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PREFACE

This work involving noise certification and implementation tor
vertical and short takeoff and landing commercial aircraft (V/STOL)
is being completed in two phases. Findings Irom the first phase are
given in this report (Volume I) which emphasizes the accuracy and
reliability of engineering calculation procedures that could be used
an a basis for certification plus annoyance response to next gener,.-
"tion STOL aircraft. A report on the second phase will be comple,4ed
at a later date. This work will emphasize noise certification of
helicopters but will also include community noise criteria cons _der-
ations, and certification measurement and instrumentation re, oam-
mendations for both V/STOL aircraft and helicopters. Results from
this first phase will be considered in conjunction with those from
the second phase.

A number of persons made significant contributions. A. F.
Emanuel is the Principal Researcher for both phases and contributed
to all aspects of the work. The quality magnetic tapes for obtaining
judgment data were assembled and analyzed by B. M. Sullivan, and
T. L. Hughes and D. B. Shields were responsible for the data
analysis and reduction aspects of the program. Several staff mem-
bers, including T. G. Dorrance, took part in obtaining flyover
recordings of next generation STOL aircraft, and in collecting the
human response data. J. E. Mabry functions as adviser and coor-
dinator while P. B. Oncley is the consultant relative to physical
acoustic and instrumentation problems. Finally, we want to thank
Thomas Higgins of FAA Systems Research and Development Service
for his interest and technical guidance in completing this first
phase of the program.
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1. INTRODUCTION

Aircraft type certification for noise has played and will con-
tinue to play a significant role in reducing noise in areas around
airports. As new aircraft, with different aerodynamic and opera- -I
tional characteristics and hence different noise characteristics, are
introduced, type ceitification will continue to plk•y an important
part in continuing the present trend of decreasing airport noise.
However, the extent that current certification technology for conven-
tional takeoff and landing (CTOL) aircraft applies to these new or
next generation aircraft requires consideration. Some of the pre-
sent type certification technology will certainly apply to these new
aircraft but due to such differing operational characteristics, modi-
fications to type certification regulations for vertical and short
takeoff and landing (V/STOL) aircraft will very likely be required.
The broad aim of this research program is to develop the essentials
for certification of V/STOL aircraft. There are four objectives
associated with accomplishing this broad aim. They are:

1. 1. Determine the engineering calculation procedure that
validly reflects annoyance response to V/STOL aircraft.

The correct engineering calculation procedure is basic to
aircraft noise certification. Since the eventual use at airports of
noise certification programs involves mixes of various types of a
aircraft, what is required is an engineering calculation procedure
that equally reflects annoyance effects from the various types.

1. 2. Estimate noise levels that will be acceptable
to comnmunities surrounding airports.

This will not only contribute to criteria decisions involving
airport noise but will also aid in establishing certification levels
and measurement points.

1. 3. Obtain results that will permit integration of noise produced
by V/STOL into existing airport noise modeling approaches.

This objective is related to the first one (1. 1. above) but
involves determination of perceived levels for the various aircraft
types utilizing any required engineering calculation procedure.
Thusly, corrected noise distance curves can be employed to obtain
total tioise impact via noise models such as Noise Exposure Fore-
cast (NEF) or Mode II Aircraft Sound Description System (ASDSMII).

1 -1



1.4. Determine the extent that existing certificatioti technology
for conventional takeoff and landing (CTOL) aircraft
applies to V/STOL aircraft.

Since much effort and deliberation has been expended in the

development of CTOL certification technology, where it ic, feasible
and technically appropriate, this effort can be applied to V/STOL
aircraft noise certification. Study is required concerning the
extent that CTOL technology is applicable to V/STOL noise certifi-
cation technology.

I
i
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Z. EXPERIMENT DESCRIPTION

2.1. APPFROACH

As a means of obtainiug data relevant to the broad aim and
objectives, a psychophysical study was completed. Thirty-five
persons made both magnitude estimations and absolute acceptability
judgments to both actual and simulated recordings of aircraft fly-
overs uging the following instructions:

"We are asking you to help answer the question,
"How annoying are various kinds of sounds ?" We will
ask you to listen to some sounds and rate them in terms
of annoyance. The sounds you are to rate will be pre-
sented to you one-at-a-time. Listen to aUl of each
sound before making your judgment. In a moment, we
will have you listen to a sound with an annoyance score
of 10. Use that sound as a standard, and judge each
succeeding sound in relation to that standard. For ex-
ample, if a sound seems twice as annoying as the stan-
dard, you will write "20" irn the space for that sound
on the answer sheet. If it seems only one-quarter as
as annoying, write Z-1 /Z. If it seems three times as
annoying, write "30". If slightly more than twice as
annoying, you may choose to write 1" or o.-
"23", whatever is appropriate. If slightly less annoying
than the standard, use the number that best expresses
the difference, such as "7" or "8", and so on.

We will also ask you to judge if each sound you
hear would be acceptable to you if you experienced it in
your home four or five times an hour during your wak-
ing hours. This requires a simple "yes" or "no"
answer in the space provided on the answer sheet.

Your ratings should reflect only your own opinion
of the sounds; that is what we want. Each sound is

numbered to correspond to the numbers on your answer
sheet.

You will now hear the standard sound with an
annoyance rating of 10, followed by five more sounds.
Rate each of the rounds following the standard as pre-
viously instructed; a score of "20' if twice as annoying,
"s" if half as annoying, and so on. Also indicate your
judgment of the acceptability of each sound.

2.-I



Each subject evaluated thirty-three noises of which thirty-
two were aircraft flyovers from diverse types of aircraft plus
eight seconds of USASI (Ref. Z-1) noise which was uged as a stan-
dard. Subjects were individually tested in a small semi- reverberant
chamber so that the spectral characteristics and level of the noises
introduced were controlled. All noises were presented at five dif-
ferent levels and in a random order. Total testing time for each
subject was approximately five hours. Evaluations were made
during two testing sessions of two to two and one-half hours each,
with each session taking place on a different day. The testing
schedule was in accordance with the recommendations of Reference
2-2 (page 47) so that the subjects would not become fatigued by
judging too many noises without rest. Ten to twelve judgments
were made followed by rest periods. Since the same standard was
used for both testing sessions and each noise was presented at five
levels, each of the thirty-five persons evaluated 170 distinct noise
events for a total of 5, 950 noise evaluations. Essentials of the
experiment are:

-Thirty-two flyover signals and one standarci noise.I
Each noise was presented at five different levels.

- The no:'se judgments were obtained using both

magnitude estimation and absolute acceptability

methods.

- Thirty-five persons evaluated 170 distinct roise
events.

- Ten different engineering calculation procedt res
were related to the magnitude estimation results
and analysis of variance was used toi determine
real differences among different calculation pro-
cedures and types of noises.

Z?.. FLYOVER SIGNALS

A measure of the validity and usefulness of a particular
engineering calculation procedure is the extent that its results
correspond or correlate with direct judgment results. For exam-
ple, if a group of noises with diverse spectral, temporal, and
onset characteristics are all presented with their maximum levelI
at 73 dBA, are all these noises judged equally loud or annoying by
a representative group of subjects ? If all noises were rated as



being equally annoying, it would be concluded that dBA validly re-
flecte the effect on people of that diverse group of noises. So as
to adequately test a particular engineering calculation procedure,
a diverse group of noise signals is required. Thus ly, one of our
aims in selecting and simulating flyover signals was for their
noise characteristics to markedly vary for groups of flyovers but
at the same time utilize signals that are representative of current -

gives a general description (where needed) of each signal. For the

most part, four kinds of aircraft are inhvolved. These included a
sample of conventional takeo'f and landing aircraft (CTOL) (Signals
1 -8), commercial turboprop and reciprocating engine powered air-
craft (Signals 9-13 and 23), helicopters (Signals 14-Z2), and simu-

lations of V /STOL turbojet and turbofan powered concepts which
are under consideration as next generation aircraft (Signals Z4-30).I
Of the numerous aerodynamic /propulsion concepts studied for use
in passenger or freight STOL or VTOL aircraft, only the helicopter
and conventional turboprop are used commercially. Thusly, exist-

ing helicopter and turboprop flyover noise signatures were utilized.
The noises from two VTOL aircraft, one an experimental tilt-wingI
turboprop (Signal 33), the other an operational military fighter
(Signal 32) using vectored turbojet thrust, were also used as a
means of investigating a wide variety of flyover aoises. Though
fory commoeriald /turoLa uswee, itisnotcepts known which ifvanyawil
fany tummrboetand turofa poweed cti onyeptskow have h bee ealuatedl
eventually become operational. Each of the proposed concepts,' e. g.
augmentor wing, upper surface blowing, lift fan, etc., has its own
noise characteristics, but only a detailed parameter study of a par-
ticular airframe /propulsion combination can provide an approxima-
tion to what would be the actual flyover noise signature. Rigorous
attempts to precisely describe the noise character of the different
lift/propulsion concepts will not necessarily result in a clearly
significant differentiation between one concept and another. The
results could be and often are quite similar, depending on such
factors as the type and size of the powerplant, type and extent of
noise treatment, takeoff and approach gradients, and location of4
the measuring points. Even if there were clear differences, the
resulting subjective data would be related to that particular hypo-
thetical aircraft, and would not necessarily have general applica-
tion. Consequently, the V/STOL simulations are designed to be
representative of the general noise problems of these next genera-
tion aircraft and involve such problems as lengthened duration and
other effects related to hover and slow flight. The rate of onset
and decay of the noise, the broad-band spectral content, the dis-

Z-3
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crete tone content, the rate of doppler shift, and the duration
(10 dB down or otherwise) are considered in constructing these
simulated noise signals. Details of the method of simulation and
the noise characteristics of these flyovers are given in paragraph
3. 4. Lastly, signals 31 and 34 are the noises (USASI noise) that r

were used as a standard for the two testing sessions.

Engineering calculation proceduzas most often utilized to
measure noise effects on persons are dBA and Perceived Noise
Level in PNdB or EPNdB (Ref. Z-3). The latter has had wide ap-
plication for determining response to transport class aircraft noise
and the EPNdB unit is used for noise certification of these larger
aircraft. The dBA measurement approach has been widely applied
to community noise measurements and in particular to the measure-
ment of surface transportation noise; in addition, it is used for
certification of general aviation aircraft noise involving planes of
12, 500 pounds and under. Thusly, this study emphasizes the effec-
tiveness of dBA, PNdB, and variants of these two measurement
units. In all, ten engineering calculation procedures are related
to the subjects' evaluation of the noises. They are:

dBA PNdB Mark VI
dBA T PNdBT Mark VII
dBAD PNdBD

EdBA EPNdB

The subscript "T" means that dBA and PNdB are tone corrected in
accordance with the specifications of FAR-36 (Ref. Z-3) while the
subscript "D" is a correction for the duration of the flyover accord-
ing to FAR-36. EdBA and EPNdB mean that dBA and PNdB are
corrected for both tone and duration. Mark VI a.rc Mark VII are
the perceived level approaches based on the work of S. S. Stevens
(References 2-4 and 2-5).

Each of the flyover signals and the standard noise of Table
2-1 was presented to the subjects at five different levels. The aim

Swas to present, in the chamber, each signal at a peak dBA level of
57, 61, 65, 69, and 73 dBA. This range of levels was selected
since it covers an expected range for persons in their homes with
out-of-doors levels ranging from approximately 77 to 93 dBA. All

of the signals at all levels were recorded in the chamber and the
ten engineeý. ng calculation procedures described above were applied
to these recordings (details of the physical acoustics are given in
the next section, "13. EQUPMENT DESCRIPTIONS AND SIGNAL
ANALYSIS"). These 170 signals to which are applied the ten

( -



different engineering calculation procedures are the independent
measures for this study. It is these vables that are related to the
judgment data as a means of defining the most effective engineering
calculation procedure and to estima,.- level of acceptability of the
various noise signals.

Z. 3. DEPENDENT MEASURES

As indicated in the instructions, the suojects were asked te
make two evaluations of each of the 170 noises presented. They
first used magnitude estimation as a noise rating approach and then
made an absolute acceptability judgment as to whether-or-not they
could accept that particular noise if experienced four or five times
an hoir during their waking hours. A description of these two
methods of evaluating the noises follows.

2. 3. 1. Magnitude Estimation

This psychophysical method which was introduced by S. S.
Stevens (Refs. Z-6 and Z-7) and has been used widely as a method
of relating human response evaluations to physical stimuli. Re-
sults from many studies indicate that the relationship between sen-
sation and the physical stimulus ic a power function (Ref. Z-6, p.
166). The relationship is:

*kIn

where * = subjective response
I =stimulus intensiity

k = constant of proportionality
n =constant exponent

If the intensity is expressed in decibels, then the equation after
rearranging becomes:

log10O = -L x dB + constant

10

Consequently, a log-log plot of subjective response versus stimu-
lus power gives a linear relation with a slope of n/10. The quantity
n has been determined experimentally for many stimuli. For noise
in particular it has the approximate value o! 0. 3.

