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Objective

Sound is considered neoise whep it is "unwanted", There
are different mpinions on whether a particular sound is
noise based on some description of the sound's
characteristics, including whether the sound is
appropriate for the circumstances. A number of noise
descriptors have been developed because of the
difficulty in fitting an objective sound description
with a subjective determination of the wantedness of
thie sound. This paper will outline the deseriptors and
categorize them according to their use.

Moise can be described in many ways - from laymen’s
onomatopaetic words, like "hiss", "rat-a-tat", "boom",
"kachunk", "bang", "ring", "purr" - to technical terms
like "a pure-tone sound of 1000 Hz, at B0 dB, for 3
seconds. " This paper will show the apprapriate
descriptor for the circumstance.

The use of the data will determine the proper noise
descriptor. The same source of sound can be measured
by different technigues and described in different
terms, For example, suwppose the source is an air
compressor.  To compare this air compressar with
others, the sound power level would be useful. To
enforce a community regulation on air compressors, the
mastimum sound pressure level (A-weighted) would be
used, but circumstances would be considered such as
time of day, length of operation, and prostimity to the
nearest residence. If a survey on the noise
characterislics of the area were to be done, the
conpressor noise might be measured with a time waighled
average 1ike Equivalent Sound level (Legd pr Day-Might
Sound Level (Ldm). In a trend analysis, the neoise
wintld be degcribed in terms of people affected. The
deseriptor night be the number of people affected by an
Leg greater than &0 dB in 1977 versus bthe nusber in
1982, The subjective response of people Lo compressor
rioi se cowld he measured in novs., All of Lhese
techniques are used to describke the same sound.

One desciiptor cannot be used in all of these instances
berause aourees vary in frequency, intensity, temporal
characteristics, and spacial variatien. Receivers vary
i thelr subjective response to the sound source.
Circunstances vary. There are descriptors for each
conbination of sowece, receiver and clroumstance. This
paper will grouwp the descriptors by use categories.
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Some descriptors will bhe.in many categories; some will
bhe specific . bhere possible, an equation will be
given to allow for approximate conversions between
despriptors. The paper should allow persons in the
fiwld of noise contral to analyze use of the noise
data, and then select the correct descriptor for the

source, situation, and the receiver.
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Fundamentale of Sound

Sound is created when an object is set into vibratory
motion. The mplecules in an glastic medium surrpunding
the object @ré set in motion producing a sound wave
which is the ovscillation of the molecules in the
medium, Sound is heard when the characteristics of the
wave fall within the sensitivity limits of the human
ear. For seound to be heard, a sowrce., sediwnm, and
receiver are all necessary. For this paper, the medium
will he airi the receiver, human.

Sound is a result of oscillations in pressure, particle
displacement, and particle velocity in the air between
the source and the sar. An object in motion bumps the
alr molecules surrounding it, disturbing them and
pushing them closer together. This can be seen as an
instantaneous increpace in presasure or compression.  The
molecules react by trying to return to their original
position, but they overshoot, causing an instantaneous
decrease in pressure called rarefaction, The sound
wave ie propagated awasy from the source by successive
colliisions of air molecules, causing surcessive
compressions and rarefactions, on the way to the
receiver. It ig the sound energy and not the air
maleculess that travel from the source through the sir.

A, Intensity

a. Sournl Fressure Level

The increase or decrease (in pregsswre caused by
sourd is small in comparison with ambient or
atmospheric pressure.  MNormal atmospheric pressure can
be exnressed azs 1 bar. Fresswre changes created by
sountd are expressed in microbars (ubar) or 171,000,000
of & bBar. The normal human 2ar is sensitive Lo a range
from Q.0002 ubars te 2000 ubars. Becsuse of the size
of the scale, logarithms are used. Intensity is
gxpresasd as a ratio of the actual change in pressure
to the smallest pressure that the human sar can sense.

SBound waves consist of alternating positive and
negaltive pressures wilth respect to atnospheric
pressure. The msan values is zero. To sMpress average
sourd preseure, a root-mean-square is ueed. The values
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of the sound pressurés are squared and averaged over &
certain time period. The square rept of the average is
found. -

b—

The formula for expressing the sound pressure level in
decibels ist

dB SPL = 20 lag P/Pref

bhere: P is the root-mean~square pressure af the sound

Fref iz the reference pressure, 00,0002 gbars,
rouwghly eguivalent teo the threshpld of hearing. This
reference can also be expressed as 20 micro pascals,
0. 00002 pewtons/sguare meter or 00,0002 dynes/sq cm.

Figure 1 relates the common spunds in evervday life to
their sound pressure levels in decibels and sound
pressure in ubars.

h. Seund Fower Level

Another way to describe the intensity of sound is by
sound powsr. Instrumerntation is not available to
measure the sound power directly, but it can be

caleul ated from sound pressure level measwements. the
sound power is the amount of energy passing through a
writ area. the reference for acoustic power is in
matts/em™2. Thus, the formula for erxpressing sound
pavwer levels is:

dE IL = 10 log W/ Wref
where: W/Wref s (F/Preafd™2

4 is the power output nf the sowrce in
watts/ca™2
Wref is the reference power f 10%-146 wathe/om™2

Il stands for intensilty level. Sound FPower Level can
sglesn be enpressed as FWL (dE) or LM {(dEBE), when using
watts/cm™2 as the reference.

B, fFfreguency, Velocity, Wavelength

Fregquency is defined as the number pf complete pressure
variations, (compression and rarefactiorn) or cycles,
per second. The unit for shipressing frequency is
cycles per second ar Hertz (Hz). If a sound sowrce
vibrates 50 times a second, it produces & sound with a
frequency of S50 eyeles per second or 50 Hz.

The human ear ig sensitive hto frequencies from 20 Lo
20,000 Hz. Howsver, sounds of sgqual sound pressurs




Figure 1: Relationship of Common Sounds to their Sound Pressure
Levels and Sound Pressure

vn——,

SOUND PRESSURE
LEVEL e * SOUND PRESSURE (ubars)
(dB)

JET TAKEOFF ‘ l 20 200

PNEUMATIC CHIPPER
{at 5 £t.}
CHAIN SAW (operatar's “0 100 AMPLIFIED MUSIC
ear)
SNOWMOBILE (operator's 50
ear) 100 20
MOTORCYCLE a0 10
{operator's ear)
DIESEL TRUCK (40 mph) 5 POWER LAWN MOWER
(at 50 ftr.) 80 2 GARBAGE DISPOSAL
{at 3 ft.)
VACUUM CLEANER
PASSENGER CAR (50 mph) 70 1
{at 50 ft.)
CONVERSATION (st 3 ft.)
&0 0.2 AIR CONDITIONING UNIT
{at 25 ft.)
50 0.1
QUIET ROOM
40 0.02
WHISPER
30 0.01
SOUND STURIO 20 0.002
10 0.001
THRESHOLD OF HEARING FOR 0 0.0002
YOUTHS




R R T JURT

Sy :’5.‘::" TOTRL T Y

LAY Eay US ey

N T

ni

levels but different fregquencies ars not perceived with
equal loudness., The s is mogt sensitive to sounds
between 1000 and 4000 Hz.

Creme—

The digtance betwesen two successive conpressions ar two
gucerssive rarefactions is talled the wavelenghh.

The speepd of sound in alr is dependent on temperature.
At room temperatwre (21 degrees C) the veloocity of
souwnd in air is 344 neters/sec (1128 ft/sec). The
relationship between the spesd of sound and
temperatures normally encountered in community noise
situations is (22) ¢

1087.42 + 1.99t ft/sec

i

£

c = 1052.03 + 1,10&6F ft/sec

c = 331.45 + 407t cm/een
where! © = velogity of sound

temperature in degress centigrade
temperature in degrees fahrenheil.

i

t
F

Freguency (f), velocity () and wavelength (lambdal) are
relabed by the formulal

z 5 f{lanbda)

Tabhls I relates frequesncy to wavelength.
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Table I:

Frequency

235

100
200
400
800
1000
2000
4000
8000
10,000
16,000
20,000

e

Relationship of Frequency. to Wavelength

{e¢'= 344 m/sec or 1128 ft/sec)

(Temperature = 21°0)

(Hz)

Wavelength (m)

13.76
3.44
1.72
0.86
0,43
0.34
0.17
0.08
0.04
0.03
0.02
0.017

Wavelength {ft)

" 45,13

11,28
5.64
2.82
1.41
1.12
0.53
0.26
0.13
0.09
0.06
0.05
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Heal th Effects of Noise

f. Hearing Measurements
a. Hearing Level

The human ear perceives different frequencies of equal
sound pressure level with different loudness levels.
The decibel hearing level {(di HL) uses the sensitivity
of the average human esr with no otological history,
narmallized for aging.,at various freguencies as.its
reference. It can be related to dB SPL at specific
frequencies. Prior to 1944, different countries had
their own standards for normal hearing. The 19951
standards of the American. Standards Association (ASA)
are shown in Table II. The American and British
standards differed by over 10 dE. In 1944 the
International Standards Organization (ISD) issued a
recommended standard based on threshold experiments by
American, British, French, Russian and West German
laborataries. In 1969, the American National Standards
Institute (AMSI) gave its specification for auwdiometears
in §8.3.6-194%9., Clintcal avdiometers are more commonly
equipped with Telephorics TDH-39 earphones which differ
slightly from ANGI. These valuss are shown in Table
II.

b. Minimum Audible PFressure, Minimum Audible Field

To describe the sound intensity necessary for a normal
hesring person (with ro otelagicsal history) Lo just
detect the presence of a sound stimulus, btwe methode of
measwrement sre wased.  One invalves testing the
individual throuvgh sarphones to yield minimam audible
pressure (MAFY., The other approach involves seating
the individusl in the sownd field and presenting the
gtimalug through loudspeakers, yvielding minimum avdible
fieeld (MAF) thresholds. The values chosen represent a
measwre of the central bendencies of a group of normal
hearing subjects. MAP and MAF yvield differant values.
The MAF rurve consistently falls below the MAF curve,
showing that hearing thresholds are lower when both
gars are used in the sound field.

Upper limits of hearing have alzo been established.
They are referred to as Lhe threshold of fesling,
tickle, touech, tolerance, or pain. Uncomfortable
Towcdness ocowrs wilth sound pressure levels of more than
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Table II: Standard Reference Levels for OdB HL reference: dB SPL
Frequency ASA IS0 ANST Telephonics
“(Hz) 1951(1) 1964(1) 53.6 TDH~39 (3)
1969 (2) .
125 54.5 45,5 45.5 45,0
250 39,6 24,5 24,5 25.5
500 24,8 11.0 11.0 11.5
1000 16.7 6.5 6.5 1.0
2000 17.0 8.5 B.5 9.0
3000 : 75 10.0
4000 15.1 9,0 . 9.0 9.5
6000 8.0 15,5
8000 21.0 9.5 9.5 13.0
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100 di for the neormal hearing population. Lower levels
can be nncoamfortable to people exhibiting the
phenomenon of recuritment, -

Figure 2 shaws the MAF and MAF thresholds, and the
upper limits of hearing for the normal hearing
popLlatian.

c. Compensation Formulae

One of the normal ceonsequences of aging is hearing
loss. The term "presbhycusis" is used to describe the
gratual hearing loss asscciated with advancing age.
Hawever, a study of primpitive tribesmen in Africa who
had no exposure to noise, did not show any appreciable
hearing loss az they got nlder(4). The term
"sociocusie! was suggested by Glorig (D) to describe’
the gradual loss of hearing due to noise exposure as
well as aging.

