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CHAPTER 1 INTRODUCTICN

Since the advent of the jet aircraft, noise control
gt and around an airport has become a prime concern to N
many locol communitiss. To meet the ever increasing
voluma af aoir traoffic, girlines are putting lorger planes
into operation aond increasing the numbers of Fflights.
These actions only serve to increase the total amount of
noise generoted at an air instollation. Community de-
mands for quieter air operotions have spawnsd the devel- ¢
opment efforts of quieter engines, government sponscored
noise abatement progroms, noise certification require-

ments of fForeign and domestic oircraft, and proposals of ¥

-1

airport relocaotions as extreme as the littaoral airport
proposed for construction B miles offshore in San Pedro
Bay, Califormnia, all Ffor the soke of quiet. Althaough
these efforts are commendaoble, they alorme cannot satisfy '
the requirements of a gquiet environment for peopls who
choose to build mnear an ogirport. For example, much of
the noise produced by an agircraft is o rasult of tha N
large shear stresses established within the air itself in
the immadiate vicinity of the jet exhaust stream. Such
phenaomena cannot be changed by the efforts of man,
Consider the level of quiet Ffor a commercial building )
such as the oirport hotel. Such a structures must be able E

to provide sufficient noiss attenuation to provide a
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comfortable rest anvironment Ffor i1ts potrons. The
importance of the enginmeer’s role, 1in conjunction with

the above mantiaoned praograms, is readily appaorent. He is

AW,

obligoted te provide his client with an eanvironmant

sufficiently quist for the use of the building, and as &3
quiet as is cammensurate with the budget. 7To do this, he EE
must be awore of the following: :ﬁ
1) The fundamentals of sound, i}

2] and the various matrics ovailable to measure EE

the offects of oircroft noise. o

The metrics available for use con be Ffurther classified N
as: h
1) Single Event Maximum Sound Level k

2] Single Event Energy Dose X

;

3) Cumulative Time Metrics ;«,

4] and Cumulative Energy Averaoge Metrics. ij
These foctors are the subject of aond constitute the ?N
arganization of this spacial topic report. :ﬁ
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CHAPTER 2 FUNDAMENTALS

2.1 PROPERTIES OF SOUND

To understand the various noise metrics used to rate
the anmnoyance potential of airecroft, one must Ffirst
understand thae basic properties of sound. Sound may be
produced in many ways but is usually sstablished by some
vibrating body. Thase vibhraotions couse very small pras-
sura fluctuations in the air. If these pressure fluc-
tuations are detected by the human ear, they’re perceived
as sound. We can classify this sound aos being wanted,
desirable, or unwanted. It is this unwanted socund we
normally refer to os noise.

When sound is produced, it is propagated in the Form
of a longitudinol wave. This is best described by making
an analogy to th; ripples produced when tossing a pehble
into a pond of water. The crest of each wave can be
likened to the compression stoge of o sound wave while
the valley is the decompression or rarefoction stage.
The distance between aony two adjacent crests is the wave-
length. The numbar of these waves, or cycles, produced
gach second is the frequency of the sound in cycles par
sacond; more commonly referred to aos hertz. The audible
range aof a healthy young parson is typically 20 Hz to
20,000 Hz. The frequency and the wavelength are related

by the exprassian:
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where: r=wovelength i
f=frequency
c=speed of sound

We caon alsoc relate frequency °'f’ to the angular
frequency, w', by the expression f=w/2m. By making a
g
substitution for 'f’, we con write:
\- 2nc 2 ‘
) k 3
q
whare: k=wave numbar Eft_ll

The significance of the wave number will be discussed
laoter. Figure 2.1 is a graphic partrayaol of sound waves.
The height of each waove is the pressure aomplitude

and is partially responsible for the subjective sensation

of loudnass. If we were able to install some pressure
sansitivae device saome distance from the point of impact
of the pebhble, we could measure the pressure of a ripple
of water at thot point. The same is true of a sound
wave; and the human aquditory system is such a pressure
sensitive device. The human ear will detect sound pres-
sures as low as e.leo'S psi. This is known as the
threshold of hearing and commonly expressed in SI units ¥
as 0.00002 Pascals (Pal. The maximum sound pressure a

human can tolerote is 20 Pa, commonly referred to as the

threshold of pain. Note the differance in magnituda of

e o
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Figure 2.1 Sound waves resulting from: (a) a constant

vibration (b) two impulses of differing magnitude.
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these numbers is on the order of one million, Working

with numbers of this mognitude can be very cumbarsome.
It’'s also difficult to mointain an intuitive feeling aof
loudness. For these reasons, the decibhel scole was
developad.
SOUND
SOUND PRESSURES PRESSURE
(rms] LEVEL
PSI Pa DECIBELS
- 240
- 107 L 220 127 Cannon, 12° in front
- 10s and below muzzle
102
- 200
- 103
r 10
) L 10 r 180
i L
i L 108 160
- 10 1
L 102 - 140
5 10-1
L 10 - 120 - Threshold of pain
L -3 b i
10 L 100 Subway station
L 1.0 | 50 - Electric power station
- 107 - Large mechanical room
L 0.1 - 80 - Average Factory
- 10-° 70
- B0 -+ Large storaes
I 0.01 :
L 10- - S0 - Average rss;dsnca
L 40 - Audience noise
| Lo - 0.001 L 30
L 20 + Radio broadcasting studio
+ 0.0001
- 107 10
0 .00002 0 Threshaold of audibility

Figure 2.2 Sound pressures and levels of everyday noises

e AT AL w{"-}\}'-} Y v -..'. -.' | S Py ,. oy ;,\;_v ,}-,.'._-.' .;,;_u-'..}.;,.;,.;, ¥ .:_' AP -, ': .}’ "

Y "

s



PPy

---------------- s,
’f\"-"‘-“."v.,'u\\}\.’\ ‘\'*'v ".r \\'ﬁ "‘.

The cecibel [dB] scale, illustroted in Ffigure 2.2,
is o measure of sound pressure lavel [(SPL] ond represents
a ratio of o sound pressure to some reference pressure.

The internotionally accepted reference staondard is the

threshold of hearing. Sound pressure level is expressed
as:

SPL=EOLDg10EP/PuJ
where: P=sound pressure to be measured

P,=.00002 Pao
Sirnce the decibel 1is logaorithmic, aon 80 dE SPL isn't
twice gas loud os o 40 dB SPL. Using the above equationr,
or referring to figure 2.2, it’s easy to verify 80 dB has
a sound pressure 100 times os great as 40 dB! Doubling
the sound pressure only results in a 6 dB increcse in
sound pressure level. I[t’s also important to note the
addition of two sound pressure levels is naot algebraic.
To odd two or more socund pressure levels, use the
relation:
SPL=10Log, 01098/ 1041098/ 10, | 41098710,

A convenient clternative is provided in figure 2.3.

Cccasiocnally, it may be necessary to subtract sound
levels. This maoy occur if you know the sound level in an
enviranment with a certoin machine rumning and wish to
calculaote the contribution of the machine. To do this,
you must subtraoct the ambient sound level (sound level in

room with machine off] from the total sound level with

o «
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. the machine running. The equotion for subtraocting sound
o lavels 1s similar to the one above.
::
’
' SPL=10Log [IOdB/lO—lodB/lo—...—lodB/lOJ
I» 10
) Difference betwean Decibels to be
{j levels to be added to subtracted from
> odded/subtracted higher of two levels
B o) 3.01 —
0.5 2.76 9.64
. 1.0 2.54 6.87
y 1.5 2.32 5.35
4 2.0 2.1e 4.33
.- 2.5 1.94 3.59
. 3.0 1.75 3.02
3.5 1.60 2.57
. 4.0 1.45 2.20
. 4.5 1.31 1.30
g 5.0 1.18 1.65
. 5.5 1.08 1.44
6.0 c.97 1.26
7 c.78 0.397
. B8 0.63 0.75
. 9 0.51 0.58
N 10 0.41 0.46
4 11 0.33 0.36
2 12 0.27 0.28
13 0.21 0.22
.- 14 0.17 0.18
o 15 0.14 0.14
.~ 16 C.11 0.11
’ 17 0.09 0.09
o 18 0.07 0.07
138 0.06 0.06
20 0.0% 0.04
2\ g.oe o.o2
- EXAMPLE: Add a 50 dB noise to 45 dB ambient. Tha dif-
g ference bestwsen the two levels is 5 dB. Refsring to
column two, odd 1.18 dB to tha highest level. Thus,
kL SO dB + 1.18 dB = S1.18 dB combined level.
[\
:: EXAMPLE: Subtract an ambient level of 45 dB from o total
‘: lavel of S1 dB. The difference betwseen the two lavels is
{ S dB. Refsring to column three, subtract .87 dB from the
highest level. Thus, the contributing noise source has a
“ level of S1 dB - 0.37 dB = 50 dB
&
\
’: Figure 2.3 Finding the raesult of cambirned noisa lavels
$
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Column 3 of figure 2.3 1is the numbher of decibeis
subtraocted Ffrom the total level to determine the actual ;‘
contribution o©of a noise source. However, 1f the ;
difference between the total noise level and ambient i1s '“
A
less than 3 dB, the ambient level is to high to get an ;i
occurate reading and another method of finding the degree }‘
o
of contribution must be used. K
A usaful ospect of the decibel scale is o hetter ap- i
proximation to our perceptian of relative loudness. This EE
.
is becouse the ear reacts logarithmicelly to varict:ions K
in sound pressure. However, the concept of loudness is E'
very subjective and the decibel scale is not a precise %'

model . We noticed obove a & dB incregcse in sound

pressure level results in o doubling of the actuaol sound

T WY W ¥ )

pressure. But the ear doesn’t recognize this as a .é
doubling of loudness. It tokes a full 10 dB increaose in ’;
sound pressure laevel for us to consider the sound tao have ;é
doubled in loudness; a 6 dB increase results in a E&
discernible difference in loudness; while o 3 cor 4 dE R
increase is barely perceptible. ;‘

Loudness is defined as the magnitudse aof the ﬂa
sensation of o sound and is o function aof both the SPL X
and its spectral distribution. By this definition alone, :s
one can perceive the subjective quolity of loudness. ‘s