The magnitude estimation method is then utilized to obtain a
"Subjective dB11 for each noise (Ref. 2-2). Subjective dB is the

6-6
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mechanism for evaluating the various engineering calculation pro-
cedures. Subjective dB answers the following question: "For a
particular engineering calculation procedure as applied to a noise
event, do the judges place the noise at the same level as does the
engineering procedure and if there is a difference between the
judged and calculated level, how great is ti- I- lifference ? " The
Subjective dB method for investigatin~g various engineering calcu~la=

tion procedures can best be understood by reference to 'igure 2-A.

Z.O0

/
/

X-Line a
$j4J

U ,

o I I I I tI
53 57 61 65 69 734

(Mean based on all observations)

dB TYPE SCALE

FIGURE Z-A. Derivation of Subjective dB.

Two assumptions form the basis for acquiring a Subjec've dB for
any one of the thirty-three noises. These assumptions are:

-That the group of subjects is matching numbers

in a manner that reflects the amount of annoyance.

. -7



That rate of change of annoyance is differentI
across noises and is a function of a particular
noise under investigation.

The abscissa in Figure Z-A gives values for a particular calculation
procedure under investigation while the ordinate represents the
mxean evaluations by the judges. Line b is the least squares, beat-
fitting straight line based on judgments to all noises at all levels.
Line b would be based on 170 points, 34 noises at 5 levels. Lines
a and c are best-fitting lines for two hypothetical, indiv-idual noises

(both Lines a and c would be based on the five levels for a particu-
lar noise or on five points).I

The operations in calculating a Subjective dB are:

(1) Obtain equation for best-fitting line using all levels of all
noises investigated. This gives an estimate of how well

an engineering calculation procedure performs for a wideI
variety of noises.

(2) Obtain equation for best-fitting line for each individual
noise (Lines a, c,....-

(3) Using the mean of a particular engineering calculation
procedure, find, for each individual noise (Lines a and c),

the subjective response score predicted by this grand mean.

(4) Using the subjective response score obtained in (3), cal-
culate the engineering calculation procedure value using
best-fitting line based on all observations (Line b).
THIS VALUE IS THE Subjective dB for ME.

Using results from Figure 2-A as an example: For the noise
on which Line a is based, when the noise is calculated to be at 65
on a dB-type scale, the judges place it at approximately 71, Sub.
dB is 71. For the noise on which Line c is based, when the noise
is calculated to be at 65 on a dB-type scale, the judges place it at
approximately 61, Sý_h. dB is 61. Each of the 34 noises investi-
gated will be assigned a Sub. dB as described. The predicted re-
sults,. for each engineering calculation system investigated, will
be similar to results presented in Figure 2-lB.

For a perfect engineering calculation procedure and no exper-
iment ,-rror, all values in Figure 2-B would be zero and the rate
of change of annoyance for all noises would be equal. The engineer-
ing calculation procedure with the least range of differences
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NOISES INVESTIGATED

FIGURE 2-8. Predicted Sub. dB results, ME -
*The standard Is Investigated on two' occasions so, It
Is Included for both to give a total of 34 signals.

is the procedure which has the greatest application potential.

4. 3. 2.. Absolute Acceptability

The aim with this approach is to provide data for establishing
noise levels that will be acceptable to persons in corrnunities sur-
rounding various kinds of airports. Thusly, we are seeking results

method does involve a prediction in the sense that the subjects are

instructed to estimate if an individual sound would be acceptable
if experienced in their home four or five times per hour during
their waking hours, the intent is to utilize these results irn conjunc-
tion with other methods foi- establishing thresholds of acceptability.
Results will be presented as the percent of persons accepting a
particular noise at each of the five levels.

2. 4. SUBJECTS

Prior to collecting the data for this study, we had completed
two studies involving thirty-six adult males and thirty-six adult



females using our Community Noise Simulation Systems. These
persons were utilized as subjects for the present experiment. Each
subject was examined audiometi.ically so that any persons with ser-
ious hearing deficiencies could be eliminated. Also, a noise
oriented questionnaire was administered to each subject; we were
particularly interested in making certain that the group could be

considered representative of an adult popuiation in general. Fol-
lowing are summaries of pertinent characteristics of persons taking
part. The question or characteristic investigated is given along
with the response information. Twenty females and fifteen males
took part in the study.

FEMALE MALE

1. How do you like 1iving in this Excellent 65% 40%

neighborhood ? Good Z.5% 33%

Do you rate it as an excellent, Fair 10% 271

good, fair, poor, or very Poor --- ---

poor place to live? Very Poor ---
Don't Know ---

The females have a higher tendency than do the males to rate
their neighborhood as excellent.

FEMALE MALE

Z. Do you like many things, Many things 85% 67%1
just a few things, hardly A few things 10% 33%
arything, or nothitig at Hardly anything 5% ---

all a')c .t living a-ound Notning at ailI
here ? Don't know

A(,aan, the females are more positive about their neighborhood

than are the males, Also, there is a greater tendetcy for both
sexes to :epoýt liking inrny things about living around here than to
rate thei2 i.o'iahborho.)d as excellent \_ee question 1. ).

3. W!,at are some of the things
you DON'T like about living
in your neighborhood?

This open-ended question was examined for whether-or-not
rolsu was mentioned. Thirty-five percent of the females spontan-
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eouwly reported that noise was one of the things they did not like
about their neighborhood while forty percent of the males mentioned
noise. Traffic noise and barking dog complaints predominated and
were given approximately equally by both males and females.

__ _ _ _ __ -______ FEMALE MALE

4. How noisy or quiet do Very noisy 5% 13%1
you think this nelg),bor- Somewhat noisy 35%o 33%1
hood is ? Very noisy, Somewhat quiet 40% 47%
somewhat noisy, some- Very quiet 15% 7%
what quiet, very quiet? Don't know ---

There is not a great deal of difference between the sex.'6 rela-
tive to rating their neighborhood as noisy or quiet. Both are
slightly more inclined to rate their neighborhood as being on the
quiet side.

5. When you're inside your FEMALE MALE
house, does noise in the Very much 10%
neighborhood bother or Moderately 15%
annoy you very much, mod- Very little 47% 40%

erately, very little, or Not at all 35% 33%
not at all? ?

Males are slightly less annoyed by neighborhood noise than are
the females. Approxim&tely 759a for both sexes are bothered very
iittle or not at al& by neighborhood noise when inside their homes.

6. When you're inside your house,
which is the MOST bothersome
noise from the neighborhood
that you hear?

CATEGORY FEMALE MALE CATEGORY FEMALE MALE

Children 1050 13% Neighbors 10150 13%
Airplanes 10% --- Motorcycles 5% 13%
Trucks 110 13% Care 15%0 13%I

Traffic 5% 13%6 Barking dogs Z5% 5-2%
Sonic boom 5% 0 --

The responses to this question does not mean that the persons
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are unusually disturbed by the noises since they were directly asked

to give the, "MOST bothersomre noise from the neighborhood?"
Some 4016 of the females and 5U7 of the males gave a surface

transportation source as thc "MOST bothersome noise" while
barking dogs were mentioned approximately by 2516 of the subjects.
In general, these results agree with larger attitudinal studies in-
volving noise in that surface transportation of one kind or another

is offen the largest single source of community noise concerns.

7. Each adult participant responded to a ten item
noise sensitivity test which had been utilized
in a number of previous studies (Ref. Z-8).
The ten items are:

(1) T' hear water dripping from a tap.
(.) To hear a neighbor's raaio, television or phonograph

playing loudly.
(3) To hear chalk squeaking on a blackboard.
(4) To hear heavy traffic continually pass my house.
(5) To hear dogs barking or cats fighting when I am

trying to go to sleep.
(6) To hear a low-flying jet pass overhead.
(7) To hear a pneumatic drill working outside my house.
(8) To hear the prolonged crying of someone else's baby.

(9) To hear the telephone ring for a long time.
(10) To hear interference on the television or radio.

Subjects responded using: a. Extremely annoying
b. Moderate y annoying
c. Slightly annoying
d. Not annoying

The ten iterr. were scored as 0, 1, 4, or 3 with "0" for
Not Annoying and "" for Extremely Anno~ying. This means that
scores could range from 0 to 30. Results are presented in Table

TABLE Z-Z. Mean and range of scores
to noise sensitivity test.

F EEMA LES MA LES

MEAN ZZ. 4 40.8

RANGE 15 - 2.8 11 - Z5
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Both the females and maleL scnred high on this noise sensitivity
test with the femalec indicating greater sensitivity to noise than
the males. In an earlier study (Ref. 2-8) involving 180 adult sub-
jects (both sexes), the ralean response to this same test was 15.4
and the scores ranged from a low of "Z" (very insensitive to noise)
to a high of 1t27" (very sensitive to noise). For a second previous
study involving 40 English subjects (Ref. i -91, the mean score was
14. 9. The persons taking part in this study see themselves as be-
ing more sensitive to noise than do the subjects of these previous
studies. Thusly, absolute acceptability results from this study
may be on the conservative side.

8. Compared to other people, FEMALE MALE
are you more aware of M a
noise than others, about the More aware 30I 20%
same as others, or less Same 55% 53%
aware of noise than other Less aware 15%0 27%
persons ?

The females rate themselves as being slightly more aware
of noises than do the males. However, approximately one-half of
both groups think that they are, "Same as others", relative to
awareness of noises.

9. Some people have said FEMALE MALE
that "pollution is one of ... ..
the biggest problems of Agree strongly 75% 40%/0
modern times". Would Agree somewhat 20%JO 53%6
you agree strongly, a- Disagree some 5%0 7%

agree scmewhat, disa- Disagree strongly ......

gree somewhat, or dis- Don't know

agree strongly with
that statement ?

Clearly the females are more inclined to "agree strongly"
that "pollution is one of the biggest problems of modern times". I
However, both sexes believe about equally that pollution is a prob- .1
lem since only a small number from both groups "disagree some-
what" with the atatement.

10. This section provides characteristics relative

to socio-economic level such as number of
years of schooling completed, income, and
occupation plus the age of the participants.
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Tae subjects were, for the moat part, above average in
respect to education. All of the females were high school gradu-
ates and many of them had college experience. Average and range
of years schooling completed are given in Table Z-3.

TABLE Z-3. Schooling completed.

F-MALES MALES

AVERAGE YEARS 14.6 14.5
Schooling Completed

RANGE OF YEARS I? - z0 10 - 41
Completed

Yearly incorne for the males is given in Table Z-4. Four tf
the females did have part-time work but the rest were functioning
as housewives. Median income is approximately $12, 500 and the

range is from under $5, 000 per year to greater than $20, 000.

TABLE Z-4. Income for males.

YEARLY INCOME Jo INCLUDED

Under $5, 000 7%
5, 000 - 9, 999 Z7%

10, 000 - 14, 999 40%

15, 000 - 19, 999 13%
20, 000 or more 13%

Ages of the participants are presented in Table 2-5. The
median age for both the females and males was approximately 32
years and both groups covered a wide range of ages, from early
twenties to late fifties.

TABLE 2-5. Summary of ages ?articipants.

AGE CATEGORY FEMALES 'ALES
0o - 24 25%i 137/o

•5 - 49 257'o 347o
30 - •8 8% 7%
35 - 39 I 3% 2o%
40. -49 25% 13%
50 - 59 9% 13%
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11. Results from the attitidinal questions are moro meaningful
when compared to those obtained from a sample of persons that
are representative of a larger population. Responses to these
same questions were obtained from adult respondents residing
in 659 randomly selected households (Ref. 2-10). Table 2-6
gives pertinent results from this earlier study and those for the
females and males of this study. The Paragraph Number head-
ing the first column of Table Z-6 corresponds to the numbered
paragraph of this section in which more detailed results are
presented. Under "Item" in Table 2-6, a synopsis of the ques-
tior. is given while the third column gives the "Category" that
was selected for comparison. The last three colurns provide
percents of persons responding to that category so that com-
parisons can be made.

In addition to the attitudinal itema discussed above, the thirty-
five subjects were also asked to rate twelve neighborhood
characteristics on a five-point category scale. The twelve
characteristics were rated as, Very Good, Good, Fair, Poor,
or Very Poor. Results, along with those for the same items
from Reference 2-10, are given in Table 2-7. The rank of
neighborhood characteristics along with the percent responding

either Very Good or Good is given.

TABLE 2-6. Comparison of some attitudinal rosults to those
from a previous study (Ref. 2-10).

PARA. PREVIOUS FE-
NO. ITEM CATEGORY STUDY MALES MALES

1. Rate neighborhood? Excellent 28% 65% 40%
2. How many things like? Many thing. 54% 85% 67%
3. Things you don't like? *(Open-end ques.) 28% 35% 40%
4. How noisy or quiet? Somewhat quiet 42% 40% 47%
8. Awareness of noise? More aware 24% 30% 20%
9. Pollution question Agree strorgly 66% 75% 40%

Percent Is for those who mentioned that some noise event
was not liked. .

i
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TABLE 2-7. Subjects' ratingb of 12 neighborhood characteristics In
comparison to a pevious study (Ref. 2-10).