A sudden loss of hearing due to noise is called
"acoustic trauma'. It can be caused by a single loud
blaast or explosion. The tympanic membrane can be
ruptured, the pssicles displaced, or the hair cells in
the rcochlea can be damaged. The gradual loss of
hearing due to noise exprsure is called "noise-induced
hearing loss", and is characterized by damage te the
hair celle in the cochlea. In its beginning stages it
is reversible damage, and the hair cells can recover
after a period of rest in a quiet environment. During
this stage, when the hair celle have not been destroved
by noise but merely fatigued, the hearing loss is known
as a temporary threshold shift (TTS). Repeated noise
erposures resulting in repeated TTS will eventually
tamage the hair cells perpanently. This loss of
hearing is so graduwal bthat the affected individual
probpably will not rotice a change in hearing.,  The
firast evideonce of damage occlrs in freguencies above
the speech ranoe, soa the individual will neot be aware
of any difficulty in communication, in good listening
conditions. In poor listening conditions where there
may be other nolse, competing spesch, or reverberation,
speech will]l seem garbled as if Lhe speaker wers not
erunciating clearly. :

A typical proegression for a noise—induced hearing loss
i shown in Figure 3. After one yvear of edposdare to
noise abowve 90 dBA, the loss is omly &t 4000Hz., In 5
- % years, the notch widens but the greatest dip is at
S0 dE HL at 4000H=z, It is only after 35 - 3% vears
that the lose influences the speech frequencies (500 -
2000Hz) significantly.

10




Fiqure 2:

Pigure 3:

Minimum audible pressure (MAP) and minimum audible
field (HAF) thresholds, and upper limits of hearing
{3}.
160 |' “TICRLE® (Bekeny, 1938}
1o
120 *PRICKLING "{Dakasy, 1938)
*FEELING*(Wagal,1932)
100k
M AP
[Yanwart
ao atal, 1987}
LI 3
MNortham
o L MAP (Dsdsans Kinp, 1852 al,1872
2o MAF
{Rabinson BDadsan,
op . TOES]
L A 'y F dodol L} 11 al
im0 100 ik Ton 10k 158 200
FREQUENCY (H:)
Typical progression in Hearing Loss as Functlon of

Years of Exposure to Industrial Noise of High Intensity
{2).
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By 1949, all states in the WU.S. had enacted some form
of workmen's compensation legislation. At first only
accidental injuries were covered. Subsequently, the
lavws were expanded to include.gccupational disease,
which includes noise induced hesring loss.  Several
formul ae were developed to determine the degree of
hearimng loss which was compensable.

The American Academy of Opthamology and Otolarynglolgy
get forth a guide for the évaluation of hearing
impairment in 1959 (48). The American Medical Association
adopted it in 1961(7). The criteria can he summarized
as follows:

Momaursl Lozs:

Average the thresholds at 500, 1000, and 2000 Hz.
Subtract 25 dB as the low fence. (A low fence is the
average hearing level below which there is assumed to
be no handicap.) Multiply by a weighting factor of 1.5
to find the % sonawral impairment.

Hinaural Loss:

Fing the % loss in both ears. Multiply the % loss in
the better ear by S, then add the ¥ loss ih the poorer
@ar, Divide by & to find the % binauwral impairment. The
Binaural impairment is the handicap of a person
listeming with both sars.

The National Institwute for Occupstional Safety and
Healtl (NIOSH) suggested & different formula in
1972¢8) . The only change from the AMRDD/AMA criteria is
the freguencies used In computing the average. NIOSH
recommends averaging thresholds ak 1000, 2000, and
JO00Hz . The importance of 32000 H: for speech
intelligibility wnder difficult listening conditions
zich a5 high hackgrowund noise has been established
sineer the 196075, (9)

Trm 1975, ihe Natienal Reszarch Cowrcil Commithee on
Herarimng, Bioacowstics and Biomechanices released their
compensation formul ali) . They averaged thresholds at
1000, 2000, and JI000 Hx oas did NIOSH, but weed a low
ferze of 30 ol ML and muloiplied by a 1,73 weighting
Factor. The computation methed was Lhe same as Lhose
previons. The higher low fence meant that a greater
Fearing lass was allowed before awarding compensation.

Ire 1978, the chief juwdge of compensation of the Mew
Jereey Department of Labor and Industry handed down a
ruling on the compensation formuwla for NMI(I1). His
formula was the most lenient in granting compensation
far twaring loszs arkl was computed in the fellowing
=Ty =T

12




Monauwr-al:

From thresholds at D00, 1000, 2000, JI000{if available),
and 4000 Hzx subbract a low fence of 25 dE M. Find the
average and multiply by the 1.5 welighting factor. This
gives the % monaural impairment.

Binatw-al:

Add the % loss in the hetter ear and the % loss in the
poorer ear, then divide by 2. This yiglds the %
Binaural impairment.

In 1980, NJ passed a law, S3342, defining the formula
for compensation for hearing loss. By law, these are
the oriteria:

Monaursl:

Averayge thresholds at 1000, 2000, apd 3000 Hz.

Subtract a IO dB HL. low fence, and multiply by a
weighting factor of 1.5. This results in the %4 monaural
loss.

Bimawural:

Multiply the % loss in the better ear by 5, then add
the % loss in the poorer sar. Divide by &, The resull
ig the % binaural loss.

The variouws methods for calcuwlating hearing loss for
compenzation are compared in Table I11. A fictional
person with decreased hearing thresholds was wsed to
show the differences in the compensation awards.

B, Heslbh and Weltare Effects

Hoiae affects health in many ways other than hearing

- These include hvpertenston, stress, sleep

L sruption, startle effects, and effects on a fetus.
Maise can interfere wilh speech, making it inpossible
Lo higar warning signals, ar just masking encugh of the
wpeech sounds 8o that the message i: misunderstood.
This can ezspecially affect chiltdren dwing the tins
they are learning language and may he redferred Lo a8 &
"wal fare" effect of noise. The following desariplore
are used to relate the level of sound to health and
vie] fare effects,

H. A-weighted Sound Fressure Lavel

The human sgar is not equally sensitive st all

fFrequenei es., It is most sensitive to Frequencies in
the range of 1000 to 4000 Hertz, least sensitive to low
Frequencies, In relating health effects to nolse, the

13
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Table III:

Year Society Average Thresholds (liz)}

1959 AROO 500, looa, 2000

1961 AMA
1972 NIOSH 1000,

1975 NRC~CIBB1000,

2000, 3000

2000, 3000

Comparison of Compensation Formulae

Low Fence Weighting % loss RE % loas LE

(4B HL)

25

25

35

1976 NJ-DLI 500, 1000, 2000, 3000, 4000 25

1940 NJ-53362 1000, 2000, 3000

30

For a person with the follpwlng thresholds:

500 1000 2000 3000 4000 B00O

RE 15 20 35
LE 20 35 58

50 &0
60 70

1.5 0 18
1.5 15 LY
1.75 0 26
1.5 17 35
1.5 B 30

o e b e = Lt g e e om i = TR A bt it e e sm Y

LT PRI PONRE NN

sbinaural loss

19

26

11
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huaman ear’s zsensitivity must.be approdimated. Several
frequency weighting networks were developed to simulate
the way the ear bhehaves in different dynamic
conditions. The A-stale was an approvimation of the
human ear response to zound less then 55 dEk, the
E-scale from S5 to 85 dE, and the C-scale for sound
above 85 dB. These weighting scales are built inte the
electronic circuitry of a sound level meter. Ry
convention, the A-scale is the weighting network used
for all conmunity noise measuwements. Also, the
etandards set by 0SHA use the A-weighting. The
weightings are shown in Figure 4.

The A-weighting is used in the follawing two
descriptars, If used by itself, the A-weighted sound
pressure level denotes either the sound level at a
giwven instant, a maximum level, ar & steady-state
level.

b, Time Weighted Average

The effect of noise opn hearing is correlated to the
intensity and dwation of sound. There are two
hypotheses relating noise exposure and hearing loss. 1.
The "egual-energy" hypothesis states that the hearing
hazard is determined by the total energy that the ear
iz subjected to on a daily basis, This total energy is
a product of sound level and duratiaon., 2. The "esqual
temporary effect" hypothesis states that the long-term
effect of stesdy~stabe nolae exposure is predicted hy
the average Lemporary bthreshold shift produced by the
same cdaily noise. However, it has been observed thal
intermititont noise iz less haromful than unbroken
grpoasuwre to steady-stale noise alt the some lewvel .

A descriptor that relatee sound intensily and doration
ia the time-weighled average or TWA. Th i used to
calocuwlalbe compliance with the O8HA standar-d. I+ Bm is
the total Lime of exposure ab o speodilied nouiss Jevel,
it Tr o is the tobtal bime of exposure persiltted at that
Tevel, the THA i equal Lo the sunm of Lhe fracbions:
C1ATL + CE/F2 + ...+ Cn/Tn. EF the TWS exceesds 1, the
noise exposureg is above the specified limit of the O08HA
shandard.

c. Eguivalent Souncd Level

A meastre accolwnting for both the duration and the
imtensity of sound dwing « given per-iod of tioe is bhe
equivalernt continuous nolize level or Leqg, It is
defined as the level of a steady-state continuous sound
hawving the samg ensrgy @és the achual time varying

15
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The major virtue of the Leq is that it correlates well
with the effects of nolee on people, including hearing
laoss, annovanece, and long term effects like
hypertension. It is useful when relating the duration
and intensity of souwnd, but not the conditions
surrounding the noise. It doe= not correct for time of
accurrence {(day or night.)

The major problem of the Leg ie that as an average it
does not show the absolute value of the high and low
levels. High levels of noise have different effects
than the emnetrgy average. As an example, consider
airplane noise. The level of one overflight may be 112
dbB SPL vielding an Leg for the day of only 50 dB, if
other sources are relatively quiet. Uhile the averaged
level of 50 4B would not cause auvtonomic changes 1ike
the startle responze, those effects would certainly
oo curing the 112 dR overtlight.

The determination of the Leq aay be sanual or
instrumental .  Instruments are available to read the
teg directly. If the distribution of levels is
Gaussian, the manual method of determining the Leg can
be used from cbtaining the L10 and LEG values. If the
level distribution is not Gaussian, ar if there are
impulsive zounds present, the manual ssthod is not
valid and the insturmental method must be used. The
Formul s for the sanual determination is:

Leg = L3O + 0,07 (L10 - LS ™~2

The L1C is the S—-weighted sownd level thalt ie ewceeded
100 of Mhe trme. The LG i the A-nelghbed sound levsl
that le excesded 9074 of the time. A siaple procedure
invelving & sound level meter, stopusteh, and data
sheet is available for their calculation. Every 10
gerunds record the instapbtaneouns A-weighted sound
level. A sample data sheest is shown in Figure 4.

After S0 sanplos have been taken, look at the range of
levele measured. Mualtiply this range by 10 to compute
the toltal number of sapples required for statistical
signl Ticants, AfLer the sppropriabs number of samples
have heen taken. find 10% and 0% of this total.
Starlting at the highest entry, count down Lo bhe 10%
rnumber entry. FThis is the L10 wvalue. The LS50 value is
the median entrvy. Use these numbers in the bLeg formula.

