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GENERAL DESCRIFTION OF A METHOD FOR DESK CALCULATION

O
ao
é foud OF DAY-NIGHT LEVELS (Ldn) RESULTING
o 1 FROM CIVIL AIRCRAFT OPERATIONS
B
3 0] I.  INTRODUCTION
ﬁ - This memo outlines & basic method for estimating day-night (Ldn)
M
‘ ﬂ . values at a particular land area resulting from alreraft opera-
R
E - tions. The method is 1llustrated in Section IV by means of
' ? o several examples,
o
il
o
o ﬁ Desk calculations will provide the Ldn value at deflined ground
or
# [} locations for noise resulting from aircraft takeoffls or landings
EE[E from an alrport. The calculations utilize nolse charts which
',g ‘ wlll provide noise information for mest elvll aircrarlt currently
.
:& [1 operating in the country for a variety of takeoff and landing
. gli kﬂ‘
¥ operations (including nolse abatement procedures). The handbock

i3

wlll provide informaticn for estimating Ldn values for both:

1“51¢“ S g r“ {a) preliminary assessment where detalled inlormaticn and
o ' bl
i *5 _ aireraft operation is not available and
i
% E} (b) detalled assessment when accurate information on alreraft
Ei operatlons and Yight paths Iis known.
HomM
@ Lj Naturally, the later assessiment requires much more extensive
n
i
i@,w informetion on alrcraft operations and may be much more time
LR
M L : consumling to calculate.
[
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;‘ E: The method has been developed for desk caleulations of Ldn values
?l r for relatively small land areas, It ls not intended for develop-~
EE'“: ing nolse exposure contours around an entlre alrport., Desk
é El calculatlions will generally be much too time consumlng to develop
. j§ ~ full sets of contours. When noilse contours over a considerable
%g L} area are needed, several computer programs are currently avall-
‘_i ~ able and should be used. The basic nolse informatlon which is
g LJ to be provided 1n the handbook is ldentical Lo Lhat used in some
g rj of the current computer programa for calculating Ldn contours.
]
U The basic steps in calculating Ldn values are relatilively simple
fj and stralghtforward. However, slnce the number of caleculations
bod multiply by the number of types of aircraft and the kinds of

operations Invelved, the calculations can be quite lengthy when

calculating nolse exposure near an alrport where the ndise is

£3 A

due to operations on several runways by a varlety of different

types of alrcraft,

r-3

II. BASIC LDN CONCEPTS

L3

The day-night average level may be defined as a measure of the

2

noise environment at a prescribed position over a 24-hour period,

It 1s equlvalent in %otal sound energy to the level of a continu=-

Y

ous A-welghted sound level, with a 10 dB weighting applied to the

nightime level. Tor alrport operations, the Ldn may be calculated

| S

ﬁ by taking into account the nolse exposure contribution of each
0
LN significant nolse event (for example, the nolse events cccurilng

7 Ly

L -
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during each takeoff and landing operation) oceuring over the 2H-

ﬁ* ~ hour perlod. A speclal weighting 1s applled to the nolse events

Lo

durlng nightime (hetween 10 pm and 7 am). The nolse exposure

1

contributlons of each event are then summed up {on an energy

L

_ﬁ - basis) to obtaln the Ldn value.
O
7? - The nolse exposure contribution for each alrcraft operation i1s
. E Lj described in terms of the sound exposure level (SEL). The SEL
'é - is the A-welghted sound level integrated over the time of the
; ~ noise event referred to a reference duration of one second.
g Ej Hence, the SEL gives the equlvalent level of a continuous signal
E ' of one second duratlon for the event.
: {1 -
L Where a large varlety of aircraft may contrlibute to the nolse
; E} environment, calculatlons are simplified by classifying the
‘1.5 [ﬁ : alrcraft by types. Thils type classification Ls based primarily!
'% hj on the aireraflt nolse characterlstles and their takeoff and
; % CJ landing performance capabllitles., Thus, in calculating Ldn
g values, one determlnes the number of signiflcance operations
% [j for each class of aircralt occurlng in the daytime and nightime
% . periods. From thils informatlion, the Ldn value can he calculated
b E] as wlll be described in the following sectlons of thls memo,

C3

Near an alrport, the Lspn contrilbutions by alrerafs nolse will

generally be much greater than that contrilbuted by other sources

b

i hence, the Lg, value due to alreraft will be essentlally equal

i
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to the L value for the slte, At distances further from the

dn
alrport, or near other major nolse sources, the Ldn values
resulting from alrcraflt operatlions may not fully account Tor the
noise exposure at the site. In such sltuations, the Ldn con-
tributions resulting lrom other sources (motor vehlcle traffic
for example) must be taken into account to determine the total

Ldn for that site.

III. QUTLINE OF METHCD

The basic préblem to be solved 1s 1llustrated in Figure 1 for
the simple case of land parcel exposed to nolse from takeoflfs
of a single type of alilrcraft. To solve this problem, certain
basle operational information must be obtalned, This informa-
tion consists of:

(A) Type of aireraft (charts will be provided for selection
of aircralt types)

(B} Mode of operatlon, takeofl or landing (several sets of
landling and taﬁeoff charts may be provided when detalled
operating characteristics are to be taken into account,
For the simplifled calculatlon method, single sets of
takeoff and apprecach nolse charts will be used for each
aireraft.)

