 can be used to collect information from
which approximate measures of noise on human beings can
be obtained as described in section 5.
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5 EVALUATION OF THE EFFECTS OF NOISE ON
HUMAN BEINGS

5.1 Quantities to be determined

Among the gquantities describing the effect of noise on
human beings are

a) the loudness level of the noise;

b) the perceived noise level of the noise;

5.3 Methods for relating physical properties of noise to an
approximate measure of subjective effects

The conversion may be carried out by computation or by
an electric network with specified characteristics included
in the measuring instruments or by a combination of these
methods. As a rule, the results are only valid in a limited
range of situations for which the procedure is created. Even
within this range they are generally of an approximate
nature only.

c) the risk of damage to the hearing mechanism caused
by the noise;

d) the degree of annoyance and interference with
human activities (for example, speech communications,
work, rest or sleep) caused by the noise.

~

5.2 Methods of [determination of the effects

The psychophygical quantities characterizing the effects
cannot be megsured directly with currently available
instrumentation.

The best solutipn would be to present the noise to a
sufficiently large and representatively selected group of
persons placed in exactly the same physical, psychological
and social situatjon as the people on whom the influence of
the noise should be predicted. By observing the responses
of the members of this group, it is possible to extract
information on the effects of the noise in question. This is,
however, a very| cumbersome and time-consuming method
which can only| be used in very special situations where
information of a| fundamental nature is required.

These subjectivel measurements may, however, be replaced
by objective me¢asurements when it is\possible to relate
some physical properties of the noise to a scale for rating
subjective effects. This would generally only be possible if a
thorough knowlédge of the influence of many physiological,
psychological anld social factors on the effect of noise on
human beings e at hand{{t)must, however, be emphasized
that present knowledge 6fthe effect on man is very limited.
“’Conversion methods’’(relating physical properties of noise
to subjective effécts are available only in special cases.
Some of the i
described below. The basis information is obtained by
objective measurements as described in 4.1.3 and 4.1.4.

Generally, results obtained by the survey method are of
limited value for the evaluation of the effects of noise on
man. In many cases, a knowledge of the spectral
distribution of the noise energy is needed, i.e. the
engineering or precision method must be used. In other
cases, the supplementary information needed on the noise
situation (distribution of levels of fluctuating noise,
duration and repetition rate for intermittent and impulsive
noise, character of background noise etc.) is only
obtainable by the precision method.

The loudness level in phons of a sound signal’is defined as
the sound pressure level (re 2 X 105 N/m?2=-20 ull/m2) of
a 1kHz sinusoidal frontally presented\ tone subjjectively
judged to be equally as loud as the signalyunder tes (18],

The loudness in sones is a numeric¢al designation of the
strength of a sound which is-proportional to its slibjective
magnitude. One sone is the doudness of a sound whose
loudness level is 40 phon!2h

Methods for approximate calculation of loudness |evel and
loudness of steady noise are given in ISO/R 532191

The data needed for the calculation are the band|pressure
levels of the noise measured in 1/3 or 1/1 octave bgnds.

NOTE —\The best agreement between the results obfained by
calculation and those obtained by direct subjective measurements
according to the definitions is obtained for steady nojse signals
having spectra without prominent narrow peaks. in sgme cases,
discrepancies of several phons may be found between [calculated
values of loudness level and values measured accordifpg to the
definition.

A-weighting network, have been found useful for
rank-ordering of noises with respect to loudnes§ level as
long as the noises are of a similar character. I1t|must be
emphasized that the values measured are not [those of
loudness level, but should be termed A-weighted sound
level and expressed in decibels, commonly called dB(A).

Data obtained by sound level measurements, espe(;FIIy with

5.3.2 Perceived noise level and noisiness

The perceived noise level (PNL) of a sound pignal in
perceived noise decibels {(PNdB) is defined as the sound

the signal under test.

The noisiness in noys is a numerical designation
proportional to the subjective magnitude of the nuisance of
a noise. One noy is the perceived noisiness of a noise whose
perceived noise level is 40 PNdB.

A method for the calculation of perceived noise level is
given in ISO/R 50771, The method is developed to
describe aircraft noise.

The data neeeded for the calculation of perceived noise
level are the band pressure levels of the noise measured in
1/1 or 1/3 octave bands. The problem of establishing a
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better agreement between calculated and measured values
of perceived noise level of aircraft is currently being
considered by 1SO. It is proposed to base the calculation on
1/3 octave band pressure levels and to include corrections
for the presence of audible discrete tones and the duration
of the overflight. The problem of establishing a simple
method for direct, approximate measurement of perceived
noise level of aircraft is also being considered by 1SO. For
this purpose, it is proposed to use a special weighting
network in the measuring equipment (D-weighting){ 16},

In most cases,-A-weighted sound level may be used for the

ISO 2204-1973 (E)

noise rating curves (see ISO/R 19960121 on the basis of
measurements of band pressure levels.