The U.8. Environmental Protection Agency has identified
levels thatl protesct public hMealth sand welfare with &
margin of safety.(11) These levels were derived
wmithout concern for technical or ecornomic teasibility,
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Figure 5: Example of a Data Sheet for the Manual Procedure for
Statistical Descriptors (13).
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and contain & margin of safety to insure their
protective value, so they should not be viewed as
stamdards, criteria, regulations, o goals. The EPA
states that an Leqg less than or equal te 70 dBA over a
24 howr period would protect the general population
from suffering hearing loss. An Leg less than or eqgual
to S5 dBA over 24 howrs would prevent owtdeoor actiwvity
interference and annoyance in outdoor areas where
people spend limited amounts of time, such as school
yards, or playgrounds. To prevent indoor activiiy
interference and annovance in indopr areas with human
activities such as schools, the EPA suggests an Leg
less than or equal to 45 dREA over 24 hours.

1. Impulsive neise

Arn impulsive noise rapidly rises to a peak and then
decays. There are two categeries of impulsive noise. A
single impulse can occur from & oquarry blast. A
repetitive impulsive neise would result from a drop
hammer, an wunmuffled rock drill, a two-stroke
motoreyaele, or a truck-mounted garbage compactor.

There are five physical parameters important for
describing impulsive sound. (14) Thesg are illustrated
in Figure é.

(1.} Crest Level
The crest level is defined as the differerce in sound
pressure level between the peak or maximum sound
pressure level , and the root-mean-souare (rms) level of
the neoise. For a noise to be considérsd impulsive, the
creat level should sreceed 10 dB.

{2.) Duration
The duration is the amount of time that the
instantaneous pressuwre siceeds the ros value,

(3.) Feriod
If Lhie sownd iw repetitive, the time duration betwsen
two successive impulses in a trrain of imnpuleess is
called the period.

(4.) Spectrun
The spectrwn is a breakdown of the sound energy into
its frequency components.

(Te) Rise Time
The ricse time is the time reguired for Lhe impulse to
rige from the backgrount to the psak.

a. Feal:
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Figure 6: Physical Parameters of a Typical Impulsive Sound (14).

Rise Time ——f j— D: Duration

—D P: Period
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The peak setting of a sound level meter will show the
maximum sound pressure level sensed by the microphone.
By wusing the peak hold, the meter will show the highest
value until reset. The term “peak zound pressure level"
means that no freguency weighting scale is used. The
term "peak sound level" means that the A-weighting has
besn used.

Ta evaluwate hearing loss due te impulsive sound, the
peak sound prescsure level znd the time history of the
noise is measuwred, HBobth the energy theory and the
temporary threshold shift theory support the use of the
peak sound level for evaluating the risk of perimnanent
hearing loss.

b. Impulse

The impulse setting on a sound level meter integrates
the sound ever a very short time period (35
millisgconda). This time period was chossn because it
approvimates the time the ear needs to pereceive an
impulse. The time necessary varies with the intensity
of the sound. The time increases as the signal iz
decreased to approach the thereshold of hearing. The
time also varies slightly with frequency. In different
studies (14) the time necessary for perception of an
impuleive sound has been measuwed in values ranging
from 13 ms to 200 ms.

Beprause of the variation in the auditary perception
time for impulsive sounds, there is s problem in
evaluating the subjective judgement of the annioyance of
impulse sounds From any particul ar merasurement scheme.
Twpul se sound level meters have the 5 millisscand
averaging time bBuilt inteo the circuibry & an averags
Liwe to approvimate the sar’s perception Lims.

. Fast

The averaging time for the fast seltting on the sound
level meter ie 1235 milliseconds, Thie sstting is
generally wsed for & source such as & motor vehicle,
which is fo be measured as il passes by. The fast
sebting allows the maximum sound level to be read,
without a peak hold.

d. Slow

The averaging time for the slow setting on the sound
level meter is 1 second. The slow setting is generally
uzed for steady—-state sound, but thes A-weightecd s)owe
response setting of the sound level meter was found to
approdimate the Leg of impulsive sounds with an

21
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accuracy of +— 1.3 dB. (18)ee
&, Equivalent Sound Level

The Leqg is the energy-average of the integrated
A-weighted sound level over a specified observation
time. In assessing the annovance of impulsive sound,
excluding helicopter necise, a constant subjective
correction of +7 dB should be added to the Leg. This
means that if impulsive npise is present, 7 dB should
be added te the Leq te approximate the annoyance that
would be present from a steady-state sound. (14)

2. Speech Interference

Nomise interferes with speech signals by masking them.
Background noise raises the thresheld of hearing to the
puoint where the sounds necessary for speech
intelligibility are not sudible. Consonants are more
readily masked than vowels, and contain most of the
informakion in speech. They are higher in freguency

FZ2000 Hz) than vowe! scounds, and contain less sound
Energy.

Speech sounds are distributed ever the freguency range
of 100 to 10,000 Hz. Bubt nearly all the information in
speech is betwesn 200 and 4000 Hz. The sound for /s/
is above 3000 Hey for /shy is between 2000 anpd 4000 Hzij
for /F/ is between &S00 and |8000 Hz. (15)

Noiee greater than 20 dBA can interfere with spesch
gignals making Jt difficult te hear directions or
warning zigrals, A level greater than &5 dBA can make
it dmpossible o hear on the telephons and tiring to
hold & discussion becalss mors vocal effort is nesded.

Speech levels are measursd in terms of a long-time
(approvimately 40 spcond) ras sound precsure level.
Thig can ke approximated by adding 2 dEs to the peal
deflections for sach ward in & sentence with the meter
at fast response. If the meter is set al slow
Fesponse, B dBA must be added. (14

Thie followibyg descripkors ralke nojse wibh Fespect to
iths abilily to mashk speech. A1l of thesm sssume that
the lisatense has normal hearing.  If€ the listensr has a
hearing impairment, none of the descriptors is valid.
The descriptors also pertain only to steatdy-state
sl Reapidly varving =and fluctuating noi ees such a&s
those produced by Lraffic sare not considered.

I+ the mashking noise totally drowne out the sigmal
rendering speech inaudible, speech ie sald to be below
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the thresheld of detectability. If the speech can be
tetected, but not upderstood, the speech is said to
have poor intelligibility or discriminability. The
following descriptors relate to the clarity with which
speech can be heards they measure intelligibility,
(17)

a. Articulation Index

The range of 200 to 6000 Hz is of most importance to
the wunderstandimg of speech. The Articul ation Indewx
(Al) breaks noige down this frequency range into a
large number of frequency bands and averages the
masking inm each hand to approdimate the total masking
of the noise.

The Articulation . Index is defined as 1/30 of the mean
speech-to-noise level in 20 frequency bands in each of
which the contribution teo intelligibility ie equal.
The articulation index ie often computed from
one-third-octave ar octave-bhand levels appropriately
weighted according to band-width. (17)

The AT is used to evaluate speech~Lransmission systems
like telephones. It ig rarely uged in community nolss
because of the complexity of the conputatieon. The Al
was hased on intelligibility tests inveolving male
talkers and trairmed listeners so it cannot be assumed
to he valid for faemale talkers or children.

b, Preferred Speech Interference Lsvel

The Preferred Speaech Interference Level (FSIL) is the

arithmebic average of the sound nresseee Jeviels in Khe
atitave hands with center frequoanctes SO0, 1000, arnd
2000 Hew The unit of the PRIL is the decihbsl.

The FSIL is a simplified approvimation for determining
whether rofse will mask speech. M oi1s related to
canmuni cating difFiculties in Figure 7.

The following cheart relates FSIL with telephone vsage.
(1en

FEIL TELEFHONE USE
Wb di Satisfactory
&0~T5 4R Diffirulh

*80 dR Tmpussible

The FEIL can be used for design criteria feor buildings.,
Tabile IV give: masimum permissible PSIL for various
roams measured with equipment and wentilation systems

23



Figure 7: Rating chart for determininé speech communicatilon capability from
speech interference levels (18).

QIFF]

DISTANCE FROM SPESNER TO
UISTENER Iy FEET

Table IV: Criteris for Noise Control (18),

Maximum Permissible PSIL
{muaasured when roaom

Typo of Room is not in usel

Small Private Office ’ 45
Conterenze Abom for 20 a5
Conterance Room for 50
Mavle Theatis a5
Thuatres for Drama

{500 sant, no ampliflcatlon} a0
Coliseun for Sparts QOnly [AmplIficatlon) 55
Concert Halls iNo armplification) 25
Secratarlal Officos [Typing} 60
Homes (Slecping Areas) 30
Asssmbly Hetls [No amplification) el
Schowi Roomhs X
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im use but no people working.

; A room can be too gquiet. If the background noise ds
| ton low, conversation e easily overheard and privacy
} is threatened.
1
i
]
I
i
1

€. Sprech-Interference Level

The Speech-Interference level (SIL) is the arithmetic
average of the sound pressure levels of the interfering
noise in the fouwr occtave bands centered on the
frequencies 500, 1000, 2000, znd 4000 Hi., The unit of
Sil. is the decibel.

There are two possible applications of the SILD L.
Moises may be ranked with respect to speesch
interference. 2. .The difficulty of face-to-face
cammunication with respect to talker—-to-~listener
distances and voice level reguired may be related to
SIL. This relation is shown in Figure 8. The region
below sath cui-ve shows the btalker-to-listener and
noise-level combination for which just reliable
face~ta~face communicetion is pessible. The parameter
on gath curve indicates the relative voice level. The
Ff-uweighted sownd level shown on the abiscissa is
approvimate. The relation between epeach-interterence
level and A-weighted sourd level cdepends on the
speclrun of the noise. (19)

The SIL differs from the A-weighled sound lewvel
according toe the spectrum of the sound. Typically. for
many common neises, the A-weighted sourd lewvel will
enual the SIL + BdBE. (19) The owverall O=wsigbted sound
Tevel will equal the SIL + 15 o, (0)

t. A-weighted Sound Pressuwre Level

Spesch interference can bie directly rel-r

seewedghtted sound pressure Tevel of bhe : =
ghows the effects of noiss on the perc Ger L
vee are intelligibie to rorasl hearing people In
zal living roon. The speeth levels were farrde
constant throughout the roomn heyvand |omotar froam Lhe
speaker . (12) It should be hkeplt in mind that peopis
unconsciously raeise their voices when the bacharound

rmies is 459 dBb.

Fecause the A-welghted sound ITewvel can
feam & sound level meter, it iz & f i
Lhe 8IL, FPBIL, ar AIl. However, sound 2
e irgments tend to overrate the spepch-interference
properties of high—freguency noise. Cavtion should be
uged when there ig a significant high fregusncwy
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Figure 8: Talker-to-listener distances for just reliable communieation (19).
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Percent Sentence Intelligibili

Figure 9:

Effecta of noise on the percentage of sentences
intelligible to normal hearing people in a typical
living room (12).

55 60 65 70

Steady A-Weighted Sound Leve! in dB
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conponent to the neoise. (21
g. Signal to Npise Ratio

The relative sound pressure level of speech to that of
ambient noise is the signal to noise ratio. Speech
signals only need to exceed the background neise by 10
to 20 di to be intelligible in the range of 30 — 110 dE
noise. At very high background levels, a deterioration
in intelligibility will occur with the same S/N ratio.
Thae intelligibility of digits is 1004 even if the
signal and the noise are at the same level. The
relationship of variouws types of spesch sigrials and
their intelligibility in moise is shown in Figure

10. (22} . .
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Figure 10: Relationship Between Intélligibility Scores and
Stgnul-to-Noise Ratles (22). ™

............