Even so, loudness and loudness level have heen gquantified

through the wuse af the phon and sone scales. The phaon g
S
oy
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scale measures loudness level. Tha loudrness level of any
sound is the median SPL, in decibels, of a pure 1000 Hz
tone perceived to he aos loud as the sound in gquestion.
The family of curves describing the contours of equaol
loudness 1level are known as the Fletcher-Munson curves
and have been accepted by the Internationaol Standards
Orgonizotion as IS0 R-226. 0One problem with the concept
of loudness level is it still Ffollows ao logarithmic
distribution. Since it was thought an arithmetic
distribution would moke it easier to explain the concept
af loudrnass to the layman, the sone scaole was daveloped.
A loudness [(os opposed to loudnaess levell of one sone is
definred ©s o tonme of 1000 Hz that is 40 dB abave the
threshold of the listener. Since the sone scale is
arithmetic, a loudness of two songs is twice as loud aos
one sona, o loudnass of 15 sones is three times as loud
as a loudnesss of S sones, etc. The relationship between

loudness level and loudness is:
P-&O+33.3L0g105

where: P=Loudness level in phons

S=Loudness in Sones

In everyday situations, it’s raother obvious the

apparant loudness of o noise source varies with the

distance from the source. But to determine the magnitude
aof this wvariation, let’s First consider o point source
_10_
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radiating sound at 'P’ watts of power uniformly in three

dimensions. In this cose, sound power denotes the total
amgunt aof sound energy radioted by o source per unit
time. It is usunlly expressed in Joules per second, more
commanly known as wotts. This concept 1s aonaolagous to
the expression of the rote of flow of heat or eslectrical
energy which is olsa expressed in watts. If we imagine a
sphere of rodius 'R’ and surface area %nRE surrounding
this paoint source, we can determine the amount of power
being generated per unit areco. This 1s caolled the
intensity (I3l of the sound and is maothematicaolly
described as:

I-P/‘-iTrRE
It’s cleor the intensity of a sound source variaes
inversely with the sguare of the distance. This is known
as ths inverse squore law. Now 1let’s express sound
intensity level in decibels by the relatiaon:

IL-lOLaglotl/I.]
where: I.=An internationolly accepted reference standard
of 10712 w/m®

To evaluate the change in Intensity Level in decibels
between two paints at distances R1 and RE from the paoint
sgurce, we can simply taoke ten times the logaorithm of the

ratio of the two intensitiass. By letting R -ERl, and by

2

arbitrarily defining the SPL ot distance R1 as a

treference level, we can uwrite:

..11..
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P/4niar, 1° -
IL =10log, ., —=~————~5~—-— =10Logl.25) =-6 dB
c 10 P/%nRa by,
1 L
L]
Thus, we caon sse that the intansity level of o sound :‘
source decreases by 6 dB with a doubling of distancs. >
Conversely, it will increase by 6 dB with eoch halving of -
distancs. The corresponding change in spund pressure !
F ¢
” }
lavel can be calculated in the same manner and with the '
»”
same results. These are variotions of the inverse sguare ;{
'.
relaotionship and gre valid only if the source gqualifies ?
f
as o point source.
-
A sound source maoy be considered a point source if :
‘o
Lhe distance from the source is large in relation to the .
»
size of the source. We have Just seen, for a point
source, the sound intensity 1level and sound pressure !
o
level emenoting from the source is inversely proportional ;
t
»
to thae distance from the source in aoccordance with the
S
inverse squaors low. If, for a sphericol source with ]
]
\
radius 's’, the inverse square relation holds true, and }
]
the praduct of the radius of the source and the wave g
o‘“
number is much less than one, (ks«ll, than the source may ﬁ
J.
be caonsidered o point source. In this discussion of 3
]
aircraft noise, the radial distances from the aircraft we
.
are concerned with are measured in terms of miles. Under *%
‘.
these circumstances, aircroft con be considered as point }
1
sources.
o)
When detail is raequired in measuring sound pressure M,
o
h
1,
_12_ |'|‘
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levels, the sound source 1is analyzed in single or
gne—-third octave bands. An octave, in this context, 1s
the frequency interval betwsen two Frequencies having a
ratig of 2:1. The first octove starts at 32.25 Hz and
keeps doubling to 15,000 Hz; the highest practicol and
usaoble octove. A one-third octave band is the frequency
interval between two frequencies with o raotio of 1.26:1.
It’s used when a single octave can’t provide the degrse
of detoil necessory for o sound spectrum analysis.

Sound, Just as light, is subject to the phenomena of
refraction. You have probably noticed the refroction of
light while looking into a stream of clear watsr. The
image of an object at the bottom of a stream appears
closer to you than it actually is. This is due to the
differsnce in the index of refraction. In other words,
since water is more dense than air, the speed of light in
water is somewhaot slower than it is in air cousing the

light raoy to bend toward gou. This is why the object

appear closer than it is. This phenomena obays Huygen'’'s
principal and is illustrated in fFigure 2.4a. The same
basic principle holds for sound. The speed of sound in
oir varies with temperature and humidity. The effects of

humidity ore very small and usually neglected, while an
increase in temperaoture will cause an increase in the

speed of sound. The speed of sound can be found by the

relation:

. ke N
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C=C1.4P,/0)%

where: P,~atmospheric pressure (varies with elevation
and weather)

D=air density (varies as temperature and elevat.:on:

Note the speed of sound varies os atmospheric presswore
and density, which in turn are dependent upon elevat:ion
and temperature. A simpler exprassian relating the speed
of sound to temperature only is:
c=48.,990 T+459,671

For most caolculaotions, the spesd of sound is assumed as
1130 fps at 72 *. To see thesa effects in pract:.ce,
consider figures 2.4b and 2.4%c. The Ffirst illustration
shows a strotified otmosphere with warm air layered con
top of cooler air. As the sound travels up, it bagins to
speed up as it passes through warmer air. This caouses it
to bend, or raefract, downward. In the second
illustration, cool air is layered aon top of warm air. In
this case, sound wiil begin to slow aos it passes through
cooler air and refract upward.

Sometimes confused with refraction is the principle
of diffraction. Diffraction is the deviaotion of a waove
from o straight line. Again using light as an analogy,
consider the shadow produced by o single point source of
light as you hold your hand near o surface. Tha shadow
is crisp with no raogged edges. But when you pull your

hand away from the surface and closer to the light, the

_11.*_
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NCOMING RAY

{a)

PLANE
WAVES MEDIUM 1
FRONTS SPEED Vl
BOUNDARY
MEDIuUM 2
SPEED V2

82 REFRACTED
RAY

(5) cold air

) >
(C \‘\

night
Figura 2.% (al) Rays bend toward normal passing into dense

medium (bl Refraction of sound passing from warm to cool
air [c) Refraction of sound passing from cool to worm air
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shodow becomes fuzzy. This 1s becouse the light has

diffracted or bent oround the edges of your hand.

Diffraction of sound happens in the same manner. It is

most apparent when passing through openings or traveling

around objects. The amount of diffroction depends on the :
sizea of the opening or object in relaotion to the E
wavelength. As a wave front contacts a large object N
(relative to its wavelsngthl, little sound will snter the r
region behind the object and a shadow region is formed. &
A smoll object will provide little chstruction and the be
sound will continue almost nas if there was no P
interference. The passage of sound through an opening is i
similar. If the opening is small, a wave front striking A
the opening will be heavily diffraocted. The uwaves t
amenating from the opening will toke the form of a :
~spharical wava. Thus tha opening will act as o point :
source when transmitting the incident sound. These
/ concapts are illustroted in figure 2.5. :
K
2.2 AIRCRAFT NQISE %
The vast majority of the noise generaoted from an %
\J
airport is from Jet oaoircraoft (os opposed to propeller k
driven aircraft)]. There orse two principle sources of ;A
sound from o jet engine: exhoust noise and fan/comprassor E
noise. The exhaust noise is o result of the high veloc- §
ity exhgust gases passing through ambimnt air inducing a :
-16-
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Figure 2.5 Diffraction
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large sheaor stress in the surrounding air. The resulting
sound energy covers a wide range of frequencies. Exhaust
noise increases after the possing of an aoircraft and
reaches a maximum ot o point ahout 135° from the nose of
the aircraft. Probably the most annoying sound Ffrom ao
Jjet enginme is thae high frequency whine or screech. This
is o result of the turbo-machinery of the jet eangins.
These sounds may also caover o widse frequency range and
usually contain high frequency pure tones; which are por-
ticvularly annoying to the human ear.

Since an aircraft must use maximum thrust during
takeof F, this is also when they are maost noisy. Tha SPL
of the noise heard depends on the source and the distance
the observer (s from the source. So it’'s impartant for a
plane to reach as high an altitude as possible hefora it
overflies o noise sensitive area. At certoin airports,
flight trocks may be odjusted to reduce the noise impoct
on surrounding communities. Another procedure is for the
gircraft to cutback on power while overflying a sensitive
area. Howevar, this means the aircroft maoy sxpose areaos
further away from the runway to higher levels of noise.
One begins to realize the importance of sound insulation
to support the operaotional techniques of reducing the
intrusion of aircraft noisa.

Landing aircraft produce less noise baecauss of tha

lesser power raequirements. But the whine of the %urbo-
- 1 8 -—
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machinary 1s sti1ll an annoying intrusion. Since aircraft
descent typically begins S to 10 miles From the aairport
along a straight 3° glideslope, there is less of an
opportunity to olter flight tracks to decrease the
effects of this intrusion. Therefore, landing aircraft,
although less noisy than those taoking off, will increase
sound levels on the ground, possibly aoffecting naise
sensitive areas with little recourse for decreocse through
changes 1in operational technique. Again, this only
strengthens the requirement for good acoustical design
and construction techniques to provide aon acceptable
interior noise envirgnment,

To defirne the affected areas aond show the degree of
impact, several noise metrics and the FAA integrated
noise model (INM] were developed. These models are
available to the general public in the fFarm of noise
contour maps. These maps prove a great tool for land use
planning and noise impact assessmants. These metrics ond

the INM are described next.
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CHAPTER 3 THE NBISE METRICS i

3.1 SINGLE EVENT MAXIMUM SOUND LEVEL METRICS ;
All oagcoustical metrics are comprised of three basic E
components: 1] sound prassure level in dB, 22 freguency i
or pitch, and 31 time. Thae sound pressure levels af El
various frequencies, determined for a given point in ﬁ
time, form a fingerprint of the sound. The A-weighted ~
;

sound level is consistently wused os the single event E
maximum sound level metric aond is also used far noise E
certification of small prapeller driven aircraft. It %
attenuates high and low frequency noise in accordance ~
with the 40 phon equal loudness contour. This scale was E

originally developed to reflect the ear’s response to low

sound pressure levels, typically below 55 dBE. But over

AR A

the years,it’s praoven to correlate well to the response

of the buman ear. As a result, this network is used

alimast exclusively in all types of sound pressure level §

measurements, The B-weighted and C-weightaed networks ,%

were developed at the same time aos the A-weighted f'
¥

network. The B-weighted network olso attenuactes high and

low frequency noise but does so following the 70 phon

equal loudness contour. It was intended to opproximate R
the ear’'s rrspanse at medium SPL's. The C-weighteaed :4
network is sssantially linmear and was intended to 0
approximate the ear’s raesponse at high SPL's. Extensive
s
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fieid use proved the A-weighting more accurate thcer
either the B- or C-uweighting. The O0- and N-weighted

networks were developed for use i measuring oaircraft

e LI S

noise. These networks are fregquency-filtered to reduce
the effects of low frequency ncise and to recognize the
increased gnnoyance levels associaoted with higher

frequenciaes. The N-uweighting is g direct approximotion

R W I

of the Perceived Noiss Level (discussed nextl. ke

D-weighting is the same os the N-weighting except ot a

cCYv v

level of 7 dB lower. It'’s found more frequently on sound
level meters than the N-weighting and is used to
gpproximate Perceived Noise Level by the following 4
squotion:

PNL=dB[D1+7
The A,B,C,0, oaond N weighted networks are taobulaoted in tf
figure 3.1(b) and depicted graphically in figure 3.1(al. .
Using these figures and an octave or one—~third octave ¢
barnd analysis, the weighted or unweighted sound level of E
any source may be calculated. The ovailaoble analysis may N
be weighted or unuweighted. For example, the sound
pressure levels listed in figure 2.2 are unweighted. Tc '

calculate the A-waighted SPL, aglgebraically add the

=™

A-weightings From fFigure 3.1Cb) to the SPL of &ach

LAY

octave band to obtain an A-weighted SPL by oactave band.

