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Foreword

[This Foreword is not a parl of American Natjonal Standard Meihods for the Measurenent of Sound Pressure
Levels, SE11971)

This standard comprises a part of a group of definitions, standards. and specifications for
use in acoustical work, It has been developed under the Standards Committee method of
procedure, under the sponsorship of the Acoustical'Society of America.

American National Standards Committee S1, under whase jurisdiction this stundurd was
developed, has the following scope:
Siandards, specilications, methods of measurement and test, and terminclogy in the fields of physical

acousiics, ineluding architeeiural wenustics, electroacoustics, sonics and ulirasanics, and underwater sound,
buk excluding those aspects which pertain 1o safety, telerance and camforl,

Various subcommittess have been orgunized Lo tuke care of the commintee's program, and
this standard was developed by Working Group S1-51,

This standard is a revision of Seetion 2 of American Nutional Standard Method for the
Physical Measurement of Sound, S1,2-1962 (R 1971).

Suggestions for improvement gained in the use of this standard will be welcome. They
should be sent Lo the American Nationa! Standards [nstitute, 1430 Broadway, New York,
N.Y. 10018.
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American National Standard
Methods for the Measurement of
Sound Pressure Levels

Introduction

{The material in this Intreduction is intended for puepuses of
background and orientulion.)

This standard is voncerned with the measurement
of sound pressure levels in air under a variety of
conditiuns, The sound to be measured is frequently
undesired (that is, noise), The basic purpose of this
standard is to establish uniform procedures for
obtaining sound pressure level data.

Sound pressure levels 1o be measured fall into 1wo
broad categories: those that are due o a specific
source and those that characterize an ambient envi-
ronment where the sound is usually generated by
miny sources. 1t is not always possible o make &
clear distinction between these 1wo categotles, For
cxample, the ambient noise in o communily is often
generated by many different sources, but primary
concern may be focused on one particular source, In
neighborhood A, the noise gencrated by the source
muy be masked by the ambicnt noise, while in
neighborhood B, it may be audible, The ambiem
noisc thus is important as a reference level for the
evaluation of the noise from 4 particular source.

Even il the ambient noise has a low level, the
measurement of sound pressure level does not always
suffice for the quantitative evaluation of a source
because the magnitude of the sound pressure level
will depend upon the distance from the source, the
directivity of the source, und the acoustic environ-
ment. For this renson, the total acoustic power
rudinted by a source of sound may provide a better
mensure of source vutput. Since acoustic power is
usually coiculated from measured values of sound
pressure which depend on the acoustic environment,
il is necessary (o design and calibis 2 the measure-
ment environment carefully if the aceuracy required
{or sound ratings and comparisons is to be achieved,
All aspects of the determination of sound power of
sources are covkred by other American Nalional
Standards. This standard specifically excludes those
sound pressure level measurements which are ablain-
ed in order to permit caleulation of the sound power
radiated by a source.

Primary interest in this standard is focused on
sound pressure level data which arc obtained for
their own sake. Since the human car s a pressure-
sensitive device, sound pressure level o+ are [re-
quently sufficient to satisfy the purpe... of ‘the
measurements,

This standird deals exclusively with objective
methads of measurement. In many situations, it is
desirable to make quantitative nssessments of the
subjective ¢ffects of noise on human beings., The
measurements described here yicld the physical data
that are required for assessing the effects of noise but
the assessment techniques themselves (for example,
metheds for calculating loudness, noise ratings with
respect to the conservation of heuring, speeeh inler-
ference and naisiness, predictions of structural fail
ure) are not included.

This standard describes three methods that can be
used for measuring sound pressure levels (see Table
i}, One method uses a relatively simple, portable
instrument; the other two methods require more
extensive instrumentation, bul yield more detailed
information. The choice of the method to be used for
a specilic measurement program will depend on the
objectives of the program.

The technigues for measuring airborne sound
pressure levels are summarized in Fig, | In planning
a series of sound pressure measurements, i is imper-
utive that the purpose of the measurements be kepl
clearly 1n mind, In Fig. 1, ihe putposes of a program
of sound pressure level measurements ure shown to
be either for characierizing o sound source or an
ambient sound field. In either cose, if the objective is
to obtain data on which engineering changes to the
source (or sound licld) are to be based, band pressure
levels are required. On the other hand, il the purpose
of the measurements is to obtain a quantily thst
relates the magnitude of the sound stimulus to an
estimate of the effect of the noise on mun, o simpler
measurement (such as a weighted sound pressure
level) may be all that is neeessary,

The three different methods for sound pressure
level measurements described in this stnndard are
sumraarized in Table . The method 1o be sclected
depends upon the Lhoroughness of the description

4




AMERICAN NATIONAL STANDARD 51.13-1971

required for the purposes of the measurements, A
thorough description requires an analysis of the
sound pressure devels in narrow frequency bands
from measurements made at suitable microphone
focations over an appropriate time interval with the
best available instrumentation. In other situations, a
simplified measuring procedure may be entirely
adequate for the purposes of the measurements,

The surver method (hat ulilizes a hand-hetd
sound-level meter is the least time-consuming but
provides comparatively linle information. thatis, the
weighted sound pressure level. No effort is made
control the acoustic environment: that is. the envis
ronment is inoan “as is” condition, indaors or
autdoors.

The fleld method utilizes eqyipment for frequency-
band analysis and the acowstic environment may be
modificd 1o make it approach known conditions of
measurement, or it may be in an as is” condition
cither indoors ur outdoors. For example, if messure-
ments on a single machine are o be made in a
maching shop, the environment may be left Yas is™ in
a reverberant condition se that the room has an
effect on the sound pressure Jevels at the virious
microphone positions. Alwernotively, the environ-
ment may be controlied 10 0 degree by covering some
of the room surfaces with sound absorptive mater-
als, The effect of the rovm on the sound pressure
level measurements may then be reduced,

The laboratory method requires the use of the best

Table 1
Three Methods for Sound Pressure Measurements Described in This Standard
Meusuremenl Method  Inslrumentation Environment Lacation
Sutvey Sound-level meter “As is"; nul Indoots of
contiolied ouldoors
Field Instruments that A iy or semi- Indoors ¢
meet requirements controlled with outdoors
uf applicable minot changes to
American Natianal add ubsorplive
Standards materisls, remove
reftecting objects, ete g
Laboratary Laboratery insiri= Controlled environ- Labaralory
ments thatl meel inend: anechoic or (indaors}
requirements of wmianechuic
American National Bem
Standards
) Fig.
Classilication of Airboene Noise Measurements According to Purpose
SOURCE NOISE
WEASUNEMENTS L_ USE FON RECOR DINGD OF HOISE
ICHARACTENIETICS OF WEIGHTED SOUND EXFOSUALS, COMPARIBON WITH
A SQUND SOVACE) HEVELS CRITERIA, SPECIFECATIONS, £TC
ot MEASURE SOUWD
PRESSUAE LEVELS
AT APENOPRIATE
POSITIONS
b
USE FCA DIAGNGTIC
ke i :::m‘:‘:““ ANALYEIS ON WHICH TO
BASE ENGIMEE R ING ACTION
AMBIENT NOISE
WEASUREMENTS -
[EHAMACTERISTICS DF
A SOUND FIELOL

Fan
vr Len
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avgilable, laburatory-grade instrumentation. The
frequency-band analysis is carried out under care-
ully controlled enviranmenlal conditions in a labo-
ratory so thal the ¢ffect of the room on the sound
pressure level measurements may be precisely deter-
mined, The laboratory method is primarily used {or
SOUFce measusements,
The two types of noise encountered in practice are
given below:
{1} Steady Noise
Without audible discrete tones
With audible discrete tones
{2} Nonsteady Noise
Flucluating noise
Iatermitient noise
Impuisive noise
Isolated bursts
Quasi-steady noise
Steady noise is relatively vonstant over g long period
of time and may or may not cantain audible discrete
tones. If none of the frequencies is awdibly dis-

‘tinguishable from the others, the nuise is wide-band

and “unpitched.” Nonsteady noise may be either
Nuctueating (that is, does not remain at any constant
level during the period of ohservation), intermittens
{that is. roturns 1o the ambien) ievel during the
peried of ubservation) or impulsive. These differem
Llypes of noise require differént measurement tech.
nigues which are deseribed in detail in this standard,

The particular methed sebeeted for mearuring
noise thus depends upon:

{1} The nature and location of the noise source(s)

() The wvse 1o be made of the results of the
measurements )

{3 The type of noise 10 be measured

(4) The time and equipment available for the
measurements, and

(5) The skill of the individuyl conducting the
measurements

Before making a decision or measurement methed
and instrumentation system, the individusl who
intends to carry out a program of sound pressure
level measurements should ask himself the following
general guestions:

(1) What do | wani to know?

(1) What will [ do with the data obtained?

{3) How accurate do | expect 1he data 1a be?

Tae answers to these querions and consideration
of the tive preceding items should provide guidance
on the method to be chosen for the measurements
and the instrumentation system to be selected.

This standard ¢lassifies the purposes of the mea-
surements, identifies different kinds of commonly

AMERICAN NATIONAL STANDARD §1.13-197)

encountered noises, describes techniques for measur-
ing and reporting sicady and nonsieady noises as
well as the instrumentation systems suituble for such
measurements, and includes general guidelines for
noise measurements in the field and in the labora-
tory.

1. Scope and Purpose

1,1 Scope

1.1.1 General recommendations are given 10 ds-
sist in the development of noise measurement tech-
niques thal arc satisfactory for use under various
chvironmental conditjons,

1.1.2 The measurement of sound produced by .

sources which radiate dircctly into the air is given
fiest priority, The airborne sound pressures may be
partially attributable 1o sound transmission along
strectural pathways and reradiation from solid (or
fluid) bodies.

1.1.3 Primary consideration is given to the mea-
surement of sound created as a by-product of the
principte function of the source. The methods may
also be applied 1o other sources which are intended
to generate sound. For example, measurements may
be desired of the sound pressure generated by an
alarm device operating in the presence ol multiple
noise sources.

t.1.4 This standard does not consider sound pres-

sure level measurements which are oblained for the
purpose of determining the sound power rudiated by
a source.
1.2 Purpose. The purpose of this standard is to
pravide wniform guidelines for measuring and re-
porting sound pressure levels observed smder differ-
ent envitunmental conditions. This standusd is appli-
cable to the many different types of sound pressure
level measurements commenly encountered in prace
tice, This standard is intended to assist in the
preparation of test codes for: 1} determining com-
pliance with a specification, erdinunce, or scoustical
criletion, and 2) obtaining information to assess the
effeets of noisz on people or equipment.