PREVIOUS
MALES FEMALES STUIY

NEIGHBORHOOD CHARACTERISTIC -----

RANK VGG RANK VG,G RANK VG,G

Reasonable rent or housing costs 1 94% 3.5 75% 6 60%

Safety of area 2 932 9.5 502 8 502
Shopping facilities 3.5 87% 3.5 75% 2 77%

Low noise 3.5 872 6 702 9 43%
Close to work or plaza of 5 74% 3.5 75% 5 682
business

PubliL transportation 6. 732 1 902 1 782
Cleanness of air 6.5 732 11 402 10 412II
Satisfaction wlth neighbors 8 662 7 602 3 742

Parks 9 60• 12 352 7 58%

Quality of schools 10 542 3.5 752 4 712
Traffic conditions 11 53% 8 552 11 342

Entertainment facil tles 12 40% 9.5 50% 12 24%

Using the results from the previous numbered paragraphs znd
the comparison data of Tables Z-6 and 2-7, a profile of the subjects
is provided.

(a) Both the females and males of this study are more likely to
rate their neighborhood as "Excellent" than persons (both
sexes combined) interviewed on a randomly selected basis
but in addition, the females for this study rate their neigh-
borhood higher than do the male subjects (65%0 vs 4016).
Also, they are inclined to like "many things" concerning
their neighborhood to a greater extent than persons in the
larger, random sample and again the females are more
positive toward the neighborhood than are the males. Both
the females and males are positive toward their living
environment but the females are more so than the males.

(b) However, noise was mentioned as one of the things (open-
ended question) that was not liked by both the males and
females to a slightly greater extent than for the p~revious
study and both females and males rate their neighborhood
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for noise at about the same lev-el as the persons composing the
larger, randlom sample.

(c) BotI the females and males report that they are much more
sensitive to noise than are other groups of persons respond-
ing to the identical noise sensitivity test with the females
reporting more sensitivity to noise than do the males. In
respect to "awareness of noise", both the females and males
indicate that they are aware of noise to about the same extent
as reported by the random sample.

(d) Turning to Table 2-7, Subjects' Ratings of 12 Neighborhood
Characteristics in Comparison to a Previous Study, there
are a number of differences among females and males of
this study and results for the random study. For example,
the males rate "Safety of area" quite high (9376 report Very
Good or Good), while only 501o of the females and 50%o of
the random sample rate their neighborhood as Very Good or
Good relative to its being a safe area. In respect to "Low
noise"', 871o of males rate their neighborhood as Very Good

or Good, 70%6 of the females rate it as Very Good or Good, *
while but 43% of the random sample rate their neighborhood
Very Good or Good in respect to absence of noise.

(e) In summary, the data presented in paragraph 10. shows thata
the subjects of this study represented a wide range of occu-
pations and incomes, that they like their neighborhood, are
fairly highly educated, perceive their living environment as

being somewhat on the quiet sidz-, and report that they are

more sensitive to noise than other groups exposed to the ~
same noise sensitivity test.

2. 5. DA TA A NA LYSIS CONSIDERA TIONS

There are two sets of dependent measures that are to be re-
lated to the ten engineering calculation procedures. The first set
involves the magnitude estimation approach which is basic to the
question, "Which engineering calculation procedure best defines
or reflects annoyance tc a diverse group of noises ?" The second
set of dependent measures involves the level at which persons
would find a particular flyover "acceptable" if experienced four to
five times per hour during usual daytime living activities.
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2. 5. 1. Magnitude Estimation Analysis

A productiv-e approach for investigating the effectiveness of
various engineering calculation procedures is to relate the mean
of the log-magnitude estimations (log of the geometric means) to
the various measured values as determined by each engineering
calculation procedure and as described in Section 2. 3 above. The
engineering calculation procedure that provides the least range of
"Subjective dB"1 determinations would thusly have the widest appli-
cation to a diverse set of noises and would be judged as the "best"

procedure. However, this approach does not quantify from a sta-

t~istical inference point of view whether-or-not there are real (not
chance) differences among the noises as evaluated by the thirty- .
five judges. A statistical model which permits an evaluation of the

extent that the various noises differ reliably utilizes analysis of

variance. Instead of relating the mean of the log-magnitude estima-

tions of the thirty-five subjects to measured levels for each engi--*

neering calculation procedure, subjective dB's are first obtained

for each individual subject. For the present study, each subject

judged thirty-four noises at fiv-e different levels. Using Figure 2-A

as a basis for understanding the individual approach vs the approach

based on all thirty-five subjects, one would:

(1) Obtain equation for best-fitting line using all levels
of all noises investigated for each individual sub-

ject. This would involve 5 levels x 34 noises and

involve 170 pairs of points. .
(Z) Obtain equation for best-fitting line for each individual

noise (lines a, c, . .Each individual noise

determination is based on five pairs of points.

(3) Using the mean for the particular engineering cal-
culation procedure under investigation, for each

noise (Lines a and c), determine the subjective

response score determined by this grand mean.

(4) Using this subjective response score (obtained from
(3) ), calculate the engineering calculation procedure

value via best-fitting line based on all observations

(Line b).

Applying this approach on a subject by subject basis means

that subjective dB's are obtained for each of the thirty-four noises
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but based only on the judgments of one person. Consequently,
subjective dB's for one subject are independent of those obtained
from a second, third, or fourth subject. Thusly, they are used as
the dependent measure in a randomized block design with ;ubjects
conceptualized as the blocks and the noises as randomly aisigned
within a particular subject or block. Such an approach provides a
35 subjects x 34 noises matrix and the interaction between subjectsI
and noises is the appropriate error term. Thusly, the extent of real
(not chance) differences among subjects or noises can be deter-
mined. Each of the ten engineering calculation procedureu will be
investigated utilizing this analysis of variance approach.

2.5. 2. Absolute Acceptability Analysis

The main interest is the extent that persons predict that they
would accept flyovers at a particular level. This is important rela-
tive to establishing noise levels around airports with which com-
munities would and could live. These results are based on t tQ-141
datum (not accept or accept) which can also be evaluated using
analysis of variance. The mathematical basis for this approach is
given in Reference 2-11, p. Z49.
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3. EQU71PMENT DESCRIPTIONS AND SIGNAL ANALYSIS

3. 1. FLYOVER RECORDINGS

A special effort was made to maximize the dynamic range of
the aircraft flyov-er recordings in order to eliminate any effects
which might be ascribed to background noise; and to provide a good
test for the 10 dB down duration correction. Flyover signals with

a very limited dynamic range will not provide a convincing test for
the hypothesis that the energy bounded by the 10 dB3 down points is

* a good representation of the entire energy of the signal, for pur-
poses of correcting for duration effects.

In normal airport operations, the same aircraft type will pro-
duce a wide variety of noise levels at a given measuring point, de-
pending on weight, operational procedures, and pilot idiosyncrasies.
It therefore becomes difficult to predetermine the recording gain
settings necessary to maximize the dynamic range of the recording
system. This problem is greatly complicated when recordings of
a large variety of aircraft types are needed, as was the case in this
study. For this reason, a dbx compress or- expander recording/
playback device was used to effectively increase the dynamic range
of the recording /playback system by more than 30 dB, thus making
it possible to record aircraft sounds producing a wide range of
levels while maintaining good signal-to-noise ratio, and to make a
tape presentation of those sounds with no audible noise between them.

The non-rotary wing aircraft (Harrier and LTV XC-142 ex-]
cluded) were recorded in the vicinity of the Seattle-Tacoma Inter-

national Airport, Washington. The recording sites for the jet
transports were at about ;.our miles from brake release on takeoff,
and about two miles from the runway threshold on approach. The
gene ral aviation aircraft were recorded at sites approximately
6, 000 feet from brake release on takeoff, and 2, 000 feet from run -
way threshold on approach.

Helicopter noises were recorded at GRAY Army Air Base,

Fort Lewis, Washington. For both approach and takeoff, th~e heli-
copters were approximately 300 feet above the microphone at the
overheavd point.

All of the above recordings were made using a liNER Modal
4200 two track tape recorder with a General Radio one-half inch
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electret microphone and associated preamplifier.

Recordings of two types of VTOL aircraft were generously

supplied by the manufacturers. A VTOL Harrier fighter aircraft
spool-up and lift-off recording was provided by Hawker Siddely
Aviation Limited, Arlington, Virginia.

The Acoustics and Vibration Group, VOUGHT Systems Division,
LTV Aerospace Corporation, supplied a recording of the tilt-wing
turboprop LTV XC-14Z on a flat-wing approach with a conversion to
the vertical mode, and then touchdown, with the microphone about
100 feet from the touchdown point.

3.2 . SIMU LA 'TON SYNTHESIS

Simulations _ through 6 (see Figures 3-A to 3-F) are of the
flyover type, wita the aircraft assumed to be passing directly over
the observer at a fixed altitude and a constant velocity of 100 knots.
These six flyovers (1 through 6) all share the same onset and decay
characteristics. The seventh simulation (Figure 3-G) represents
a vertical takeoff as experienced by an observer abreast of the air-
craft at lift-off.

All of the simulations were produced from random, broad-
band noise shaped and recorded to produce a representation of the
forward quadrant noise and of the aft quadrant noise of a modern
high by-pass turbine engine at takeoff power. These two noises
were then mixed in time-varying proportions to imitate the spec-
tral changes which occur as the aircraft position changes with re-
spect to the observer. In all cases, a discrete sine wave tone was
injected to depict machinery noise fundamental frequency, and was,
when appropriate, varied to correspond to doppler shift effects.
Two single-engine facsimiles, identical in all respects except for
a slight difference in frequency of the discrete tones, were mixed
to produce beats characteristic of engines which are not exactly
synchronized, thus providing a more realistic multi-engine effect
for the noises used in the experiment. Figure 3-H shows typical
peak spectra for simulations.

Simulations 1, 2, and 3 (see Figures 3-A, 3-B, and 3-C) all
contain just perceptible tones which are doppler shifted, and are
the same in all respects other than the respective nominal 10 dB down
durations of 5, J5, and Z5 seconds.
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Number 4 simulation is the same as simulation number 2 ex-
cept that it contains a conspicuous tone (Figure 3-H) with no dop-
pLer shift; while number 5 is the same as number 4, but with a 'a

doppler-shifted conopicuous tone.

Simulation number 6 (Figure 3-F) differs from number 3 in
that the noise level reaches a peak, dips below the 10 dB down
level, and again peaks before the final decay slope.

Vumber 7 simulation (Figure 3-G) is of a VTOL takeoff with an
initial low power setting, an increase in thrust to takeoff power, a
lift-off and hover phase, and a final horizontal translation and climb-
out, with an overall 10 dB down duration of about 45 seconds and a
just perceptible tone which is doppler-shifted as translation
progresses.

The simulations were designed to test some of the effects of
duration, tone, and doppler shift to be included with the results of
the other aircraft noises tested. The "hump-back" simulation,
number 6, was constructed to resemble the unique noise signature
of a direct lift aircraft configuration with a cone of reduced noise
amplitude around the aft engine or fan axis, and provides an unusual
test for the FAR 36 definition of duration correction.

Contrary to the treatment of the actual flyover noises used in
the experiment, the simulations were shaped to "smooth out" the
spectral non-linearities of the listening environment, so the only
spectral component analyzed as tone would be the discrete tone
built into the flyover noises. However, the simulations were shaped
by the "house filter" (see Section 3. 3), as were the actual flyovers.

The dbx compander (see Section 3. 1) was incorporated in the
processing of all simulated flybys in order to provide the wide
dynamic range discussed previously.

Figures 3-I and 3-J are block diagrams illustrating the method
of simulation and construction.

3.3. CONSTRUCTION OF EXPERIMENTAL TAPE

The thirty-two experimental signals -- flyover recordings and

simulations -- were divided into two sets of sixteen signals, each

containing a representative cross section of types of noises. The
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eight-second USASI noise used as the standard noise was added to
each set as an e)perimental signal, All of the signals -- the fly-
over recordings, the simulations, and the USASI noise -- were
encoded by the dbx compressor and were manipulated throughout
the expeiimental tape construction in the encoded state.

Since the signals were to Le presented ýo the subjects as they
would hear them inside a home, the flyovers and simulations were
shaped to approximate the effects of an average house (see Figure
3-K).

As much of the actual flyover recording was used as was un-
contaminated by other noises (e. g., traffic, birds, other planes,
etc. ), and the signals were f-ded on and off to produce subjectively
smooth transitions. These encoded, house-filtered signals with
smooth transitions were used as master recordings to produce the
final experimental tape.

The simulations were also house-filtered but fading in and out
was not necessary since it was done in the construction of the sim-
ulations. The dbx encoded, house-filtered simulations were also
used as master recordings to produce the final experimental tape.

The master recordings were adjusted relative to each other so
they all produced equal peak dBA levels when played into the listen-
ing environment. Each signal was then adjusted and rerecorded at
the five different levels required for the study.

The other track of the two-track tape was used to provide a
vocal number cue which preceded each noise at each level.

