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July 29, 1969

The City of College Park
Urban Renewal Department
1910 Princeton Drive
College Park, Georgia
30022
Attention:
Subject:

Mr. Winston Parker

Quarterly Report - Progress on the "Study of the Impacted Noise
and. Vibration from Atlanta Airpor~ Expansion on the . F~as~bility
Study Area" Georgia Tech Project A-1172.

Gentlemen:
During the past three months, the following progress has been made on the
referenced study:
(a) · A glossary of terms and definitions has been furnished to the consultant, ERA, to serve as a baseline for liaison communication.
(b)

The consultant has advanced to us various documents for perusal on
the subject study, and these have been duly digested. Similar
references of special pertinence have been forwarded to the consultant.

(c)

A group of abstracts of articles, papers, and reports has been prepared
and copies of a listing will be forwarded to the consultant and to
the LPA by the second week of August.

(d)

Data have been obtained from the Air Traffic Control Tower, Chief
Controller's Office, Atlanta Municipal Airport, on the current runway
operations and the changes expected by 1980. The first set of
CNR contours for 100 and 115 PNdB perceived noise levels for these
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operations on an ARMPC map obtained from EHA. Intermediate contour
lines will be added in accord with a request by EHA.
Work is now in progress on determining the location of the contours
to be expected in 1980.
(e)

We have contacted the maintenance-operations divisions of Delta,
Eastern, and Southern Airways, through the aid of Mr. M. Walker,
and obtained information on current and future ground run-up
operations. We expect to draw up similar contours for these
operations, separate from those of runway activities because the
two types of noise have apparently appreciably different tolerance
levels (per the FAA procedures).
Resnectfullv submi ttecL

v
Louis C. Young
Project Director, A-1172

WY/emy
cc:

Eric Hill Associates
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FOREWORD

"I throw myself down in my chamber, and I call in and invite
God and his angels thither, and when they are there, I neglect God
and his angels, for the nois~ Qf a fly, for the rattling of a coach,
for the whining of a door." ~lJ
Or for the murmur of a jet?

ii

Introduction
The following report concerns technical research in airport noise,
undertaken over a period of twenty weeks for the City of College Park,
Georgia, contiguous to the Atlanta Airport.

The research was conducted

along prescribed line-s in support of work being performed by Eric Hill
Associates, Inc., (EHA), in relating aspects of the proposed expansion
of Atlanta Airport to the urban renewal program of College Park.
It was recognized before the research was started that it should be
possible, if only on theoretical grounds, to determine some datum of
average daily noisiness for any location in the area surrounding the
airport.

Shortly after work was initiated, it was found that a map

showing contours of such noisiness had in fact been developed for the
Atlanta Airport in

1965( 2 )

using Composite Noise Rating procedures newly

developed( 3 ) by Bolt, Beranek & Newman, Inc. under contract to the FAA.
Changes which have occurred in the runway operations at the airport since
that time, as well as some increase in air traffic, suggested the need for
making the appropriate computations for current conditions as well as for
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those expected to occur in 1980 following expansion of the airport. ( )
A more recently developed procedure for evaluating community response

for aircraft noise, the Noise Exposure Forecast, was briefly considered for
use as a standard in the research on Atlanta Airport.

The fact that it has

not yet received official endorsement of the FAA, and that it involved a
method of sound evaluation for which measurements have not yet been made on
the new generation engines, has argued against its use.
older and more accepted CNR procedure has been used.

1

Accordingly, the

AREAS IN WHICH RESEARCH WAS CONDUCTED
I.

Liaison and definition.
In accord with initial agreement and in preparation for subsequent

communication, a first step in support of the consultant, EHA, consisted
in furnishing definitions of terms commonly employed in the field of
noise evaluation and control.

A listing was accordingly provided consist(5)
ing largely of definitions employed in the Handbook of Noise Control,
(6)
many of which have been adopted by the American Standards Association.
To these were added definitions of recent additions to the terminology in
the field of noise, as encountered during the initial phase of the literature search subsequently described:

as liaison with Eric Hill Associates

continued, definitions of other terms were provided during discussions as
needed.

The majority of these pertained to the constantly changing methods

of evaluating annoyance caused separately by repetition of a given noise,
dominance by a single band of frequencies, dominance by pure tones, and
interaction with such activities as sleep and communication.
II.

Literature Search and Abstracts.
In order to delineate the "state-of-the-art" and determine the appli-

cability of prior research to the objectives of this study, an up-to-date
listing of approximately one thousand papers, published research and abstracts
thereof, was obtained for the fields aircraft noise and airport noise.

The

abstracts were further screened for interest to the sponsor and consultant,
and for applicability to the problem area.

Slightly over one hundred of them

were within this category and were accordingly forwarded to the consultant,
EHA.

Many publications whose abstracts indicated detailed contents of interest

in the area of the study were read in full, as were several papers forwarded

by the consultant for their pertinence.

Titles of the latter are included

among the list in Appendix A of other publications for which abstracts
were obtained.
III. Applications to Atlanta Airport
A.

General.
The noise emitted by aircraft operations at many large airports may

be considered to be due primarily to two basically different types of
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operation. ( )

Principal of these, from the standpoint of being more directly

associated with transportation and more costly to reduce, is that of runway
operations - takeoff and landing.

The other major operational source of

noise affecting the environs of the airport is the maintenance operation,specifically, run-up of jet engines either in test during overhaul or in
adjustment (trim) following engine repair or replacement.

The former type

of noise is generally of relatively short duration for eacn event, whereas
the latter may commonly last over several minutes at one or more power
settings.

The subjective response for each type of noise source has been

studied in research efforts which supported the reference ( 3 ) cited above,
and each source has been given its separate method of numerical evaluation.
The fact that the numerical tolerance for one type of noise source differs
appreciably from that for the other makes it difficult to relate the two,
and for that reason they are customarily considered separately, as they will
be here.
The procedure of determining a Composite Noise Rating and predicting
community response for any given location near an airport has been rather
3
clearly put forth in the foregoing reference ( ) and has been issued not only

by the FAA but also as a joint manual of the United States Air Force,
Army, and Navy:

it will be described only briefly here.

In essence the

procedure for runway operation utilizes, for input information for each
runway, the number of take-offs in each direction and the number of landings
in each direction, by each class of aircraft propulsion unit, for each of
two periods of the day (7 a.m. to 10 p.m. and 10 p.m. to 7 a.m.).