Signat = te —nais ratio (dB)
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Regulations
A. Dcrcupational Safety and Health

The U.S. Department of Labor, Occupational Safety and
Health Administration (08HA) has established a
regulation on occupational noise exposuwre. It applies
only to workplace noise. It sets limits on the length
of time that a worker may be exposed to a certain
intensity of souwnd. The following table ocutlines the
standard.

Duration per Day, Hours Sound Level dBA

8 F0
4 @5
2. 100
1 105
.8 110
0,25 115
pealk 140

The descriptor used Lo determine compliance with the
regulation is a time~weighted average of the noicse
enposure. The sound level is measuwred in decibels on
the A-weighting scale to approwimate the sensitivity of
the human ear. However, the length of edposure is also
& part of the formula.
The time-weighted average (TWA) can be calcul ated by
summing the quotient of a worker’s actual exposurs to
noise and the amount of time allawed. IFf the TWA is
greater than 1, the worker is exposed to too much
noise. For edample, suppose a worker is exposed to F0
dRBA for 2 hours, 100 dBA for 1 howr, 90 cBA for 2
leurs, and 80 dBA for the remaining 3 bowrs, He ia
allowed to be gnposed to 90 dBA For 8 hours, 100 dEA
for 2 houws, ?5 dBS for 4 hours, and 80 dBA for an
unlimited pericd. His TWA could be fournd by:

TWA = actual /allowed st 20 diA+ actual Zal lowed at
100 dBA+ actusl /zllowed at 95 dBf

TWA = 2/8 + 1/2 + 2/4 = 1.25

Sinece the TWA is greater than 1, the worker is
averexposed Lo noise.

The TWA can be obtained directly from an instrument
called the dosimeter, The worker wears a small
migrophone at the par, on a callar, or on the showlder.
An slectronic monitor is connected to the nicrophone
and accumul ates the dose according to the NSHA
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atandards. After the workday, the menitor is plugged
into an indicator, and the TWA is read.

The levels chosen will protect the average worker from
suffering hearing loss during his working career. But
some people are more sensitive to hearing loss. A safe
level of exposure will differ with the individual.

QSHA recognized these differences and developed & plan
to find those people sensitive to noise and protect
them. In legislation effective in 1981, all workers
exposed to noise in excess of an 8-hour TWA of 85 dHA
must be enrolled in a Hearing Conservation Frogram.

(23}

et

B. Aviation Noisge

The Federasl Aviation Administration has jurisdiction
over airplane noise. Their regulations cover the
pperation of the plane, the certification of the plane,
and the planning of the airport site. Airport
proprietors have jurisdiction over ground operations.

The following descriptors were chosen by the Federal
Aviation Administration (FAAY for their regulations.
The frequenay spectrum from 2ircraft is o wnique that
many atkbempts have been made to relate this type of
noise to the annoyance exper-ienced by persone living
near airports. The descriptors account for the noise
spechirum of gingle atrcrafl flyovers and the number of
aircraft heard within a certain Lime-frame.

Aa. Perceived Moige Leave!

The FA4 sets regulations for the cperation of sirperts.
Fhese ipclude noies level limits for alrplanes on
talkmesf and landing.  The Fercelived Nolse Level (PN
e uned in Lhe comprtation of the test data Lo
determine conpliance.

The 24 ore-—Lhird octave bands of sound pressure leval
arg converted to percelved noiciness by means of a nov
table. The rmoy values are combined and then converted
Lo imstantansous pereelved noise levele. The unit for
PHNL is PNdE. (24 In bLhe "Subjective Response” section
on page 62 the noy table ie shown.

The 40 npy conleour has been converted to a freguency
welghling netwark sncorporated into the circuitry of
the sound level meter. I is called the D-weighting
seale antd is shown in Figure 11. However, when the
Tawinl measiered with Lhe meter was cogpared to the
calowlated FHL, the PNL exceeded the sceale by 7 dB.
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Figure 11: Freguency Weightings Illustrating the A, B,
C, and D Scales (13}.
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The D-weighted sound level must be corrected by 7 dB to
approvimate the PNL.

b. Effective Perceived Nolse Level

The FAA regulations for airplanes on takeoff and
landing are expressed in Effective Perceived Noise
Levels (EPNL). The EPNL. adjusts the PNL for pure-tones
and the duratiom of the flyover. The FNL varies during
the flyover. When the aircraft ig directly overhead,
the noise from the fan is dominant and as the plane
recedes the lower freguency jet noise predominates.

The ERNL reguires summing 1/3 octave bands for the
duration of the flyover in 0.5 second iptervale. The
manimum values attained in each band during the flyover
become most impaortant regardless of whether the peaks
ocour simultaneouwsly. The unit EPNdE is used instead
of the unit dE. (24}

. A~weighted Sound Pressure Level

Although the FAA regulations require certification of
aircraft in wnits of EPNDR, many airport and community
noise analyses utilize a noise rating scale that is
based vpon A-weighted decibels. Therefare, the FAAM has
estimated the aircraft noise levels for all the
certified aircraft in decibels measurwd on the A-scale.
(25}

. Day-Might Equivalent Sound level

The Day-Night Level, Ldn, was introduced by the
Environmental Protection Agency so that & single number
could measure the community sxposuwre over a specified
period. It was desigred to prediet the effecks on a
poprl ation of the average long—term evposure Lo
grvironmental noise. Since the EFA used the Ldn for
its recommended levels o protect heal th and welfare,
The: FAA used the sanme descriptor for their regulations
on alrport nolse compatibility planning.

The Lodn i bhe 24=houwr average souand level. dn
decibels, for Lhe period from midnight to midhnight,
ahtained asftaer the addiltion of ten decibels Lo sound
levels for the period between 10 PLOM. and 7 A.M., local
Lime.

The yvearly Ldn is used for the analveis and
characterizakion of multiple aircraft noigez events and
for determining the cumulative exposure of individuals
to noise from airports. (24}

e, Sound Enposure Level
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The Sound Expoasure Level (SEL), also Known as the
Single Event Noise Exposure Level (SENEL) was chosen by
FafA to measure maximum sound.leyvel in censidering
environmental impacts. (27)

If the masimum sound level was graphed during an
airplane flyvover, the Sound Exposure Level could be
thought of as the area wnider the curve. It is the
squared weighted sound pressure, integrated or sumned
over time, referenced to the standard pressure squared,
times one second. For example, a sound of 90 dBEA for 1
second has an SEL of 70 dBA. A zound of 90 dBA for 10
seconds, has an SEL of 100 dHA,

f. Composite Neise Rating
For considering cumulative noise, the FAA chose the
Compusite Moise Rating (ENR) as one of its
descriptors. (27) The CNR corrects the EPNL for the
number of day and night flights. Mathmatically, (22)

CMR = EFNL + 10 log (Nd + 10 Nmd - 12

il
Hi

Effentive Perceived Moize Level
number of daytime flights
number of night flights

whzre EFML
Mt
Mr

The CNR is associated with community response. A
public responss scale including "no reaction,
"asporadic complaintg”, "widespread complaints",
"threats of commupity action", and "vigorous community
atmlipn! was thwe basis for its development. (39)  The
descriptor was based on a limited number of social
gurvays and worked best if based on & calibration point
for a particulsr commurdltyv,  If zn airport already
grists in & communilby, the CMF is good for predicting
chranges 10 tommunity response to changes in the
abrpordl,

. Moisme Exdposure Forecasht

Thg Molese Exposure Forecsst (MEF) waz one of the
demecrivlbors chosen by Lhe FAS as a cumul sbive noiae
mezaslr & for considering environmernta! impacts.  NEF
contours are bhe bhasis of eligibility for Alrport Nolse
Conlrol and Lend s Coopaticility (ANCLUC) planning
studics.

Thiee MEF mpdi+fies the CNR by also accounting for the
total mix of alrcraft flying over a community.

Al thowgh a conputs- ds reguired to caleulate the MEF
ratings for the contouwrs a~ound an airport. the
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calculations are based on the following formuladl (22}

MEFij = EPNLij + 10 log (nDij/20 + nNij/1.2) — 75

where i = specific class of aircraft
i = specific flight path
nbDij = numbker of operations during the day

The numbers 20 and 1.2 were chosen so that a single
right flight ceontributes as much as 17 day time flights
to the total NEF. 75 was chosen so that the numbers
far the NEF could not be confusad with the CNMR. NEF
values typically range from 20 to 40. The total NEF
number for a certain location is the sum of &ll the NEF
values for each aircraft and flight pattern .

The NEF predictions rely on the interference aof noise
with epeech intelligibility and the importance of
speech intelligibility in the activities typical of the
use in guestion.. Eetween the NEF contours of 30 and
40, activities such as schools would not be compatible.
Commercial uses would be allowsd but office buildings
shauwld be sound-inswlated. The NEF 40 contowr is
defined as a "noise saturatien” level and noise
senaibtive uses are discowraged. At NEF 30 to 40, there
is a gray area of "noise contamination". An MNEF less
that 30 is considered compatible with any land use.

C. Defense

The Department of Defenss began using the CNR gystem o
descrribe aircrafh poise in its studies of land use near
military air hases. They started te replace the CNR
with the NEF. Then the Enviranmental Frotection figency
decided to use the Ldn for a1l studies. The Dab
followed the EFA's lead in all new studies, but did not
g back and change previows studies wibth the other
descriptors. (28

The Dol has & correction to be applied when computing
Melicoepter noise levels wsinmg daba collected from sound
level meters. A correction of +7dE is added to the
meter readings if blade slap is present, (28)

When measuring impulss noise from bomhing and gunnery
rangeg, Lhe DoD specifies Lhat the C-weighting should
bhe used. (28)

D. Beneral Services Administratien

The Federal government sste noise limits in dBA for all
construction equipment hired under a government
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contract. (29)
E. Department of Housing and Urban Development

The Department of Housing and Urban Development (HUD?
has & general policy to protect citizens against
excessive noise by providing minimum standards for any
building activity supported by HUD. They provide
exterior and interior noise goale for accephability of
the building site or plans.

The descriptor used by HUD is the Ldn. The EPA used
l.dn to recommend levels reguisite te protect human
health and welfare. HUD uses the same descriptor, and
sets levels to evaluate sites as acceptable, normally
unacceptable, or unacceptable. The Ldn is the 24-hour
average sound level, in decibels, obtaimed after
addition of 10 decibels to sound levels in the night
from 10 p.m. to 7 a.m. (IO

1 loud impulsive sounds are to be heard on the site,
glich az those from explosions or sonic booms, 8 o
should be added to the measured Ldn to assess the
acceptability of the site. Alternatively, the
C-weighted Ldn may he weed Lo assess the site, without
the 8 dB pemalty. (30)

F. Mine Safetyv and Health Administration

Regulatians fo- the Mine Safety. and Heallh
Administiration are the same as those for Lthe
Oocoupational Safety and Health Administration. A& THA
ig ecalecul ated to determine compliance with A-weighted
levals., (31)

G. Dapartment of Transportation

The Depa-tment of Transportation, Fedsral Highway
Administration set Moise Abatement Crileria for
determining traffic noicse impacts. They use an hourlwy
f-weighted sound level edxpressed as leg or IO

The Leg ise the sguivalent sheady-stake sound level,
wlhriclr, in & stated period of time, contains the same
acawstic ensrgy as Lhe time-varvipng sound level during
the same time period. The 1O is hhe sound level that

ie enxceeded 10 parcenl or bthe Liasg for bhe period undesr

coansideration. For DOT purposes, the time is one howe.

