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Abstract

This report is intended to scrve as an introduction to noisa, includ-
ing the inter-relationship between physical measures and psychological
responses, The basic principles of sound generation and propagation are
discussed as well as the measurcment of both the physical attributes of
noise and the effects of noise on people, The suitability and cffective-
ness of various noise exposure rating schemes, used to estimate or predict
the effects of noise on man, are discussed and critiqued. Included are
sample calculations of sound level, loudness level, and perceived noise
level for five selected spectra, The need is stressed for inclusion of
well~-defined environmental and operational requirements into measurement
procedures for those devices where the noise produced is dependeat on
the surroundings and the operation of the device. Also presented are a
glossary of pertinent acoustic terminology and a compilation of existing
standards related to noise, including a brief description of the intent
and scope of each.
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L. Sound Generatien and Propagation

Sound 1s sometimes defined as that form of vibrational energy
that gives rise to the sensation of hearing. While this definition
is acceptable, it is of limited usefulness in understanding how sound
is generated, propagated, and perceived.

The most common physical mechanism for generating sound is the
mechanical vibration of solid surfaces. Such surfaces can be excited
into vibration by numerous mechanisms, such as transient or periodic
impacts or oscillatory metlons of equipment. Consider what happens
vhen the sheetmetal panels of a truck hood are set into vibration due
to engine operation within the enclosure. The vibrating panel moves
alternately back and forth., As it moves forward, it pushes against the
alr nearest it. When the panel reverses its direction of motion, it
produces a partial vacuum, or rarefaction, in the nearby air, The
alternate compression and expansion of the alr adjacent to the panels
results in small local fluctuations in the atmospheric pressure. These
fluctuations in turn cause a portion of the air farther away from the
panel also te fluctuate in pressure, This local disturbance is thus
propagated through the air in the form of sound waves that reach our
ears. In addition to being generated by the mechanical vibration of
20lid surfaces, audible sound is frequently generated by the flow of
gases, e.g., by compressed alr exhausting from a pneumatic hammer or by
the furbulent jet exhaust of an aireraft. Sound waves are members of a
general c¢lass known as elastic waves, characterized by the fact that a
disturbance initlated at one point is transmitted to other polnts in a
predictable manner determined by the physical properties of the medium
in which the wave 1s propagated. Sound waves c¢an occur in many media.
We are familiar with sounds that occur in air; however, sound also Is
transmitted in water, structures and virtually any solid, liquid or gas,

For discussing sound waves in air, it 1s helpful to think about
two types of waves--the plane wave and spherileal wave. If sound propa-
gates Iin one direction only, the forward edge of the wave lies on the
surface of a plane perpendicular to the direction of propagation of the
wave. Measurement of the pressure fluctuations assoclated with a plane,
or free, progressive wave is simplified because the locatilon of the
transducer (a device which translates the changing magnitude of one
kind of quantity, e.g., sound pressure on a mlcrophone, into corresponding
changes in another kind of quantity, e.g., voltage) is unimportant. The
sound pressure is the same everywhere in space, except for relatcively
small effects due to absorptive and dissipative losses in the medium,
An approximation to this simple kind of wave 1s obtained far away from a
sound source when 1t 1s placed in an acoustically free field (a field
wlthout any nearby sound reflecting obstacles),
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Another type of sound wave frequently encountered in practice is
the spherical wave., Such waves can be thought of as waves propagating
awvay from a small point source with an absence of reflecting surfaces in
the vicinity of the source and the polnt of mecasurement. An instantaneous
Plcture of the pressure distributlion Iin the forward edge of the pressure
wave would show that it lies on the surface of a sphere, with the center
of the sphere located at the point source, Unlike the case of plane
waves, the acoustical intenslty (sound power per unit area) of spherical
waves decreases as the wave gecs farrther from the source, according to
a relationship known as the inverse square law. In an ideal free field,
and with no dissipation, a 6-decibel (dB) decrease Iin sound pressure
level (a level implles relative quantities; thils concept will be discussed
later) could be expected for each doubling of distance. Since real
conditions arec not ideal, in practice some loss other than 6 dB per double-

distance can be expected.

The inverse square law governs the intensity of the free sound
radiacion in the acoustical far fileld of a sound source. The acoustical
far field is the region where the sound wave diverges as from a spherical
source, If sound measurements are made in the far field, then the sound
level farther from the source can he accurately predilcted,

The range of sound pressures between the threshold of hearing {for
normal young people the smalﬁest sound pressure the human ear can sense
is approximately 0.00002 N/m"*) and the highest sound pressure to which
people are exposed,(the lift-off nolse near a Saturn rocket is approxi-
mately 20,000 N/m”) covers a range of 1,000,000,000 to 1. Since there
1s interest in observing the effects of small changes at hoth extremes,
a linear scale would be impractical, A simple mathematical scale suited
to this range of numbers is a scale basced on the logarithm (to the hase
ten) of the relative sound pressures. The range from 1 to 1,000,000,000
would be compressed to a scale running from 0 to 9 (log 1= 03 logl
1,000, 000,000 = 9), This 1s a system based on the number of tenfold
increases rather than on the actual number itself.

The numbers 0 to 9 represent relative quantities, and the quantity
measured on such a scale is referred to as a level, Scicentists and
englneers usually work with energy quantities that would be proportional
to the square of the sound pressure rather than to the sound pressure
itself. This presents no difficulty, since the logarithm of a squared
number 1s btwo times the logarithm of the criginal number; therefore,
instead of a range of levels from 0 to 9, the range runs frem O to 18
for sound pressure squared. The unit on this scale is called a bel,

The bel has been divided inte 10 smaller units known as decibels, so
that the range of sound pressures, from approximate threshold of hearilng
to Saturn rocket noeise, runs from 0 to 180 decibels.

— 2

%] newton per square meter (N/m")=10—4 pounds per square lnch (lb/inz)
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Figure 1. Donbling the number of identical sources results
in a 3 dB increase iIn sound pressure level,
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Decibal scales provide a convenlent notatlon to describe the great
ranges of both sound pressure and sound power (the rtime rate of flow of
sound energy). The reference levels and relations for these two quanti-
ties are as follows:

Sound Pressure Level (SPL) = 20 leg _63%55_ dB relative to .00002 N/mz,

where

P is the root-mean-Square sound pressure in newtons per square meter,

Sound Power Level (PWL) = 10 log —-‘i:-i-g—ds relative to 10712y,
10

vhere
W is the acoustical power in watts.

The decibel scale 1s extremely useful; however, it can be puzzling
since the mathematical operations differ from those to which we are
accustomed through normal use of linear scales, On a linear secale, the
total sound power generated by two identical nolse sources would be
twice the sound power of one of the sources operating alone. However,
on a logarithmic gcale the total sound pressure level resulting from two
identilcal noise sources would be 3 dB higher (Figure 1) than the level
produced by either source alone. (If you double a number, its logarithm
will always go up by 0.3; 0.3 bels = 3 decibels). If two sound sources
whose levels differ by more than 10 dB are added together, the resultant
level will be less than 0.5 dB higher than the level produced by the

greater source operating along.

In addition to responding to the magnitude of sound pressure, the
human ear is sensitive to the frequency of the sound. The frequency
reglon corresponding to the frequency range of the normal human ear --
20 to 20,000 Hertz (1l Hertz (Hz} = 1 eycle per second) -- is referred
to as the audio region. In reality, the human hearing range varies
from person to person, depending on age, possible hearing losas, and
physilological conditions, Other regions exist below and above the audio
region, These are referred to as the infrasonic range (20 Hz and below)
and the ultrasonic range (20,000 Hz and above). Explosions, rocket
engines, and varilous natural phenomena generate sounds in the infrasonice
range, while a portion of the nolse generated by jet engine and rotary
machinery and sounds used by porpoises and bats for guldance and com-
munication are in the ultrasonic range.

Vibration, which is the term used to describe aperiodic or
steady-state periodic motion, is closely related to sound. The mechan-
ical vibration of a solid surface is a common physical mechanism for
generating nolse. Hence, the process of quieting a machine or device
often includes a study of the vibratilons involved.
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Conversely, high-energy acoustlcal noise, such as that generated
by powerful jer or rocket engines, can produce vibrations which may
lead to deleterious effects such as fatigue faillures of structural
elements or malfunction of vital, sensitive control equipment., Such
problems tend to be most sericus for very intense nolse sources or
for lightweipght structures, both o¢f which exist in the case of alrcraft.

Vibratory motion may be simple harmonic motion such as that of a
pendulum, or it may be complex like a ride on the "whip" at an amuse-
ment park, Many important mechaniecal vibrations lic in the Erequency
range from 1 to 2000 Hz: however, bech higher and lower frequencles
are important. In seismelogilcal work vibration studies may extend
down to a small fraction of a hertz, while in loud speaker cone design
the wvibrational frequencies of interest go up to 20,000 H=z,

Most vibrantional problems which occur in machines and operations
are complex in nature and vary in both frequency and amplitude in a
random fashion, Because of this random pattern, detailed analysis is
needed te characterize vibrational sources.

Three gquantities are of great interest in vibrations~-(l) displace-
ment or magnitude of the motion, (2) velocity which is the time rate of
change of displacement, and (3) acceleration which 1is the time rate of
change of veloecity. Since all three of these quantities are interrelated
by differentiation or integration, the selection of a quantity to measure
does not matter significantly. The most versarlle transducer, due to
its small size, weight, and broad frequency response is the acceleration
sensitive tranaducer—-the accelerometer. During the past ten years the
accelerometer has become more popular due to the need to measure vibra-
tions of a point rather than of an area and because the response of the
test specimen Is subject to change due to the added mass of the transducer
itself. Velocity and displacement sensitive transducers or pickups are
available; however, they have size, weight, frequency range, and phase
shife limitations.

In order to control mechanical vibrations, it is necessary to
isolate the source from its supporting structure. For example,
high tonnage presses, drop hammers, and other high impact machines
create vibrations in addition to airborne noise. These vibrations,
unless well-isolated, can be tramsmitted throughout an entire
building. Such vibration reduction measures must be given high
priority for not only may there be excessive wear, ineffielent per-—
formance or even fatlgue failure of the machine but also man may be
annoyed, fatigued, have his performance interfered with or he wight
actually be injured due to a vibrational problem which was given
little or no attention.

-5~
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2 Physical Measurement of Sound

A basic Instrumentation system for measuring sound conslsts
of (Figure 2):

1. A transducer
2. An electronic amplifier and calibrated attenuator for

gain cantrol
3, A readout device

ol

TRANSDUCER AMPLIFIER READ QUT

Figure 2, Basic measurement system,

The most commonly usSed instrument containing these components
is the familiar sound level meter, a block diagram of which is shouwn
in Figure 3. In addition to the baslec components described above,
the sound level meter alsc contains weipghting networks that give
greater Importance ro sounds in certain frequency ranges., A typlcal
sound level meter contains three different response weighting networks,
designated as A, B, and C (Internsilonal Electrotechnlcal Commission (IEC)
Recommendations 123 and 179 and American Natlonal Standards Institute
Standard 51.4-1971). Recently a new welghting curve--the D curve—-—
has been proposed for measuring jet aircraft noise, At this time, the
D curve is being considered by the IEC committee, Figure 4 shows the
four weighting curves., The rationale for the welghting network stems
frow. che fact that the apparent loudness we attribute to sound varies
with the sound pressure and lts spectral content-—-the frequencles of
the components of the sound, This effect is taken into account to some
extent through the usc of the weighting networks,

The most commonly used sound level utilizes the A~weighting network,
The A-network enables the sound level meter to have a response approxi-
mating the 40-phon equal loudness contour {(loudness contours are discussed
later in chis reporc), The A-weighted sound level is emerging as the
measure most often utilized in objective and subjective studies of

noise,

.
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¥igure 3. Block diagram indicating the typical internal arrangement of a sound lavel meter,
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Figure 5.

i i |
20 50 w00 200 §00 000 2000 5000 10,000 20,000

FREQUENCY {Hz2)

IEC Standard A, B, and € weighting curves for sound
level meters. Also shown is the proposed D welghting
curve for monltoring jet airecraft nolse. From the
curves it can be seen that for a 50 Hz pure tone

the reading on the A scale (whieh discrimlnates against
low frequency sounds) would be 30 dB less than the

C scale reading.

AMPLIFIER FREQUENGCY READOUT
ANALYZER

Basic measurement system for performing frequency analysis.
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To determine the diseribution of the sound pressure level over
the frequency range, a spectrum analyzer is added to the basic measurc-
ment system (Figure 5). A spectrum analyzer is basically an electrical
fileter set. The filters allow components in a given frequency band to
pass relatively unattenuated, while attenuating components in other
frequency bands, The most common type is the octave band analyzer,
in which the frequency range is divided inteo octave bands, each of
which covers a 2-to-l range of frequencies, the center frequency of
which is the geometric mean of the low and high cutoff frequencics,
For example, for a center frequency of 1000 Hz, the lower cutoff
frequency is 707 Hz, while the upper cutoff frequency is 1414 Hz,
The range between 707 Hz and 1414 Hz is known as the bandwidth of the
filter. Tf more detailed frequency information is required, one-
third octave or narrower band filters can be utilized. Very narrow
band analysis is usually only necessary for diagnostic testing and
for characterizing sources producing pure Lones,

Many times, suitable field analysis equipment Is not available
for real time analysis, In such cases there is a need to recerd the
signal information on magnetic tape so that the original event can be
recreated in the future. Tape recorders also provide the abilicy
to make aperilodic signals, e.g., a truck passby, appear periodic., A
spectrum analysis of an aperioedic signal can be performed by recording
the aperiodic signal on tape and then repeating it in 1ies enclrety at
some periodic interval, This Is accomplished by locating the aperiedic
signal on tape, cutting this section from the reel, and splicing 1t
together to form a tape loop. By this technique, a detalled frequency
analysis can be obtained even on a short sample of a given noilse,

Since a signal or an event can be recorded at one tape speed and
played back at a different speed, silgnals can be analyzed with instru-
ments that do not have the frequency range of the signal belng recorded,.
This is accomplished by inereasing the frequency of low frequency
slgnals by recording at a slow speed and playing back at a higher
speed and by doing the opposite for a high frequency signal. The
frequency transformation is directly proporticnal to the change in tape
speed. Tape recorders also allow for the simultanecus collection of
data from many measurement locations, such as a site survey of noise
near an ailrport,

Thus far, no discussion has been made of the readout devices avail-
able. The choice depends mainly on the type of noilse to be analyzed but
may include meters, oscillr "c.nnes, graphic level recorders, and com=
puters,

e e - e
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Meters are typically useful for steady noise and usually provide
the average, peak, or root-mean-square (rms) value of the electrical
signals. The peak value for Intermittent or impulsive nocises can he
read utilizing peak-hold meters. Such devices hold the level of the
peak (either the electrical peak or the peak rms level) but provide
no information on the duratlon or waveform of the impulse. If
impulsive sounds are measured on a storage oscilloscope, then not
only the peak noilse levels can be determined but alsoc the duration and
the manner in which the noise decays. Another practical readout device
ls the graphic level recorder. This device is essentially a recording
voltmeter that, when used synchronously with a set of filrers, pro-
vides a permanent strip chart record of sound levels in various filter
bands. The response of the graphic level recorder may not be fast
enough for use in analyzing impulsive sounds; however, 1t is useful
for analyzing intermittent sounds such as aireraft flyevers,

When a large amount of data must be analyzed, a digital computer
becomes almost a necessity. TFor example, assume that automobile passby
noise of approximately a 5-second duration is available for analysis,
If the frequency range of interest is 100 to 10,000 Hz (21 one-third
octave bands betwean 100 and 10,000 lz) and a frequency spectrum is
desired every 0.5 second, there would be approximately 210 pieces of
information (21 one-thlrd octave bands times 10 interrogations during
the duration of the passby) for every passby. If many automobiles were
tested at various speeds, loads, pavement surfaces, ete., the amount of
data points would number in the millions. Such a measurement and analy-
sis program would require a computer to efficiently handle the data.

The selection of instrumentation for measuring and analyzing
sound is not always a simple tagsk. The followlng basic considerations
are suggested so that an appropriate choilce can be made:

1., Consider the type of sound (noise) to be measured.

(a) Steady wideband noise - alr moving through ducts
(b) Steady narrow band nolse ~ circular saw

(¢) Impulse nolse - gunfire

{d) Repeated impulsive nolse - riveting

(e) Intermittent noise - aircraft flyover

2, (Consider the information desired from the analysis, For
determining potential damage to hearing, interference with
speech communication, or annoyance, octave band analysis may
be sufficient if there are not significant pure tones in the
noilse. However, if the intent 1s to obtain data for the
redesign of a noisy component such as a gear train, narrow-
band analysils may be necessary.

-10=



3. Consider the time available, This is essentially an operating
and economic questlon., If one wants to measure rocket noise,
the time available for recording the sound is extremely
limited; and if the Instrumentation system is not deslgned
properly to record the sound, there will be no chance to
repeat the test., TFor analysis of steady-state noise, the
shortest test should be devised to obtain the information
desired. Any further data or analysis would be cestly and
would be a wasted effort since it would provide no addiricnal
information,

Since all acoustic equipment has 1ts basic limitations, thc above
considerations, plus the effect of the environment (temperature, wind
veloclcy, humidity, ete.) on the instrumentation must be evaluated so
that an appropriate instrumentation system may be sclected for the
specific noise measuring task. In general, the standard requirements
fer acoustical instrumentation are clearly indicated so that acousti-
cians know the accuracy and precision of their equipment., Calibration
devices are availlable, and calibration techniques are well establiished,
In general, exilsting Instrumentation is available and is adequate for
use by experienced acousticians in addressing nolse problems. There is
a need for rugged, reliable special purpose instrumentation (e.g., noise
exposure meters) that can be used by inexperienced personnel without a
need for extemnslve training in operation and calibration procedures.

There are a great many noise sources and nolse environments to
which people are exposed., The noise level produced by 2 glven machine
in a specific location Is dependent not only on the sound radiating
characteristics of the machine itself but also upon the type of
mounting, the manner in which the machine 1s operated, and the en-
vironment in which it 1s placed. For thege reasons, it Is generally
preferable for measurements to be made under acoustically well-defined
conditions.

Basically, there are two different acoustical environments that
may be used~-the free fileld and diffuse field. The acoustically free
field--a field without any sound reflecting obstacles——is not always
possible to obtain in practice, Nearly ideal free field conditions
can be obtained in anechoie chambers (rooms in which the boundaries
absorb effectively all the incident sound). However, some devices
are too heavy to be suspended in the center of an anechole chamber,
while others are too large to fit in the available chamber. A simple
acoustical environment that closely approximates actual operating
conditions for many types of noise sources is that obtalned by
mounting the source on a smooth hard reflecting plane with no disturb-
Ing sound-reflecting objects nearby. Flat open outdoor areas free of
large reflecting surfaces, such as buildings, or trees typically pro-
vide such an enviromment.

-11-
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A neise source in an anechole space or an anechoic half space
(e.g., over a reflecting plane) can be characterized by measuring
the sound pressure lavel at various points surrounding the source.
1f the measurcment polnts are selected so that they lie on a
spherical surface (or on a hemlsphere) around the source (the radius
of the sphere should be large enough to ensure farfield® conditions),
ir 1s possible to caleculare the total sound power radiated by the
nolse source as well as les directivicy.,

The second type of well~defined acoustical environment is the
diffuse sound fleld. By placing a sound source in a large reverberant
chamber-~a room with scund-reflecting surfaces--it is possible to
create a sound field in which the time-—averaged flow of sound power
is the same in all directions. It is then possible to calculate the
sound power level by measuring the volume of the room, the reverbera-~
tion time (a measure of the absorption of the rcom boundaries), and
the sound pressure—-which in an jdeally diffuse sound field can be
obtained from a single measurement, It should be evident that in
this case it 1s impossible to determine the directivity of acoustical

radiation from the noise source.

It is useful to describe four terms relating teo noise control
in buildings~-absorption cpefficient, reverberation time, noise
reduction, and sound transmission loss. Acoustical materials are
usually described (for the purpose of noise control) as those that
have the property to absorb a substantial amount of the energy of
sound waves striking their surface. The sound absorption coefficient
of any material represents the ratio of the sound energy absorbed by
the surface to the sound energy incident upon the surface. The
absorption coefficient may vary from nearly O percent (perfect re-
flector) to nearly 100 percent (perfect absorber). The absorption
coefficient depends on the nature of the material iltself, the frequency
of the sound, and the angle at which the sound waves strike the surface.
The two principal requirements to ensure efflcient absorption are:

1. The exposure of a large amount of surface area to the sound,
2. The movement of alr within the volume occcupied by the material,

In addition, even though a material is porous and exposes a large

amount of surface area, it may not be an efficient absorber, This is
the case when absorbing material, e.g., acoustical tile, is attached
directly to a massive wall, As sound strikes the wall, it is almost
totally reflected due to the large difference between the speed of

sound in the wall material as compared with the speed of sound in air.
If the same material was spaced away from the wall, the abserption would

be much greater,

#for a definition of "farfield", see Appendix A, Glossary,

-12-



To determine the total sound absorption of a room, the re-
verberation time of the room is measured. Technically, the rever-
beration time of a room is the time required for any sound to decrease
in amplitude by 60 dB if the sound is turned off and allowad to decay.
If the absorption within the room 1s great, the reverberation time is
short; however, if the room 1s acoustically live (has little ahsorp-—
tion), the reverberation time is longer. As a source generates nolse
in an enclosure, part of the noise is absorbed and, eventually, a
condition exists in which the sound power vadiated 1s equal to the
sound power abserbed—-at which point the steady state value of the
sound pressure is reached within the room, Therefore, the greater the
sound absorption within a room, the lower the average steady state
sound pressure will be.

A frequent problem in noise contrel is the provision of partitians
or enclosures designed to reduce the sound transmission from one aspace
to another. The acoustical privacy may be expressed in terms of
noise reduction, which by definition is the difference in noise levels
produced between two dwelling spaces by one or more sound sources in
one of the spaces, Occasionally the noise reduction between specific
locations in the spaces is desired, However, usually the difference
hetween the space-time average sound pressure levels, as & function
of sound frequency, is measured or specified., Note that the concept
of noise reduction does not include any assumption as to the path
along which the sound is transmitted between the two spaces.

The scund transmissien loss of a partition, in a specified fre-
quency band, is the ratile, expressed in decibels, of the airborne sound
power incident on the partition to the sound power transmitted by the
partition and radiated on the other side. That is, 1t is a measure of
the sound insulating capability of the wall itself, based on the as-
sumption that the wall represents the only path through which the sound
may be transmitted.

wl3-



3. Measurcment of Effccts of Noise on Man

Fhis section broadly sketehes methods that have been wused to measure
the effects of nolse on man,

all Imporeant physiological ofyect of excessive noise, and thererove
Lac bhasis for an Important noise orviterion, is permanent hearing handi-
cap. This might occur after a person has been exposed to loud sounds on
a recurrent daily basis over a long period of time, Occupational deaf-
ness represents this type of problem, as noted in surveys of workers in
heavy industry. The measurcment of hearving loss of a person is accom-
plished by measurement of vhe lowest (weakest) sound pressure level,
called the threshold, thact the individual can hear, This is done with
an audiometer, which is an electroacoustical instrument consisting of
attenuidter, and ecarphope for producing sound

an electroniec oscillator,
The

pressure levels in the ear of the subject at various frequencies,
amount, expressed in decibels, by which a person's measured threshold
of audlbility exceeds the standard (normal) audiometric threshold is
his hearing threshold level. learing measurements made with audiom-
eters are thus expressed as hearing chreshold levels (in dBi) a2t varilous
pure-tone frequencies (in Hz). A person 15 recognized as having a
slight hearing impairment for speech sounds whenever the average of his
hearing threshold levels at 500, 1000, and 2000 Hz lies botween 25 and

40 dn,

Hearing impairment has been studied from the standpoint of anatom-
ical structure as well as function. Researchers, both in and outside
the madical profession, have bullt up a substantial bhody of information
based on histological findings ard neurophysioclogical measures in animals
as well as humans. A great deal is now understood about the permanent
damage to the hair cells of the cochlea caused by intense noise that
has certain specified characteristices.

Another measurement, more complex than pure-tone audiometry and
commonly used to assess hearing damage, employs meaningful material
as stimuli. Standardized words, phrases, and sentences are presented
to the subject under controlled conditions, and intelligibllity scores
are obrained based on the percentage of material accuragely ddentified.

Other general types of measures, usually associated with '"non-
auditory effects of noise," should really be cermed indicators or
measures of stress, They conslst of physioclogical and chemical measures
associated with the functioning of the body as a whole. Under this gen-
eral carvegory fall EEG, KG, blood pressure readings, urine analyses, ete,




Intelligibility~of-speech measurements are also used in studies
concerned with the masking effect of neise, Sinece verbal communica-
tion plays a major part in many activitles, such tests have widespread
application. The test content depends primarily on the functlon for
which the test is designed. For example, for general applications,
the words should be representative of the English language in that each
phonetic sound included in the test should be represented on the basis
of its frequency of occurrence in the language. Therefore, "s" would
appear much more frequently than "x" in the pool of words or sentences
used in the test,

The articulation test is a standardized procedure for determining
the probability of reception of a message under adverse conditions of
communication. In such tests, speech communication is simply represented
as a serles of message units (test irems) selected according to certain
rules from a set of such units, These message units are spoken in a
well-defined sequence by a speaker to a listener, and the listener
records his response after the presentation of each test item (in
laboratory tests, tape recordings often are used), If the message
set is not specifically known to the listener, it is termed an
open set, Another approach is the use of a closed message set, in
which the listener knows the message so well that the responses are
restricted ro those narrowly defined experimentally as belng appro-
priate, The task for the subject is, therefore, a different one.

The closed message set is often used when a highly communicative
syatem employing a selected vocabulary is being evaluated, e.g.,
ground-to-air communications,

Measures of performance degradation in the presence of noilse are
typically based upon laboratory investigations as well as field studies.
Usually, one experimental group performs a task in the presence of
noise and another group having similar characteristics performs the
same task under quiet conditions. The performance of each group is
then examined to determine whether there i1s apny decrement in performance,
and if so, whether it can be attributable to the presence of neise,

Another laboratory measure often used has depended upon a number of
psychophysical techniques to rate the annoyance (or relative accepta-
bility) of sounds, 1In some instances, sounds are presented in pairs
and relative judgments are required, while other techniques have been
based upon ebsolute judgments and scaled comparisons. The methodology
differs depending on the type of data desired, In paired comparisons,
the judgment is a relatively easy one -- which one of the two sounds
presented is more (or less) aceeptable? The absclute meagure is often
used when a2 decision point is required -- at what point is the noise
unacceptable? The scaled judgment is the most difficult and refined
technique in that subjects are not only asked to indicate whether :
one souind 1s louder than another but also to put 1t into quantitative :
terms by indicating how much louder,
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4 variety of methods has been used in field research., The most

comnmonly used technique has been primarily based on questionnaires
administered during community surveys, The typical approach is to

ask questions about the environment and the acceptability of an area

for residential purposes rather than to directly ask questions about
noise problems. The latter approach has led to biased data, The types
of questions are often directed at identifying noise sources and to
ranking these with respect to annoyance or scaling responses, for
example from 1 to 5 on the degree of annoyance, General attitudinal
measures toward the immediate anvironment as well as personal background
information are often taken in conjunction with noise measures to contrel
against possible bilases such as general disaffection (as opposed to

specific problem identification),.

Other measures of the effects of noise that do not result from
systematic and controlled studies are also available, Complaints
due to noise and the formation of comnunity organizations to combat
the effects of noise are obvious indicators, Economic and social
data based on resale value of homes and reasons given for moving
from certain locations have also heen employed as indicatoers

relating to the problem,

con-

real

beean
technique,

Lastly, a number of researchers has actually moved their
trolled laboratory resecarch into the field to better simulate
world conditions, Annoyance and sleep interference data have
collected using this combination of laboratory-field research
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4, Correlations hetween Noise and lluman Response

In the preceding material, the discussion concerned (a) measure-
ment of the physical attributes of noise, and (b) measurement of the
effects of noise on persons, 1In the present section, the discussion
concerns correlations between the physical attributes of noise and the
resultant effects on humans., Attention is centered on the suitability
and effectiveress of various noise exposure rating schemes used to
estimate or predict the effects of noise on man,

This secection is divided under headings corresponding to the par-
ticular effect being convidered: hearing damage, communication inter=-
ference, and disturbance due to nolse., Physiological damage, other
than that to the hearing mechanism, is not discussed since the nature
of any possible chronic extra-auditory physiological effects has not
been sufficiently well defined to permit establishment of quantitative
cansal relations. Under each heading is a brief description of the
relevant parameters involved and appropriate literaturc references,

4,1 Hearing Damage

Excessive noise cxposure causes a loss of hearing acuity., A
temporary hearing loss, or temporary threshold shift (TTS), can result
from short-term exposure to high-level noise. A permanent threshold
shift (PT5), can result from either continued exposure to high-level
noise or short exposure to very high level noise. The permanent hear-
ing damage risk associated with noise depends upon (1) the intensity
and frequency distributies. of the noilse, (2) the duration of each in-
dividual exposure, (3) the number of individual exposures per day,

(4) the number of years over which the daily exposure is repeated, and
the individual susceptibility to this type of damage. Since signifi-
cant noise-induced PTS may take years to develop and because the
detailed noise exposure history over those years may be very difficult
to document, the establishment of valid correlations between noise
exposure and PTS has presented serious difficulties, 1In the case of
occupational exposure to extremely high levels of nolse - - far in
cxcess of those routinely encountered away from the workplace - - the
associated ocecurrence and degree of hearing damage can be astah-
lished with considerable confidence, However, at lower levels of
exposure, demonstration of causal relationships is difficult. Tn order
to assist in predicting the permanent hearing damage risk associated
with a glven noise exposure, two thecories have been advanced.

-17=-




The first of these - - the equal encrgy theory - - hypothesizes
that permanent damage to the hearing mechanism is related to the total
noise energy to which the ear is exposaed. The operational simplicity
of this theory makes it quite attractive; however, there has been little
direct cxperimental verification and some authorities are very dubious --
particularly sinee this theory dees not permit consideration of the time

distribution of the noise exposure,

The second theory - - the equal temporary cffect theory - - hypoth-
esizes that permanent damage to the hearing mechanism, due to a given
(daily) noise exposure, is related to the temporary threshold shift pro-
duced by the same noise exposure. In other words, nolse expesures which
produce the same TTS will producc the same ultimate PTS. This theory
is supported by data showing that those noise exposures that ulcimately
produce PIS also preoduce TTS in '"young normal ears"., Conversely, those
noise exposures that do not produce PTS likewise do not produce TTS in
vyoung normal ears', However, in this instance also there has been
little direct experimental verification of a relationship between the
temporary and permanent hearing losses that a given noise exposure

produces,

Current guidelines for occupational nolse exposure control are pri-
marily aimed at protecting hearing in a restricted range of frequencies,
typically 500 to 2000 Hz, which is eritical to the understanding of speech.
On this basis hearing handicap is defined as: the condition wherein the
average hearing threshold levels at 500, 1000, and 2000 Hz exceed 25 dB.
This definition is used in conjunction with the hearing conservacion
guidelines 1ssued in 1970 by an Intersoclety Committee (representing the
American Academy of Occupational Medicine, the American Academy of
Ophithalmology and Otolaryngology, the American Conference of Governmental
Industrial Hyglenists, the Industrial Hygiene Association, and the
Industrial Medical Association)[l].* These guidelines, with which pre-
sent Federal regulations are consistent, are intended to protect 80 to
90 percent of the exposed worker populace from noise-induced hearing
handicap, as defined above. Empirical data have been used as the basis
for establishing guidelines for group exposure to continuous noise, The
recommendations for limits on intermittent, or interrupted, exposure are
based mainly on studies of temporary thresheld shift resulting Erom

various types of noise exposure.

The above-referenced guidelines, which are directed roward the pre-

"vention of permanent hearing loss resulting from exposure to steady nolse,

vhether continuous or intermittent, specify that elther the A-weighted
sound level or the octave-band sound pressure levels may be measured.

However, an "equivalent A~weighted sound level', determined from the

octave band levels with the use of Figure 6, is preferable to a direct
A-scale reading 1f the latter is within 3 or &4 decibels of the selected
eritical level for noise control. Once the equivalent A-weighted sound
level i{s determined, the maximum recommended exposure time is obtained

from Table 1.

*
Figures in brackets indicate the literasture references given at the
end of this section,
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Equivalent sound level contours. Octave band

pressure levels may be converted to the equivalent
A-weighted sound level by plotting them on this graph
and noting the A-weighted sound level ceorresponding to
the point of highest penetracion into the sound level
contours. This equivalent A-weighted sound level,
which may differ from the actual A-weighted sound level
of the nolse, is used to determine exposure limits
promulgated under the authority of the CGceupational
Safety and Health Act of 1970,
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Table 1

Maximum Recommended Occupational Noise Exposure

The values in parentheses are not explicity given in the guidelines [1]
being discussed but are consistent therewith and are given explicitly

in present Federal regularions [2].