The two sets of 16 different signals and the USV.SI noise, with
each signal presented at 5 different levels, were diivided into a
total of fifteen smaller groups (sessions) of noist-s. The presenta-
tion order in each set was randomized by drawing numbers corre-
sponding to each noise at each level out of a bowl.

To standardize playback levels, and to facilitate noise anal-

ysis, a calibration tone of one kilohertz was recorded on each of
the six 7-inch reels c.' tape required to record aU fifteen sessions.

A tape containing the experiment instructions and five example
signals was also constructed for presentation to the subjects.
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3.4. LISTENING ENVIRONMENT

The listening environment was selected to provide a non-
distracting setting with low ambient noise, thus avoiding any pos-
sible complications resulting from background noise effects.

As discussed in Section 3. 1., a dbx compander was used in the
recording and playback process, resulting in no audible tape or
electronic noise between the signals presented.

The listening chamber internal walls are lined with acoustic
wallboard to provide a semi-reverberant response. The subject
was seated in a comfortable armchair located on the axis of a
large Advent acoustic suspension speaker mounted directly overhead.

At the left and to the rear of the subject, approximately one

foot from the ear, was a shock-mounted BRUEL & KJAER Type
2Z05 sound level meter feeding a BRUEL & KJAER Type Z307 level
recorder, thus providing a simultaneous dBA trace of the signals
as they were presented in the chamber.

To the right, and to the rear of the subject, about one foot
from the ear, was a shock-mounted General Radio one-inch elec-
tret microphone with a General Radio Type 1560-P42 microphone
preamplifier which was used to record, for later analysis, the sig-

nals representing what the subject actually heard.

The entire chamber is mounted on springs and lined with 1/64-
inch lead sheet and absorbent 1-inch fiberglass blanket to provide
acoustic and vibration isolation.

3. 5. SIGNAL PRESENTATION

The experimental tapes were played t. the subjects using a
TEAC 3300 tape recorder, a dbx expander, and a SAE preamplifier,
teeding a McIntosh Model 250 amplifier and a large Advent acoustic
suspension loudspeaker. The flyover signals from one track of the
tape recorder were mixed in the SAE preamplifier with the vocal
numbering cues from the other track for presentation through one
loudspeaker. Thus, the flyovers could be playedc at the required
levels, while the numbering cues could be separately adjusted to a l
appropriate listening level.

3-5



Throughout the experiment, the sounds in the listening chami-
ber were monitored by a Bruel & Kjaer Type 2205 sound level me-
ter, in the A-weighting mode, and were fed into a Bruel & Kjaer
level recorder, thus providing a simultaneous dBA record. The
level recorder trace also provided a readout used to adjust the
tape presentation level, employing the I kHz calibration tone re-
corded at the beginning of each tape reel.

Prior to the beginning of the study, the experimental tapes
were played in the chamber (with no subject present) and recorded
on a TEAC 7030 tape recorder via a General Radio 1-inch electret
microphone and preamplifier. Each succeeding week the tapes were
again played into the chamber and recorded as a check on experi-
mental tape condition and system stability. One of these chamber
tapes was also analyzed to provide the objective data used in the
calculations representing the signals the subject actually heard
(see Section 3. 6. )

After three weeks of experimentation, it was observed that the
peak levels presented to the subjects differed from those at the be-
ginning of the study. Analysis of some of the signals showed some
loss of the high frequency energy on the experimental tape, indi-
cating a possible loss of cxidc. Visual inspection also indicated an
inordinately high rate of uxide depletion.

A second series of experimental tapes (Series B) was con-
structed and used for the remainder of the experiment. The Series
B tapes were played into the chan~ber with no subject present and
recorded prior to use in the experiment, for each succeeding week
of the experiment, and immediately following use in the study.
An A-weighted leva1 recorder trace was also made simultaneously
with the chamber recuzAing.

3.6. PHYSICAL ANALYSIS

The levels recorded in the chamber (see Seccion 3. 5.) were
analyzed using a General Radio 19Z1 real time analyzer interfaced
with a Digital Equipment Corporation PDP-I1 computer. For each
signal, a one-third octave spectrum was acquired every one-half
second, and peak, tone-corrected, and duration-corrected noise
unit values were calculated.

As described in Section 3. 5., both the Series A and the Series
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B tapes wvere played into the chamber, with no subject present, and
recorded prior to use in the study, once during each succeeding
week, and again immediately following use in the study. Also, an
A-weighted level recorder trace provided a simultaneous record
of the levels which existed in the listening chamber during the
chamber recording and throughout the subjective te,;tlng.

A comparison was made between the calculated peak PNL and
dBA levels for a representative one-half of the signals from the
chamber recordings made from the first set of experimental tapes
(Series A) before and after their use in the experiment, and also
between the similarly calculated levels from the Series A and Ser-
ies B tapes, recorded before use. No systematic differencei
could be found between the before and after use recordings of Ser-
ies A tapes, nor between the before use recordings of the Series A
and Series B tapes. It was therefore decided that the before-use
recordings of the Series A tapes would be the basis for the calcula-
tion of the physical data representing what the subjects actually
heard.

The peak dBA level for each signal as indicated on the levelI
recorder trace during presentation to the subjects was tabulated,
and averages computed. These averages were compared -- ith the *
level recorder trace produced from the before-use chamber re-
cording made from the Series A tapes, and the differences betweenA

these two levels was used to adjust the physical analysis data to
agree with the average presentation level.

The physical data used in the noise unit calculations were cor-
rected for the non-linearities in the frequency response of the
TEAC 7030 tape recorder and assoc~ated recording/playback equip-
ment, using a recording of pink noise played into the General Radio
192~1 Analyzer.
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FIGURE 3-A. SIMULATION

Nominal 5 sec. duration, subtle tone, with doppler.
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FIGURE 3-C. SIMULATION
Nominal 25 sec. duration, subtle tone, with doppler.
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FIGURE 3-G. SIMULATION
Nominal 45 sec. duration, subtle tone, doppler shift.4
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4. ENGINEERING CALCULATION PROCEDURES

Each flyover or standard noise in this study was presented
in the listening chamber at five nominal dBA levels - 57, 61, 65,
69, and 73. Tape recordings of these sounds were made in the
unoccupied chamber as described in Section 3. 5, and were analyzed
according to the method discussed in Section 3. 6. The data thus
produced, corrected for tape recorder and other equipment non-
linearities, was used in calculating the noise values which are

presented in tabular form as follows:

TABLE ENGINEERING CALCULATION UNIT

4-1 Perceived Noise Level (PNL)
4-Z Perceived Noise Level, tone corrected (PNLT)
4-3 Perceived Noise Level, duration corrected (PNLD)
4-4 Effective Perceived Noise Level (EPNL)4-5 "A "-Weighted Decibels (dBA)

4-6 "A"-Weighted Decibels, tone corrected (dBAT)
4-7 "A"-Weighted Decibels, duration corrected (dBAD) I
4-8 "A"-Weighted Decibc Is, tone and duration

corrected (EdBA)

4-9 Perceived Loudness Level, Mark VI (PLL-VI)
4-10 Perceived Loudness Level, Mark VII (PLL-VII)

The calculations for PNL, PNLT, and EPNL are according to
t_ procedures detailed in Reference 4-Z. PNLD is calculated by

applying a duration correction to PNL in exactly the same manner
that the duration correction is used with PNLT to obtain EPNL.

The one-third octave "A" weighting values used in the dBA

calculations are taken from Reference 4-2. Calculations for dBAT,
dBAD, and EdBA are exactly analogous to the PNL based calcula-
tions. PL 6 values are based on Reference 4-3 and PL 7 calcula-
tions are P-complished according to Reference 4-4.

Table 4-11 contains the average of the logarithms of the mag-
nitude estimation ratings for each noise at each of the five levels.
The magnitude estimation ratings were obtained as described in
Section Z. ?
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TRBLE *I- 1 PHYSICRL RNRLYSIS OF NOISE ½

SIGNRLS - PNL UN'ITS ,-

NOISE LEVEL I LEVEL 2 LEVEL . LEVEL 4 LEVEL 3 SUBJDB

± 72.1 75.6 7 9. 82. 8 87. 6 77. 9
2 78. 5 4. 6 77. 9 82. 6 86. 2 81. 7
371. 6 74.7' 79.3 &8.1 85, 9 81. 4
4 71. 4 714. 8 79. 0'e 82. 8 687. 6 82. 5
5 71. 0 74. 7 78. : 82.4 8e6. 2 82. 6

54 "8 86.6
7 .-8. 4 74. 7 ?8. F '6 2
8 72. 5 75. 1 ' . 8 :. 0. 8?. 4 79. 8
975. 2 76.9 61. 6I 85. 89.9 68.8

10 71.2 6 El6. E 77.6
11 72. 6 76..8 6. 8 86.'. 8 1 72. 1
12 71. 9 75. 3 1. 7 ,t 6 88. ,.'5. 1
13 76. 5 75. 1 78. 1 81. 6I 85. 7 7;9.2 "
14 74.3 7. 1 82. . 8". " 89. b 74. 3
15 72 * 762 . .'S. 2 $-4. 2 8 1. 1 75. .3
16 71. S 75 8 ".. 4 73. 87. 4 73. 7
17 "1. 75.3 79.2 S..4 83. 8 78. 8

28 71887"I L • 5.' "." 85. 79.3 I
-s. 8.

25 76 " "86 . 86 b8 .6
2 0 7 . .0 8 . ,i 80. E 8 ,1. 7 78 ...
'2 1": 3., 9 81. Li ,8,4 ::. 8 7,8. 2

2,' , ... 8; . 8. 8,1.. ,4, ..6.6'..2
277 74. ,9. 8.. 6 86. 7 91. 1 8:. 8
28 76 9 8 1. *4 8 5. 9 9b. 2 82.":"

2 9 1 .; . 5 . 8 , . 4 : : ' .: . .:8 7 . 7 8 5 . 1
29 6.? 75. 89. 9.& E. eS 859i

38 71..9 75. 8 8 -1. 8 8 IF, 91. 1 83. .9
(9 1.. 7.P.8 .4 5

3 1 7 1 . 6 7 5 . , 79. 4 . C- .7 9
32 T 77. "8 1` 5 84., 4-- 78 Ell.. • P 9 ,•" 382. 2

,4 0. 4.7. 1 81. 8
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Reproduced from
best available copy.

TRABLE 4- 2 PHYSICRL RNALYSIS OF NOISE
SIGNRLS - PNLT UN'Ts '1I

NOISE LEVEL I LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 SUMBJB

?4, 0 77. 8 8. 8 8 29s"
S72. 6 ?'6. 9.1 0. , 81. 8 88. 9 S-4. a

3 76. 8 86 8. 3 . 881 . 854 7 3,. -4 77, ,2 1.. , 5 8 1. 1, U89. 80 85. 1

73. 7 718. s, 88. "" 84.5
S2. 3 ?6. 'Z 0. 84 .8 88. .. 80. 9

8 74. 5 .'7. 81.9 8U.6 89. 82.7
9 78. ± '. 8 84. ,,. 9 92 8 570. 4

±8 7 5. 8 7'.6. 814.s 87. 8 80. 1
8...9. ,. 6 E. 6 74. 2

12 74. 0 E, 6 8;:. 9 86:.9 -E.49 . av 7F. 7
13 72. ± 76. 7 8b. 1 83" 9. .9 82. 9

7, .. 1 7 .. 8 7. 9±.•. 4
15 r:. , 82. 6 "" 6 .. 7. '
16 7 3. 6 77 6: 8±. 689 8 E. Z'
18 76.6 789 83..1 66. 8 9- 81.

I .. .e8. 1' 8,. 8 9cf. 9 81. 7j9 76 - 8f,+f"1•-
19 . 81U. 14 E:i I E9 39..0 , - 86.

26 72., 75..'i 79. 9 82. 6 87. 6 82. 2
7- 74 8 '6 9 "'6 2 1.4 E75 8.0.2

8..7 5. ?9.6
-' .... I. . -,•" 49i g

,. "5. ± .9. G 2. 6. 8 89. 1
24 7 . 4 7$. I82. :.1. 8 86. 5
25 76. 9 7 :. P' 4 ", .... ,. 5S• 4 98 ,,-. ...

