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. THE ANNOYANCE CAUSED BY NOISE AROUND AIRPORTS )

. 'Final Report
Sy [
. S b IR

 ﬁvaREAMBLE P R 'v. ' oA

s ‘ The research agreement No. 63 = FR - 138 completed by clauses
jifffAl and A, between the Delegation Generale a la Recherche Scientifique
’“g(_and Technique et le Centre SCientifique et Technique du Batiment, has

?;the purpose of studying acoustical problems of living using three -

f

':'different approaches g,, .
. Ty f:

SR o f ;
:}el;ﬂfAnalytﬁcal study‘on’the influeﬁce»Of noise on sleep

Under the responsibility of Professor Metz, this study was
'carried out at the Centre d'Etudes Bioclimatiques de Strasbourg.,

T
3
!

2. ”SOCiological study‘on the satisfaction‘of'occup nts of

o sufficient comfort. :
-Under the responsibility of Mr Josse, Chief Engineer of the
~Acoustics Division of the C. S T. B. This study was carried out by
the Acoustics DiviSion of C.S.T.B. (meteorological part) and by the
“Applied Anthropology Association (inquiry part)

3. Statistical study of correlations between external noises;

and psychological and pathological disturbances in residencesu'
i

This socioiogical study‘was'also u@der the direction of

*

March 1, 1968. . Centre Scientifique et Technique du Batiment

SRR Avenue du Recteur Poincare, Parls (16€). Study carried out |
.. within the research agreement D.G.R.S.T./C.S.T.B. No. 63, FR, 138

Ay and Ao: Acqustic stresses in 1lnhabited areas. This study was

carried out in: collaboration with l'Asspciation d'Anthropologie
e Appliquee. D.§. No. 15, 2/19/68. -
5‘;**Numbers in the margin indicate pagination in original foreign text.v;
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CoMp. JosSe,'who'was assisted by theﬂsameﬂpersonnel as mentioned in
section 2 above. The’studyvdescribed in thelpresent report is part
,  of the general.study;-'The-persons who participated were the follow-
':‘:ing: R A . i : S
C.S.T;Bi Messrs; Gilberﬁ andﬁDrouin for'acoustic mea=- . /2'
';surements;; ' _
AJA, Ay . Dr. Coblentz, Mr. Alexandre and Miss Xydias
vvfor the inquiry and the processing of results._

s The detai1s of thig seudy'can,be}féuna 1n:, .

D - report by Mr. Gilbert concerning acoustic measurements"
‘qu;around airports, ’ 1 ; = o
B 4_.“; - enquiry on: noise around airports by the Applied Anthro~1f
_,oggﬁpology Association VolifNQ-.5e RCRys e ' o
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;has become since the end of World War II.
: The extravagant develOpment of this means of transportation 3
ff translates into extending existing airfields, the creation of new
‘,“Q‘tfones, putting into service a new breed of extremely powerful and
””ﬂgpnoisy aircraft and a considerable growth in air traffic

This explosive development has its drawbacks, however, for

dwellers ‘hear airports, for\whnﬂi such a neighborhood becomes more

and more unbearable These 1nconveniences create individual and
.collective complaints which become more numerous with time.

_ Those individual and collective complaints are brought about
by the psycho~- physiological reaction to this noise.

”:fflvpf‘ " The situation for those dwellers wmthin close proximity of

vlftion, since airports are often situated jin densely populated areas.
o This problem is closely linked to the extension of air traffic and

| ';fthe use of more:and more powerful aircraft Modifications of dwell—
ings for the improvement of*soundproofing seem to be unthinkable,

- 'like the London : experience A ;
‘ v ! P BT

N
'

So little can be done at this point for those airport dwellers

aﬁﬂg?fiistruction in such areas where aircraft npise could be a potential
! . menace to the existing population. In order to come up with such

vl ff:_deCision, it is absolutely necessary forhthe Administration to have ,
ooin its possess1on rules dealing with medical, psychological soclo-

logical and economical guidelines

RS )cf Alrcraft Nolse, Report of an international conference on the
- reduction of nolse and disturbance caused by civil aircraft

London, Her Majesty s stationery office,!1967
: ) L L 9 :
‘

-
s

l
!
i
|

We are very much aware as to how important air transportation o

:T{airports is getting worse. We are speaning here of a large popula-

o in the area that the Administration has feclided to halt any new con-



The study described below is the result of cooperation between

“pules.