- -

Add these levels logarithmicaolly to obtaoin the overall

-
- -

A-waighte:l SPL.
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C A B C D N
25 -45 -20 -4 -13 -12
31.5 -33 -17 -3 -17 -10
40 -35 -14 -2 -15 -8

S0 -30 -12 -1 -13 -B

63 -2B6 -9 -1 -11 -4

80 -23 -7 -1 -9 -2
100 -18 -6 o -7 o
125 -16 -4 0] -B 1
160 -13 -3 0 -5 =4
200 -11 -2 o -3 4
250 -8 -1 o} -2 S
315 -7 -1 0 -1 B
100 -5 -1 0 -1 =
500 -3 o o} 0 7
6530 -2 0] o c 7
800 -1 0 0 o} 7
1000 o o 0 o 7
1250 1 C o) e =
1600 1 0 o B 13
2000 1 o} 9] 8 15
2500 1 0] 0 10 17
3150 1 o -1 11 18
4000 1 -1 -1 11 18
5000 1 -1 -1 10 17
6300 0] -c -2 g 16
BOOO -1 -3 -3 B 13
10000 -3 -4 -4 3 10
12500 -4 -5 -B o 7
16000 -7 -8 -3 -3 4
20000 -9 -11 -11 -5 2

FIGURE 3.1Cbl The A,B,C,0, and N weightings for
1/3 octave bands

Although the A-weighted network correlates well with
the human ear, it doesn’t takes into affect the annoyance
lavel of aircraft noise. We are especially sensitive to
sogunds in the 500 Hz to 4000 Hz range. This phenamenca
was apparent in 13958 when Boeing introduced the 707-120.
At the time, Boeing claimed jet oircraoft were no more
naisy than propeller-driven craft. This allegation was

based on the fFact the aoverall SPL's of the jet aircraoft
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and prapeller-driven agircraft were identicol. Yet people

perceived the Jjet aircraoft to be louder. The answer was
in the spectral distribution of the two different socunds.

The jet produced higher SPL’'s in the maore annoyging

frequency range than the propeller-driven aircraft. This 5
prompted K.DO. Kryter to develop the perceived noise level

(PNLdB] uos o single number measure to relate the actual

physical measure of noise to the subjective fselings of :
gnnoyance of that noise. Its evaluotion requires an E
octave or one—-third octove band analysis with ;
instontaneous measuremants of SPL’'s in the various bands
at holf-secand intervals. These frequency intervals ars
waighted according to the amount aof arnnoyance percaived "
using the subjectively derived noy scole. The noy scale :
rates the annoyance of o sound in noys as a function of :
frequency ond sound pressure level. A standard roy taoble *
is provided in the appendix. The PNL of o bond analysis o
is determined fFrom the following equations. E
PNLCk)=40.0+33.22%Log, o(N., ),  PNdB :
For an octove band anaolysis: f
Ntk]-0'7ntk3+'32nti,kl o
For o one-third octave band analysis: E
Newa™0-85n ey 152015 ks ;

nli,k)=perceived noisiness values '
in noys for the ’i’th oc- \
tave band during the 'k’th ]
time interval

n =largest of n_. values )

(k) g (i,k1] N
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PNL can also be approximoted with the relation:

PNLxdBR+14

To get an idea of the differsnce betwsen SPL's and
PNL's, some common noises and their respective levels are
tobulated in figure 3.2. A comparison of a jet airliner
at tokeoff with o propeller-driven aoircraft aot toksoff is
shown in figure 3.3. Note the high SPL’s in the high
frequency range for the Jet airliner vs. the Electra.
This difference becomes very importont when you realize
the average human ear can tolerate low fregquency noise
about 30 db higher than high frequency noise. Using the
procedurs outlined in section 2.1, it’'s easy to verify
the overall SPL of each aircraft ot 10% dB. Using the
noy toble in appendix A, we find the sum of the noy
indices for the jst oirliner is 397 noys with a maximum
of 83 noys. The Elesctra has o total noy wvaolue of 185
noys and a maximum of 42 noys. Using the above equation,
this colculates to 115 PNdB and 102 PNdB respectively.
The PNL scole readily indicaotes the obvious; Jet aircraft
are more annayging than propseller-driven aircraft. These
values are used to develop PNL contour plots fFor an
gircraoft. An exgmple of such ao plot is shown in
figure 3.4.

Since the PNL scole is bosed on the dB scale, an

increasa of 10 PNdB results in a doubling of the sub-

Jective sensation of noisiness. It alsac suggests an
{
—a5- !
(
{
\
. , |
A NG A \' ‘x’s A R0y PO A AT A IR SIS LA RS A e, S S A T C RO O



J J » * 9" - (] ¢ . » \J L) . ] ) d l. () \J Vo . U 3 N ) \J P '\ ) ~ \J v v

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

Ootas» Rand Spectrum Arnalysis of Variows Nolsec

Source | barbage | Vacuum | Freight | Washing ! !
Jet | Disposal | Cleamer | Train | Machine | Truck | Refrigerator | Voice ‘ ,
Octave | at at at at at at at boat |
Band [1600° | TPt L 3Ft. L 100 Ft.] 3Ft. P20Ft.]  3Ft. D3Rt ! Desert -
63 87 73 B8 a2 80 80 45 40 1=19] .
125 98 78 72 81 B1 78 4B 53 37 N
250 937 80 75 89 B0 77 45 B2 30 .
500 SEB 81 75 87 58 72 44 B4 24 ,
1000 83 80 73 B1 =1z] B9 42 Bl r=40) ’
2000 88 78 71 73 57 B2 40 57 B
4000 82 75 67 =15} S0 s2 38 45 16 !
BOOO 75 639 B2 Sk 48 40 35 30 15 '
SPL 104 87 81 =1 =] 67 84 =T 68 SO
Noys 125 52 33 B1 12 25 3.5 11 c :
PNdB 110 97 30 106 76 87 SB 75 - ‘
Figure 3.2 Caomparison of SPL and PNL
EXAMPLE OF USE OF PERCEIVED NOISE LEVEL K
FOR COMPARING NOISE FROM TWO TAKEOFFS -

BATA MEASURED AT TAKEQFF
Octave bands of frequency Commercial

in cycles per second Jat Electra 3
SPL_Noys SPL Noys 3,

20-75 83 14 102 35
75-150 B3 13 100 42 .
150-300 85 40 83 17 \J

300-600 97 &e2 76 12
BE00-1200 93 &O 77 13 S
1200-2400 gB 93 74 18 J

2400-4800 g5 33 B85S 12

4800-10000 B4 32 56 4.7

Overall SPL 104 dB 104 dB
Paerceived Noise Level 115 dB 102 dB N
Figure 3.3 Comparison of the Sound Praessure Levels and N
Perceived Noise levels of two aircraft

3
eguivalant increase in overall SPL. This foct can be ﬂ
used to advantage irn gpproximating sound insulation ;:
requiremants for o building For programming purposes. If N,
Y
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URE 3.4

Fi

turbojet and turbofan ot tokeoff
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a PNL contour plot 1s aovairlable, you can find the PNL at
a building site. By knowing the desired interior level
in dBA, use the obove equaotion to express this interior
level in PNL. The difference betwaen this level and the
exterior level in PNL will be the required transmission
loss.

Since the human sar 1s sansitiva to pure tones,
corrections to account for this was agpplied to PNL
resulting 1n the tome corrected perceived noise level
CPNLT]. The procedure requires a one-third octave band
spectrum analysis of a nrnoise event Ffor each one-half
second of duration. Each band is checksd, through an
1iterative process, to determine an effective SPL of the
pure tome at wesach band if it exists. For frequencies
below SO0 Hz and ocbove S00C Hz, the applied correction is
.17 dB per decibel of effective SPL the pure tone exceeds
the actual SPL at that band. All other frequenc.ies
recelve a correction of .34 dB psr decibel effective SPL.
The largest correction of all 24 one-third octave bonds
is the only correction odded to the PNL to obtain the
PNLT for the one-half second time interval. This process
1s repeated for soch one-half second of duration arnd the
results plotted oas a PNLT curve repraesenting the entire
time-history of the svent. This procedure is outlined 1in

detail 1n FAR 36.
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3.2 SINGLE EVENT ENERGY DOSE METRICS

During the studiss aof annoyance levels of aircraft
noise, examiners noticed peaople rated flyovers of long
duration s more annaying than those of short duration.
This prompted the addition of a duration correction
factor Ffor the PNLT. The resulting annoyonce raotirg .s
coined the seffective perceived noise level [EPNL] and 1is
mathemoticaolly described as:

EPNL=PNLTM+D

whare: PNLTM=Maximum PNLT volus over the
duration of ths event

O=duration correction faoctor

-10L0g10E210PNLT[k]/IOJ—PNLIM—IB

Tha duration of the event is based on the totol time the
aircraft is within 10 dB of maximum PNLT. Bue to the
caonsiderations of pure tones and duration, EPNL can't be
used effectively for detarmining sound insulation
requirements For buildings. But it is considered o very
accuraote descriptor of the annoyance of aircraft noise.
It’s currently specified by Federol Aviation Regulaotion
Part 36 (FAR 363 for use in certifying noise levels of
foreign and domestic aircraft. The EPNL for o given
aircraft is plotted to give a totol noise Ffootprint Ffor
the oircraft during tokeoffs ond landings. Examples of
such plots are shown in figures 3.4 and 3.5. Plots of
EPNL wers usaed to develop the Noise Exposure Forscast, a

cumulative esnergy average metric described i1n 3.4.2.
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FIGURE 3.5 Example
and McBonald Douglas

of an EPNL contour for a Boeing

727 ¢
OC-8 at Long Beach Airpart

o “Jut_gue.J

_.30_

]

-

»

h

’

.