Sound Lewvel Daily Exposure Time

—dBa hr
a0 8
(92) (6)
a5 4
(97) (3)
100 2
(102> (1-1/2)
105 1
110 1/2
115 1/4 or less

This table is based upon: (1) data which indicave that an 8 hour
per day continuous exposure to levels below 90 dBA, over a period of
many years, will not produce a nolse~induced hearing handicap, as defined
above, in B0 to 90 percent of the exposed population, and (2) data,
mainly from studies based on temporary threshold shifts, which indicate
that for each halving of the time of noise exposure per day the noilse
level inay be increased by 5 dB without increasing the hazard of hearing

impairment.

These guidelines specify that when rthe daily noise exposure is com-
posed of two or more periods of noise exposure of different levels, their
combined effect should be considered, rather than the individual effect
of each. Tf the sum of the following fractions:

ClL €2 Cn
Tt - T

exceeds unity, then the mixed exposure should be considered to exceed the
threshold limit value., Cl indicates the total time of exposure at a spec-
ified noise level, and Tl indicates the total time of exposure permitted
at that level. Noilse exposures to sound levels of less than 90 dBA do

not enter into the above calculation.
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The permissible limits (guidelines) given in Table 1 are primarily
concerncd with occupational noise exposure. Such limits are typically
keyved to a maximal eight-hour exposure day and, further, assume quiet
conditions to exist outside of the usual eight-hour work pericd te permit
auditory recovery. Occupational noise exposure limits are primarily
aimed at protecting most, but not all, of the worker population from
suffering a hearing impairment resulting in a handicap for understanding
speech, The protection provided by such limits may be viewed as accept-
able in an industrial setting since the worker can be financially com-
pensated for any hearing damage incurred., However, in off-job situations
it would appear justifiable to strive to protect all persons from any
measurable loss of hearing due to noise exposure. This would include
protection of hearing at higher frequencies which are very important,
for example, to the appreciation of music,

A Tecent paper [3) by Cohen, Anticaglia, and Jones of the National
Noise Study, U, §. Department of Health, Education, and Welfare, suggests
the noise limits given in Table 2 for non-occupational noise exposure,
These were set 15 decibels below the occupational limits {(Table 1) 1in
order to provide protection of essentially all persony at all audiometrice
frequencies, These suggested limits appear reascnable but there is a
need for supportive data regarding both continuous and intermittent noilse,

Table 2

Maximum Supcested Non-Occupational Exposure

Sound Level Dally Exposure Time
dBA
70 16~24 hour
75 8
80 4
85 2
90 1
95 30 minutes
100 15
105
110
' 115 2
-21-
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Guidelines have also been prepared to estimate the hearing damage
risk associated with impulse noise, such as gunfire., Impulse noises,
for this purpose, can be defined as brief noises lasting less than 1

second.

The available data on hearing damage due to impulse noises are
mainly derived from studies of military personnel. In general these
data do not provide reliable indications of the actual neise exposures
which caused the measured hearing loss., The guidelines discussed below
are based primarily on results of temporary threshold shift (TTS) studies.
Since there are essentially no data directly relating TTS from a single
neise exposure to the noise-induced permanent threshold shift from habit-
ual exposure, these recommendations should be used with some caution.
However, they do represent the best information available to date,

In general, & noilse can be considered dangerous to hearing if the
temporary threshold shift (TTS) measured two minutes after the exposure
regularly exceeds 10 dB at or below 1000 Hz, 15 dB at 2000 Hz, or 20 dB
at or above 3000 Hz. Morcover, inmediate permanent damage may occur when-
ever the TTS produced by a single exposure exceeds 40 dB, A permanent
threshold shift (PTS) may also occur if a TTS has not disappeared within

24 hours.

Impulse noises are broken down into two general types [4,5],
illustrated in Figure 7, although intermediate forms do occur. Figure
7(a) shows the pressure waveform that is often observed when a gun is
fired outdoors with no reflecting surfaces nearby, Figure 7(b) exemp-~
lifies a much more complicated situation: an initial series of damped
oscillations which may bz followed by a reflected wave at only a slightly
lower level, There are three paramcters of a single impulse noise which
are of ilmportance to the criterion being discussed:

(1) The peak pressure level (P) is the highest instantaneocus pressure
level (expressed in decibels re 20 pN/m“)} reached at any time by
the impulse, measured at the position of the ear with the individ-

ual not present,

(2) The pressure-wave duration, or A-duration, is the time for the
initial or principal pressure wave to rise to its positive peak
and return momentarily to ambient pressure. In the ideal pres-
sure wave shown in Figure 7(a), the A-duration is given by the
distance (W-V) on the time axis.

_2%.
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INSTANTANEOUS PRESSURE OF IMPULSE

Figure 7,

W (o)

TIME

Two principal types of impulse noise, A-duration is the
time required for the inltial or principal pressure wave
to rise to its positive pesk and return momentarily to
ambient pressure. The pressure-envelope duration, termed
B-duration, i1s the total time that the envelope of the
pressure fluctuations, both positive and negative, Is
within 20 dB of the peak pressure level.
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{3) The pressure-envelope duration, or B-duration, is the total time
that the envelope of the pressurc fluctuations, both positive and
negative, is within 20 dB of the peak pressure level. Included
in this time is the duration of that part of any reflection pattern
that is within 20 dB of the peak level. Thus in Figure 7(h), the
B-duration is given by (x~v) + (z-y).

Figure 8 presents the fundamental criterion developed by the CHABA
working group ES} This criterion is intended to limit the temporary
threghold shift, measured two minutes after cessation of exposure to the
noise, produced in all but the most susceptible five percent of exposed
individuals, to less than 10 dB at 1000 Hz and below, 15 dB at 2000 Hz,

or 20 dB at 3000 Hz or above. The criterion is based on the assumption
that the permanent hearing loss (noise-induced permanent threshold shift)
eventually produced by many years of exposure to nelse 1s approximately
equal to the temporary threshold shift shown by a normal ear after a
single day's expoeure to the same noise., The criterion shown in Figure 8§
represents the limits for 100 impulses distributed over a period of four
minutes to several hours on any single day. It is assumed that the pulses
reach the sar at normal ineidence. In case of doubt as to which waveform
analysis to apply, the more conservative B—duratlon should be used. The
main features of the criterion are as follows:

(1) The maximum peak pressure level permitted, without ear pro-
tection, is 164 dB for the shortest pulse of any practical
interest (25 microseconds).

(2) As duration increases, the permitted peak pressure level de-
creases steadily at a rate of 2 dB for each doubling of the
duration, dropping to a terminal level of 138 dB for B-durations
of 200 to 1000 milliseconds,

(3) A similar decrease accurs for A-durations, except that a terminal
level of 152 dB is reached at about 1.5 milliseconds.

In case the conditlons stipulated for this basic criterion are nok met,
correction factors can be applied as follows:

(1) If the pulses arrive at the ear at grazing incidence instead
of at normal incidence, the curves can be shifted upward
at 5 dB (that is, 5 dB can be added to the ordinate values
in Figure 8).
(2) Lf the number of pulses in an "exposure period” (that ia, on any
given day) 1s some value other than 100, the following correctlons

should be added to the permissible peak pressure level of the
impulse:

=25-
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Number of impulses Correction

pexr day dB
1 +1.5
10 +11
20 +10
50 + 5
100 0
200 -5
300 ~10
500 =15
1000 -20
2000 ~25
3000 ~-30

These corrections are taken from the more recent work
of Coles and Rice [6#] rather than from the original

CHABA report [5].

For more detalled discussions of hearing damage risk from exposure
o noise and proposed procedures for estimating hearing damage risk, as
~ell as an extensive bibliography, the reader 1s referred te the recent

book by Kryter [7].
4.2 Communication Interference

One of the most directly observable effects of noise is its inter-
ference with communication. Considerable research has been carried out
on the extent to which a tone or a band of noise will "mask" other tones
or bands of noise, The methodology of such experiments usually is to
determine the audibliity threshold at each frequency of interast with
and without the masking noise present, In general, the following
observations can be made: (a) the range of frequencies affected increases
with the dntensity of the masking tone; (b) the magnitude of masking
varies in the main, with the nearness in frequency of test and masking
sounds; (c) tones higher in frequency than the masking tone are affected
more than tones lower in frequency; (d) the lower the frequency of the
masking sound, the more widely spread i1s its effect; and (e) sufficlently
intense levels of high frequency noise will cause remote masking in
which Jow frequency sounds are masked. While there do not appear to be
existing standards for predicting audibility thresholds in the presence
of masking sounds, the field appears to be reasonably well researched
and such prediction could probably be effected if needed. However, in
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lany situations the degree to which a noise affects "audibility"

is less important than the degree to which noilse affects the
"noticeability" or "couspiculty" of a signal. As an example, a

warning siren in the presence of noise might be audible in a controlled
laboratory sitvation but might rarely be noticed in a real situvation
whereln one was not intensely concentrating on detecting the siren.
There is a need to develop techniques for predicting the extent to
which neise prevents warning signals from beilng notilced.

Considerable work has been done on measures for estimating the
extent to which noise will interfere with speech communication., The
most accurate index 1s the Artliculation Index-—caleculated according
to the procedures of American National Standard 53.,5-1969--which is an
estimate of the proportion of the normal speech signal cthat is available
to a2 listener for conveying speech intelligibility in the presence of
noise, The basic caleulation of the Articulation Index is based upon
the signal-to-noise ratlo in each of 20 frequency bands, covering the
range 200 to 6100 Hz, which are selected so that in the absence of
noise the speech components within each band contribute equally to
speech incelligibilicy. (Although the Articulation Index is based on
equal contribution of each of 20 frequency bands to speech intelldi-
gibility, empirical verification is still very sketchy.) Alternatively,
the Articulation Index can be computed from 1/3-octave or full
octave band sound pressure levels with weighting factors being used to
account for the relative contributdon of each band te speech intelli-
glibillity. The octave-band method of calculation is not as precise as
the 20-band or the 1/3-octave band method.

The Articulation Index is based upon, and has been principally
validated against, intelligibility tests involving adult male talkers
and trained listeners. It adequately predicts speech intelligibilircy
in the presence of steady-state noise and contains provisions for pre-
dicting the effect of noilse having a definite off-on cycle. It does not
purport to predict the intelligibdility of speech in the presence of
fluctuating noise levels, The method cannot be assumed to apply to
gituations involving female talkers or children. It must therefore be
used with caution in estimating speech interference in ordinary home and
work situations, Finally, the complexity of the calculation procedure
required to obtain the Articulation Index limits 1ts usefulness in the
measurement and monltoring of noise levels on a routine bhasis,

The Speech Interference Level (S5IL), which is being proposed as
an Amerilcan National Standard, is a simple numerical method for esti-
mating the speech-interfering aspects of noise based on physical measure-
ments of the nolse. Unlike the Articulation Index, SIL does not include
specific conaideration of the level and spectrum of. the speech but
employs a table or a monograph for estimating the noise levels which
will seriously restrict speech communication in terms of general voice
level and distance between communicators., SIL is defined simply as the
arithmetic average of the sound pressure levels in the three
octave bands centered on the frequencies 500, 1000, and 2000 Hz,

respectively.
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For stendy-state noises, the S51L 1s a recasonably accurate predictor
wr the relative ranking of noises with respect to thelir speech-interfering
properties, That is, two noises which are equally-interfering with speech
communication will have very similar SIL ratings (typically within 5 dB;

Lf mere procision is needed, the Arriculacion Index should be used).

With somewhat greater uncertaincy, SIL can be used for rough, quantita-
tive cstimation of monosyllabile word intelligibility in the presence of
continuous, random noise, However this procedure 1s not appropriate for
noise spectra with considerably more energy at high [requencies than at
low or when any of the following conditions exist: (1) the noise 1s nol
of a continucus—in-time, sready-state nature; (2) the frequency spectrum -
of the nolse is not continuous; and (3) the specch and noise are subject
to perceptible echo or reverberation.

The monograph shown in Figure 9 can be used for rough estimates of
the volce level and distance between talker and listener for satisfactory
face~to-face speech communication as limited by ambient noise levels
having the SIL wvalues shown. Here again the nolse is assumed to be
steady-state. The second abscissa, in dBA, refleets the correlation
between SIL and A-weiphted sound level for many types of neise., Similar
correlacions have been shown, for example, between SIL and loudness
level (LL)} and berween SIL and perceived noigse level (PNL})-~LL and PNL
will be described below. Since spectral data are needed ro compute both
loudness levels and perceived noilse levels, there is no reason to use
these measures in place of SIL, which is simpler to compute and Is a
better predictor of speech interference. Because the A-weighted sound
level can be read directly from a sound level meter, it is an easier
measure to obtaln than SIL, However, if gignificant high frequency
energy 1is present, some caution should be exercised since sound level
meter measurements tend to overrate the speech-interference properties

of high-frequency noise.

While AT and SIL can be extremely useful, there is a need to develop
predictive techniques for speech interference with male and female
apeakers, both adult and child, and untrained listeners in & real,
rather than a laboratory, situation, Consideration should also be
given to the additional problem of listeners suffering from impaired
hearing, Statistical predictors need also to be made available which
take into consideration the speech-interference mspect of rapidly
varying and fluctuating noises such ag those produced by heavy traffic, ;

4,3 Disturbance Due to Noise

Perhaps the most prevalent, most researched and still least
understood behavioral affect of noise is its "disturbing" or "apnoying'
quality, Since even these descriptive terms are highly subjective, it
has been extremely difficult to develop an adequate general methodology
which relates in quantitative terms the physical characteristics of
sounds with the psychological responses to them, The history of
regsearch in this area does have one common theme: the assumption that
the primary variable linking physleal and psychological measures
is the intensity of the sound., The progression of research interests
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_example for interpreting this chare:
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Volce lavel and distance between talker and listener

for satisfactory face-to-face speech communiecation. An
Jet alrcraft cabin
noise is roughly 80 *2 dBA, A 80 dBA in their expected
(raised) voice level, seat mates can converse at 2 feet
and, by moving a little, can lower their voices to normal
level and converse at one foot. To ask the stewardess for
an extra cup of coffee from the window seat (4 feetr),

one would need to use his very loud communicacing veice.
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over the years reflects this priority. While carly studies were largely
limirted to relating loudness (the Iintensive attribute of an auditory
sensation) with physical descriptions of sounds, in recenlt years
investigators have started with loudness as a base to be corrected by
means of other relevant variables (time, pure tone components, etc.).
Another characteristic cowmmon to Lthese psychoacoustic studies is the
use of "equal loudness contours' as a basic measurement method, These
are famililes of curves showing the sound pressure levels at which pure
tones, or bands of noise, are judged equal in loudness to a 1000 Hz
reference tone or band of noise set at a fixed sound pressure level.
Equal loudness contours have been developed by a number of investigators
using slightly different procedures; these variations in methodology

in some instances have produced conflicting findings.

The earliest attempts to quantify the subjective magnitude
of sounds were made at the Bell Laboratories by Fletcher and Munson.
These studies were designed to define and measure loudness. Their
basic rationale was that loudness was proportional to the number of
impulses leaving the cochlea upon stimulation. They also hypothesized
that two tones competing at a single nerve fiber would interfere with
simple loudnesgs summaticn and that it must he necessary tn group
together all components within a certain frequency band and treat them
as a single component, The width of the bands grouped together was
estimated to be 100 Hz for frequencies below 2000 Hz, 200 Hz for
frequencies between 2000 and 4000 Hz and 400 Hz for frequencies betwaen

4000 and 8000 Hz,

Loudness level was defined by Fletcher and Munson as the intersity
level of a tone when compared with a reference tone having the single
frequency of 1000 Hz, The procedure employed in data collection is
known in psychophysics as the "method of average error",

as being equally as loud as the standard, A compllation of many
judgments, by a sample of subjects making these. judgments with a variety
of tones varying in intenaity levels, results in data that can be
presented in the form of equal loudness contours such as shown in

Fligure 10,

The Fletcher and Munson contours are seldom used in theilr coriginal
form today, because of a number of difficulties, although the basic
rationale and methodology have been adopted by most later researchers.
The data collection techmique has proven to be a very laberious,
costly and time consuming one., In addition it was found that the
procedure was deficient In its application te '"unsteady complex sounds'.
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A major advance in methodology was introduced by 8§, 8, Stevens
who, while retaining the concept of equal loudness contours, developed
a new methodology in defining them, Instead of confining judgments to
those of equality, he had subjects make estimates in terms of magnitude
estimation, His basic procedure was as follows: A standard tone
of 1000 Hz at 40 dB is given the arbitrary value of 1 sone in the
development of the scale, Subjects make adjustments of a comparison
sound, for example, until it is twice as loud as the standard; this
level is defined as 2 sones, Judgments are then made as to half the
loudness of the standard; these are defined as 1/2 sone, Further
comparisons can then be made in a similar manner for 1/4 sone and 4 sones,
etc, Intermediate points are then computed on the basis of bisection
between the empirically based data, ILater work by Stevens, Beranck
Robinsgon, Zwicker and others using the same general methodology and sone
scale have been based on 1/3-octave and octave noise bands rather than
pure tones, It was assumed for these purposes that an octave band of
random noise having the same overall sound pressure level as a pure tone
of the same genter frequency would be equally loud, Stevens, in a
later modification of his procedure, demonstrated that his method was
more accurate in predicting the judged loudn2ss of ceomplex scounds
consisting of bands of random noise than the method of simply adding
together the sone values of individual bands.
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Steven's general formula is to add to the sone value of the loudest
band a fractional portien of the sum of the sone values of the remainder
of the bands:

Loudness = Sm+ £ (&5 ~ Sm )

where IS = sones in all bands, 5, = maximum number of sones in any
one band, and f = fractional portion dependent on bandwidth, Stevens
v derived the fractional portion to be applied when the spectrum of the
sound was measured in either full (£ = 0,3), one-half (f = 0,2) or
one-third (£ = 0,15) octave bands,

Another method of computation was developed by Robinson who
conducted a series of investipations to determine equal loudness contours
in a diffuse sound field (minimal audible field-MAF measures) based on
pure tone data (Figure 11). He and his colleagues used a psychephysical
technique different from that used by Fleteher and Munson, Instead of
having subjects adjust the level of the standard sound themselves
{method of average error), they are prescented with predetermined pairs
of sounds, One pair member is the standard and the other, the comparison
tone, The task of the subject is to judge which sound is loudest, The
level of the comparison sound is varied systematically from much more
intense to much less intense than tho standard, The order of presentation
of the standard and comparison tones are carefully controlled to ensure
that the standard sound is presented first during half of the time
and the comparison sound is presented first during the other paired
presentations,

Pata obtained using this method are reported to be more 'regular"
than findings of investigalors using the Fletcher and Munson approach,
Robinson's equal loudness contours exhibited some interesting properties
not previously reported, The relations connecting sound pressure level,
expressed in decibels, with equivalent loudness, in phons, are accurately
expressible by formula quadratic in the sound pressure level. These
formulae are expressed by iwneans of parameters which are functions of
the frequency, the sensation level of the teone, and the age of the
observers, This has enabled compact tables to be prepared for the
equivalent loudness of pure tones over the range of measurement.

At frequencies above 1000 Hz, the age of the observers is an
important factor, becoming dominant at 15,000 Hz. At the lower frequencies,
a lower threshold level has been found (as compared with earlier data),
and in the region of 500 Hz, there is a consistent depression in the

cantours,

This work by Robinson is largely a refinement of the techniques
used by Flet:cher and Munson as well as by Stevens and therefore is a
methodological advance rather than one which is innovative in terms
of concept or subject matter,
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Zwicker's work and interests cneompass not only divect loodness
measures but the relationship of loudness to masking, Since the
loudness contours he developed are designed to explain a series of
diverse bhut related phenomena, they are quite complex and levels are
quite difficult to compute. The work of Zwicker and his followers,
like that of Stevens, is quite diverse and is generously represented
in the open literature, Like Stevens, Zwicker has beea very influential
in the development af new international standards concerning loudness ,

Zwicker's approach is based upon the work of his predecessors
(Fleteher and Munson as well as Stevens). 1is basic assumption is

that the loudness unit, the sone, should le based upon a narrow band of

noise rather than a »ure tone, His rationale is hased unon physiological

data (known proverties of the cochlea) as well as nson behaviodcal data
collected in masking ex:orimentation.

Sones and phons in the Zwicker systewm carry the subscriprs CF
(eritical bandwidth, free field) or GD (critical bandwidth, diffuse
field) depending on whether the test is to be made in the open or in
a room, Since the method is primarily graphical, there are several
charts required, depending on the particular conditions of the test,
These charts differ chiefly in the range of band-levels encompassed
by the contours., Loudness levels are computed based upon the total area
of the chart "covered" by the noise being cvaluated,

In spite of the fact that iIn noise abatement and control one is
usually concerned with complex sounds rather than with pure tones or
narrow bands of noisc, the equal loudness contours provide the inftial
empirical data base for estimating the loudness (and, later, noilsiness)
of complex sounds. The Internaticnal Organization for Standardization
has recommended (ISO R532) Stevens' method for calculating the loudness
of steady complex sounds for which oetave band analyses are appropriate
and has recommended Zwicker's more complicated method for calculating
loudness from one-third octave band data, Zwicker's method is hetter
suited than Steven's technique for handling sounds with strong line
spectra or irregular spectra. It should be neoted that the loudnesses,
or loudness levels, obtained by the two methods do not always agree,
However, for sounds of similar spectra, the twoe methods are generally
successful in producing consistent results in studies designed to obtain
rank orders of the loudness levels (LL) of scunds,
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A possible difficulty with all of the above procedures used to
date is that they are based on a 100C Hz tone or band of noise as a
reference, It is not axiomatie that two sounds, cach of which is
judged to be cqual in loudness to a 1000 Hz reference sound, would
be judged to be equal to each other,

Because of ita importance as a noise source, a number of techniques
have heen developed especially to measure and evaluate aircralt noise,
The man usually assoclated with the refinement of these measurement
methods is Karl Kryter who states that "Peoples attributes toward
the unwantedness of sounds are in part determined by their masking,
loudness, startle, distractive and auditory fatigue effects," Kryter
indicates that these effects are perhaps sufficiently similarly
determined by the spectral characteristics of sounds to make practical
the measurement, In a statistical sense, of an average perceived

noisiness aspect of sounds,

A scale was developed to express perceived neisiness (PN) bhased
on oceurrences of sound of equal duration. The unit of percelved noilsi-
ness is the noy, A socund judged to be subjectively equal in noisiness
to an octave band of random noise centered at 1000 Hz and a sound pressure
level of 40 dB is given a value of 1 noy; a sound judged as twice as
noisy is 2 noy, ete. PFN's may be converted to a log scale, judged per-
ceived noise level (PNL) secale, The judged PNL of a given sound is
equal numerically to the maximum over-all sound pressure level of a
reference sound that is judged by listeners ‘at any given point in time
to have the same perceived nolsiness as the given sound, the reference
sound being randoem "pink" noise (spectrum level sloping at a rate of -3 dB/
octave) precisely one octave in width centered al 1000 Hz and of
comparable temporal characteristics as the given sound, i.e,, rise
and decay times and total duration,
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PNL is computed in almost the same way as 1s the loudness level in
Stevens' recent formulation, There are two exceptions: (1) the octave
band levels used for evaluating an afrcraft flyover are to be the maxi-
mum values attained in cach band during the event, regardless of when
these peaks occur and (2) instead of assigning loudness indices te each
measured band level, a corresponding contribution to "perceived nolsiness'
is assigned for each band in units of "noy."

PNdB was coined as the name of the unit of PNL calculated for a
gound, The PNdB unit is the translation of the subjective noy scale to
a dB-1like scale; an Increase of 10 PNdB in a sound is equivalent to a
doubling of its noy value,

The PNL procedures are intended to apply to sounds regardless of
source or spectral or temporal characteristics, They apply to sounds
which either do not convey maaning to the listener or where meaning
is kept constant for sounds being compared.

Although PNL was developed because of the inadequacy of loudness
bagsed judgments on complex stimuli such as aircraft noise, it was found
that the PNL measures were defieient as well, especially for jet aircraft
neise. Investigators determined that tonal components within broad band
noise and flyover duration both had to be taken inte account In any
evaluation procedure, As a result of these findings, Effective Perceived
Nolse Level (EPNL) was introduced, EPNL was defined as PNL + C (tone
correction) + D (duration correcticon) in EPNdB, This measure, derived
from instantaneous perceived noise level values, is used by the Federal
Aviation Administration in aircraft type certification,

Using PNL as a basic measure, Kryter has sugpested several other
procedures to be used in special cases, (e,g., Impulsive character of
sound), The intergsted readcr is referred to his recent book for a

full discussion L[7].

The previous measures are based chiefly upon laboratory conditlons
while those which follow are more closely tied to real situations.
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"Noise criterion' (NC) curves werce designed to embody consldara-
tions of both speech interference and Jloudness and have been used
extensively to describe acceptable noise conditions in offices and
other rooms, The NC curves originated with Beranek, but there are a
numbaer of different versions in use at present. The differences among
the several sets of curves chiefly reflect different importance belng
given to loudness., Beranek, et al. [8] have recently reviewed the
history of the criterion curves for acceptable noise levels in rooms
and have developed a new appreach consisting of "preferred noise criterion
(PNC) curves." The original "specch communication (SC) criterion curvesr
published in 1952, were based on the assumption that noise levels in
rooms should be low enough to provide geod speech communication, No
specific considerarion was made of eilither loudness or annoyance. The
now widely used noise criterion {NC) curves were Eirst published, by
Beranek, in 1957. These curves were based on data which indicated that
the acceptability of ambient noise levels in buildings is a [unction of
both speech interference level and of loudness level. The 1971 PNC
curves, given in reference [8) and shown in Figure 12 were proposed
because of new data, particularly laboratory and field evidence that
the allowable levels at low frequencies and at high frequencles should
be lower than the levels stated in the old NC curves., Economic considera-
tions of air-handling systems in buildings 1imit the amount of noisc
reduction that is practical in many cases, so the proposed PNC curves
define "acceptable" noise spectra rather than "more pleasant" noise

spectra.

The same paper by Beranek, et al. [8] sugpests a nolse criteria
range for steady background noise as heard 1n various indoor functional

activity areas,

The PNC {or the NC) curves "have only been validated for continuous
noise spectra.'" In the specification of a PNC curve, it is intended
that the sound pressure levels in all of the octave frequency bands not
exceed the levels given by the chosen curve. Beranek states that, if
the spectra are that of continuous noise, it is common practice to permit
the nolse level in one octave band (only) to exceed the corresponding
value on the specifiled criterion curve by as much as 2 dB, provided the
levels in the twe adjacent octave hands (one above and one below) are
not more than 1 dB below the eriterion curve. If the difference between
the level in this one band and that in the two adjacent bands (taking
into account the slope of the spectrum) 1s greater than 3 dB, the noise
is 1likely to contailn one or more pure~tone components. FPure tones are
known to be more annoying than continuous spectra noise and more stringent
eriteria, say by 5 to 8 dB, should be applied to them individually
than tc a band of continuous noise, Beranck states that, in genecal,
the PNC curves should not be used to rate noises whose specrra differ
significantly from the contour shape.

SC, NC, and PNC curves are intended for application to noises of
a countinuous nature. There is a need, in predicting the arceprability
f Interios noise levels, for a metric that takes approepriare account
of the time variation of interior noise level.
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Several metrics have been developed which explicitly take into
account the time variation of the sound level, The sound level ex-
ceeded 10 percent of the time, L,., gives an approximate measure of
the higher level, shorter duratidn sounds, A measure of the median
sound level is given by L o’ the level exceeded 50 percent of the time.
The "residual' sound levei can be approximately represented by L 0 the
sound level exceeded 90 percent of the time, Use has also been made of
the "energy mean' noise level, L, which is defined as the level of a
steady state continuous noise whi8h has the same account of noise energy
as the time-average of the actual time varying noise. The quantities
LQO’ LSO’ L 0’ and Le , can be based on several types of measure, such
as LL or PNE, but usuglly are based on the A-weighted sound level.

In order to obtain a more realistic measure of the nolse environ-
ment created by highways, a series of experiments was conducted by the
staff of the Building Research Station at a number of sites in the London
area, Dissatisfaction with the noise condicions, obtained by Interview
questionnaire, was compared to noise level measurements for a 24-hour
period taken adjacent to the home of the interviewees., The evaluation
of the data led to a new measure, Traffic Noise Index (INL), defined as

TNL = 4 (L10 - Lgo) + L90 ~-30,

where L1 and L o are the A-welghted sound levels exceeded 10 and 90
percent 8 the glme, respectively, {10, 117,

In an effort to synthesize the results of earlier studies relating
community reaction and nolse level, the concept of Noise Pollution Level
{L..,) was recently introduced. This measure is derived from two terms,
one involving the "energy mean" of the noise level and one involving the
magnitude of the time varlation of the noise level. The first term i1s
usually based on the Intensity of higher level intruding noises while
the second term is primarlly influenced by the background noise. The
concept embodies the following simple principles:

{1) other things being equal, the higher the noise levels the
more the disturbance caused.

(2) other things being equal, the less steady the level of a noflae
the greater its distracting and hence annoying quality.

The basiec definition of Noise Pollution Level is given by:

LNP = Leq + ko



where L__ is the '"energy mean'' of the noise level, L, over a specified
period, o is the standard deviation of the instantaneous level con-
sidered as a statistical time series over the same period, and k is a
constant provisionally assigned the value 2.56, The noise level L is

to be measured on a scale (such as Ly or PNL) which is adequately re-
lated to subjective noisiness. The history of the Noise Pollurion Level
concept and its relation to other measures have been recently described [12].
When the findings obtained using INP measures were compared with existing
survey data, high correlations vesulted. If these results are verified

in other investigations, the Lyp might be an important means of linking
the findings obtained in previecusly unrelated studies. Thus far there has
been no attempt to validate the Lyp through direct use In a community
survey, Such validation is needed to fulfill the promise of the Lyp as a
common metric for physical characterilzation of time-varying noise

environments.

The majority of the work on developing techniques for estimating
community response to neise has been done in the context of alrecraft
noise, with some additional work on traffic noise. These techniques
use as a "basic building block" the noises produced by individual air-
planes, These data are then combined to take into account the number
and nature of the aircraft operations for the particular airport under
consideration. European measures, such as the British Noise and Number
Index (NNI), apply a correction based on the total number of aivcraft
operations, regardless of when they occur. The two U. 8. measures,
the Composite Noisc Rating (CNR) and the more recent Nolse Exposure
Forecast (NEF), cach give a much heavier weighting to operations at
night than those during the day--reflecting the higher degree of
annoyance caused by night flights,., The NEY contour calculation pro-
cedure Is quite complex, It uses EPNL data for each type of aircraft
and includes consideration of the mix of aircraft, number of operations,
runway utilization, Flight path, operating procedures, and time of day.
Probably the most important factor not included is the background noise
level-=at least in the interpretation for the maximum NETF allowable,
Another iImportant factor which is not included is the local weather.
Wind and, especially, temperature inversions can drastically change the
nolse exposure at some locations. A notice of proposed rulemaking was
presented on 17 September 1971 that outlined the Federal Aviation
Administration proposed amendments to Part 36 of the Federal Aviation
Regulations (FAR 36) to require altitude and temperaiure accountability
throughout the noise type-certification tests. The next step needed
is the inclusion of such corrections in the computation of the NET
contours for specific ailrport location.
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The NEF contours are not interpreted in terms of individual and
group reactions; however, since equivalences are given between CNR and
NEF contours some guldance may be obtained from the standard CNR pro-
cedure which includes estimaced responses of residential communitics as
a function of CNR. The NEF boundaries are set on the basis of residen-—
tial land use. A shortcoming in these methods is the lack of adequate
social data which can be used to develop better estimators of individual
and community reactions to aircraft noise. Conversilons also have to be
developed to translate NEF contours into terms compatible with other

measures of communilty noise,

Decails of computing NEF eontours, and a discussion of similar
procedures used in other countries, are given in a recent Departiment of

Transportation report [9].

The variocus estimators of subjective response covered thus far have
been based entirely on the physical characrerizacion of the noise event,
Such metrics as sound level, loudness level, and perceived
noise level are related to the sound pressurc level, as a function
of frequency, at any given moment in time (rigorously, PNL is sometimes
calculated from the highest sound pressure level obtained in each fre-
quency band measured--regardless of the time at which each band level
achieved its peak value}, The Effective Perceived Noise Level includes
consideration of the duration of a single'holse event." Such measures
as the Traffic Noise Index and the Noise Pollution Level include speci-
fic consideration of the statistical variatlon, with time, of the total
noise exposure resulting from a large number of "noise events.'" For
further discussion of these, and many other, metrics based on the physical
characterization of noise, the reader is referred to Kryter's book [71,
to the recent Department of Transportation study [13] and te the many
references contained in these sources.