The object of'thisﬁstudyéwas to:

¥ RSN y . ]

‘

'meedical doctors, psychologists and engineers which -would constitute -
a valuable source of information toward the establishment of such

i ' i
i . .

d
3

- Estimate the effects of noise on the activities and the
sleep of" airport residents around airports, ‘

é'Determine the degree of noise tolerance of those residents,

- Determine the characteristics of aircraft nolse considered

3d1sturbing,

- Define the interaction of disturbance with sound levels and ;“

Vtheir variations

. tople:.

q .

e T g

Two American.and'one Britishistudy,Were undertaken on the same

i
5

- In 1952 ?by Mr. Paul Borsky of "National Opinion Research
‘ Center" at the University of Chicago.

(

-In 1955—57, by Mr.‘Paul Borsky for ‘the United States Air

Force.v‘”

- Ih 1961 by Mr. A, C.

McKennell, pn the investigation of the

L: Wilson Committee on the Problem qf Noise.

This research conducted

:%51t appears hopeful to conduct
;,,the results canlbe‘compared_t

i
B

CHOICE OF METHODOLOGY g{”'

our investigation in such a way that
o those of the British researchers

N ;around the London Airport, in a heavily LAY
'fpopulated area, is similar to our situation ~ Under. those conditions,f3“"
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,»frequency, ete. ) and the annoyance.which affects the population,
. -we had to find an apprOpriate location with a large enough popula-

if,tion subjected to a variety of noises sq that our investigation
= would be meaningful.. ER [é ' %

N % p
o "Referring to the results of the British study - )
wi""-’-we have decided, first of all to categqrize alrcraft noise at a

v 'vagiven point by means of two parameters'

on the same topic,

3 T Gt

- The average number of aircraft N for which nolse is perceived
' ~per day,. at: the considered levelvﬁaverage reached during the

i
|

- year); S o o
. oo c o
- The average peak level L is defined as the level of the
quadratic average of maximum acoustic pressure produced

by different aircraft appearing at the points under consider~ ‘}

: ati°n~ﬁwji;w_r SORERES] LR LRy
Toroms. LIS Ln/w.l;
=108 § o2 0

'Ln‘iS‘thelievel for maximum.acoustih'presSure producediat a

point beyond any obstacle by the timezth% nth

) afrcraft passes hy.
' xiAIn order to take into account the psychophysiological reactions .
'"bhto different sounds according to the frequencies of those sounds,

ngtthe noise levels are expressed in PNdB i)(abbreviation for per- o

"”;ceived noise de01be1), an accepted unit for aircraft noise.

o To have the 1argest possible mix of noise conditions, the loca-h'
v fi;tions for the investigation would have to differ either by . average ‘

_“f peak level of notlse or by number of daily flights. Therefore, it |
y"rfwas decided to interview groups of residents subjected to aiveraft .

|
)Social Survey in the vicinity of London Airport - Noise final
-Report London - Her Majesty's Stationery;Office'- 1963 |

P .
S }For a definition of PNdB consult the project of norm AFNOR
P+ S 31 - 00 8 g » ‘

10



| o
_diinoise whose characteristics correspond ho each category in the ’
| following table: | i
S . ]
L ;
i Trarfic ! Average peak 1evel (PNdB)
“ (Number of daily flights) = T !
' SRS ' 193 to 97 198 to 192{ 103 to 107'108 to 112
) " 82 1 87 i 92 i 97 .
. e Ik I B T
- Less than 15 : {E | ! I
L . : lf-§ 'v | ] ; i !
L 1] { , L
: : ; o o Bl : [ ] I 3 [
: L £ [ I | [
from 15 to 50 ' - } | ? |
' ’ i !J‘ ...... ; ' ' ;
i R | p I
. More than 50 [ P b i
e L ) . : ....... : ; P C . y‘ |1
G Later, 1ih the chapter entitled "Data," we shall see how we g le
{h“a partly succeeded in filling in the prece%ing table. R
Y | ‘ %

Once the'investigation'had been carried on, the disturbance -
caused by aircraft ‘noise was evaluated pased on answers provided

o by about one hundred inhabitants of the area in question. The

_ evaluation of this disturbance was deterﬁined by using a disturb-
. “ance scale covering a whole network of points, comparable to those,.;.