The

evaulation uses as its primary measure the Perceived Noise Level ( 7 ) of
the average aircraft in a given class, in PNdB, as it would be measured at
the given location.

Ground-plan contours have been generated, and are in-

eluded within the reference, for the noise level in PNdB to be expected from
each of the foregoing average conditions.

The numerical noise levels of the

contours which apply to a given class of aircraft operation are adjusted
(as prescribed by a weighting schedule) in accordance with the other input
information given above.
B.

Noise in 1969 from Runway Operations.
Data pertaining to runway operations at Atlanta Airport in 1969 were

obtained principally from the records of the Office of the Chief Controller,
FAA Air Traffic Control.

Where some details necessary for computing Composite

Noise Ratings were missing,-- such as the nightly number of trips of greater
than 2000 miles, -- these were obtained from such sources as the Official
Airlines Guide.

Where interactive details were missing,

portion of fan-jets taking off from Runway

such as the pro-

#9 as opposed to Runway #27,--

it was assumed that the proportion was the same for all runways.

The basic

data represented operations during the first half of 1969, which were homogeneous and compatible with data for operations during the last half of 1968.
They therefore represent averages and do not reflect a peak traffic day any
more or less than they do a slack day.
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Employing these data, then, the contours of equal Composite Noise
Rating were obtained as shown in Figure 1.

These dashed-line contours,

whose CNR levels are printed beside them generally where they join the
map border, have been plotted on a background map originally prepared
by the Atlanta Region Metropolitan Planning Commission, as have also
the two following figures.
The sociological impacts of these CNR levels upon the people included
within the respective contour zones has been stated by the authorities who
generated the procedures for their evaluation, and will not be dealt with
here at length, other than to quote ( 3 ) that for a "CNR for Takeoffs and
Landings greater than 115, individual reactions would likely include
repeated, vigorous complaints.

Concerted group action might be expected".

Again, for a "CNR for Takeoffs and Landings less than 100, essentially no
complaints would be expected.

The noise may, however, interfere occasion-

ally with certain activities of the residents".

Within the latter zone

but outside the former, "individuals may complain, perhaps vigorously.

Con-

certed group action is poss.i ble ".
Certain features of the Composite Noise Rating procedure are worth
discussion, with respect to both the 1969 contours shown in Figure 1 and
the contours predicted for 1980.

First, the basic datum entering into all

of these levels is obtained by measurement of the sound pressure levels
emitted by the source within each of several consecutive frequency ranges.
The way in which the results are treated to obtain the resultant Perceived
Noise Level in PNdB( 7 ) represented the best way known, in the year the procedure was devised, to evaluate subjective response to certain characteristics

Figure 1

of noise from aircraft engines.

More recent research has discovered other

characteristics which occasion human reaction, and evaluation of these has
been incorporated in the Noise Exposure Forecast(S) previously mentioned.
Presumably the new aspects of aircraft noise were revealed while engines for
new generation aircraft were being developed, and may expect to play a more
important role when the jumbo fanjets account for a dominant share of seatmiles.

At any rate, the Effective Perceived Noise, in EPNdB, will very

likely then be nearer to the standard measure.

The difference in measure

is such that EPNdB levels are progressively greater than PNdB levels as
the aircraft distance increases beyond 1000 feet, up to a difference of 5
dB at a distance of 3000 to 8000 feet for various engines now in use.

The

implication of this information is that there is as much discomfort which is
now present in aircraft noise but unaccounted for by the currently accepted
CNR system, as one third of the difference in dB between response at the
boundaries of the two most extreme CNR zones, as quoted above.
Second, in commenting upon the CNR system, all of the numerical dB levels of
the CNR contours were influenced by the weighting factor brought in by night
(10 p.m. -

7 a.m.) runway operations at the Atlanta Airport.

The net effect of

that factor is to make the level 10 dB higher for a given operation performed
at that time period than if it were performed during the day.

In the case of

Atlanta Airport, night-time operations made all of the contours just 5 dB
higher than they would have been if runway operations were carried out only
during the daytime period.

The effect of the number of operations during any

period, on the other hand, is to increase the contour rating by 5dB for a threefol1

change (e.g. from 80 to 240 takeoffs/landings per daytime period).

In

other words, daytime operations could be tripled without changing the
majority of the contour levels in Figure 1.

Conversely, of course,

any factor which reduced the night-time operations alone at the airport
to one-third of their current levels would reduce the ratings of all
contours in Figure 3 by 5dB.
Third, it should be borne in mind that the computations do not reflect anomalies in sound transmission which may affect individuals or even
neighborhoods.

Aircraft are generally at sufficient height, in causing

the contours shown, that local material configurations such as slopes or
buildings do not provide much screening from a moving source.

Obviously,

there are exceptions and qualifications to this, and one listener may
persistently be bothered by echo reflection from a building which screens
another listener.

Secondary sound generation may occur, such as the

rattling of a loose window or the vibration of china on a resonant, undamped shelf.

More distant neighborhoods which are located at the lower

CNR contours may have a normal level which, -- due to the attenuating
action of many intervening buildings, -- is much lower than the CNR calculations would indicate:

however, a wind-shear in that direction, or a

thermal inversion, can bring there temporarily a level of noise comparable to
that shown by the CNR contours.

It can be said, then, that favorable condi-

tions of location (i.e. having a knoll or large building as a partial screen)
may allow a specific land lot to have a lower noise level at some times of
the year than appears to be implied in Figure 1, but at other times it will
receive as much noise as indicated by those contours.
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In this connection, it

may be pointed out that the thermal inversion which tends to help noise
to hurdle intervening barriers normally becomes positive at dawn, reaches
a peak at midday, and is negative before sunset.
felt therefore during daytime hours whereas, as

Its effect would be
previous~

noted, it is

the aircraft which fly early in the morning and late at night which
cause the existent Composite Noise Rating levels at Atlanta Airport.
The effect of wind shear has been looked into for the more critical
summer months, when warm evenings may compel some residents to keep windows
open despite ambient noise.

The wind direction in the vicinity of the

airport is almost random from one night to the next, with a modal velocity
of

approximate~

five miles per hour.

Under these conditions, sound paths

over twenty-foot high barriers would normally reach only the less densely
populated neighborhoods.