In a real, as opposed to a laboratory, setting where individuals
and groups arc exposed to the noises of everyday living, soecial factors
can have as much, or more, effect on the acceptability of sounds as the
physical characteristics of the sound, There 1s a need for ecstimators
whilch include the physleal c¢haracteristics of the sound, the temporal
variation of the secund, and means for inclusion of social factors. There
has been some work done in this regard (see, e.g., [7, 13]) but consideara-
ble further research is needed.
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All of the estimators of subjective response discussed thus far
have been ratings of the noise itself and 1vs direct effects. In
addition, rating schemes are needed and used to estimate satilsfaction
with the sound isvlation provided by, for example, partitions within
buildings. The Sound Transmisslon Class (5TC)--a single-figure rating
based on the sound transmission losses of the partition in the fre-
quency range 125 to 4000 Hz—-1s used to describe the airborne sound
insulation properties of a partition [1l4]. The Hoise Isolation Class
- (NIC) ~—a single figure-rating based on the values of noise reduction
in the frequency range 125 to 4000 Hz--is the analngous rating of the
sound isolation between two rooms within a bullding regardless of the
path of the sound in getting from one room to the other, STC and NIC
are reasonably good predictors of the isolation provided against office
noige and the sounds of speech. They are not too suitable for predicting
the satisfaction with iseclacion against low frequency noise and hence
should be used with cautlon in conjunction with rooms adjacent to
mechanical equipment rooms or with exterior walls exposed to traffic or

alrecraft noise,

The Impact Insulatlion Class (IIC) is a proposed rating scheme which
is used to estimate satisfacrion with the degree to which a floor/cediling
assembly provides isolation against impact sounds, such as footsteps [15].
This method 1s not unilversally accepted, chiefly because of concern
about the relevance of the test procedure used,and further development

is indicated.
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S, Example Calculations for Sound Level,
Loudness Level, and Perceived Nolse Level

The perception of sound by the human ear is a very complicated
process. Present state-of-the-art knowledge does not allow for the
design of an objective measuring apparatus or computation method
which gives results which are absolutely comparable with those given
by direct subjective methods for all types of noise, This is the
reason for the existence of the numerous rating merheds which were
discussed in the preceeding section,

To reinforce an understanding of these ratingmethods and to provide
a common base for comparison purposes, the following illustrative
examples showing the step by step procedure for computing the overall
sound pressure level; A, B, and C-weighted sound level; loudness level
by both the Stevens and Zwicker methods; and perceived noise level
(including the tone correction) for a given spectrum are developed,
The spectrum chosen is that of an exeecutive jet aircraft at 500 feet
altitude during an approach operation (figure 13),

5.1, Sound Level

As was discussed previously the decibel is defined as ten times
the logarithm to the base ten of the ratio between two like quantities.
In acoustics, it is customary for these quantities to have the units
of power or Lo be proportional to power, Since the sound power normally
is related to the square of the sound pressure a convenient scale for

noise measurements .Is defined as:

Sound Pressure level = 10 1oglo(p2/p°2)

where p is the sound pressure being measured
Po is the reference sound pressure, 20 BN/mZ.

The simplest physical measure of noise is its overall sound
pressure level, but such a measure gives little informatioen as to the
human perception of the neise, Even though a simple frequency
weighting may not be sufficient, it will often give an indication as
to the nolse perception and presently three standardized weighting
curves exist (IEC Recommendation 179 and ANSI S51.4-1971) called A,

B and C.

The following pages contain the computation of the A, B and C-
weighted sound level for the aircraft neise, Each page contains six
columns which are described as follows:

1., Column 1 contains the one-third octave band center frequencies
extending from 10 Hz te 20,000 Hz,
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2. Column 2 contains the sound pressure level in each one-
third octave band as measured during the aireraft flyover.
This column is labelled L,

3, Column 3 gives the weighting factors, cither A, B or 0,
to be applicd in determining the weighted sound level, This
column is labelled W.

4, Colunm 4 gives the weighted level, which is the measured
sound pressure level (L) plus the weighting (W), divided
by 10, This column is labelled X. Therefore X = (L4+W)/10,

5. Since the sound pressure level is defined as 10 log;n (p /po°),
the squared pressure ratio (Y) as given in column S 1& equal
te 10%,

6., The total summation of ¥ is taken and 10 log 0o {~Y) is equal
to the weighted sound level being calculated,

7. Column 6 gives the relative contribution made by the
level in any given frequency band and is simply the value Y
divided by the total summation of Y.

In the case of overall sound pressure level calculation the
procedure utilized for computing the weiphted sound levels is applied
except that the weightings are all zero.

5.2, Loudness Level

Two methods (IS0 Recommendation 532 Methods A and B) will be
i11lustrated for calculating the loudness or loudness level of a
complex sound, These methods differ not only in the method of
analysis of the sound, but also in the principles of computation,
Method A, or Stevqné method, utilizes physigal measurements obtained
from spectrum analysis in terms of octave bands and should be used
only when thé sound spettrimn is relatively smooth and the sound con-
tains e pare T tones, T ALlso, the method is only applicable to diffuse
sound fields. Method B, or Zwicker's method, utilizes spectrum
analysis in terms of one-third octave bands and can be used even when
the sound spectrum is very lrregular and the scund containg pronounced

pure tones.

In addition to the different bandwidths involved in the basic
physical measurements, the two methods differ in other respects and
the results obtained do not always agree, The Zwicker method
usually gives slightly higher results than those obtained for the
same sounds using the Stevens' method, the difference being possibly
as great as 5 phons; but it seems to better account for the variations
in sound spectra that occur within narrow ranges of frequency. Example
calculations for both methods will he discuased here,
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500 FoQT JET APPROACH

SQUARED RELATIVE

FREGUENCY SIGNAL DH{AY} WEIGHTLD PRESSURE CONTRIpBUTION
LEVELs L  WEJGHT, W LEVEL, X RATIiO, Y OF vy
HZ nB [+}:} HEL - w -
!000 - —7D|‘| - - -
1245 - =534 - - --
léda - =567 - - --
20.0 - “50.+5 ne - -
25.0 - -y, 7 bl - - -
dleg - -394 - - -
40.0 - =34 - - o -
5040 Bied -30.2 S.14 «138+06% »00D
§3.0 810 25,2 5,48 +302+06 + 000
BU.U 90.6 —22.5 boal 0646#07 +000D
10049 952 19,1 Tab} +407408 «00Q
125.0 99+ 2 LY. TR ! 8,31 120409 +002
1600 10040 wl3,4 8,64 457409 « 004
20B.0 Fhe b =109 8,57 372409 «00Y
25000 104.6 -a.b 90"‘0 03934‘10 w039
315.0 102.8 by b Feb2 417410 e 04
400.0 1068 ~-i,8 jYs i 15141} + 148
500.0 10542 3,2 10,20 158411} + 1565
530.0 tn2+8 1,9 {u,09 12341} 120
800.0 103.0 -y B 1,22 116641 s 142
1000.0 99,8 20 F,598 1955410 « 093
1250.0 974 Y- T80 sb6314t0 062
1600.0 9654 4 1.0 Tab4 437410 « 043
20000 5.6 162 P0b8 147%.10 «047
2500.0 7440 [ 983 2334010 «032
3150.0 F2+4 142 P436 0229450 +022
4000.0 0.0 1.0 Y410 1126«10 o012
50000 88.0 5 B,85 708409 + 007
4300.pD 8646 -] 8,55 2155409 + 003
800010 8{.6 =l 8,058 112409 001
10000.0 74¢8 =2,5 7.2] v 162408 + 000
12500.0 - -4s3 - - -
16U00.0 - EY-XY: - - -
20000, - 33 - - - -
SUM ¥ o102+)2
BBIA) = 10 LOGISUM Y 1100}

*Fhe notation ,138 + 06 means .138 x 10% = 138,000,
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48



et

S00 FOOT JET APPROACH

SQUARED ke LATIVE

FREQUENCY ST1aNAL R 4: N WEIGHTED FREQSUNRF CONTRIRUTION
LEvVEL, L :FlGHt, & LEVEL, % RaTiO, Y GF ¥
HZ Dy DB AEL - -
10.0 - “JBe? - - .-
12.5 - -33.2 - - - -
1.0 -- “2845 -- -- -
20.0 .- 24,2 .- " -
25-0 - -20.“ -— - -
31.5 - =171 --— - - -
4040 n= =1H,2 - - -
5000 filak "ll.é }DDU s 1 UD+0H8 .UOn
3.0 A1.0 -5 ,.3 T.17 s 1 4H+08 »a0N
BDOD Gled 7ot 8,32 ¢ 209+09 » 10|
1000 9542 -5.4 6,90 *R12+09 « 305
125.0 99,2 -, 7 .50 s31b+10 07
16040 1an.d w3, 0 Y70 eLUl+1D 027
200. 0 Yheb -2.0 Yol «2RHE+1T) WIS
250.0 1446 -1, 10,33 214410 el 14
31%.0 1u2.8 -, A 190420 s lthd el «085%
40D 0 LLbed -5 1Ueb ] 4T+ 11 217
500.0 10542 w3 1049 s30%«1) RE-1)
63D 0 102.8 -yl 1Ga27/ s lab+) 09y
BO0R.0 163.0 « 0 10,30 *200«11 « 107
1000 .0 99,8 0 7498 v95ba410 + 051
125040 G7.4 0 a7 Y 550+ 0 L27
1600.0 95,5 o 0 9.54 «347+10 019
2000.0 5.4 -l Febb ¢ 355+ 103 +019
25000 94,0 e P38 s 240410 sLla
31500 2.4 -l .20 1 15H+10 200K
40000 $0.0 -7 Aa93 851 +0% v005
SDDUDD ﬁﬂou -1.2 B,b4 ¢4 7F+0Y +002
63000 BSeb wle? H.37 1234409 00}
8000« 0 Eleb =247 7.872 +741+08 «0no
1000040 THa b wliyd 7.03 slQ7+08 000
1250040 - bl - - .-
14000 - -844 - - -
20000.0 - “1lal - -- -
SuUM Y s ldlet 2
DBIB) = 10 LNGiSUs ¥ 112467

40.
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50 FonT JbT APPROACH

SNUAREDL RFLATIVE

FREQUENCY S]oMAL DR(C) WETGHTED PRESSURF CoNTRIBUTON
LEVEL,s L LELGHT, @ LEVEL, X Karlg, v oF ¥
HZ e ne BEL - --
10.0 - 14,3 - - -
12-5 - - =-1]la2 - - -
1b6eD - ~B.5 -- - .-
2040 -- “ba2 - - -
25.0 - w4, 4 - -- -
3’.5 - w3,0 -- - -
40«0 - =2.0 - - .=
50.0 Al 4 -l s Ha03 s 1U7+09 «00n
43.0 H),0 -. 8 8,02 e 10509 « 00N
80-0 Y. b -,5 9.0] '102*!0 N
100.0 95 4 2 -3 T « 309 |13 «D1lu
12540 G a2 -2 Y70 LA N ) eUdA
I -Y 1| 10n0.0 -l F.99 a977+10 e 04u
200!0 Thbad w0 Tabbh s457+10 021
250.0 104+6 0 10.48 *20H 4+t R
3150{:- ]Uz.a 0 ID.ZH ‘Iqlﬁll 087
400.0 1066 0 10e66 eHG7 41 » 204
S8U0.0 1052 + 0 1052 «33) 1t 151
3040 1028 W0 10,28 2191+ 087
BDO.q 1030 «0 1030 « 200+ 11 «071
1000. 798 0 Fe9H « P854+ 10 AL ]
125040 97a 4 o Fa?4 s550+ 10 « 020
160000 FHae M -yl ?.+53 *33%+10 wOth
2000, 95, 6 -2 P54 +3497410 «01a
2500.0 94,0 -yl Y37 s 234%+10 +011
JISDIU 92.“ -y 5 9-'9 '155*10 007
400Q.p Y0+ 0 -yl B,%2 *Bl2+09 + 004
5000.0 B U aled 3,67 rial+09 «002
6300. 0 8%5s 6 -2.0 B436 2229409 001
A000.0 At1ed ~1,0 7868 s 7244+0H «0NnD
IUDDO.U 7“.6 -if Y 7.02 + 105+08 «0nn
12500.0 - -6-2 - - - -
16400040 - -fsb - - -
20000.p0 - alla2 - - -
SUM Y « 220412
DBIC) = 10 1LpeisUum Y) Flawy

1
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500 FOOT JELT APPROQApH

FREWUENCY

HZ

IR0
128
16.0
20,0
25.0
3len
40.0
5”.0
63,0
80s0
100.0
125.0
1600
20040
2500
Ais.0
400.0
500.0
&3040
B00.0
1000.0
1250.0
160040
2000.¢
2500.0
3150.0
4000.0
S000.0
8000.0
10000.0
12500Q.0
1600000
2060040

sSuUM Y

pBIL) =

in

SIGNAL
LEVEL, L

34

LG ESUM ¥Y)

Urilk)
WEIGHT,

DA

) it SN F AL 1 4 B et e e e b P P8 s i =

e

"i‘

I LR

SwuakELD

wk TGHTED  PRE4SUR

LEVEL,

REL

Halb
d,10
006
9.52
B.P2
1u.00
Fabb
10-"‘6
10,28
10460
10.52
lO.Zd
10.30
F.98
Pl
Faby
7456
7,40
Fe2H
.00
d.80
.56
Bela
7o

- -

~51-

X

RATIO,

s 14h+09
f124+09
v 1159+10
*331+10
cH32+10
10U+
vldh el
sZ2Hue]]
191l
145741
+331+11
191411
20U+
v955+10
s550+10
f347+10
¢Je&3+ 10
s 251+11)
vl 74«10
sl 0U+N
+63]1+09
+363+09
v 1 yh«0%
*2RE+08R

+222+17

13,5

[

Y

RELATIVE
CunTiwlBUTION
OF ¥
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a, Stevens' Method

Addition of partial loudnesses is the fundamental notion in all
of the procedures for calculating loudness, In Stevens' method,
partial loudnesses are determined by means of a family of curves
(figure 14) from sound levels which are measured in octave frequency
bands, These partial loudnesses are called indices, The procedure

is as follows:

Step 1, Couvert each octave band sound pressure level into a
loudness index by means of the curves shown inm Figure 14

Step 2, Compute the total loudness in sones St by means of the
formula

Sp = S, + F (+8-8).

where a) § is the greatest of the loudness indices
b) LE is the sum of the loudness indices for all

the bands,
c) F is a constant equal to 0.3 for octave bands,

Partial masking is taken into account very generally
by multiplying all the loudness indices, except the
one with the largest number, by a factor smaller than 1,

Step 3. The total loudness is them cenverted into calculated
loudness level in phons by means of the formula

P =40 + 10 1032 5,

Included in figure 14 is a nomograph of this relation,

Normally, the calculated loudness is labeled sones (0OD) and the loudness
level is labeled phons (OD) to designate that they have been calculated
from octave-band levels (0) and for a diffuse field (D). The spectrum
utilized for the example calculation shown on the following pages is
based on the oulbdoor measurement of aireraft flyover noise and therefore
the sound field is not diffuse, Rather than choose a specialized
spectrum to i1illustrate the computation procedure for the Stevens method,
the aircraft spectrum was utilized. The procedure for computing occtave
band levels from 1/3-octave levels ~-- a procedure that normally would
only be utilized to compare two sets of data obtained using different
bandwidth analyzers -- is shown in Appendix C.
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Figure 14. Curves for determining loudness indices used in Stevens'
method of calculating loudness.
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STRvENY SOrES, pronS, FaOm
500 Fuo71 g7 AppRnACH

FRENUENCY

HZ

Hlda.l
12640
25040
60U
1000.0
200L .0
4n0J.0
ADD L0

SUM OF LOUNNES. [NDICES

DCTAVE

STowal
LEVEL

Dy

?l.8
1034
1072
109,39
I0% .4
Q9.1
95,43
741

SUGTRACT MaXilhgM LOUDNESS (hDEX

MULTIPLY BY .3

ADD MAXTIHMU LOUDNESS TNDEX

S50NES

DG, S0 = M SONESH,4301
L 62 ONES (Lr(i~0 £ESts430

MULTIPLY BY 10
ADD 40O,

PHONS

O it e TR Y

e by b =

WAL LEVELYS

Lou; niEsS

I

A

+

14

+

NUE X

- & s & 2 »
COocO0OoUCw

—
[ B s I e R
N o~ WV = w10

581.3
121,0

4450,
]

138.,1
Izl.a

259, |

H.02
130.

0.2
40,

120.2
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b, Zwicker's Method

The Zwicker Method (Method B of IS0 Recconmendation 532) specifies
a procedure for calculating the loudness of steady complex sounds for
which one-third octave band analyses have been obtained, The loudness
level in phons is calculated by means of a formula (discussed balow) or
from the nomograph of the formula shown on Figure 15,

The procedure for the calculation of loudness level consists of
three steps.

Step 1, Select a graph {there are 8 different Zwicker diagrams)
which corresponds to the appropriate type of sound
field and whieh includes the highest one-third octave
band level measured, Draw the measured levels in the
bands above 280 Hz as horizontal lines so that the
cut-off frequencies of the one-third octave bands
correspond to the abscissa of the graph and the
measured levels correspond to the numbering of the
stepped curves, At lower frequencies the one-third
octave band data are grouped as follows to obtain
correspanding band levels Ly, L, and Lj before
entering them on the diagram,

(1) Combine all bands with center frequencies up to
80 Hz (Lp)

(2) Combine the bands with center frequeneies of
100, 125 and 160 Hz (L2)

(3) Combine the bands with eenter frequencies of
200 and 250 Hz (L3)

The rule of combination may be understood from the
example:

L, = 10 log;, (antilog LIOO/IO + antileg L125/10

+ antilog L160/10)

where L , €te. 1s the measured one-third octave

band préssure level for the band with a center frequency
of 100 H,. Draw each of these combined levels as a
horizontal line of the width of the combined band, so
that the levels correspond to the numbering of the
stepped curves,

=55
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Step 2. Where the steps lormed by these herizontal lines are
rising with frequency, the adjacent horizontal levels
arc connected by vertical lines at the frequency separating
the two bands. When the level in the next highest {requency
bard is lower, the fall is drawn as a duwnward sloping
curve interpolated between the dashed curves on the graph,
starting from the right-hand end of the horizontal
line. The area enclosed by the whole stepped figure seo
obtained corresponds to the tolkal loudness,

Step 3, Transform the enclosed area into a rectangle of the
same area and having a base cqual to the width of the
graph by weans of a planimeter, The height of the
rectangle gives directly the loudness level in phans
(GF*) or (GD) from the scales on ecither side of the
graph, 7The corresponding loudness in sones (GF) or (GD)
may be read from the sccond scale or computed from the

relntions:
P =40 + 10 log, S,

where Stis the Lotul loudness in sones.

Figure 15 shows the application of the Zwicker methed to the aircraft
spectrum shown in Figure 13, The value obtaincd is 121 phones (GF).

5.3, Perceived Noise Level

A procedure which approximates the subjectively perceilved noisiness
rather than loudness was developed by K, D, Kryter and is now widely
used for aircraft noisc measurements, particularly ailreraft f[lyovers,
In this procedure, the perceived noise level of a given sound is
numerically equal to the sound pressure level of a reference sound
(the reference sound is a band of random noise, one octave wide,
centered at 1000 Hz) that is judged by lisreners to be as "noisy"
as the givgn sound, This method recognizes the incteased contributions
of the higher frequencies to the annoyance of a sound and weights
higher frequenciles more heavily. WMasking is accounted for in the same
manner &s in the Stevens' method for calculating loudness level,

Instantaneous perceived noise levels (LPN) are calculated from
instantaneous one-third occave band sound pressure levels according

to the follawing procedure:

Step 1. 'The sound pressure level in each one-third cctave band
from 50 to 10,000 Hz (24 one~third octave bands) is
converted to perceived noisiness by finding the proper
NOYS value for each band level by means of a special
table or by means of the curves shown in Eigure 16,

*For this example it would be GF indicating a critical-band analysis
and a free field,
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Step

Step 3,

Step 4,

The sum of the values of perceived neisiness in all the
one-third octave bands of the spectrum is taken (Zn),

The total perceived noisiness (PN) is then calculated
as follows:

BN = n -+ 0.15 (gn - ng)

where n. is the maximum value of perceived noisiness
in all bands,

The nerceived noise level (Lp,) in dB (also called
PNdB) is caleulated from the formula,

PNL = 4r,0 + 33.3 1og10 (PN)
or by entering the NOYS curves and picking off the sound

pressure level corresponding to the value of tetal
perceived noisiness (PN) at 1000 Uz,

If pure tones, or pronounced irregularities are present in the
spectrum, the preceeding caleculation should be correected in the
following manner:

Step 1.

Step 2.

Step 3.

Starting with the corrected sound pressure level in

the 80 Hz one-third octave band (hand number 19
according to USAS S51.6-1967, Preferred Frequency Bands),
calculate the changes in sound pressure level (slopes)
of the one-third occtave band as follows:

ne value

8 (band 3)

SPL (band 4) - SPL (hand 1)

S (band 4)

- -

i

- - .

S (band 40) = SPL (band 40) - SPL (band 39)

Caleulate the changes in slope AS (band 8) =

S (band 5) - 8§ (band 4) etc, and cncircle the value
of the slope(s) where the absolute value of 48 is
greater than 5,

{(a) If the encircled value of the slope (5) is positive
and algebraically greater than the slope in the
preceeding band encircle the SPL of that band,

(b) If the encirecled valuc of the slope (8) is =zero or

negative and the slope of the preceeding band is
positive, encircle the SPL of the preceeding band,

“59.
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sStep 4,

| Step 5.

Step 7,

[ Step 8,

[T

Omit all SPL encircled in Step 3 and compute new
sound pressure levels SPL' as follows:

(a) For necnecircled sound pressure levels, let the new
sound pressure levels equal the original sound
pressure levels,

SPL' = SPL

(b) For encircled sound pressure levels in bands
17-39, let the new sound pressure level equal
the arithmetic average of the preceeding and
following sound pressure levels,

e.g. SPL'(band 19) = 1/2 [SPL (band 18) +
SPL (band 20}]
(¢} If the sound pressure level in the highest frequency
band (24) is encircled, let the new sound pressure

level in that band equal

SPL' (band 24) = 2 (SPL [band 23])

Recompute new slopes (S8') as follows

S' (band 19) = § (band 20)

SPL' (band 20) - SPL' (band 19}

S' (band 20)

For bands 19-139 ;Dmpute the arithmetic as follows
S (band 19) = 1/3 [8' (band 19) + §' (band 20)+

S' (band 213}] ete.
Compute final adjusted one-third octave band scund pressure
levels (SPL") by beginning with band number 19 and
proceeding to band number 40 as follows:

SPL" (band 19} = $SPL (band 19)
SPL" (band 20) = SPL" (band 19) + T (band 19) etc.

calculate the differences (F) between the original and
the adjusted sound pressure levels as follows:

F (band 19) = SPL (band 19) - SPL" (band 19)

and note only values greater than zero,

=G0



Step 9, For each of the 24 one-third octave bhands, determine
tone correction factors from the sound pressure level
differences F and the following table

Level Difference Tane
Trequency F, dB Correction C, dB
P _F <3 0
50 = £ < 500 3 ; F < 20 F/6
20=F 3-1/3
F <3 0
500 £ £ < 5000 3=r <20 F/3
20=F 6-2/3
F<3 ¢
5000 < £ < 10000 J<F <20 F/6
20<TF 3-1/3

Tuble 5-1, Tone Correction Factors

Step 10, Tone Corrected Perceived noise levels are determined
by adding the largest of the tone correction factors
to the corresponding PNL values, that is,

PNLT = PNL + Cmax

The perceived noise level and the tone corrected perceived noise
level were calculated for the aireraft spectrum shown in Figure 13,
The details of the step-by-step computations are shown on the

following pages.
5,4 Straight Line Spectra

The above discussion ceoncentrates on only a few of the numerous
rating schemes discussed in Section 4, These are all instantaneous
single number ratings with no time duration, socclological, or other
considerations, It would be extremely convenient if a table of
conversion factors could be developed relating a value on any given
rating scheme to values cbtained using any other method, Of course,
this is not possible because the rating schemes are heavily dependent
on the shape of the given spectrum, In some cases, however, where the
spectrum shape is approximately the same, e.g., aircraft flyovers, a
Teasonably reliable conversion factor can exist -- L, = PNL - 13.

=6l




wAp Tz PERLEIVeD NOISE LEVIL FROM 1/3 2oTAVE RANMDS

olu FOOT J2T1 APPROALH

FRZIJENCY SI6YNAL  PERCEIVED
LEvEL NOTSINZSS
He D3 NOYS
50.0 8led 5.5
55.0 31.0 7s1
0.0 0.8 17.9
100.0 Y4542 2R, 2
125.0 9.2 39.9
150.0 100.0 45. 3
20l b6 41,1
25J.0 104.6 766
315,00 102.8 72.5
400.0 106.5 101.1
500.0 105.2 91.8
63U N luz.8 77.7
80U.0 103.0 70.8
1000.0 99.8 53.1
1250.0 97.4 51.4%
1600.0 95.4 6%.1
2000-0 95.6 an.y
2500.0 g4.,0 82,7
3150.0 d2.4 79.3
400040 S0.0 87.2
5000.0 HB.0 54,7
5300.0 85.6 43.2
3000410 8l.6 26.7
LO00G0.0 Theb 13.4
5Jv OF NOY VALUES 1325.1
SJnTRACT MAKLIMUM NOY VALUE «101.1
1224%.0
MJLTIPLY 3Y .15 X 15
183.6
AJO MAXIViJM NOY vVALUE +101.1
iN 24,7
LYo N 2+45
MJLTIPLY 8Y 33.3 X33.3
Bl.?
Adls 40. + 40,
PZRCEIVED NOJISZ LEVELs PNL 121.7
AJD TONE CORRECTION + -]
TONE CORRECTED PERCEIVED
NUOLSE LEVELPNLT 122.5
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In order to illustrate the effect the spectrum shape has on the
single number rating schemes, four straight line spectra were chogsen
to be analyzed, Each of the spectrum chosen covered a frequency range
from 10 to 20,000 Hz and was adjusted such that the overall sound
pressure level was equal for all of the spectra, Spectra were chosen
wherein the [/3-octave band sound pressure levels change with frequency
by the following amounts: (a) -6 dB/octave, (b) 0 dB/octave, (c) +3 di/
octave, and {d) +6 dB/octave.

The overall sound pressure level; A, B and G-weighted socund level;
Stevens and Zwicker loudness levels; and Perceived Noise Level were
caleulated and the resuits are plotted in {igure 17, The detailed
step~by-step calculations are given in Appendix D,

A comparison among the single number ratings proves that there
exlsts no table of simple additive constants which would relate all
of the rating schemes to one ancther, For instance the difference
between the A-weighted sound level and the perceived noise level
ranged from 9,3 - 15,6 dB. Also 1if it were posgible to easily convert
from one rating scheme to anothey then there would be no need for the
large number of rating methods available and in use at the present

time,
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6., Measurement Systems [or Sources in Real World Situations

One would like to make a wmeasurement, or sct of measurements, In
a well defined acoustic environment that would enable reliable predic-
tion of the noise produced by the source regardless of the environment
in which it might be placed. This is a rcasonable approach for house-
hold devices such as blenders and vacuum cleaners where, for the mast
part, the noise level produced by the device is dependent on the sound-

radiating characteristics of the device itself and op the sound absorbing

and reflecting qualities of the space in which the device is used but
depends little upon the way the device is installed. Such devices
would be characterized by measuring the sound power level according te
standard procedures in either a free-fleld or diffuse-field acoustic

environment.

Usually, however, the noise level produced by a specific machine,
e.g., a truck or a pavement breaker, is not only dependent upon the
sound radiating characteristics of the machine itself but also on the
way the machine is operated and the specific environment in which it is
used. In setting noise limics for such devices through regulations -and
labeling standards, test procedures and measurement methodology should
include such items as loading, operating speeds, and the environment.
Two typical wxamples will be discussed to show the factors that must be
specified in the measurement system to accurately characterize real

sources,

The Society of Automotive Engineers has recommended a measurement
system (S.A.E.-J-366, Exterlor Sound Level for Heavy Trucks and Buses,
1969) for establishing the maximum exterior sound level output of motor
trucks, truck tractors, and buses, The system describes, in detall, the
test procedure, environment, instrumentation, and truck operating condi-
tions for determining the maximum sound level. This measurement system
is basically a certificatdion type test., The test site and truck opera-
tional mode constraints negate its use as an on~-highway noise-limit
enforcement system., The SAE Recommended Practice includes the follow-

ing speciflcations:

1. TIustrumentation. Sound level meter, windsereen, and field
calibrator meeting specified standards,

2, (Calibration procedures,

3. Test site, Specified characteristies for actual measurement
area plus the total surroundings within 100 to 200 feet of
the measurement position,

4, Microphone location, TFifty feet from centerline of the truck
path,

5. Measurement requirements, TFast response of the A-wyeighted
network,
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6, The operational mode of the vehiele. Cear ratio, speed,
engine rpm, and acceleration sequence are specified.

7. Environmental conditions. No rain, winds less than 12 mph.

Ambient noise level., 10 dB or more below the noise to be

measured,

o
.

Another typilcal measurement system, specificd for a stationary test,
is the pneumatric equipment noise test code applicable to the test of all
types of pneumatic cquipment under realistic operating eonditions pre-
vailling in industrial plants and at construction sites, This test was
prepared through the cooperation of the Conmpressed Air and Gas Institute
and the European Committec of Manufacturers of Compressed Alr Equipment,
The test code calls for:

1. Measurc¢ments to be made over a hard reflectlng surface.

2. Operation to be under specified load.

3. Background noise to be at least 10 dB below that of the cquip-
ment under test,

4. A-weighted sound levels and octave band sound pressure levels
to be measured at {ive or more specified locations,

These two specifie measurement systems exemplify the ratlonale
that muse be followed in the desipgn and establishment of test procedures
to accurately characterize sources having noise levels heavily dependent
ot thelr interaction with the environment or the manner in which they
are cperated, It should be emphasized that in addition to precilse
measurement and calibrarion procedures, operational and environmental
constraints incorporated into the standard measurement procedures are
an absolute necessity. Such measurcment systems exist for alrcraft and
surface transportation vehicles and, in a few cases, for specific machines;
however for the most part literally no measurement standards exist. This
is especially true 1n the area of home appliances.

The availability of messurement standards does not imply that
problems do not still exist., In some instances, there are several alterna-
tive measurcment methods. When the results of different methods conflict,

rasolution is required. Also, it 1s not uncommeon for test mcthods to be

used under clrcumstances for which they were not desisgned.
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7. Sound Transmission

Preceding sections have dealt with the measurement methodology
for determining the noise levels assoclated with various sources,
thelr impact on the acoustical environment, and their cffect on man.
This section willl discuss the paths of noise transmission from source

to recelver.

Increasing emphasis is being placed on site and highway planning
to combat the ever—increasing encroachment of outdoor sounds into
buildings. In this context, artificial barrlers (walls, hills, other
buildings) are being used to provide improved isolatien from noise,
particularly due to surface transportation, The exterior walls and
roofs of houses and buildings near alrports must execlude a substantial
amount of noilse from a variety of sources. There 1s a definite need for
standardized methodology to measuwe and evaluate the effectiveness of
(a) the noise isolation concepts of site and highway planning, and (b)
the acoustical performance of exterior shells of buildings, in llmiting
the transmission of noise from outdoor sources. Whereas site planning
is being utilized as a technique to combat the intrusion of outdoor
noise into buildings, the following areas still need investigation:

-— The orientation of bulldings with respect to major highways, and
airplane flight patterns, can have a substantial influence on the
noise level at a particular point due to reflections from the build-
ings and the possible influence of the bullding arrangements on
"focusing" the sound at certain locations. Procedures are needed
for predicting, a priori, such effects,

One building can serve as a sound barrier to shield another building
from particular noise sources. Rffectiveness depends on the ambient
noise level, the noise level of the source, the desgired acoustical
environment, and the noise reduction achieved. This can be a complex
problem and there is a need for standardized methodelogy to predict
the noise isolation between the source and receilver locations so

that alternative noise control procedures can be validly compared,

-- Generally the reductlon in noise levels by the erection of barriers,
fences, ete.,, 1s not particularly effective unless the dimensions of
the barrier are large compared with the wavelength of the sound being
attenuated. Thus to effectively evaluate the transmission character-
istics of barriers, the frequency spectrum of the source must be
identified.