2, Definitions

ambient noise. The all-encompassing noise associ-
ated with g given environment, being usually a
composite of sounds from many sources near and
far.

discrete tone, A sound wuve whose instantuncuus

9
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sound pressure varies wssentally as a simple sinu-
soidal function of time,

{luctuating nolse. A nuise whose sound pressure level
varies signilicantly bul does not equal the ambient
environmental level more than once during the
period of observation,

impulsive nailse. A noise characterized by briel ex-
cursions of sound pressure {acoustic impulses) which
significantly exceed the ambicnt noise. The duratjon
of a single impulse is usually less than one second,

intermittent nolse. A noise whose socund pressure
fevel equals the umbient environmental fevel two or
more limes duting the peried ol observation, The
period of lime during which the [evel of the noise
remains at an esseatinlly constant value different
from that of the ambient is on the ardet of vne
second or more,

nonsteady nolse. A noise whose sound pressure Jevel
shifts significantly during the perind of observation.

period of abservation, The iime interval during which
acoustical data are obtoined. The petiod of observa.
tion is determined by the characteristics of the noise
being meusured and should be at Jeast 1en times as
long as the response lime of the instrumentation, The
greater the varigtisa in indicated sound level, the
longer must be the observalion time for g given
expecied precision of the measuremnent,

sound level (noise level). Weighted sound pressure
level obtained by the use of 4 metering characteristic
and the weightings A, B, C (or olher) us spevified in
the referenced standards (see Scction 1), The
weighting employed must be indicated, Unit: decibel
{dB}.

sound pressure level, Twenty times the logarithm to
the base 10 of the ratio of the pressure of 4 sound 1o
the reference sound pressure. Unless otherwise speci-
fied, the effective {rms) pressure is (o be understood,
The reference sound pressute is 20 uN/m*. Unin
decibel (dB).

steady noise. A noise whose sound pressure level
remains essentially constant (that is. Mectuations are
negligibly small) during the period of observation,

3. Acoustic Environinents

3.1 General. The sound pressure observed in the
vicinity of the source may be influenced by the
aeoustic environment in which the souree is oper-
ating. Small changes in orientation of the source
may resuly in apprecinble c¢hanges in the sound

10

pressure level, 1uis imperative that the influence of
the enviranment on the measurement of sound pres:
sure level be considered.

1.2 Types of Measurements

321 Amblent Noise Measurements, Measure
ments of ambient noise are commonly made both
oudoors and indoors. The abserved sound pressure
is usually a superposition ol the sound pressures
generaled by many sources at different loeations, In
this type of measurement, it is the twtal sound
pressure thal is of inwrest rather than the sound
pressure genersted by uny of the individual sources
aperating in the environment, A statisticn) deserip-
tion of the combined noise level rroduced by all of
the sources operating simultuneously is frequently of
interest. Typicul ambient environments are given in
Table 2.

3,2.2 Source Measurements, This type of mea-
surement involves the determination of the sound
pressure level produced by o source. lovated either
outdoors or indvers. The source of interest will
{frequently be operating in the presence of other
sources. The ather sources establish the ambient
noise, Typical sources are also listed in Table 2.

223 Example, The noise levels of 4 large city are
frequently controlled by vehivular traffic (ambient
environmental noise). [T interest iy focused on indi-
vidual vchicles in the traffic, sonree measurements
are necessury.

3.3 Eaviconmentsl Factoes Inlluencing  Amblent
Nolse Measurements

1A Qoutdoors. The soend pressure levels mea-
surcd outdoors will be influenced hy:

{1} Sound absorption by the surface of the ground

Tuble 2
Typical Ambient Environments and Sources

Ambiens Environment Suugce
Outdoots

ilighway Pucunsabiy tauh

Residential neighburhuod Industrial machines

Airpatl Stutionary engines
Tquipmenl used by
utilities: transfoim.
efy, Teguinivts, ctv
Ground vehicles
Adrerafl
Hoals and ships

Induots
Factories Hand tualy
Offives Applianves
Schoels Industrial pavhines
Hospilals Household equipmeny

Dwellings

A-11
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{2) Shape of the land contours

{)) Scattering from and absorplion by objects
such as buildings, trees, and people

{4) Inhomogeneities in the atmosphere (1urbu-
wence, wind pradients, and temperature gradienis)

(5) Air absorption {ambienl temperature and hu-
midity)

{6) Time of day

3.3.2 Indoors, The sound pressure [evels measured
inside buildings will be influenced by:

{1} Sound reflection and ubsorption by the interi-
or surfaces

{2) Reflections from and absorption by objects
within the building, such as [urniture and people

{}) External neise sources and the transmission
characteristivs of the structure

(4) Air absorption (umbieal temperature und hu-
midity}

3.4 Environmental Factors Influencing Source Mea-
AULCIMENLS

d.) General, Accurale measurements of sourees
are complicated because the pattern of sound radi-
ation depends span several eavironmental factors.

3411 Radlation In & Free Field, At large
dislances from a source in a relleetion-free, homeo-
geneous, nondissipative space, the sound pressure
varies inversely with the diswanee from the source;
thet is, the sound pressure {evel will decrease six
decibels cach time the distance from the acoustic
center of the source is doubled. If the source is Jarge
compored with the wavelength of the sound it
radiales, the general trend of pressure will be -0
decrense as the distance from the source is incrensed,
but sound pressure maxime und minimy may oceur
in the vicinity of the source,

34.1.2 Ellect of & Rellecting Plane, When the
sound source is located newr u reflecting plune, sound
waves reflected from the plune will interfere with
thuse caming directly from the source, The general
trend of the pressure will be 1o decrease as the
distance from the source is increased and sound
pressure maximu and minima will oecur due Lo
interference,

34.1.3 Radiation Wihin a Room. When u
sound suurce rydintes into o room, the sound will be
reflected back und forth many times from the room
surfaces: these reflections create vomplivated sound
fiedd. At any point within the room, the sound
pressure may be considered 10 be the resultant of two
coincident sound fields: the direct sound field which
comes directly from the source withour being firs!
reflected, and the reverberant sound field. The revers

AMERICAN NATIONAL STANDARD §1.131971

berant sound field is itself the superposition of many
sound waves which may interfere to produce spatial
and lemporal variations in sound pressure,

3.4.2 Optimal Conditions Outdoars. To realize
optimal conditions cutdoors for sound pressure mea-
surements above a reflecting plune, the following
requirements shall be met;

J.4.2.1 Extent of Rellecting Planc. A hurd,
smooth, massive plane surface shall extend from the
source under test at least a distance A/2 beyond the
farthest microphone position, where A is the
wavelength of the sound at the lowest frequency of
interest.

3.4.2.2 Absorption Cocliicient ol Reflecting
Plane. The normaul-incidence sound ubsorption
coefficient of the reflecting plune shall not exceed 0.1
over the frequency range of interest (concrete or
asphalt surfuces usually meet this requirement).

3.4.2.3 Obstacles and Reflecting Suriaces. No
obstacles or reflecting surfaees with major dimen-
sions greater than A /4 (other than the ground) shall
be within 5A of the source, or within §A or 5r of the
mictophone positions. whichever is the greater, where
A is the wavelength of sound ot the lowest frequency
of interest and r is the distance {rom the farthest
measurement position to the center of the sourve.

3.4.2.4 Atmospherlc Conditlons. The simo-
sphere shall be hemogeneous to a height of [0 m
abuve the ground vor 1o the height of the suurce,
whichever is greater, with o uniform negative 1em-
peruture gradient und with no wind gradients,
measurements must be made under conditions with
positive temperatore gradients (thermal inversiuns),
the pusitive temperature gradient shull not ¢veeed
2%C per 300 m of height and the wind gradient shall
not exceed 3 m/s per JOO m of height, Measurements
shull not be made when the wind speed enceeds 6
m/s,

3.4.3 Optlmal Conditions Indoors, Optimal condi-
tions exist indoors in u free-ficld or unecheic room.
Within the frequency runge of intercst, the sound
waves reflected from the surfuces of the room muke
u negligible contribution (that is, less than 0.2 dB} 1o
the sound pressure level ut the point of observalion,
To reulize free-field conditions in un enclosure, the
Lest room shall mect the (ollowing requirements:

3.4.3.1 Slze ol Test Room. The dimensiuns of
the anechoic room shall be large enough so that the
mictophones can be placed in the far radiation field
of the sound source under test and at least Afd
distant from the absorptive surfaces of the anechoie
room, where A is the wavelength of sound at the
lowest [requency of inlerest.

[P
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NOTE: A useful rule of thumb is that the fae radiation field exists
un  r oplimal conditions o1 distances greater thun four times the
largesi saurce dimension, This docs mot imply thal distances less
than four limes Lhe Turgest source dimensiun ace nevessasily in the
near field.

3.4.3.2 Absorpiion Cocllicient of Test Room.
The uverage normal-incidence sound absorplion
coufficient of all surfaces of the anechoic room
should be equal to or greater than 0.99 over the
frequency range of interest. The absorplive treat.
r -~ shall be unifermly distributed over all of the
surfaces. Most ancchoic rooms with absorptive
wedges a1 least | m long meet this eriterion al
frequencies above 100 He,

14,13 Obstacles and Rellecting Surinces.
Sound refiecting surfaves and obstructions other
than the microphone and those associated with the
sound source under test shull be absent from the
rouom.

3434 Free Fleld Above s Reflecting Plane. A
semi-anechoic room with a free field over o reflecting
plane shall incorporate al) af the features deseribed
in34.3.1, 3.4.3.2, and 3.4,3.3 except that the lloor is
& hard, smooth, massive plane surface. The average
normal-incidence sound absorption coelficient of the
lloar shall not exceed 0.1 over the frequency range of
interest, A conerete (loor meets this requirement,

3.4.4 Other lodoor Enviroaments. For many
sources, it is cither desirable or necessary lo
make messurements under conditions which are not
optimal. For example, an indoor environment may
have only 4 small amount of sound absorption. 11
muy be desirable to leave the enviconment us it is
while determining the sound ievels in the caviron-
ment when a particulur source is in operation, Or,
allernatively, it may be desirable (o make the envi-
ronment more closaly approximate the aptimal con-
ditians described in 3.4.3 by intreducing absorptive
lreatment,

J.44.1 Requirements, When conditions indoors
are not optimal, useful measurements can be made
without excessive errors due to sound reflections
from walls or other surfaces provided that:

{1} The room has an adequate volume

{2} The source is located sulficiently far [rom the
walls and other reflecting surfaces

(3) The measurement positions are relatively close
to the source {see 7.3.2.1)

{4} Local interference patterns are smoothed out
(see B3

3.4.4.2 Qualilicatlon Procedures, Scction 10
gives procedu 25 for qualifying indoor envirenmenis
us far as requirements (1) and (2) of J44.1 are
converned,
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3.44.3 Nearby Otjects
J.4.4.3.1 Surrey Method. The ucouslic envi-
ronment in which the measurements are made shall
be taken in an “as is” condilion,
3.4.4.3.2 Fleld Method, To the extent pos-
* ple, itis usually desirable white acoustical meusure.
ments are heing made 1o remove all ubjects lrom the
lest area which are not part of the source or
necessary {or its operalion,
3.4.4.3.) Laboratory Method. All objects
which are not part of the s -urce or necessary Jor it
operation shall be removed from the anechoic or
semj-anechoie room during the measurements, ey
cept for the microphone and its associated hardware

4. Classification of Nolse by Type

4.1 General, The spectrum of a noise is influenced oy
a number of factors, such as the charactenistivs of ke
source(s). environmental condilions, et¢  The spees
trum may contain components al onc or more
discrete [requencies whose amplitudes are sub-
stantially higher than those of components al ad-
jacent frequencies,

4.2 Types of Nolse. The noises usually encountered
in practive are classified us steady or nonsteady
noise,

4.2.] Steady Nolse. The fevel of a steady roise
remains essentislly constant {that is, fluctuations are
pegligibly small) during the peried of observalion,
To the typical observer, a chunge in noisc level of Jess
than one decibel is not likely to be detectable while a
six decibel change will be considered sipnificant. If
the aversge noise level is relntively constant but the
speciral distribution of the sound chang ¢s during the
period of observation (as determined by listening),
the noise shall be classified as nonsteady.