This form of propagation appears therefore to be

of only occasional importance, because the shadowing caused by surrounding
buildings will allow only the low frequency rumbling to be readily transmitted.

Except to the extent that it in turn gives rise to secondary vi-

bration such as loose glass, this rumble is in the frequency region which
least disturbs people, for a given power level.
C.

Noise in 1980 from Runway Operations.
Data pertaining to the percentage utilization of future runway operations,

under the proposed runway plan for Atlanta Airport, were obtained from the
Office of the Chief Controller, FAA Air Traffic Control.
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Passenger enplane-

ments have been estimated by reputable authority( ) to reach 260%
enplanements.

of current

Cargo tonnage to be handled at that time is expected to have
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an only slightly greater increase, and increase in all-cargo operations
will therefore be assumed to be represented by the same (passenger)
figure.

Aircraft capacity, on the other hand, will be represented by a

mix of current fan-jet aircraft and the jumbo jets which are now in
production.

We estimate that the increase in capacity per average air-

craft flying will in 1980 have reached 170% of the average capacity of
today's aircraft operating at Atlanta Airport.

This, then, will result

in an increase in activity to 150% of (i.e. 50% greater than) today's
airport activity in terms of number of takeoffs and landings.
In its effect upon CNR contours, a 50% increase in runway operations
will in itself lead to an increase of only 2 dB, if other factors were to
remain the same.

Although this is slight, it should of course be taken

into account and this has been done in the course of redistributing total
traffic to the proposed expanded runway system.
Of greater importance, in the minds of many, will be the effect upon
noise in the surrounding community due to the introduction of new jet
aircraft types, utilizing larger and more powerful engines.

Since only

one (Boeing 747) of the three new commercial Subsonic Transports (including the 1-1011 and the DC-10) has been rolled out and in flight test at
this date, factual data relating to fUture noise levels is not widely
available.

Of this one aircraft, however, it is stated( 9 ):

"Because of

its good takeoff characteristics and improved engines, the 747 operates at a
considerably lower noise level than do today's transports.

Under full take-

off power and loaded for a 4500 naut mile range, the 747 will be about
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5PNdB quieter; and, at cutback, the

747 is lOPNdB quieter.

sents a significant reduction in noise characteristics.

747 is quieter in landing.
today's transports.

This repre-

Similarly, the

Approach noise will be lOPNdB less than

These lower noise levels should help alleviate the

growing community noise problem from increased air traffic."

Predictions

of the characteristics of the Trijet Lockheed lOll(lO) and the Trijet DClO(ll) have not been so explicit with respect to the noise to be expected.
Consideration of the engines leads, however, to an expectation that these
aircraft should be no more noisy than the

747:

indeed, with lower loads

they may be expected to be 2 to 3 dB quieter.
One element which is extremely difficult to predict for 1980 traffic
at Atlanta Airport is the possible effect of the Supersonic Transports.

The

present sound pattern of this type of aircraft in takeoff covers so much
2
broader an area than that of current aircraft(l ), and brings with it
so many other problems(l3 ) that serious doubts have been expressed that
the first generation SST's will have more than very limited airport operation in this country.

For this reason, SST noise has been omitted from

consideration in this study.

The quietness objectives which have been

stated by the FAA(l4) suggest that second generation SST's will require provisions in engine design approaching or equalling noise levels attainable
in the large jets.
As a result of the foregoing predictions and statements of objective,
the position taking in this research has been that the 1980 noise levels
per aircraft operation may be expected to be 5 dB lower on approach and on
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both segments of takeoff.
Figure 2 shows the CNR contours to be expected in 1980 as a result
of the foregoing considerations.

The main differences evident, -- apart

from elimination of the cross-wind runways, -- are those attributable to
a slight net decrease

in noise level, despite a slight increase in total

operations, and to a southerly shift due to the added southernmost EastWest runway.
D.

Ground Run-up Operations.
The proposed expansion of Atlanta Airport should have but slight

effect upon the noise levels generated by ground run-up of engines in
the course of maintenance operations.

The chief effect will be a change

in the pattern of the CNR contours due to the locations and headings of
the aircraft.

The patterns so formed will be directly dependent both

on the future leaseholdings of the airlines at the airport following its
change in plan, and upon the specific plans of each airline for maintenance
buildings and run-up apron locations.

These plans have not yet fully

matured, and the 1980 contours, in consequence, cannot be drawn with any
assurance.
Data for CNR contours pertaining to 1969 operations, on the other hand,
have been obtained from those responsible for maintenance at the three
chief airlines having such operations at Atlanta Airport.

These have been

computed and plotted in accordance with reference( 3 ) as before, and are
shown in Figure 3.
levels:

One qualification should be kept in mind in viewing these

blast fences which are actually used at these sites have been ignored

in the computations.

The reason is that such fences are used to reflect the
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noise rather than absorb it, and in each case the reflected noise has
been largely reflected again by a maintenance building toward which
it was directed.

Computation of the theoretical resultant distribution

W'Ould be complex and of debatable w"Orth.

If the blast fence were per-

fectly absorbent, calculation show·s that it might reduce the noise level
by from 5 to 12PNdB.
short of this:

Its actual effectiveness may be expected to fall

"Walls or fences are not efficient noise barriers, but

there are situations when they may be the only possible method of noise
control."

(Reference (5), section 3-4).

A second aspect of the CNR levels, w'ith respect to ground run-up of
aircraft engines, is that they are equivalent w'ith respect to community
response to a runway-operation level 20 dB higher.

In other words, each

of the numerical levels shown in Figure 3 should have 20 added to it
before attempting to interpret it in terms of the individual and community reactions described in an earlier section of this research.
Regarding the maintenance operations of 1980, it is to be hoped that
every advantage w'ill be taken by the airlines of the change in leaseholdings to plan more effective means of attenuating ground run-up noise.
Apart from the use of such commercial devices as "portable" mufflers, the
most promising means would appear to be use of the airfield itself to
attenuate the noise, by directing the exhaust toward the farthermost
boundaries.
E.

Impact upon the Environs.
In attempting to assess the magnitude of the effect brought about by

any change in a system, perhaps the best measure is the cost of returning
the system to its original state.

Application of the foregoing research
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results might, -- under that form of assessment, -- entail determining
the cost of bringing the increased noise levels of 1980(for that portion
of the Feasibility Study Area in which noise is expected to increase) back
to their current state.