—- The location ¢f the barrier with regpect to the source and the buillding
is eritical in determining the amount of attenuation. The need exists
for the development of techniques to evaluate and compare the trans-
missien characteristics of various harriers,
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The acoustical environment within a bullding 1s also inf luenced
by the other activities within the building--indoor noise sources.
Building noise may be classified, according to its mode of transmission,
as elther alrborne, structure-borne, or a combination of both. Air-
borne noise typically is transmitted along continuous air patchs.
Structure-borne noise typically originates from direct impacts, such as
impulses produced by the dropping of objects on a floor, footsteps, door
slamming, ete,, or from direct mechanical contact between vibrating
machinery and the building elements, Characterization of the sound
transmission properties of building elements must consider both alrborne
and structure-borne noise,

Within a given room or enclosure, sound ahsorbing materials are
frequently used to reduce the noise levels which arise due to a noise
source within che same space. Laboratory techniques have been standard-
ized for measuring the sound absorption of acoustical materidals in a
diffuse sound field. They yleld results that are fairly representative
of what would be obtained in field measurements., Sample mountilngs can
be simulated to be identical to those encountered in actual practice.
The severest limitation of this test method is the practical limitation
of the sample size--it is difficult to predict the field performance
of large areas of sound absorbing material. During the laboratory
measurement,, sound waves sgrike the sample at random angles of incidence,
The sound fields encountered in large rooms are often not diffuse and
there 1s a need to develop a standardized procedure to determine the
effective absorption of acoustical materlals for sound waves arriving
from a specific direction,

Any meaningful investigation of the acoustical environment of
buildings must include the measurement methodology associated with the
performance of exterior and interior wall structures and floor/ceiling
assemblies in the laboratory and in the field. Generally speaking, a
partition, such as a wall or floor/ceiling assembly, which will provide
adequate sound ilnsulation in a given situation is one which will reduce
the tranamitted noise to a level below that of the normal background
noise, The sound insulating property of a partition 1s usually char-
acterized by the sound transmission loss, which is expressed as a
funcrtion of fregquency. The sound transmission loss 1s equal to the
aunber of decibels by which sound power incildent on one side of a
partition is reduced in transmission through it.

The transmission of noise from one room to anotier room
separated by an intervening partition wall may be elther direct
transnission through that wall, or indirect transmission through
other walls, ecellings or floors commen to both rooms. This noise
transmission by indirect paths 1is known as flanking transmission, and
often invelves noise leaks occurring around floor, celling and parti-
rion edpes, as well as around pipe and conduit penecrations. Thus in
field measurements, It is frequently deslred to know the total nolise
isolation, regardless of the transmission paths, betwesen two spaces,
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The American Socicety for Testing and Materialas (ASTMY has adopred
a Standard Recommendad Praceoice for Laborstory Medisaroment o Al rburne
Sound Transmission Less of Bullding Particlons (ASTHM 1290-70)., This
test method yiclds results for the sound Lfnsulaving propervy of o parti-
tion element with g diffusce sound field on ecach side, thus providing a
measure of the optimum inherent soumd insulating capabilivy of an
interior partition. There is need for better specification of the
appropriate techniques of mounting the test specimen.,

Exterior walls and roofs are typically subject to frec sound ficlds
in whicl: noise is incldent from a specific directicon. Standerdized lak-
oratory procedures are required {or measuroment of the sound Isolation
provided under such conditions,

There Is alse an ASTM Standard Recvommended Practice for Field
Measurement: of Airborne Sound Insulation in Bulldings (ASTH E336-71).
There has been much less experience with this method than with the
laboratory test method and considerable work appears indicated to wvali-
date and refine the procedures used--hoth for measurcments of scund isola-
tion between enclosed spaces and of isclation against noise of cexterlor
origin. In addition, simplified tests proposed to be used by building
code officials are in need of validacion.

Impact neolse is caused by an object striking against, o1 sliding on,
a wall or floor structure, such as that produced by walking, falling
objects, moving furniture, or slamming deors. In such cases the floor
or wall i1s set into vibration by direct impact and sound is radiated from
both sides. Impact nolses constitute a sericus problem because such
noises generally are of high iIntensity and transient or impulsive in
character. The problem is partleularly acute in floors of light frame
construction since they are easily set inteo vibration by impact exclta-
tion. Becausc of the inherent complexity of the generation and trans-—
mission of Impact nolse, the measurement and specification of the insula-
ting properties of structures agailnst such sounds, the determination of
subjectlive reaction to these nolses, and the development of impact sound
insulation ecriteria for floor/ceiling structures have been highly contro-
versial technical toples. Obviously, before speclfying a vequirement
for impact sound insulation, a standard method for assessing the insulating
properties of floor/ceiling structures is nccessary.

A standard mechod of taest for impact sound insuylation has not yet
been adopted In the U.S.A, although the ASTM [s presently working toward
chat end. A method patterued after an earlier internatlonal (IS0 R140)
standard has been adepted as a proposed ASTM method, for information only.
This proposed method differs from the ISO document in that it is more
stringent in 1ts methods of test and technique, it uses a different
rating scheme, and it is for laboratory measurcments only. This test
method involves the operation of a “standard" tapping machine, described
in che 180 document, which preoduces repeatable excitations of Eloor/
ceiling structures; the resultant "iwpact sound pressure levels" produced
in a subjacent reverberacion room are measured. Many acousticians feel

~70-
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that the 18O tapping machine 1s not a suitable mechod for evaluating
impact noise Isolation, Some of the criticism of the efficacy of the
tapping machine as an appropriate source of impact excitarion is that it
does not simulate that produced by walking, nor in fact, any other com-
mon indoor actlvity. Continued investigations leading toward improved
measurement methodology for evaluation of impact nolse isolation should

be encouraged and pursued.

The noise generated and transmitted by heating and air condicioning
systems is a significant problem in many bulldings. Special treatments,
such as sound absorbing duct liners and '"sound traps," are used to minimize
transfer of noise along ducts. The ASTM is currently working on a standard
test procedure for measuring the sound isclation provided by such duct

treatments.
A seriously neglected area of concern 1s the generation and trans-
mission of plumbing noise. In addition to development of measurement

methodology for generation of noilse by plumbing fixtures, there is a need
for test procedures concerning transmission of noilse, of whatever origin,

by plumbing systems,
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8. Compilation of Standards

This section contains a compilation of existing standards
related to acoustics, The listing includes the name of the organi-~
zation or society issuing the standard, the complete title of the
standard, and a hrief summary of the scope and Intent of the
standard.

Complete standards can be purchased from the various organiza-
tiong and societies whose addresses are given in Appendix E. The
standards of the International Organization for Standardization
(I50) and the International Electrotechnical Commission (IEC) can
be obtained from the American National Standards Institute (ANSI).
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International Organization for Standardization

1. IS0 Recommendation R31 Part VIT. Quantities and Units of Acoustics
(1965).

This IS0 Recommendation is part of a mere comprehensive
publication dealing with quantities and units in various fields of
science and technology. It consists of a table listing the various
quantities and units of acoustics, Preference is given to the
International System of Units,

2, IS0 Recommendation R131, Expression of the Physical and Subjective
Magnitudes of Sound or Neise (1959),

This I80 Recommendation states that the physical mognitude of
sound or noise be expressed by a statement of sound pressure, power
or intensity level, and the subjective magnitude as a loudness level
in phons or loudness in sones. 1t also states the interrelationship

between phons and sones,

3, 150 Recommendation R140Q, TField and Laboratory Measurements of Airborne
and Impact Sound Transmission (1960),

This 180 Recommendation defines methods of measuring the
airborne sound insulation of walls, and the airborne and impact
sound insulation of floors, hoth in the field and in the laboratory,

The way in which the airborne and impact sound Fields are
generated, the frequency range of measurement and the characteristics
of the necessary filters are described, Definitions arce also given
of the quantity measured in each case, and of the method of
normalizing the results to make them comparable,

4, TS0 Recommendation R226, Normal Equal-Loudness Contours for Pure
Tones and Normal Threshold of Hearing Under Free Field
Listening Conditions (1962).

This IS0 Recommendation specifies, for the frequency range
20 to 15000 Hz (c/s) and for the conditions stated below:

a) The normal relations existing between sound pressure level
and frequenecy for pure tones of equal loudness.

b) Values for the normal threshcld of hearing (normal binaural
minimum audible field or MAF).

-73-
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5. 180 Recommendation R266, Preflerred Frequencies for Acoustieal
Measurements (1962),

This TS0 Recommendation deals with the [requencies used for
accoustical measurcments, The varicty of frequencies belng used,
prior to 1962, fotr acoustical measurements made comparison aof
results inconvenient, Some of the difficulties arose from the
use of frequencies spaced at different intervals or of series
starting from different reference frequencies, The purpose,
therefore, of this I50 Recommendation is to refer all frequency-
series to a single reference frequency, and to select other
frequencies in such a way as to afford a maximum number of common
frequencies in the various series. ;

For certain acoustical measurements, a constant frequency
inerement is a suitable spacing, More conmonly, however, a constant
percentage Increment is adopted and the test frequencies then form
a geometric series, The present I50 Recommendation deals with the
geometric series and is not intended to apply to cases where a
constant frequency inerement, or other particular spacing, would
be more suitable, or where there may be good reasons for the
adeption or retention of other [requencies,

6. 180 Recommendation R354, Measurement of Absorption Coefficients
in a Reverberation Room (1963),

This I50 Recommendation describes how a reverberation room
should be used to measure, under specified conditions, the sound
absorption coefficients of acoustical materials used as wall or
ceiling treatments, or the equivalent absorption area of separate :
objects, such as furniture, persons or space absorbers, The
general principle i{s that the specimen 1s introduced into the room
and the absorption added is computed from measurements of the :
reverberation time of the room (or the decay rate of the reverberant
sound) before and after the introduction of the specimen,

It specifies certain features of the size and shape of the
room, the size and disposition of the test specimen, the methods
of measuring the reverheration time (or the decay rate of the
reverberant sound) and of computing the results, the frequencies R
to be used and the manner in whiech the results should be stated,

7. IS0 Recommendation R357 (Supplementary to R131). Expression of .
the Power and Intensity LTevels of Sound or Noise (1963).

This IS0 Recommendation defines the reference sound power and
sound intensity,

*
The USA Member Body opposed the approval of this recommendation,
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IS0 Recommendation R362, Measurement of Noisce Emitted by Vehicles
(1964),

This IS0 Recommendation describes methods of determining the
noise emitted by motor vehicles, these being intended to meet the
requirements of simplicity as far as is consistent with reproducibility
of results and realism in the aperating conditions of the vehicle.

It is based primarily on a test with vehicles in motion, the
IS0 reference test, It is gemerally recognized to he of primary
importance that the measurements should relate to normal town
driving conditlions, thus including transmission noise, etc.
Measuremenis should also reiace to vehiclie conditions which
give the highest noise level consistent with normal driving and
which lead to repreducible noise emission, Therefore, an
acceleration test at full throttle from a stated running condition
is: specified,

Recognizing, however, that different practices were in
existence before this recommendation, specifications of two other
methods used are also given in the Appendix, These relate to:

a) a test with stationary vehicles (sce Appendix Al) and

b) a test with vehicles in motion, under vehicle conditions
which (in the case of certain vehicles) are different fraom
those in the IS0 reference test (see Appendix A2).

When either of these tests is used, the relation between the results
and those obtained by the 150 reference test should be established
for typical examples of the model concerncd,

180 Recommendation R38%9, Standard Reference Zero for the Calibration
of Pure-Tone Audiometers (1964),

This IS0 Recommendation specifies a standard reference zero
for the scale of hearing threshold level applicable to pure-tone
audiometers, which 1t is heoped will help to promote agreement
and uniformity in the expression of hearing threshold level
measurements throughout the world,

Tt states the information in a form suitable for direct
application to calibration of audiometers, that is, in terms of the
response of certain standard types of earpbones measured on an
artificial ear or coupler of stated type.

-75-
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11,

12,

T80 Recommendation R389, Addendum 1, Standard Reference Zero for
the Calibration of Pure-Tonc Audiometers, Additiconal Data in
Conjunction with the 9-A Coupler (1970).

This Addendum to IS0 Recommendation R389-1964 giveg the
corresponding reference equivalent threshold sound pressure levels
for eleven audiometric earphones referred to a single type of
coupler, namely, the National Bureau of Standards, Washington, D.C.,
USA, Type 9-A Coupler. Of these eleven earphones, five are those
currently used as reference standards in a number of standardizing
laboratories, and the remaining six are other types which have
been used on commercial equipment and in audiometric laboratories.

IS0 Recommendation R&454, Relatien Between Sound Pressure Levels
of Narrow Bands of Noise in a Diffuse Field and in a Frontally-
Incident Free Field for Equal Loudpness (1965},

This IS0 Recommendation specifies, for the frequency range 50
to 10,000 Hz (c/s)}, the difference (in decibels) bhetween sound
pressure levels for equal loudness of narrvow bands of noise in
diffuse and frontally-incident free-field conditions respectively,
under the following conditions,

a) The sound pressure level 1s wmeasured in the absence of
the listener,

b) The listening is binaural,

c¢) The listeners are otologically normal persons in the age
group from 18 to 25 years,

Note, An "otologically normal subject'" is understood to
be a pergen In a normal state of health wheo is
free from all sipgns or symptons of ear disease and
from wax in the ear canal,

d) The sound is a narrow band of noise of less than critical
bandwidth,

IS0 Recommendation R495, General Requirements for the Preparation
of Test Codes for Measuring the Noilse Emitted by Machines (1966).

This IS0 Recommendation is conecerned with the procedures to
be followed in the objective measurement of the noise emitted by
machines, These procedures are not necessarily applicable to
noilse of an impulsive character.

%
The USA Member Body opposed the approval of this recommendation.
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The aim is to indicate the general principles by which
specific test codes for noifse measurements may be formulated,
These general rules give different methods for measuring noise,

The specific codes for the various types of machines will
have to select the most suitable method having regard to the size
of the machine and 1ts application. The codes themselves should
contain all the necessary particulars to enable a result to be
obtained with the required accuracy.

I50 Recommendation R507, Procedure for Describing Aircraft Noise
Around an Airport (1970),

This ISO Recommendation provides a means for describing the
‘total noise exposure on the ground arocund an airpoert produced by
one or a number of aircraft, of the same type or different types,
cperating under any known set of conditions,

It specifies the five steps to be followed for this purpose:

1) A methed of measurement of the noise produced on the
ground by a given aircraft.

.ata, values of tone-

2) A method for determining from thr
luding the effect of

corrected perceived noise level.
discrete tones when present,

3) A method for determining values of effective perceived
neise level which, using the values obtained from (2)
above, takes account of duration and regularity of

spectrum of a single event.

4) A method for mapping contours around an airpovt for a
given set of alrcraft operations,

5) A method for determining a noise exposure index for a
succession of events in a specified time interval,

It is outside the scope

a) to apply this IS0 Recommendation directly to helicopters
or vertical take-off flight vehicles:

b} to describe a method for computing from engine data the
noigse Field produced on the ground by a future aircraft,

-77-
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14, 150 Recommendation R512, Sound Signalling Devices on Motor
Vehicles, Acoustic Standards and Technical Specifications (1966),

This TSO Recommendation deals with sound signalling devices

-~ mounted on motor vchicles
-~ functioning with an electrical current
-~ designed for use outside built-up areas,

The aim of this IS0 Recommendation is to aspecify their acoustic
properties, such as spectral distribution of acoustie power and
sound pressure level, and alsc their test conditions.

13, 180 Recommendation R532. Method for Calculating Loudness Level
(1966) .

This IS0 Recommendation specifies two methods for calculating
the loudness or loudness level of a complex sound, which differ
not only in the method of analysis of the sound, but also in the
principles of computation, The first, Method A, utllizes physical
measurements obtained from spectrum analysis in terms of octave
bands., The second, Method B, utilizes spectrum analysis in
terms of one-third octave bands,

#16, 180 Reconmendation R717, Rating of Sound Insulation for Dwellings
{1968).

This IS0 Recommendation describes a method of evaluating the
airborne sound insulation and impact sound level for dwellings
when the results of measurements made by the method deseribed
in I50 Recommendation R140 are available, Reference values are
given with which the measured results should be compared by the
method described,

A method is given to derive from this comparison a single
index, in terms of which the sound insulation requiremenzs can be
defined,

%17. IS0 Recommendation R1680, ‘est Code for the Measurement of the
Airborne Noise Emitted by Rotating Electrical Machinery (1970).

This IS0 Recommendation has been drafted in accordance with
180 Recormmendation R495, and gives the detailed inmstructions for
conducting and reporcing tests on rotaring electrical machines,
to determine the airborne noise characteristics under steady
state conditions,

=
The USA Member Body opposed the approval of this recommendation,
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The wain purpose of the test code 15 to give speciflic
instructions so that the results obtained can always be compared,

The test code is divided into two parts:

Part 1: Methods for usual tests based on sound level (A)
meagurements

Part TI: Methods for special tests hased on frequency hand
analysic measurements,

This test code for the measurement of neise applies to
rotating electrical machines such as motors and generators of all
sizes without limitation of output or voltage, when fitted
with their normal auxiliaries,

18. 1S5S0 Recoammendation R1761. Monitoring Aireraft Noise Around An
Airport (1970),

This IS0 Recommendation deseribes a measuring method for
monitoring, on the ground, the noise produced by aircraft around
an atrport,

It specifies the measuring equipment to be used in order to
measure noise levels created by aircraft in the operation of an
airport, The noise levels measured dre approximations to
perceived noise level PNL.

7 In this IS{O Recommendation monitoring is understood to be

i routine measurement of noise levels created by aircraft Iin the
operation of an airport, Monitoring usually involves a large
numher of measurements per day, from which an immediate indication
of the noise level is required,

Monitoring aircraft noise can be carried out either with mobile
equipment, often using only a sound level meter, or with permanently
. installed equipment incorporating on¢ or more microphomnes with
" amplifiers located at different positions in the field with a data
transmission system linking the microphones to a central recording
installation. This IS0 Recommendation describes primarily the
latter method, but specifications given in this IS0 Recommendation
should also be followed when using mobile equipment to the extent
to which the specifications are relevant,

The sound levels measured according to thiz ISO Recommendation
are approximations of perceived noise level in PNdB,

-
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150 Recommendation R1996, Acoustics, Asscusment of Noise With Respect

to Community Response (1971),

The reduction, or limitation, of noisc which causes annoyance
is of increasing general importance, This IS0 Recommendation
suggests methods for measuring and rating noises in residential,
industrial and traffic arcas with respect to their interference
with rest, working efficiency, social activities and tranquillity,

Besides noise there may be other factors in connection with
sound production and radiation, for example mechanical vibrations,
which also give rise to annoyance in particular situations and
which make the assessment more complex, No general method exists
at pregent to take account of these factors, but the application of

numbers and corrections, other than those deseribed, may be desirable

in some cases,

The method described in this IS0 Recommendation is cunsidered
suitable for predicting approximately the public reaction likely
to be caused by noise, and may bhelp authorities to set limits for
noise levels,

This IS0 Recommendation is intended as a guide to the measure-
ment of acceptability of noise in communities, It specifies a
method for the measurement of nolse, the application of corrections
to the measured levels (according to duration, spectrum character
and peak factor), and a comparison of the corregcted levels with a

nolse criterien which takes account of various envirommental factors,

The method given for rating noiscs with respect to community
response forms a basis on which limits for noises in various
situations may be set by the competent authorities,

The method of rating involves the measurement of the A«
weighted sound level in decibels (commonly called dB(A)).

Where corrective measures are required, a frequency analysis
may be necessary, The resulting data may be compared with noise
rating curves, for instance the NR-curves, in order to identify the
intrusive frequency bands, This more elaborate procedure is
described in an Appendix, .

4
‘The USA Member Body opposed the approval of this recommendation,
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I50 Recommendation R1999. Acoustics, Assessment of Occupational
Noise Exposure for Nearing Conservation Purpeses (1971),

Hearing impairment can be cxpressed, for many purposes, in
terma of threshold shift at various frequencies, In most cases,
however, the previous audiometric history is not available, so that
prescriptions in terms of hearing level are necessary. Thus,
for the retention of the faculty to understand conversational
speech, a limit may be set to the permitted hearing level at
frequencies of importance for the intelligibility of speech.

In this I80 Recommendation the recommendations and data are
based primarily on the impairment criterion that hearing is
considered impaired if the arithmetic average of the permanent
threshold shifts for the three frequencies 500, 1000 and 2000 Hz
is 25 dB or more,

The manner in which noise exposure is related to hearing
Impairment, for the purpose of this IS0 Recommendation, 1is through
the eoncept of "risk", defined below, this being an expression
of the probability that exposed persons will acquire a specified
degree of hearing impairment.

The levels and durations of the noises concerned are measured
and an additive index is assigned to ecach. The sum of these
indices is converted to a continuous noise level considered to
be equally hazardous to hearing, A table is given to show the
percentage of workers for which impairment of hearing according
to the above impairment criterion will occur solely as a result of
exposure to this noise during normal working time in periods of
up to 45 years, the effects of age also being taken into account,.
Therefore, this IS0 Recommendation provides a basis for the fixing
of tolerable limits for noise exposure under working conditions
by appropriate bodieas,

It should be emphasized that if noise control methods are
necessary in order to keep the exposure below fixed limits, more
complicated measurements than those described in the main body of
this IS0 Recommendation may be necessary. An example of this is
given in the Appendix,

This 150 Recommendation gives a practical relation between
occupational noise exposure, expressed in terms of A-weighted sound
level in dB (commonly called dB{A))} and duration within a normal
working week (assumed to be 40 hours), and the percentage of the
workers that may be expected to exhibit an increased threshold
of hearing amounting to 25 dB or more averaged over the three
frequencies 500, 1000 and 2000 Hz solely as a result of the noise

exposure,
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It is not applicable to impulsive noises consisting of noise
of a duration less than 1 second or single high-level transients
of & very short duratlon, for example, from gunfire,

International Electrotechnical Commission

IEC Recommendation, Publication 50 (08)., International Electro-
technical Vocabulary, Electro-Acoustics (1960).

The purpose of this Recommendation is to list definitcions
that have been drawn up with the object of striling a correct
halance between absclute precision and simplicity,

IEC Recommendation, Publication 118, Recommended Methods for
Measurements nf the Llectro-Acoustical Characteristics of
Hearing Aids (1959),

The purpese of these recommendations is to deseribe practicable
and reproducible methods of determining certain physical performance
characteristics of air-conduction hearing ailds using electronic
amplification and acoustically coupled to the eardrum by means
of ear inserts, e,g., ear moulds or similar devices,

The acoustic test procedure is based on the free field
technique, 1n which the hearing aid is placed in a plane progressive
wave, with the earphone coupled to a standardized coupler,

Unless otherwise specified all measurements are carried out
without using an ear insert (ear mould) which 1s normally to be
regarded as incorporated in the eoupler or the artificial ear

employed,

The results obtained by the methods specified express the
per formance under the conditions of the test, but will not
necessarily agree exactly with the performance of the hearing
aid under prachkical conditions of use,

Tor this reason, the difference between practical and test
conditiong must be borne in mind in interpreting the test results,

IEC Recommendation, Publication 123, Recommendations for Sound
Level Meters (1961),

The object of the present recommendation is to specify the
characteristics of equipment to measure certain weighted sound
pressure levels, The weighting applied to each sinusoidal
component of the sound pressure is given as a function of frequency
by three standard reference curves, called A, B, and C.
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In practice, measurcments may have to be wade under very
different conditions, ranging from the [ree ficld af a single
source to a completely dilffuse field,

Int order to simplify the procedure for the calibration and
checking of the apparatus, these recommendations are written
primarily in turms of the free [ield response,

IEC Ruecommendation, Publication 126, IEC Refercnce Coupler for
the Measurement of Nearing Aids Using Earphones Coupled to
the Ear by Means of Far Tuserts (1961),

The purpose of this publication is to recommend a coupler
for loading the earphone with o specified acoustic impedance when
determining the physieal performance characteristics, in the
frequency range 200 to 5000 Mz (cfs), of air-conduction hearing
atds using earphones coupled to the ecar by means of ear inserts,
e.g. ear moulds of simlilar devices. The coupler deseribed is
a development of an carlier 2 cm3 coupler.

The use of this coupler does not allow the actual performance
of a hearing aid on a person to be obtained; however, the T,E,C,
recomnends its use as a simple and ready means for the exchange
of specifications and of physical data on hearing aids.

IEC Recommendation, Publicatien 177. ?Pure Tane Audiometers for
General Diagnostic Turposes (1965}).

The audiometer covered by this Recommendation is a device
using pure tones designed for general diagnostic use and for
determining the hearing threshold levels of individuals by:

a) monaural air-conduction carphone listening, and by

b) bone conduction,

The Recommendation doos not purport to deal with all the
features of audiometers, but specified certain minimum require-
ments for a pure tone audiometer for general diagnostic use,

The purpose of this Recommendation is to ensure that tests
of the threshold of hearing of a given individual on different
audiometers, complying with the Recommendation, will give
substantially the same results under comparable conditions and
that the results obtained will present a good comparison bhetween
the threshold of hearing of the individual and the standard
reference threshold of hearing.
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This Recommendation applies primarily to audiometers giving
discrete frequencies, but also applies to audiometers giving
continuous Irequency variation, as far as the provisions are
relevant.

IEC Recommendation, Publication 178, Pure Tone Screening
Audiometers (1965),

The audjometer covered by this Recommendation is a device
designed for screening purposes by menaural air-conduction
earphone listening using pure tones,

The Recommendation does not purport to deal with all features
of screening audiometers, but specifies certain minimum require-
ments for a pure-tone audiometer for screening purposes.

It is pot implied that medical diagnosis can be based on
screening procedureS, but within its limitations a screening
audiometer can be used to measure the hearing threshold levels
of individuals,

1EC Recommendation, Publication 179. Precision Sound Level Meters
(1965).

This Recommendation applies to sound level meters for high
precigion apparatus for laboratory use, or for accurate measure-
ments in which stable, high fidelity and high quality apparatus
are required,

This apparatus will be called: precision socund level meter,

This Recommendation does not apply to apparatus for measuring
discontinuoug sounds or sounds of very short duration,

IEC Recommendation, Publication 200, Methods of Measurement for
Loudspeakers (1966),

This Recommendation applies only to single direct-radiator
electrodynamic loudsgpeakers of the moving-coll type. If the
terminals representing the moving coil are available, it Is
recommended that they be used, as this gives information about the
unit in its most basic form., However, where other elements guch
as 4 transformer or a special network form part of the unit, or
are prescribed in the manufacturer's specification te be used
with the unit, it may be so tested provided that this is clearly
stated when presenting the results, Provision is made for different
acoustic loads by prescribing three types of mounting,
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The object of this Recommendation is to specify, on the

simplest possible basis, practical and uniform methods of
measuring certain characteristics of loudspeakers, so that
discussiens between suppliers, users and testing authorities may
be based on clearly expressed and reproducible results. The
interpretation of the results and an assessment of actual
performance are matters of the individual users' experience,

This is because uniformity of measuring conditions demands a
radical simplification of the acoustical environment, which is an
important factor for determining loudspeaker performance; morcover,
it should be remembered that the ultimate appeal is to human

" judgment, TFor these reasons, the objective measurements recommended

need to be supplemented by subjective listening tests under the
appropriate conditions if a final assessment is to bhe made,

IEC Recommandation, Publicacion 225, Octave, Half-Octave and
Third-Octave Band Fllters Intended for the Analysis of Sounds

and Vibrations (1966),

This Recommendation applies to band filters commonly known
ag octave, half-octave and third-octave band filters of the passive
or ag¢tive type, the latter including amplifier elements, e.p,,
tubes, valves and/or transistors,

It specifies the most important characteristics of these
filters together with the corresponding tolerances,

The object of the Recommendation is to specify the characteristics
of band-pass filters to be used in sound and vibration analysis
for which octave and third-octave band-pass filters are preferred,

IEC Recommendation, Publication 268-1, Sound System Equipment
Part l: General {1968).

This Recommendation applies to sound systems of any kind,
and to the parts of which they are composed or which are used as

auxiliaries to such systems,

The Recommendation is confined to a description aof the
different characteristics and the relevant methods of measurement;
it does not attempt to specify performance,

The purpose of this Recommendation is to faeilitate the
determination of the quality of audio-apparatus, the comparison
of these types of apparatus and the determination of their proper
practical applications, by listing the characteristics which are
useful for theilr specification,

% .
f'l‘he United States National Committee cast a negative vote on this
Publication.
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11, IEC Recommendation, Publication 268-1A, First Supplement to
Publicakion 268-1, Sound System Rquipment, Part 1: General
(1970).

This Recommendation deals with devices intended to give
reverberation, time delay or frequency shift to clectroacoustical
signals. It covers devices of this kind as generally nsed Cor
this purpose in sound re¢cording, broadcasting and public address
systems,

12, 1IREC Recommendation, Publication 268-2. 8nund System Equipment.
Part 2: Ewplanaticn of General Terms (1971),

The purpose of this Recommendation is to discuss and define
the general terms applicable to sound system equipment,

13, IEC Recommendation, Publication 268-3, Sound System Equipment,
Part 3: Sound System Amplifiers (1969).

this Recommendation applies to amplifiers which form the
heart of a sound systoem, i.e.,, a system for the amplification and
distribution of sound via input elements such as microphones and
pick-ups and via output clements which are, in general, loudspcakers,

The amplifiers considered are valve amplifiers as well as
transistor devices,

The purpose of this Publication 1s to give recommendations
relative to the characteristics to be specified and the relevant
measuring methods,

In general, the methods of measurement recommended are those
which are seen to be the most directly related to the definitions,
This does not exclude the use of other mathods which will give
equivalent vesults.

Rated conditions and normal working conditions as specified
have heen adcpted as conditions for specifications and measurements,

14, TEC Recommendation, Publication 268-3A, First Supplement to
Publication 268-3, Sound System Equipment, Part 2: Sound

System Amplifiers (1970},

The purpose of this Recommendation is to inelude additonal
informacion te Clause 16, Output Characteristics, of Publication
268-3 dealing wicrh sound system amplifiers,
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16,

17.

IEC Recommendation, Publication 268-14, Sound System Equipment.
Part 1l4: Mechaniecal Design Features (1971),

This Recommendation applies to dimensional characteristies of
single moving-coil (dynamic) loudspeakers of the direct radlator
type,

The object of this Recommendation is to secure as great a
measure of interchangeability as seems practicable, and te dis-
courage unnecessary divergences,

IEC Recommendation, Publication 303, 1EC Provisional Reference
Coupler for the Calibration of Earphones Used in Audiometry
(1970),

This Report describes an interim reference coupler for
loading an carphone with a specified acoustic impedance, when
calibrating audiometers, in the frequency range of 125 Hz to 8000 Hz,

The sound pressure developed by an earphone is not, in general,
the same in the coupler as in a person's ear, However, the TEC
recommends its use as a simple and ready means for the exchange
of specifications on audiometers and for the calibration of
earphones used in audiometry.

TEC Recommendation, Publication 318, An IEC Artificial Ear,
of the Wide Band Type, for the Calibration of Earphones Used

in Audiometry (1970).

This Recommeéndation relates to the specification of an
artificial ear which covers the frequency band 20 Hz to 10000 lz
and is intended for calibrating supra-aural earphones applied
to the ear without acoustical leakage, This device is not
intended for the calibration of ecircumaural ecarphones.

The audiometric artificial ear is a device to permit calibration
of earphones used in audiometry and comprises a microphone to
measure the sound pressure and an acoustical network so constructed
that the acoustical characteristics of the wheole approximate to
the acoustical characteristics of the mean external human ear,
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Anerican National Standards Institute

The Amerlcan National Standards Enstitute, ANSI, was formed
in October 1969, Prior to this date the official name of the
organization was United States of America Standards Institute,
USAST. USASI evolved from the American Standards Association,
ASA, in August 1966, ‘The standards presented in this document
are listed under the organizational designation in effect
at the time of their inception,

ASA $1,1-~1960, American Standard Acoustical Terminology.

The purpose of this Standard is te establish standard
acoustical terminology.

ASA 51.2-1962, American Standard Method for the Physical
Measurement of Sound,

The purpose of this Standard is to establish methods for
measuring and reporting the sound pressure levels and sound
powetrs pgenerated by a source of sound, A standard sound-level
meter and standard octave-band filter set are considered minimum
equipment. This standard is intended to serve as a basis for
test codes and standards for specifle types of sound sources,

It applied primarily to airhorne sound produced by apparatus
which normally operates in air, These sounds must be non-
impulsive and of suffiecient duration to be within the dynamic
measuring capabilities of the instruments used,

ANST 51.4-1971, American National Standard Specifications for
Sound Level Meters,

The purpose of this Standard for Sound Level Meters and their
calibration is to ensure maximum practical acecuracy in any
particular sound level meter, and to reduce to the lowest practical
minimum any difference in corresponding readings among varicus
makes and models of meters that meet the standard, The sound
level meter 1s intended to be equally sensitive to sounds arriving
at variocus angles, and to provide an accurate measurement of
sound level with certain weightings for scunds within stated
ranges and with an indicating instrument that has standardized
characteristics. The basic calibration of the sound level meter -
is glven in terms of a random-incidence acoustic field of known

properties,
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ASA 81.5-1963. American Standard Recommended Practices for Loudspeaker
Measurements,

These Recommended Practices deline terms associated with
loudspeakers and their testing, recommend various methods of resting,
and indicate preferred methods of presenting information regarding
their characteristics, In these Practices, the tests recommended
involve physical, steady-state measurements onty, Work has been
and is now being done on transient measurements of loudspeaker
performance, hut experience with these methods is still not
sufficiently widespread to warrant their inclusion,

USAS S1.6-1967. USA Standard Preferred Frequencies and Band Numbers
for Acoustical Measurcments,

The variety of frequencies that were used prior to 1967 for
acoustical measurements made comparison of results inconvenient,
Some of the difficulties arose from use of different intervals or
different starting frequencies for a series, The object of this
Standard, therefore, is to refer all [requency-series to a single
reference frequency and to select other frequencies in such a way
as to afford a maximum number of frequencies common to the various
series., The resulting simplification thus reduces te a minimum
the number of frequencies at which acoustical data nerd ta be
tabulated. TFor certain acoustical measurements a constant-frequency
increment is a suitable spacing., More commonly, however, a constant-
percentage increment is adopted and the test frequencies then form
a geometric series, This standard deals with the geomectric series.