- ., LI I K3 RPN I 7 I LTSI S R SRR DR I PR LIPS BV g 'q-\-lt’

'ﬁ;"::‘:;".;‘f.;i‘ N AC AL NN AT A AR I 4--‘.-'..‘.' A R g -.'-. TR NGNS VAN W AT N



Anaother single event energy dose metr:c 1n uss today
1s the sound exposure level (SEL]. it was first
developed 1n 1870 as tha Single Event Noise Exposure
Lavel [(SENELJ ard used to calculate the Community Ncise
Equivolent Level (CNEL) described in section 3.4.4. In
1972, the name was changed to SEL ond it was adopted as
the single event noise measure 1in developing the EPA
proposed Day-Night Sound Level described in section
3.4.3. SELL. 1s the A-weigbted sound level of an event
integraoted over 1its duroticon aond normalized to a
reference duration of aore second as 1llustroted in
figure 3.6. The one second refsrerce duration acts as o
common denominator allowing the addition of several
events of varying totaol durations. When calculating SEL,
sufficient accuracy is obtaoirmed by defining duration as
the time the event 1s within 10 dBA of i1ts maximum
A-weighted scund level. For SENEL, the threshold 1is

30 dBA. Mathemotically defired:

-t’l dBACt1/10

SEL=10Log,, (1/t. J 10 dt)

t

where: t.=Refarence duration of one second
t,=Beginning of event

t:End of avent

dBA(t)=Instantamreous SPL of event at time t
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In practice, the integral sign 1s replaced by o summat:ion
s:ign ond SEL 1s colculcted at discrete intervols cf
grne-half second or less.

Although the SEL calculaticon appears relotively
easy, there are a multitude of vc%iubles to offect it.
These variables are classed by: Aircraft type, MNMode of
opercation, arnd Distaonce.

Aircraft type not only includes the mcdel aof
gircraft, but also the type of engine instolled. The
main cancern 1is tukeoff thrust reguirements since this
affects the oaircraoft SEL. Aircroft type 1s only a
partial detarminant of tha amaunt of thrust necessary for
takeoff. Takeaoff thrust also depends on the gross weight
gf the aircraft at takeoff. This, in turn, is depsndent
on the omount of caorgo on boord aond the oircraft’s stage
length (length of tripl. Stoge length 1is importart
becaouse it determines the amount of Ffuel the aircraft
will carry, which affects aircraoft weight and returns
full circle to tokeoff thrust requirements. Thus,
oircraft type aoand stoge length constitute the first two
variables aoffecting SEL.

Mode of operation refers to taokesoff and landing
gparations. SEL’'s for 8ach of these conditions will

depend on the takeoff and landing procedures at a

specific airport. The most common procedures are:
Standard Takeoff, Naorthwest Oriant Airlines Noise
_33-
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Abaotement Takeoff, FAR 36 Tokeoff, Standard Larding
Approach, and the Two Segment Landing Approoch.
Additiorally, certain girpaorts may have their ogwn
procedures bosed orn their developed community noise
chatement program. Landing procedures are usually based
on aoa 3° glideslope for laorge tramsports amngd o 4.5°
glideslope for gerneral aoviation aircraft. The tuo
Segment approoch begirs on a B° glideslope crnd ends on G
3° glideslope. Again, this may vary with local ncise
abotement policies ond must be reflected in the develored
SEL charts.

Distance criteriao depends on mode of gperation. For
landing, it’'s the distaonce along the grournd track Ffrom
the point of intersection aof a line drown from o land
parcel of interest and perperdicular to the ground traock
to the landing threshold. For tokeoff, it’'s the distance
alaong the ground track from this same point to the braoke
release. Figure 3.7 graphically illustrates this
concept.

All of this informotion must be considered while
prepaoring ao datobase of SEL charts. Faortunately,
extensive studies hove been done and the resulting
dataobose is reodily availale from the EPA ([Ref. 143.
Figure 3.8 is an example of an SEL chart fFor the McDonald
Douglaos DBC-1C0 ard Lockheed L1011. Note the informatiaon

in the upper right bhand corner. Thaese conditions are the
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FIGURE 3.7

Aircraft Flight Path

-— —
# _L

\\Start of Takeoff Roll

Aircraft
Flight Track On Ground

Aircraft Flight Path

(b)
1 ~
Landing .4/' \\\\\%:5’
Threshold
// /\
//
% ’2

Land Parcel @

Aircraft Flight
Track On Ground

Distance criterio used in SEL and

calculations
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in dB

Sound Level Exposure (SEL)
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variables for which this chart 1s valid

Like the PNL metric, SEL cam be tone corrected by
replacing the dBACt]) value within the integral with the
instantarecus tone corrected A-weighted sound level
{(dBARTCt1]1. DBATCt] is «calculated according to 150
recammendation R507 aor computed by:

dBAT=dBA+PNLT-PNL

3.3 CUMULATIVE TIME METRICS

The cumulative time metric was devised to provide a
simple, easy ta understand metric for presentation to the
layman. This metric expresses the total amount of time a
sound level in g particular environmant exceeds o
pradetarminaed threshold. Due to their simplicity, their
use grew until 13970. About this time, field studies
indicaoted they didn’t accuraotely assess the annoyance
impact of aircraft noise, although they did possess
several merits useful for determining sound insulatian
levels. Nome the less, they ware never standaordized and
the computer models under development nsver caompleted.
Even so, instruments intended to measure oircraft noise
affects are still being produced todaoy with the
capability of measuring tima-abaove. One of these
metrics, the centile sound level, is still wused by the
Federol Highbwoy Department in assessing the offects of

traffic noisa. For these raeasons, this class of metrics
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g

is daescribed i1n detail.

3.3.1 CENTILE SQUND LEVELS

The centile sound descriptor [L,] is a statistical
metric stating the percentage of time a certoin sound
threshold 1is exceeded. This rating was developed to

reduce large amounts of doto to a descriptive and

manageable Fform, and to ow©llow comparison of onnoyance
levels of various communities. Consider two strip-chart
recordings of two areas within o community. Assume one

indicates an ambient level of 60 dBA with Fregquent S dBA
intrusions. If the second haos an ambient level of 45 dBA
and Fewer intrusions, but peoking 20 dBA aobove ambient, o
direct comparison of annoyance 1is difficult. But a
stotistical anolysis stating percentage of time sach area
exceeds a thrashold level simplifies the comparison.

The centile sound laevel is bosad on a free-flowing,
continuously fluctuating noiss source such as an equally
spaced, constant flow of traoffic. The number of evaents
contributing to the overall noiss lsvel ot a point is
statistically represented as a Poisson distribution. But
tha rote of growth/decay of the noiss level of an
approaching/departing vehicle is on expanential function
{Fig 3.8). So it follows the centile levels will be
expaonantially distributed. Using this statisticaol

method, ane can analyze daoto obtaoined from an observation

.
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pericd to determine centile levels. Anocther method 1s to
record the sound levels on o strip-chart and manueclly
canstruct a histogram to indicaote what percentage of time
the nroise lesvel 1s within o series of ranges; soy at
S dBA incraments. Then it’'s o simple motter of adding

the results of the histogrom to detarminme cumulaotive

lavels; tha centile levels. There ore alsc sound
measurement instruments available to do these
calculations automatically. A standard gbservation

pariod of one hour 1s typical to retrieve accurate
raesults.

Still agnother method of sstimating centile levels is
discussed by Rettinger (Ref. 3] ond rewritten here in
brief. This method uses the basic principles of geometry
and acoustics to develop a general relationship for
estimaoting centile lesvels.

Raeferencing figure 3.8, assume an observer is a
distance Y Ffrom an equally spaced constant Fflow of
vehicular traffic. Since the vehicles are considersed
point sources, the inverse square laow applies. Thus, the
sound level contribution from a single vehicle at any
point, o distance D fraom the observer, is the difference
between the maximum sound level ot distance Y and the
inverse square attenuatian due to the algebraic

2 2

difference between O and Y. Sincse D-EX +Y the sound

level heard by the observer, L., can be written as:
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TIGURE 3.8 A typical plot of A-weighted sound pressures
level vs. time for a vehicle passby
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By letting VUV represent vehicle speed in miles per hour,

the distonce X, in Feet, can be defined as 1.467=«=VUxt, By

substitution:

L - -1oLeg,. t1s -L:-#679¢ %

F “max 910 Y
Quring an observation period of ana hour, Lf is eaxcaeded
for 3BCCF secands. If N vehicles per hour asxceed LE‘ the

duration of each avent is tE°BEOOE/N. The above egquation
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canr be written 1n generaol terms as:

A\ a
j. =1 sy
F “max ~°

Since we’'re interested 1i1n develcping AL, we're only

ccncerned with the portion of the durcticn when the sourd

levael rises from Lf to LmuV' Assuming the wvehicles at
canstant velocity, this will be tf/E. Substituting, ue
have:

L 1oL c1.c Ll.967:U23600F %,

“F " “max “910 2YN
Simplifying:

=

L_=L__ +20Log, .N-10Log, (N°+6.97x10PC-E¥-1 3

“F Tmax 10 ic Y
By substituting ar appropriate wvolue aof TE {deci:mal

valuel inmto this equotion, you will have a relaticn fcr
that single Lf valus. You can astimogte "N, the number
of events exceeding Lf, from one of several statistical
studies. The results of such a study are shown 1n
Figure 3.10. This table 1is part of the results aof N.
Olson’s ”Staotisticol Study of Traffie Noise” avaoilable
From the Naotionol Research Council of Canada. Knowing

the hourly traffic flow, use this table to estimate the

number of passing vehicles at eoch sound ocutput leve’

(L J. This wvalue of L is easily adjusted for
max max

inverse square attenuaticon at distances other than

listed. Since this equation ossumes all passing vehicles

are identicol, you must determine LF far each group of

vehicles with an identicol sound output within each
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AUTCMOBILE FLEET TRUCK FLEET

dBA ot 5C° Froction dEA ct SC° Trocoice
53 0.01 71 C.C3
60 0.05 7 0.0C
Bl 0.06 73 0.0C
B2 0.07 74 c.CccC
&3 0.18 7 c.C3
B4 0.08 76 C.0C
65 .17 77 Q.08
66 0.15 7 0.17
B67 C.08 7 0.17
e8 C.0B6 B8C 0.Cb
B3 0.02 81 0.03
70 0.03 82 0.06
71 0.01 83 0.06
72 0.00 B84 0.1
73 0.01 85 0.C3
86 0.03
87 0.08
828 0.03

FIGURE 3.10 Staotisticol results of SPL produced
by two vehicle fleats

type class ([(e.g. Autos, trucks, etec.]. An energy
summation of all LE'S ot each sound output level will

determine the partiaol LE value for o given type class.
After datermining tha partial Lf for eoch type closs, o
fimal ernsrgy summation will result in an estimate of the
total LE at the aobservation point. This process only
provides an estimats. Actugl levels can wvary with

vBhicle mix and the actual numbers within a group of

vehicles exceeding L

Fe
Cver the years, various centile levels have goined
some significance. Some of these are listed below.
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_L,=Considered a maximum level of noise over a
L

cumulotive 3B seconds per hour. ignores
1mpulse noises with a combined duration less

tran 36 seconds per hour.