The Leg and L10 can be predicted from a highway noise
prediction model . When u=sing the model, the worst
Rowrly traffic noise impaclk for the design yvear should
be weed, (32}
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The DOT Buread of Motor Carrier Safety has set limits
for vehicles with a gross vehifle weight rating greater
than 10,000 pounds using a maxipum dBA measured on the
fast response of the sound level meter. (33) They use
the same descriptor for vehicle interior noise levels.
(34)

The DOT Federal Railroad Admipistration uses the
maximuwm dBA measwred on fast response for pass-by
testing of trains. (35) For worker safety, the DOT FRA
uses the same standards as 0SHA. (34)

H. Coazt Guard

The noise exposwe limits recommended by the Ceast
Guard are gxpressed in & 24-how effective exposure
level, or Leff(24). Since workers deo not leave the
ship after their normal 8-hour day, 0SHA standards were
not applicable. The 24-howur exposure measurement
considers the time after exposure to high npoise to see
if suwfficient fguiet time is provided ko allow for
recovery frrom temporary threshold shift. The Leff(24)
Was based on the OSHA standard. By calcoulating the
enposure level resulting from an B-hour day at F0 dBEA
antt 1& hpuwrs at less than B8O dBA, the Coast Guarc
allows an Leff(24) of B2 dBA. For new ships
constructed after 1985, the Coast Guard recommends
designing to an Leff(24) of 77 dBA.

Megasuwrements o determine compliance with the standard
can be made with & sound level meter or a dozimeter.
(37}

I, Community Noise Regulations on State or Local
Level

The choice of descripto for commundlty mol ae
regulationse has besn debated frequently at meetings of
polee control professionalas. Various advanteages
includs ease of measurement, validity in court, minimam
traiming required, short ssssurenenlt Lime, and 1ow
enwipment coslk. Each descoriptor ssems bt have iks
trade—offs. The most important comnsideration in
wrriting & local ordinance or state regulation is Lo
@etabl ish levels thal ssnsibly limil the noise source
and preserve the health and welfare of Lhe people, Tt
ig beyond the scope of this paper to determine the
ideal level or the ideal descriptor. However, the
foallowirng compilation of descriptors and the range of
levels set should help determine whether & contemnplated
level is outrageous or sensible, and whether the
descripltor chosen is the proper one for the source.
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1. Individual Even£ Criteria
&. Maximum Sound Leve2l  (dEA)

There are two ways Lo use the Maximum Sound Level
{(Lnax) descriptor-. One way is to set dBA levels not Lo
be exceeded on the property line or at some set
cdistance from the souwce. The other way is to specify
that noise emitted by the sowrece sheuld not exnceed the
ambient noisse by & et limit,

Advantages of the Lmax are that it is easy to measure,
the pquipment is relatively inenpensive, and pesople can
be quichkly trained for enforcement. The issue of the
length of measwement time to determine compliance with
the regulation has not been resolved. Theoretically,
if the =zource emites sound that vielates the standard at
any time, the source is not in caompliance. In actual
enforcement situwations, the noise enforcement officer
may wish to show that there are repeated viclations of
the standard, and that his npoise measuremsnt was
typical of the noise the sowce emits.

Bmbient nolise musl be determined. The noige measured
orn the property line ig the total noise. To determine
the amount of noise dug to the source, the ambient
(sametimes called background) mnoise must be measured.
This may he found when the sowreces shuls down, by
walking away from the source until a steady level is
meazured from the other neighborhood nclse zcurces, or
by geoing to ancther neighborhood of similar character
and finding the steady~state level. The ambient is
then subtracted from the tolal neoise to determine that
due to the source. If the ambient is 10 dBE or lese
than the total, all noise neaswred at the property line
ig dus to bthe spource.

An alternate rethod of finding the smbient noise is to
wee Lthe .90, It is described on page 17 .

. Sound Exposure Level

The descriplbor chosen to measwres sound from & discrelbe
event such sz a truck or airplanse pass-by is the Sound
Exposwe Level or SEL. It ig the souared weighlted
sountd pressuwre integrated or summed over tioe
referenced to the standard pressure squared btimes one
sgcond, and then converted to a level, The best way to
explain it is to give an example. A sound of 70 dB for
1 gsecond has an SEL of 20 dHR. I the sound is at 90 dE
for 10 seconds the SEL iz 100 dH, I it persisted for
140 epconde, Lhe SEL wowld be 110 .
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The SEL requires sophisticated and expensive noise
measurement equipment. This eduipment is usually
automated so little training.is_required. The data are
collected by the instrument so the noise enforcemsnt
officer actually spends very little time in the field.
The SEL iz used mpstly for airplane noise and isg
accepted in couwrt.

2. Energy Average Criteria
a. Equivalent Spund Level

The eguivalent A-weighted sound level (Leq@) means the
constant sound level that in & given situation and time
period, contains the same sound snergy as the actual
time~varving A-weighted sound.

In the past, equipment to measure the Leg was expensive
but several equipment manufacturers have developed more
inexpensive units. These i.eq meters have different
times ever which the Leng is calcwlated and showld be
carefully acelected to conform with the regulation.

They are easily operated with minimum training required
and may be automated reguiring little fime in the
field. {(The security of the instrument must be ensured
if it is to be left in the field.) The actual
measukement Ltime iz specified in the regulation and may
be anyuhers from 10 minutes to 24 hours. The Leg is
accepted in court.

Cantion should be used in interpreting Leg data.
FRemember that it is an energy aversge and Lhat extreme
levels will not be seen. In community noise,
frequently it is the buwrst of sound that occurs for
anly & short period that is &mnnoving. This tvpe of
pratlsm can be averagesd out i the measurement period
of the leq is koo sho-t.

h. Ray-Hight Equivalent Sound Level

The day—-night average sound level nmgans ths 24-hour
engrgy average of the A-weighled sound pressure level,
with the levels during the pericod 10 p.m. to 7 a.m.
weighted by 10 dBA before averaging. This procedurs
Melps to account for the sleep interforencde effects at
ridght.

The Ldn requires expensive eguipment and a 24 howr
measwremnsnt period. It does not censider single
intrusive events., It can bhe used to set guidelines for
land uese or levels to protect puklic health and
welfare, Ik is valid in cowurt and with aubomated
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equipment it is easy to measure.

i

c. Rommunity Nolse.Equivalent Sound Level

The Community Moise Eguivalent Sound LLevel (CHNEL)
penalizes for the increased effects of noise in the
evening hours. It incorporates a 5 dBEA penalty bebween
the hours of 7 p.m. and 10 p.m. as well as the 10 dEA
penalty of the Ldn.

The preceding averaging noise descripters, Leq and Ldn,
as well as CNEL are adeguate to describe the general
noise environment. They enable us to make judgenents
as bo the acueptability of the site for various land
umes (s@e HUD standards) but some form of individual
event criteria is necessary to insure mitigation of
naise intrusion from specific sources.

The CHEL requires a special instrument, and special
training for measurement. It yvields numbers close to
the Ldn., It is used mainly in California.

d. Statistical Methods, L10, L0

The L10 and L0 are statistical methods of describing
community npise. The L1G level is the A-weighted sound
level that ie exceeded 10% of the time and indicates
the intrusive noigse in the area. The LP0 is the
a-weighted sound level that is edlceeded 904 of the time
and indicates the ambienlt level into which the 110
intrudes.

bhile there are instruments to calcuwlate the LIO and
LR0 directly, & simple sound level meter, a stopwatoh
and & trained person can do a5 well. (See procedure on
page 17.) The descriptor is walid in cowrt iF the
procedurs can be verifled. The measwsment time is
prolongsd if the manuwal method ig used. The manual
melbhod is tediows, and the enthusiasm of the
enforcament official may wane aftsr only a few cases.
Te braining reguired ie ondly slightly Jonger than thatbk
o Lmest.
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Standards

Institutions promulgate noise standarde for twe main
PUrposas!

1. DESCRIPTIVE~ to describe the loudness of the sound
emitted from varipus pieces of equipment; or to
desicrihe the attenuation or absorption capabilities of
various materialss

2. PROCEDURAL- to describe the measuremnent proceduras
for determining the loudness of csound.

Descriptars used in the descriptive standards will be
gxpl ained here. Descriptors used for sound measuwrement
procedures are described in the Monitoring and Survey
Section of the paper starting on page 44 . The Appendisx
contains a conpilation of standards arganizations and
associations.

&, Sound Power Level

Since Sound Pressure Levels are influenced by
reverberations in the room, & Sound Fowsr Lewvel is used
to compare the sound from various pieces of equinment.
The Sound Powsr Level., expressed in dB IL, raeferences
the amount of ensrgy, in wabtis, that is derived from
the energy wsed to power the eguipment. To explain, a
plece of machinery needs enesrgy for it to work, but it
does not use this energy 1004 efficiently. Some of the
energy ls wasted as heat. Less than 1% is wasted as
noise. The energy wasted asg noise cant be expressed in
a Sound Fowsr Level. This rcan then be related to the
Sound Fresswre Level if characteristics of the
installabion are considered.

b Sournd Fressure Level

Standards are given which correct the Sound Fower Leveld
for the characteristics of the instzllation of & pisce
of equipment, including the room size, reverberation,
abenrption, and other factors. The Souwnd Fressure level
in A-weighted decibels can then be sstimated for that

™ O .

Corrgctions may also be givern teo ralate Sound Rating
Mumbers (see mection below) to SFPL dBRA.

Somke standards are written directly in SPL dBA.  For
instance, the Power Saw Manufacturers Association
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{(FSMA) has established a noisze level certification
procedure for nolse from power saws measwred at the
pperator’s ear. The Seciety of "Automotive Engineers
(SAE) gives all their standards for pleasure boats,
motorcycles, truck tires, construction equipment,
snowmobiles, trucks, buses and cars in dBEA.

c. Sound Rating Number

A& number of organizations who promulgate standards
recognized the confusion of the public when faced with
complex sound descriptors. A rating scheme which could
be used by the average person ko compare the sound
intensity from several different brands of squipment
was devised., The Alr-Conditioning and Refrigeration
Institute (BRIY rates s11 ouwtdoor eguipment with a
single number for the average person to use to compare
two air conditioners. The Standard Sound Rating Number
is derived from one-third octave band power levels
weighted to adjust for psychoacoustic sensitivity.