ANSI 51.8-1969, American National Standard Preferred Reference
Quantities for Acoustical Levels.

This Standard is concerned with the reference quantities and
the definitions of some levels for acoustics, electroacoustics,
and mechanical vibrations. It applies to oscillatory quantities,
The uge of levels is not made mandatory by this standard., It
gsimply provides standard reference quantities for use when, and if,
levels are employed for reasons beyond the scope of the standard.
The present standard is intended to encourage uniformity of practice
by specifying a definition for a level likely to be employed in
acousties, The purpose of this standard is to provide a preferred
reference quantity of convenient magnitude for a given kind of
acoustical level.
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11.

ASA §1.10-1966. American Standard Method for the Calibration of
Microphones.

In this Standard, methods are described for performing abso-
lute and comparisen calibrations of laboratory standavd micro-
phones specified in USASI §1.12-1967. Absolute calibration is
based upon the reeciprocity principle, Techniques for performing
pressure (coupler), free-field, and random-field calibrations are
described, including experimental proccdures. The free-field and
random-{ield calibration techniques may also be used for calibrat-
ing microphones not described in USAST 51,12-1967.

ASA 81.11-1966. American Standard Specification for Qerave, Half-
Occave, and Third=-Cetave Band Filter Sets.

The purpose of this Standard for filter sets is Lo specify
particular bandwidths and characrteristics which may be used to en-
sure that all analyses of noise will be consistent wiihin known tol-
erances when made with similar filter sets mecting these specifi-
cations. The standard for filter sets is suited te the reguive-
ments for analyzing, as a funccion of frequency, a broadband elec-
trical signal. For acoustical measurcments an electro-acoustic-
transducer and amplifier are employed to convert the acoustical
signal to be analyzed into the required electrical signal.

USAS 51.12-1967. USA Standard Specifications for Laboratory Stan-
dard Microphones,

This Standard describes types of laboratory microphones cthat
are suitable for calibration by an absolute method such as the
reciprocity technique described in USA Standard Method for the
Calibration of Microphones, S1.10-1966, These microphones are
intended for use as acoustical measurement standards cither in a
free-field ov in conjunction with & variety of devices such as
artificial veices and couplers for calibrating earphones or micro-

phones.,

ANSI 51.1%-1971. Americen National Standard Methods for the Mea-
surement of Sound Pressure Levels.

The purpose of this §tandard is to establish uniform guide~-
lines for measuring and rveporting sound levels and sound pres-
sure levels observed under different envirommental conditions.
This standard is applicable to the many different types of sound
pressure level measurements commonly encountered in practice. This
standard is intended to assist in the preparation of test codes
for: (1) determining compliance with a specification, ordinance,
or acoustical criterion, and (2) obtaining information to assess
the effects of noisc om people or equipnent.

ASA S3.1-1960. American Standard Criteria for Background Noise in
Audiometer Rooms.

This Standard specifies the maximum ambient sound pressure
levels in an audiometer room that will produce negligible masking
of tones presented at the normal threshold pressures specified in

USASI 85.6-1969.
-9(Q-
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14,

ASA §5.2-1960. American Standard Method {for Measurement of Mono-
syllabice Word Intelligibility.

This Standard describes the procedures to be [ollowed in
conducting intellipgibilicy rescs which employ moposyllabic word
lists. The purpose of this standavd iLs; (1) te specify the
speech material and the wethods to be used In these tests; and
(2) to note the variables te he controlled during the wmeasure-
ment and to be evaluated in the repore,

ASA §85.5-1960. Awerican Standard Methods [or Measurcment of Elec-
troacoustical Characteristics of Hearing Alds.

The purpose of this Standard is to describe practicable and
reproduclble methods of determining ceretain physical performance
chavacteristics of air-conduction hearing aids that use clectronic
amplification and acoustic coupling to the ear canal by means of

edr inserts, e.g., car molds or similay devices, This Standard does

not apply when automatic pain control is in use.

The acoustic tesl procedure {5 based on the free-field tech-
nique, in which the hearing aid is placed in a plane progressive
wave with the earphone coupled to a standardized coupler.

The results obtained by the methods specified cxpress the
performance under the conditions of the test, but will net neces-
sarily agree exactly with the performance of the hearing aid un-

"der practical conditions of usec.

USAS 85.4-1968. USA Standard Procedure for the Computation of
Loudness of Noise.

This Standard specifies a procedure for calculating the
loudness experienced by a typical listener under the folloving
conditions:

1., Diffuse Field. The sound is assumed to reach the
listener's ears fram essentially all directions,
This condition is appreximated in an ordinary room.

2. Spectrum. The procedure is designed specifically
for noises with broad-band spectra. Drrors may arise
if it is applied to noises with sharp line spec-
tral components, e.g,, fan-blade noise. :

Steady State. The procedure is designed for noises
that are steady state rather than intermittent.
Application to certain types of intermittent sounds,
e.8., impact sounds and speech, muay ilcad to discre-
pancies between measured and calculated loudness
levels. The magnitude of the diserepancy will be
related to the dynamic characteristics of the sound
level meﬁe; used to determine the sound pressurc
levels. '

\
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l6.

17.

18.

ANST 85.5-1969, American National Standard Methods for the Cal-
culation of the Articulation Index,

Methods have been developed for computing a physical wea-
surc that is highly correlated with the intelligibility of speech
as evaluated by speech perception tests administered teo a gilven
group of ctalkers and listeners. This measure is called the Arti-
culation Index, or AL, The Al is a weighted fraction represent-
ing, for a glven speach channel ard noise condition, the cffec-
tive proportion of the nmormal speech signal that Is available te
a listener for conveylng speech intelligibility. AI is computed
from acoustical measurements or estimates of the speech spectrum
and of the effective masking spectrum of any noise which may be
present along with the speech at the car of a listener.

The method described in cthis Standard is designed for and
has been principally validated against intelligibility tests involv-
ing adult male talkers., The method cannet, thevefore, be assumed
to apply to situations involving female talkers or children.

ANSI 53.6-1969. Amevican National Standard Specifications for
Audiometers.

The audiometers covered by this Specification are devices de-
signed for use in determining the hearing threshold level of an in-
dividual, in comparison with a chosen standard reference thrashold
level, primarily for the purposc of identification of hearing de-
ficiencies of the individual,

The purpose of this Specification is to insure that tests of
the hearing of a given individual ear on different audiometers of
a2 given class complying with this specification shall give sub-
stantially the same results under comparable conditions, and that
the results obtained shall represent a true comparison between the
learing threshold level of the individual ear and the standard
reference threshold level,

USAS §5.8-1967. USA Standard Method of Expressing Hearing Ald
Performance.

The purpose of this Scandard is to provide a uniform method
of numerically and graphically expressing certain fundamental
performance characteristics of hearing ailds in a simple mamner, so
that cthose using such data can be assured of their meaning.

All quantities to be specified in this Standard shall be based
on measurements made in accordance with USA Standard Methods for
Measurement of the Electroacoustical Characteristics of Hearing

Ads, $%.3-1960.

ANSL S55.1-1971. American National Standards Test Code for the
Measurement of Sound From Pneumatic Equipment.

This Standard applies to compressors and pneumatic equip-
ment and specifies procedures and operating conditions acceptable
and expedient for use by non-speciallsts as well as by acoustic

engineers. <92
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20.

21.

ASA Y10.11-1953, American Standard Letter Symbols for Acoustics.
This Standard comprises letter symbols for wse in acoustics,

ASA 224.9-1949, American Standard Method for the Coupler Cali-
bration of Earphones.

The purpose of this Standard 1s to describe a practical and
reproducible method of evaluating the performance characteristics
of an earphone by means of physical measurements of the earphone
in conjunction with a standard terminating volume known as the
"coupler",

~ The method is adequate for controlling the chavacteristics
over the frequency range most useful for speech, i.e., 300 to
5,000 H,.

This Standard specifies a number of couplers, each of which
is suitable for a certain type of earphone. No one of these coup-
lers is suiltable for all of the different types. Test laborator-
ies are expected to select the coupler which is most sultable for
each particular instrument in crder that theiv results may be com-
parable wicth those ¢btrained for other instruments of the same
general type but of different manufacture,

ASA 224.,22-1957. Amerilcan Standard Method for the Measurciment
of the Real-Ear Attenuarion of Ear Protectors at Threshold.

This Standard specifies the physical requirements, psycho-
physical procedures, and means of reporting results for measuring
the real-ear attenuation at threshold of any wearable device that
Is desiguned to protect the auditory system weainst er essive
sound, :

Tusls desceribed in this Standavd are designed to measure
only real-ear attenuation at threshold, The quality of an ear
protector cannot be decided on the basis of such tests alone; other
factors must be taken into account, such as toxielty of the
material used, sanitation, comfort in uvse, and the ability to
maintain effe¢tive attenuation in use,

Tests described in this Standard for real-ear attenuation
at threshold are meant to be applied when the effectiveness of
a completely developed ear protector is to be ascertained, There
are other, quicker and less involved, procedures not described
in this Standard that may be used by manufacturers and others
in the development of new ear protector deslgns or materials.
Such methods include loudness balance techniques and physical
tesls vith an artiflcial hiead,
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American Soclety for Testing and Materials

ASTM Designation: C384-58., Standard Method of Test for lmpedance
and Absorption of Acoustical Materials by the Tube Method.

This Method of Test Is limited to the use of apparatus con-
slsting of a tube of uniform cross-section and fixed length, ex-
cited by a single tone of selectable frequency, in which the stand-
ing wave pattern in front of a specimen upon which plane waves
impinge at normal incidence is explorad by meuans of a woving probe
tube or microphone. This tube method provides absolute measure-
ment of the normal incidence sound absorption ceefficient and the
specific normal acoustic impedance of a wmaterial, Normal incidence
cogfficients, as measured by this method, are considerably lower
than random incidence values, which more closely represent the
performance of the material in a room; and there is no simple,
unique relation between the two values. Means of estimating random
incidence values from the measured normal inecidence data from
the measurced normal incidence data are given in Appendix I.

ASTM Designation: C423-66. Standard Method of Test for Sound
Absorption of Acoustilcal Matevials in Reverberation Rooms.

This Method covers the measurement of the sound absorption of
acoustical materials in a diffuse sound field. When a material is
in the form of an extended plane surface, such as an acoustical
ceiling or wall treatment, the results shall be given as sound
abgorption coefficients. When the materials are separate objects,
such as theater chairs or unit sound absorbers, the results shall
be given in sabins per unit with a descriprion of the number and
spacing of the units.

ASTM Designation: C634-69, Standard Definiltions of Terms Relat-
Ing to Acoustical Tests of Bullding Constructions and Materials.

This Standard lists the terms commonly associated with the
acoustlcal tests of buildings. In some of the entries, those
that are measures of physical quantities, the associated symbol
dimensions and units are glven.

ASTM Designation: E90-70. Standard Recommended Practice for
Laboratory Measurement of Airborne Sound Transmission Loss of
Building Partitions.

This Recommended Practice covers the laboratory measurement
of airborne sound transmissien loss of building partitions such
as walls of all kinds, floor-ceiling assemblies, doors, and other
space~dividing elements. The sound transmission loss is defined
in terms of a diffuse incildent sound field, and this is intrinsic
to the test procedure. The results arc most directly applicable
to gimilar sound filelds, but provide a useful general measure of
performance of the variety of sound fields to which a partition -
may typically be exposed,
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ASTH Designation: [E336-73, Standard Recommended Practice for
Measurement of Adirborne Sound Insulation in Buildings.

This Recommended Practice establishes uniform procedures for
the determination of field transmission loss, that is, the air-
borne sound insulation provided by a partition already installed
in a building, Tt also establishes, in Appendix AL, a standard
method [or the measurement of the noise reduction between two
rooms in a building, that is, the difference in average sound
pressure levels in the rooms on opposite sides of the test par-
tition. Where the test structure is a complete enclosure outw
of-doors, neither the field transmission loss nor the noise
reduction 1s appropriate; instead, a method is established for
determining the insertlon loss, also in Appendix Al. This Recom-
mended Practlce gives measurement procedures for determining
the field transmission loss in nearly all cases that may be en-
countered in the field; no limitation to room-to-room transmis-
sion is intended. Thus, several different test procedures are
given, cach suited to a specific type of measurement situationg
the appropriate measurement procedure must be sealected for each
field test according to the type of situation which that parti-
cular case most closely resembles.

ASTM bBesignation: E413-70T, Tenative Classification for Deter-
mination of Sound Transmission Class.

The purpose of this Classificacion is to provide a single-
figure rating that can be used for comparing partitions for gen-
eral building design purposes. The rating is designed to corre-
late with subjective impressions of the sound insulation pro-
vided against the sounds of speech, radio, television, music and
similar sources of noise in offices and dwellings. Exeluded from
the scope of this classification system are applications invelv-
ing nolse spectra that differ markedly from those described
above, Thus excluded, for example, would be the noises,produced
by most machinery, certain industrial processes, bowling alleys,
power transformers, and the like. A particular exclusion would
be the exterior walls of bulldings, for which noise problems
are most likely to dinvolve motor vehlecles or aireraft. In all
such problems it is best to use the detailled sound transmission
loss values, in conjunction with actual spectra of intrusive and

ambient noise.

ASTM Proposed Method (RM 14-3}. Proposed Method of Steady-State
Determinatlon of Changes In Sound Absorption of a Room. (1966)

This Mechod is introduced , for information only, primarily
for use in studying the utility of the steady-stare technique,
as an adjunct to the procedures given in ASTM Recommended Prac-
tice EY0-70, for Laboratory Measurement of Alrborne Sound Trans-—
mission Loss of Building Partitions.
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This Method is being dropped from the Book of Standards,
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ASTM Propused Method (RM-14-4). Proposed Method of Laboratory
Measuvement of Tmpact Sound Transmission Through Floor Ceiling
Asgemblies Using the Tapping Machine (1971),

This methed covers a laboratory method of measuring impact
sound transmission of floor-ceiling assemblies, whercin it is
assumed that the test specimen constitutes the primary sound
transmission path into n receiving room lecated directly below
and in which there exists a diffuse sound field, Measurements
may be conducted on floor-ceiling assemblies of all kinds,
including those with floating-floor or suspended ceiling
elements, or both, and [leor-ceiling assemblies surfaced with
with any type of floor-surfacing or floor-covering materials.
This method further prescribes: a uniform mechod of reporting
laboratory test data, and a single-figure classification rating,
"Impact Insulation Class, IIC" that can be used by architects,
builders, and specification iand code authorities for acoustical
design purpeses in building conatruction. Deraijls regarding ire
derivation and signilicance are given io Appendiz Al,

Societ? of Automotive kngineers

SAE Recommended Practice J184. Qualifying a Sound Data Ac-
quisition System. (1970)

Various SAE vehicle noise standards require use of a sound
level meter which meets the requirements of International Elcce-
trotechnical Commission (IEC) Publication 179, Precision Sound
Level Meters, and American National Standard (ANSI) S1.4-1961,
Sound Level Meters, The purpose of this Recommended Practice
Is to provide a procedure for determining 1f an acoustical data
acquisition systew has performance equivalent to such a meter,
SAE Recommended Practice J192., Exterlor Sound Level for Snow-
mobiles. {1970)

This SAE Recommended Practice establishes the maximum ex—
terior sound level for snowmobiles and describes the test pro-
cedure, envivonment, and instrumentation for detevmining this

sound level.

SAE Recommended Practice J336. Sound Level for Truck Cab In-

terior. (1963)

This SAE Recommended Practice suggesis design criteria for
maximum truck cab interior sound levels and describes the equip-
ment and procedure for determining this sound level. This Prac-
tice applies to new motor trucks and truck-tractors and does
not “ncluade construction and industrial machinery as outlined in

SAk 1919,
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SAE Recommended Practice J306,  Exterlor Sonnd Level for Heavy
Trucks and Buses. (1969)

This SAE Recommended Practice establishes the maximum ex-
terior sound level for highway motor trucks, truck-tractors,
and buses, and deseribes the test procedure, environment, and in-
strumentation for determining the maximum sound leveol,

The sound level produced by trucks and buses over 6000 Ib,
gvw shall not exceed 88 dB on an A-weighted network at 50 ft
when measured in accordance with the procedurc described.

SAE Standard J377. Performance of Vehicle Traffic Horns. (1969)

This SAL Standard establishes the minimum operational life
cycles, corrosion resistance, and sound level output for traffic
horns (electric) on new automotive hiphway vehicles. Test equip-
ment, environmuent, and procedures arve spocified.

SAE Standard 3671, Sound Deadencrs aond Underbody Coatings.
(1958)

The materials classified under this Specification are:

1. Mastic sound deadeners used to reduce the sound
emanating from metal panels,.

2. Mastic underbody coatings uscd to give protec-
tion and some sound deadening to motor vchicle
underbodies, fenders, and other parts.

SAE Standard J672a, Exterior Loudness Evaluation of Heavy
Trucks and Buses. (1970)

This SAE Standard establishes the design criteria for
loudness of highway trucks, buses, and truck-tractors exceed-
ing 6000 1b gvw; it describes the equipment, test environment,
and procedure for determining the loudness. In this Method, the
sound level is recorded on a tape recorder at a test silte as the
truck passes by under load. The sound thus recorded is played
back through & set of octave bandpass filters. The peak band
pressure level readings are converted to scnes by established
relacionships. Tue senes are then totored te obtain o single
loudness reading for the vehicle.
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SAE Recommended Uraceice JJ919.,  Measurement af Sound Level at

Operator Station. (1956)

This SAE Recommended Practice sets forth the equipment
and procedure to be used in measuring sound levels at the
operator statiom.

The scope of construction and industrial machinery en-
compasses only mobile equipment, powered by internal combustion
engines, and penerally utilized outside factory and huild-
ing areas, such as crawler tractors, dozers, loaders, power
shovels and cranes, motor graders, paving machines, off-highway
trucks, ditchers, trenchers, compactors, scrapers, and wagons.,

SAE Recommended Practice J91%a. Sound Level Measurements at
the Operator Station for Agricultural and Construction

Equipment. {1971)

This SAE Recommended Practice sets forth the instrumen-
tatlon and procedure to be used in measuring sound levels at
the operator station for agricultural and constructlon equip-
ment, including mobile ocutdoor industrial equipment.

SAE Standard J952b. Sound Levels for Engine Powered Equip-
ment. (1969)

This SAE Standard establishes masximum gound levels for
englue powernd equipment and de--ribes the t2st procedure,
environment, and instrumentation for determinling these sound
levels. It does not include machinery designed for operation
on highways or within factorles and building areas.

SAE Standard J986a. Sound Level for Passenger Cars and Light
Trucks. (1970)

This SAE Standard establishes the maximum sound level
for passenger cars and light trucks and describes the test
procedure, environment, and instrumentation for determining this

sound level.

SAE Recommended Practice J994., Criteria for Backup Alarm De-
vices. (1967)

This SAE Recommended Practlce establishes the sound levels
for backup alarm devices when used on construction and indus-
trial machinery. It also establishes the equipment and proce-
dure to be used when making such measurements.
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14,

15,

The scope of conslroction and indoustreial machinery en-
compasses only noblle cquipment, powered by internal combost ion
engines and generally utilized outside [actory and building
areas, such as cravler tractors, dozers, loaders, power shovels
and cranes, motor graders, paving machines, of f-highway trucks,
ditchers, trenchers, compactors, scrapers, and wagons.

S5AE Aerospace Recommended Practice ARP 796, Measurement of Adr-
craft Exterior Noise in the Field. (1965)

The purposc of this Recommended Practice is to define
measutement techniques and equipment for acquisition and reduc-
tion of basic data on aircraft exterior noise. It is not 1ts
purpose to propoase uge of these techniques or this equipunent
for research or monitoring-type tests.

SAE Acrospace Recomnended Practice AR B03A. Dbefinitions and
Procedures for Computing the Perceived Noise Level of Alr=
craft Noise., (1969)

This SAE Recommended Practice gives definitions and pro-
cedures for computing the perceived noise level of aircraft
noise. The perceived noise level is a single number rating of
the nolse based upon objective acoustic measurements which is
related to the relative subjective response to the noise,

The percelved noilse level, as defined in this document, is
based only on the nolse spectra measured in octave or one-
third octave bands of frequency. As such, it is most accurate
in rating broadband sounds of similar time duration which do
not contain strong discrete frequency component-.

When additicnal facters such as the duration and the pre-
sence of diserete frequency components are to be wken into
account, the effective percelved noise level (EPNL) may be a
preferred measure.

5AE Aerospace Recommended Practice ARP 866. Standard Values
of Absorption as a Function of Temperature and Humidiry for
Use in Evaluating Alrcraft Flyover Neise. (1964)

This report describes a method by which values can be ob-
tained for the absorption of sound in air over a wide range of
temperature and humidity conditions. Although it was developed
primarily for use in evaluating aircraft fly-over noise measure-

ments, the information should be applicable to other noise pro-
blems as well,
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There are a number of factors which influence the propagatioen
of aircraft neise from an aircraft [lying overhead to a point on
the ground. The purpose here, however, is to consider only the
classical and molecular absorption of sound energy by the atmos-
phere. It is felt that spherical divergence, scattering, re-
fraction, and other effects should be treated separately.

SAE Aerospace Reconmended Practice ARP 1080, Frequency Weight-
ing Network for Approximation of Perceived Noise Level for

Aireraft Neilse. (1969}

This Aerospace Recommended Practice specifies a frequency
waeilghting network which may be used for the approximation of
Parcelved Noise Level.

There has been an increasing desire for the definition of
a frequency welghting network which could be incorporated into
direct reading and other Ilnstruments for the approximate mea-
sure of the Perceived Noise Level of an aircraft flyover. The
40 Noy contour of ARP B865A, Definitions and Procedures for Com-
puting the Perceived Nolse Level of Aircraft Noise, has been
selected as the most rvepresentative for this purposa.

SAE Aervospace Information Report AIR 817, A Technique for Nar-
row Band Analysis of a Transient (1967),.

This SAE Report describes a technique for analyzing a trans—
lent signal of short duration. The standard method of analyzing
tape recorded signals of only a few seconds duration is the "loop
mathed", The magnetic tape 1s cut and spliced to form an endless
loop, and the leop 1s replayed with the aid of a tensioning device.
Difficulty arises with transient signals when the length of tape
required to make a loop covers a time over which there is a con-
siderable variation. The prineciple of the system deacribed is
that of expanding the timebase of the signal to a polnt at which
there is a length of tape sufficient to make a loop across yhich
the signal 1s essentially constant, Although the method is one
which has been used specifically for the analysis of alrcraft fly-
over noise, it could equally well apply to other transient signals.

SAE Aerospace Information Report AIR 852. Methods of Compar-
ing Aircraft Takeoff and Approach Nolse. (19635)

It is the purpose of this Information Report to describe
a method for rating complex aircraft nolses or noilse flyover
eyeles which cannot be handled by means of mathematical formulae
by comparing them with simpler aircraft nolses or nolse Elyover
cycles which can be handled by mathematical formulae.
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The report describes the need for an objective means for
rating aircraft nolise and recommends areas which should be in-
vestigated.

SAT. Aerospace Informatilon Report ALR 876, Jet Nolse Predic-
tion. (1965)

This SAL Report provides calculatiecn procedures for pre-
dicting maximum fly-by nolse and maximum statie ground eopera-
tion noise from jet aircraft. Three types of engine exhausts
are consldered:

1. Turbojet with standard circular nozzle.
2. Turbojet with nonstandard nozzle.

3. Turbofan or bypass engine with (a) unmixed ex-
hausts or (b) completely mixed exhausts.

Noise predictions are in terms of octave-band sound
pressure levels of maximum air-to-ground fly-by noise or of max-
imum ground-to-ground side-line noise. These levels may bhe con-
verted to an over-all sound pressure level or to a subjective
rating such as Percelved Noilse Level.

SAE Aerospace Information Report AIR 902. Determination of
Minimum Distance from Ground Observer to Alrcraft for Acous-
tic Tests. (1966)

This SAE Report describes a photographic technique for
determining minimum observer-to-aireraft distance during acous-
tic "fly-over" tests. Possible sources of error are discussed,
and it is shown that with ordinary care results are sufficiently
accurate to requlre no cerrection.

SAE Aercspace Information Report AIR 923. Method for Caleculat—
Ing the Attenuation of Ailrcraft Ground to Ground Noise Propaga-—
tion During Takeoff and Landing. (1966)

The purpose of this SAL Report 1s to provide a standard
method for predicting the propagation of nolse over open ter-
rain from (a) an airplane on the ground to other locations on
the ground and from (b) an airplane at low altitude, ~ i.6.,
where ground effects exist ~ to locations on the ground at dis-
tances which are great compared 'with the airplane altitude.
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This report provides extensive information on what has been
called the "shadew effect', i.e., attenuation resulting Irom tem—
perature and wind gradicnts near the ground. This cffect Is called
Yexrra ground attenuvation' Dberausce lt 1w in additdon te the inverse
square attenuatlon and the cxtra ailr attenuation.

SAE Aerospace Information Report AILR 1115, Ivaluation of Headphones
for Demonstration of Alrecraft Noise. (1969)

he purpose of thls SAL Report is to present the results of an
engincering evaluation of commercially available headphones from the
standpolnts of frequency range, flatness of response and tolerances,
and dynamle range.

Institute of Electriecal and Llectronics Englneers

IEEE No. 85. Test Procedure for Alrborne Noisc Measuremants on
Rotating Electric Machinery. (19065}

This Test Procedure covers instructions For conducting and
reporting tests on rotating clectric machines of all sizes to deter-
mine the airborne noise characteristics under steady-state condlicions.
The purpose of this Test Procedure i{s to outline practical techniques
and procedures which can be followed for the uniform determination
of the noise produced by a single michine in the normal audible fre-
quency range. It is not Intended that the Test Procedure cover all
possible tests. Thea Test Procedure shall not be interpreted as
requiring the making of any or all of the tests described in any
given transaction.

IEEE No. 151. Standard Definitions of Terms for Audio and LElectro-
acoustilcs. (1965)

This Standard 1lists definitions of torms for which it was felt
a need exists for establishment of precise and concise meanings.

The definitions dncluded in this Standard all refer specifically
to the use of the terms in audlo techniques.

IEEE No., 258, fTest Procedure f[or Close-Talking Pressure-Type
Microphones. (1965)

This document describes a practical and reproducible method of
evaluating the performance characteristics of a close-talking micro-
phone by means of quantitative measurements of the microphone char-
acterlstics using a standard artificiol voice. Terms assoclated with
microphones and thelr testing are defined. Test procedures, methods
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of presentation of data, and a standard artificial voice are

specified, The tests described in this document involve physical,
steady-state measurements only, The data obtained should be sufficient
to enable an evaluation of quality and performance of a given mierophone
in a speech communication system, However, since it is sometimes
desirable to obtain a subjective evaluation of a microphone, a

procedure for a qualitative performance test is described in Appendix I,

Several sections of the document specify experimental limits to
account for the effect of the test procedures on the accuracy of the
data. These limits have been chosen so that results within the range
of normal engineering accuracy will be obtained,

IEEE Ne, 297, IEEE Recommended Practice for Speech Quality Measurements
{1969y,

The IEEE Subcommittee on Subjective Measurements, charged with
writing an engineering practice for the measurement of speech quality,
concluded that a single method should not now be recommended, This
Recommended Practice is concerned only with preference measurements
for which three methods are tentatively outlined, These are the
Isopreference Method, the Relative Preference Method, and the
Category-Judgment Method,

American Society of Heating, Refrigerating and Air-Conditioning Engineers

1.

ASHRAE Standard 36-62, Measurement of Sound Power Radiated from
Heating, Refrigerating and Air-Conditioning CLquipment.

This Standaxd is intended to provide a means for determining
the character and amount of the sound produced by air conditioning,
refrigerating and heating equipment, It should provide a basis
for comparison among the available equipment and also for estimating
the sound pressure level to be expected from the equipment in a given

space,

If this Standaxrd is to fulfill its purpose and make posaible the
proper comparison of ratings reported by different manufacturers, a
relatively high degree of absolute accuracy is necessary. Such
absolute accuracy is difficult to obtain by means of instruments and
techniques available at this time (1962)., To minimize this difficulty,
this Standard uses a 'reference gsound source'" calibrated directly in
gound power output, thus permitting the determination of the sound
power output of the equipment by direct comparison with the reference

gound source,

ASHRAE Standard 36A~-63, Method of Determining Sound Power Levels of
Room Alr Conditioners and Other Ductless, Through-The-Wall Equipment,

This Standard, while complete in itself, follows the provisions
of Standard 36-62, wherever possible,
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The purpuse of this Sctanda.l is
duetermining the sound power levels ol voom aic condicionsye and arhere
ductless wall or ceiling-meunted heating, ventilating, and alr-

conditioning equipment which radiate sound directly to both the
conditioned space and the outdeoors, The sound power radiated to the
conditioned space and that radiated to the outdoors are to be
determined separately and by one-third octave band increments,

The wethod given in this Standard measures only airborne sound
radiated from the equipment itself. It is recognized that additional
low frequency sound may be radiated from the structure in which the
equipment is mounted as a result of vibration transmitted from the
equipment, The magnitude of this additional sound will depend upon
the charpcteristicr of the particular structure inveolved and this is

a function of the equipment application,

Finally, it should be noted that this Standard does not cover
the measurement of transient sounds which may coccur, for example,
during the starting or stopping of equipment nor the measurement of
the directivity patterns of the sound radiated from the equipment on
test, Tor special situations where these characteristics may be
significant, other sound measurement methods must be employed,

ASHRAE Standard 36H-63. Method of Testing for Rating the Aconstic
Performance of Air Control and Terminal Devices and Similar

Equipment,

This Standard, while complete in itself, follows the provisions
of the generic ASHRAE Standard 36-62 prepared by that committee
wherever possible, Modifications have been made, however, to make this
Btandard specifically applicable to air control and terminal devices
used in air-conditioning, heating and ventilating systems,

The purpose of this Standard is to present, in a single document,
all those techniques, facilities and procedures required for the
determination of sound power generation and attenuation of cne
particular group of air conditioning, heating and ventilating system
components: Air Control and Terminal devices, which are generally
duct-connected to a central air moving system,

Air-Conditioning and Refrigeration Institute

ARI Standard 270, Standard for Svund Rating of Outdoor Unitary
Equipment (196&7).

ART has produced this Standard in order to provide the industry
and the public with a procedure for rating and evaluating the sound
levels of ocutdeoor unitary equipment, The rating numbers may be used
to predict expected sound pressure levels in a specific acoustical
environment at a given distance, A recommended procedure for accomplishing
this will be described in a related ART application standard,

-104-



S e a e m e A 4P T2

R T T T

In this Standard, the rating of equipment, as obtained ac specified
Standard Operating Conditions, is in the form of single numbers,
desipgnated as ARI Standard Sound Rating Numbers.

Ter a specific model of outdoor unitary equipment, an ARI
Standard Sound Rating Number is developed from basic acoustic
measurements made as prescribed in ASHRAE Standards 36-62 or 36A-63,
as-applicable. These measured one-third octave band power levels are
weighted teo adjust for psychoacoustic sensitivity to frequency
distribution and any discrete tones which may be present and then
are converted to an ARI Standard Sound Rating Number,

ART Standard 275, Standard for Application of Sound Rated Qutdoor
Unitary Equipment (1969).

This standard provides a method of predicting the sound level
resulting from the operation of outdoor sections of unitary air-
conditioning and heat pump equipment. A simple step-by-step procedure
is given which uses a sound rating number for the equipment, and the
distance to the point at which equipment noise is to be predicted,

The nature of the surroundings and of the installation is also taken
into account,

The sound rating number is adjusted for these installation factors
to establish a sound level number (SLN) which is used in an alignment
chart to predict, for a specific location, a tone-corrected sound
level whieh is intended to be a predictor of annoyance due to the
sound, This annoyance level (ANL) may be experimentally checked in
a precise manner by applying the calculations specified in Appendix A
to one-third octave band sound pressure levels measured at the
poilnt of question, It may be approximately checked (normally within
+ 4 dB) by a measurement of dBA, If desired, the NC level of the
sound may also be estimated from the alignment chart., The accuracy
of the prediction is dependent upon other application variables;
i.e., the directivity of the sound from the unit and, to some degree,
the speetrum of the sound from the unit,

Examples are used to clarify the procedure and recommended
practices are presented to guide the acoustic considerations of
air-conditioning equipment installations,

This Standard shall not be used for determining the sound rating

number of ocutdeor unitary equipment,

ARI Standard 443, Standard for Sound Rating of Room Fan-Coil Air-
Conditioners (1970},

ART has produced this standard to fulfill a growing need for a
reliable method of sound rating room fan-ceil air-conditioners,
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This Method of rating is based upon tests conducted in accordance

with ASHRAE Standard 36-~62, which gives test results for sound power
levels, The acoustic output can best be defined by sound power levels,
since these quantities are independent of the many envirouments in
which the equipment may be used, Sound power levels may be used to
prediet the sound pressure levels that will result in a space of

known acoustical characteristics.