Such an economic determination, of the impact of

the proposed expansion of the Atlanta Airport upon the area of interest, is
not within the province of the research being reported here, but was the stated
objective which this research was intended to support.

In this connection,

it may be noted that the consultant EHA has acquired a reference(l5 ) which
is well suited to such assessment, in detailing costs of remedial sound
reduction.
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APPENDIX A

List of Titles of Publications for which Abstracts were Furnished for Consideration
in the Feasibility Survey.

TAKEOFF NOISE CHARACTERISTICS OF THE BOEING 707-320 JET AIRLINER,
Bolt Beranek, Newman Inc. Report (Jan. 1960).
MASKING OF SPEECH BY AIRCRAFT NOISE, The Journal of the Acoustical
Society of America 39 (Jan. 1966).
SOME OBSERVATIONS OF NOISE AT AIRPORTS AND IN THE SURROUNDING
COMMUNITY, A. Cohen, H. E. Ayer, Industrial Hygienic Journal 25 (MarchApril 1964).
PROBLEMS OF AEROPLANE NOISE IN THE 1970'S, E. J. Richards, IAS (Aug.
1962).
FACTORS INFLUENCING THE NOISE EXPOSURE UNDER THE LANDING PATH
FOR JET TRANSPORT AIRCRAFT, A. C. Pietrasanta, Technical Report (March
1965).
EFFECTS OF AIRCRAFT NOISE IN COMMUNITIES, K. N. Stevens, Armed Forces
- NRC Committee on Hearing and Bio-Acoustics, AD 264764 (Oct. 1961).
PSYCHOLOGICAL REACTIONS TO AIRCRAFT NOISE, Karl D. Kryter, Science,
151 (18 March 1966).
JET NOISE, M. J. Lighthill, AIAA Journal 1:_ (July 1963).
JUDGMENT TESTS OF THE SOUND FROM PISTON, TURBOJET, AND TURBOFAN
AIRCRAFT, K. D. Kryter, K. S. Pearsons, Sound, Its Uses and Control 1 (MarchApril 1962).
HELIPORT NOISES MAY BE A PUBLIC NUISANCE, P. H. Parkin, Engineering
~ (25 Dec. 1959).

COMMUNITY PSYCHOACOUSTICS- KEY TO AIRCRAFT NOISE DESIGN AND
OPERATION, B. Spano, SAE National Aeronatic Meeting (Oct. 1960).
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Introduction
The project with which this report is concerned was originally scheduled
to terminate in October, 1969.

In that month, all technical results which had

originally been sought were reported in a Summary Technical Report.

At the same

time, it was realized that other facts pertaining to the study area warranted
investigation.

At the recommendation of Mr. Louis Young and the concurrence of

Mr. Lewis L. Dismukes of Eric Hill Associates, Mr. Winston E. Parker, Executive
Director of the College Park Department of Urban Renewal extended the duration of
the contract (no increase in funding being necessary under the circumstances).
The final report, then, includes results of further study of noise at
Atlanta Airport, unreported in the earlier work.

In a sense the contents are

more miscellaneous than those detailed in the earlier publication because they
are intended to fill in gaps which had become apparent at that time.

Some of

these items stemmed from interests of Mr. Parker; others resulted from queries
advanced by Mr. Dismukes.

Taken together with the material previously issued, it

is believed that they offer a more coherent picture of the problems and possible
solutions associated with noise emitted from the current types of operation of
the Atlanta Airport.
II.

Findings
A.

Ground Operations.

As put forth in Figures 1 and 3 of the earlier

report (1) with associated discussion of the human response to CNR levels, much,
if not all, of College Park is apparently subjected to greater annoyance from
ground run-up than from take-off and landing operations.
The operation which yields this noise is most often conducted in the
course of maintenance, late

~night

or at very early morning hours, when there is

presumably less need for the aircraft in transport operations.

Paradoxically, the

decreased demand for transportation by people who would rather be sleeping during
these hours leads to an increased likelihood that people in the vicinity of the
airport will be awakened during these hours.

This is not to say that no measures

have been taken to reduce the noise level from such engine run-up operations; the
a·lr 1'lne maintenance division, in recognition of the problem, have instituted use of
blast fences and an acoustical test cell has been introduced for another noisy operat ion.
As pointed out in the earlier report, however, the blast fences are of

1

questionable value; even if designed to be acoustically absorbent they might
be expected to reduce the noise level by only about 10-12 dB in the area considered, and their design is focussed instead upon reflection and diffusion.
To investigate the feasibility of more decisive action to reduce the
ground run-up noise, an inquiry was directed to one of the leading producers of
acoustic suppressors for ground run-up noise.

They were asked to indicate the

approximate cost of a suppressor for reducing noise during run-up, and the magnitude of the resultant reduction, for a type of aircraft (fan-jet engines mounted
at the rear of the fuselage) in common use at the Atlanta Airport.

Their reply

indicated that the basic cost was approximately $45,000 ($15,000 for one inlet
screen, $30,000 for one exhaust noise suppressor): the data pertaining to the
noise still emitted indicated that the reduction would range from 20 PNdB in
the immediate vicinity to 16 PNdB at one and a half miles distance.

General useage

of such equipment at other locations is to have the suppressor fixed in location
(except for minor adjustment) and to bring the aircraft to it: possibly, in the
interest of economy, locally maintained airlines would want to share a mutually
suppressor facility as a form of commercial noise"dump".

Joint use of a

common facility would have an added attraction -- from the viewpoint of the airport's neighbors -- if the facility could be located nearer the center of the airport to allow further attenuation of residual noise.

If aircraft engine run-up is

carried out at 2000 feet from the neighbors instead of 500 feet, a drop of 15 PNdB
in noise level is effected for the JT8D engine, for example.

A combination of

suppressor and distance would yield a substantial reduction of over 30 PNdB.
B.

Air Passenger Accomodation.

In order to obtain some estimate of the

degree of concern in which the airlines view the problem of noise, data were sought
pertaining to the reduction of noise levels inside the passenger cabin.

This aspect

of aircraft design is so intimately associated with the achievement of other objectives
that it is difficult to single out one effect with each cause, and even more difficult
to be sure that a given cause was deliberately introduced in order to produce a
specific effect.