The Sound Rating Number can then be uwsed to predict the
A~weighted scound level after the equipment is
installed. Charts to correct for installation factars
and distance to the prediction point are provided in
anaother standard by the ARI.

d. Sone Loudness Rating

Sousd Ratings are provided for all types of air moving
units, including centrifugal fame, arial and propeller
fane, roof and wall ventilators, steam and hot water
heaters and central heating, ventilating and air
conditianing uniks by the Air Maoving and Conditlioning
fasociation (AMCAY. They uee & Sone Lowdness Raling
which gives the lowdness alt a distance of & feet from
the writ in free spacs wWwith no reflecting suwrfaces.
They provide charts for determining the londness of the
farm once it ds installed. Sones are uszed to describe
the subjective perceplion of the sound. (See section an
subjpctive response.)

e. Spunc Fower Rating

Standards may use a single~figure rating number based
on ihe Souwnd Fower Level. This is & Sound Power Rating.
1t i€ similar to the Sounmd Rating Number in that it
allowse comparison of several pleces of equipment with
regard to the sound levels they can produce. However it
i based solely on Sound Power and does not adjust for
peyvehoscoustic sensitivity.
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f. Attenuation of Hearing Protectors

The American National StandardE Institute (ANSI)
gpecifies a method for the measurement of physical
attenuation of esrmuffs by using narrow bands of noise
for test stimuli. The muffs are tested by physical
means on a dummy head with microphones in place of
gars, not in actuwal use by a person. Only muffs can be
tested, not sarplugs because of the dummy head
configuwration.

. Absorption Coefficient

The American Society for Testing and Materials (ASTM
has standarcs for measuring the amount of sound that
will not be reflected (i.e. absorbed) from building
materials. Thus, different types of acouwstical ceiling
tile, for instance, can be compared by their sound
abeorption coefficient. Another standard covers the
changes in the absorption coefficiente af an acoustical
ceiling material if it is repainted for maintenance

Freasons.
h. Sound Transmission Class

ASTM hae a standard for the Sound Transmission Loss of
building partitions such as wall, floor-ceiling
asgemblies, and doors. It i enpressed as the
difference in sound pressuwre levels in bthe rooms an
ppposite sides of the partitions.

The International Conference of Huilding Officials
CICRE) uses a Sound Transmission Class (8TC) as a
single-figuwre rating of the sound transmission loss of
partitions. The rating correlates subjechive
impressionse of the sound imsulation of the partition
agarnst bhhe measwred sounds of speech, ractlio,
televicdon, music, and similar sources of noise in
dwellings.

iw Impact ITnsulation Class

A8TM has a sLandard for measuring Impact Sound
Trapsmission through partitions. ICBO specifies an
Impact Insul ation Class (IIC) as a single~figure
rating. The standards are based on a sound pressore
level in the room adjoining the test room, in which a
standard tapping machine is operated,
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Monitoring and Survevs

Thera are various reasons for measuring noise in the
community. BRefore a npice ordinance iz drafted,
community leaders survey & tpwn for an idea of existing
levels in the residential, commercial, and industrial
zones. In enforcing & noise ordinance, an official
monitors the noise attributable to the offending
sauwrce, and measures the noise present without the
source GpRerating. The following descriptore are used
for neise measuwrement.

1. Residual Level

The residual lewvel, somstimes called the ambient level,
is the "all-encoempassing nolse assacisted with a given
environment, being usually a composite of sounds from
many sources near and far". (18) It i sometines called
the background level, although acoustitians usually
reserve that term for the interfersnce caused by the
circuitry or power source of & sound level meter.

There are several ways fto measure the rezidual level or
the level not attributable teo the source in guestion.
One obvious way is teo measwre the neighborhood neises
witheout the souwrece in operation. Another way is to
walk away frem the source until the sound level reaches
& stable level or begins increasing from the influence
of another sowce. A third way, but the least
desirable from an enforcement point of view, is to go
to a neighbhorhood of similar character and ebtain a
meastirensnt,  Similarly, in performing an acoustical
survey of a communlty, the level due to &ll normal
neighborhood sowrces must be measured.

a. Statistical Method, LFO

Orne way of determining the residual level iz to use the
statietical method described on page 17, and find the
LG level . In some community noise ordinances, the
residual level is defined as the L?0. The L90 is the
sound laevel esceeded 900 of the time.

2. Mawimum Level
The matimuwn somind level produced by a spurce is uged in

some ordinances as the enforcement limit. Ik may be
correlated to the effect of the noize in terms of
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startle, communication interference, sleep
interference, hearing loss, or annoyance.

&« Maximum Sound Level

Some canmunity noide errdinances are written using the
phrase "the spund level shall not exceed &5 dBA". The
maximum saund level, Lmax, is the level used for
enforcenent. The measurement procedures aoccomparying
the ordinance specify the time weighting aof the meter
(ueuslly slow) forr measuring the maximum. Care should
be taken that the event measured is typical of the
noisy operatlon causing offense and not an unusual
event. The enample that has been used is that dropping
a can on one side of the property line will surely
vialate a nolse code witten with an Lmay. However,
the offender is not cited for & violation of the
madimun sound level for such an isolated event.

The maximum sound level is used in acoustical surveys
to point out a specific source when a range of typical
levels is given. The results of the survey may be
written "in general the spund varied between 335 and 40
dEA, with a maximum at 45 dBA due ko & dog barking.®
Note that the maximun sound level was attributable to a
specific sourcg.

b. Impulse or Feshk

When the sound is impulsive, it may cause a startle
reaction. The sound zfould be measuwred using either
the impulse or the peak settling of the sound level
meter., The impulse selting inktegrates the sound over a
periad of 35 ms. The pesk sethting will show the

ma bmum sound pressure level sensed by the microphone.

. Sound Expesure Level

When monitoring sound from discrete events such as an
ajirplane flyover or a btruck pass—by, the Sownd Exposure
Level (BEL or Lse) can Die used. (Bee page 33 .) It
does not actually descrilie Lthe maximum sound level dus
te a sowree, bobk the ares Jwider the curve of the
time=-history of a mnolse s&vent.

. Statistical Evaluation

The statistical descriplbor of the maximun sound level
is generally defined as the level ewcesded 10% aof the
time (Li0) but it can be the level exceeded 1% of the
time (L1}, The msthod far determining the statistical
levels is given on page 17 .«
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3. Average lLevel

Irn acoustical surveys, to find the character of an
area, the sound levsel of sach individual source 1s not
as important as the average level of all of the
sources. For this reason, descriptors are used which
average the sound over & certsin time period. These
descriptors cannot be wused to enforce a noise ordinance
hecause they da not single out & sound source. They
simply compile a time history of the noise, and vield
an average number. The ocne exception iz the Leq. Some
noige ordinances have been written using an keg taken
over a time periad short enough to say that the total
sound measdred was due to a single source.

a. Equivalent Sound Level

The Eqguiwvalent Sound Lewvel! (Leg) is the continuous
A-weighted level that is equivalent in noise ensrgy Lo
the actual fluctuating rmoise over the specified time
interval, It may be used to characterize the sound
over & peried of a day (the Z4-hour Leq) for an
arpustical swvey of an srea. It guantifies noise
expoaure under varying conditions over lang pariods of
time. It is closely tied to the health effects of
noise. (See page 15.)

The Leg over a shorter period of time may be used for
enforcement bf a noise ordinance. The ordinance may be
written such that "the sound level shall not exceed an
Leq of X dBA for a pericod of 10 minutes." The
enforcement officer must then wse an integrating sound
level meter for his measurement and compute the Leq for
a period of 10 minutes. The residusl Leg for 10
minuetes must be subtracted from the total level to find
the level dus Lo the sowroce unless the residual level
i 10 dBA less Lhan the total levsl. In that caze, the
btotal sound is =zaid to be due to the zouwrce.

For cammanity noise the Leq car bhe spproddimated by the
10 - 3 dBf but this shouwld nol he vused for
enforcement, (18)

fr. Day-dNight Equiwvalent Sound Level

The Day=MNight Egqguivalent Sound Level (Ldrd is the Leq
for & Z4-hour period with an additional 10 dB weighting
imposed on the levels occwrring during nightfime hours.
The night is from 10 pin to 7 am. The Ldn is used to
characterize average sound levels that people are
euposed to during the day and night with & penalty for
the rnight noise which ooccurs at a more sensitive time,
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and is therefore more annoying. Health effects are
well gorrelated to the Ldn so it is used for acoustical
Ewrviys., IL fe not wsed for enforcement monitoring
since it takes all sources intp its average.

c. Btatistical Method, LSO

The median noise level from & series of neoise level
measurements ie the LZ0. The method for finding the
LSC is described in the Health Effects section. If the
distribution of npise level teadings is Baussian, the
LSO level would be (L10 + 1%0) /2.
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Land Use Flanning

Land use planning allpws a community to accommodate all
of ite diverse intereets and still retain good
environmental guality in ite residential areas. The
purponse of planning is to provide distinct areas
compatible far the functicns of industry, commerce,
residences, and recreation. The environmental impact,
including noise, of new developments, highways, and
airports is considered before they are built anpd
measures are taken to mitigate the problems.

In developing & camprehensive plan, airports and
surface transponr-tation systems should be given special
attention since they are the most pervasive noise
sources in the typical community. Developmsnt in the
area surrounding these sources should be closely
serutinized, Compatible land use around & noise source
such as an ailrport sight involve one of these
approaches: (1) land use involving few people, such as
resgrvoirs, sewage treatment plantsid (2) use which is
inherently noisy, such as bruck repair, printingd (5}
indoor use with sound insulation,

1. Noise Contowrs

I+ noise is to be considered before a highway or
airpor-t is to be built, a method of predicting the
nuise levels from these sources is necessary. Models
have been developed from empirical evidence to predict
sound levels from various transportation sources.
These models have also been used to show the zone of
frfluencs of an exdsting nolse source to plan
development around it.  Building inepectors may require
buildings built within a 4% odB contowr to khave sound
insulation Eo cause a 15 dE drop in spund level inside.
The =zoning board may probibit new building within & 75
df contow. The descriptors used for noise contours

Follaw,
a. Egquivalent Sound Level

Tha eguivalent Scound Levael (Leqg) is useful for drawing
contauwrs of various sound leavels berause it is designed
te give the eguivalent steady noise level in a given
period. It integrates the fluctuating noise and gives
a measure of the total noise exposure from zll sources
and coutrinations of souwrces. Measurement equipment is
commercially available. The Leg can be predicted from
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guch hasic information as number nf events, intensity
of one event, distance from sogurce. The Leq is
carrelated with nnise effects and annoyance. It is
uveeful for enforcement purposes as well as planning and
manitoring. FHecsuse the Environmental Protection
fAgency has endorsed the Leqg for evalusting the
environmental impact of noise sources, it i very
widelv usad.

b. Day—Night Equivalent Sound Level

The Day-Night Equivalent Sound Level (Ldm) is used in
the same manner as the Leg. However, since the Ldm has
a 10 diR penalty for night noise, it is better for
predicting effects such as sleep interference in
residential neighborhoods.

c. Traffic Noise Index

The Traffic Noise Index (TNI) is & method for summing
expesures to traffic neise over a 24~hour period,
without taking the traffic volume or traffic min (4
trucks! into account. The TNI is defined asi (22}

TMI = 4 (L.10 — L904} + LFQ -~ 0

where L10 and L?0 are noise levels edceeded 10% and 0%
respectively. {(The method for determining LIQ and L90
levels is described on page .} The first term: 4
(L10 = 1L90), describes the variability of the noisej
the second term: L0, ig the residusl noige levelid and
the third terms 30, is just to yield convenient
numbers.

A TNI of 74 is used for planning purposes, to restrict
the minimum distance that builldings should be located
adjacent to highways. (22 This is based on & 1 in 40
chance thabk the average person wouwld be diszsatisfied
with the neise fram the road.

The main advantage to the THI a&s opposed to other
descriptors is that it considers the variability of the
rnoi 6. It i much more annoying for & few vehicles to
pass by in a relatively gquiet area, than to have steady
traftfic. The disadvantage is that it applies only to
#ieting roadways, and is not predictable by computer
modeling.