It is recognized that room fan-coil air-conditioners and most
other air-conditioning equipment produce complex sound spectra which
may not be suitably rated from broad band measurements alone, The
annoyance of pure tones, for example, is not reflected in octave
band measurements, Consequently, this Standard requires measurements
by one-third octave bands and applies subjective corrections based on
extensive research in order to arrive at meaningful ratings.

ARI Standard 446, Standards for Sound Rating of Room Air-Induction
Units (1968),

ART has produced this Standard to fulfill a growing need for a
reliable method of sound rating room air-induction units,

The relationship between this Standard and ASHRAE 36RB-063
is analogoug to the relationship between ARIL 443 and ASHRAL 36-62,

It should also be recognized that the sound power levels of room
air-induction units will vary as functions of both the primary air
quantity and the damper pressure drop, Therefore, the Standard
Rating Conditions of this Standard include a specified damper pressure

drop.

Alr Moving and Conditioning Association
AMCA Standard 300-67. Test Code for Sound Rating

This Code establishes a practical method of determining the
sound power level of an Air Moving Device {(AMD).

The Code will: (1) Present values that are useful in field
applications, (2} Give uniformly reproducible results in all qual-
ified laborateries. (3) Be "practical” in the sense that its
accuracy will be satisfactory for all general applicaticns while 1ts
operation will not add significantly te the cost of the product.

These aims are achieved by applying standard, readily available,
sound measuring instruments to rooms with minimal restrictions on
size and construction, The test set-ups are desipned to represent
general usage of the AMDs tested,
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ANCA Bulletin 30!, Standard Method of Publishing Sound Ratings For
Afr Moving Devices (1965),

This document establishes a standard method of publishing Sound
Ratings for Air Moving Devices,

The purpese of this Standard is to eliminate misunderstandings
between the manufacturer and the purchaser and to assist the purchaser
in selecting the obtaining the proper product for his particular need,

Thig Standard applies to: (a) Centrifugal Fans. (b)) Axial
and Propeller Fans, {c) Power Roof and Wall Ventilators. (d)
Steam and Hot Water Unit Heaters.

It is intended that this Standard shall also apply to Central
Station Heating, Ventilating and Air Conditioning Units, When a
detailed method of publishing sound ratings for these units has
been adopted an addendum to this Standard will be issued,

AMCA Bulletin 302, Application of Sone Loudness Ratings for Non-
Ducted Alr Moving Devices (1965).

The AMCA method of rating in sones gives the loudness at a
distance of 5 feet from the unit in free space with no nearby re-
flecting surfaces. Since most practical problems will involve the
judgment of loudness within a room, some method is needed to relate i
the loudness in a given room to the "loudness rating" of the fan, :

The charts and formulae given in this bulletin are for the
purpose of determining the loudness of fans as installed, and take
into consideration the room size and acoustical qualities as well
as the number and ratings of the fans, Within the range of 3.5 and
38 sones, these charts are mathematically rigorous, and are sufficiently ;
accurate for engineering applications from 1.5 to 85 sones, For
the addition of sounds, it is assumed that the noise spectrums are
similar, The room effect chart is for the reverberant field in the
room, and applies everywherc except in the space very near to the fan,

AMCA Publication 303, Application of Sound Power Ratings for Nucted
Air Moving Devices (1965).

AMCA Sound Power Level Ratings are indicators of the sound
generated by an Air Moving Device when operated at varicus points
within its normal cperating range. The ratings are obtained from
tests conducted by the method described in AMCA Standard 3C0,

Test Code for Sound Rating AMDs are published in accordance
with AMCA Standard 30), Method of Publishing Sound Ratings for AMDs.

‘Alr Moving Devices that are normally used without ducts are

rated in sones, Information on the use of sone ratings Is gilven
in AMCA Publication 302, Application of Sone Loudness Ratings.
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Air Diffusion Council

ADC Standard AD-63, Measurement of Room-to-Room Sound Transmission
Through Plenum Air Systems,

The purpose of the measurements covered by this Standard is
to determine the sound transmission along a complex path, the incident
side or area of which is an opening (which may be fitted with a grille
or similar device), the transmitting side or area of which is an
identical opening, and the intervening element of which is a ceiling
plenum whose characteristics are deseribed. Such paths are commonly
used for unducted air handling systems in buildings.

ADC Test Code 1062R2, Equipment Test Code (1966).

This Test Code is intended to provide a means for testing and
rating air distribution and control devices, It should provide a
basis for comparison among the available equipment and also for
determining the comfort eonditions of occupied rooms in air
conditioning, heating and ventilating systems,

The purpose of this Test Code is to present in a single document
all those techniques and facilities required for the measurement of
performance of air distributlon or air terminal devices, Methods of
Test Measurement have been established to provide uniform test procedures,
equipment and instrumentation with regard to air flow, velocity and
pressure, ‘temperature and sound generation,

Home Ventilating Institute
HVI Test Procedure, Air Flow Test Procedure (1968),
The general purpose of the HVI Report is:

a. ‘To provide a procedure for the taking of measurements of
the sound output of home ventilating equipment,

b. To establish a method for the interpretation and/or
presentation of the data obtained from the measurements

of (a).
- Azsociation of Home Appliance Manufacturers
AHAM Standard SR-1., Room Air Conditioner Sound Rating (1971),

The Standard esgtablighes uniform testing conditions, The
sound rating of room air conditioners shall be based upon tests
made in accordance with ASHRAE Standard 36A-63, Method of
Determining Sound Power Levels of Room Air Conditioners and Other
Ductless, Through-the-Wall Equipment in test rooms qualified for
pure tome response in accordance with Appendix I of this Standard
in the one-third octave bands having center frequencies from
100 thru 10,000 Hz, inclusive, Temperature conditions, electrical
input, and position of dampers, grilles, and contrels shall be
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maintained continuously for a minimum of one hour before sound
measurements are taken to ensure that a stabilized condition
has been reached.

National School Supply and Equipment Association,
TFolding Partition Subsection

NSSEA Test Procedure, Testing Procedures for Measuring Sound
Transmission Loss through Movable and Folding Walls (1960),

The test procedures detailed in this booklet grew out of a long
time need, on the part of school officials, architects and others, for
a definitive and workable method of comparing the sound transmission
loss characteristics of movable walls,

The procedure for the test itself has been standardized by the
American Society for Testing and Materials: (ASTM E90). DBut it
is mecessary, in addition, to standardize the way the test specimen
1s installed, how its construction is certified, and other details of
the conduct of the test,

The test results stated in any NSSEA certificate apply to a
movable wall tested in accordance with the procedurecs outlined and
under stated laboratory conditions,

Certification of test results will not be construed as certifying
that a movable wall of the same construction will give, under other
than laboratory conditions, identical results, For in a field
installation, the movable wall is not the only path for noise to
pass from one room to the next. Other paths may be ceiling
plenums, hollow floors, ventilation ducts, windows and doors, or
hollow walls,

California Redwood Associlation

CRA Data Sheet 202-6, Redwood Insulation: Heat, Sound and
Electricity (1964),

Ingulation 1is the property of a material whiech impedes the
transmission of energy in the form of heat, sound or electricity.
Califoernla redwood possesses good insulation characteristiecs in all
three cases, Values on its properties are included in the report,

Factory Mutual Systems

FMS Loss Prevention Data, 1-11, Insulating and Acoustical Materials
(1952) .,

This data sheet lists those insulating and acoustical materials
mast commonly ueed as interior wall and ceiling finish,.
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Federal Specifications

Federal Specification IMI-I-545L, ‘Tnsulation, Thermal and Acoustical
(Mincral Fiber, Duct Lining Material) (1971).

This specification covers mineral fiber insulation for lining
the interior surfaces of ducts, plenums, and other airhandling
equipment, and to provide sound nttenuation in systems that handle
air up to 250° F.

Federal Specification $5-3-1l1a and Awmendment-1. Sound Controlling
Materials (Trowel and Spray Applications) (1968),

This specificatien covers acoustical materials for trowel or
spray application,

Federal Specification 58-5-118a and Interim Amendment-1, Sound
Controlling Blocks and Boards (1967).

This specification covers prefabricated acoustical tiles and
panels (blocks and boards) which provide acoustical treatment and
interioxr [inish,

American Boat and Yacht Council

ABYC I'roject H-17 (Proposed). Recommended Practices and Standards
Covering Insulating, Soundproofing, and Sheathing Materials and
Fire Retardent Coatings (1970),

The purpose is to identify recommended practices {or the
application of interior materials and finishes for the purpose of
thermal insulation and soundproofing as they relate to safety and

safe operation,

Radio Manufacturers Association
RMA Standaxd SE-105, Microphones for Sound Equipment (1949),

This Standard gives definitlons and measurement techniques for
a varlety of microphones, Tt discusses microphone response and
rating metheds,

Compressed Air and Cas Institute

CAGI Test Code, CAGI-PNEURGP Test Code for the Measurement of Sound
from Pneumatic Equipment (1969},

The Purpose of the code is to provide standard test procedures for
the measurement of airborne sound from pneumatic equipment,

This code applies to compressors and pencumatic equipment and
specifias procedures and operating conditions acceptable and expedient
for use by non-specialists as well as by acoustic engineers,
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American Gear Manufancturers Association

1. AGMA Standard 293,03, Specification for Measurement of Sound on
Iigh Speed Telical and Herringbone Gear Units (1968),

This Standard applies to gear units whicl are within the scope
of Standard AGMA 421,06, “Standard Practice for High Speed Helical and
Herringbone Gear Units", and as produced by the AGMA High Speed Units
Manufacrturer's Group. It does not include marine propulsion, aero-
space, or autometive gearing,

The specifications and procedures apply to sound weasurement,
testing methods, and limiting values of dirvcet air-borne sound
generated by a gear unit, and the auxiliary equipment required for
its operation, whose prime mover is not integral with the unit,

Sound level characteristics of a gear unit are affected by types
of foundations and room surroundings, 'Therefore, it should be under-
stood that shop teats may not fully determine the level of sound in
the installed locations,

National Electrical Manufacturers Association
1, NEMA Standard SM 33-1964, Gas Turbine Sound and Its Reduction.

This Standards Publication contains information relative to gas
turbine inlet and exhaust Sound Pressure Levels and sound reduction
to satisfy surrounding neighborhood requirements external to the turbine
room in the far field (airborne sound), (Other sources of sound, such
as fans for oil coolers, acoustie leakage through buildings housing the
equipment,; etc,, are not covered in this publication.)

National Machine Tool Builders Association
1. NMBTA Standard, WNolse Measurement Techniques (1970),

These procedures apply to measurements made in facilities under
the control of the machine tool builder, As such {t is assumed that
the builder will provide a suitable test space so that reasonably
dccurate nolse level data may be obtained and possibly repeated at a
later date, Therefore, ambient noise and reverberation correction

factora are not included,

To obtain an accurate measure of the noise produced by a machine,
the ambient noise level should meet the following conditions:

a) The ambient level of the frequency band being measured should
q y
preferably be at least 10 dB lower than the band level

generated by the machine,

(b) The ambient level must remain steady for the duration of the
test, or if varying, should not exceced s level 10 dB helow
that of the machine under test,
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Power Saw Manufacturers Association
PSMA Standard N1,1-66, Noise Level,

This Standard establishes a noise level certification procedure
for measuring the noise ecmitted by power saws for infrequent commercial
operation in residential areas,

PSMA Standard W2,1-67, MNoise Octave Band Measurement,

This Standard establishes a test procedure for measuring noise
level at the power saw operator's ear,

Anti-Friction Bearing Manufacturers Association
AFBMA Standard No, 13, TRolling Bearing Vibration and Neise (1968),

The field of application for standards on hearing vibration
and noise is not universal. Tt encompasses the applications where use-
fulness of these standards as a basis for bearing selection and
specification has been proven by sufficient experimental evidence.

In the current edition of this Standard, only selected methods
for the measurement of the (structure-borne) vibration of certain
types of ball bearings have been speecified, Other vibration meag-
urement methods, as well as methods for the measurement of rolling
bearing (air-borne) noise, wmay be specified in later editions,

Hearing Aid Industry Conference

HAIC Standard 61-1, Standard Method of Expressing Hearing-Aid
Performance.

The purpose of this Standard is to provide a uniform method of
numerically and graphically expressing certain fundamental performance
characteristics of hearing aids in a simple manner, so that those using
such data can be assured of its meaning.

HAIC Standard 6£5-1., Interim Bone Conduction Thresholds for Audiometry,

The purpose of this Standard is to provide an interim industry
calibration for bone conduction, and to provide a uniform interim
bone threshold for use in audiometry,

Military Specifications

MIL-A-8806A, and Amendment-1, Acoustical Noise Level in Aireraft,
General Specification for (1966),

This Specification covers the general requirements for the
contral of acoustical noise in occupled spaces of aircraft, inecluding
the acceptable noise levels and the testing requirements for determining
conformance to these levels.
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MIL=N-=83155A, and Amendment-1,

Noise Suppressor System, Aireraft
Turbine Engine Ground Run-Up, CGeneral Specification for (1970).

Thig Specification covers general design, performance and test of
noise suppressor systems used for ground run-up of aircraft turbine
engines, The complete requirements for a noise suppressor system
applicable to a particular turbine engine shall be stated in the

individual equipment specification,

Noise Suppressor Systems, Engine Test Stand A/F32T-2

MIL-N-83158A,
for Turbojet and Turbofan Engines {(1970),

and A/F327-3;

This Specification covers demountable noise suppressor systems
for use in performance testing of engines mounted on an A/M37T-6

engine test stand,

MIL-8=3151a, and Notice-1. Sound-Level Measuring and Analyzing

Equipment (1967},

Thig Specification covers Sound-Level Measuring and Analyzing
Equipment consisting of a Sound-Level Meter, an Octave-Band Analyzer
and a Magnetic Tape Recorder, When used in conjunction this equip-
ment forms a single type Sound-Level Measuring and Analyzing System,

MIL-S-008806B, Sound Pressure Levels in Aircraft, Ceneral
Speclfication for (1970).

This limited coordination military specification has been
prepared by the Air Force based upon currently available technical
information, but it has not been approved for promulgation as a
revision of Military Specification MIL-A-8806, It is subject to
modification. However, pending its promulgation as a coordinated
military specification, it may be used in procurement.

This Specification covers the general requirements for maximum

allowable sound pressure levels in aireraft ecrew and passenger
compartments and the testing requirements for determining conformance

to these levels,
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ADPENDIX A, GLOSSARY

ACCELEROMETER (ACCELERATION PICKUP) -~ An electreacoustic transducer
that responds to the acceleration of the surface to which the
transducer is attached, and delivers essentially equivalent clectric

waves,
ACOUSTICAL POWER -~ See sound power.

ACOUSTICS -- (1) The science of sound, including the generation,
transmission, and effects of sound waves, both audible and inaudible,
{2) The acoustics of an auditorium or of a room, the totality of those
physical qualities {such as size, shape, amount of sound absorption,
and amount of noise) which determine the audibility and perception

of speech and music.

AIRBORNE SOUND -- Sound that reaches the point of interest by
propagation through air,

AMBIENT NOISE -~ See background noise.

ANALYSIS -- The analysis of a noise generally refers to the composition
of the noise into various frequency bands, such as octaves, third-
octaves, etc,

ANECHOIC ROOM -- A room whose boundary walls abasorb almost completely
sound waves incident upon them, with practically no sound being
reflected.

ARTICULATION INDEX (AL) -- A numerically calculated measure of the
intelligibility of transmitted or processed speech, Tt takes into
account the limitations of the transmission path and the background
noise, The articulation index can range in magnitude between 0 and
1,0, If the AT is less than 0.1, speech intelligibility is generally
low, If it is above 0.6, speech intelligibility is generally high.

A-WEIGHTED SOUND LEVEL (dBA) -—— 4 quantity, in decibels, read from a
standard scund-level meter that 1s switched to the welghring network
labeled "A". The A-weighting network discriminates against the lower
frequencies according te a relatlonship approximating cthe auditory
aensitivity -of the human ear at moderate sound levels. The A-weighted
sound level measures approximately the relative '"noisiness" of
"annoyance" of many common sounds.

AUDIO FREQUENCY -- The frequency of oscillation of an audible sine-

wave of gound; any frequency between 2C and 20000 hertz, See also
frequency.
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AUDTOGRAM -~ A praph showing hearving loss as a Lunction of frequency.

AUDIOMETER -- An instrument for measuring hearing sensitivity.,
BACKGROUND NOTSE -- The total of all nobkse in o systom or siluation,
independent of the prescence of the desived sipnal.,

BAND CENTER FREQUENCY -- The dusignated wmean Lrequency ol o band ol
noise or vther signal. Tor exmeple, (000 Tz is the band center
frequency for the ockave band that cxtends {rom 707 Nz to lil4 iz,
or for the third-octave band that extends [rom 891 Tk te 11273 [z,
BAND. PRESSURE (OR DPOWER)Y LEVEL -- The pressurce {or power) level for
the sound contained within a specilied frequency band.  The band

may be specilied either by its lower and upyer cut-off [requencies,
The width of the band is

cor., oetawve band, third-

AP

or by its geomelric center [requency.,
often indicated by o prefatory modiflivr;
acvtave band, 10-Hz buand,

gsonnd spectrum is comprised
a frequency

CONTINUOUS SCUND SPECTRUM -- A conbinoous
of components which are continuously distribated over

region,

C-WEIGITED SOUND LEVEL (d¥C) -- A quantity, in decibels, read [rom

a standard sound-level meter that is switched to the weighting network
labeled "C", The C-weighting network weights the frequencies hetween
70 Hz and 4000 Hz uniformly, but below and above these limits Fre-
quencies are slightly discriminated against. Generally, C-welghted
measurements are essentially the same as overall sound-pressure lovels,
which requive no diserimlnation at any [requency,

CYCLES PER SECOND -- Sec fruguency,

DAMAGE~RISK CRITERIA (HEARING-CONSERVATION CRITERIA) -~ Recommended

noisc levels that for a given pattern of exposure times

maximum
if net exceeded, minimize the rvisk of damage to the ecars of

should,
persons exposed to the noise,

DAMPING -~ The dissipation of energy with time or distance, The
term is generally applied Lo the attepuation of sound in a structure
owing to the internal sound-dissipative propertics of the structure
or owing to the addition of sound-dissipative materials.
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DECIBEL -~ The upit in which the levels of various acoustieal quantities
are expressed, Typical quantities so expressed are sound pressure level,
noise level, and sound power level.

DIFFUSE SQUND FIELD -- The presence of many reflected waves (echoes)
in a room {or auditorium) having a very small amount of sound absorption,
arising from repeated reflections of sound in various directions,

DIRECTIVITY INDEX ~- In a given direction from a sound source, the
difference in decibels between (a) the sound-pressure level produced
by the source in that direction, and (b) the space-average sound-
pressure level of that source, measured at the same distance,

DUCT LINING OR WRAPPING -- Usually a sheet of porous material placed
on the inner or outer wall{s) of a duct to introduce sound attenuation
and heat insulation. It is often used in air conditjoning systems,
Linings are more effective in attenuating sound that travels inside
along the length of a duct, while wrappings are more effective in
preventing sound from being radiated from the duct sidewalls into

surrounding spaces.

EFFECTIVE PERCEIVED NOQISE LEVEL (EPNL) -- A physical measure desipgned
to estimate the effective '"noisiness" of a single noise event, usually
an aiveraft flyover; it is derived from instantaneous PNL values by
applying corrections for pure tones and for the duration of the noise,

ELECTROACOUSTICS -- The science and technology of transforming sound
waves into eurrents in electrical eircuits (and vice versa), by means
of microphones, loudspeakers, and electronic amplifiers and filters,

FARFIELD -- Consider any sound source in free space, . At a sufficient
distance from the source, the sound pressure level obeys the inverse-
square law, and the sound: particle velocity is in phase with the
sound pressure, This region is called the far field of the sound
source, Regions closer to the source, where these two conditions do
not hold, constitute the near field. Now consider & sound source
within an enclosure, It is also sometimes possible to satisfy the
far-field conditions over a limited region between the near field

and the reverberant field, 1f the absorption within the enclesure

is not too small so that the near field and the reverberant field

merge,

FILTER -- A device that transmits certain frequency components of
the signal {scund or electrical) incident upon it, and rejects other
frequency components of the incident signal,

FREE SOURD FIELD (FREE FIELD) -~- A sound field in which the effects
of obstacles or boundaries on sound propagated in that field. are

negligible.
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FFREQUENCY -- The number of osclllations per sccond (a) of a sine-wave
of gound, and (b) of a vibrating solid object; now expressed in hertz
(abbreviation Hz), formerly in cycles per sccond (abbreviation cps).

HEARING DISABLLITY -- An actual or presumed inability, due to hearing
impairment, to remain employed at full wages,

HEARING HANDICAP -~ The disadvantage imposed by a hearing impairment
sufficient to affect one's efficiency in the situation of everyday

living.

HEARING IMPAIRMENT -- A deviation or change for the worse in either
hearing structure or function, usually outside the normal range; see

hearing loss,

HEARING LOSS -- Ar a specified frequency, an amount, in decibels, by
which -the threshold of audibility for that ear cxceeds a certain
specified audiometric threshold, that is to say, the amount by which

a person's hearing is worse than some selected norm. The norm may be
the threshold established at some earlier time for that ear, or the
average threshold for some large population, or the threshold sclected
by some standards body for audiometric measurements.

HEARING LOSS FOR SPEECH -~ The difference in decibels between the
speech levels at which the "average normal" ear and a defective ear,
respectively, reach the same intelligibility, often arbitrarily set
at 50%.

HERTZ ~- See frequency,

IMPACT INSULATTION CLASS (IIC) -- A single-figure rating which is
intended to permit the comparison of the impact sound insulating
merits of floor-eceiling assemblies in terms of a reference contour,

IMPACT SOUND -~ The sound arising from the impact of a solid object
on an interior surface (wall, floor, or ceiling) of a building,
Typical sources are footsteps, dropped objects, etc.

INVERSE-SQUARE LAW ~- The inverse-square law describes that acoustic
situation where the mean-square sound pressure changes in inverse
proportion to the square of the distance from the source, Under
this condition the sound-pressure level decreases 6 decibels with
each doubling of distance from the source. See also spherical

divergence.
; TSOLATION -- See vibration isolator,
‘ LEVEL -- The level of an acoustical quantity (e.g., sound pressure),

; in decibels, is 10 times the logarithm (base 10) of the ratio of
; the quantity te a reference quantity of the same physical kind,
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LINE SPECTRUM -- The spectrum of a sound whose components occur at a
number of discrete [requencies,

LOUDNESS -- (1) A listeper's perception of the intensity ol a
strongly-audible sound or neise, (2) The factor p hy which a
constant-intensity sound or noise exceeds, in the judgment of a
listener, the loudness of a 1000 Hz tone heard at o sound pressure

40 dB above threshold, The unit is the sonc, Sce also toudness lovel,

LOUDNESS LEVEL -- The number, attributed to a coascant-intensity sound
or noise, of decibels by whieh o 1000 1z pure tone, judged by listencrs
to be as loud as the sound or noise, exceeds the reference level

2 x 1072 N/m°, The unit is the phon. See also louwdness,

MACH NUMBER -- The ratio of a speed of a moving c¢lenent to the
speed of sound in the surrounding medium,

MASKING -- The action of bringing one sound (audible when heard alone)
to inaudibilivy or to unintelligibility by the introduction of ancther,
usually louder, sound, Sce masking noise,

MASKTING NOISE -~ A nolse which is intensce enough te render inaudible
or unjntelligible dnother sound which is simultancously present,

MICROPHONE -- An cleetroacoustic transducer that responds to sound
waves and delivers essentially equivalent electric waves,

NEAR FIELD -- See far [icld,

NOISE -- Any sound which is undesirable because it interferes with
speech and hearing, or is intense enough to damage hearing, or is
otherwise annoying.

NOISE CRITERICN (NC) GURVES -- Any of scveral versions (SC, NC, NCA,
PNC) of criteria used for rating the acceptability of continous
indoor noise levels, such as produced by air-handling systems,

NOISE EXPOSURE FORECAST (NEF) ~-- A measure of the total noise exposure
near an airport; it is derived from EPNL contours for individual air-
craft by including considerations of mix of aivcralft, number and time
of operations, runway utilization, Llight path, and operating procedurcs,

NOISE INSULATION -- See sound insulation,

NOISE ISOLATION CLASS (NIC) -- A single number rating derived in a
prescribed manner from the measured values of noise reduction. It
provides an evaluation of the sound isolation hetween twe enclesed

spaces that are acoustically connected by cne or more paths.

NOISE LEVEL -- See sound level,
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NOISE AND NUMBER TINDEX (NNI) -- A measure based on perceived noise
level and used for rating the naise environment necar an airport.

NOISE POLLUTION LEVEL ( P) -- A measure of the total community
noise envivonment regordless of the types of noige source; it is
computed from the '"encrgy mean' of the noise level and the standard
deviation of the time variation of noise level,

NOISE REDUCTION COEFFICIENT (NRC) -~- The average of the sound
absorption coefficients of an acoustical material at 250, 500,
1000, and 2000 WUz, cxpressed to the nearest integral mulciple of
0.05.

NOYS -- A unit used in the calculation of perceived noise level,

OCTAVE -- Any two pure tones, whose ratioc of frequencies is exactly
two, are said to be "an oetave apart', or to be "separated by an
octave',

OCTAVE BAND -~ All of the components, in a sound spectrum, whose
frequencies are between two sine wave components separated by an
octave.

OCTAVE-BAND SOUND PRESSURE LEVEL -~ The integrated sound pressure
level of only those sine-wave components in a specified octave band,
for a noigse or sound having a wide spectrum,

OSCILLATION -- The variation with time, alternately increasing and
decreasing, (a3) of some feature of an audible sound, such as the
sound pressure, or (b) of some feature of a vibrating solid object,
such as the displacement of its surface,.

PEAK SOUND PRESSURE -- The maximum instantancous sound pressure (a)
for a transient or impulsive sound of short duration in time, or (b)
in a specified time interval for a sound of long duration,

PERCEIVED NOISE LEVEL (PNL) -- The level in dB assigned to a noise by
means of a calculation procedure that is based on an approximation ko
subjective evaluations of "noisiness",

PHASE ~-- For a particular value of the independent variable, the
fractional part of a period through which the independent variable
has advanced, measured [rom an arbitrary reference.

PHON -~ The unit of measurement for loudness level,

PITCH ~- A listener's perception of the frequency of a pure tone; the
higher the frequency, the higher the pitch.
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PRESBYCUSTS -- The decline in hearing acuity that norwally occurs as
a person grows older,

PURE TONE -- A sound wave whuose waveform is that of a sine-wave,

RANDOM INCIDENCE -- If an object is in a diffuse sound field, the
sound waves that comprise the sound field are said to strike the
object from all angles of incidence at randam,

RANDOM NOISE == An oscillation whose instantancous magnitude is not
specified for any given instant of time. It can be described in a

statistical sense by probability distribution functions giving the

fraction of the total time that the magnitude of the noise lies within
a specified range.

1

RESONANCE -- The relatively lurge effects produced, e.g., amplitude
of vibration, when repetitive sound pressure or force is in approximate
synchronism with a free (unforced) vibration of a component or a system.

REVERBERATION -- The persistence of sound in an enclosed space, as
a result of multipie reftections, after the sound scurce has stopped,

REVERBERATION ROOM ~-- A room having a long reverberaticn time,
egspecially designed to make the sound ficld inside it as diffuse

(homogeneous) as possible.

REVERBERATION TIME -- The time required for the sound pressure level,
arising from reverberation in a room or auditorium and measured

from the moment at which the source of sound power is stopped, to
die away {decay) by 60 dB,

ROOT-MEAN~SQUARE (RMS) ~-- The root-memnn-square value of a quantity
that is varying as a function of time is obtained by squaring the
function at each instant, obtaining the average of the squared values
over the interval of interest, and taking the square root of this

average,

SINE-WAVE -- A sound wave, audible as a pure tone, in which the
sound pressure is a sinusoidal function of time; sound pressure ~
sipne of (27 x frequency x time).

SONE ~- The unit of measurement for loudness,

SONIC BOOM -- The pressure transient produced at an observing point
by a vehicle that is moving past (or over) it faster than the speed

of sound,

SOUND -- See acoustics (1),
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SOUND~ ABSORPTION CORFFICIENT (ARSORPTION COETFICIENT) -- The sound-
absorbing ability of a surface is given in terms of a sound-absorption
coafficient, This cocfficient is defined as the fraction of incident
sound encrgy absorbed or otherwise not reflected by the surface,
Unless otherwise specified, a diffuse sound field is assumed. The
values of sound-absorption coefficient usually range Ffrom about 0.01
for marble slate to about 1,0 for long absorbing wedges such as are
used in anechoic chambers,

SOUND TNSULATION -~ (1) The use of structures and materials designed
to reduce the transmission of sound from onc room or area to ancther
or from the exterior Lo the interior of a building, (2) The degree

by which sound transmission is reduced by means of sound insulating

structures and materials.

SOUND LEVEL (NOISE LEVEL) ~- The weighted sound pressure level
obtained by use of a sound level meter having a standard [requency-
filter for attenuating part of the sound spectrum,

SOUND-LEVEL METER -- An instrument, comprising a microphone, an
amplifier, an output meter, and frequency-weighting networks, that
is used for the measurcment of noise and sound levels in a specified
manner,

SOUND POWER -- Of a source of sound, the total amount of acoustical
cnergy radiated into the atmospheric air per unit time,

SOUND POWER LEVEL -- The level of sound power, averaged over a period
of time, the reference being 107 °° watts,

SOUND PRESSURE -- (1) The minute fluctuations in atmospheric pressure
which accompany the passage of a sound wave; the pressure fluctuations
on the tympanic membrane are transmitted to the inner ear and give
rigse to the sensation of audible sound. (2) For a steady sound,

the value of the sound pressure averaged over a period of time, (3)
Sound pressure isg usually measured (a) in dynes per square

centlmeter (dyn/cm Yy, or (b) in newtons per square meter (N/m~)

1 N/m? = 10 dyn/em? = 10-3 times the atmospheric pressure.

SOUND PRESSURE LEVEL -~ The level of sound pressure; squared and
averaged over a peried of time, the reference being the square of
2 x 1075 newtons per square meter,

SOUND TRANSMISSION CLASS, (8TC) -~ the preferred single figure rating
system designed to give an estimate of the sound insulation properties
of a partition or a rank ordering of a series of partitions, It is
intended for use primarily when speech and office noise constitute the
principal noise problem.

SOUND TRANSMISSION COEFFICIENT -- The fraction of incident sound energy
transmitted through a struetural configuration, .
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SNUND TRANSMISSION LOSS (TRANSMISSION L0SS) (TLY -- A measure of

sound insulation provided by a structural configuration, Rxpressed

in decibels, it is 1N times the logarithm to the base 10 of the
reciprocal of the sound transmission coefficlent of the configuration.

SPECTRUM -- Of a sound wave, the description of its resolution into
components, each of different frequency and (usually) different
amplitude and phase,

SPEECI-INTERFERENCE LEVEL (S8IL) -- A ealculated quantity providing

a handy guide to the interfering effect of a noise on speech. The
specch-interference level is the arithmetic average of the octave-

band sound-pressure levels of the noise in the most importunt part

of the speech frequency vange, The levels in the three octave-frequency
bands centered at 500, 1000, and 2000 Uz arce conmonly averaged to
determine the speech-interference level,

SPEED (VELOCITY) OF SOUND IN AIR -- The gpeed of sound in air is
344 m/sec or 1128 ft/sec at 78°F,

SPHERICAL DIVERGENCE -- Spherical divergence is the condition of
propagation of spherical waves that relates to the regular decrease

in intensity of a spherical sound wave at progressively greater distances
from the source. Under this condition the sound-pressure level
decreases & decibels with each doubling of distance from the source,

SPHERTICAL WAVE -- A sound wawe in which the surfaces of constant phase
Aare coneentric spheres, A small (point) source radiating into an
apen space produces a free sound field of splheriecal waves.