6 7 .-,, 9 .. ,,"",". .9 :Q•91. 0 S7. 6
27 if'. ? 8±. 1 85 4 8.. 4 92. 9 86. 6

8 1. 85. 15 -:- 961 8 G"29 79. -, ,.. S• 8-2: ,7r 1. 86. 2

2 0 75, 8 77'. 4 -:.1 .:-7. 2 96. 89. 0
31± ? 3. 2 1 86. ± 69. ± 8. 4
32 7S. ± 81. 8 84. 1' 8. ' 92. 1 -.13 2
3,. 78 c .f F• 3 .;" ,8 ,1 ýI el,. 21- 84.- 5

.16. 7 6. ? 8,, 6 89. 2 84. 7
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ii
TABLE 4- 3 PHYSICAL RNALYSI5 OF WI1SE

SIGNRLS - PNLD UNITS

NOISE LEVEL I LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 SUBJDB I
M 75.2 78 .3 81. 1 84. 5 88. 8 72. 2

2 74. 1 77. 5 816. k, 815. b 89. 3 16. 4
3 72. 6 74. 79. 2 82. 6 86, 2 78. 9
4 71. 9 FS 5 79 I8 2. 3 87. 2 79' 6
5 76. 7 7V .6 77. 7 6-1. 5 85.. 86. I
6 68, 9 7-1. • • .4 8i. 4 8. 5 79, 9
7 68. 71. 74. 7 78.3 82. 9 78. 8
8 73,,8 E6l .. 7 ? 76. 5
9 69. 6 71. 6 7 .6. Q. 3 84. 6 72, 1

1e 67. 8 7. 2 :.- 77. 9 8±, 4 8., i
±1 67. 4 7? 8 76. b 79'.': 83.6 75. 0
12 65, 2 68 8 72, -: 7 . , 82.3
13 76. 0 ?4 8 "4 8 L.0 85.' 4 76. 9
14 78. 7 74. 1 78. 2 82.6 85.8 75. 9
15 68. . 72. 6 76. 5 86. 2 844 76. 8
16 66. 4 69, 5 '"-2. 5 ?'6. 80: 8 . 1 78. 9
17 731. 4 1 E: "" , 1. 81 8.. 6 87. 2 74. 8
18 7 5. 78. 6; 2,.. -fl 1815.. . 9..8. 1: -I 4, 6 I ':,

19 75, 7 9. 5 E:. : 1 8 6 .9.92. 4 80. 0
28 70, 8 P" . 78. 8 0. 61 8. 7 76. 6
2± 76. 7 ".6 77." 5 86 0 $4. 2 75. 8
22 76. 0 73.5 76. 5 E:i. 1 78. 3.,-., .,7., ..
2.3 66. a 6 -.' 117, --. 7' '' 8 E, 8 8 2,. 5 ,

24 71., 74. 0 7 -.2 8. '-. ; 87. 2 82. 6
25 70. 7 '.. 6 78. 61 8 . 6 86. 3 83. 0
26 7?'. 9 P8. 4 8. 87. ± 91. 0 79. 6
27 78. 0 81. 5 ""6. 9 8 4 94. 9 77. 9
28 75. Ell. ;:.. 81 87. 2 90. 8 79. e
29 70. 1 81 98., 84. 6

;'f. : , . 0±. :, il.l 89,6 82. 7
C±E.. 8. L4±7. 56 7.

3274. 6 7.. 4 80. 8 SI 9 8:. 4 si. 2
3.3 68.-2 T b. 6 E.1 .6 68 82.6 8. .4
3el 9, ,-.4 77. 5 8 .5 85. 9 80, 4
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TABLE 4- 4 PHYSICAL ANRLYSIS OF NOISE
SIGNALS - EPNL UNITS

NOISE LEVEL I LEVEL 2 LEVEL 2 LEVEL 4 LEVEL 5 SUBJDB

1 76. 4 79. 8 6,2. 7 86, 2 9,0. 6 74. 7
S75. 6 79. 1 8121. l 8. t 91. 2 78. 6
3 74. 3 77. 2 81. 6 sS, 5 89.a 80. 4
4 7tS. 8 77. 4 82,, 80; 89.? 81. 3
5 72.. 6 75.9. 79. 8 83.? 6 ?. 82. e
6 7.. 76.4 79. 9 685. 2 87. 4 o. 3
7 69. 9 72. 8 6. 8 10. ± 8.14. 7 81, 0
8 75, 8 77. 8 SO.. 8 :3 8 89. 7 76. 7
9 71. 8 74.8 7.1 82.6 E6.8 73. 8

18 69.9 72.27 U.I 6. a, 8.6 "0.1
11 69. S 7,1. 7, 81. 8 85. 5 76. 3
12 66. 9 .. 2 or 6 78. 2 81. 9 8 . 6
13 71. 75.9 7. ± 1 8.9 s?. 1 79..2
14c 72. 5 75. 7 ). U 81. 8 87. 7 ?7. 9
15 70. 74. 4 '.' : 82. 2 786 8±6 67, 5 7$ ,9• 7. ' 1 " , ":'":. 8e

7$' 81.80. 7
17 74 8 77,: 6,1. 8 Sr3. 6- 8'- 76. 918 76.8 ,. - 8, 6: 87. .. 9 6. 9
19 77. 8 81. 6 S:!.": 90. 9 9,.6 8±. 6
20 2.9 5"5 86..7 .,

2171 8r 57, 82. 6 7
22 71. 8 75. 7P'i8. a 68. 7. •8.•. 4).
22 E8.9 7 . "' .... 6 8ll. ± 8a3. 0
24 71. 4 7P 8, , 8-. 8 I6 $6.4
25 71. 5 ' . 6 '8. " 6.. ± 86. , 86. 7
26 "91. 6 83. 1
27 78. 7 2. 6 88. ± 9i 7," 96. Be. 8s

287. 3 ,,. ?. 9 8"'9.. 94. el ?8 729 72. 7 77. 8 8.: 8 8. , 52
10 ..... 1 . ,. 85

A-9t* r -31 ,f (. 66 ::t: 9 8.1 86. 2 3
32 7 1. 6 "' 84.1 7 88.2 4
33,T7. 4. 762. 6 8 . . al.
34 71 _-'.1 '5. 4 9 5 . se 88. G e2, .3

4 -5
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Ii
TABLE 4- 5 PHYSIC; L ANALYSIS OF NOISE

SIGNRLS - uBA NIT'S 'S

NOISE LEVEL i LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 SUBJDB

1 598 6. 6 6. 8 70. 8 75..3 62. 2
2 58,. 61.? 60.6. :5 7. 8 66.7
3 57. 5 66. 5 69. . 72. 67. 8

57. 9 61..5 65 6 69.2 •3.6 68. 6
5 58. 3 62. 0S? "6.e.9 bt •
6 56. 2 66. 2 6. 7 68. 7 71. 1 67. 8
7 58. 0 62.'.ll 4 6. 8 70. L 73., 6 62. 8859, s 62, 7 ,7,. E. "1. 4 U•. •,'64, 7

9 59. 4 61, 9 65. 8 78. 5 74. 4 56. 8Is 58. 7 61. 1 6, 11. ? 0I.. . 5 7,-'.162.
11 58. 7 62. 5 6,7. 21. 71 0 i'"IS ,. 57, 8
12 58, 7 62. 6 E.8. 2 7.,1. 1 719, 5 60. 8
13 5 7. 3 6 1 . " . .',14 59. 9 63. 8 6. 8 1.0 .. 6 61. 1
15 59. 4 64.1 67.4 71.5 7 5. 2 610.3,1.6 .39. 1 6,1. 8 6;•. 1. '"1 5 ..4 2 " 4..5 58.8
17 SSI 6 9 e.9. 9•2. 06 64.1
18 98.1 l .2. 7 66.1 7 8,. 7 3. 1 65. 7
19 59. 4 E4 4 71.6
26 58 2 6. " t." 63.921 .57. 9 2 6 7".. r 6E,2, 2

23 56. .. c 66 0. 6 71. 66. 524 58. 8 •. .56 : :.,•., : ,z.770. 2
25 7. 61.. .... 9 ... 70227 57 0 6' H d;.. -8. 1., 7.:
-" , 9C 1. r --"
29 E. : ..... . 7i -

58. 06 1E.1:,. 73. OF . 4
29 56. 0 6E4 1 61 a 72 73. 638 5?.7-61 6. ,' ;"'4. 13 15 8 . 0 t : . 86 :6 . "- 2'r . :7 , 7 6 5 .3 •

Q2r * O t : . '. ' . C e , L .1 6 : ? . J * .-'. .-,5 * '
33 56. 6 L.. 6 60. 9 6l7 9 72. 2 66. 0
34 57. 9 61.5 6.. , 6....1 ". 67.6
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ldi~b I' I
rRBLE 4- 6 PHY'ICHL HNHLYFI-e OF NOISE

S11INRL5- C, wr Uirs

NOISE LEVEL 1 LEVEL 2 LEVEL . LEEL 4 LEVEL • SUMSJt
•.61. 7 6;5. 7 e.• 9. 0':.;•7" 64. ?S60. :1.6 ,, 6;7. 72-,•. 76, 269,1S61. 7 65. 7 P. .... 6. ca .. *

"e9 8 6 Ell. ?I1. C
,'. 2 7e.. 3 69. 7

8. . 6 ,

I Ell 1 .. .

E ll4. :., 4 6 Q I

1461. 77 6: 16 e:• .e : •' ,.•l, I i

, .6 Ell. 41. G5 . : 6."I. L: 167 ,4 ,

12. 67. 2;1 ? 69 ' ,.. 9

,-4 ej 7 ..' 'V. *.'. .; '.. C,.i .'C: !.: ; 1 ?,- 68. 9

2, 59. 9 1.6
24 5!±. 7 E. 7 9. 7 7,4'

""5 4,," '-" ...... . '
• ... .- . €-., .e .57 8 

7, IF

-19 Ci7 ..;4
""" ...., 71 ,6• 13. ,6. A

I .:. 
.0,,- . -' 121. '.

2. 6: .1 f-': , ' : i-. • 2 U' "". e."

3 ....S. 6 ... F.. 2

~4 -- 7

S,;6, .6: .5 9. 9 7? ". 6 6??. ,87.1

6'> 6 4 . * e LI 7.- 7

h l _ -. : \ : -. • • . . .. .. . .. . . . . . . . . . .. . .. • ... . .. . .. . -: -: : .. : : : . ... . . .. . . . . . . . . . .. . . . . . . . .. . . .



JRBLE 4- 7 PHYSICRL ANALYSIS OF HOULE
SIGNRLS - DBRD UNITS

NOISE LEVEL.I LEVEL 2 LEVEL I LEVEL 4 LEVEL 5 SUBJDB

± 61. 5 65. 2 68.2 71.. 7. 57.6
2 61. 8 64. 4 6'". 8 7-2. 6 76, 6 61. 858. 9 66. 9 :5 ., 2. 3 4 8

-58. 3... 9 .-. ,"-. 65. 4

5 57. 5 60. 8 64. 5 ..t*... ,1 ..2. 1 65. 5
6 .5.3 58 5 61. 6 66. 68.8 66.8
7 55. 5 58. 6 62. -0. 6 70. 2 63. 6
8 59. 9 62. . '4. ,. ? ,9 74.7 62. 0

5 56. 2 58. 1 62. 70 6. i.. 2 58. 7
10 -." 9 56. 7 6e,. 1 64. 2 67. 2 64. 5

S 53.8 5' 6:5.9 9..5 60. 7
12 51. 54.. .2. ',..5..5 68 .2
13 56. 0 68. 2 6. '4 66. 8 70. 9 63. 5
14 57. 0 68. 64. 4 68. 7. 7 61.9 9
15 55. 8 60.1 i "..9 67. 7 71. F £1. 5
16 33. 0 56. 5 6r+r -. '. 5 67. 5 6:. 5
17 59.7 62. 4 66. 4 ,:- u .-A 4 60. 6
i s E 0. z. 8 r.r . . 7,'0. 8 " , . 6 01. 5

19 61. 2 64 ........ 9 76. 3 66. i-)
20 57. 7 66. ." 65 2 ". 9 ,2 0 . 321 57 4 66. 7 64. 9 68. 3 F2. 0 60. 721 57.4'---,
22 55. 6 58.. 9 . 7 .".-. ,.1 5.
23 51. 54. 9 .7. ,2. 70. 2
24 56. 5 59. S r6 . i i .7 . 3
25 56.9 U.9. 8 6,i , . 6.9. 6
26 60. 7 64, 6,7 2 ,1 4 7t. 9 66. 4
27 -. 4 66. 5 Q. L '-L. 2 ,8. L 64. 7
28 60. 8 6". 6 6r., 4 A. - 724 66. 6
29 55. 6 59 " .2. v 6. 9 - M,. 71.7
3 .5,0,. 4 '0.. r . A.. 69. 4
31 56- 8 61. 2 "r. 0 r 6 63. 8
32 60. 9 6.• 7 6r . 0 Fj. £ F'4. 6 67. 1
3Z 55. 7 58. 2 6r.' 66 20 6 64. 7
3,d 56. 5 68. 5 6'4. 4 6:.: L2. 6 65.6 I

41
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TFtBLE 4- 8 PHYSICAL ANALYSIS OF NOISE
SIUNRLS - EtD8A UNTc,

NOISE LEVEL I LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 SUMJDS
± 62. 9 66. 7 69.8 7"'.4 76.0 5949

2 62. 5 66. 0 69. 6 73. 9 77. 9 63.9
3 6. 2 63, 1 67. 5 ri. 5 75. 0 66. 5
4 60. 1 63. e 68. " 71. 9 ?.8
5 59. 4 62. 7 66. 6 7 0.5 74. 3 67.3

57. 4 61. 4 6 t•. " .4 E72. 5 67. 3
7 57. 9 6s . 2' 6,21.. 8 6,7. 4 72. 0 65. 8

9 57, 6,. 46"."861, 5 64. 7 t*, Ell ,7 . 8 76, ? 6:4. ID
9 57. 9 6 F. 21 64. 4 inEll. 11 72. S 60.