4.2.1.1 Steady Nolse Without Audible Discrete
Tones, This type of noise is frequently referred 1o as
"broud-band™ noise; praminent discrete components
and narrow-bands of noise are absent, The plot of
pressure specirum level versus frequency is withow
pronopnced discontinuities. See Appendin A for
procedures Lo identify prominent discrete lones in
the presense of broad-band noise,

4.2.1.2 Siendy Noise with Audibie Discrete
Tanes. This type of noise has components at one or
more discrete frequencies which have significantly
greater amplitedes than those of the adjacent spec.
trum (see Appendix A), Clusters of such components
or narraw-bands of naise may be observed. The
plotted spectrum obtained with a narrow-band an-
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alyzer has very sharp peaks {prominemt single-fre-
quency components) or steep gradients (parrow
bands of noise). The distinguishing feature of nar-
row-band noise js that ils energy is concentrated in a
relatively narrow portion of the spectrum,

4.2.2 Nonsteady Nolse. The level of a nonsteady
naise shifts significantly during the period of obser-
vation. This type of noise may ar may not contain
audible discrete tones. The classification of non-
steady noiscs depends upon the period of observation
which must be defined for cach measurement,

4.2.2.1 Fluctuating Nolse. The sound pressure
leve] varies over a range greater than six decibels
with the “slow™ meter churacteristic (ses 8.1) and
does not equal the ambient level more than once
curing the period of observation. Alternutively, the
noise muy fluciuale between *wo or more steady
levels six or more decibels aparl when mcasured with
the “fast" meter characleristic of a sound-level
meter. Fluctuations may occur because of beats
between twa or more audible discrete tones huving
nearly the sume frequency.

4.2.2.2 Intermitient Noise. The sound pressure
level equals the ambient level two or more times
during the period of observalion, The period of
time during which the leve! of the noise remains alan
essenlially constanl value different from thal of the
ambicnl is of the erder of one second or more,

4.2.2.3 tmpulsive Noise (Bursts) Impulsive
noise is characterized by briel exeursions of sound
pressure (acoustic impulses) which significantly ex-
ceed the ambient environmental sound pressure, The
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duration of ¢ single impulse is usuakly less than one
second, Two subcategories of impulsive noise are:

4.2.2.3.1 [Isolated Dursts. One or more bursts
occur during the period of observation. The envelope
of the burst wavelorm may be that of u decaying
transient or it may b of essentially constant ampli-
tude, for example, i tone burst. The burst spacing
(time interval between bursis) is such thal each burst
is individually distinguishable with a sound-level
meter.

4.2.2.3.2 Quusi-Steady Noise, A Irain of two
or mere bursts ocaur during the peried of observa-
tion. Individual bursts in the train may have equal or
unequal amplitudes and the burst spacing (lime
interval between bursis) muy be uniform or nopun-
iferm. As the burst repetition rate increases, the
reselution of individual bursis by a sound-level meter
becomes difficult; the noisc is then classified as
Tiusi-steady.
4.3 Examples, Examplks of sources of diflferent
lypes af noise are given in Table 3.

5. Instrumentation for Noisc Mceasurements

5.1 Introduction. Noise measurements are olien
made with a sound-level meter. When one of the
built-in weighting networks is used 10 modily Lhe
[requency response of the instrument, the reading of
the meter is called the sound leve] and the weighting
network used must be indicated. When no weighting
is used, all [requency components in the range of the

Table 3
Examples of Sour. s of Different Types of Noise
Steady Nonsteady
Without Audible Fluctusling

discrete tones

Distant city
Wateifall

Alr<conditioning system (high velovity)

Wilh audibie

diserele tones
Cireulat 1aw
Transformer
Turbojet .ngine

Heavy tnaffic (nearby)
Pounding susl

Intermitient

Adreralt Ny-over
Automobile passing by
Train paving by

Impubive
Isolated bursis

Drop forge hammer

Dag barking

Pistol shots

Door slamming
Electrical circujl breaker

Quasi-steady noise

Riveting
Preumalic hammer
Machine gun
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instrument are passed essentially without atten-
uation and the reading of the meter is the sound
pressure level.

The sound level {weighted sound pressure level} is
uselul in many sitvations, [1is particularly valuable
when noises are 1o be compared which have the same
general character and when the human car does not
readily recognize an, mportant qualitative differ.
ences in the composition of the noises. When the
sound-level meter indicates approximately the same
sound level for lwo noises, but the ear distinguishes
dilferences in the compositien of the noises, @ single
nember, such as the one a sound-level meler pro-
vides, may be misleading.

The single number provided by the sound-level
meter is not sulficient for diugnostic purposes. For
studies that are concerned with the causes of noise
generation and metheds for reducing the noise, a
frequency analysis of the noise is required. To obtain
this information, band-pass fillers whese geomelric
mean frequency is cither continuously or step-wise
variable are used in conjunction with the sound-level
meter. The sound pressure level, in (requency bands
of known widlh, is then oblained, Eight octave-banu
{ilters (for example. those with geometric mean
frequencies of 63, 125, 250, 500, 1000, 2000, 4000
and 8000 Hz) usually cover the significant portions
of the audible spectrum and provide adequate infor-
mation to charuclerize steady noise without gudible
diserele tones. When sudible discrete tones arc
present in the spectrum, a spectrum analyzer huving
a narrow bandwidth (for example, third-oclave or
narrower) may be required,

5,2 General. Instrumentution for the three methods
of noise meusurement is described in this section.

5.2.1 Sumvey Mcethod (for Ambient MNoise and
Souree Measurements), This method uses only u
sound-level meter 1o yield the weighted sound pres-
suse level (sound level),

5.2.2 Field Method (for Ambient Noise and
Source Measurements), This method uses octuve or
narrower bund unulyzers and provides a freauency
anulysis of the noise in a ficld enviranment which
may or may nol be chunged to approximate optimal
conditions,

$.2.3 Laboratory Method {Primarily for Source
Mecusurements). This method uses precision octave
or narrower band unulyzers and provides u frequency
analysis of the sound pressure levels produced by o
source operaling in a free fivld or a free ficld ubove u
reflecting plunc.

5.3 Instrumentation
§,3.1 Surrey Method. For survey measutements, a
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sound-level meter shall be used whose performance
meets or exceeds the Jeast stringent requirements of
American Nalional Standard for Sound Level Me-
ters, S1.4-1971 (see Section 12).

5.3.2 Ficld Method, For ficld measurements, an

octave-bund analyzer or a narrow-band analyzer of
the constant bandwidih or constant percentage band-
width type shall be used. The microphone shall be
detachable from the instrumentation for installation
al the end of a cable.
NOTE: If an analyzer with fill  that meet the requirements of
224,10: 1953 {auperseded) s us - reference should be made 10
American Nationa) Standard Spev.fication for Octave, Halis
Octave, and Third-Octave Band Filter Scis, S1.11-896b, on filiers
for a method to convert the sound pressure level data 1o the
carresponding values Jor an analyzer that incorporates the cureent
preferred octave-band center frequencies (see Section £2).

53,3 Laboratory Method. For laboratory mea-
surements, instrumentation that meets the re-
quirements of 5.3.2 shall be used, [n additien, the
migrop.ung shall meet the stability, temperalore
coefliei jent, and ambient-pressure coefficient re-
quirements of American National Standard Specifi-
cations far Luborutory Standurd Microphones,
$1.12-1967 {sce Section 12).

5.4 Precision Objectives of Basic Instrumentation
Systems

5.4.1 Preclsion of Calibration, These systems shall
be such that they are capable of being calibrated at a
discrete frequency between 200 Hz and 1250 He with
the following precisions {see 5,7)

(1) Instrumentation for survey method: 2 dB

{2) Instrumentation for ficld method: % | dB
(3) Yastrumentation for laboratery method: %0.5
dB ’

A complete calibration over the entire frequency
range of interest shall be performed periodically with
a precision sufficient to ensure compliance with the
frequency response requirements of 5.4.2. Cali
brations shall be performed in accordance with the
general principles of American National Standard
§1.4-1971.

54.2 Frequency Response, The frequency re-
sponse of an instru.nentation system to o plane
progressive sinusgidal sound wave arriving ol the
angle of incidence specified by the manufacturer oc
o sounds arriving al rundom incidence shall can-
form 1o the requirements of American National
Standard 81.4-1971, [nstrumentation (or the lubo-
ratory method shall sutisfy or exceed Lhe frequency
response requirements of the type of sound-level
meter which has the most »..ngent petformance

" specifications. For the fiel2 method, instrumentution

shabl satisfy or eaceed the frequency response re-
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quirements of the next most stringenl sound-level
meter specifications and for the survey method, the
least.

5.4, Microphone Characteristics. Microphone
characteristics shall confarim 1o the requirements of
American  National Standard S1.4-1971. Micro-
phones for the laboratory method shall satisly or
exceed the approprinte requirements of the type of
sound-level meter with the most stringent perform-
ance specifications and, in eddition, shull satisfy the
stability, temperature coefficient, and ambienl-pres-
sure coelli dent 1equirements of American National
Standard §1.4-1971, For the ficld method, micro-
phones shall savisfy or ¢exceed the next most stringent
sound-level meter specificutions and for the survey
method, the |east.

§.4.4 Filter Characteristics, The octove un- thied-
oclave band filier seis used for measurgmenis by the
licld pnd laborptory methods shall meet the re.
quirements of American Nationat Standard Si.11.
1966, 1n particular, instrumentation for the field
method shall meet a Class [ designation for octave.
band filter sets und a Class I[ designution for third-
oclave band filter sets. Instrumentation for the
laboratory method shall meet 2 Class 11 designation
for vetave-bund filter sets and a Class 131 designalion
for third-octave band filler sets. Two other types of
spectrum unalyzers may be used for measurements
using the field and laboratory methods, One type has
a bandwidth which is a4 constant small fraction of the
venter frequency of the band. The other has a
constant bandwidth,

5.5 Magnetic Tape Recorders. [nstrumentalion.
grade magnetic 1ape recorders are useflul for data
storage und may be used 10 supplement the basic
instruments described in 5.3.2 and 5,3.3.
5£.5.t Tape Recorder Characteristics and Oper-

ation, The electrical characteristics that are usually
of critical importance in the choice of a tupe recorder
for noise measurements are the frequency response
and the signal-to-noise ratio.

5,5.1.1 Frequency Response Characteristie. A
{requency response characteristic that is uniform
over the frequency range of 45 to 11200 Hz is
preferred. This response shall be checked frequently
and adjusted for optimal unifermity. Cerrections for
the remaining irrcgularities shall be applied (o the
results of an analysis of the signal if third-octave or
narrower bands are used.

5.5.1.2 Signal-to-Nolse Ratio. The range in lev-
¢l from the internal noise level of the recorder 1o the
level at which the distortion exceeds 2 percent shall
be us wide as possible. The applied signal level must
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be set carefully in order 1o be within this range, If the
applied signal is set too high, the recorded signal will
be distorted, and subsequent measurements of the
reproduced signal may be seriously fa error, [ the
applied signal is sel toa low, the internal noise of the
recorder may override the signal in the [reguency
ranges where the signal energy is low,

Since the signal-to-noise ratio is measured and
specified in several different ways, a careful review of
the significance ef any particular specification shall
be made for critical applications. The effect of the
weighting characteristic (or preemphasis) on the
signal 10 be recorded shall be considered.