=Results in a brooder assaessment of noise

=
ievels than I_1
L,.SUsed 0s a measure of intrusiveness. This

10

level has been used in American and English
traffic regulotions as the design limit for
highway noise. The FHWA adopted LlO-EO dBA as

the limit for highly noise sensitive areas.

LBBEDriginullg used by HUD for land-usse

planning. L33-65 dBA was the limit for outdoor

noise.
LSOEHediun level of noisa. Nat an averags
sound 1level, but rother o lavel which outdaoor

noisa exceeds as often os it doesn’t.

LSOECcnsidered ambient noisa level.

LSSESGmatimes used instead of LSO'
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The centile rat.ng has proven to zorrelate wuell with
certcin types of noise. The ncise ciimate of a commuritgy
1s described well by stating the L1O and qu centile

PS —

levels (Same countries use and LSS’ e.g. Austrolics.

LS
It's aiso useful for oaossessimg speech and sleer
:nterfarerce, a comman camplaint of excessive oircraft
ngiLse. Although the procedura describad aobove couid ke
easily applied to aqircraft by developing o daotaobaose
simiiarc to Figure 3.10 For aircraft, it’s praven
1nadequate as the basis for estimating circraft noise and
for developirng related community nolise regulations. This
1S because centile levels gre calculaoted at discrete time
1ntervals rather than being integrated aover time. Thus
they ignore noises of shart durction--impulsive type
rnoises. For example, Switzerland aodopted the Ll level as
g criterion for measuring noiss peaks. But this
criterion will still ignore impulsive events of high
magnitudes, even those potentially damaging to human
health, for cumulaotive periods af up to § minutes in an
8 hour day. Since individual aircraoft noiss intrusions
are of ralaotively short duration and infrequent
gccursnce, this scaole becomes unresponsivae  to such
intrusions. Figure 3.11 1is a graph of the LE' L%, and
I_33 centile ratings for oircroft durntions of 10 seconds

rising BO dBA above aombient. Note the excessive number

of intrusions necessary for these rotings to reflect

them. As stoted above, this roting works well with
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situntians such as free fFlowing traffic. As such, 1t may
be possihle to wuse this rating near a very busy
intermnational airport such as O0'Hare or JFK. But most
cirports don't have the constant flow of traffic

necessary to retrieve occurcte results and to standardize
this rating for aviaotion purposes. Therefore, 1ts use
has been limited to assessment of wvehicular traffic

noise.

3.3.2 TINE ABOVE METRICS

The cantile rating defines the Brcpcrticn of o time
pariad axcaeding a certain threshold. The inverse of the
centile rating will give tima, in minutes, o threshold
leavel is exceeded. This is the basis of the time abovse
metric. Since this closs of metrics received a great
deal of attention in the 196B0’s and early 1970°’s, the FAA
developed the Aircroft Sound Description System [ASOS) as
their basic technique Ffor predicting community noise
exposure from aircraft. The goaol of the FAAR wos to
provide an accurote, yet understandable system describing
noise exposure to the community.

The basic product of ASOS is an exposure display
stating the time, in minutes, noise levels exceed 85 dBEA.

In arder tao provide a method toc compare results from

differing situations, ASOS also provides ao Situation
Index. The Situantion Index is o single number descriptor
_115_.
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Decibels Above Ambient (dB)
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colculated by 1ntegrating exposure time cf a plot of land
pver i1ts area. The result i1s a comparotive measure of
overoll nolse exposure expressed 1n acre-minutes.

ASOS was proposed with two different modes af
calculotion., Mode I is g simplified version suitable for
calculation by hand. The required informotiocon i1s a mac
of the affected land area, location of runwoys and ground
tracks, ths numbher of operations by aircraoft type, FAA
calculation forms, and o datobose of 85 dBA contours.

The contour daotabase is q computer gensrated table
developed as a function of agircraft altitude and power
setting. The result 1is corrected for excess ground
agttenuation and shielding by the aoircraoft fuselage. The
contours are defimned at 77%, 70% RH, and no wind. The
effects of pilot technique are also considersed. Separate
tables are required for individual aircraoft ot o variety
of gross takeoff weights and the landing taobles are based
on a glideslope of 3°, Additioraol taobles are compiled
for aircroft with acoustic modifications, such as gQuiet
nacella engines. The final result is o tohle indicating
distance of the caontour edge from the ground track at a
numbaer of downraonge distances. Aircraft altituds and
cumulative contour arasa is given ot esoch downranga
distance.

Although the nine step colculation procedure for

ASDS is relatively simple, it can be very tedious. The
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Following 1s brief summary of these steps. .
Step 1: Record the gperations deoto by aoircraft \
type, gross weight, and number of taokeoffs and ;

landings.

Step 2: Select appropricgte contours from the

dotabaose.

Step 3: Drow the runway layout on a USGES

topological mop of the area.

Stap 4: Add the ground traocks to the map.

v W W

Step S: Match oll oircraft operotions with the

appropriate ground track. y

Step 6: Using an owverlay, drow the appropriate i
>
contours about each ground track. The contours ;
will be symmetricol about their centerline. :
“
Step 7: The contours, when overlayed on one ¢

another, will crecte several zones of varying

size and shapes. Number each zane

vyr % v ¥

sequentially. Theoreticolly, eoch zone will

have varying degress of exposure.

N —-‘\.’
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Step 8: Determ.:ne which contours overlap =aoch
zane.

Step 8: Colculate exposure time for eoch zone.
Do this by determining the number aof tokeoffs
and landings affecting each zane. Finmd total
exposure by multiplying by the aoppropriocte time
constant {15 seconds per takeoff arnd 10 seconds
per lcndingl. To Ffind ¢ Situctisn Index,
multiply the calculaoted exposure by the total
area af each caontour (obtaoined from dataobaosel.
An example of a simple ASOS contour mop is

provided in figure 3.12.

There are two baosic deficiencies to ASDS Made I.
First, this method assumes a canstant B85 dBA exposure
within a contour and zero exposure outside the contour.
This is an obvious over simplification. With o dynamic
noise source, and considering inverse square and
atmospheric ottenuation, the octual noise exposure within
a contour is constantly changing. Second, peak noise
levels at a site other thon at the edge of o contour is
undetermined. To correct thess deficiencies. The FAA
proposed ASOS Mode 1I1-xx. Although Mode I1-xx still

assumed no exposure autside the contour, it did consider
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An example aof a simple ASDS contour

FIGURE 3.12
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the constantly varying noise levels within a contour. It
alsc had the cgogpobility of determining time above any
threshold. Thus,.ﬂcde I11-30 determined the exposure time
above o S0 dBA threshold. This gllowed the determinotion
of penk noise levels at any point within a contour. This
information is ideal for determining building sound
insulation requiremants. Unfortunately, in relotion to
aircraft sound metrics, the time above metric had the
same problems as the centile sound level described above.
The FAA abandoned ASDS before Mode Il-xx was ever fully

developed.

3.4 CUMULATIVE ENERGY AVERAGE METRICS

The noise footprint of o specified oircraft, as may
be developed from PNL or EPNL dota, seems the ideal way
toc determine suitobility of a site for construction.
However, it doesn’t consider annoyonce levels caoused by
cumulotive oairport FfFlight arnd ground operctions, per-
centage use of various runways or flight trocks, or pilot
operational techniques. Faor these reasons, the
cumulative snergy averags metrics were developed.
Cumulative energy overaoge metrics ars intended to define
the average noise exposure aof an individual aver a given
time pariod. The result of these metrics is o map of the
airport, drawn to scaole, with a sat of contours

indicaoting areas aof land-use compotibility. it also
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indicotes those communities with potentiol nolse problems
and the degree of those problems.

The commonly used metrics today are the Noise
Equivalent Level and the Doy-Night Averoge Sound Level.
These metrics are based on the cumulative A-weighted
sound levels of a series of events, normalized to
represent an averaoge exposure. They were proposed by the

EPA in 1972 in an effort to provide o stondardizec system

for meosuring all noises. Since the A-weighted scols is
the basis of these measurements, they provide a
convanient method of describing the total noise

environment of o cammunity.

This class of metrics went through many stoges of
developmant before we arrived at the current process.
Thes Ffirst metric was the Composite Noisse Rating. This
metric was reploced by the more descriptive Noise
Exposure Forecast, which, in turn was superceded by the
DNL. These metrics are discussed in detoil in the

following pages.

3.4.1 HISTORY OF DEVELOPMENT-THE COMPOSITE NOISE RATING

This metric was Ffirst developed in 1352. It was

used by military ard civil air installations to predict

community response to air operations. Initiglly, this
response was based on the measurament of the noise

spectrum af a single source. Thus, the first concept of

--------



CNR resembled o single event maximum sound level rating,
but normalized to predict community response to circraft
noise. In other words, the developed contours did nat
reflect the true SPL [or PNL os we’ll discover laoter:.
but waos o rather arbitrary selection. CNR was computed

using the following eight step procedure.

1) First the SPL of the single noise source was
quantified by overlaoying a band spectrum
anolysis onto equal loudness contours. The
noise was ’'level ranked’ tao the neagrest 5 dB.
A S dB step 1is used because people seldom

perceive changes in SPL aof less than 5 dB.

2] A noise 1is perceived to be 5 dB highar if

pure tones are present. Thus, o 5 dB correc-
tion 1is added to the level rank to account for

presence of pure tones.