2. Interior Building Spaces
The space inside buildings should alspo be planned with

regarod to noise.  The following descriptors are used
buth &= a means of evaluating existing noise probklems
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and Lo define design goals.
4. Moize Criteria

The rating scheme used for interior noise levels is the
Nerise Criteria (NG set of values. The curves are
shown in Figure 12. For existing buildings, the indoor
noise is measured in ochkave bands. The values are
graphed on the chart. An offlce is said to have a
noise criterion of 40 if pone of the occtave band levels
for NC-40 are exceeded, but noise at one or more bands
enceEeds the MC-~35.

The NC curves can be used to specify & goal for the
design of an interior noise level. The problem with
the MEC curve is that if the background level is
generated with 2 spectrum that comforms to an NC curve
shape, the sound is not pleasant aor neutral. It has
been described as both "higsy" and "rumbly".

b. Preferred Noise Criteria

The Preferred Noise Criteria (PNC) curves were

devel oped to avercome the objection to the NO curves.
They are shown in Figure 13. They are used in sxactly
the same manner as the NC curves however, if a sound
spectrum is generated to fit the PNC curve it has a
mare meutral sound. The FNC curves are more steeply
slpped toward the high frequencies, Table V shows some
recaommended NE and PNC values for designing different
ruom environments.

Z. Trend Analysis

In assesging environmental impacts, conparing
alternative designs to diminish noise inpacts, and
measuring the success of nniss control strategies, a
iang term measwre pf noise impacts is nesded. The
nunhes of people affected by airport poise in 1970 can
bhe comparsd wikh the number in 1980 to assess the
effrct of quieter planss. The following descriptors
are pmed.

a. Eguivalent Sownd Level Contouwrs

Contours can be drawn around an airport showing the
aress affected By an Egul valent Sound Level (Leg)
greater than 50, &0, 70, and 80 dBA, These contours
will change based on the tyvpe of airplane landing at
the airport. The newer planes are designed to be about
10 dBA guieter. They will change if new runwavs are
constructed or old runways lengbhensgd.  The nunbier of
Flights may charnge. Thus contouwrs can be used to
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Nolse Criteria (NC) curves (38).
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Figure 13: Preferred Noise Criteria (PNC) curves (38).
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Table Vi

ORI

Range (38).

Zype of Space

Concert hall
Church
Conference room
Bedroom, hospital
Living room
Restaurant

Shop, parage

10-20 -

< 20

2540
30-~40
35-45
50~50

52

Interior Building Space and Suggested Noilse Criteria

10-20
15-20
25~30
25-33
35-45
35-50
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illustrate changes in the neise-affected areas
surrounding an airpert. This doss nol actually show
the changes in the number of people affected by the
noise. Flighte may have been diverted so that the
approach is now over water, or an industrial area.
Land surrounding an alrport may have been purchased by
the airport proprietor so that people are not actually
living in the noise-affected area.

b. Sound Level Weighted Fopulation

The Sound Level Weighted Population (LWP) considers the
pecople affected by the noise. Not all people are 100%
impacted by naoise from the airport. The great majority
of people are partially affected by noise of varving
intensity. The LWF weights the intensity of the noise
and the number of people affected. A few people
subjected to loud sound are equivalent to a large
number of people affected to & lesser extent. The
foraula follows:. (3

LWF = BUM Pi{Ldn)i * W(_dn}i
where S5UM is the summation of suecessive inocrements of
netd se easposure,

Pildn)i is the number of people subjectead to the
increment 1

Wildnl)i is the weighting function for the
increment i. The values for the weighting function are
given in Table VI. The weighting functions were
ohtained from the % people highly annoyed by the noise
levels.

The LMP is used to measure the total noise impact of a
proposed project. It can be used to compares
altprnatives. It is wseful in trend analysis to
determine if fewer people are affeched by the nojise now
thal abatemepl procedures are used. Thus it is used to
meastre the effectiveness of noise abatement programs.
Al thowgh the example cilted was airport noise, the LWF
could he used for any noise source affecting people.

for example, suppose two sites were being considered
far an alrport runway. In one logation, 20 pecple
lived close to the site and would be subjectrd to an
Ldn of 83 dB. The altwr-native site did not have anyone
living so close, but & small town of 700 people will be
subjected te an Ldn of D0 dB. Using the LWP to assess
the alternatives, the first sile has a&an LWP of 14.5,
while the second site has 14.1. It would be better to
cauge a greater impact on those 20 people than to
subjent the whole town to a lesser amount of noise.
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Table VI: Values of the Weighting Function for General
Adverse Response (39).

Ldn w“‘dn) Ldn "’( Ldn] L-l- ”’(Ldn)
35 0002 52 0030 &9 0-224
355 002 52.5 0-032 695 0234
36 0003 53 0-035 10 0245
365 0003 535 0-037 705 0256
1 0-003 54 0-040 n 0267
s 0-003 54-5 U043 713 4279
18 0003 55 0-046 72 0291
185 0003 555 0-049 725 0303
19 0004 56 0-052 2 0315
5 0004 56-5 0-056 735 0-328
40 0-005 57 0-060 74 0-341 -
d0-5 0-005 575 0-064 745 0-355
4] 0006 58 0-068 15 0-369
4]-5 0-006 585 0072 755 0-383
42 0:007 59 0-077 76 0397
42:5 0-007 59:5 0-082 %5 0412
43 0-008 60 0-087 b 0-427
435 0-008 605 0-092 775 0-443
&+ 0-009 61 0-098 78 0:459
W5 0010 61:5 4104 78-5 0-475
45 0011 62 0-110 79 0-492
45-5 0-011 625 0-116 795 0-509
46 0012 63 0-123 80 0-526
165 0013 63:5 0-130 80-5 0544
41 0014 64 0137 g8 0-562
475 0015 645 0144 81.5 0581
48 6017 65 0152 82 0-600
483 0019 655 0-160 825 0-620
49 0020 [ 0168 83 0-f40
495 0021 665 0176 835 0660
Hij 0023 67 185 B4 0-681
50-5 0024 675 0194 B4-5 0-703
51 0-026 68 0-204 85 0-725
sps . 04008 68-5 0:214
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Subjective Response

Since noise is defined as "unwanted sound" there is an
inherent subjectivity in the decision of classifying
sane particul ar sound as neise. There is a’
relationship between the physically measurable
gualities of & sound and the subjective judgment of it.
Subjective measuwrements of noise depend an three
paramreters:

1. the physiology of the ear (The sound must he
detectabhl e.)

2. the psychology of the individual (The nervous
sensation of the sound is interpretted by the brain.)

3. the group perception. (The opinion of a
statistically significant number of people is
averaged. )

A jury cannot go arownd and listen te each =sound and
determine if is is noise. Instead studies have been
done i laboratories to find out some fundamental
relaticnehips between sound and the way it is
perceived. From these strdies, & number of roise
descriptors have been developed to illustrate the way
Rumans respond to sownds of varying intensities,
freguencies, and time-scales.

A, Loudness

The sukjective correlary of intensity is leoudness,
Lowdness is defined a5 the magni tude of sensation
produced by sound impinging on the eardrum. Certain
Frequenci es are percelved as louwder than otherse even
though the sound enerygy is the sane.

& Phons

I Perdis, in 1938, the Interpati onsl Standsu-ds
Organization adopted 1000 Hz as the stantdard reference
tone. (22) The subjective magrnitudes of all ather
fregusncies were then compared to Lthe 1000 Hz tone.

Thiee writ, phar, was used Lo exprese the squivalent
loudneszs of every decibel at 1000 hz. Loudness level
conbours wereg drawn to relate the sensation of louwdness
ve. freguenty. They are shown in Figure 14. The
contours were foumd by bhaving & statistically
significant number of people listen to two slternate
sounds, ane of which was the 1000 Hr reference tornm.
They judged that & 20 Hz tone at 78 dF was as loud as a
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Equal Loudness Level Contours (Phons) Expressed in Decibels
Relative to 0.0002 ubars, for Average Listeners for Narrow
Band or Pure Tones (22).
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1000 Hz tone at 20 dB, and a 4000 Hz tane at 13 dE.

The A& and B weighting networks for the sound level
meter are based on the equal laudness gontowrs.  Thay
are simplified for the slectrical network simulation so
are not exact duplications of the phon curves.

b. Sones

The problem with the phon scale is that the numhers
asgigned to the scale da night ctorrespondtothe
listerner®s intuitive eval@ation of relative loudness.

A doubling of loudness only means a change of 10 phons.
Feople intuitively think that a sound that is-twice as
loud as 40 phone should be_twice as much, or 80 phones
Actuzlly, it is only S0 phong.  The sond scale was
adopted by the International Standards Orqanl*atxan in
1947 (22) to resolve the problem. -

& sone is defined as the loudness of a 1000 Mz tone at
40 dB intensity. It is.also defined as the louwdness of
any sound having a loudness level of 40 phons, A
dovbling of the louwdness corresponds to & doubling of
sones. Mathematically: )

sang = antilog O.03 (phdid = 40}
The relationship is shown in Figure 13. Some common

sounds are identified in the folowing table in both
sones and phons.

LOLBNESS LLEVEL e e LLDUDNESS
FHONS SONES
120 jet 254
110 128
106 srtlyway &4
i trick o2
ag 16
70 vacuum cleansr B8
&0 conversation 4
0 2
413 quiet room 1
0 whisper 0.5
20 sound studio 0,25

. Loudnese Incdes

Louwdness levels based on sones and phons originated
with subjective judgments bhased on pure LONeEs o8 narrcow
freguesncy bands. The weighted sound level is an
estimate of the loudness of a puwre tone. However,
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Figure 19:

Relation Between Sones and Phons (22).

Loudness level (phonsl
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comnunity noise is generally spread over a broad band
of frequencies. Use of the weighted sound level to
predict lourmess of & broad band noise can result in
errors of more than 10 phons. (18) The loudness index
was developed for broad band rnoise.

1. Stevens

In 1961, SBtevens described the following method for
calgulating the loudness of broad band noize. (22)

1. Using an octave-band analyzer, record the
spund pressure level in each of the right octave bands
having center frequencies of &3, 125, 250, 500, 1000,
2000, 4000, and 8000 Hz.

2. Use the graph (Figuwe 14) to determine the
loudness index of the ohserved rnoise for each bctave
banda.

3. The total loudness of the noisg in sones (5t}
is given by:! -

8t . =.. EMert O F-—¢G—8m)—

where Sm is the largest of all of the loudness indices
arnd 8 is the sum of the louchhess indices of all of the
bands.

4. The total loudness level ig then obtained by
converting the total loudnese (in sones) to a
calculated loudness level im phons. (22)

For example, a compressor has the following sound
spectirum:

Frequency SPL Loudness Index

&Iz T8dA b
125H a4dRB 12
2EOHz B8dH Z20
SO0Hz AAdE 20

1Q00Hz R 30
Z2000Hz 77dR 15
4000z &2dB 8
KOO0 &0 R a
St = 8m + 0.3 (5 - Sm)
gt = 30 + 0,3 (118 - 30
gt = 4.4 =ones

The {factor of 0.5 in the formula sccouwnts for the fact
Lthat the lovdest band mashks the contribution of the
other bhands. The factor should be changed to 0015 if
the calenlation is dome for 1/3 petave bands. However,
the factor implies that the masking is symmetrical
around that frequency. In fact, the loudest band masks
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Figure 16:

Contours Developed by Stevens. A Loudness Level Index
in Sones can be Determined by Measuring the Sound Pressure

Level of Eight Octave Bands.
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noise of high freguency more than bands of low
frequency.