5.5.1.3 Other Characteristics. In instrument-
ation recorders. the magnitude of the flutter shall be
sufficicntly small that measurements on (he repro-
duced sigral are not generally affected by it, unless
filter bandwidihs of | percent or narrower are used,

The phase characteristic of o system is ordinarily
of littfe significance 0 acowstical measurements. In
those instances where accurate reproduction of the
recorded waveform is required, careful control of the
phase characteristic is necessary, and the frequency-
modulation process of recording is then the preferred
procedure. For most noise-measurement appli-
cations cither @ direct-recarding or o [requency
medulution process may be used,

When the phase characteristic is imporiant. the
phase response of the system (including the recorder)
shall ideally be an increasing linear function of
frequency. Deviations from this ideal are frequently
specified in terms of the delay (slope of the phuse vs
frequency curve} produced by the system.

The dynamic range of many systems will (requent-
ly be inadequate far the recording of nonsteady
noise. Foe ™yctunling und intermittent neise, record-
ings ma, & made al different levels on several
recarder channels, or the system gain may be adjust-
ed (cither manually or automatically) during the
period of observation, A melhod must be provided
for determining the megnitude and time of oceur-
rence of the gain changes. When recording quasi-
steady ‘noise, the sipnal peaks may be distorted
because of the s2ry high crest factors {for examptle,
peak-to-rms ratios greater than 10) that are fre-
quently encountered. A recording level must be
chosen that makes a compromise between an ad-
equale signal-to-noise ratio and excessive distortion
of the signal.

5.6 Callbration and Maintenance of Instrumentation,
The instruments wsed for the ncoustical meusure-
ments shall be serviced at least ance every (welve
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months in acrardance with the manufacturer’s ine
structions. This shall include checking the perform-
ance of all mechanical components and electrical
circuits and replacing substandard items, The date ¢
most recent servicing shall be writte= n tags at-

tached to the instruments, To ensure the cali-
bratien of the equipment has not chai aring a
serics of measurements, the ine . _siustw + sSysiem

shall be calibrated acoustically awcording to the

anufacturer’s instructions. A comparative cali-
bration provided by a sound-level calibrator or
pistonphone of known sound pressure level is usually
satisfaclary for this purpose. The frequency response
of the compleie instrumentation system shall be
checked periodically to insure that the requirements
of 5.42 are satisfied. For the laboratory method,
microphones shall be calibrated by ¢ mparison with
reference standard microphones which are calibrated
according to American National Standard Method
for the Calibration of Microphones, S1.10-1966 (see
Section 12).

5,7 Precautions To Be Taken When Selecting Instru-
metitation
5,7.1 Precautions {Field and Laboratory Methods)

5111 Wind (Ficld Method Only}. To perform
sound pressure level measurements in & moving air
stream, a suitably designed windscreen of nose cone
shall be utilized to minimize the influence of the air
stream on the output of the microphone. No such
precaution is necessary if the wind noise is [0 or
more decibels below the signal being mecasured in
each frequency band of interest. Corrections for
changes in microphone sensitivity for the windscreen
or nose cone used during the measurements shall be
applied 10 the observed sound pressure levels.

57.1.2 Humidlly and Temperature, High hu-
midity er temperature will change the sensitivity or
damage miumy \ypes of microphones. The micro-
phone manulscturer's instructions shall be carefully
followed to avoid such effects. .

5,1.1.3 High Sound Pressure Lerels. Many
piczoclectric, moving-coil, and capacilor micro-
phones may be used for the measurement of sound
pressure levels up 1o approximately 146 dB re 20
uN/m? At higher levels, speciully designed micro-
phones with stiff diaphragms shall be used: these
shall becalibrated at the levels to be measured and, if
possible, over the entire frequency range of interest,
Al high sound levels, special precautions shall be
taken to ensure thal “microphonics™ are nol gener-
ated by the transmission of mechanical vibration (o
the microphone or instrumentation, These include;

1

{1) [nstalling the microphone and insirumenta-
tion on a soft mounting.

(2) Removing the instrumentation from the high
sound levels and utilizing long cables: precautions
are necessary to minimize cable noise, thal is, the
noise produced when the cable itsell is subject to
vibration ar flexing.

{3) Installing the instrumentation behind suitable
barriers or enclosures; a mechanically solt mounting
shall be used for the low-sensitivity microphones that
are utilized for the measurements of high sound
levels,

(4) Determining clectrical noise and possible “*mi-
crophonics™ problems by replacing the microphone
with a highly insensitive (dummy) microphone.

57.1.4 Low Sound Pressure Levels. A micro-
phone used to measurc low sound pressure levels
must have high sensitivity and low internal noise.
When connected 1o suitable low-noise amplifiers,
many piezoelectric, moving-coil, and capacitor mi-
crophones are suitable for measurements of sound
pressure levels below 20 dB re 20 uN/m#,

57.1.5 Low-Frequency Noise, Piezocteetric and
some capacitor microphones are suitable for measur-
ing sound pressures a1 frequencies down (o (ractions

- of a hentz, Special amplifiers are required for mea-

surements of low-lrequency noise. The low-frequen-
ey sensitivily of a microphone may vary considerably
from the mid-frequency sensitivity due 1o the pres-
ence of a pressurc-equalizing leak. Calibration shall
be performed over the irequency rangs of interest.

5.7.1.6 High-Frequency Noise. For measure-
ments abeve 20000 Hz, miniature capacitor or
piezoelectric microphones usually give the most
satisfactory resulls,

5.7.1.7 Hum Pickup, When sound pressure lev.
¢ls are 10 be measured near electrics) equipment, a
moving-coil microphone shall not be used. The
instrumentation shall be checked 10 make certain
there is no hum pickup in the instruments them-
selves. Hum can be reduced by moving the instru-
ments away (rom the source of the magnetic field or
by sclecting a proper orientation of the instruments
with respect Lo the magnetic field.
5718 Cables. When a cable is used between
the microphone and the acoustical instrumentation,
the system shall be calibrated according to the
manufacturer's instructions with the cable in use.

5.7.2 Precautions {Survey Method). Sound.level
meters with integral microphones are generally not
suitable for 8 measurement program that requires
the abservance of the special precautions of 5.7.1.
5.1.3 Additional Effects on Measured Data

(L |




5.7.0.1 Effect of Observer and Meter Case on

Measured Data

5.7.3.1.1 Survey Method. The sound-level
meter shul! be held in from of the observer. The
abserver shall be oriented with respeet to the princi-
pal sound source so that the sound energy arrives al
the microphone from the side unless some other
orientation is specified by the instrument manu-
{acturer,

5.7.3.1.2 Field and Laboratory Methods. [n
order 1o minimize the obstacle effect caused by the
insertion into tng sound field of the sound-level meter
and the experimenter holding it, the microphone
shall be connected Lo the sound analysis equipment
by means of an appropriate cable or extension
connector and mounted on a tripod or other suspen-
sion system. The observer and all acoustical instru-
mentation exceplt microphone(s), associated pre-
amplifiers and cables should be located outside the
1est area,

5.7.1.2 Microphone Response and Orlentation

§,7.3.2.1 General. The microphone cali-
bration applicd to compute sound pressure level
shall conform to the way (he microphone is used in
the measurement; for example, free-ficld calibration
at the appropriate angle of incidence. [t should be
recognized that microphone calibrations are often
furnished in 1erms of the pressure response, which
may differ from the free-ficld response at high
[requencies by as much as 9.5 dB [or oneeinch
diamerer microphones,

5.7.3.2.2 Survey Mcthod, See 5.7,3,2.1.

5.7.3.2.3 Fietd and Laboratory Methods. The
mictophone shall be oriented with respect to the
source s that sound strikes the diaphragm at the
angle for which the micraphone was calibrated to
have the latlest frequency response characleristic,
The variwtion of the response with (requency shall be
taken jnto account in each frequency band for
maximum accuracy. 1t should be noted thut micro
phones are usually most sensitive for sound propa-
galing perpendicular to the microphone diaphragm.
However, the angle required to oblain the flatiest
response vs [requency will be a function of the
microphone design, It is imperative that reliable
calibration dala be used 10 determine the angle of
operation for the [lattest response, It should be
noted that a mictophone may be extremely sensilive
al high frequencies 1o small changes in orientation
for sound waves urriving parallel to the diuphragm,
Therefore, during a measurement of sound which
conlains significont high-frequency components, it is
advisuble Lo maintain Lthe microphone oricatation to
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within 5 degrecs for the survey und ficld methods
and to within =2 degrees for the luboratory method.

6. Installation and Operation.of Source

6.1 General. The requirements of this section are
applicable only to measuremenis of sound sources.
In mapy cases, the sound pressure levels in the
vicinity of a source depend upon the suppori or
mounting conditions and upon the manner in which
the source is operated. This section gives o neral
recommendatiens concerning installation and oper-
alion of sources. Reference shalf be made to individ-
ual 1est codes for more detailed informatien con-
cerning installaiion and mounting conditions of spe-
cific types of sources {for example, rotating elecirical
machines),

6.2 Installation of Source. Whenever a typical condi-
tion of mounting exisis for the source, that condition
shull be used or simulated, if practicable.

6.2.1 Mcthod of Mounting, Many small sound
sources {for exumple, ballusts for lluorescent lamps,
eleciric clocks, etc) although themselves poor radi-
ators of low-frequency sound, may, as a result of the
method of mou~ung, produce marked increases in
low-lrequency sound when their vibrational encrgy is
transmitted to surfaces large enough to be efficient
radiators. Resilient mounting should be interposed il
possible between the device (o be measured and the
supporting surfaces so that the transmission of
vibralion to the support and the reaction on the
source are both minimized. However. such resilient
mounts shall not be used il the device under test is
not resitizntly mounted in field installmtions,

6.2,2 Plane Rellecting Suriaces, When a source is
mownted near one vr more reflecting planes, its
radiation impedance may differ sppreciably from
that of free space. If such o mounting is 1ypical of
lield instulfutions, the reflecting plane(s) shall be
considered to be a part of the source. The optimal
environment for a source mounted near one reflec-
ling plane is a semi-anechoiv room (free-field above
u refleciing plane), See 3.4.3.4,

6.3 Opceratlon of Source. During the acoustical mea-
sutements, the source shall be operated in a manner
typical of narmal wse in a field installation. The
following operatienal conditions may be appropri-
ale:

(1} Device under normal load

{2) Device under full load (il different from (1))

(3) Device under no-load (idling)

6.4 Test Results, The conditicns under which the
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source is installed und operated during the acoustical
testing shall be described in the test resulis,

7. Microphone Positions

7.1 General. Micraphone positions shall be selecied
so that an adequate sampling is obtained of the
sound field in the ambient environment or in the
vicinity of a sound source. The number of micro-
phane positions selected shall be adequate 1o de-
scribe the ambient environment or specify the char-
acteristics of 1he source.

7.2 Ambicnt Noise Measurements, When the micro-
phone position is selected. the purposes of the
measurements must be carefully considered, The
microphane shall be located al those positions ner-
mally occupicd by the ears of the people exposed Lo
the sound field. These people may be standing
sitting, or lying down, When jt is desired to ploy
contours of equal sound pressure level, the reguired
number of microphone positions will be determined
by the degree of spatial irregularity in the sound
pressure ficld and the resolution desired. The dis-
tunce between microphone toeations is to be speci
fied in terms of the desired precision with which the
ambient environmental levels are 1o be mapped.