'nir'used_in Great Britain during the‘study previously mentloned.

To establish the correlation between the characteristics of L

dfohn01se and disturbance, it was necessary to reduce that data to -
'7flone factor in order to. compare ‘two factors that of noise and

 that of disturbance.,»:; [h ?A,m

The English study 1ead to the definition of factor NNI (noise

L number index) :; o 5 3
NNI L Npw 80!
! = + 15 lcag10 -g :
. : ,
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|
Nevertheless, this factor was: notrthe only one in use, since'wf."

prior to this investigation similar factors were in use in the
"United States and France, but in which LS log N is replaced by

Thus, the factor used in France, known as R, is defined by

a 'VL o, ;o iog v - 3444

_a—w

(

The reasons which 1ead to the British use of 15 log N rather_s‘;;
‘We decided to keep

;fﬁi';than 10 log N was not very convincing to us. ‘
" ‘poth factors until further study would’ determine which would be . Pria L

.fjf,most preferable for our purpose.;;gjg_

1

w%-.,‘ e

DETERMINATION OF NOISE CHARACTERISTICS e

.——-————--—— -

© 2.1 The. method

_ In order to find proper testing 1ocations where the noise _"
m-Characteristics Correspond to those uséd in the ‘table . above, two

'ffalternatives had to be considered'

R T

S - On a map of the. airport and vicinity, draw theoretical con-—
Hvi[tours of equal maximum noise 1evel (isophones) for every kind of

[~aircraft considered and for every trajectory used At every point,
: determine the average peak amplitude.- { The noise data concerning ‘
" the air traffic could be furnished by the ‘airport authorities.

et f Such a procedure assumes that on the basis of nolse data per? g
__;j taining to every type of aircraft we' should be able to determine,
,Ad;in an accurate fashion the noise level produced by those “aircraft
’vgat_any one point. This method also assumes that the trajectories

)

9f“"~*)According to recommendations offered by the Commission d'Etude S
. du Bruit du Ministere des Affaires Sodiales.. R Lo

i
12 [
5




- -used would be perfectly defined.

However neither the theoretical method of noise evaluation

" nor the knowledge of trajectories is accurate enough, and their

“v”if the following method: ; ' 5'

7faccuracies are not known. For those reasons, we had to resort to -
. i . .

- - At certain observation points of known location, record
‘?:iacoustic data in order to accurately determine noise level and

Jﬁt,frequency of passes..

™~
o=
\UN)

5

This means that at a given point we, determine the maximum

.o noise level for each plane pass and determine the number of planes

" observed.

|
1

The noise leVel i1s relatively easy to determine: a sound

. meter positioned at the proper location records the noise level

f]yvexpressed in PNdB

d}in dB (A), the: maximum noise level value for every plane pass.

b

A correction factor based on spectral analysis of the point 1in
question would allow the determination o$ corresponding values

-

e

1

Theoretically, the determination of’ the average amplitude '
would require to record data at a given point throughout the year.";','
‘ However, since this 1is not technically possible, we are compelled |
"~ to reduce the observation t ime using some hypotheses. This time
period is retroactive to one, two or three weeks, depending on the
situation. In order for such data to be;reliable, it 1s necessary
~ that during the noise measurement ‘the weather condition (especial-_
"{,ly Wind) and the.flying conditions correspond closely to'the exist-

ing average during the year. .This is only possible 1f: ;

= S

- A) we took care to investigate only airports with relatively ,
o vregular traffie, execluding military airfields, since their schedule L
- lS very irregular, at 1east as . _seen hy an outside observer,_, i

B) the traffic distribution by aircraft type, is more or less: B
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i

A

g
v

6-'
r.
i
!