(C) The number of operations per daytime and per nightime
period. (For most purpose the average number of daily
operations averaged oyer a yearly periocd should be used.

For more detalled investigatlons, one may wlsh to conslder

=l
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the number of operations occuring over a shorter period.
For example, when pronounced changes in alreraf't cperations
cecurs for different seasons of the year, one might wish

to caleulate separate Ldn values for the seasons.)

D) Alreraft flight traeck over the ground (The path of the
alreraft projected on the ground is called the track) The
track must be located to determine actual distances from

the land pareel to the alrcraflt In flight..

The next step Lls to determine the distances Dl and D2 as shown
in Pigure 2. For takeoffs, Dy is the distance along the flight
track from the start of the takeoff to a perpendicular drawn
from the flight track through the land parcel. For landing,

D. 1s the distance along the flight ftrack from the landing

1
uhreshold to the perpendicular drawn from the flight track
through the land parcel. Knowledge of Dl and of the aircraft
takeoff or landing pyofile permlts one to determine h, the
aireraft height above ground (see PFlgure 2), as the alrcraft

passes near the ground position.

The next majJor step 1s to select the proper noiage chart.
Selectilon of the noiee chart ls determined by:

. Alrcraft type operatileon
. dlstance Dl**

¥ For many runways, the landing thresheold coinecildes with the
beginning of the runway. However, "delayed" landing thresholds
are used at a number of alrports, where the landing threshold is
dlsplaced along the runway.

##8everal charts may be needed to cover the entire range of Dl

distances that may he of Interest.
~5-
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Figure 3 shows a simplifled nolse chart. The nolse charts have
a2 number ol curves, Lach cuyrve deplets the sound exposure level
&s 4 function of the dlstance from the land parcel to the

flight track centerline,(D,),for a speclfied value of Dl' Each

chart typlcally shows curves for a number ol Dl distances,

As shown in Figure 3, the desired SEL value is determined

by first establishing the D2 distance along the x axis.

A perpendlcular ls then drawn on the graph to intercept the
prepex D1 value., The appropriate Dl distance 1s establlshed by
interpolation between the bracketing D1 curves. From this inter-
section, & line is drawn horilzontally to lntersect the Y-axls.

This intersectlion determines the proper SEL value.

The SEL velue must now be adjusted to determine the Ldn con-
tributed by thls particular alrcraft operatlon. Thils adjustment
i1s based on the number of time the operation occurs. This
adjustment value nE s gilven by the chart shown in Flgure 4.#

Ldn 13 simply the sum of the SEL value and the K value from

Flgure 4,

# This figure proyildes a graphical solutilon of;

K = 10 log (ND + 10 NN) -~ k9.4 {as)

6
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The sbove sftep completes the process for obtaining an Ldn value

for a single alrcraft operation by one class of alreraft. This
process must then be repeated for each major alreraft type and
mode of operation. Repltitilon then results in a set of Ldrl values.
The total alrcraflt noise environment is then the energy summation

ol' these "partial" L. values.

dn
Since the Lgp Values are gypressed in decibels fhey cannot be added
together by ordinary arlthmetle. Instead "decilbel addition" 1s
involved. A chart for adding sound levels qulte accurately by
"decibel addition' is gilven in Figure 5. Thls chart can be used
to an acecuracy of 0.1 dB, but most applications will not requilre
(nor justify) this degree of precision. A more practical addition
procedure for gquiekly estimating the sum of two cor more decibel
levels 1s given in the top ol Table 1. The use of this table

will yleld a sum that has an accuracy wilthin I dB. An accuracy
wlthin 1/2 dB can be obtained by usling the lower half of Table l.
Thls degree of accufacy in comparing Ldn values will generally

be adequate for most calculatlions.

When a number of Ly, values are to be added,® they should be
added two at & tlme, starting wlth the lower valued levels and

continuing the additicn procedure of two at a2 time until only

# The availabllity of scientlfic calculators have 10X and, log 10¥

funetions makes declbel addlition very easy, and precise.
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one value remalns. To 1llustrate, suppose 1t is desired to add
the followingifive levels, using the summation procedure of the
upper poréion of Table l:

68 das

75 dB>

= 76 ‘
= 41
/ =8
79 dB
= 90 dB

e db~

g4 dB

Table 2 provides a summary of the basic calculatilon steps

described above. Figure 6 provides a sample chart for calculatlng

the Ldn values.

IV. EXAMPLES

The following two examples 1llustrate the procedure, the first
for a single alrcraft operation and the second for multilple

aircraft operatlons. Calculatlions for these examples are glven

in Pigure 7.

Example 1 -
Conslder a site exposed to noise from takeoffs of turbofan

transport alircraft wilth the ailreraft departing along a curved
flight path essentilally as shown in PFlgure 2. There are twelve
operations durlng daytime hours (between 7 am and 10 pm) and
twe nightime operations (between 10 pm and 7 am). Measurement
af the flight track on & map shows that the distance Dl is

22,000 feet and the distance D, ls 4,000 feet.