7.2.1 Outdoors. The preferred height of the micro-
phone above the ground for outdoor measurements
is 1.5 meters. Other heights may be used if they
prove (o be more practicable, For example, in
making measurements near an open window, the
microphone shall be ventered on the open window
and at 3 horizontal distance of approximately 0.5
meter from the window,

7.2.2 Indoars. The preferred height of the micro-
phone above the floer is 1.5 meters, Other heights
muy be used il they prove to be more practicable as,
for example, in making measurements in a room
where the occupants are normally seated (living
rooms: microphone |1 meters ahove the floor} or
lying down (bedrooms: microphone 0,6 meter above
the [loor).

7.3 Source Mcasuremeiits. The distribution of sound
in the vicinity of most sources is complex. Large
noise-producing bodies may have surfaces which
vibrate at many [requencies with many degrees of
freedom, These bodies may produce sound pressure
patterns thay are extremely complicated, I the
wavelength of the emitted sound is large compared
with the dimensions o' the source, the sound may be
radiated uniformly in all directions. Il the
wavelength is short compared with the dimensions of
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the source, important directional effects and interfer-
ence phenomena may appear. Hence, it may be
necessary o determine the directivity characteristics
as a functjion of {requency in order 10 completely
specily 1he acoustical properties of the source.

The sound licld of a source in the presence of one
ar more rellecting planes resulls from a supers
position of the field of the actual source and that of
the image source(s). The directivity pattern above a
reflecting plane is pencrally mere complex than that
of the same source in i free field,

The numbter of micraphone positions shall be
sufficient 10 ensure that the sound pressure ficld in
the vicinity of the source has been adequately de-
scribed for the purposes of the measurements,

7.3.1 Qperator Positions, If the source is arended
by un operator, one microphone position shall be
located al each operutor position (preferubly with
the operater absent), If the operutor stands, the
microphone shall be ut 4 specified height (for ex-
ample, 'S meters) above the floor plane, If the
operator is nermally seuted, the microphone shall be
at o bower specified height {fer example, 1.1 meters)
above the floor plane.

7.3.2 Other Positions. [n addition (o the operalor
rositions {If any). measurements shall be made at
several locotions in the vicinity of the source, When
the source is not highly directional, measurements on
four sides are frequently sulficient. When the source
is highly directional, measurements at more than 20
different jocations may be required. Tu locate the
microphone, one of the following procedures may be
used; the firsi procedure is suitable for both indoor
and outdoor measurements; the second procedure is
usunlly used for measurements outdoors whea the
microphone is o considerable distance from the
saurce,

7.3.2,1 Rectangular Array of Microphone Posi-
tlons, The smallest possible imaginury reclangular
parallelepiped that will just enclose the source is
utilized for refcrence purposes, At Jeast one vertical
side of the parullelepiped shall be parallel 10 ane of
the vertical surfuues of the source. Minor projections
from the source are disregnrded. The microphone
positions are then specified with respect 1o the
parallelepiped, The key measuring points are shown
in Fig. 2. The microphane shall be located at cach of
the four key meusuring points.

For small sources whose maximum lineur dimen-
sion is less than ©.25 meter. the horizontal distence
between the microphone positions and the paral-
lelepiped is four times the maximum lineur dimen-
sion of the source. Allernatively for small sources,
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the location of the four key meusuring points may he
described with respect 1o the center of the paral
lelepiped. Far most sources whose maximum linear
dimension is equul 1o or exceeds 0.25 meter, micro-
phone positions located one meter from the pirals
lelepiped are suitable, For [urge sources (or for
sources thut produce higher levels ut prester dis.
tances than at one meterh it may be desiruble 1o
select a lurger horicontal distance (for example, two
meters) hetween the microphone positions and (he
parulizlepiped.

For lurge or highly directional sources, additivnal
meisuring points muarked off at u suityble uniform
intervul {for example, one meter) from the key
measuring points may be used us supplementary
microphone positiens. If this spacing results in two
sets of microphone positions near the corners of the
dotted rectangle of Fig. 2, it may be desiruble 1o
eliminute one of the two sets, The preferred hetghe, A,
of the microphone above the ground plane is 1,8
meters, For special applicitions, it may be more
uppropriate to seleet i ~ H/2, but not Jess thun 0,28
meter,

7.3.2.2 Circular Areay of Microphone Posi-
tions, The microphone positions are locuted on the
circumlerence of a circle with the source at the center

x = Kny massuting points

of the circle as shown in Fig. ). The height of the
mivrophone above the ground plane is determined in
the same manner as for the reciangulbur array of
microphone positions (see 7.3.51) As o minimum
requirement, measurements on the periphery of the
cirele at angular displacements of 0, 90, 1K0, and 270
degrees in a horizonial plane shall be obtained.
Measurements may alse be made at intermediile
points 1o adequiately describe the sound field in the
vicinity of the source. The radivs of the circle shall
preferably be more than five limes the mujor source
dimension, but never fess than two times the major
saurce dimension. Measurements at microphone
positions around the complete circumference of the
virele of Fig, 3 may nat be required for sound ficlds
known to exhibit spatial symmetries. When meisure.
ments ol varying distances from the source are 1o be
obtained, the distanee of the microphone from the
source shall be marked off ot suitable uniform
intervals on either a fogarithmic scale {preferred} or
a linear scale.

7.3.3 Microphone Positions for Sound Power De-
terminations, If a determinution of sound power is
desired, microphone positions shall be selecied ac-
carding o American National Standard 51,2.1962.

7.3.4 Microphone Positions lar Moring Sources.

Fig. 3
Location of Measuring Points in Alternate Prescribed Pateern

O ~ Other massuring pointe

H-7

marked off ai 45degres
intarvals b tween kay
pointy




The microphone positions used shall be those of 7.2
and 7.3, For maving sources, the microphone may be
oriented so that the highest sound pressure is incident
on the diaphragm Trom the direction for which the
microphone was calibrated. Alternatively, the orien-
tation may be such that the sound pressure from the
moving suurce impinges on the microphone dia-
phragm at the same angle of incidence throughout
the period of observation. The relative position of the
source with respect Lo the microphone, particularly
the distance of closest approach, shall be specified.

7.3.5 Microphone Posltions {or Soutces That Con-
tain Audible Discrete Tones. When oudible discrere
lones are present (see Appendix A), the microphone
shall be moved in order to reduce the effects of
localized inlerferences (see 8.3),

8. Measurement of Steady
and Nonstendy Noise

8.1 General. The purpose of this section is to provide
quantitative guidelines for determining the type of
noise (thut is, steady or nonsteady) being measured,
and to prescribe metheds for reading the meter of g
noise-measuring instrument. Yariations in the output
of noisc sources combined with short-lerm environ.
mental changes affecting sound propagation result in
fluctuations of the sound level, The meter does not
respond instantancously when a signal is presented to
it; the reading at any instant depends upon the
amplitude of the signal o short time before, the
amouni of damping that has been applied to the
meter movement, and the rate at which the level is
changing. Two ballistic characteristics are normally
provided for a sound-level meter: **fast™ and “slow."
The *fasi’ meter characteristic has a response time
of approximately 0.1 second, and the response time
of the “slaw™ meter characteristic, obtained by
increasing the meter damping, is approximately |
second. The meter characteristics ace specified more
precisely in Ametican National Standard S1.4-1971,
When the fluctuations of the meter with the “fast”
characteristic are greater than £ d8, the “slow”
position shall be used, Exceplions to this rule are
discussed in 8,4

8.2 Procedures for Measuring Steady Noise Without
Audible Discrete Toncs

8.2.1 Mcasurement Procedure, When measure-
ments of steady noise are made in a frequency band
that does not contain an audible discrete tone, the
level corresponding to the rms sound pressure during
the period of observation is of greatest interest,

AMERICAN NATIONAL STANDARD S§1.13-197]

When the fluctuations of the indicating pointer on
the sound-level meter are less than £3 dB using the
“'slaw" meler characteristic, the noise is considered
to be steady, and the level is taken 10 be the average
of the maximum and minimum Jevels during the
period of cbservation, A situation may arise when
the usc of the "fast™ meter characteristic indicales
that the level fluctuales between two or more well-
defined steady levels less than 6 dB apart. In this
case, the procedures of 8.4,2.4 may be used,

8.2.2 Data To Be Obtained. For steady naisc in
frequency bands that do not contain an audible
discrele tone, the following data shall be obtained,

8.2.2.1 Survey Method, At each microphone
position (see Section 7}, the sound level (with A or
other appropriate weighting) shall be abtained, No
effort is required Lo control or change the acoustic
cnvironment.

8.2.2.2 Field Method. A1 cach microphone po-
sition {see Section 7), an octave-band or third-octave
band analysis shall be obtained. Exceptions to this
requirement are discussed in 11,2, No weighting
shall be used for these analyses, If desired, the sound
level {with A or other appropriate weighting) may be
recorded. For ocutdoor measurements of sources,
environmental conditions shall approximate as close-
ly as possible those described in 3.4.2. For indoor
measuremenis of sources, environmental conditions
shall upproximate as closely as possible those de-
scribed in 3.4.3 unless it is desirable or necessary to
work under the conditions of 3.4.4, in which case
environmental conditions shall be fufly described.

8.2.2.3 Laboratory Method. Al cach imicro-
phone position (see Section 7), an octave-band or
third-octave band analysis shall be oblained. Ex-
ceplions (o this requirement are discussed in 1].2,
No weighting shall be used for these analyses, If
desired, the sound level {with A or other appropriate
weighting) may be recorded. The measurements shall
be performed in an anechoic (or semi-anechoic)
room that meets the requirements of 3.4.3.

8.3 Procedures for Mensuring Steady Noise with
Audible Discrete Tones

8.3,1 Meassrement Procedure, Standing waves or
targe spatial variaticns in sound pressure are fre-
quently produced by sound sources that radiate
audible diserete tones (se¢ Appendix A} In a free
field, standing waves may be created by interferences
belween sound waves generated at two or more
separaled areas on the surface of a large source, Ina
free ficld above a reflecting plane, destructive inter-
ferences will also occur at those locations where the
difference between the length of the direct path and

A
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the path reflected fram the plane is an odd multiple
of a hall wavelength, Indoors, standing wave inter-
ferences may be particularly pronounced unless the
room is extremely large or optimized as deseribed in
143, )

Al a particular point in such an interferencs fickd,
the sound pressure fevel in a frequency band con-
laining the discrete tone is rarely relevant cscept
when evaluating the effect of noise from a fixed
source on an observer whose position with respect Lo
the source and all reflecting surfaces is clearly
defined, Even then it must be borne in mind that the
interference field will shift in space with sligh
changes of wemperature (speed of sound) or freguen-
¢y (machine speed). Usually it is more refevant to
measure cither the maximum or the rms sound level
{or rms sound pressure level) during the period of
observation for a suitable choice of micraphone
positions.

To reduce the infiuence of localized interferences,
the microphone may be moved slong cireular arcs in
a vertical plane with are lengths of at least A/2 and
preferably greater than A where A is the wavelength
of the sound al the oudible discrete frequency of
interest, The microphone shafl be moved at o rate of
al leusl one traverse per second, bul with a velocity
less than two meters per second 1o avoid the effects
of wind noise, The motion of the microphone shall
not generute neise or vibration that affects the sound
pressure level readings. The center point of each are
shall pass through the measuring points of Section 7
and the ure radius shall be at least one meter, The
microphune shull conlinug in molion ubout each
measuring point for a sulficient period of time to
permil an average reading 1o be oblained with the
“slow™ rusponse setling of the meter, Allernatively,
the true rms pressure along the puth muy be deter-
mined by direct computation using analog or digital
techniguus,

To evaluate regions of maximum sound level, the
microphone shall be moved slowly along a puth
connecting the measuring poins shown in Fig. 2 or
Fig. 3 while simultancously reducing the influences
of localized intetferences us described above.