Placement of engines, for example, has generally been fortuitous

in avoiding or reducing direct exposure of the fuselage to much of the engine noise.

In Wing mounting, turbulent mixing of the exhaust and by-pass air with ambient atmosPhere (a major source of engine noise) generally starts well under the wing in U. S.
des·
lgn, which thereby serves to reflect it toward the ground.
In rear-fuselage mounting

Only the inlet noise need be of concern, and the higher frequency character of such
emission is less easily transmitted through the

2

skin~

As an indication of the level of cost which the airlines are willing to
bear, however, one may consider a median weight of acoustical lining used in
commercial aircraft.

At .1 lb./sq. ft., this corresponds to approximately 2

pounds of acoustical liner per passenger.

As such, it represents a reduction in

ability to carry an equivalent additional number of passengers for, at the least,
an equivalent weight of air freight or express in the baggage compartment.

At 200

pounds per passenger and baggage, and 70 pounds empty weight per passenger, it is
therefore equivalent to giving up perhaps .7% airline revenues in order to keep the
cabin noise level low enough to make flying pleasant to the passengers and thereby
keep passengers flying.

We note that this pertains only to that part of total noise

which could not be suppressed at the source or reflected in some other direction.
C.

A further area of research investigated has been determining the effect

of orientation of a building in shielding some portion of it from the noise of aircraft taking off from a runway in the vicinity.
primarily involved.

Figure 1 illustrates the factors

The investigation was facilitated by simulating the take-off

by means of an electronic computer, using reported (3) noise levels at several frequencies for a DC-8 aircraft and using known attenuation by atmosphere and barriers
(2).

The results of the computation are shown in Table I in the form of two maximum

perceived noise levels for each orientation and position of the house and height of
a roof coping.

The "near-side" level in PNdB is the maximum level which would be

experienced on the roof (or, approximately, on that face of the building exposed to
the flight path).

The "far-side" level in PNdB is the maximum which would be exper-

ienced on the outside shielded face of the top floor of the building at a point four
feet below the ceiling.

The latter point was chosen under the assumption that it

represented the location most likely to be subject (in the form of a standard window
or standard wall construction) to sound transmission even if special acoustical design were applied to the roof and near-side wall.

Similarly, three coping heights were

employed in order to determine whether such an addition - whether or not justified an
other architectural ground

- - would have much effect upon the noise level.

With

the exception of an anomalous and likely specious decrease when the building is oriented at plus 45% to the flight path (i. e., the side near the flight path is partly
toward the point of take-off), the effect of a lower coping is·, as expected, to increase the noise level on the far wall of the building unless the maximum far-side
level occurs while the aircraft is still within sight of the far wall.

3

The figure

printed under "sources" refers to the position of the aircraft at the time that
the maximum far-side level is registered, and measures the number of feet between
that position and the point of closest approach of the flight path to the building.
It should be borne in mind, of course, that the computation assumes that there is no
reflection back to the far side of the building from farther structures.

Furthermore,

any ambient noise from other sources such as neighborhood or highway noise will dominate and therefore replace the computed level whenever the latter is less.
III.

Conclusions
1.

It appears possible to substantially reduce ground run-up noise,

in a controlled manner easily subject to monitoring, and at a cost which is quite
small in comparison with possible alternatives.
2.

Revenues given up by airlines to promote auditory comfort within the

aircraft are equivalent to about one tenth of the transportation tax levied against
these revenues.

A similar expenditure - whether used for further on-board engine

noise suppression or capitalized and employed for purchase of adequate airport area might be expected to bring substantially lower noise levels to the neighboring areas,
or vice versa.
3.

Elements of architectural design can be used during the course of neigh-

borhood planning to help reduce noise experienced indoors by residents.

To do so,

however, requires that the neighborhood be sufficiently large that noise reflected
from surrounding areas would be minor compared to primary emission.

4

GROUND PROJECTION
,.....,.:;...-._ _ _ _ _ _ BUILDING DISTANCE BEYOND RUNWAY
CLOSEST POINT OF APPROACH

FIGURE I

>=I

TABLE

1

FAR- AND NEAR-SIDE NOISE .LEVELS
AT A BUILDING LOCATED NEAR A RUNWAY

-45

9~.7

-4~

95.7
-- -·--

-------------------------..

45 - ------ -- - vs -; ·7- - -~ - --- - - - --- ---

- - - - - - ------- -

1

1100

7

1100

4 -- ··-- ---- -·-----·-··-- · 11 o o ----·- ··--- --·-- ---- ----- ----- ·- · ··---------·--

•30
U9,2
1
1900
--------- --------------;,·3 0-·----·------6.y 2 ------------------·4---------·---------! 9 0 0 .. -- .--- - ----.. ------------- ·--- . -· ---------~

•Jo

. ~9.2

7

1
-soo ---------- - - ----- ---··
-4-·-- - - ---:i900

- - - - - - -- •15
- -•15
•15

7

________ _______________ ______() --- ·· ·---·--··- t> 4 • 4 ·------- --------

0
o

o7.7
o0.8

- ----- - -- - ...

1~oo

-· - -

3900

1___________-------·- -·-- ··· -50 0 --··---·--------------------------·- .. -----------

q

7 ----

·suo

~500
-··

··· - - - -

15- ---·- - -- -- - . . b7.2
1
~suo
------·---- ------ --------- ----.
-- ---- -- --- ----- - .. --- --------- - - - -- -- --J.5
l5

11.~

4

(>4.9

1

-soo
·soo

___ l ____ ____ __ ·soo
4
7
- - -~ - ---

- -· · ·- - -- -- --- ---·-- --------------

- 4 ~'

4':>

45

Yl.tl
1
iu
1 • 3 ----·-- --- -·····-··-·-· --.

101.3

-soo

.. 700

-soo

4

~llOO

7

•1100

--- ---

·--··- ·-- -- ------- -- -· ---- -- --- -- ---- ----- ---- ---------

..

TABLE

1

FAR- AND NEAR-SIDE NOISE LEVELS
AT A BUILDING LOCATED NEAR A RUNWAY

"AWGCt
-~s
B3.o
1
- -- ·--- --------- -·----- ----·- 4 5- --- -·- ·- ---·d J 0 ----- - --- ·-·- --- -:·- 4
-~

HJ.o

-~s
--------

--------- --- - ~- - -- -- -

3100
·- . 31 0 0 . .... --------- . .-- ------- - - - - ------ -- --- ---- ---- .