3] An intuitive correction of S dB was added to
gccount for impulse noise. Sinmce the defini-
tion of impulse noise was vague, the correction
was optional and left to the interpreter of the

systam.

4] A repetitive correction was considered an
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essential correction. A flyover waos considered

to be between 20 and 30 seconds in duratian.
The correction wos bossed on the number aof
Flyovers per unit of time. This correction was

pulled from o precalculated table.

S] Background naise levels of a neighborhood
were also considered impaortant. Neighborhoods
were described as; quiet suburbon, suburban,
residentinol wurban, wurban nrnear some industry,
§ and heavy industry. The corrections ronged

fFrom +5 dB to -15 dB in S dB increments.

6] Noncontinuous noise waos allowed a S dB
A raduction if it occurred during the day. No
. corrections were applied to continuous noise or

night time aevants.

7] A FfFfinal correction was based on how well a
community adapted to noise. It ranged fraom
-5 dB to -10 dB. No correctiaon was applied if
the intruding noise was new. The -10 dB car-
raction was raserved for emergency conditions

or war time.

B The firnal number was correlated to a
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of 11 caose histories. This scaole aottempted to
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predict:

-~

No annoyonce

Mild annoyance

Mild complaints

Strong complaints
Threats of lsgal action
Vigorous legol gctian

¥ YV E R S e

By 1957, the corrections for pure tones ond impulse

LN,

were eliminated. They were dropped becouse, with the
exception of military aircraft, both qualities uwere
virtually nonexistent in ogircroft of that day. Also, the
regpetitive correction became a duration correction
allowing the CNR to resemble a singls event energy dose ‘
metric. The duration factor colculation resulted in the

¢

8

v

concept of an ensrgy-weighted equivalent sound pressure t
w

level [Laq‘ as described in detoil in section 3.4.31].
Additional corrections were applied to the Leq. '
Comprehensive studies developed these correction factors
for noise lavels of aircraft at various speeds,
altitudes, and oceelerations; their directivity patterns;
and the otmaospheric absorption of sound. Additionally, o
wintertime correctian of -5 dB waos introduced if the

noise occurred only during wintsr manths. This resulted

in contours that contained corrections for all elements

Lot st

thought to aoffect aircraft annoyance lavels. The final

maodification in 1957 was reducing the anmnoyance scale to
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Five descriptors.

The most important change to CNR occurred
1 with the development cof the perceived noise scole.
coupled with a generol dissatisfaoction with the

system, prompted a total redevelopment of the CNR.

W The redevelopment effart usad the PNL rcise
: descriptor, included findings from socioclogical survegs
: to dote, ond simplified calculations by excluding
3 logarithmic addition for those not mathematicoliy
E inclined. The first step waos claossifying aircrafit by
. type, engine type, ond performance. PNL contours

described the noise contribution of each class while

PR I Iav M )

maintaining a S dB increment. To simplify calculaticns,
the effects of durction were eliminoted. It wos assumed
these effects were considered implicitly by the averoge
duraotion of o Flyover within o given distribution of the
aoircraft claosses considered. The next change considered
the number of a given aircraft using each Flight track.
These two foctors were combined and the resulting numbers
of pperotions broken into rangss, each raonge hoving a
correction representing a 5 dB contribution in total
energy. Previous studies showed the number of operatiaons
of o given type agircraft per Fflight trock averaged

between 10 and 30 operations from 0700 Hrs to 2200 Hrs.

o Using this fact, the correction wos normalized so a
zero dB correction resulted if this condition waos
L
_57_
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CNR NEF ESTIMATED COMMUNITY RESPONSES

ESSENTIALLY NO COMPLAINTS. HOWEVER,
<100 <30 NOISE MAaY INTERF RE OCCASIONALLY
WITH CERTAIN ACTIVITIES.

>100 >30 INDIVIDUALS MAY COMPLAIN, PERHAPS
but but VIGOROUSLY. CONCERTED GROUP ACTION
<115 <40 IS POSSIBLE.

INDIVIDUAL REACTIONS WOULD LIKELY

>115 >40 INCLUDE REPEATED, VIGOROUS COMPLAIMTS,
CONCERTED GROUP ACTION MIGHT BE
EXPECTED.

FIGURE 3.13 EXPECTED COMMUNITY RESPONSE FOR CNR vs. NEF

prasent. Final modifications included o 10 dBE pernalty
for night time operotions (2200 to 07C0] and esliminated
corrections for community background noise. Based on
case studies, the finol CNR wvolues uwere normalized to
pravide two border contours; CNR 100 and 115. Tha CNR is
mathematicolly defirned aos:
CNR=110+Csum of oll corrections] [PNdEBE]

Figure 3.13 is expected community respansa by CNR wvalue.

Although the Finol procedure was used by both the
military and civil communities in land use planning,
there waos o strong cry of dissatisfaction with the

procedure by the civil aviaotion sector. The criticisms

were threefold.
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1) Since the noise contribution of each class

of aircroft wns token to the nearest 5 dB,
summing these contributions could result in
gross over- or under-estimation of CNR values.
This could prove disastrous i1f a land tract
werea soid to fall outside o 100 dB contour,
thus oappearing compatiblse Far regsidential
development, but should be within o 115 dBE

contour, which is esssentiolly noncompatible for

residentiol development.

2] The use of S dB steps for summing baoth the
affects o©of aircroft movement ond runway use
magnified or obscured diffarences in
operations; depending on if the number of
operations fgll in the middle or near one of
the boundaories of o particular range. Far
axamplae, a change Ffrom 39 to 10 operotions
resulted in aoa S5 dB imncrease in CNR while a
change from 10 to 30 operotions resulted in no

change in CNR.

3] The development of the EPNL concept was
proving to be an agccurate descriptor of
aircraft noise. This mode it desiraoble to use

this scaole to predict community reactions thus
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rendering tre CNR obsolete.

3.4.2 HISTORY OF CEVELOPMENT-THE NOISE EXPOSURE FORETAST {

The major difference between the TNR ard the Noise y
Exposure Farecast (NEFJ] was the use of the EPMNL
descriptor and the concept aof continuogus energy summaticn
(as opposed to the 5 dB step Furnctioml., The same basic y
informaticn required for CNR 1is also needed For NEF.
NEF 's ore colculoted by oircraft closs for o given flight
segment. A flight segment is defined ags a portior 3f a
flight track with o constant number of aperctiomns ©of o
given class of gpircraft. Oue to the number of
calculations, o computer is regquired. Input dgoto for
each pair aof aircraft class and fFlight track segment
included on octaove band spectrum, time durction vs. slant d
distance function, tone correctian, number of operations
for day and night, oltitude profile, ond power level
profile. The following set of eguations were used to
) calculate NEF for the ’'i'th girecraft claoss and the ’J’'th

flight segment.

- — (g
NEFDCiJ] EPNL+1OLDQ10[NDtiJ]/EO] 75 )
NEFN[iJ]-EPNL+10Loglo[NN[iJJ/1.2]-75 '
NEFlJ_EPNL+lOLDglo[ND[iJ3+15'57NN[1J3‘-88 '
n. .. n .

. - DCil_ 1] ~-NEiJ i)

whers: Nocigs 100 and - Nycigs 100

Pij-percent usg of flight seg- S

ment J§ by aircraft class 1

- 1 - RS T . N 1
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n,

n_ =Number of aperations for
aircraft class i1 for Day
or Night

- i e
NEFJ lOLoglo %Qntllog[NEFlJ 101

NEF'IOLDQIO gﬁntilogENEFJ/lOJ

In the CNR concept, CNR 100 and 115 defined the
boundaries aof noise sensitive areas. It waos desired to
maintain the same basic boundories for NEF. A series of
calculations determined NEF vaoluas of 30 and 40 compared
Favorably with CNR 100 ond 115 respactively. This
oppears ﬁo negate the value of the NEF concept. But the
real value of NEF was in the increased sensitivity and
gccuracy to changes in aircraft operations. Thus, NEF
allowad the use of the boundaries sstoblished by CNR, but
gllowed airport planners to more occuraotely assess the
community offects of changes in airport operations.

Under NEF, aircraft were classed in terms of similar
noise characteristics ond takeoff/landing profiles. Each
class was assigned a representative noise spectrum at a
reference 1000 ft. Refarencing figure 3.14, we can
calculate an NEF at a paoint 'P’ along o flight track and

[

o distance 'y perpendicular ta the flight track.

Altitude 'z’ is calculated fFrom known profile
information. Knowing 'y’ and 'z’', the slant distance 'd’
1s determined. PNL’'s are calculoted from the raeference
noise contour and corrscted For inverse sqguars

attenuation and atmospheric obsorption along distance
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at. Correctians for torme ornd duration yield the
necessary EPNL datao. The NEF for o particular class of

aircraft is colculoted from this adjusted EPNL by

R 2R B % 2 B B 4

correcting for frequency of operations using the above

formulas. An energy summation for all classes and

AR

gperatians yields an NEF volue as a function of input

data and NEF distance 'y’. But to plot a contour, NEF

distance must be determined as o Fumnctiaon of NEF value.

The final step, shown graphically in figure 3.14%, is

Pak SR P SIS I8 4

an iteration to develop this relation. The dashed line
is the curve we need to construct while the solid

horizontal line is the NEF vaolue we wish to locote. Two

P A 2 S gl

arbitrary points of distance 4, and 4o ars selected and

the NEF determinmed Ffrom the above procedurs. These

L "

points are plotted and o line is drown through them to

is

intersect the horizontaol. A new distance, Y

determined and the process repeated. This continues .

until the difference between two successive iterations

becomes ’'sufficiently’ small. The last triol is the
perpendiculor distance at which the NEF in guestion
occurs. This process is repeaoted at 2000 ft. intervals '
along tha flight track and yields the information neces- K
sary to construct NEF corntours obout the airport. K
\
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(b) Graophic detaermination of NEF distance vs. NEF value
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3.4.3 CUMULATIVE ENERGY METRICS-EQUIVALENT NOISE LEVEL

The Noise Eguivalent Level [LE J 1s the baosis for
marny of the noise metrics i1n use today. It wos proposed
by EPA as o descriptor useful for purposes other than
assassment of aircraft noise. It 1s o simple but
accurate noise daescriptor capable of being measured with
hand-held instruments. It’s useful in wvirtually aill
situations and, most importaontly, correlotes well with
known effects of noise on o community. Unlike the
centile noise levels, this megsure will consider
impulsive noises no maotter how short the duration.