-8
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Entering the takeoff chart of Flgure 3 which covers the Dl
distance values from 20,000 to 40,000 feet and using distance
D2 value of 4,000 feet one obtains the SEL value of 102.5 dB.
Noterﬁhat a curve for D1 equal to 22,000 feet 1lg located two-
fifths of the dilstance between the Dl curves for 20,000 and

25,000 feet.

The interpolation here can be done by 1lnspection or hy calculatiaon:

At D, = 4000 ft, the SEL for D, = 20,000 ft is 104 dB;

for b, = 25,000 ft, the S3EL is 100 dB.

1
Thus, the SEL for a D1 of 22,000 't is:

22,000-20,000
108 + 5Eirro=s0.060 ¢ ()

= 104 - % (4) = 104 - 1.5 = 102.5
From Figure 4, the "K' value for Np equal to 12 and Ny equal
to 2 1s -34.,5 dB. Therefore, as shown by the calculaticn in

Flgure 7, the Ly 1is 68 dB.

Example 2 ~

Consider the same site as in Example 1. The airport ls consider-
Ing a change In alrecraft departure paths, such that a large
proportion of alrcraft would make a "stralght-out" departure

as sketched in Filgure 8. The total number of departures 1s

unchanged. What will be the change 1n nolise exposure at the
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site as a result of this change in operations? The needed
operational information is tabulated in Filgure 7. Elght daytime

flights have been changed from Llight path A to flight path B

{see Figure 6). The two night cperations have been split between

the two paths.

The dlstances Dl and D2 are tabulated 1n Figure 7. The SEL
valucs frem Figure 3 are alse tabulated. The new [light path
results in an SEL that 13 2.5 dB lower than that for flight

path A.

The addition of "K' values obtained from Figure 4 results in

L, values of 64.5 dB and 63.0 dB. "Adding" the two Lan values

dn
by means of Table 1-B results in a total Ly, of 67 dB. (More

preclse calculations yleld 65.8 aB.)

64.5 - 63.0 = 1.5 dB. By Table 1-B, 2.5 dB should
then be added to 64.5 dB
64.5 + 2.5 = 07.0 @B

'Thus, the change in flight paths has resulted 1n a decrease 1n

noise exposure at the slte by 1 dB.
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TABLE 1

RULES FOR COMBINING SOUND-LEVELS BY "DECIBEL ADDITICNY

A, For noise levels known or deslred to an accuracy of + 1

decibel:

When two decibel
values differ by

0 or 1 dB
2 or 3 dB
4 to 9 4B
10 dB or more

B. Por nolse levels known or desired to an accuracy of + ¥%

decibel:

When two deeclbel
values differ by

Add the followlng
amount to the
himher value

3 dB
2 dB
1l dB
0 dB

Add the followlng
amount to the
higher value

0 or % dB
1 or 1% ds
2 to 3 dB
3% to I% AR
5 to 7 dB

7% to 12 dB
13 dB or more

3 dB
2% dB
2 dB
1% dB
1 dB

I dB
0 dB

{For greater accuracy, refer to chart in Filgure 5)
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TABLE 2, DAY-NIGHT LEVEL CALCULATION SUMMARY

1.

Obtaln operational input information:

®  Aireroft type
o Mode of operations: takeoff or landing
& Number of aperatians for ;

Daytime (Nd)

Nightime (Nn)

o Flight track location in the ground
From a flight track map, obtain distances D] and D, (see Figure 2)

Seleet proper aircraft noise chart, bosed on:
o Aircraft type
o Mode of operation
¢ Distance D,

From the nolse chart, determine the alreraft sound exposure level
{SEL) by entering the chart using distances Dy and Dy,

Obtain the "K" value for number of operations from Figure 4, using
Nd and Nn.

Add SEL and K to obtain Ldn'

Repeat Steps 1 through 6 for each separate aircraft type and mode

of operations that would coniribute to the nolse exposure at the land’

parcel ,

Thus, for each aireraft type and mode of operation, 1, one will ohtain

a corresponding Lan (1.

"Add" the Ln (i) values on a decibael basis, using Table 1 or Figure 5

to obtain the total alreraft Ldn‘
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FIGURE 3. SAMPLE AIRCRAFT NOQOISE CHART SHOWING
DETERMINATION OF SEL FOR GIVEN
DISTANCES D, AND D,
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EXAMPLE 1 EXAMPLE 2
AN
/ N N/ Path A Path B N
AIRCRAFT X% X 3% X % % X % %
QOPERATION 70 T0 7O
Bp /2 a &
Ny 2 ! /
Dy 22, 000 22, 000 20,000
Py 4000 olels, 6000
CHART xxXx - TO xxxx ~ T0 »xxx - TO
SEL /g2, 5 /c2. 5 /100
X ~3%. 5 - 3% -37
Loy 68.0 G+ 5 6£3.0

...m,w --

FOR EXAMPLE 2,

ADDITICN BY MEANS OF TABLE 1 {B) YIELDS AN Lo VALUE OF 67 dB

FIGURE 7.,
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