8.3.2 Data To De Obtalned, When audible dis-
crete tones are presenl, o narrow-band analysis shall
be performed. In frequency bands that contain an
audible diserete wone, the maximum and average
saund level or sound pressure level observed during
each traverse of the microphone shall be obtained. tf
the sound pressure level fluctuates due to beats
between noise sources, the “slow™ sedting of the
meter movement shall be used; the maximum {and
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minimum} sound pressure level produced by spatial
and temporal fluctyations shall be reported. These
datn are obtained in addition 10 the daty deseribed in
8.2.2 for frequency bands that do not ¢ontain an
audible diserete 1one,

8.4 Proccdures lor Measuring Nonsteady Noise

§.4,0 General. Noises thal are nonsteady are ¢las.
sified in 4.2.2 us fluctuating noise. interminent noise,
isolated bursts, or quasi-steady nojse.

Two kinds of temporal luewsations shall be dis-
tinguished, For the first kind, the noise fluctuates
between two or more well-delined steady fevels as,
for example. could oceur during the cyclic operation
of a1 machine, The length of time the noise remains
steady at each of the well-defined levels is sulficient
1o obtain an estimate of the average value for cach
level using the “fast" meter characierisiic, For the
second kind. the level Quetuate. cominuously over a
wide runge, For example, noise levels near a busy
highway may flucluate over o range of 30 dB or
more, and the level dous not remain al a steady level
{or an appreciable length of time during the period of
observation,

An intermitient noise is useally “on®™ for a Lime
long enough to determine an average love] using the
“last™ meter characteristic, The “on™ periods may
oceur al fegular or irregular intervals during the
period of observation, and the noise level may be
sieady or may fluctuate during the “on™ period,

There are two distinctly different approaches 1o
the measurement of inlermiuent noise, The con-
venlional approach utilizes standard ipstrument-
ation, and is deseribed in this section. Alternatively,
the intermittent neise may he treated as a burst or
series of bursts, and the meitbads of Appendis B miy
be used.

Quasi-steady naise i5 4 scries of impulses whose
repetivion rute is sufficienily high that the noise can
be considered as steady (Sec 8.2).

It is often difficult 10 distinpuish between isolated
bursis and quasi-sieady noise. When 10 or more
impuises vccur each second, the noise is nearly
always quasi-stzady, and muy be conveniently mea-
sured with the cquipment used for steady noise
deseribed in Section 5, When one impulse per second
or less occurs, the nuise nearly abways consists of
isolated bursts, and may be measured using the
techniques described in Appendix B,

In the range |-10 impulses per second, the disting:
tion is much less clear. An esfimate of the uverage
level, the magnitude of the hucluuliuns in sound
pressure level, and an oscilluscope photograph of the
envelope of ot least 10 bursts are useful, and provide
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a description of the neoise, A calibralion of the
vertical scale of the oscitloscope in terms of sound
pressure or sound pressure level shall be made,

8.4.2 Measurement Procedures, Becaunse the char-
acteristics of nonsteady noise are difficult 1o define
quantitatively, the procedure to be followed in read-
ing the sound-tevel meter will vary with the allimate
use of the measured data. The type of data desired
usually fulls into one of five colegorics.

(1) An estimate of the level corresponding 1o the
true rms value of the sound pressure (rms fevels for a
specified period of observation. (Sec 8.4.2.1.)

{2) An estimate of central tendency (for example,
the averuge level) duering the specified period of
observation, (See 8.4.2.2))

(3) An estimate of the maximum and minimum
levels (using the fast™ or “slow’ meter chargcter-
istic) during the specified period of observation. {Sce
§.4.2.3)

(4) An estimate of the level during the “on* lime
of an intermittent noise, or an estimate of the levels
that occur when a noise {luctuates between 1wo or
more well defined values, (See 8.4.2.4.)

(5} An estimate of the variations in level with
time. (Sce 8.4,2.5) .

Data are obtained by observing the llectuations of
the pointer on the meter of the noise-measuring
instrument. The observed readings ure not indepen-
dent becuuse a finite lime is required for the pointer
to assume a new value. When using the “last” meter
characteristic, at least one-ha)f second shall be
allowed between observations: when using the
“slow™ meler characteristic, the interval between
observations shall be at least two seconds,

#.4.2.1 Estimates of the Level Corresponding to
True rms Sound Pressure, 1f the luctuations of the
pointer on the indicating meter are between +3 dB
and =5 d8 (slow™ meter characieristic), the level
corresponding 10 the rms sound pressure is approxi-
matcly 3 dB below the maximum level; when sucees-
sive excursions are observed to have different max-
imum levels, the level is approximately 3 dB below
the mean of the maximum levels for several cx-
cursions. IT the range of the fluctuations is greater
than + 5 dB, the estimate of the level is less certain; it
may deviate from the true value by several decibels,
An estimate may be ebtained by reading the scund
level meter 10 or more times during the period of
abservation. The tevel is estimated {from the follow-
ing cquation:

13
14 tor‘; (Eq 1)

I = IOIngN &

AMERICAN NATIONAL STANDARD 51.13-1971

where
N = the total number of observations
Li = the level at each observation
Il the time scale of the fluctuations is such as to
make this procedure impractical, ather techniques
such as direct computation of the rms pressure by
analog or digital means are required.
NOTE: A uselul rule-of-thumb is that the pumber of vbscivations
shull equal the range of the Muctuations in decibels.

8.4.2.2 Estimates of Central Tendency. The av.
eruge indicotion of the meter may be estimated by
fotiowing ihe procedure of 8.4.2.1 and using the
lollowing equation:

{Eq 2)

10 estimate the average level. A better estimate of the
average level may be obtained if the averuge is 1aken
only over the middie 50 percent cf the readings.

The method of averaging shall be reported with
the test results. If the time senle of the flucluations is
such as to make this pracedure impractical, and the
fluctuations are less than =5 dB, the average of Lhe
maximum gnd minimum readings approximates the
average level,

8.4.2.3 Estimates of Maximum and Mirimum
Lerel, The maximum and minimum level during the
period of observation can be determined by observ-
ing the meter using the “fast™ or “slow™ character-
istic. When the time required for o variation from
minimum te maximum is five seconds or more, the
"slow'* meler characteristic may be used, For more
rapid variations, the “fast™ meter reading is more
relevant,

8.4.2.4 Variations in Sieady Level, For inter-
mitient noise thal varies belween two or more wells
delined steady values when observed using the “{ast™
or “slow'" meter characteristic. the rms level for cach
steady value is usually of interest, und can be
obtained using the “slow" meter characteristic when
the level is steady lor five seconds or more, For levels
that are sieady for one Lo five scconds, the “fast™
meter characteristic shall be used, For shorter bursts,
the maximum vilue of the **fast*" meter reading shall
be recorded, or the noise shall be treated as impulsive
or guasi-steady. .

8.4.2.5 Determioation of the Yaristlons in Lerel
with Time. The survey method is not useful il the
histery of level variations is to be determined be-
cause a recording device is required, The electrical
and mechanical characteristics of the device shall be
such that the history of the fluctuations of the
indicating meter can be determined.
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K.4.3 Data To fe Obealned

B.4.01 Survey Method, If the noise is fluctuat-
ing between two or more well defined values, the
value at each level shall be recorded, 1M the Tevel
fluctuates constandy over o range greater than +3
dB using the “slow'" meter characteristic, the max-
imum and minimum values and the rms or averape
level shall be recorded,

IT the noise is intermittent, the level during the
“on™ period is usually of preatest interest, The
average or rms level during the “on™ period uhull be
recurded,

IT the noist is quasi-steady, it may be treated as
steady noise with the exceplion that the system gain
shull be adjusted so that the level is measured m the
lowest pussible position on the indicating meter
scale. The meter may read on scale il the system gain
is increased by 10 dB. However, many instryments
will produce an inuccurate reading because of the
high erest factor usually encountered in guasi-sieady
nojse,

8.4.3.2 Field and Laboratory Methods. A mag-
netic tape recording moy be obtuined of the non-
steady nuise. To perform the frequency analysis, the
tupe recording shall be played back through the
instrumentalion system containing w speetivm an-
ulyeer, and a separate playbuck shall be made cach
time the selected frequency of the analyser s
changed. Alternatively, an endless foop of Lape may
be used for the analysis, or o parallel setof analy sers
having the desired bandwidih characteristivs may be
used.

A deseription of the filter vutputs as a fuaction of
lime depends upun the nuture of the signal. For
fluctuating noise huving two or more well-defined
steady levels, the rma levels van be estimated for each
frequency band af interest,

For noise levels that fuetuate continuously over a
wide runge, the maximum and minimum levels shall
he determined, und the rms or average leve shall be
estimated,

For intermittent noise, the average or rms level
during the “on” time shall be estimated in each
frequencs bund of interest,

For yuasi-steady noise, the methods of 84,1 shall
he used. The peak levels should, however, be mon-
Hored with an oseilloscope 10 ensure that no clipping
oeeurs in the amplifving or recording systems,

9, Corrections for Ambient Neise During
Source Measurements

9,1 General, The smbient sound pressure leved with

)

the souree not aperating shall, il possible, he deters
mined al Wy picitl microphone locations in all frequens
¢y bunds. I e inerease in the sound pressure level
in any given band, with tbe saurce operating, com-
pired to the ambient sound pressure level alane is 13
devibels or more. the sound pressure fevel due to
bath the source and amvbient sound is essentially the
sound pressure level due 1o the suurce alone, This is
the preferred conditien, but is  frequenly  un-
attainable o the field,

If the increase in sound pressure level inany given

bund, with the suund source eperating, compared 1o
the ambient sound pressare level is 3 deeibels or less,
the sound pressure level due v the sound souree is
cqual 1o or less than the ambient sound pressure
level, and the 1wo contributions cannut be properly
separated with the measering techniques deseribed in
this standard.
9.2 Survey and Field Methods, 11 the increase in
sound pressure level in any given band, with the
sound source uperating, compared to the snibicn
sound pressure level, is between 4 and 1§ decibels,
the sound pressure level due 1o the sound source may
be apprasimated by applying the corrections listed in
Table 4. These corrections are based on the as.
sumptiun that the indicating meter gives a close
approximation uf the value of the rms sound pressure
level, It is also assumed that the ambient sound
pressure and the sound pressere due 1o the sound
supree are incoherent and cun therefore be added on
4 pressure-sguared basis. When the contributions
{rom source und ambient sound are partally cohe.
rent, phase relations are important and corpections
in genera! lerms cannot be stuted.

9.3 Laboraiory Method, Since precision measure.
ments are carried out under controlied eaviron.
mental conditions, the combined level of the ambient
noise and 1he instrument noise shall be at least 0
decibels und preferably 15 or more decibels below
the sound pressure levels generated by the source in
each band within the frequency range of interest.