Befined, LBq is an equivalsnt constant sound level
having the saome omount of ocoustic energy as the original
sound source aver the saome time duratiaon,. It 1is

mathematicaolly defined as:

-t’1 dBACE]/10

SEL=10Log,, (1/T [ 10 dt)

t,

where: T=t.-t,
=Durotion of event

t;=Start of event
t=End of event

dBAlCt)=Instantaneous sound pressure
level of event at time t

Note if T-Eta~t1]-one second, the above equatiaon results

in SEL. This is because SEL is actuclly a special
application of the mors general Laq'

In proctice, it’'s common to divide the observation
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—ar.zd oo discretz cntarvals of sourd pressure (SVELSs:

—~ges. The time the noise  level 115 withirv

w

i
1¢

L

trese rarges 1s a fracticn aof the total okservation
periczd, . Fepiac:ng the 1ntegral sign arth ol
sommotisn sign to accourt  for discrete irtervals, the

ctcocve Bgquatior s rewritten as:

L./10 |
Loq10Log, 4{Tf10 ! 3

Ure of the obhjectives of Leq was to provide o simple
method cf colciiogting noise exposure. The Faollowing is a
crocecure tc do so wsing only a sound  level meter.
Although not required, o graphic strip chart recorcder
compatible with the sound level meter being used will
simplify dota collection and reduce the possibility of
error due to fotigue. The procedure described assumnes o

properly colibrated meter sset to the A-weighted scolie ord

"fast’ response. Figure 3.15 is on esxample of an actual
measuremsgnt.
13 Using a dota form similar to figure 3.15,

record the SPL at S to 10 sescond intervals.

The time interval required will depend on the

nature of the sound. Rapidly fluctuating
sounds require a shart interval. A shorter
interval also results in better accuracy.

However, using shaort intervals for sounds with

fFairly canstant levels anly increases the
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number of calculatiors without significantly

LMCreasing occcuracy .

2 The number of saomples collected aoffects
caolculotional ococuracy. in many coses, ycu may
need only 100 dota points for sufficient
agccuracy . Te become accustomed 1n determining
the number aof samples required for accurate
results, it may be desirchle to i1imitially
obtoin 400 to 500 samples. Analyze the First
100 saomples to obtoin o value of Leq' Pepeat
the anolysis but this time odd o group of SC to

100 samples to the original sample group.

Recaolculate the Leq and compare the two
results. If there is o significaont difference,
repeat the procedure - until the results
stabalize. The number of samples used in the

final calculation 1is the number of somples
necessary for accurote results in subseguent

studies of similar noise anviraonments.

33 After figld meaosuremants are complets,

begin analysis by dividing the dota into

decibel ranges. Although 5 dB increments

should be sufficient, the example in

figure 3.15 used 1 dB incremants. Find the

midpaint of each interval by toking an
..55._
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arithmet:c auverage of the upper and Llower
hounds. Recaord th_. number of counts per
! interval. In figure 3.15, if the interval uere
S dB, the Ffirst interval would have 6 courts
ond o midpoint of 97.5 dB. We'll soon see the
difference between using o 5 dB interval vs. o

1 dB interval is negligible in this caose.

4] Find the fFraction of the observaotion period
each sound level occurs by dividing counts per
interval by total number of counts 1n the

gbservation psriod. Enter this in column S.

S1 Calculate 105710,

Enter in column 6&.
6] Multiply column B by column S and enter in

column 7.

73 Determine a partial Leq for each decibel
o range by taking ten times the laogarithm of the

number in column 7.

3 81 Using Figure 2.3 or the equation For
. decibel addition in section 2.1, determine
; total L__. If Figure 3.15 was divided into
b, S5 dB intervals, the result would be 88.6 dB, a
y
4
o
C
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negligible difference.

As 0 point of i1nterest, this daota lernds itseif sell

to determining centile sound levels. Using the data in

column 5, sum the total percentocge of time the ncise

levels are abave a certoin SPL. For example, by summing

the total percentoge of time the SPL i1s cbcocve SC dB, we
find 390 dB is the approximate vaolue of LlO'
(1) () (3) (4) (5) (6) (7) (8)
Counts Midpoint Counts
SPL  per  of SFL per Time 1019 £e10 19 parnial
dBA dB Interval Interval Fraction (ﬁ107) (107) Leq
100 100G 100G
99 99 794
98 1 98 1 0. 003 631 16 75.0
97 2 97 2 0.010 501 301 77.0
1) 96 398
95 3 95 3 0.015 316 474 76.8
94 =) 94 S 0,025 251 628 78.0
93 I 9z i 0.015 200 299 74.8
2 1 92 1 0.005 158 772 §9.0
91 5 ?1 ] 0,025 126 1S 75.0
0 8 0 8 0,080 100 460 76.0
89 18 89 18 0. 090 79.4 715 78.2
88 2 88 2 0,120 63,1 757 78.2
37 2 87 26 0.130 50.1 52 78.1
86 21 86 21 0.108 39.8 418 76.2
83 17 85 17 0. 003 3.6 2649 74,3
84 22 84 22 0.110 25.1 276 74.4
83 20 83 20 0.100 20,0 200 73.0
82 2 82 12 0. 060 15.8 S.1 9.8
31 8 81 8 0.040 12.6 50.4 7.0
80 2 80 2 0.010 10.0 10,0 60,0
79 79 7.94
78 1 78 1 0.00% 6.31 .15 55.0
77 1 77 1 0. 003 S.01 2.51 54,0
74 76 3.98
79 75 3. 16
Total counts=200 L_ =88.1
eq

Figure 3.15 Calculation of qu
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3.4.Y CUMULATIVE EMERGY METRICS-DAY NISGHT AVERAGE LEVEL

Iin 1972, EPA proposed the daoy-night average scurd
level [Ldn’ sometimes referred to as ONL3J. This method
1s an effort by EPA to provide a noticonal unifarm
standard of noise assessment. It 1s not thque to
representing aircraft noise. It’'s intent 1s to measure
all types of noise so ogs to provide an assessment of the
totaol noise environment within g community with gircrafc
norse heing but one faocet. thus, it doesn’'t account for
the armnogyance effects of pure tones and impulse noise as
did the CNR and the NEF ossessments. In 1ts simplest
Farm, Ldn is o 24 hr Leq with o 10 dB penalty applied tao
nighttime avents. Nighttime is defined from 2201 hrs to
0700 bhrs. Typicaolly, Ldn values are determined on both a
daily and yearly baosis. Tha Yegarly Day-Night Averags
Level [Ldng] 1S simply a logarithmic summatiaon cf the
daily wvaolues. It is the yearly values thot are plotted
as cantours on a map aof the airport to 1indicote the
impact of airport operations on a community.

Realizing the doily Ldn is o modificatian of the

24 hr Leq’ it caon be mathematicalliy defined as:

dBA(t) dBA(t)

A 10 A 10
Ly, ~10Log, gegggt /10" +10]1c™ 1]

The limits of imntegration on the First integrol are from

80730 hrs to 220C hrs expressed in secands. The limits cn

the second integral are from 220C hrs to C7CC hrs
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2..gressec i1 sECOnCS. Trz B54C0 is the number of secords

im g dag. Sirce tris egucticn can becaome c_.1=
cumhersome for marnuaol colculstiors, we would like =z
simplify it sag some of the previous measures we've
developed can be put to use. Notice the individlcl
integrals are definitions of SEL. Since SEL curves are
readily available, it woguld be convenient to rewrite th:is
equation in terms of SEL. SEL curves are presented as o
function of distarnce olaong o given ground track For a

particular class of aircraft. Therefaore, an eguotior

v

expressed in terms of SEL will result in a portial Lin by

aircraft class and ground track which could be summed or

an energy basis tao arrive at the taotal daily L By

drn’

introducing o new variable, representing the number

Nij’
of aircraft from the ’'i’'th aircraft class using the 'J'th

ground traock, we caon rewrite the above equation as:

dBA(t) dBA(t)

+ 10N, ﬂJ101°J+10Loglof*-£—~3

Lyp~10Lleg, 4t . 86300

d No,,”

By simplifFying the logarithmic product into o logarithmic

sum, we now have:

Ldn“'SELiJ+lOLDglO[ND“+10NN“J—%S.37

Replacing everuthing to the right of SELiJ with the

variable Kij' we now haove:

L =SEL. -X
1]

dn., 1]




This equotion proves to be a much more menaogeasle form

For maonual calculotions. The value of K can either bLe
- d

calculated by hand or picked o©off the graph i~

.

Figure 3.16. Since the result of this equation will be =z
partial Ldn resulting from the "i1’th aircraft cliass
following the 1'th ground track, the total th is
caolculoted by:

Lyn,"10Log, i z 10

For o typical oirport, the data necessary to develop
a set of contours 1s so extensive it is impractical tc doc
so by manual calculations, The necessary data is
collected and input 1nto a computar to develop the
contaurs. These contours are avaoilable For use ard
revisw by anyeone wha hos the nesd for them. However,
there may be times when orne maoy wish to manuaolly
determine the Ldn for o parcel of land. The following 1is
a procedure to do so.

The Ffirst step is to collect all agirport and
aircraft operational dato. This will be the same basic
information required for NEF amnd CNR. Most, if not all,

of this infarmatian is available from the airport manager

or the aoirport tower persannegl. It includes:

1) the orientotion and length of the runways

TE R T TN N IO Y W
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and location of the ground tracks.

2] the perpandicular distance from the land
parcel to tha ground trock amnd the distance
along the ground track fram this perpendicular
to the broke relsgse and landing threshold
(Figure 3.71. Ground trocks will vary with

aircraft type.

3] the number of each type of aircraft
contributing to the noise climute. If the
number of jet operations exceed S% of the total
numher of operations, propeller aircraft need

nut be cunsidered.

4] the total number of tokeoffs and landings by
aircraft type. For more occurate results,
break the taokeoff oaoperotions down by stage

length.

51 the number of operations hy oircraft type

for day and night.

&) the number of opserations by aircroft type

per ground track. A simple gpproximation is to

gssume the percent use of sach ground traock is

_78_
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the same for each aircraftc type. Now Find the f'

5

nercent use of sach traock for all operotions

l'\

and use this to determine the numher of each j.