5.3.5 /Interference with speech communication caused by
the noise may be estimated by calculating a factor called
the articulation index. From this index, the speech
intelligibility in the presence of the noise may be derived.
The band pressure level of the noise as well as other
information is required for the calculation. The detailed
calculation procedure is described in the acoustic literature.
The procedure is complicated and the best agreement

rank-orderjng of noises with similar characteristics with
respect to perceived noise level.

5.3.3 Permissible (low-risk) noise exposures for hearing
conservatign

The susceptibility to damage of the hearing mechanism
caused by noise exposure varies considerably between
individuald and cannot be predicted in each case. Therefore,
permissibi¢ limits for noise-exposure must be set and used
conservatiyely. The problem is considered in
ISO/R 19991131, which gives a procedure for the evaluation
of the rigk of hearing impairment from noise-exposure
during thg work. Information on the sound level A and
duration ¢f the noise and the exposure during a typical
week is @ised to calculate the level of a steady noise
considered to be equally hazardous to hearing.

5.3.4 Annoyance caused by noise

The problém of rating noise with respect to annoyance on
the basis ¢f physical measurements is so complicated' that
present-day knowledge allows only a very approximate
solution. $ome aspects of the problem are considered in
ISO/R 1996(12], which provides a «basis for the
establishment of permissible limits fof noises in various
situations py the competent authorities.

The method described is valid for estimation of community

response [to noise both outside and inside residential
premises, | offices, business™ stores, restaurants and
workshopg, etc.

According| to 1SO7R 19961121, steady noise without
audible discrete_tones is rated by the sound level A. For
steady noise<with audible discrete tones, fiuctuating,
intermittent_noise and certain sorts of impulsive noises, the

between calculated and subjectively measlired values is
obtained for steady noise signals with broad band spectra.

A simpler method based on measurements off band pressure
levels in the octaves centred on 500, 1 000 apd 2 000 Hz is
also used. The average of these band pressure|levels is called
the Speech Interference Level (SIL).

The problem is currently being considered by 1SO in order
to arrive at a simple procedure giving results of practical
value.

5.4 General remarks on evaluation procedures

It is~clear from this brief résumé that the complicated
nature of the physiological, psychologicall and physical
processes makes it impossible for a single, simple method to
be applicable to all types of noise problems.

Under some conditions, the survey method pwill yield data
of great value in assessing the effect of a nojse stimulus on
human beings.

The engineering and precision methods are, however, of far
wider applicability. From the data obtained |by using these
methods, it is possible to calculate with reasohable accuracy

some psychophysical quantities that are related to the
effect of the noise on human beings.
- This International Standard summarizes a pumber of the

better-established usages concerning the mdasurements of
noise and evaluation of its effects on man. It |does not claim
to cover all cases nor to include certain prdcedures which
are in different jurisdictions. Although | the methods
described here are incomplete in some respects, they will be
found useful in many practical cases where [action such as
setting limits for noise levels is required.

level of a tich
is assumed to cause the same community response as the
noise under test is calculated and used for the rating.

Where corrective measures are required, it may be necessary
to perform the rating of the noise by means of a set of

It is necessary that current and future research lead to
refinements of these methods. To avoid unnecessary
proliferation and duplication, it is strongly recommended
that emphasis both in research and practice be placed on
the methods described in this International Standard.
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Speech communication

Speech intelligibility

Noise, intermittent

Noise, loudness level of
Noise, non-steady

Noise, perceived noise level of
Noise, quasi-steady impulsive
Noise, reception of

Noise, rank-ordering of

Noise, spectrum of

Noise, steady

4.1.3,56.2
3.2.2.2,4.14,5.2
5.1

3.2.2

5.1

3.2.2.3.1

2,2

5.3.1,6.3.2

3, 3.1
3.2.1,4.1.2.2,4.1.4,
5.3.1,5.3.3

Survey method
Transient

Weighting network

Weighting network, A
Weighting network, C
Weighting network, D

Speectinterferenceteve{Stt————5:3:5—
4.1.3.1,4.14,5.2,54

2
41,413
5.3.3
5.3.2
5.3.2

4.1.1,6.3.1,5.3.2
4.1.1,6.3.1,5.3.2
5.3.2

5.1,58.2
5.3.2
5.3.1

413.3,4.14,5.2,54

5.3.1,/6.3.2
3.34
5.2

4.1.3.3

5.3.5
5.3.1
3,33
3.3.1
3.34
3.3.2
33.3

4.1.1,4.1.3, 5.3.1,5.3.2,

5.3.3
414
4.1.3
2.1.1,4.14

2.1.1,4.1.1,4.1.3
5.2
3,3.141
3.1.2
5.3.5
5.35

3.2.23.2

4.1.1,5.3.2
4.1.3.1,5.3.1
4.1.3.1

5.3.2
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