·- --- - -3tuo

7

•3o
11.0
1
~300
------------------------·- 'J (> ---- - ---- --- '17 ; 0 -- ·- ------- - -- -- -4------------ ----- -.. 53 0 0 .... -- - - -----··-- --------- -----·- ·-·-- -------·--·
•JO .
77.0
7
~300

•15
~5.5
•15 _ ____3 e ,·o·- - -

1

•2300
.. 2 50 0 ----- ---- ---- ---- -- - ------------··----.. --

·15

"'7

•2500

31.3

o- -- - -- ----- -- o2.2
1
•1900
----- ----------------- -------d
4 ' 1 ·- - ----------- - -4 ·----------------·-.. 1 9 0 0 ------------- ------------ ----- -- ----- . .
0 - - --J6.2
7 - --- ---·•1900
. .. ...
~

_ _ ______ ____

15

·-··

--------- -- ----

- ·-- -- -- - -

o7.1
1
•1700
0. , .. ---------- -------- -··4·--- -----·--·-- - ·- --- . ····19 0 0 ·---------·- ------- --- - ---- - - -- -- - ---· ---·-

-- - - - - -. - -- -- -- --- · ---- ----- 15"·- -- - - - -- -- ~

15
- -

- -· -

---

-

---

----

-

-------

---

··- -

44.1
- ------ -

-

' * -

-

-

30 - - 7 1 • 1
jQ
:>5.7

~Y,6

30

•1900

7
-- -- -

-

- - - -· -

--

-

· - - - - - - -·- -

-

-- - - - -

-------- ·

1 -4
7

-

•• •

-

. ...

- -- -- - - - -- --- - - - ~ --- - ---

•1700
---- - •1900
•1900

••

••

- - -

-

•• •

-

-

- · -

- -

--

b9.3
oY.3
·-··- ··-- · ---

4
7

•3100
•3100
.. ....

_______ ______ _______

··

- -- - -- - - - -- - --- -- -····

------·-·- ----·--·---- ---- ·--·-4 5 ----------- --···7 4 • 9_- - ----- - ----- --- -- 1 ·-·---- ---·...... -·-..... - 1 9 0 0 .. -. --- --- . ..... . --·-..----- ··-. ------ --- .. -. ... .

45
- -- 45
-- ··· ---

-

• -

•

TABLE

1

FAR- AND NEAR-SIDE NOISE LEVELS
AT A BUILDING LOCATED NEAR A RUNWAY

•45

/7,4

•45

77.4

.

1

· - - - -- - - ---- ------------.-~ - 5 --------- 7-t ·; -4---'---------- --- - - 4- --- - ----- - -----· ·- ··-

- - - - - - -·

.

7

-

.

Stoo
51 0 0 - - ·----------------- - --------- ------- ·· 5100

-----------

1
500
·----------------:--------.•JO
- J·o----------- 45,4
2 '~ ;·a·---------------- 4-----·----- -- ------···- 7 oo·- ---------------------------·---·------ --

•30

22,8

7

-15
4~.~
- - - - - - - - . , 15_ _ _2

1

£2.7

7

900
~4500

- ;.;4 900 - - -

9~- - 1_-----4. ---~

-1~

~~100

____________________________ __Q_________ __..~. 2 .! .5 _________________1________________
- ~ 3 0 0----------- ----------------------- - - .

0
0

- - - - - - - -- -

J5,,
£9.2

.

.

·s·-----------~7.8
4-f.

1

•2900
·• 3t oo ------------------------------------- -· -

J~.o

7

•J300

15

-------- -------------------1

4
•j7QO
7
•3900
----- - - - -

15

4 -- ------:- -- -~ - --· -· 4 · - · - - - - -- - - ---- -- ---

_ _ _ _ _ _ _ __3q___ _ 62! 0 ____

30
30

46,7
43.9

~

_

_ 1.

•2900

4

~---· -3100

7

"'b700

45s·-·- ------·6o.4
1
•3100
t> 3 9-· --- - -------- ----- --4 -- --- - ---- --- --- - 1 oo

- - -- --------------- - -------- -· 4

- --

45

~-

b3.9

~

7

-·--- -- -- - - - ---- - - ----

-~tOO

--·-

. ··-

-9 ·3· ;s ··- PNDB"-N-EA~ -~s1 · D--f

__ _

TABLE

1

FAR- AND NEAR-SIDE NOISE LEVELS
AT A BUILDING LOCATED NEAR A RUNWAY

----· ----:---"ANGT"E ·-·--~ f" -1\

R ·p No·a··-·- ·- C0 PING . HT i

··r T ., ........ -- .... .. S0 URCE ........ .. ...

-- -· . __ . ... -... --·

•45
1
. .
4 5 ------·- ---'i~~.9
5 • 9 ----------- --···- - 4·--------------·-·· -· - .. 1000
1 0 0 0 . .. . ·-- _.. ---·- -- - - ...... ---- ---- -·-- ·--·- ----

·------ ----- - --- --~------- - -

- - - - - - - - -•45

Y5.9

7

1000

---- ------·- - - - - - - - - -- - -·- ----------- -·

..

•j()
b9e6
1
1800
·-----:--------------- -------- - -j 6--------- ·b 'J ·;·6 -------------·-· 4------ ------------- 18 0 0 ---- ------·-- --- ------------------·· -- -· ··

-30

b9,6

- - - - - - - - - •15
-1~

b6.~

-1~

IY,e

· -------· --------------- - -- ·-~

-·

7

1800

1

~600

4

38UO

----- - - --··

79.8

7

----- ------- -- - - - - -

Jaoo

--- ·------------ -· - ·-· -- ----------------- - -------------- - ·-

- --- -·-·- ---··--·· --·-- ------ ---- ---------- ---.

- - - ------------------ ------------- 00 ___________. _~6.4
( 2 • 7-- - - - --------------- 41 .. --- -·-- - ---------· "600
.. 6 0 0 .. --- ·------ ---------------------- -------....