]

gircroft type using each ground track. $‘

71 any speciol tokeoff ond landing procedures. f

See sectian 3.2. .

ol

After all the datao bhas been collected and compiled, :,

s

!

the partiol Ldn values caon be colculoted. Staorit by 3
]

locating the proper SEL curves for each type aircraft. A
~

These curves may also be gvailable from the locol aoirper: g
Rt

authority or obtairmed from the EPA. Either calculate the 2
\
value aof K11 ar logk it up in figure 3.16. The partial L@
) )-" \

Ldn is the diffaerance betwsen these two valuss,. The E
N

total Ldn is the logarithmic summation of all partial é;
Ldn S, 7
HUD bos developed a simplified procedure for 5"
determining the agpproximate locotion of Ldn contours. .
iy

This procedure should not be used for fFinal R
A

determinations of lard use compatibility. However, it is b
P

a convenient and sotisfactory method for use during -~
)
conceptual design staoges. You'll still need to Find the ,;'
l-.‘

locatiaon of the ground tracks affecting the location in ph

/

Ay

¥

question as well as the number of daytime and nighttime

flights. First, draow the appropriaote grournd tracks on a @:
¥

map of the airport. Now determina the effective number ;;
s

‘el
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FIGURE 3.16 A graph to find the correction to he
subtracted from SEL to determine L
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of flights by wdding the number of daytime ocperctions tco

10 times the number of night time operctions., Zsing  the
graphs in rigure 3.17(al, determine the d.stances :
A and B. Sketch the gppropriate cantours. :

Figure 3.17(h] 1s an example of the estimated cortouirs
for an oirport with 225 effective operatiors.

Ldr values are also roughly interpoioctive. Thet 1s,

if o noise assessment locotion (NALJ lies 500 ft from the

BS Ldn contour and 2000 Ft from the 70 Ldn contcur, then .

the Ldn ot this location will Se

BS+(500./25003[7C-653=6b dB. But what i1F arm NAL lies
outside the BS5 dE contour™ HUD has developed o simple

procedurse for estimoting the ot such a location.

L
dn
First, fFind the distonce from the locaoticn in guestior ko »
the center of the flight path [D2]) and to the edge of the

65 Ldn contogur (D113. Calculate the ratioc 02/01. Using

the table 1n Figure 3.17({c3], read the estimated th. X
Obviously, these two procedures are based aon the caomputer

generated contour maps for the airport. Bafore making a

Final determination of the compatibility of this land

parcel, ascertain if the maps you're using include the
noise affects of troffic and other dominant ncise .
sources. FAR 150 does o0llow girports to irclude these +

effects, but it is at the option of the cirport manoger.
If the aoirport authority has developed their program to p

demanstraote aonly the effects of airport operations, JOou

e
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must datermine the cortrioution of traffic noise yourself
in crder to mcke o fingl determinotion of compot:ibility.
Typicolly, the Ldn BS, 7C, ond 75 contours are all
that's required for the contour map. Additional contours
can be determined 1f desired. All lognd ogutside the
B85 I_dﬂ contour is compatible for aoll uses. Land parcels

within B5 to 70 Ldn gre narmally incompatible with

residential develaopment. Areas bhetween 70 and 7% Ldn are
definitely incompatible for residential use but may be
vsed for other purpaoses. Land parcels above 75 I_dn are
discouraged for any use. Many city aond municipal
girports maks an attempt to purchase oll land exposed to
75 Ldn and above to ensure no problems will arise in the
Future. Figure 3.18 is a list of suggested land uses as
determined by FRA. However, FAR 150 mokes it very clear
these are only suggested uses. Determinations of actual

lond use compotibility are the responsibility of the

local community based on their needs and desires.

3.4.5 CUNULATIVE ENERGY METRICS-COMMUNITY NOISE EXPOSURE

The Community Noiss Exposure Lavel (CNEL] was
deveioped 1in 1870. This meaosure is used by the Staote of

Califarnio and i1s the same basic measurse as the Day-Night

Average Sound Level. The diffsrence is it usaes SENEL
instead of SEL. (see sectiaon 3.2] and applies an
additional S dB penalty for evening operotions. It 1is
_77_
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LAND USE COMPATIBILITY WITH DAY-NIGHT AUVERAGE LEUVELS -
2
YEARLY ONL IN DECIBELS
LAND USE <B5 65-70 70-75 75-80 80-85 >85 -
Residential Y NC13 NC13 N N N -
Mobile Homes Y N N N N N .
Trarnsient Lodge Y NC13 N[(13 NT13 N N -
Schools Y NC13 NC11] N N N “
Hospitaols Y [=4=] 30 N N N
Churches Y 25 30 N N N -
Concert Halls Y 25 30 N N N N
Gvnmt Services Y Y 25 30 N N -
Traonsportation Y Y Y213 Y(31] Y41 Y43 9
Parking Y Y YAY=D! YC3) Y43 N i
Business (Offices Y t 25 30 N N ;‘
Wholesale/Retoil Y Y Y2l Y{31 Y43l N s
Photo/Optical Y Y 25 30 N N .
Agriculture Y Y63 Y{71 Y8l Y81 Y81 "
Livestock Y Y(B] YC£73 N N N -
Mining/Fishing Y Y Y Y Y Y "
“»
Outdoor Sports Y Y(S)  Y(S) N N N -
Outdoor Music Y N N N N N
Zoos y y N N N N ®
Parks/Resorts Y Y Y N N N 0
Golf/Stables Y Y 25 30 N N Y
Woler Recreation Y Y 25 30 N N -
o~
NOTES:
(1] Noise level reductions (NLR] of 25 to 30 required e
(2) NLR of 25 necessary where the public is received, :T
office areas, noise sensitive areas, or where the S
normal noise level is low. Q
(33 NLR of 30 necessary where the public is received, >
gffice oreas, noise sensitive creas, or where the °
normal noise level is low. -
(4] NLR of 35 necessary where the public is received, ?
office areas, noise sensitive areas, or where the o
normal noisz level is low. ~
{S] Compatible with special sound reinforcement ¢
(6] Residentiaol huildings require an NLR of 25 ;
£7] Residential buildings require an NLR of 30 -,
(B8] Residentiol buildings not permitted N
-
25,30,35-NLR of 25, 30, or 35 required for compatibility ;x
™

Figure 3.18 Land use compotibility by Daoy-Night Level
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mathematically defined aos:

CNEL’SENEL+lOLDglOCNd+5NB+lONn]—%9.37

where: Nd-Number of flights from 0700 hrs to 1300 hrs
Ne=Number of Flights from 13800 hrs to 220C hrs
Nn=Number of Flights from 2200 hrs to 070C hrs
Statistically, the difference between CNEL and Ldn was
fournd to be only .B dBE. For this reascn, and to maintoin
a true nationol standard, CNEL will likely be replaced by
L within the next few years.

dn

3.5 THE INTEGRATED NOISE MODEL

The integroted noise model (INM] wos developed by
the FAA as its computer-baosed noise-simulation model faor
describing impoct of acircroft noise on the community. It

provides o cumulotive noise impaoct rating based on the

Noise Expasure Forscast, Sound Equivalent Leval,
Doy-Night Average Sound Level, or Community Noise
Equivalent Level aos described abave. It also has the

capability of providing a Time Abave Threshold rating.
These ratings aore provided for o 24 hr day or for time
periods between 0700 hrs and 2200 hrs, and betwsen
2200 hrs and 0700 hrs. The datobase consists of separate
noise files for each aircraft. There are user options

available to moke changes to these Files aos necessary.

Program outputs include o listing of input datag, a

contour plot of the airport, and o table of computed

noise values. An axample printout 1is provided in
_78_
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Figure 3.18.

The INM is available to anyone who may have the need
fcr this type of informotion. Some of the uses of the
INM are:

11 Development of locol lard use controls and

compatibility planning

2] Comparison of different classes of aircraft

for purposes of scheduling to reduce the

overall noise impact

33 Comparison of various operctional procedures

as part of a noise abaotement program

4] Use in environmental impact stotements

5] Assessment of proposed changes in agirport

{ gperatians
3 6] Determination of effective sites for airport
X ocoustic barriers

Tha INM 1s novailaoble through wvarious time-sharing
vendaors., It 1is aolso available through the FAA on o loan

basis.
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An example printout from the Integrated

FIGURE 3.18

Noise Model
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CHAPTER 4 CONMCLUSICHN

Through this review of the multitude of metrics
avoilaoble to measure the effects cf aircraft noise, ore
can surmise the sublect of nrnoise mecsurement 1s an
e<tremely complex one. Cver the years, researchers Save
continually refined their meagsurement technigues In crder
to develop g single metric tao measure agnncyance affects
of no:se; and research cagntinues ta date.

Of the various methods available, no single method
can stand oglore os the best method to use. The use of
any metric is highly dependent upocn whaot gone is trying to
measure anrd/or ascertain. For example, the overall
A-weighted sound level is a poor indicator aof the aoverall
annoyance aoffects of noise intrusion upon o certaoin area,
but is indispensaoble for determining the sound insulation
requirements for o building. Conversely, it is
impossible to use a metric such as Ldn for determining
acoustic insulation requirements, but is o valuaoble tool
for developers and investors while deciding whether or
mot a particular area is suitoble for certoin types of
development. The same may be said of PNL. Although PNL
cantours for various aircraft aren’t aos readily available

as they were in the past, they do exist and provide an

extremely useful tool to ths acoustical enginser. Same
af the metrics avaoilable are wuwsed solsly hy the
_82_
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gavernment For certifying aircraft as a means af
preventing excessive noise intrusion from older or poorly
maintained oircraft. These metrics (e.g. EPNL] ore of
l:ttle importornce to the engirmeer 1n determing insulation
requirements, but may be of interest 1n studying the
chysiological and psychologicol aoffects of noise an
humans. In Fact, every class of metric has been used in
ocn  attempt to correlate o numericol quontitiy to such
cffects os speech interference, sleep interference, anc
tearing loss. I believe an understanding of these
affects is importaont relative to both why acoustics
should be a concarn in design ond Just exoctly whaot one
should be concerned with in order to provide o clisnt
with o good design.

One may aolso naote, through the discussion of the
fundamentals of sound, thot o single overoll sound level
measurement saoys little of the quality of that saound.
Recall the example listed in table 3.3. Two aircraft
with the same overall SPL have significaontly different
spectral characteristics. Although the overall levels
may be adequate far detarming approximate levels of sound
insulation required for a building in the conceptual
design stoges, they are inadequate far the Final design.
The spectral characteristics must be known, implying an
octave band anclysis is necessary. In Fact, the sound

agbsarption and inswlotion charocteristics aof aocoustic
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characteristics aof acoustic materials are Listed oo
octave band for this very reason. Certoin moter:icls are
more effective at certair frequencies than athers, thus
an octave band analysis supplies the informotior
necessary tao select proper materiols to provide the
necessary attenuation.

In short, acoustics can be o very camplex subject.
But with a full wunderstarding of the Ffundamentals cf
sound and the tools avoilable to measure its affects, you
are well on your way to acquiring the obhility to provide

an gdequat= acoustic design for any building.
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