10, Qualification Procedures for
Indoor Enviroaments

10.1 Procedure When Source Can Be Moved, One
useful qualificmion procedure for checking iftems (1)
and (2) in 144,01 is to remove the source under
evaluation, and Lo place a reference sound source at
stlected points whose locutions are defined with
respect to the rectangular parullelepiped (see 7.3.2.1
and Fig. ). The reference source shall have dimen-

A-11
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Table 4
Corrections for Ambient Sound Pressure Levels

Difference {in Decibeis) Between
Sound Pressure Level Measued
with Sound Source Qperating
and Ambient Sound Pressure
Level Alone

Ceyrection ¢in Decibels) To Be

Subtracted From Sound Pressure

Level Measured with Sound Source
Operating To Obtain Seund Pressure

Level Bue 1o Sound Source Alone

4 22
5 1.7
[} 1.3
7 1.0
¥ [LX]
% [(X)
10 a4
11 []
12 0.1
1} 0.2
14 0.2
15 0]

NOTL: For the supvey and (isld methods, corrections of less than 0.5 db
are seldony pevessary, For the laboratory methad, o measursuent shall not
he considered valid if the correclion eaveeds 0.5 dB. Exveptions (o the
latter reguirement are discussed in 11,2.2.

sions that are small compared with the wavelengih of
sound a1 the lowest [requeney of interest, shali
tudiate broad-band seund energy having no audible
diserete tones, and shall be relutively omaidirection-
al. The suund pressure level produced by the refers
ence souree shall be at least 10 dB above the anibicnt
level in the frequency bunds of interest,

The reference sound source shall be operated on
the Moor a1 cach of the points @ on the paralielepiped
shown in Fig. 2, The sound pressure levels at the key
measuring points shall be compared with the sound
pressure levels measored at vonvenient intervals (for
example, 0.25 meter) along a line passing through
cach key measuring peint and perpendiculur 1o the
surface of the parallelepiped. The closest poim of
messurement shall be | meter from each key mea-
suring paint {for example, 2 meters fron the paral.
lelepiped). IT a1 une or more points atong the line the
level is ot deast 6 dB below the level a the key
meusuring point, the direel sound energy will usually
be sulficiently greater than the reflected sound en-
ergy that the environment approximites a free ficld
over o reflecting plune for survey and field measure-
ments. 17 the difference is less than 6 dB, the room
aun often be modified (o meet this objective by
covering the witlls und other larpe surfaces near the
measuring points with sound shsorptive materials,

10,2 Procedure When Source Cannot Be Moved. If
the source being evaluated cannot be remuoved from
the test site, or if the sound pressure fevel produced
by the reference sound source is not H) dB above the
ambient levels produced by the source undergoing

evaluation, the measurement provedere of 10,1 may
be followed using the actual source instead of the
reference souece,

NOTES:

111 The secand provedure {10,380 will be dilficult 1o use if the
source cadintes awdible discrete lones. The spuce avetaping
proweduee of ¥.3.1 shatl be used 1 ensure thiat @ minimum in the
inlerfetence pattern v ROt luken as representative of the seund
ficld at the key ur ather measuring poinis,

{3 1] the environmunn is nat ar cannul be quatified acearding
vne of |he ghove pracedurcs. this infarmation shall be reported
with the fes results,

11, Reporting Sound Pressure Level Data

11.1 Genersd, The following information, when ap-
plivable, shall be compiled and repurted for measure-
ments that are made avcording to 1he requirements
of this standard.

11.1.1 Sound Source Under Test (Source Mea-
surements Only)

(1) Description of the sound source under test

(2y Operating vonditions

{3} Muunting conditions

11.1.2 Acoustic Environment (Indoors)

(1) Loeation of sound source(s) (f any }

{1 Dimensions of test room; description of the
physical treatment of the walls, ceiting, and fleor;
sketch showing the Jocntion of source(s) and reom
conients

(3) Qualifications of test room (see Seclions ).4.4
und 10)

(43 Aidr wemperuure in degrees Celsius, relative
humidity in pereent, and barometric pressure in

a5
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millimeters of mercury (field and laboratory meth-
ods only)

H.1.3 Acoustic Environment {Outdoors). (Survey
and ficld methods only.)

{1} Localien of sound source(s) {if any)

{2) Dimensioned sketch and photograph(s) of the
test area showing buildings, trees, structures, and
ather reflecting objects

(3) Physical and 1opographical description of the
ground surface

{4) Metearological conditions at a specified
height above the ground; air temperature in degrees
Celsius, relutive humidity in percent, barometric
pressure in millimeters of mercury, wind directionin
degrees of nzimuth, and average wind speed in
meters per second

1514 Instrumentation

(1) The equipment used for the measurements,
including name, type, serisl number, and manu-
lacturer

{2} Bandwidth of frequency analyzr (ficld and
laboratory measurements only)

{3} Frequency response of jasirumentation svstem
including weighting used (if uny)

{4) The time response of the measuring sy stem;
thut is, “slow.” or '*fasl™ response, or alternute
appropriate description

15) For the lield and laboratory methods, the
method used to calibrate the microphone and the
date and place of calibration

{1.1.5 Acoustical Data

{1} The locations and oricatation angles of the
microphuone {a sketch shall be included il necessary),

{2) The sound pressure levels obtained, Tor all
Ireyuency bands or weightings, or both, used, in
decibels with reference 20 #N/m?. When appropri-
ate, the maximum, minimum, and estimated average
or rms sound pressure levels shall be reparted as
required by 8.4.3.

{3} The corrections in decibels, if any, applied in
cach [requency bund to account for the (requency
response of the microphone, frequency response of
the filters, ambient noise, elc,

{4) The corrected sound pressure levels shall be
labulated or ploted to the nearest decibel for survey
and field measurements and 1o the nearcst hall
decibel [or laboratory measurements, For plotling
the resulis of measurements obtained with the field
and laboratory methods, supgesied formuts are given
in Fig. 4 for oclave- and third-octuve band analyses
and in Fig. § for narrow-bund analyses. The scale
fength on the erdinate of Figs. 4 and 5, correspond-
ing 1o a 1011 frequency ratio on the abscissa, is equal

h

1o 10, 25, or 50 4B,

(5} The duration of the period of observation,

(6) For source mcasurements, the sound pressure
levels in decibels of the ambient environmental noise
with the source not in operation shall be given re 20
aN/m?,

(7} The date and time when the measurements

were performed.
11.2 Cemparison of Data, When the data obtained
from measurements made according lo the re-
quiremenis of this standard are to be compared with
other acoustical data, great care shall be exercised 1o
ensure the validity of the comparison.

11.2.1 Comparison with Other Measured Values.
In order for a valid comparison to be made, it is
imperative that the conditions under which the two
sels of data were obtained be ns nearly identical asis
practicable. Section 11.1 lists the information to be
compiled and reported as part of a serics of sound
pressure level measurements, [t is particulurly im-
partant that the environmental conditions as well s
the operating und mounting cenditions fur the source
(il any) be nearly identical.

11.2.2 Comparison with Prescribed Values, Fre-
yuently, sound pressure Jevel measurements are
mude 10 determine how the measured data compare
with a preseribed value or set of values. Four
differem technigues, based on sound pressure level
data obtained ut o given microphone position, are
commonly used to obrain the values o be compared.
Ia some cases, field or laboratory measurement of
the sound level may be all that is required for
comparison with preseribed values. In this case,
octave- or third-octave bund data are not reguired, If .
ng interfesence effects are present, the ambient noise
requirements of Sectivn 9 may be relased. However,
the measured level will not be that of the source
alone, and in the presence of interference effects the
level measured with the source operating muay be
lower than the ambient Jevel,

11.2.2.1 Octave- or Third-Octare Band Levels,
The sound pressure levels prescribed for comparative
purpases may be specified in either octave bands or
third-octave bands over the frequency range of
interest. Lower and upper cut-offl frequencies of 45
and 11 200 Hz are usuully adequaie. However,
special circumstances may require the use of higher
or lower cut-off frequencies for the filler set. The
levels prescribed for comparative purposes miy be
given on an oclave-band or third-ociave basis, Only
the ficld and laboratory methods yield oclave- or
third-gclave band data that may be used for com.
parative purposes.

R=11
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Fig. 4

‘Preferred Format for Reporting Octave- and Third-Octare
Band Measurements of Sound Pressure Level

11.2.2,2 Sound Levels, The sound-level value
preseribed for compurstive purposes may be, for
exumple, sound level A, The measured value may be
obtained by using either the survey, field, or labora-
tory methods, Ahiernatively, an approximation to
the measured value may be obiained with the ficld or
laboratory methods by applying corrections to each
octave- or third-octave bund level, The resultuni
mesn-sguare pressures in euch bund are then ndded
und converted 1o a logarithmic guantity such as

sound level A, Shapes of siundurd weighting eurves
are given in American National Siindard $1.4-1971,
il is not recommended that the caleulation procedure
be used when audible discrete Lones are present in the
spectrum of the noise,

11.2.2.3 Band Sclection. The value prescribed
for comparative purposes may be based on o band
seleclion method. Mensured octave bund sound pres-
sure levels are converted to new valugs by meuns of
an equation, a sel of tables, or a Tumily of curves,

Ly
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Fig. 8

Prelerred Format for Reporting Narrow-Band Measurements
of Sound Pressure Level

The highest aumber calculuted by this procedure is
usually selected as the single-number value, Data
thut ure converted by this technique must be obtuin-
ed using either the field or laboratory methods, A
correction is often applied if audible discrete tones
are present jn the spectrum.

11.2.2.4 Band Summatlon. The value prescribed
for comparative purpases may be based on a band
summation method, Measured octave- or Lhird-
octave bund sound pressure levels are converted to

k]

new numerical values, These numbers are then added
with suitable weighting, 1t is common practice 10 use
weighting of 1.0 for the highest number. and
smaller weightings for the remaining numbers, The
resulting sum may be converted to a logarithmic
unit. For example, the band pressure levels may be
converled 10 loudness index, weighled and summed
to yield u loudness in sones, und then converted to o
calculated loudness level in phons,

(Reference: Ametican National Standard Proce-
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dure for the Computation of Loudness of Noise,
§3.4-1971 |sec Section 12).) Data that are converied
by this technique must be obiained by either the field
or laboralory methods, A carrection is often applied
if audible discrete tones are present in the spectrum.

11.2.2.5 Band Averaging, The value preseribed
for comparative purposes may be based on a band
averaging method. Measured octave band sound
pressure levels covering a restricled (requency fiange
are arithmetically avernged 10 obtain a single-num-
ber value, This value is then compared with the
prescribed value. Datp that are converted by this
technique must be cbtaincd using either the ficld or
laboratory methods.