56. 62. 51: t;. S 69. 5 66.
U 56. .3 60. 64. 4 6'8, 4 7?. 9 62. 8
12 53. 3 56. 4 61. a 64. 5 67, 9 69. 5
13 57? 3 61, 5 6:5' c 68 7 72.6 65. a
14 58. 6 62. . 6 .e. i Q 7 . 5 64.,
15 57, 4 62. j E; f l9. 7 73. 6 6;. 4
16 61. 4.. ' IE 71. 7 69. 6 65. 2
1.7 61 9 61. i 8. 2 72.0 a7 5. 4 62.1 7t
18 61. 4 65. 5 69. 72. 9 76. 6 63. 7
19 62. 66.6 71.a 75. ' 78.3 68. ?
28 59. 4 62.? 7,?.- 6.. 9 74, 1 63. 2
"21 59. 1 62. 6 66, 7 76. Z 74. C' 62.6
22 57. 1 6 . 2 63. 2: 67. 4 71. 4 68. 0D

23 54, 0 se. 2 6e0. 8 6;5. 4 68.8 70. 5
24 57. 1 5.9,6 67. 71. 4 74. 3
25 57. 6 60. 8 el;4. Z. 67. 4 71. 6 72.. 5
26 68, 8 64.3 6'. El. 4 78. 2
27 64.72 6 6. 24 71.. 7. 67. 7
28 64., 67. 6 1.? 74 78, 7' 66, 2
29 58. 2 6z. 3 783., '". '72 >.I...
38 59. 4 63. '6.9 70.8 74. ' -. 0

29 8. 62 3 5.'"70 S ..... ??-,2
31 58. 6 63. ± k7. 71 b0. 7 74. • 65. 7
32 62. 6 65.15 6,. 7'.: .'7.0 69.1
33 57. 9 68. 7 6i. E 6. 7 7. 65, 9
34 59. 5 62. 5 66. 4 70.4 74. 7 67. 4

4-
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TIELE 4- 9 PHY•ICr:L ANALYSt S OF NOISE
SIGNALS.- PLL-VI LUNI'Ts

NOISE LEVEL i LEVEL 2 LEVEL Z LEVEL 4 LEVEL 5 SJBJDD '
±7 .7 76 ..378 's: 2 85. 8 78. 7

2 72. 4 75. 4 78. 5 2. ' 85. 81.71. 5 "'82. 6FI 7Z.1 . ' - .e 82. E 8 .
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5. RELATIONSHIP OF HUMAN RESPONSE RESULTS TO

ENGINEERING CALCULATION PROCEDURE RESULTS

Two sets of dependent measures were obtained. The one set
involv-ed magnitude estimation judgments by the thirty-five subjects
of 170 separate noise events while the second set of dependent znea- 1
s ures was concerned with the absolute acceptability of these same
170 noises, i. e., ". . . to judge if each sound you hear would be
acceptable to you if you experienced it in your home four or five
times an hour during your waking hours ". The magnitude estima-I
tion judgments %contribute results relevant to .ý'lectives 1. 1, 1. 3,
and 1. 4. The absolute acceptability results were obtained as a
means of providing evidence relative to objective 1. Z~, "Estimate
levels that will be acceptable to communities surrounding airports".
Since subjects were predicting their "acceptability response" inI
the real life living situation on the basis of hearing the noise on one
occasion in the laboratory, the data obtained from this approach
will be considered in conjunction with results from other studies
and mnethiods.

5. 1. MAGNITUDE ESTIMATION AND TEN ENGINEERING

CALCULATION PROCEDURES

As discussed in Section 2. "EXPERIMENT DESCRIPTION",
the basis for evaluating engineering calculation procedures that are
designed to reflect extent of loudness or annoyance of individual
noise events involves the "Subjective dB"1 approach. The magnitude
estimation psychophysical method is basic to this "Subjective dB"1
approach for evaluating the various engineering calculation proce-
dures. The approach can be summarized as a question, "If a par-
ticular noise event is calculated to be at a given level by a particu-
lar engineering calculation procedure, at what level do the listeners
place that noise event in terms of that same engineering calculation
procedure?" Since no transformation of the physical acoustic data
can account for all uf the interacting characteristics of a noise
event, human response is utilized to both evaluate and, when required,

to correct these various transformations of the physical data.I

So that a valid statistical inference model could be utilized to
quantify the extent that judged differences among the various noises
were reliable, Subjective dB's were obtained for each subject as
described in Section 2. 5. 1. "'Magnitude Estimation Analysis-
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Thusly, each of the thirty-five subjects contributed thirty-four sub-
jective dB's (one for each noise) independently from any other sub-
ject. Such an approach permits utilization of a randomized blocks
analysis of variance design with subjects being analogous to the
blocks and the various noise events are the thirty-five conditiond
that are randomly assigned to each subject or block (see Ref. 5-1).
However, each engineering calculation procedure does involve the
same physical acoustic data and is thusly related to (not independent
of) the other calculation procedures being evaluated, so each calcu-
lation procedure ; 2 2,V:,,ed separately. Table 5-1 summarizes the
analysis of varivrre results for each of the ten engineering calcula-
tion procedures uaw'i investigation. Each has 34 noises x 35 sub-
jects tA equ;;A 1190 dependent measures which are the subjective
dB's calculated within each subject individually. The error term
for each is the interaction between noises and subjects. The F-ratio
for differences among mean subjective dB based on each of the
thirty-four noises are highly significant for all ten engineering cal-
culation procedures. This means that the annoyance effects among
various noises are reliably different for any of the ten engineering
calculation procedures investigated. However, there are differ-
ences in the magnitude of the F-ratijs indicating that some calcula-
tion procedures are more effective when applied to a diverse group
of flyover noises than are others. The F-ratios based on the mean
of each subject's response to the thirty-four noises are all less than
one. On the average, the thirty-five subjects responded to the
noises in a highly consistent manner.

Table 5-Z provides summary information relative to the mag-
nitude estimation results. Column (1) gives the range of subjective
dB's for the thirty-four noises while column (4) lists the level of
the calculation procedure at which the subjective dB was calculated.
Using PNdB as an example, the noise event with the smallest sub-
jective dB has a subjective dB of 68. 85 and the noise event with the I
largest subjective dB has a value of 85. 91. The absolute range is
17. 06 for the thirty-four noises (column (2,)) but each of the thirty-

four noises was calculated to be at 79. 72 PNdB; PNdB calculates
noise number "9" (see column (6)) approximately 11 PNdB greater
than the subjects rate the noise and approximately 6 PNdB lower
than the subjects rate noise number '30" (see column (6)). PNdB
does not apply equally well to a diverse group of noises. Each of
the ten engineering calculation procedures evaluated can be exam-
ined in the same manner but a helpful comparison involves differ-
ences among the various engineering calculation procedures util-
izing the Absolute Ranges of column (4) and the F-ratios of
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TABLE 5-1. Summry of analysis of variances for Individual Subjective
dS's based on ten engineering calculation procedures.

ENGINEER. SOURCE OF SUM OF MEAN SUM SIGNIF.
CAL.PROC. VARIANCE SQUARES df OF SQUARES F-RATIO POINT

PNdB Noises 18388.12 33 557.55 46.42 P<.-05*Subjects 14.75 34 .43 .04 ------Error 13473.19 1122 12.01

PIdBT Noises 20503.53 35 621.32 47.61 P<.005Subjects 21.31 34 .63 .05

Error 14642.43 1122 13.05

PNdB Noises 10423.16 33 315.85 24.58 P<.O05
Subjects 111.66 34 3.28 .26

Error 14416.31 1122 12.85

EPNdB Noises 11272.81 33 341.60 26.10 P<.0O5
Subjects 184.78 34 3.08 .24 ------

Error 14688.50 1122 13.09

dBA Noises 24451.66 33 740.96 60.29 P<.005
Subjects 11.28 34 .33 .03 ------

Error 13786.94 1122 12.29

dBAT Noises 25462.28 33 771.58 60.28 P<.005
Subjects 13.28 34 .39 .03

Error 14358.72 1122 12.80

dBA0  Noises 13564.59 33 41W.05 33.20 P<.005
Subjects 91.19 34 2.68 .22 ------

Error 13884.75 1122 12.38

EdBA Noises 14895.19 33 451.37 35.71 P<.005
Subjects 86.09 34 2.53 .20

Error 14184.59 1122 12.64

PL 6  Noises 12974.50 33 393.17 44.99 P<.005
Subjects 21.72 34 .64 .07

Error 9805.75 1122 8.74
PL Noises 11982.81 33 363.12 43.28 P<.005

7  Subjects 14.47 34 .43 .05

Error 9416.38 1122 8.39

* For 30 and 120 degrees of freedom, "F" , 1.98 for P<.005.
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column (3). The engineering calculation procedure with the small-
est range and the smallest F-ratio (least variability) has the widest.
application and is thusly accepted as the most applicable. The ab-

solute range for subjective dB utilizing PNdB is 17. 06 dB and the

F-ratio is 46. 4Z. When PNdB is tone corrected according to FAR-

36, the range is increased by 3 dB to 2O. 09 and the F-ratio is in-
creased slightly. The tone correction procedure degrades PNdB.
However, if only the FAR-36 duration correction is applied to the

PNdB calculation procedure, it is markedly improved as indicated
by a decrease in the range to 12. 36 dB and a marked decrease in
the F-ratio, from 46. 42 to Z4. 58. Applying both tone and duration
corrections to PNdB to obtain EPNdB only slightly increases the

range and the F-ratio. It is concluded that:

The tone correction degrades the PNdB
calculation procedure.

The duration correction markedly improves
the PNdB calculation procedure.

The combined tone and duration correction 4
interact and provide approximately the same
result as does the duration correction applied
individually. :4

Turning to dBA and application of tone, duration, and tone and dur-
ation corrections simultaneously, in respect to the absolute ranges
foa the subjective dB's, dBA functions about as well as PNdB. A
However, the corresponding F-ratios are much larger (indicating
greater variability) and it is concluded that the PNdB family of

engineering calculation procedures is superior to the dBA approaches.
Fin.Lly, the evaluations of S. S. Stevens Mark VI and Mark VII
show that either has wider application to a diverse set of noises than
does PNdB and dBA if no correction for duration is applied. The
results suggest the expectation that Stevens' Mark VII would have
the widest application if it were corrected for duration effects. Of
the first six columns, only column (5) has not been used in the
above discussion; it will be recalled that USASI noise was used as a
standard for the two testing sessions. The values in column (5) are

the mean of the calculation procedure values for the two standards;
comparison of column (5) with column (6) shows that the levels of

the standard were quite similar to the levels used to calculate the
34 noises utilizing each engineering calculation procedure, PNdB

to PL 7 (Stevens' Mark VII).
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So that an error term would be available for determining
whether-or-not the various noises show reliable differences, subjec-
tive dB's were obtained for each subject individually and separate
analysis of variance was completed for the ten engineering calcula-
tion procedures. Another approach involves working with the group
as a whole. Prior to relating the magnitude estimation judgment
data to engineering calculation procedure determinations, the log
of the magnitude estimations to each noise event is averaged over
the 35 subjects and these results are then related to the engineering j
calculation procedure results. Columns (7) through (10) of Table
5-2 re based on this total group approach. Column (7) provides
the product-moment coefficients of correlation for the mean of the
log magnitude estimations vs. the various engineering calculation
procedure results for all of the noises. The correlations range
from .768 for peak dBA to .893 for PNdBD. These results also in-
dicate that duration corrected PNdB is superior to the remaining
engineering calculation procedures investigated. Again there is
evidence that PL 7 (Stevens' Mark VII) is slightly superior to the
uncorrected approaches (PNdB, dBA, and PL 6 (Stevens' Mark VI)).

Column (8) gives the range of product-moment coefficients of I
correlation for each individual noise (34 coefficients for each calcu-

lation procedure). They are ali high, ranging from . 961 to 1. 000
and account for 92 to 100 percent of the covariation; all 340 coeffi-
cients are so similar that it As concluded that there is no real dif-
ference among them. The telling inference is provided by compar-
ing these almost perfect relationships with those obtained in column
(7) where judgment data to all of the noises is related to the various
engineering calcuiation procedure results. These coefficients are
all lower than those based on only the individual noises, thusly,
providing evidence that each noise is somewhat uniquely evaluated
by the subjects.

Column (9) presents slopes for rate of change of annoyance
based on all the noises while column (10) gives the range of rates
of change for each noise evaluated separately. Slopes based on all
noises range from . 026 to .031 (Powers of . 26 to . 31, see Section
Z. 3. 1) which means that doubling or halving-of annoyance ranges
from approximately 11.5 to 9. 7 dB depending on the calculation
procedure utilized. The range of slopes based on individual noises

is . 021 to . 043 indicating that there are differences in rates of

change of annoyance for individual noises. In terms of doubling or
halving annoyance, the individual noises' rates of change vary from
approximately 14. 3 dB to 7. 0 dB. For rates of change based on all
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TABLE 5-3. Mean and range of differences of Subjective dB
from calculated values by aircraft type.