0

7

b5.9

~600

15
-------------------- -----15·--- ----- ·-· yl 50 •• 53. ______ ___________ __ 41 ________________ ___..-66 00 00 .. -- -- ----------------------- -- -----------. -·
15

b9,1

7

30
92.0
1
J 0 -- - - - 7 b • 6 - - -·--·- - 4------·-

30
--- - -----------·- - -------- --··- ···--·4~5s·-··

l2.6
- -- - - ~

~3.7
-1·u
1 • 7-------- ·

7
-~- ·

""600

- ·-

·-·-

···- -

-· --- ·--- - ------- - --- -- -------· -· ·-- ..

""600
•600
"600

·----- ·41 · · --- - --- -·--·-- - --·- • "600
1 ooo

-··· ----· - ·· - --

-- ~-

----- ·----·--.. ·--- . -- ·

45
1~1.7
7
•1000
----- ----·-- - -- - ····---·- - ---·- ---·--·------ ------ - -· -- - --.. .
-- -·11 o - ~ ·s·- P ~oe · --NE AR·· SIDE' -

TABLE

1

FAR- AND NEAR-SIDE NOISE LEVELS
AT A BUILDING LOCATED NEAR A RUNWAY

----p;N·t ·cr-- F l~ }(- p·NUEf__ _ C b P 1NG-- }ITI_ __t

r ·;- ------- - S0 URCE---- - -·--- - - - - --- .

-45
d3.3
1
3000
------------------------ .. &fs----- -------6·3--;·"3·----- ----------·-4 --------------- -····3 o o o·- --- ----------- --------- ---------------------~4~
b3.3
7
JOOO

----------------

-~o
11,3
1
5200
·-----------------------;;;-.i
()------------7 'i:'"j ---------------4·----------------- 2 0 0------------------------------- ----- .
~

~3o

•15

-- - - - - - 15

•15

11.3

7

~200

o0,2

1

•1800

2-~ -s------4 ·--------~ 1 aoo35,4
7
-1~00

-- ~

0 .
·----- ---------- ----- --------0-----------66.3
4 <}

-~ · 1- - -------------- -

0

-

15

42.2
.....-- - ---- -- -·- - -

- -- - - - -

. 1
. •1800
3 ------------ - --4----------------:- --- - ·18 uo · -·_-------------------------- -·· ------------

10.~

----- -----~- - --- --- ---- - - -- - - - -fs: ---- ---- -- s

4

~-

15

4/.7

JO

74,3

---------.;o--~-·- s

Jo

1 -------------- •1800
4-•1 8 0 0 ------------- --------------------- --- - .. ..
7
•1800

d

:9--

!:.>2,8

7 '
1

4
7

•1800
•1800 _____________________
--------1800
•1800

7---- - --- ---- ______4l_______ ____ _________ -----. •1
- - - - ------------ --- --- - 44 5
5 ------- ------0/ 7
lj •
• 6
- 3 80 0(J 00 . ---- --- ----- ----- - -- - - - -- - ---- -- --- - -- ··---- ..

- - - -- - -------

45

b~.6

---- --- ------- ---·---

7

·Jooo ---·---9·a--;·g--- -p·N-DB- NEA1f;;.-·sTDt---

...
TABLE

1

FAR- AND NEAR-SIDE NOISE LEVELS
AT A BUILDING LOCATED NEAR A RUNWAY

·- - - - -·-A1'f1rL_E_____ TAlr- ·-p NDs---·-·-COP I Nc·· HT i . F T t -.. .

S0 URCE·---- - .. . ---- - ----·- -----·------ ....... -· . .

-45
/7,6
1
sooo
----- ---------------------;;,.-4·5---------yy ·; b----------------4-.. -------------·- ·-- -- !) 0 0 0

•45

r7.6

7

~ooo

•Jo

~0.6

1

600

7

1200

- --·-·---

- .... ... .

- - - --

-- ·

--

---

------------------------------.io _________ "J-4 o -----------------·4-----------------·1 ooo- --·--------------------------------------~

·Jo

~7.9

•1s
.. 15
•15

4<1.0

-1--- - - - ---

J f;·a

4

2S·4

7

•4000 ·- ·
•4400
•q400

··- - - ·· -~---

o - - ---------- ~s.e
1
•Jooo
----------·---- ----------------·--- o3 a 6----------- ------ -4------------ ------ - J 2 oo---------------------·----------------·
~

0
J2.1
7
•J400
- - -- - - --- - -·----- - - -------- . .... -- - - - ---- ------- ---- -- ----·- .
'

15

o0.9

1

•30UO

15

3(.~

7

•3000

30

64.9

1

•3QUO

jQ

4).4

7

•3000

·--------------------------------15- ---------- 4 4 • 5 --------- ---- --- "4'- ·-----------------·--·- j 0 0 0
.

J

' . . . -- - -----------· ------ -- -- - ---------- ··

o--- --- -4Y • s·--- - - ---·4-- --- - - --• J o oo

b8.8
1
•3000
----------- -----------·-·- -- -- - 4 s -·-- ---- --.. 0 4.• 1··--------- - - -- -·- .4 -·-·- ----·-·- --- -·- - . - - 0 0 0 ... ... . ------ -----------· - -------- --- -- -·· . .
~

~~
b4.1
7
-sooo
- - - - - - - - - ---- ---- - --·-· . . .. ----- - ------------- - -- ---.
···----- 9·3-;·4

-- p- ~o1f-NE."A-~-rDE

TABLE

1

FAR- AND NEAR-SIDE NOISE LEVELS
AT A BUILDING LOCATED NEAR A RUNWAY

--------------2"--ri.uTrk"s---------, s·oo o·· r r ~ · bE vu~ o·· -£ Nu·-··aF ··-Ru N wA·r ---------roo·o--rT ~ ---c"A-1£ "f< A"L l-v ·

-~s

----------------------- ----..--"
•45

91,4

1

~1.5

7

1ooo

o o o - · -- ---- ---- --------------- ------- ---- --·
1000

s - ------ -- - ·s· I--~ · s· - -- --- - -- - -- -- - --4· - - ------------ - -- 1

•Jo

yQ,O
1
•600
9 ----------------4------------------1 8 u0 ------------------------·------ --- ---·.

----------------------------;.·3·0-----------·b
•30
-1~

6 -~

7

b6.9
~().2

1

..T5

"1"9·,-2--

4

•lS

(<},2

(

1800

•600
-- --- 3 8 0 0 ---- - --~800

------·- ------------------··---- --- - --------- -- . ----- - - ----------- - - ----- - -- ------ -·- - .. .