11.2.3 Choice of Mctheds for Comparing Data.
Data obtained by the survey method may be com-
pared by use of the procedures prescribed in 11.2.2.2
only. Dala obusined using the field or laboratory
methods may be compared using any of the tech-
nigues described in 11,2.2. For diagnostic analyses
which are undertaken 10 establish a basis for engi-
neering action when noise control is desired, the
techniques described in 11.2.2.1 and 11.2.2.3 have
praven uselul. For relating measured sound pressure
level data to the suebjective effects of noise, the
techniques described in 112,24 and 11.2.2.5 have
proven useful,

AMERICAN NATIONAL STANDARD 51.1).197)

12. Revision of American National Standards
Referred to in This Dacument

When the following American National Standards
referred 10 in this document are superseded by a
revision approved by the American National Stan-
dards Institute, the revision shall apply:

American National Standard Acoustical Termi-
notogy, 51.1-1960

Americun National Standard Method [or the
Physical Measurement of Sound, §1.2-1962 (R1971)
NOTE: Amenvan National Standarg SE -9 represents a
revision of Section 2 of American Natioagl Standard 50.2:1962,

American National Standard for Sound Level
Muiers, S1.4-1971

American National Swundard Preferred Fre-
quencies and Band Numbers for Acoustical Mea-
surements, §1.6- 1967

American National Standard Preferred Reference
Quantjties for Acoustical Levels, S1.8-1969

American National Standard Methad [or the
Calibration of Microphones, S1.10-1966

American National Standard Specification for
Octave, Half-Octave and Third-Octave Band Filier
Sets, S1.11-1966

American Nutional Standard Specifications for
Laboralory Standard Microphones, §1.12-1967

Americun National Siandard Procedure for the
Cumputation of Loudness of Nojse, 83.4.1971
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[These Appendines are rot o part of Americun Natjiona! Standard Methods for the Measurement of Sound
Ap pendix es Pressure Levels, S1.93-197), but arc included to facilitate its use),

Appendix A
Identilication of Prominent Discrete Tones

Al. Prominent Disceete Tones

A discrete lone will be sudible in the presence of
wide-band noise if its sound pressure fevel exceeds
the sound pressure level af the ncise in a Fleycher
eritical band centered at that frequency, In general,
the 1one is just audible (at its masked threshold)
when its level equals that of the noise in the Fletcher
critical band centered al the frequency of the tone
{Reference 1), This is the relationship used 10 define
the width of the Fletcher critical band, and it is valid
for masking noises huving continuous spectra with-
out excessive slopes, Noise speciru obtuined using
constant percentage bandwidth filters having slopes
greater than approximately 10 dB per octave (partic-
ularly negative slopes and high levels) may produge
remote masking for which the Fleteher eritical band
concept is nol valid. A prominent discrete tone may
be defined as a 1one whose leve! is a specified number
of decibels (A) or more above the level ud which the
discrete tone would be just audible in the preseace of
wide-band continuous noise, In many practical situ-
alions, o discrete 1one would be clussified as “promi-
nent™ by a panel of listeners if the specified number
of decibels {X) is between 5 and 15, The value of X
must be selecied by the user of this procedure,

To determine if a discrete tone is prominent, the
filter of the narrow-band analyzer used for the
measurements should have a bandwidith that is
approximately equal to or less than the width of the
Fleicher critical band, £, (see Table A1) A promi-
nent discrels tone Is present if the sound pressure
{evel of the tone measured with a filter of bandwidth
Af is at leust [X — 10 Jogyo (Afffc)] dB above the
arithmetic average of the bund pressure levels meu-
sured on ench side of the disciete tone, The term
10 logo {Af/f,) relates the bund pressure level mea-
sured with o band &/ in width to the width of the
Fleleher critical band fe. The value of X is the
specified aumber of decibels in the definition of
preminent discrete tone,

The curve of Fig. A} may be used 1o identify a
prominent discrete tone with a constant percentage

o

bandwidih analyzer (approximately 7 percent) when
X is specified as being 10 dB. The response of the
narrow-bund analyzer is down 3 dB av 2 3.5 percent
of 1he selected frequencey,

As il is not always obvious at what freguency the
sound pressure levels should be chosen in order 10
obtain the arithmetic average of the band pressure
levels on cach side of the discrete tone, the measure-
ment procedure requires clarification. In the idend
case of a discrete fone Superpased on wide-band
conlinuous noise, the selectivity curve chuaracteristic
of the filter in the narrow-band analyzer will be
traced with its center at the frequency of the discrete
tone, I the observed band pressure level versus
frequency curve deviates from the selectivity charac.
teristic of the narrow-band analy zer at the (requency
of the discrete tone, thisis an indication that multiple
diserete tones of narrow bands of neise are present,
The procedure of Section A2 should be followed,

Table Al
Fletcher Critical Bandwidths{f.} asn
Function of Frequency

Frequency I
g {Hz)
100 R?
100 52
s 50
Ll &0

. &30 5)
Holt 54
1000 63
1250 i
1400 6
1600 83
[1.1:0] 92!
1000 94
1500 12)
J1se 150
550 173
4000 A
4300 404
BOO0 559
10 000 432
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Fig. Al
Criterion for the Prominence of a Discreie Tone
Based on Tenth-Octave Bandwidith

A2. Nurrow Bands of Nolse

From a practical standpoint, no distinction need
be made between muliiple discrete tones clustered
topether and narrow bands of noise. However, u
narrow band uf noise may be distinguished from a
single discrete 1one if the width of the natrow bund as
plotied can be distinguished from the bandwidih of
the analyeer. Considerable judgment must be ex-
ercised in selecting the frequencies on either side of
the narrow band of noise at which the arithmetic
average is 1o be caleuluted, It is usually approprinte
lo select points that are belween +2 and x4 band-
widths from the selected frequency (for example, il a
7 percent analyzer is set to 1000 Hgz, the points m
which the average is taken should be 140 to 280 Hz
above and below 1000 Hz).

A3. Alternate Procedure

Another provedure for identifying prominent dis-
crete tones in the presence of broadbhand noise is
deseribed in Reference 2.

Relerences to Appendix A

(1) FLETCHER, H. Specch and Hearlng In Com-
munication. New Yark: D, Yan Nostrand Co, Ing,
1953, p 101,

(2) Section B36.3, Federal Aviation Regulations,
Published in the Federal Regisier, vol 34, no. 221,
Nov |8, 19589,
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Appendix B
Measurement of Impulsive Noise { Bursts)

B1. lotroduction

In practice, sources that produce an impulsive
sound are frequently encountered. 1f the duration of
the impulse is sufficiently leng, the noise may be
analyzed by the methods deseribed in Seclion 8.
However, the duration of an impulse is usually less
than one second, and is frequently less than 0.5
second, The methods described in Section B are
therefore not applicable, When a standard sound.
level meler is vsed to measure a short impulse, the
meter will show a momentary rise and decay, but the
maximum reading obtained is commonly 15 to 30 dB
below the peak pressure level of the sound wave,

In Section 8, the characteristic of the noise of
primary interest is usually the value of the effuctive
{rms) pressure of the sound wave, In dealing with
impulses of short duration, other characleristics are
also of interest, For apirborne impulsive noise, the
envelope of the pressare versus lime patiern is
generally of greatest interest. Fig. BI shows a tvpical
impulsive noise burst,

To define methods for ussessing the effects of
impulsive-ype noise, a considerable amount of ex.
perimentil data must be accumulated, The colluction
of these data has been hampered by the Fack of well-
defined pucameters to specily the characteristics of a
burst as well as a simple technigque lor measuring
these parameters, The peak pressure fevel and the
burst duration are of major importance. For certain
applications, measurements of the values of other
parameters may also be of value, and are deseribed
elsewhere, (See Reference 1)

B2. Categorles of Impulsive Noise

Impulsive noise is readily identilied by an observer
when only a single burst oceurs during the period of
observation (see 4.2.2.3.1 of the siandard} or the
time interval between acoustic tmpulses is long. The
human car is fess valuable as a guide when a
distinction is 1o be made between quasi-steady noise
with a high burst repetition rate {sec 4.2,2.3.2 of the
standard} and steady noise. The dislinction in this
case should be made in terms of specified values of
the parameters thal chacacterize the Impulsive najse.

B2.1 Example of Classification ol Impulsire Nolse,
To be clussilied as impulsive noise, an individual

32

burst must have a duration of less than 0,25 second
measured between the instants ut which the in.
stanfancous sound pressurcs have a value equal o
one-hall the peak value. I the noise is repetitive. the
tepetition rate of the bursts must be less than § per
second and the arithmetic averape of the peak sound
pressure levels (determined using an A-weighting
network) of 10 consecutive hursts in the train, must
be more than 5 decibels abwve the A-weighted
sound pressure level in the presence Lf the impulses.

B3, Instrumentation (Field and
Laboratory Mcthods)

For the reasons given in Section B, instrumen-
tation appropriste for the survey method should not
be used. A typical instrumentation system thal s
appropriate for burst measurements is shown in Fig.
B2, This system consists of 4 microphone, o wide-
band amplifier. a spectrum analyzer or weiphting
networks, an oscilloscope (with camera) and a peak-
reading circuit. The microphone and wide-band
amplifier should be of luberatory quality; their
combined {requency response should be uniform
over a lrequency range whose lower limit is less than
half the lowest frequency of interest and whose upper
limit is more than twice the highest frequency of
interest, The peak value of the sound leve! or sound
pressure level may be determined with the aid of a
peak-reading circuit, The rise time of the peak
detector should be less than 200 us and of such o
value that g single pulse of 200 &5 duration produces
a meter deflection no more than 4 dB below the
deflection produced by a reference pulse having a
duration of 10 us and equal peak amplitude. The
amplitude of the 10 us reference pulse should be such
os to produce a fulbscale (40, -1 dB} meter
deflection. The peak value can also be obtained with
the oscilloscope, The oscilloscope is included in the
system to [acilitute the measurement of the vilues of
other parameiers thal may be of interest. 11 is useful
if the oscilloscope is equipped with a memory or
storage feature, a single sweep capability and a
camera to obtain a permancnt record for luter
analysis, The oscilloscope sweep may be synchro-
nized 1o a liming signal derived either from an
elecirical signal related 1o the burst or (o an aeous.
tical signal.




In this section. the only instrumentation described
is that for burst display. Photographs of such dis-
plays may be used to oblain the values of the burst
parameters of interest, Alternatively, hybrid meth-
ods (a combination of analog and digital techniques)
may be used to measure and store bursl parsmeters,
Or. digital processing may be utilized to analyze Lhe
characteristics of a burst after it has been converted
{rom analog Lo digital form. However, these methods
lie wutside the scape of this document,

B4. Microphone Positions

The same considerations as discussed in Section 7
are applicable, However, burst measurements in the
near-field of an impulsive-noise source are frequently
of intetest, For this reason, it may be desirahle 1o
make measurements al positions closer 1o Lhe source
than those described in Section 7,

B5. Types of Measurcment
(Ficld and Labaratory Methods)

Wide-band waveforms with the spectrum analyeer
of Fig. B2 removed from the measuring system are
usually of greatest interest; however, the burst may,
also be observed at the owtput of (he analyzer, for

example, with an A-weighting network in the an-
alyzer. A single burst (pressure-time pattern) incl-
dent on the microphone will produce an envelope
that is highly dependent on the bandwidth and center
frequency of the analyzer since the rise lime and
decay time of the filters are defined by these param-
elers. It is not clear that the observed peak pressure
level in a particular band has resl significance by
itsell, since this peak is not one thai nctually occurs
in a typical sound wave, Nevertheless, the peak
pressure level in a band may give 4 useful indication
of the frequency disiribution of the sound energy.
{Sce Relerence 2.)

The characteristics of a burst that are usuaily of
preatest interest include the burst duration and the
magnitude of the burst (either peak, average, or
rms), Other parameters of interest and methods of
measurement are given in Reference ).

References to Appendix B

(1) Institute of Electrical and Elecironics Engineers.
Recommended practices [or burst measurements in
the time domain, 1EEE No, 157, May 1964,

(2) PETERSON, A.P.G. The measurement of im-
pacl noise, General Radio Experimenter, vol 30, no,
9, 1956,
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