2. Iwicker

Zwicker developed a complicated calculation which
accounted for the upward spread of masking. The
calculation has been adapted for uee on a computer as
the calculations are topn tedious to be done by hand.
Typically, results calcwlated by the Zwicker method are
S dBE higher than Stevens lpudness level. (40)

3. Robinson
Robinson modified Stevens® Method to account for
Iwiclker's asymmetry of masking. FRobinson®s adaptation
(40} is to add the loudness indices from Figure 15
starting from the lowest band., The loudness index is
taken at full wvalue if it is greater than or esqual to
the preceeding band. If it is less that the preceding
band, it is added at Q.3 times the value. With this
mocification, the values are about equal to Zwicker®s.

d. Perceived Mpise Level

The annoving quality of noise ig more than just the

louwdness, There are various psycholagical sffects.

The following considerations relale to the degree of
anngyance of noise. (22)

(1.) High freguency sounds are more annaying
than those of low freguency.

(2.} Continuowts nmoise is more annoying than
noise of short duration if it oceurs infreguently.
However, there may be a "startle" effect for intense
sounde.

(Z.) Npise of modsrate intensity is rot found
phijectiormable wnless The sowroce can be identiftied or at
laexst the direction associated wilth the sound.

(4. Ary judgment of annoyance iz based on the
situation, (the time of day or the activity of the
listener.)

{5.) IF bath sownds arre of egual loudress,
machine neoise is considered morse anneving than natural
sounds like wind, rairm, waterfalls, or the ocean.

ta,) Even loud sounds are not too annoying @f
they oo mot peowr often (jets) and sleep is not
interrupted.

Kryvter introduced & method for determining the
annovance dur to npiesm. It is called the Percieved
Noise Level. (22} It is based on contours of equsl
noisirness called “"noys" which are shown in Figuwe 17.
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Fligure 17:

are Used to Determine Annoyance (22),
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Figure 4 Kryter's contours of perceived noisiness (noys) that are used to
determine annoyance. The total annoyance is determined by measuring the
sound pressure level in various octave bands, [From K, D, Kryter, J. Aeoust,
Sor, Am,, 31, 1415 (1959).)
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These were ebtained by relative annovance judgments of
narrew bhande of noise. The approsach is similar to
Stevens” Loudness Level. The noise is analyzed by
octave bands and sach is assigned a contour of noyes.
These are substituted into the formula:

Nt = MNm + 0.3 (N — Nm}

where Nt = total noisiness in noys
N = sum of all noys o
Nm = maximum noy level -
The total noisiness (N&) in noys is then converted te
Ferceived Noise Level (PNdE) by the formula:

PNAB = 40 + (.03 lag Nt

Noyes are limited to sounds of egual duration since for
two equally loud sounds, the gne lasting longer is
judged to be more annuying for levels exceding the
artnoyance threshold. .

The Percelved Npize Level, PNdBE, is approvimately equal
toe the D-weighted sound level + 7 dB. (40)

B. Fitch T
a. Mals
The descriptor for tﬁé subjrctive perception of
frequency is the mel.: A Ltone of 1000 Hx is defined as
having a pitech of 1000 mels. A pitech that is perceived

as twice as high as 1000 mels is 2000 mels. Figure 18
shows the relatipnship between frequency and melas.
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Figure 18:

Relationship Between Pitch in Mels and Frequency
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Summary

Table VII: List of nolse deacriptors and how they are
used, as outiined In thls paper,

Descriptor Health  Regulations Standards Monitoring Land Use
Effects Surveys Planning

dBa
TWA
Leg X x x
Peak/ e e e e o e

Impulse
AL, S/N
5IL, PSIL
BRL
EPNL
dBp
Ldn
SEL
CNEL
NEF

|
|
X X X '

R

EEIE - )
ES
]

CNR

L10, L9O

SPawarl,

SPL e e s

Rating
Numbexrs

Attenuation

AC

sTC, I1IC

TNI

NC

PRC

Lwp

-
=
-

B Y

i
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Digcuession

Az a noise regulating body, the Environmental
Frotection fAgency has had & tremendeous impact on the
descriptors which are accepted. The keq and Ldn met
the EPA's criteria for correlation with health effects
and annoyance. Because of the EPA’s advecacy of these
descriptors, they are in widespread use today in the
monitoring and regulation of moise, as well as land use
planning. Although the EPA has dropped out of the
noise abatement field, much of the neoise data already
collected is in terms of Leg. 8Since the Leqg is an
energy average, this has effectively seoothed out all
the peaks and valleys of noise exposure. In traffic
and aircraft neoise, it is the peak levels that bring
the most complaints. And it is the peaks that noise
enfarcemaent personnel can ticket for louwd mufflers or
retrofit the airplanes. There is very little change in
the Leg or Ldn with rigorous enforcensnt activity, so
these descriptors are not useful for evaluating the
effepctivensss of noise control programs.

While the EPA has declared the Leg the descripior for
noise regulation, they have proposed regulations that
anly eliminate the peak sounds. The truck requlation
is eeatimated to only catech the top 5% noisiesst trucks.
Measuring the success of the truck regulation in terms
of the Leq shows no change in the noise envirorment
with an aggressive nolse enforcement program.
(Frelimipary reselts from & study by the National
Fesociation of Nolse Control Officers support this
statementb.) Yet it is the noise peals that Lhe people
alang highways find mo=t annoying. They are grateful
For Pl naolse abatemsnt programs.

Thig iz dlfferent from Lthe predicament of people living
near an airport,  Although the newer airplangs areg
tlesigned to be guieter, any flyover that wakes them is
& problamn.  The keq or evoen Ldo contowrs (o any
average level) ie not imporitant. The peak level is
whatl they focus on.

Much time and energy has goene into finding the
descriptor which correlaltes best with what Lthe
"average! person perceives as nolee. Onee again the
"average" is important.  Yet there sre pesks and
valleys of people, and their perception of noise.  Many
noise rregul ations are desighed to protect the
"repsonable persorn of normal sensitivities".  The
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extra-sensitive pereocn is ignored. To give an example
from another field, suppose mne were to hit a person
with hemophilia. That person would be protected to a
greater extent by law, than someone who would not bleed
to death from a scratch. Why are noise sensitive
individuwals ignored?

Because the EPA no longer has an Office of Noise
Abratement and Control, the regulation of noise has been
turned over to the state and local governments. One
possible outceome is that this will cause a change in
the wse af noise descripters te those that are mare
specific to an individwal’s response to the noise. The
opposite scenario may take place, however, where
inpternatiornal organizations will controgl which
descriptors will be asccepled. The bhird possibility is
that the EPA’s influence has already bheen o great that
the Leq and Ldn will! remain the descriptore of choice
for just about every situation.

It ig my opinion that local government has the
responsibility to protect the individual®s right to a
quiet environment so should wss the descriptor that
woitld show the most annoving peaks of an individual’s
npise axposure.  The international standasrds
arganizations are so far removed from pedtple, they
should use npise descriptors that are the hest,
technically, to draw specifications for squipment.
Engingering is their prime concern, wikh human regporise
onlv in the abstract - from peychoacoustical ztudies.
The federal government which has to have the greater-
good of the pation as ite goal, should ceontinue using
averaging descriptore such &8s Leg and Ldn for their
noise abatement goals. If the EFA reswrtects its
Of+ime of Moise Abatemsent and Control, they stould be
cormerned with the rexsonable person of normal
aenailiwiticog.
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Conclusipn

In this paper noise descriptoers have been categorized
aceording to their uses. Some descriptora (like the
Leq) are used for multiple puwrpoases. Others (like the
LUF) are very specific. When analyzing noise, the
wirong descriptor can make the data useless. This paper
has shown the correct descriptor for the circumstance.
Where possible an eguation has been given to allow
approximate conversions between descriptors,

Suggestions have been given for the most appropriate
descriphtor for the level of government. The federal
gavernment should use descriptors such as the Leq or
Ldrt which correlate with the average persen®s respongse
to the noise, International standarde organizations
should use enginesring deseriphkors to technically
specify the noise from various pieces of equipment.
Fut state and local governments should have the health
of the individual in mind when setting noicse
regulations. They should use terms, like maximum
A-weighted sound level, which show the peaks that
individuals find s annoying.
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Compilation of Standards Drganizatiens and Asspciations

(41)

Acoustical and Board Products Association

205 West Touhy Avenue
Park Ridge, IL &00&8

Acoustical Society of America
335 East 45th Street
New Yok, NY 10017

Air Conditioning and Refrigeration Institute

1815 North Fort Meyer Drive
Arlington, VYA 22209

Air Diffusion Council
435 North Michigan Avenue
Chicago, IL &0411

Air Moving and Conditioning Rssociation
30 West University Drive
Arlingten Heights, IL 40004

American Gear Manufacturers Association
1330 Massachusetts Ave. N
Washington, DC 20005

Amsrican National Standards Institute
HZE0 Broadway
New York, NY 10018

Anerican Pebirolewn Enstitate
Refining Depsartment

2101 L Btreet, NUW
Washington, DI 20037

American Society for Testing amd Materials

1914 Race Street
Philadelphia, PA 19103

American Society of Heating, Refrigerating and

fir-Conditioning Engineers
345 East 47th Street
Mew York, NY 10017

frmerican Textile Machinery Association
1730 M Strest, MW
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Washingtan, DL 20034

The Anti-Friction EBearing Manufactuwrers Association,
Inc.

&0 East 42nd astreet

New York, Ny 10017

Asseociation of Home Appliance Mapufacturers
20 North Wackjer Drive
Chicago, IL AQ&Q4

Compressed Air and Gas Institute
2130 Keith Buildipg
Cleveland, OH 44115

Digsel Engine Manufacturers Asscciation
2130 Keith Building
Cleveland, OH 44115

Hame Ventilatinmg. Institute
230 Now-it:h Michigan Ave.
Chicago, IL &0&01

Ingustrial Silencer Manufacturers Association
/o Burgess Industries

F.0O. Box 47144

Dallas, TX 753247

Institute of Electriecal and Electronic Engineers
445 Hoess Lane .
Piscataway, NJ 0BBI4

Instrument Society of America
4Q0 Stanwiy Street
Fittsbwgh, PA 15222

Imternational Canference of Building Dfficizls
Goh0 South Workman Mill Road
whittier, CA F0&601

International Electrotechnical Commission
(availabhle from AMSI)

Interrmational Organizetion for Standardization
(availabhle from ANSI)

National Electrical Manufacturers Asscciation
845 15th 8Strest, Suite 433
Washington, DIE 20005

Mational Fluid Power Association
J33T M. Mayfair Reoad

I0
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Milwaukees, WI 53222

Mational Machine Tuwl Builders Association
7901 West FPark Drive
Mclean, VA& 22101

Fower Saw Manufacturers Association
Eoy 7254, Belle VYiew Station
Alexandria, VA 22307

Socigty of Automotive Engineers
400 Commonwealth Drive
Warrendale, PA 15094

bioodwar king Machinery Manufacturers Asspeistion

1200 Arch Streest
Fhiladelphia, FPA 19103
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