AIRCRAFT TYPE PNdB PNdBT PNdBD EPNdB

CTOL MEAN 0.79 0.54 -0.67 -0.81
RANGE 4.56 4.30 7.90 6.69

Propeller MEAN -4.53 -4. 7Z -0.55 -0.88
RANGE 10.39 11.96 10.15 9.74 I

Helicopter MEAN -2.03 -1.90 -1.60 -1.47
RANGE 10.51 9.97 5.44 4.96

VTOL MEAN 3.98 3. 73 Z. 74 3.23
RANGE 5.63 10.48 6.7. 8.01

of the noises, only PL 6 and PL 7 (Stevens' Mark VI & VII) are in
the 9 to 10 dB area commonly used to evaluate increases or de-
creases in single event noise effects. The remaining engineering
calculation procedures require 11 dB or greater increase or de-
crease for doubling or halving the annoyance of a single event. I

Since the results show that the family of engineering calculation
procedures based on PNdB (PNdB, PNdBT, PNdBD, and EPNdB)3
have wider application to a diverse group of noises than other pro-
cedures evaluated, this group is investigated further. Figure 5-A
shows the mean subjective dB difference from the calculated value
for each of the four engineering calculation procedures. The noises
are grouped by the various aircraft types. With the exception of
the duration correction (PNdBD) for Noise Number 1 which was a
takeoff of a 737 aircraft with a rather long 10.dB down duration, all
four engineering calculation procedures function unusually well in
depicting annoyance to CTOL aircraft. As shown in Table 5-3, the
mean of the s' .jective dB differences from the calculated value for
PNUBT is 0. 54 PNdBT and the range of differences is but 4. 30
PNdBT. Unless the propeller type aircraft are duration corrected,
they are judged significantly less annoying (4 to 5 dB on the aver-
age) than calculated. If duration corrected only (PNdBD), the
mean subjective dB difference from the calculated value is -0. 55

PNdBD. Helicopters, on tha average, are judged slightly less
annoying than the engineering calculation procedures indicate.
For EPNdB, their mean subjective dB difference from their calcu-
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lated EPNdB is -1. 47 and the range of the differences is 4. 96
EPNdB. However, it will be remembered (Section 3. 0) that all of
the noises were filtered to provide an indoor listening experience
so the rise time of the "beats." is markedly increased and also that
only helicopter flybys (not hovering flight) were investigated. Both
conditions should contribute to a less annoying experience. The
VTOL aircraft (both the simulations and the two recordings of ac-
tual flights - Noises 32. and 33) were judged the most annoying.
The most effective procedure was PNdB corrected for duration
(PNdBD) but the mean of the subjective dB differences from the
calculated PNdBD was Z. 74 and the range of the differences was
6. 72 PNdBD.

Returning to Figure 5-A, the nine VTOL noises can be used
to illustrate how the duration correction contributes to improving
the relationship btween the judgment results and the engineering 1
calculation procedure values. If the "s'-decreases the distance
between the "'/1 and "0" (no ctifference between subjective dB and
the calculated value), the relationship between the judged result
and calculated result is improved. For the VTOL flights, the dur-
ation correction improves or does not alter the
correspondence of seven out of nine noises. Thusly, for this group
of noises, it is effective but not perfect.

Another question relative to the 34 subjective dB's obtained for
each r'ýise is, "How large is a reliable -ne chance) difference
between two noises?" Is it, 1, 2, 3 or more EPNdB? Utilizing
the error term from the analysis of variance (Table 5-1) in con- I
junction with Duncan's Multiple Range Test (Ref. 5-1), these values
can be determined. Table 5-4 gives the reeults. The first column
gives the rank of each mean subjective dB, the second column the
mean subjective dB based on within subject determinations, the
next column provides the noise or flyover number, and the last
column the code for aircraft type. The calculated value for each
subjective dB was 80. 34 EPD4'dB so one noise was judged approxi-
mately 6 EPNdB lower than calculated and another noise approxi-
mately 6 EPNdB higher than calculated. The greater the number
of means .,ompared, the larger the difference between means must
be before means are considered significantly different. For exam-
ple, for 29 to 34 means, the difference must be 2. 75 EPNdB to be

significantly different at P<. 01. For 2 means, the difference re-
quired is 2.23 EPNdB, for 3 means it is 2. 3Z EPNdB, and so on.
As shown in Table 5-4, any two means bracketed by the same line

ar'e NOT significantly different. As an example, noises 29, 30,
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TABLE !-4. Significant differpnces among a4 noises at' P<.OI
level ýttllzlng Duncan's Multi le Range Te~t.

FLY.VER.....
RANK (PNwdB) NUM ER *CODE

1 T3. 8  
I p "

2 74.7 C I

3 76.3 p.
4.5 76.9 1 H
4.5 76.9
6.5 ?7.9 14 H I

- 6.5 77.9 2j H: 8~ .. .. .. 7 . .. . . .. t ... .. ..! . ......... ....-..... ....- "

9 •8.6 C I -
10.5 78.7 c
10.5 78.7 20 V

12 78.8 15 H
-13 . 793 3 . 13.. .
114 P01 10 P

15.5 PO.3 C c
15.5 80.3 31 U
17.5 80.4 3 C e lIal
17.5 80.4 22 H . K

19 00.7 16 H
20 80.8 27 V
21 81.0 7 C
22 81.3 4. C
23 81.7 35 VR
24 81.8 19 H
25 82.0 5 C -j
26 82.3 314 U

• ,-,.27 83,0. ....P. . .

28 83.1 26 V
29 83.2 32 VR
30 83.5 12 P
31 85.2 29 V -.

. .�.32. K6- 2 .3P. V. ÷'
33 86.1. 24 V
34 86.7 25 V

Any two means not bracketed by the same *C v PTOL
line mre significantly different at P<.Ol level. P - Propeller' ' ~ ~~~H 0 Hel icopter . ... . .......
Any two means bracketed by the same line are V - VTOL sim.
NOT significantly different at P<.0O level. VR a VTOL recording

U w USASI stand..5 10l .
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24, and 25 are all bracketed by the same line and thusly are not
significantly different and belong in the same set. Noise 12 is not
bracketed by the same line as noises 24 and 25 so it is significantly
different from those two noises. Since ranks 9 through 22 are all
bracketed by the same line, these 14 noises ( subjective dB of 78. 6 A
to 81. 311 are not significantly different and all belong to the same
set. Since each was calculated at 80. 34 EPNdB, it is not surpris-
ing that values that are less than 1. 75 EPNdB from the calculated
value would be considered identical to that value.

For the most part, relationships between magnitude estima-
tion and engineering calculation procedure results have been based
on the mean response of the subjects' individual responses (within
each subject subjective dB). The traditional approach involves
obtaining the mean of the log of the magnitude estimation judgments
and relating these mean results (based on 35 subjects for this ex-
periment) to the engineering calculation procedure results. The
quest-Lon that may be raised is, "Are the two approaches compar-I
able?" Figure 5-B shows plots of the two approaches for each of
the 34 noises. The differences from the calculated values for the
two approaches are remarkably similar. Each follows the same '
pattern and any differences are approximately 1 EPNdB or less.

Identical inferences are obtained from the two approaches but ob- .
taining subjective dB on an individual subject basis does provide
an error term for determining the extent that differences between
noises are reliable.

5. Z. ABSOLUTE ACCEPTABILITY

The aim of this approach was to obtain results that could aid
in establishing thresholds of noise intrusion acceptability in living
and/or working environments. Due to the fact that the subjects

are making a prediction from the laboratory situation and environ-
ment to their daytime living environment, results are relevant
only in conjunction with criteria established on the basis of other
methodologies. At least two conditions are basic to this approach

for obtaining and utilizing the results. One condition involves pre-
senting a range of levels for the noises under investigation that in-
cludes a level that could be acceptable to some percentage of the
subjects. The second condition involves the extent that a particu-
lar noise level must be accepted for that level to be considered as
a threshold. Is a threshold based on 100%, 90%6, 75%, or perhaps
5076 accep~tability ? As a means of evaluating th- obtained results,
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if a noise at a particular level is considered acceptable by 80%o of
the subjects, that level will be utilized as a threshold of accepta-

bility for that particular noise.

Table 5-5 presents the results. The five levels in EPNdB are
given for each noise followed by the percent that the subjects rated
that noise event as acceptable if experienced in their home four or
five times an hour during non-sleep hours. Using the 80 percent
acceptable point as a criterion for the threshold of acceptability,
only eight of the thirty-four noises at Level 1 (mean EPNdB of 7Z. 8)
are rated as acceptable. None of the 8 OTOL noises is rated ac-
ceptable, 4 of 6 propeller aircraft flyovers; are acceptable at Level
1t 4 of 9 helicopter flybys are rated acceptable, none of the 9 VTOL
flights is acceptable, and neither of the standard noises is accept-
able at Level 1. For this particular listening situation, twenty-six
of the noises were not presented at a low enough level so as to meet
the 80 percent criterion for a threshold of acceptability. Table
5-6 gives the mean and range of acceptability by aircraft type for
the noises at Level 1. By aircraft type, propeller aircraft, then
helicopters, CTOL aircraft, and VTOL aircraft are rated from
most to least acceptable.

Returning to the acceptability results of Table 5-5, an analysis
of variance on the data was completed to determine the extent that
the differences, were reliable. The basis for this analysis of
"10, 1 "type of data is given in Reference 5-2.. A summary of the
analysis of variance is given in Table 5-7. Differences among the
thirty-four noises, the live levels, and the interaction between
noises and levels is highly significant. As expected, the differ-
ences between means for levels show the highest reliability.
Clearly, as noise levels increase, acceptability of the noises
decreases.

Since community noise determinations are usually given in
terms of dBA, a comparison between the EPNdB engineering cal-

t culation procedure and dBA is provided in Table 5-8. The aim

was to present all 34 noises for each of the five levels at the sameI
dBA level and in 4 dB increments ranging from 57 to 73 dBA. The
mean dBA for Level 1 was 58. 4 and for EPNdB it was 72. 8,a

difference of 14. 4. The mean difference between the two proce-
dures for Level 5 is 14. 7. The coefficient of correlation for dBA
vs. EPNdB is . 34 for the thirty-four Level I pairs of points and
is . 12 for Level 5. It is clear that dBA and EPNdB are not con-
sistent in reflecting acceptability of single event noise intrusions.
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TABLE 5-5. Percent accept individual noises at
calculated *Indoor EPNdB levels.

-- . 14

NOISE LI ACCEPT L2 ACCEPT L3 ACCEPT L4 ACCEPT L5 ACCEPT SUB d,,

1 76.4 66 79.8 49 82.7 43 86.2 23 90.6 20 74.7
2 75.6 57 79.1 31 82.5 29 86.8 26 91.2 17 78.6
3 74.3 57 77.2 46 81.6 37 85.5 31 89.0 20 80.41
4 73.8 6b 77.4 37 82.0 31 85.7 17 89.7 14 81.3
5 72.6 66 75.9 37 79.8 37 83.7 23 87.5 17 82.0

6 72.1 69 76.4 63 79.9 43 85.2 23 87.4 23 80.3
7 69.9 77 72.8 60 76.3 51 80.1 37 84.7 29 81.0
8 75.0 63 77.8 51 81.8 46 85.8 26 89.7 14 78.7
9 71.8 91 74.8 80 78.4 80 82.6 63 86.8 49 73.8
10 69.9 80 72.2 74 75.9 63 80.2 34 83.6 31 80.1

11 69.8 91 74.0 77 78.3 69 81.8 60 85.5 37 76.3
' 66.9 83 70.2 77 74.6 57 78.2 37 81.9 29 83.6

13 71.4 66 75.9 71 79.1 43 82.9 37 87.1 23 79.3
14 72.5 89 75.7 63 80.0 43 83.8 31 87.6 17 77.9
15 70.3 83 74.4 63 78.3 46 82.2 31 86.3 23 78.8

16 67.5 83 70.9 74 74.4 60 78.3 51 82.2 34 80.7 i
17 74.8 71 77.6 57 81.8 54' 85.6 4.0 89.3 26 76.9
18 76.0 66 80.3 57 84.6 46 87.9 23 92.3 20 76.9
19 77.8 37 81.6 31 85.3 17 90.9 II 94.6 11 81.8
20 72.5 86 75.7 66 79.9 49 82.6 43 86.7 20 78.5

21 71.8 74 75.3 66 79.4 57 82.6 46 86.3 23 77.9
22 71.8 63 75.0 54 78.2 43 82.8 26 87.2 23 80.4
23 68.9 77 73.3 49 76.0 34 80.6 26 84.1 20 83.0
24 71.4 60 74.2 46 78.9 23 83.0 17 87.6 11 86.4
25 71.5 63 73.8 34 78.7 20 82.1 17 86.8 9 86.7 4
26 75.0 51 78.9 31. 83.0 23 87.7 '11. 91.6 11. 83.1
27 78.7 4.0 82.6 31 88.1 20 90.7 11. 96.3 9 80.b
28 79.3 54 82.9 34 87.1 26 91.2 14 94.8 11 78.7
29 72.7 51 77.0 49 80.3 17 85.3 14 88.3 9 85.2
30 73.3 46 77.6 23 81.6 20 86.3 9 90.3 9 86.2

31 71.6 69 76.0 49 80.1 31 84.1 31 87.7 20 80.3
32 76.3 40 79.1 29 82.9 20 87.2 20 90.7 14 83.2

33 70.4 74 72.9 57 76.8 37 80.6 23 85.3 20 81.7
341 71.3 51 75.4 40 79.5 29 83.6 17 88.0 9 82.3

* Average outdoor levels would be approximately 20 EPNdB greater.
See reference of page 3-15 of this report.
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TABLE 5-6. Mean and range of acceptability for noises at Level I
(Mean EPNdB Is 72.8) by aircraft type.