STANDING WAVE -- A periodic sound wave having a fixed distribution
in space, the result of interference of traveling sound waves of the
sama frequency and kind. Such sound waves are characterized by the
existence of nodes, or partial nodes, and antinodes that are f£ixed

in space,

STEADY-S5TATE SOUNDS -- Sounds whose average characteristies remain
constant in time, Examples of steady-state sounds are a stationary
siren, an air-conditioning unit, and an aircraft running up on the ground,

STRUCTUREBORNE SOUND -~ Sound that reaches the peoint of interest, over
dt leaat part of its path, by vibrations of a seolid structure,

THIRD-OCTAVE BAND -- A frequency band whose cut-off frequenecies have
a ratio of 2 1/3, which is approximately 1,26, The cut-off frequencies
of B91 Hz and 1123 Hz define a third-octave band in common use, See

also band center frequency,

THRESHOLD OF AUDIBILITY (THRESHOLD OF DETECTABILITY) -- For a
specified signal, the minimum sound-pressure level of the signal that
is capable of evoking an auditory sensation in a specified Eraction

of the trials.
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THRESHOLD SHIT'T -- An increase in a hearing threshold level that
results from exposure to noise,

TRATFIC NOISE INDEX (TNI) -- A measure of the noise environment created
by highways; it is computed from measured values of the sound levels
exceeded 10 percent and 90 percent of the time.

TRANSDUCER -- A device capable of being actuated hy waves from one
or more transmission systems or media and supplying related waves
to one or more other transmission systems or media. Examples are
microphones, accelerometers, and loudspeakers,

TRANSIENT SOUNDS -- Sounds whose average properties do not remain
constant in time, LExamples are an aircraft flyover, a passing truck,
a sonic boom,

TRANSMISSION LOSS8 (TL) ~-- See sound transmission loss,

VIBRATION ISOLATOR -- A resilient support for machinery and other
equipment that might be a source of wvibration, designed to reduce
the amount of vibration transmitted to the huilding structure,

WAVEFORM -- A presentation of some feature of a sound wave, e.g.,
the sound pressure, as a graph showing the moment-by-moment variation
of sound pressure with time.

WAVEFRONT -- The front surface of a sound wave on its way through the
atmosphere,

WAVELENGTH -- For a periodic wave (such as sound in air), the
perpendicular distance between analogous peints on any twe surcessive
waves, ‘The wavelength of sound in air or in.water is inversely
proporticnal to the frequency of the sound. Thus the lower the
frequency, the longer the wavelength,
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Appendix B, The Development of a
Measurement System for Sources in Real World Situations

It was previously peinted out that in many cases the nolse produced
by a given source depends as much on the operational aspects of the device
and the surrounding enviromment as on the sound radiating characteristics
af the device itself, 1In order to further emphasize the considerations
which are necessary during the design of a test procedure to accurately
characterize such a source, the following detailed example is cited.

Overall truck noise 1s a combination of engine operating noise,
exhaust noise, brake noise, tire noise and aerodynamic noise; however,
at speeds of 50 mph and greater, which are quite prevalent on todays
interstate highways, the noise from tires predominates provided the
truck has a reasonably good exhaust muffler and is in a good state of re-
pair., Because of the almost total lack of an information base of tire
noise data available In the public domain, the noise abatement efforts
of users and manufacturers of truck tires, state lawmakers and enforce-
ment agencies, and urban planners have been greatly hampered.

For this reason an extensive research program was undertaken (Truck
Tire Noise Investigation - an oogoing program being conducted by the
National Burcau of Standards under the sponsorship of the Department of
Transportation) to ildentify and quancify the physical parameters which
affect the noise generation characteristics of truck tires and develop an
information base thal may lead to standardized tire noisc testing proce-
dures and to highway neise reduction criteria, standards, and regulations.

The data base was to consist of the following three types of infor-
mation: (1) peak A-weighted sound levels (maximum rms A-weighted sound
level during a passby), (2) l/3-octave spectral data, and (3) direction-
ality information in the form of equal sound level contour plots.

Prior to the design of the measurement systems many questions had
to be addressed. This was done through a literature search and a feasi-
bility study, Typical questicons to be answered included: What are the
influential parameters which affect tire noise? What horizontal locations
of the miecrophones should be utilized? At what height above the road sur-
face should the microphones be placed? Ts vertical directionality im-
portant? How repeatable are the data at each microphone location for a
given set of test conditions; thus, how many repeat runs at each condi-
tion are necessary? What effect does grass have on the attenuation of
sound generated by truck tires? What are the operational characteristics
of the test vehicles? Is there a significant difference in sound level

with truck windows open or closed?
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These are just some of the considerations that were evaluated prior
to the design of the test procedure and measurement system, A careful
evaluation of the data resulting from both the literature survey and the
feasibility test program led to the establishment of the test procedure
utilized throughout the parametric study. Prior to a discussion of the
test procedure, a few words of description are necessary to establish the
placement of all instrumentation within the test section. TFigure B-1 shows
the placement of the microphones, photosensors, and the path of the test
vehicle.

The milcrophones, six in all mounted on tripods at a height of 48 inches,
were located on a hard surface along a line perpendicular to the path of
travel of the test vehicle, The array itself was located midway in the test
section. Photosensors, activated by a light beam produced by a spotlight
mounted on the side of the truck, were located along the test lane parellel
to the path of the vehicle, Although not shown in Figure B-1, the mobile
Instrumentation van was located 500 feet back from the edge of the runway,
Coaxjal cables connected the microphones and photocells with the tape recerd-
ing and monitoring equipment housed in the instrumentation van. The 500
feet distance was dictated because of an airfield ruling (field test site
was an airfield runway) and also teo avoid unwanted reflection effects.

For any particular rum the driver of the test vehicle accelerated the
truck to slightly more than the desired speed to compensate for the decel-
eration characteristics of the particular vehicle, As the truck passed the
initial photoecell, the tape recorder in the instrumentation van was remotely

commanded to turn on.

Since tire noise was being investigated, the testing was performed with
the truck in a ceasting mode and the engine shut off. The driver shut down
the engine prior to entering the test section. The initial photocell, which
turned on the recorder, was located so that when the truck passed photocell
No. 2 the tape recorder was up to speed (servo-control system in phase lock)
and data could be recorded. Data from each microphone were recorded on one
of six channels of an F.M. tape recorder., The truck tire neilse was recorded
during the entire passby over the 1000 foot section. The light beam strik-
ing the photocells caused wvoltage spikes which were recorded on the seventh
channel {(direct record) of the tape recorder. The photocells (photocells
No. 2, 3, 4, 5, 6) were located 250 fect apart along the test section; the
"blips'" produced by the photocells provided information on truck position
versus time which was used for the calculation of vehicle speed and position.
As the truck left the test section, a final photocell was triggered which

remotely stopped the tape recorder.
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Figure B-1,

View of test section showlng instrumentation

plus vehicle path. ({not to scale) Microphones
were spaced at varilous distances as measured

from the centerline of the lane in which the
truck travelled and along a line perpendicular

te the path of the vehicle. Thotocells 2, 3,

4, 5, and 6 were spaced 250 feet apart. Photo-
cell Ne., 1, which remotely turned on the tape
recorder, was placed 440 feet before photocell
No. 2. At a vehicle speed of 60 mph (88 £t/sec),
this distance provided the five seconds necessary
for the tape recorder to come up to an operating
spead of 30 in./s. The final photocell, located
immediately adjacent to photocell No. 6, remotely
turned off the tape recorder,
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B,1l. Data Acquisition, Reduction and Analysis System

Figure -2 identifies the components that constictuted the data acquisi-
tion system, To describe the workings of the system, the following example
is cited with the contribution of cach compenent discussed.

Consider a truck passing an array of microphones. As the truck moved
forward, it caused pressure Lluctuations which travelled as waves and
activated the microphone's diaphragm into vibration, These variations were
transduced into an AC voltage which could be recorded for analysis at a
later time. The microphone itseif was a three-part subsystem comprised ol
a frre-field microphone cartridge, protecting grid, and a microphone pre-
amplifier, It was not practical to locate the tape vecorder next to the
mic cophone array since one wanted to minimize undesired reflection effects;
therefore, long cables carried the signal from the microphene to the record-
ing facility. To maintain the voltage level of the signal, scue line
amp Lification was mandatery., The wmicrophene energizers, in addition Lo
supplying the polarization voltage to the microphones, provided the cap-
ability for 20 dB amplification. Once the signal reached the tape re-
corder, there existed a need for signal conditioning prior to actual re-
cording. The electronic voltmeters provided the capability for amplification/
attenuation, The meter scale provided an indication as to whether or not
a tape channel had become saturated (i,e,, the signal had exceeded the
dynamic range of rthe recorder) and thus the data were not acceptable, The
signal was then recorded on one track of the F.M. tape recorder, The meas-
urcanents were performed out-of-doors; therefore, windsecreens were placed
over the microphones to minimize the noise produced by wind passing over
the microphonc, Tests were not conducted when Lthe pavement was wet nor
when the wind velocity cxeceeded 12 mph,

Calibration and cystem checkout were performed in two steps. A
single point calibration wtilizing a pistonphone which produced a 124 dB
sound pressure level (re 20 pN/mz) at a [requency of 250 Hz was used for
system calibration in the field. The system checkout also involved run-
ning a frequency response on the system, To perform this checkout, the
mit rophone cartridge was removed and replaced with an adapter which allowed
the sine-random signal generator to be coupled into the system., The sine-
random generator was capable of producing wide band "pink ncise', which is
white noise passed throngh a network which weights at -3 dB per octave.
When a display unit, such as a real-time analyzer was coupled to the out-
put terminals of the tape recorder, a flat frequency response {constant
encrgy per octave of bandwidth) could be observed. 1In general, a lack of
low frequency response would be indicative of overloading of an amplifier
and a lack of high frequency response would be indicative of an amplifier
failure. This operation also established the integrity of all connecting
cables. During actuval testing, the real-time analyzer was used to provide
some data with which te judge the progress of the testing prior to the
later reduction and anmalysis of the data on the computer,
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Once the data had been recorded, the analog tapes were refurned
to the laboratory for reduction and analysis. Figure B-3 idencifices
the cquipment which was utillized for analysis purposes. Each tape
was played back a channel at a time through the real-cime analyzer.
An interface~-coupler was necessary to make the real-time analyzer
compatible with a minicomputer. When a timing signal appeared on the
analog tape, the real-time analyzer was commanded to begin analysis,
The selection of the appropriate averaging times (and thus the
statistical error) is of great importance in obtaining the root mean
square (rms) value of the signal (noise). In the case of statistically
varying signals such as noise the correct rms value is only obtained
1F the averaging rime is infinite. Since the averaging time in prac-
tice cannot be made infinicely long, the '"rms value" of the noise
fluctuates during the measurements, To cbrain a given accuracy in a
particular noise measurement it is therefore necessary to ilncrease the
averaging time when the absolute bandwidth of the measuring analyzer
is decreased, For this program a time constant of .2 second was
utlilized to obtain the rms value of the level in each one-third octave
band over the frequency range of interest at the output of the analyzer.
Once all data had been analyzed in one-third cctave bands, the computer
stored the data and dumped it onto digital magnetic tape. This tape
was formatted to be acceptable to the large NBS computer which was
utilized for further analysis and graphical plot generation, This
instrumentation system provided for efficlent data acquisirion and data
handling for the thousands of data points generated for each truck
passby.

In summary, the following were specificd as part of the test proce-
dure for this test program:

1. Envirommental Conditjoens: No rain, wind velacity less than 12 mph.

2. Test Site: Flat arca free of reflecting surfaces within the area
of the measurement peositions, a minimum hard surface width of 150
feet and a length such that a vehicle can accelerate to speeds of
60 mph, coast through a test section and then safely stop. Tests
on two different pavement surfaces,

3. Microphone Location: Located on a line perpendicular to the path
of the vehicle, Mounted on tripods at a height of 48 inches and
located at 6, 12, 25, 50, 80, and 130 feet from the centerline of
the test lane. All microphones located over a hard surface.

4, Ambient Neoise Level: 10 dB or more below the ncise to be measured,
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5. Instrumentation: Windscreen, pistonphone, condensor microphone,
preamplifier, microphone encrgizer, signal conditiocner, F.M. tape
recorder (seven channel}, a real-time analyzer, signal generator,
and computer which meet specified standards.

6, Calibration Procedure: DPistonphione calibration {single point)
and specified frequency response or system checkout procedure.

7. Vehicle Mode: Truck coasting with engine off at specified speeds.
Truck equipped with standard rubber mud flaps.

8. Test Tires: Various tread designs, degrees of wear, loading
conditions, Inflation pressure as specified for given load

condition.

9, Photosensors: Located along the path of the vehicle separated
by a known distance.

10. Measurements: A-weighted sound level and ane-third octave band
sound pressure levels. Time constant of analyzer is specified as

0.2 sccond.

Thus it 1s easily realized that in order to accurately characterize
the noilse signature of a source, such as an assemblage of truck tires,
which is dependent on the interaction of the source with the surroundings
and its operaticonal mode, much more than the sound radiating character-
istics of the source itself must be considered. In most cases the
instrumentation to perform such test programs exists today; however,
the ftest procedures should be developed on the basis of a thorough con-
sideration of all possible alternative methods. Once a measurement
system has been standardized, care must be taken to ensure that the
method is not being used under eircumstances for which it is not applicable,
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Appendixn €. Computation of Equivalent
Ocrtave Band Sound Pressure Levels from Cne-third Octave Rand Data

Should one have one-third octave band daca and wish to cenvert to
octave band data, the following procedure may be utilized,

Step 1, Diwvide the level in each one-rthird octave band by
10 and compute the squared pressure ratio,

2 9 .
(Since SPL = 10 loglo (p"/poz) then p~/p02 = lOSPL/lD

)

Step 2. The partial sums of the squared pressure ratios for
the three one-third octave bands comprising each
octave band arc computed and the octave band signal
level computed by taking 10 1ok g (this sum).

This procedure is illustrated on the fellowing page for the airecrafec
noilse spectrum shown in Figure 13, Section 5.
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1000 Foot Jet Approach

Conversion of 1/3-Octave Readings to Octave Band Levels

Squared
1/3 Octave Signal Signal Pressure
Bands Level =10 Ratlo
Hz dB bel -—
50 81l.6 8,16 ,145+09
63 81.0 8.10 .126+09
80 90.6 9.06 . 115410
100 95.2 9,52 .331410
125 99.2 9.92 .832+10
160 100.0 10.00 L100+11
200 96.6 9.66 LA457+10
250 104.6 10.46 L288+11
315 102.8 10,28 191411
400 106.6 10,66 L457+11
500 105.,2 10.52 .331+11
630 102.8 10.28 L191+11
800 103.,0 10.30 . 200+11
1000 99.8 9,98 .955+10
1250 87.4 9.74 «550+10
1600 95.4 9,54 +347+10
2000 95,6 9.56 .363+10
2500 54,0 9.40 .251+10
3150 92.4 9.24 . 174+10
4000 50.0 9,00 . 100+10
5000 88.0 8.80 .631+09
6300 85.6 B.56 . 363+09
8000 81.6 8.16 « 145+09
10000 74,6 7.46 .288+08
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Partial Signal Octave
Sums Level Bands

-— dB Hz
L142410 91,5 63
L216F11 103.4 125
.525+11 107.2 250
,979+11 109.9 500
.351+11 105.4 1000
.961+10 99.8 2000
.337+10 95.3 4000
537409 87.3 8000
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Appendix D.
Detailed Calculations for Selected Straight Line Spectra

This appendix contains the details of the calculaticns of over-
all sound pressure level (linear dB(L)); A, B and C-weighted sound
level; loudness level according to the Stevens and Zwicker methods;
and Perceived Noise Level for each of the four selected straight line
spectra -- wherein the 1/3-octave band sound pressure levels change
with frequency by the following amounts: -6, 0, +3, and +6 dB/octave, as
described previously in Section 5,
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=& DB/Q¢TaVE SLOPE

FREWUEKRCY S1GaNaL
LEVEL, L ¥

HZ ng
10.0 -
1245 - -
I¥- 1] - -
20.0 -
25.0 - -
Jle8 --
400 -
EOID 90-0
430 8840
8040 B&el
10040 640
}25.0 H2a.0
i40.0 5040
200!0 780
25040 Thel
A5, 740
4000 7240
500.0 70.0
63040 X: X1
BDU.D 6bal
1600, A4.0
1250.0 L2.0
14600,0 60.0
2000.0 L8.0
2%00.,0 4.0
315040 54,0
40000 52,0
506000 500
6300.0 480
8000.0 4440
1000000 w440
12500.0 4240
14000,.n 400
20000.0 AR.0
SUM Y

DBIL) = 1D LOGiSUM ¥

*The notation .100 + 10
etc.

IR WETGHTFD
IGHT y W LeVel, X
DB Bil
-- Faliy
-- B,80
- Hebl
- hqu
- d.20
- &,.,00
- 7.8U
- 74460
- 740
- 7.20
- 7,00
- He8()
- 6.60
- - ﬁ.qD
- e 20
- 6,08
- HeBU
- 54,60
- 5.40
- 5,24
-- 5.00
- 4 eB0
- 4460
-- Y.HO
- Y,20
- - ‘4-00
- J.ey9

means . 100 x [O’o,
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e5314+07
2 A9h+07
v 291 +057
v 158407
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16314064
¢ 39R+05
«25]+06
s 16b+04
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=4 UDB/OCTAVE 4L UPE

FREWQUEMCTY SgraNaL

Hz

1041}
12.9
1.0
2040
254
Alen
400
50.0
&3.0)
B0.0
100epn
12500
1600
Z200:n
250.0
3!5-0
"'UUoU
500.0
5300
80D.D
1000, 0
1250.0
1600,.0
2000.+n
2500.,0
315%0.0
4000.0
5000.0
630040
A0G0.D
12500.0
14000.0
2000040

sum ¥

bBLA) =
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LEVvEL, L

nn

10 Loeisdn v

D T—

nR{A)
wETOHT, w

D

=704
EL TR
"56-7
“50,.,5
wiytye 7
"'39-"’
=34 e b
-30.2
~24.2
'22-5
-[9al
w1441
-1 3.4
-1019
“hab
B Y-
-4,.8
3,2
-l ?
-.8

. 0

-
1.0
la2
«3
le2
1.0

e B
|
=11
~2.5
-4y 3
~6.6
-9,3

SWUAKED
WEIGHTED PrkESS UKL
LEVEL, X NATlO, Y

Be -
5.948 Lo+ 04
bl ¢ 151 +a7
4,25 e Z22q4+07
b.4Y e 309+07
6,59 e 389+07
hebb f457+07
be?7l ¢513+07
be 74 eS80+ 7
6474 e550+07
he72 *5264+07
b.68 s 79407
-1 B *407+07
6,52 *331+07
6,40 *+ 251 +07
h,2¢ « | B2+07
&,10 v 12A+07
5.92 e B832+04
5,73 »S537+04
L.52 « 331 +04%
5,30 +200+08
5,05 v 112404
4,79 vb61 7405
4,49 e 309405
4415 r149]+08
3,77 1 589+04
3,34 a2 %+U4
2,87 s 741402

e575+08

77465
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FREWUENCY SToNAL

HZ

1040
1285
léeD
20400
2540
315
40.0
50.0
6340
8040
160.0
12540
16040
200.0
250.0
315.0
400.0
500.0
43040
800.0
10000
12500
1600.,0
200040
250040
3150.0
40000
5000.0
6300.0
BO00.0
10000.0
1250040
160000
20000.0

SuUM Y

pBi{B) =

LEVEL: L

phH

10 LOGISUM YY)

LUR (8
CFIGHT, ®

Dg

«3H42
~33,2
~2845
'24-2
~20.+4
"l?al
mlYal
=1iet
-9-3
-7o‘|
"'5.6)
-4,2
=3,0
2.0
=143
-a8
P
-l
-, 1
o0
0
o0

-l
~yl
-a d
-y
Y-
-1-9
-2,9
-‘i.:!
L -TR
“-feH
=11el

vElGHTrD

LEVEL,

REL
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SWUARED RELATIVE

FREQUENCY Stlonal DBIC “ElGHTELD PHRESSURE COMTRIBUT I ON
LEVELy L wplGHT, W LEVEL, X HKATI1p, Y afF vy
Hz NH nB BeL - -e
10.0 -- “14,3 -- -- -
12.5 -- -1l.2 -~ ~- -~
l6.0 - ~B8,.5 - - -
2040 -- ~h a2 - - -~
25.0 - o=y .= -~ -
31l.5 - =3.0C -- - -
H0.p -- -2,0 - - --
S0.0 900 -].3 8.87 s74)+009 324
63.0 #8s0 -,8 " 72 +525+09 .23
BD-U 8B40 =.5 -«55 ¢3554+09 » 154
lGO.D 8‘(-0 -.3 8037 0234#09 -|D3
125!0 R2a«0 -, 2 B.IH ‘1514‘09 nuﬂ7
160.0 400 -s) 799 «977+08 + 043
200.0 7Re0 « 0 7.80 +631408 «028
250.0 7460 +C 7460 *3984+08 «017
318, 74.0 o 0 7a40 1251 40R +01
400.0 720 . 0 7.20 + 58408 «007
500.n JNe 0 o0 7T.0U +l00+08 + 004
630.0 6840 0 &,60 ¢b31+07 « 003
800.0 b4he0 s 0 6440 G K5ell7 002
IUOOIU e4a0 o 0 6-“0 '25!"07 e 001
1250.0 4240 o0 hs 20 + 153407 « 001
1600, &0 0 -l 5.9% * 377406 « 000
200040 5860 -2 S.78 c 6034064 «00n
250010 LbheD -l S.57 0372+004 «000
315040 54.0 =5 5,35 v 2244064 « 200
400040 5240 - B 5.12 +132+08 «000
5000Q0.0 500 -1.31 4,87 s 741405 00N
4300.p 4840 =240 4,40 +l78+08 » 00D
800040 Y4hel ~3,C 4,30 ¢ 200+05 « 000
1000C .0 4y 40 =iy 1,98 91240y + 000
'250000 420 =442 3-58_‘ * 35004 « 00N
16000 .0 400 ~f8,5 3015 s 141404 « 000
200000 3R.0 “lle? 2,64 *47%24+03 000
S5UM vy «228+10
DEIC) = 10 LOGISUM ) 93.44
-137-
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SToVENS SUNESe PHONSe FROM JCTAVE BAND LEVELS

=5 D3/DCTAVE SLOPE
FREQUENCY STGNAL

LEVEL

HZ 2B
63.0 83.1
125.0 87.1
250.0 Bl,.1
500.0 75.1
1000.0 6.1
2000.0 53.1
4000.0 57.1
80000 51.1
16000.0 45.1

SuM OF LOJINESS INDICES
SUsTRACT MAXIMWJM LOUINZISS IMDEX

MJLTIPLY 3Y o3

ADD MAXIVJM LOJDINESS INDEX
SONES

Lugg 30NES = (LOG'O SONES)/.301
MJLTIPLY 3Y 10,

AJo H0.

PAONS

-138-

LOUDNESS
INJEX
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Zwicker sones, phons, from 1/3 octave bands
-6 dB/0Octave Slope -- 95,5 Phons

(cis)
63 125 224 315 400 500 630 80O Hz 1.0  1.25 1.6 20 25 315 40 50 63 80 10.0 12.5kMz (k/s)

Y \ t r L ) H
_\' b, \ \ 1 Y |
hon (GF) J — | 1 A\ ‘\ ! \ l___s_ ' P e
P [ y \ \ ‘ 90d8 | \
1154 (20 \ \ \ ] \ s \
\ 90 \ \ \ 5 1 \
| ] \ \ \ \ \ \ I 1 e ‘ \\ sone (GF)tohon (GF)
7 i Y "1 \ \ \ \ \ Y ' ' \ L
. \ T 3 \ \ 1 ot \
- i \ \ i 1 F n drae
1 [ | \ i q 1 1 !
1 T 1 \ \ . \ jem - \ —
. y L S \ ! \ ! 3 v h 150~
= Bl r-\- Y \ | Y T T \ t=— ] -
. \ \ - 1 L) \ \ - L \ |.' ]
ha b 1 \ T --—‘-—- \ \ \‘ \ an v\ \\ |
110+ 1 \ ‘\ '\i--'-_\.. P T VT T Y 110
N 3 \ \ \ T
B X \ " ' . et 3
| *‘h"*r \ ~ : \ : \ , ; \
[ T 1 v T ) \ ) \ y 1} 3
. \ L) i L “ ‘-‘ N a0 “ \‘ \ T L
\ v i a
1 F 0 — : AN gy IR S A R — 90 100+,
hr \ B \ z i ‘\ \\ ‘\ \ \ —\-'\- \\ .
1 1 \ \ -
7 ! ] T A \ A S \ Y \
\‘._.....\.- b B T \‘ Y \ s e em ]V v )
] ‘ N -‘---——‘ -l T \ . h Y ._-\...-. ]

n L4 h NI 5 \ - -——_--\““—-\— N S \ n Y .___.-\‘- L
100 \‘ Y i - N N - “‘ Y -:! _'mo
] 3 70 I8 e s Jd = -~ srepmpen NS C
3 oF {oi— — X 3 ; N g woves SRS - —~rao0- B
7 L e \!. N i - . — \-\ \ Y ‘\ \ 5ﬂ'l-

-~ . ) T - -
3 """_"\- -\\_--—"'!'”""—‘Tt- —— \\- L\_ —~ \\ 40 \\ i b " p—
A \ \ ===l e g Y T Y 5\ - L e -
904 il . 180N RN 40 . s R
3 : O : ~ A - Y N \ === a
= N * A Y = -~ N\ 5| =£/ = 90
e 50 N SRS I 4 _] \\ \\ S p—— - R i ES . — -
= ARPC S ol = R . — ——‘v--——-h—'-——"\-—--\ i e b . e, s - 3
b > ~ ~ ~ ] ~ 50 > ~ - ——f [
80+ < a S ~ < _ s o ~ g L~
] —50 _‘-_::--—a- .-.a!__,_.,__:;_\__:.__‘ e ~ 40\‘.___.:":\ - - - ~ ! an
: bt o >~ = = i i - S I iy TN o piminie LIl R
" “"bmi S~ T~ N -:.—”‘i--. T~~~ <L THe_ eI Sl 70
- '—‘_lr " T T — "l'-- — = "'. - ""‘-—-!_ "‘f.____ el T o r" I
4590 160 280 355 430 560 7i0 900 Mz 112 14 1.8 2264 28 355 45 56 71 90 11214

(cfs)

s r— s s



KRYTER PEXRCEIVED NOISE LEVEL FROM 1/3 HcTAvE BANDS

-5 J8/0CTAVE SLOPE

FRE@UEMCY SIGNAL PERCEIVED
LEVEL NOISINESS

HZ DB NOYS
U0 20.0 13.5
63.0 8.0 13,0
80.0 86.0 12.7
100.0 4.0 13.0
122.0 B2.0 12.1
160.0 80.0 11.3
200.0 78.0 11.3
250.0 7640 10.6
315.0 T4.0 9.6
400.0 720 .2
500.0 70.0 B.O
6530.0 68.0 70
B00.0 B6e0 641
1000.0 64 .0 5.3
1250.0 62.0 5.3
1600.0 650.0 5.0
200U.D 58.0 BeO
2500.0 B6.0 6.0
3150.0 54.0 5.6
400040 52.0 4.9
500040 50.0 4.0
6300.0 48.0 3.2
50000 450 2.3
1000040 44,0 1.3

-
[#1]
-3
»

[5]]

SJM OF NOY VALUES
SJSTRACT MAXIMJM NOY VALUE -~ 13.5

173.8
MULTIPLY 2Y .15 X 15

26.1
Ado MAXIMJUM NOY VALUE + 13.5
N 39.56
LOG N 160
MULTIPLY 8Y 33.3 X33.3

53.2
ADD 40. + 40,
PERCEIVED NOISE LEVELrs PNL 93.2
AJD TONE CORRECTION + «0
TOE CORRECTED PERCEIVED
NOISE LEVEL/PNLT 93,2

-140~
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0 DBsOCTAVE S

FREQUENCY SI
LE

HZ

10.0

‘ 125
16e 0y

20«0

254}

3145

40.0

50.0

&340

80+ 0

100.0

125.0

1600

200.0

2500

315.0

‘. anoU
P 500.0
N 30«0
5 80040
: 1000sQ
1250.0
16000
2000.0
2500«0
3150.0
4000.0
50000
] 430040
¢ 800040
. 10000.0
e 1250040
1600040
20000.0

sum ¥

B e L PRI

TIoTREL

LOPE

GMAL
vEL »

[4]:]

40+0
B0.0
80.0
80.0
un.0
80,0
80.0
80.0
an.o
80.0
80.0
#0D.0
BO.+0
8.0
80.0
BO.0
B0.0
an.0o
80.0
ag.o
0.0
840.0
40.0
80,0
an.n
80.0
an.0

i AR s e e e st 47 ——

L

DBILY = 10 LOG(SUM V)

naib)
HGEITGHT,

R

N

SQUARED
WEIGHTED PRESSURE
LEVEL, X RAT1O, ¥

BEL -
8,00 +100+09
8,00 e 100+09
8,00 «10n+09
8,00 e 100+079
8,00 « 1 00+09
8,00 s JUG+0?
8,00 +100+09
8,00 «100+0%9
8,00 +{0D+09
8,00 1 Q0+09
R.00 s 1030+09
8,00 +100+09
8,00 s 100+09
8,00 + 100409
8,00 ¢ 100+09
8,00 « | 00+09
8,00 +100+09
8,00 + 100+09
8,00 +100+09
8,00 * 00«09
B,00 e 10009
8,00 +100+09
B,00 e 100«09
.00 2 1 00+0%
B.00O 2 1N0+«09
8,00 + 1000+09
8,00 210009

«271+10

4.3

~141-

RELATIVE
CONTRIBUTION
OF Y

«G37
«037
.037
+037
« 037
«037
037
«017
037
«0a7
+037
« 027
«037
037
«0a7
« 037
«037
«037
«0237
y Q37
«+ 037
037
s 037
«037
« 037
« 037
«027



0 DB/OCTAVE SLOFPE

FREGQUENCY

10.0
1245
164
2040
2540
KR
401
S0.0
63.0
80.0
100.0Q
125.0
160.0
200.0
250.0
315.0
400.0
500.0
63040
B8BO0O.0
IDUU-U
125040
1600.0
2000.0n
2500.0
3150.0
4000.0
s000.0
&3C0.0
806L0.0
100G0.0
12500.0
14&000.0
200000

SUM ¥

DBIA) =

STGMAL
LEVEL

ph

100
8N.0
BEna.0
BD.0
85040
ap.0
#040
HD0
B0+0
400
§0.0
H0O«0
#0.0
#0490
84040
gn.0
H e D
80.0
8.0
800
K.+ 0
B0
6040
TP RN
au.D
gl
800

I LoGisSUn

L

Y)

RN LEIGHTeD
WP 1GHT, w LEVEL, X
ok} Hel
"70-"‘ -
=634 -
=5647 -
_5005 -
-4t a7 -
",39-“‘ -
~3teb -
-30.2 H4a98
26,7 5,38
-22.5 Ge7b
-1 9,1 6009
=16.l 6,29
ml 3.4 bebb
=-10.+% ha9l
-Hab 79"*
-t 7434
-H4,8 7452
wl,? 7eb8
-1e9 7+81

— 7.92
.0 A,00
o A,086

1«0 BelG

a2 8,12

13 8,13

1.2 8,12

10 8,14
5 HaD5

-l T.99

-]l 7.89
wieh 7.75
TR | 7.57
-y b 7434
-3 7.07

-142-

SWUARED

PrReESSURE

KATIO,

+959+05
s 241+04
vSAB+O4
vl 24H+07
2247407
e H459+07
eB17+07
139408
v 220+0R
«333+048
vHEB1 404
b4+ y
sB36+08
¢ 100U+0Y
v115+09
e 1256+09
+ 132409
eldael?
+ [ 32+0%
2126409
+113+09
+962+08
«+780+08
+Heh+04
-37,34-[]8
«220+08
s+l 1n+08

s ]157+10

P20

Y

RELATJVE
CoNTRIBUT [ ON
QF ¥



0 DB/OCTAVE SLOPE

FREQUENC Y STGMAL
LEvEL L
HZ ng
100 -
125 -
16«0 -
20.0 -
2540 -
3leg -
H0 .0 -
S0en 800
63.05 B0.0
80-0 800
100 «D 80.0
12540 80.0
1600 A0.0
200.0 BMN«0
2500 800
Jl15aD 600
100 .0 800
500a0 800
4300 BO.0
80040 BR.0
1000.1 80.0
125040 80.0
160040 0.0
2000.0 80+0
2500.0 BDs0
3150.0 BO.0
40000 80.0
50000 80.0
63000 800
80000 40.0
10000a0 B0.0
1250000 40.0
16000.0 &0.0
20000.0 80.0
SUM Y