- · ···

- ------- - - ----- ------ - ----- ·- -

- - - - ·-· --

0
---.. ------------------------- - --6-------- -~0.7
, 7 2-- --------------41--- - - - - -- ----- ---- - -600
... 6 0 0 - - - -------------- ----------·- --- -·-- -·- - -·
~

0

11,0

--------------------------------11~

c;l,3

15

-

l

•600

- ---- -- - --- - ----1

•600

72.6

7

•600

JO

~2.1

1

"600

~o

/4.9

7

•600

1

.. 6 () 0

7

·1ooo.

-~ --- ---- -- --7 --8 ~

--- - -

...

6-- ------- --- - --- ---- 4--- - - ---- - ----- --- - - -6 0 0

-- 3 a··- -- - 6 o ; j - - - -------4------ - ------ 6 oo
it s
'i j • 1
- ----------- - --------- - --- - - -4 ·s ·--- - -------d 3

~u - - -- -- - - - - - - - -- - ---

~s

--- . - --

-- - --- - - - -

Y/.1
---------- --

4 ---- ---------- ---- ------ ..

-- ---------~~ -- -- - -- ----- "-- ·-···-

6(J0

·- - - - -·- -·- ---

---- ·-- - ---- ---- -------· ---- -- -------- - ··-- · --- - - -- ~--0 s ·· ~-1·-- -p· ·~.{lj'B ~---N --E~ A- t~~

Sl

L1E

--

TABLE

1

FAR- AND NEAR-SIDE NOISE LEVELS
AT A BUILDING LOCATED NEAR A RUNWAY

SOURCE .. ·-- --·--- ·-.. - ···· -· ------ ·--·-

·-·------·--------------------..•45
Lis -----·-----od2e7
2

3QOO
41 -· ---·-------- ·- . -- :sou
o -

o2.7
- ---··- - - - - --4~
. - -- --···-·

7

~ - / - -·- -- - ---- ··--··-- ·---·

•30

--------------------- --------;,;. J

JOOO

1
o------·---· -,.17.0
r •o ·------·---··----- -·-·4-------·-··
-- -· -··· ·· --

--·---··-- ----·. ·-·-- - -

~200

52 oo ·· · --····----

•jO

ll.O

7

~2UO

~15

72.5

1

•1800

~15

o/.6

7

11200

··- --

--

·-

..

--· -·-- --- ·

- - - - - - - ---·- - - ; ;·1 s·-- ------·6 7 ~- - 6----· -- · - ·-·· ·- ·- 4 --- - - - - -·-····11 2 uo

·-- -- - - ------- - - ----- - ~ - - - --- -- ·--

...

o
-- -0
0

- - - -------- - ------- ---- -------- -·

---- -- ~ - - -

1,l:-,

1
·leuo
-- 75.4
8 S -----------·-· ----- - .. -·4------·----·-------·· · •1 HU0 .. . -...---- ----·---------- ----- --- -···- . ------~1.1
7
-leoo
~

~

·----- -·-- -·-.

~-

. ...

- ----- - - - - - ··-·· ··-

1 :,

1.. -- ····---··· --- - - .. - 1 8 0 0
-1800

4
7

•ltiUO

·--- - -· ·- - - - - - - -- ·3 0 __________ b 0 • , ··--- ----··---------_1_______ -- -- .. 1 8 u 0 . . --···-·--·-·- -- ·----- .·-- - ··-.
30
b5.S
4
•18UO
30
~9.4
7
-1800

d2.5

oi.J.ti
---·--

- --·

.

- · · - - -·- -

o b .t>

.

-- -- ·-· --- --- -

. .. ..

1
4

7

-1800
• 18 v0
•3000

-·- - -

TABLE

1

FAR- AND NEAR-SIDE NOISE LEVELS
AT A BUILDING LOCATED NEAR A RUNWAY

---------------------------..

•45

77.4
1
5000
..if ______________ _4--------------------- so oo ···--------------- ---------------·------- ·

- - - - - - - - - -•45
-

/7.4

-Lfs- · --------77 - ~

I

--·

•Jo
--------------------------J·<l- ---- ---- --11,3
., 1

.

~ - 3--------- -- -----

~000

. ·--·

1
uaoo
4·---------------- ----d
8 u 0 ...___________ ________ ______ ----- --.- .·---· .

•Ju

r1.3

1

uaoo

·1s

~~.o

1

•Jooo
-Jooo

- - - - - - - - - - - - !5-:--.- - - 4 1

•15

o
------------------------------o···
o

------------------

I

9 - - - - -·4 - - - - - --- J 0 0 0 - - - . - - - - - - - - - - - - -

J4.9

7

o4.5
r ·• .3 --______________. · 41---·--------------••Jouo
3 ooo - ---------------------------------..

· -- ~--- --- -4

~u.4

6d.4
· ·--------.---·-------------------1l~
-S--------- S

2 - ~(,------- --- --- ---

15
_ _ _ _ _ _ _ _ _ _ _ _.3 o

j

~~.4

r 1 • s ____

o· ----- - jt> - ~

JO

2

~0.1

--------- -----------------------·45s---·----·----o(4.5
1•
~-

45

~ - - -- ---- - ---

ciJ.7

-

1

.•Jooo

1

•JOUO

1

·Jooo

1

•3000 ________________

7

•JOOO

1

•JOOO

7

•5000

-4-_________________ .... . - J ouo

--- ------------ - -------------------·--·-

4·----------~3000

----- -- ·4·------ ·-·-- ···-· -·-- ·-· - 3 ouo · -·--------------------------------·--·-·

-----·-· .. ·- ----- - --- ---

----- -9J-;-'(5-p'N1JB~ -N"f:i,- R -~--s

I ·ot

·

-·

REFERENCES
1.

Young, 1. C., "A Study of Noise Originating at Atlanta Airport", Sunnnary
Technical Report, Project A-1172. Georgia Institute of Technology,
October 7, 1969.

2.

Harris, C. M., (Ed.) Handbook of Noise Control, McGraw-Hill, New York,
1957.

3.

Adams, B. B., "Manned Flyover Noise Levels of the DC-8-62 Powered by
JT3D-35 Engines with Long Fan-Discharge Ducts", Douglas Aircraft Corporation,
March 1967.

15