CTOL PROPELLER HELICOPTER VTOL STANDARto

MEAN 65% 81% 72% 53% 60%
RANGE 57%-77% 68%-91% 37%-89% 40%-74% 512-69%

NUMBER 8 6 9 9 2

TABLE 5-7. Summary of analysis of variance for absolute accepta-
bility data.

SOURCE OF SUM OF MEAN ERROR F-RATIO
VARIATION SQUARES df SQUARE SOURCE df F-RATIO PROBABILITY

Subjects (S) 574.794 34 16 .906 ...... ....... ............
Noises (N) 98.246 33 2.977 SXN 33, 1122 21.572 P<.005
Level (L) 163.791 4 40.948 SXL 4, 136 65.833 P<.005

SXN 154.360 1122 .138 ...... ...... ............
SX L 84 .6 2 1 13 6 .6 2 2 . . . . . . . . . . .. .. . .. ... . .. .
NXL 16.507 132 .125 SXNXL 132,4488 1.603 P<.005

SXNXL 348 .682 4488 .0 78 ...... .............

TABLE 5-8. Comparison of dBA and EPNdB calculated values for Levels 1 & 5.

dBA EPNdB

LEVEL I LEVEL 5 LEVEL 1 LEVEL 5

MEAN 58.4 73.5 72.8 88.2
RANGE 5.2 4.9 12.6 14.6

STAND. DEV. 1.1 1.2 3.0 3.3

I

ii
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if these results are used in isnlation from those obtained using
other methods, it would be concluded that many single event in-
trusions would not be acceptable at approximately 56 to 61 dBA.
Other considerations presented in the next paragraph point to the
strong possiblity that this conclusion is not valid.

There are three factors that contribute to the absence ofI
acceptability of the low level noise intrusions and indicate that the
results are not representative of persons generally. These are:

5. Z. 1. As shown in section Z. 4, the subjects were above
average in educational achievement, perceived
their living environment as being on the quiet side,
and reported that they were significantly above
other groups in terms of being sensitive to noise.

5. Z. 2. A second factor that contributed to the low accept-
ability of some of the noise events was the low

background noise level that was essential to com-I
pleting the magnitude estimation part of the study.
The background noise level was 24 dBA as opposed
to usual levels in living ea-vironments of 35 to 45
dBA. This low background noise level caused the
various noise events to clearly stand out. In .
another unpublished study utilizing the identical
approach but with background noise levels greater
than 60 dBA, some 90%6 of the subjects predicted
that they could accept flyover intrusions in the .
75 to 80 dBA range.

5. ~.3. A third consideration involves the total listening

evaluate the noises. Such an approach is essen-

tial for scaling via transformations of the phy-
sical noise parameters (magnitude estimation)
but is not conducive to obtaining valid threshold
of acceptability data. In a recent study involving
cornniunity noise simulation systems where per-
sons were responding to impulse noise randomly
presented in their home (Ref. 5-3), the subjects4
reported that if thay were actively engrossed in
some activity, the noisei. were perceived as
softer or less loud.
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Although the results from the absolute acceptability part of
the study are not considered as representative of opinion concern-
ing noise events in the actual living environment, they are unusually
helpful in emphasizing the need for investigating methods for ex-
trapolating results from experimental approaches to community
response criterion and prediction situations.
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6. RESULTS COMPARED TO FINDINGS

FROM PREVIOUS STUDIES

One result that clearly surfaces is that the PNdB family of -

engineering calculation procedures predicts different amounts of
annoyance for helicopter flybys than for the simulations and actual
recordings of VTOL aircraft, The judgments results for the heli-
copter flybyis show less annoyance than predicted by the various
PNdB type of calculation procedures while they show more annoy-
ance to the VTOL signals than predicted by the calculation proce-
dures. Is this result consistent witn findings from other studies
and, if so, what is the explanation for the finding? One of the
earliest studies utilizing judgment data (Ref. 6-1, 1967) concluded
that PNdB was an adequate measure of annoyance to helicopter
noise but this particular study investigated helicopter flybys only
and not hovering noise. A second study (Ref. 6-2, 1968) investi-

gated response to both terminal flight operations and cruise opera-I
tions. The findings from this second study were identical to those
of the present study. For the hovering type signals, the judgment
results show more annoyance than predicted by the PNdB family
of engineering calculation procedures; this is the same result thatA
was obtained from the present study's VTOL signals which were
long duration, hovering type of signals. For the cruise or flyby '

type signals, the judgment results indicated less annoyance than
predicted by the engineering calculation procedures which is identi-
Cal to the result obtained for the present study's helicopter noises
and all of these were of a flyby and not hovering nature. Another
study (Ref. 6-3), concluded that helicopter and tilt wing sounds
must be 4 to 5 PNdB lower than a reference jet aircraft flyover in
order to be equal in annoyance to the jet sound. Although time of

exposure was varied for this study, low flight speeds and hover
were dominant characteristics of the signals investigated. There
is greater annoyance to hover type of signals for helicopter and
tilt wing sounds than for flyby signals.

Another study (Ref. 6-4) concluded that annoyance to STOL
takeoff and landing noises was under-predicted by both PNdB and

EPNdB and that duration corrections provided improvement in the
various engineering calculation procedures investigatedJ with the
exception of the STOL sounds. Again, the findings are consistent
with those of the present study. Slow speed and hovering flights
produce more annoyance and duration is not the only factor involved
in this increased annoyance.
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7. CERTIFICATION IMPLEMENTATION CONSIDERATIONS

The purpose of aircraft noise certification is to limit noise at
the source so that annoyance to aircraft operations in areas around
airports will be reduced. However, how the aircraft are operated
in general and also in more specific modes of operations at par-
ticular airports requires consideration when implementing certifi-
cation procedures. For example, both helicopters and VTOL can
produce flyby noise and/or noise as a result of slow speed, hover
operations at a particular airport. Since annoyance in the cornmun-
ity can result from both kinds of operations, perhaps both must be
considered when operationally defining certification.

Although this study emphasized certification fundmentals of
VTOL and helicopter aircraft, annoyance response to conventional
takeoff and landing (CTOL) signals were also investigated. The
other signals are not only used for comparative purposes but aid
in accomplishing the aim of determining an engineering calculation
procedure that validly reflects annoyance to a wide variety of air-
craft. Since the basis of certification is an engineering calculation
procedure that validly reflects annoyance, this aspect was empha-
sized. As the results show (Table 5-2) that the PNdB family of
calculation procedures is superior to the dBA methods, the PNdB
approaches are discussed in detail. The PNdB-type calculation I
procedures are first discussed for all types of airplanes together

followed by application to the four types individually.

Assuming that the calculations and the tone and duration cor-
rections worked satisfactorily, the PNdB points in Figure 5-A
would be distributed around the zero difference line, and applica-
tion of the tone and duration corrections would diminish the range
to some acceptable value. Since Duncan's multiple range test
showed that a Z. 75 EPNdB difference is required between two sig-
nals to reflect valid differences in annoyance, ± 3 dB is used as an
acceptable range around the zero difference point. What is actually
observed is that, taken altogether, and presented in terms of
PNdB (see Table 5-a), the range for the signals used in this study
is greater than t 8 dB, and the addition of a tone co,-rection in-
creases the range while the duration correction decreases the
range, but only to about ± 6 dB, indicating that none of the PNdB
family of calculation procedures satisfactorily reflects annoyance.
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7. 1. CONVENTIONAL TAKEOFF AND LANDING

AIRCRAFT (CTOL)

An examination of Figure 5-A shows that tho OTOL aircraft,
with the exception of flyover 1, are reasonably accounted for.

The variability of this category is slightly decrea. -id (Table 5-3)

by th-t tone correction, but increased by the duration correction.

The duration correction for flyover number 1 is the outstanding

offender, contributing most to the variability. With the exception

of number 1, the CTOL group is well represented by the EPNL

calculation now used in the certification of these aircraft.

7.Z. PROPELLER

Of the propeller aircraft, two are in the turboprop transport

category (Beech 99 and Convair 640) and would therefore be included '

under FAR 36 Appendix C for certification purposes. The other,

a Britten-Norman Islander, would be covered by Appendix F as a

small propeller-driven aircraft and would therefore be' measured '
The PNdB points for these aircraft are clustered beneath the

zero difference line, indicating that the noises appear less annoying

than the calculation procedure predicts. The inclusion of the tone

correction somewhat increases the variability, while the duration

correction slightly decreases the variability or range (Table 5-3).

All of the duration corrections are negative and do not significantly

change the range, but do move the mean toward the zero-difference

point. Even at best, the PNdB-based calculations do not accept-

ably accommodate the propeller aircraft, using the t3 dB criteria.

It should be noted that for the propeller aircraft, the duration
corrections, all of which are negative, strongly tend to move the

differences as plotted in Figure 5-A in the positive (more annoying)

direction. Thusly, the assumption of a negative correction for

short duration noises is confirmed by this set of results. However,

the range (Table 5-3) is still too large to make the calculation ac-
ceptable using the 13 dB guideline.
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7. 3. HELICOPTERS

All of the helicopter ,aoises used in the study are of the fiyover
type; no hover noises were studied. All but two of the flyovers are
approaches and more than half of the approaches had a significant
amount of blade slap or impulse noise.

Figure 5-A shows the PNdB differences to be biased below the
zero line, meaning that the PNL calculation overestimates the
annoyance. The tone correction decreases the variability slightly,
and the duration correction markedly, with EPNdB doing an ade-
"quate job for certification of flyby noise but with rise time of blade
slap increased due to investigating only indoor signals.

7.4. VTOL ACTUAL and V/STOL SIMULATIONS

The two actual VTOL noises are judged to be more annoying
than the calculations procedures predict with both the tone and
duration correction working in the correct direction to reduce the
variability.

For the V/STOL simulations, all calculation procedures under-
estimated the annoyance. The tone corrections significantly in-
crease the variability, while the duration correction increases the
variability slightly and moves the mean toward the zero difference
line.

Figure 5-A indicates that for these noises the actual VTOL
sounds are rated similarly to the V/STOL simulations.

7.5. SUMMARY

In summary, none of the ten calculation procedures investi-
gated are equally valid for the diverse range of signals investigated
o.nd thusly it would be difficult to model noise around an airport
out of which such a diverse group of aircraft were operating.
However, if the propeller type aircraft are excluded, with one ex-
ception, one of the PNdB family of calculation procedures both
validly and reliably reflects annoyance3 to the remaining individual
aircraft types. This one exception, involves the hover type of
signals which are judged more annoying than predicted by any of
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the calculation procedures. A correction based on the velocity of
the aircraft (nui. duration alone) could improve the validity of engi-
neering calculation procedures evaluating hover types of noise and
not degrade evaluations of flyby noise.
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8. CONCLUSIONS

* In.respect to flyby noise of V/STOL aircraft, it is
concluded that EPNdB validly and r liably predicts
annoyance.

For hover type of operations of V/STOL aircraft,
PNdB reliably evaluates the annoyance effects.
However, in terms of accuracy or validity, PNdB
underestimates annoyance but a correction based on
aircraft velocity would improve the accuracy of the
PNdB procedure.

* When applied to all aircraft types, the tone correction
degrades reliability for both PNdB and dBA.

o When applied to all aircraft types, the FAR-36 duration
correction to PNdB enhances both reliability and validity.

- Estirmating noise levels that will be acceptable to corm-
munities surrounding airports from results obtained in
a laboratory environment requires consideration of
both background noise levels and noise sensitivity
characteristics 3f the subjects.

- When calculating total noise effects due to airport oper-
ations, utilizing NEF or LDN, the results ihow that
corrections to standard noise-distance data are required.
Corrections are a function of both aircraft type and
kind of operation.

* When, a new aircraft is introduced into commercial
operation and noise certification levels are established
via a particular engineering calculation procedure, the
difference between the calculated value and the judged
annoyance value should be equal-to-or-greater-thanS3 dB in order to conclude that the engineering calcula-
tion procedure does not accurately reflect annoyance i

to the noise from the new aircraft. A
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