DB{B) = 10 LOoG(SUM Yy

veB)
WEFGHT,

OB

-33.2
-31.2
-28.5
'2"’-2
=204
1741
-14,2
'llué
-9.3
Y
=5.6
=4.2
=3,0
"2-0
-1 .3

-, B8

-5

W

L iaire s bt e e

weleHIED

LEVEL,

BEL

-143-

X

SWUARED

PRESSURE

KAT10,

v 495407
vil8+08
+183+08
+277+08
+382+08
¢504+08
H34+08
+745+08
s834+08
t895+08
«?38+08
+982+08
«100+09
100+ 99
+}100+09
*10D+09
+782+08
959404
* Pl 6+08
v8650L+08
+7562+4058
+4649+08
+5]65+08
+373+08
247+08
18508
«780+07

*171+10

9242

Y

RELATIVE
CONTRIBUTION
CF ¥

« 004
» 007
«Qt
'01’!
022
03N
+ 037
O4Y
lcqq
«052
«0SA
« 058
«0%9
2« 059
1059
« 059
s 0%A
+ 054
«054
«050
o
+038
«030
eD22
«014
lDD?
« 005



D DB/OCTAVE SLOPE

FREQUENCY SIgNAL

HZ

: 0.0
l12.5
l4e0
2040
25.0
Jles
400
50s0
43,0
80.0

100+ 0
125.0
160.0
200.0
25040
dis.0
400.0
500.0
630.0
8000
1000.0
1250, 0
1600.0
2000:0
2500,0
3150.0
400040
5000.0
6300.0
800040
10000+0

12500.0

1600040

20000-0

i

!

i

;

i

i

|

|

! SuM Y
f DBIC) =
:

rrr. L o o i e
e it T g

LEvEL, L

Do

80.0
80«0
8040
800
800
8040
80.0
B0.0
AN«0
B8040
ag.0
80.0
a0.0
80.0
80.0
80.0
800
BO»0
0.0
80.0
800
80.0
80«0
8040
40.0
8040
0.0

10 LOG(SUM Y ;

oB{C)
aiEIGHTO

oA

w

SWUARED

WEIGHTED PRESSUR

LEVEL,

BEL

787
7.92
7.95
7497
7.98
T.99
8,00
8.00
86,00
6,00
8,00
8,00
8,00
8,00
799
7.98
7497
7495
7.92
7.70
7,58
7.38
7,15

-1l44-

X RATIOD,

«+745+08
+814+08
+895+08
1938+08
+ 759408
+?82+08
+ 103+09
*+100+09
«100+09
1 0D+09
¢ 1 00+09
s 1 0D+07
s 100+09
21 00+0%9
v 100+09
t982+08
+75%+08
«938+08
«895+08
«835+08
e745+08
+634+08
e504+08
+3145+08
«24)+08
+142+08
0 742+07

217410

344

2
Y

RELATIVE
CONTRIBUTION
aF v

«034
+038
04
« 043
044
045
« 044
046
«O4S
[ Y
s 04 A
D4 4
«0Hb
048
044
« 045
oL L
1043
«sQ41
«038
2034
2029
«023
«017
s011
+ 007
+ D04



STEVENS SONESr PHONS» FROM QCTAVE BAND LEVELS

0 OB/7OCTAVE SLUPE

FREQUENCY SIBNAL LOJDNESS
LEVEL INJEX

HZ 78 -
¥
6340 84.8 9.3
12540 8448 12.6
) 250« 0 84,8 15.3
50040 BY4.8 18.7
1000.0 ‘B4.8 23.0
200040 B4.8 28.5
400040 84,8 35.3
8000 .0 A4.8 44,0
16000+ 0 4.8 21.4
SUW OF LOJDNESS INDICES 20841
SJUSTRACT MAXIMUM LOUDNESS INDEX - 44,0
154,1
MULTIPLY BY .3 X .3
49,2
AJ0 MAXIMUM LOUDNESS INDEX t 44,0
SONES 93,2
LOG, SONES = (LOG,. SONES)/.301 654
2 io X 10,
MJLTIPLY BY 10
B85l
ADD 40, + 40,
i PHONS - i05.4%
i,
g -145-
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Zwicker sanes, phons, from 1/3 octave bands
"0 dB/Octave Slope -- 107.5 Phong

{cfs}
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KRYTER PERACEIVED HOISE LEVEL FROM 1/3 oIZTAVI 3ANDS

0 u3/70CTAVE SLOPE

FREQJENCY SISNAL PZRCEIVEN
LEVEL NOISINESS

HZ DB NOYS
' 50-” 80-0 5-0
63.0 40.0 5.5
‘ 80.0 80.0 747
I 100!0 60.0 gag
12540 40,0 10.6
150.0 H0.0 11.3
200.0 #8040 13.0
250.0 8040 13.9
315.0 80.0 14,9
400.0 - 80.0 16.0
50040 a40.0 16,0
53040 80,0 16,0
: 8000 B80.0 16.0
: 1000.0 800 16.0
: 125040 80.0 1844
; 1600.0 80.0 23,9
¢ 2000.0 80.0 27.5
: 2500.0 80.0 31,5
; 3150,0 A8G.0 33,8 ,
; 40000 40,0 33,5 :
i 500040 B0.0 31.5 F
! 6530040 5040 29,4
800040 80,0 23,9 :
10000.0 80.0 19.4 :
; SJM OF NOY VALUES 446.1
SJUSTRACT MAXIVJM NOY VALUE - 33.8
4$12.3
I MULTIPLY 3Y .15 X 15
: 61,8
‘ ADD MAXIMJM NOY VALUE + 33.8
14
N 95,6
LDG N 1.98
MJLTIPLY BY 33.3 X33.3
5640
ADo 40. + 4o,

PERCEIVED NOISE LEVELs PNL 106.0 :

ADuy TONE CORRECTION + «0
. TONE CORRECTED PERCEIVED
: NJISE LEVEL»PNLT 147 106.0
-147 -
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+3 DB/OCTAVE sLOPE

FREQUENCY 5SignAL

HZ

1 IUQO
12«5

6.0

20.0

25.0

dles

4040

50.0

63,40

80.0

100,0

‘ 125.0
' 160.0
: 200.0
250.D

315.0

] ‘IOO.D
: 500.0
; 63040
i 800.0
{ 1000.0
{ 1250.0
! 160040
! 2000.0
250040
3150.0
400040
S000.0
430Q.0
800040
10000,
12500.0
16000,
| 20000, 0

| SUM ¥

! DBIL) =

N -
e

LEVEL,» L

DB

61«5
62+5
535
6445
6545
b6e5
4745
6845
695
7045
7145
72.5
7345
745
755
7645
7745
7845
7745
8045
8145
82,5
835
8445
8545
BAs5
8745

1O LOGISUM vy

pDB(L)
WEITGHT,

DB

- -
-
-
-

- "

-
- e
- -
- .
- .
-
-
- -
-
-
-
-
-
-
-
~
LI
-
-
- »
L]
™ m
“-e
-
- -

(WHTTE NOISE)

W

WEIGHTED

LEVEL,

BEL

5,15
25
6,35
&,45
6.55
b465
6,75
6,85
4,95
7.05
7.15
7+¢25
7435
745
765
7.75%
7,85
7.95
8,05
8,15
8,25
8,35
8,45
8,5%
8,45
8,75

148~

X

2 unRED

PRESSURE

RaTto,

-

«140+07
«177+07
1222407
v 280+07
+352+07
Hy4eQ7
1558+07
t703+07
1885407
v111+08
t140+08

1177408

+222+08
' 280+08
+152+08
1444408
+558+08
«703+08
+885+08
ellleQ9
14009
e} 77409
*222+09
+280«09
+352+09
'Hy 4409

Y

+55a8+0¥%

271410

THald

RELATIVE
CONTRIBUTION
OF ¥y

« 00
s 00!
«0Q1
001
«001
«002
» 007
« 0013
« 0023
« 004
«005
«00a7
« 008
«010
«013
s 4
« 021}
« 024
«033
« 041
« 152
«DbR
«0B2
+ 103
« 120
s lb4
+20A



+3 0B/UcTAVE SLCPE (WHITE NOISE)

SQUARED RELATIVE

FREQUENCY SIGNAL DB(A) WEIGHTED PRESSURE CONTRIBUTION
LEVELs L WEIGHT, % LEVEL, %X RATIO, Y OF ¥
‘ HZ DB bF:] BEL - -
1 10.0 - 7044 - “m -
1245 - =43 .4 - - -
lésp - =564¢7 - - -~
20.0 - 50,5 - - - -~
2540 - “yly,? - - -
3].5 - = =39,4 - - -
4040 - 3446 - - -
50.0 515 =30,2 3.3 v 134+04 «Q0n
43.0 4225 n26,2 3,62 vH24+04 000
80,0 635 -22,5 4,10 2125408 =000
100.0 4445 19,1 4,54 2344405 s 000
125,p 6545 albhal 4494 18565405 » 000
140,0 4645 =13.4 5431 1203408 « 000
200.0 6745 0.9 S5.064 45 404 000
25040 405 =B 4b 5,99 2971404 «001
315.0 6945 ob b b429 s194+07 «001
400.0 705 - be57 v36%407 «002
S500.0 715 -3,2 6,83 1671407 004
630.0 7245 - ® 7.06 1l 14+08 007
88040 73145 =,8 Te27 »185%+08 2012
100040 745 a0 7.45 +280e08 «0}R
125040 755 o b 761} 1405408 024
150000 7565 140 7,75 1558408 +D36
3 200040 7725 a2 7,87 +736+08 LY
' 250040 7845 P 7.98 1948+08 s+ 041
: 3150.¢0 79.5 Je2 8,07 +117+0% 075
400040 805 isD 8,15 40«09 «09]
. 50000 B8le5 .5 8,20 *157+09 102
- 6300.0 82,5 el 8.24 2173409 12
: 8000.0 8345 wlal 8,24 1 73e09 112
o 100600 845 =245 8,20 +157+09 w102
5 1250040 8545 -Hed 8,42 1131409 »085
. 1600040 Bbe 5 wbeb 7,99 2971408 043
20000.0 B7e¢5 9,3 7.82 v654+08 042
SuM ¥ *»155+10
DB{A) = 10 LOGISUNM y) File9
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+3 DB/OCTAVE SLOPE (WHMTITE NOISE)

SYUARED RELATTVE

; FREQUENCY SignaLl DB(B) WEIGHTED PRESSURE CONTRIBUTION
' LEVELy L WNEIGHT, W LEVEL, X RATIO, Y ofF v
‘ HZ pA DB BEL .- -
i
; 10.0 - 31842 - - -
‘ 12.5 - =332 - -~ .
41 lb.n - "'28-5 - o ~m
; 2040 .- -24,2 - - ==
i 25.0 - -20,4 - - -~
; Jles -- =171 -- - -
i 40,0 -m -14,2 -= - "
| 50.0 6145 ~1).b 4,99 «971+05 »000
' 63,0 4245 -943 5432 v207+08 » 000
| 80.0 6345 “7.4 5.61 *405404 4000
i 100.0 44945 =56 5,89 *771+06 «001
i 125.0 65.5 =l .13 s 13494+07 «001
1 16040 béeS =3.0 4,35 v222+407 « 002
[ 20000 657+5 2,0 4,585 v 352+07 0Nz
25040 6845 143 472 *521+07 »005
f 15,0 4945 “.8 5.87 ©736+07 «007
! "‘0000 70-5 "‘.5 7-00 -9‘?3007 «009
| 500.0 7145 -y 7el2 s 131+08 «012
l 53040 72.5 LI | 7.24 *+ 173408 015
80D.0 7345 « 0 7435 s222+08 o020
100040 7HeB 0 7.45 +280+08 »025
1250.0 75,5 .0 7 .+5%5 «352.08 03
1600,0 7645 + 0 7455 * 444908 + 040
2000.+0 775 “yl 774 *544+08 v 049
250040 785 -2 7.83 sb47]+08 eJ40
3150.p 7945 -y i 7+91 +1807+08 «072
4000.p 805 -y 7 7.%8 eG4 8408 v+ 388
500040 Ble5 mle2 8.03 s 106+09 v 095
$300.0 82.5 -1.9 B.064 1114+09 102
8000.0 B3s5 -2,9 B.04 v 14+09 s 102
10000.0 B4.5 -yl 8,02 s 104409 v 093
12500,0 8545 EY- T TaF4 v865+08 077
16400040 B4e5 8.4 7.8} v64]1+08 20567
20000.,0 8745 wllel -1 *434+08 « 0219
SUM ¥ ell2410
RPBIB) = |0 LOGISUM Y) 045

i
1
i
i
i
i
I
!
{ -150-
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+3 DB/QCcTAVE SLOPE

FREQUENCY SIGNAL

LEVEL »

I} HZ (o))
' 10.0 -
12.5 --

léd.0 -

2000 -

250 -

3145 -

; 4040 -
: S0.0 &1e5
: 6340 6245
: 80,0 £345
; 1D00.0 6445
; 12540 £5:5
lbnlu bfa-S
: 20040 L7eb
25040 6H 5
; 315.0 6945
400.0 7Ne5
i S00.0 715
§ 630.0 7245
BO0.D 7345
i [0DQ.0 TH4eb
: [600.0 765
5 200040 77.5
; 250040 7845
5 315040 7545
i 4000.0 805
o 5000.0 815
. 6JDDID HZ.S
4 8000.0 835
3 1000040 8445
12900.0 8545
16000.0 H&eb
20000.0 H7 5

SUM ¥

AN L L T T e L e el e
AT Rt Ll i e ne Y B

L

t HHITE NOISE)

DB¢CH

WETGHT, %

Dd

1443

-
=845
~bel
-H.‘-I
=30
~2.0
=1.3
.o 8
-5
- 3
-o2
-l

e N

« 0
« 0
o O
o 0
s 0}
« 0
o D

-l

e d
e
-.8

“led

-2,0

-3.0
-ty
=442
-8,5

allel

DBIC} = 10 LOG(SUM vy

WEIGHTED

LEVEL,

gel

SRS

A

SQUARED
PRESSUR
Ratlo,

» 104407
e l47+07
*1968+07
2261407
#337+07
e H34+07
558407
703407
«B85+07
«]11+048
s 140+08
s177+08
«222+08
«28G+08
¢352+08
+*434+08
«eH 33408
»s5546+08
s 7AR+08
«G27+08
v 10Y%+09
rlll+0o
¢l 11+09
1 102+09
sH45+08
s 6274+08
424408

+112+10

045

E
Y

RELATTVE
CONTRIBUTJION
oF ¥

00
«001
002
002
+003
«Q0OY
« 005
U A
«G0R
010
«012
s A
«020
025
«032
2« 039
« 048
L0059
071
s 0417
+092
» 100
« 10D
+0%1)
074
+ 054
«02R



STEVENS SONESe PHONSr FROM DCTAVE BAND LEVELS
+3 DB8/0CTAVE SLOPE (WHITE NOISE)

FREQUENCY SISGNAL LOUDNESS
LEVEL INJEX

HZ 28 -
: 6340 67.3 3,0
: 12540 70.3 5,2
250,0 73.3 7okt
50040 7643 10,5
1600,0 79.3 15,3
200040 82.3 23.0
4000, 0 85,3 35,3
3 8000.0 88,3 5640
! 16000.0 91.3 33.0
i 5UM OF LOJONESS INDICES 188.7
g SUGTRACT ¥AXIMUM LOUDNESS INDEX - 56.0
j
132,7
! MJLTIPLY 3Y .3 X .3
{
: 39,8
f ADD MAXIMJM LOUDNESS INDEX + 56,0
; SONES 95.8
1
L6 SONES = (L0G|o sONES)/.301 5058
MJLTIPLY 3Y 10,
] 65-8
' AJD 40, + 40.
PHONS 105.8
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Zwicker sones, phons, from 1/3 actave bands
+3 dB/Octave Slope -- 104.7 Phons

(c/s) o
63 125 224 315 400 500 630 800Hz 1.0 125 1.4 2,0 25 315 40 50 63 80 100 12.5 kHz (kefs)

1 L I 1
] Bl : \ \\ ‘\ L ) Y ) R
i \ 4 \ \
phon (GF) n | \ \ ‘\ Y ) 90 d8 ! \ \
- 20 |1 [ \ \ \ as
15 \ I \l| ‘,90 \ \ “ \ i - \‘ ‘.,‘ sone (GF)phon
- ' "\ ‘\ \ "\ 1 \ T “ ' \ L
! s Y A\ \ \ e v
B y ! p ! \ ' \\ ! ! \ I
1 ! 1| 3 o S 3 v
! T T \ A \ \ \ A \ 1501
E 1 i \ \ \ — \ 3
ot e o ™ | A= Y i i 1 ] 1 \ \;-. 4
i ! \ == A \ LS I \ _ }
\ ’ b e \ \ \ 515 \ v [‘
MESN \ \ I \
i - - \
110+ i L il SO pla| ) : =110
] i \ — \ ) . N
i ! 1 R 3 ' % ' \ e r
] T \ v X , ; \ [ R 3 v K 8
R \ \ Y * - I e w ¥ v T '\__ |
I Y o o \ 80 v : \ B AR S Y 100
i \ Y — ¥ .
. VT -t \\ T ¥ A N T A \ ~=v ovemonss
1 1 - \‘ - \ 1 -—--5\- \ 1) |-
- N o o i o, S N ° S ; — 70 -
- T "Y"""___‘_-__. T A B
4 LK N N o b, W ] i : J—— -
100+ t A— - 3 A A v 100
i \ p— \ \ \] 70 —lv A . -
A ) - o 76_h I y i ~-_F .
- -70 i ) i 5\ AN J4
- = e - . ~ "‘“__:'_\“j \ "\ 50,
- . A sogsgry X % L ) &0 \ [~
: T . R e e == S N \ - -
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KRYTER PERCEIVED NOISE LEVEL FROM 1/3 pCTAVE BANDS

+3 DB/OCTAVE SLOPE (WHITE NOISE)

FREGJENCY SIGNAL PERCEIVED
LEVEL NOISINESS

~154-

Hz D8 NOYS
50,0 615 .0
63,0 52,5 1.3
30.0 5345 l.9
10040 o5 2eb
125.0 3545 3.2
16040 66+5 b1
200 .10 B7+5 5.2
25040 68+ 5 Bl
315.0 69.5 7.0
5000 70.5 8.3
50040 71.5 8.9
63040 72.5 9.5
800,0 7345 10,2
1000.0 7445 10.9
1250.0 75.5 13.4
1600.0 76.5 18.7
200040 77.5 23.0
250040 78.5 28.3
31500 79.5 32,5
4000 .0 B0.5 34,8
5000 « 0 81.5 3%.8
5300.0 B2.5 34,8
400000 83.5 30,3
1000040 84.5 26.4
4 S5J4 OF NOY VALUES 3564
l SUSTRACT MAXIYJM NOY VALUE = 34.8
|
. 3R2l.6
MULTIPLY 37 415 X .15
I 4Be2
| ADD MAXIMUA NOY VALUE + 34.8
{ N 831
LOG N 1.92
MULTIPLY 3Y 33.3 X333
| 63.9
i ADU 40, + 40.
f PERCEIVED NOISE LEVELs PNL 103.9
! ADD TONE CORRECTION + .0
i TONE CORRECTED PERCEIVED
g NOISE LEVEL/PNLT 103.9
]
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+4 DR/OCTAVE SLOME

SYUARED RELATIVE

FREQUENCY STumMAL whil) METGHTED FPRESSUrRE CoNTRIBUTION
LEVFL, L FIGHT, » LEVEL, X KATIOD, Y OF v
' HZ Dy o BEL - -
e 10,0 -- -- -- -— --
. . 12.5 - - - - -
l1&.0 - - - - - -
20-0 - - - - -
25.0 - - - - -
Al,5 - - -- - --
‘40.[} - - - - - L -
5040 8.0 - .80 s3] +04 L0
63.0 4040 - 4.00 «1Qu«Ub L00u
BQa.0 42,0 - 4.20 s 1Ga+04 SO0
100.0 44,0 - 4,40 2251 +0b 00U
125.p Hé ol - Y.60 + 398+065 00
16044 400 -—- 4,80 2631405 .0na
200.0 50.0 - .00 « 10006 «00o
25040 52.0 - 5.20 v 158+006 <000
315.0 54,0 - b4 e 251 +04 «0an
400.0 560 . 5,60 v39R+06 0010
500-(} 58.0 - Ha.80 sH3]1+04 «Qan
1: 630.0 A .0 -- 6.00 »lOU+07 = 000
& 800D £2.0 - &4 20 + 158407 a0l
: {00D.Q 640 - b, 40 «251+07 «ant
125040 bhel - -3 v 398+07 00!
16000 68.0 - - 6,8y v 631 +07 007
2000.0 700 -- 7.00 el0Q+08 « 004
5 2500.0 72.0 .- 7720 «l54+048 « 004
;‘: 3'53000 7“.0 - 7."|U 25108 Ny
K 400040 T+ 0 - 7.60 s398+0i8 015
A S000.0 7840 - - 7By 2511 +08B « D23
i 43000 an.0o - 8,00 r100+0T »027
i 3000!0 &2-0 - - 8020 '15‘51—09 -053
“ tN000.0 BH.O - 8.490 #251+09 s 073
: 1250040 H&6.0 - BL,460 ¢ 3984+09 s 1YY
160000 88,0 - B,80 v 631 +09 «231
20000.0 90+ 0 -- ? .00 vl00+10 s 3&Y
SUM Y «271+10
: pBUL) = 10 LOGISUM V) P4l
|
¥
-155~-
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+6 DB/OCT

FREWUENCY
HZ

0l
‘2-5
ladayp
200
25. 0
31.5
Y0a.0
50e0
63.p
bG-U
P 1UBWD
‘ 1250

16040

A00.0
! 2bDl0
i 3l5.0
! 400-0
‘ S00.0

&30.0
: 800.0
% 1000.0
i 1250.0
[ 1400.0
2000.0
2500.0
315040
4000.0
5000.0
430010
80000
10000.0
125%00. D
| 1600000
! 20000.0

SuUM Y

j DBIA} =

AVE sLLGPLE

S1GaMAL
LEVEL, L

OR

10 LOGEsUM v

aB A
SF1GHT,

nk1)

704
-63.“
b b7
"50-5
-t a7
39,4
~34,.6
'3012
w2he2
-22.5
"19.1
-II‘III
“i 3.0
=105
af b
_5.6
=448
-2
-] 49
w g B
W0

o b
1.0
o2
1ed
12
1.0
5
=]
-1l
wl245
-3
“bHaed
~F 43

W

LEVEL,

BEL

L.38
1,95
2.49
2,99
J.48
3,91

4434
Y74
5.12
5.48
5.81

6,12
LI
badd
5.90
7.12
7433
T.52
7.70
7.85
Te?9
8,09
Byls
Bal?
BalH
8.07

-156-

X

SQUARED
PRESSUKF
RaT1o, Y

-603"‘0‘
e 240«02
+B9lsD2
e 30N9+023
«977+023
s 2R8+04
s 813+04
«2]1%+05
* 550405
0132406
*»302+06
s b4+ b
s 1 32+07
v 251+07
e 457407
* 794407
s 132+08
= 214+08
«3131+048
«501+08
s 708+08
«777+08
+123+009
*141+09
* 148409
1 36+09
s117+09

*372+09

879

RELATIVE
CONTRIBUTION
OF ¥

« 00N
20U
00D
000G
+ 40N
«agn
«+ 000
«000
» 00N
«001
+O0pt
« 0023
005
+0Nn8
L0114
027
« 034
sU52
20713
Ilol
« 127
« 145
- IS?
s 142
w121



e

A e v =

+6 DB/O T AVE

SLOPE

FREQUENCY STGHAL
LEVEL,

HZ DH
10D -
]205 - -
léda0 - -
20.0 -
25,0 -
J1e5 -
4040 -
50.0 B0
3.0 4O 0O
80,0 472.0
IUOIG &H-G
125.0 4hel
140.0 HE 0
200.0 50.0
25040 L240
31S.n 5440
400.0 S4+0
500.0 5H.0
&30.0 400
BOC.u 670
100G.0 64,0
1250.0 bbel
140040 680
20000 7040
2500.0 72.0
3150.0 7440
40000 7640
S5000.0 78.0
630040 B0a0
800040 82.0
16000.0 84,0
12500!0 d6he0
16000.0 88«0
2000040 0.0

SUM Y

L

DBIB) = 13 LGGISUM y)

ki

PR cEVTGHTF G
EITGHT, % LEVEL, X
n# Bet
3ke 7 -
"33.? -
=205 -
-2Ya2 -=
204 -
7l -
14,2 -
-1t 264
"903 3-07
-l 4 J.0
«G5,4 3,84
-'1-2 ‘4.16
-3 0 4450
2.0 ‘.89
“] o3 .07
-e B 65,32
-t 5,55
-3 S.77
-l 5499

20 b420

+ 0 haH0

. a bebl
.0 6.80
-l 6499
- 7.14
-8 74d4
-7 753
-l 7eb8
=149 7.8]
-249 7491}
wif g3 7.97
| 7e%9
wiietd 7.%6
=114 7.89
~157-

SWUARED

PRESSURE

Hartlo,

437400
sl 17404
e 288+04
e 6 2+04
s 1] 405
s 216+05
«4631+05
¢ 117+04
¢ 209+06
355408
*589+04
2277404
oI 58+07
+ 251407
«39H8+07
«&31407
277407

¥

¢151+08°

s 229+08
+339+08
+479+08
1644408
+B813+08
+933«08
+377+08
+312+0R
t776+08

+652+09

8841

RELATIVE
CuNTwriIBUTION
OF v

00n
SO0
-GDl'\
00N
000
00N
<006
000
JOnNao
<001
001
001
002
U004
006
01N
U015
10223
+035
1052
072
0T 9
125
R X
e 150
s 140
19



e

e

+6 DB/Q¢TAVE SLOPE

FREGUENCY

HZ

10,0
12e5
l16.0
20D
2%. 0
3leg
40.0
50.0
6340
&040
100.0
125.0
1600
2C00.0
250.0
315.0
400.0
50040
6$30.,0

. B0OW.0
1000.00
1250.,0
1600.D
2000.03
2500.0
315040
4000.n
S5000.0
6300.0
8000.0
100000
125000
1600000
20000.0

SuUM ¥

pBIC) =

Lauhr

1C

STGMNAL
LEvVEL, L

ne

LoGisUn v

BBECH
;'.E]GHT'

ns

-I"ils
1142
-8.5
-die 2
wlaH
~3.0
-2.0
‘1-3
-l
-3
-
-oZ

o 0]
o U
«0
o [
o 0
« 0
s C
+ 0

-l

-3

-, 5

-, 8
~1.3
2,0
~3,0
EL
—h g2
«Ba.5
=1142

W

SWUARED
WEIGHTELW PRESSUR
LEVEL, X RaTID,

BREL -
Jeb7 44684+04
JaF2 «8312+04
4,156 s l41+05
4,37 1234+05
4,58 + 380+05
4,79 +617+05
L.00 ¢ |00+06&
5.20 s 15hells
S.40 * 251 +0 4
560 *»398+06
5,80 +631+06
6,00 s« 100+07
6420 e 158407
haHO «251+07
b.60 « 13807
be79 «bh17+07
be78 *355+07
717 « 146+08
7.35 «224%4+08
7.52 «331+08
T.67 s 4Al+08
7.80 «63]4+08
7,70 «794+08
7.96 «912+08
7.98 e 955408
7495 vl89]+08
7.88 * 759408
shiBe0Q
8g.0

~-158-

3
¥

RELATTVE
CUNTRIBUT]ON
oF v

00N
« 000
000
000
000
« 000
000
« 000
« 00D
«00
+0N1
002
« 002
004
U0A
010
315
«023
« 035
+052
+ 0723
«099
0125
« 143
« 150
« 140
+ 119



STeVENS S0NZ5r PHONSy FROM DCTaAVE BAND LEVELS

+o JB/OCTAVE S5LOPE

FREQUJUENCY SISNAL  LOJDONISS
LEVEL INJEX

HZ b -—
63.0 45,1 o4
125,90 51,1 1.3
’ 250440 57.1 2.8
500.0 63,1 4.9
: : 1000.¢ 69,1 Be3
20000 75.1 14944
4000.0 81,1 26,5
16000.0 93,1 36,0
SJUY OF LDJUJINESS INDICES lu8.7
SUSTRACT VAKINJV LOUINESS INDEX - 52,0
96.7
MILTIPLY 3Y .3 ¥ 3
' 29,0
ADU MAXIMJM LOJINESS INDEX + 52.0
: LU6, SONES = (LO3 ~ 3ONES)/.301 6,34
: 2 1 X 10
@} MULTIPLY 4Y 10,
i 5§34
1 ADD 40, + 40,
’ PAUNS 103, 4
8
e
f;
1
sl
i
§
' '159"

Co e . s
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I‘_D"‘i*“ LSRR



-

Zerlekoer sones, phons, from 1/3 uvctave bauds
+6 dp/Octave Slovne -- L0L,.0 Puons

(¢/s)

63 125 224 315 400 S00 630 800Hz 10 125 16 20 25 345 40 50 &3 80 100 125 kHz (kels)
(GF ‘ "| \ \ ! \ I v \
phon ) : \ \ Y
115+ ] Ve—) | " A a5 | 1
i \ \ ;‘90 \ \ \ \ - \ sone (GFjlphon (GF)
q = V] \ ) I T s TR AN \
\ \ \ X ! \ 1 \ 1 _ _1r \
s b v Y 1 \ 1 1 \ -
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R 1 g Y Y N ogo ¥ v \ T \
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KRTTER PERCEIVED NOISE LEVEL FROM 1/3 poTAVE BANNS

+6 S3/0CTAvVE SLOPE

FREQUENCY SIGNAL PERCEIVED
LEVEL NOISINESS

He D8 NOYS
5040 38,0 .0
B30 40,0 0
; 8040 42.0 .0
100.0 40 .0
125.0 4640 .0
16040 YBe 0 1.0
20U.0 50.0 1oy
2500 52.0 1.8
315.0 5440 2.3
40040 56.0 3.0
5000 5840 3.5
63040 60,0 T
8000 6240 4.6
1000.0 BY4.0 5.3
125040 6640 740
160040 6840 10.4
u 2000.0 70.0 13.8
- 250040 72,0 18.1
& 315040 74,0 22,3
‘ 4000.0 76.0 25.6
500040 7840 274
, 63000 5040 29,4
P 6000.0 6520 27.4
- 1000040 B40 25,6
o 3UM OF NOY VALUES 233.9
i SUSTRACT YAXIMUM NOY VALUE =~ 29.4
3 MULTIPLY 3Y .15 X «15
‘3 30.7
BN ADD MAXIMUM NOY VALUE + 29,4
’g N 60,1
ﬁ' LOG N 1.78
. MULTIPLY 3Y 33,3 X33¢3
’ o 59,2
: ADD W0 + 40,
PERCEIVED NOISE LEVELs PNL 99,2
u ADD TONE CORRECTION + W0
¥ TONE CORRECTED PERCEIVED
L NOISE LEVEL»PNLT 99,2
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10,

11.

Appendix E. Addresses of Standards Organilzations and Assoclations.

American National Standards Institute

1430 Broadway
New York, New York 10018

American Society for Testing and Materials

1916 Race Street
Philadelphia, Pennsyivania 19103

Society of Automotive Engincers
Two Penmsylvania Plaza
New York, New York 10001

Institute of Electrical and Eleetronic Enginecrs

345 Rast 47th Street
New York, New York 10017

American Society of Heating, Refrigerating and Aiv-Conditioning Engineers

United Engineering Center
345 Last 47th Street
New York, New York 10017

Air-Conditioning and Refrigeration Institute
1815 North Fort Myer Drive
Arlington, Virginia 22209

Alr Moving and Conditioning Association
30 W, University Drive
Arlington Heights, Illinois 60004

Alr Diffusion Council
435 North Michigan Avenue
Chicago, Illinodis 60611

Home Ventilating Institute
1108 Standard Building
Clevaland, Ohio 44113

Association of Home Appliance Manufacturers

20 North Wackey Drlive
Chicago, Illinodis 60606

National School Supply and Equipment Association
Folding Partition Subsectioen

27 East Monrae Street
Chicago, Illinois 60603
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California Redwood Association
617 Montgomery Styreoct
San Praneiseo 11, California

Factory Mutuazl Enginccering Division
184 igh Street
Bostoen, Masgsachusetts 02110

Federal Specifications
Specification Sales (3IFRDS)
Building 197, Washington Navy Yard
General Services Administration
Washington, D.C. 20407

American Boat oand Yacht Council
15 East 26th Strect
New York, New York 10610

Radio Manufacturers Association
1317 T Street, N, W,
Washington, D.C. 20004

Compressed Air and Gas Institute
122 Fast 42nd Street
New Yorlk, New York 10017

Amer ican Gear Manufacturers Association
1330 Massachusctts Avenue, N.W,
Washington, D.C. 20005

National Electrical Manufacturers Association
155 East 44th Street
New York, New York 10017

National Machine Tool Builders Association
2139 Wisconsin Avenuc
Washington, D,C, 20007

Power Saw Manufacturers Association
734 15th Street, N.W,
Washington, D.C, 20005

Anti-Friction Bearing Manufacturers Association
60 East 42nd Street
New York, New York 10017

Hearing Aid Industry Conference, Inc,
75 East Wacher Drive
Chicago, Illinois 60001
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