A

i

fcivilian airports. ‘ ‘ i :
. : ',@_ , : .‘5,_

‘ - Under those considerations, we narrowed down our choice to
‘/‘,the airports of Orly, Bourget Lyon—Bron and Marseille-Marignane.

' In order to reach our first goal we . have plcked observatlon

‘ﬂ‘“points located below those tragectories mostly used during the

,*f{uniform during the study thrOughout the\year. ‘ThiS,iS the case of

au_tgreater part of the year during those flights. ‘That is how we re—,fh]

h?gcorded our data under those principal trajectorles of Orly and

f?Bourget for the Paris area (for trajectories with a SW bearing)

- and for those of Marselille and Lyon—Bron for the provinces (tra-

‘pfﬁjectories bearing North) . "ft ‘H'&*,*fq'*

2.2. Acoustic measurements S

mo.—————-—————————--—— -, -

R - The data was collected by a team from the acoustic division of
~ C.S5.T.B. With their sophisticated equipment.-

At every observation point most likely to be important noise

"ulevel measurements and the determination of the frequency of passest

‘were made 1in a consistent fashion by means of a sonometer connected

o to a paper-tape recorder. The microphone to the sonometer was most .

" often set at about five feet from the roof of a building, in full
‘View_of airplanes, while thefequipment_was kept safely 1ndoors.

The paper recording made it possible for us to get a constant-

reading of the data which 1s then proce?sed.v

‘ The use of several recording channels made it possible for us
to determine the characteristics of sound at several points simul-

d, taneously,‘with only one technician on hand to monitor the system.
_ Every recording data channel (photpgraphic) is made up of:
'“»-’an electrodynamic microphone, surrounded hy a protective

screen (against rain, wind,_snow),

l'.‘. SR \gt‘ L RN . ,



S

1 4
!

a coaxial cable of’ variable 1ength
- a transformer with a ratio of 40 (voltage gain 32 dB),
-8 General Radio type sonometer 1551 B used in a recording
Pl v.network (A), ‘ T
,ﬁgler*~“‘Q a recorder made by Bruel and Kjaer type 2305, used for
A;"if : quadratic detection, 50 aB potentiometer, pecording pen
i  speed 64 mm/sec or 6# dB/sec.,j::]

3

The recording chart speeds are 0. 03 mm/sec (for recording
station subjected to frequent noises) and 0 01 mmsec (for less

I

i

B frequent noise)

v The different recording;channels were standardized before the j .
'”precording stations were set up ‘ .

S ": During each visit of the measuring location we. performed elec-ﬁfd
S trical calibration using theiinternal source of the General Radio '
..(.

ciﬂufsonometer

- We proceeded as’ often as pos31ble, especially at the beginning
‘-i.and end of-a recording series at a given point at an’ ‘acoustic cali~ ‘

&“rbration

L Despite the initial theoretical approaCh the determination of - Zlé,
d“”ﬁthe location of observation points for the study was made by trial [i

£ fiﬁand error. We ended up making observations at more points than was

"”?Tf;;necessary for the study.- Sqme points Were used twice.

o ‘ B S e

A The acoustic measurements were recorded between May 20, 1965,
*;“to April 6, 1966. ' ‘

! 3
H .

_ “In order”to obtain'an everage'value”ror'the amplitude as reli~
. able as possible, the measurements were: extended over a period of
’_several days,. or even several weeks. _{‘ e
, v i ’ 4 f .
Appendix l glves details on the chronology of the data as wellv
.'as the exact location of the{various observation points.' ‘

e

[

‘, 15



2.3. Results from the measurements i

--..-—-n——-.——-—n—--v-——-.—-p-——-—--.-n—-.--

.2;31;7; Daily'results 5 i

¥

| The results recorded on paper tape from recorders set up at

\*%;Q;ifvarious monitoring points were digitized for convenience.

Every day, 8 table was compiled giving the number of aircraft

: "noises within the following limits, on an hourly basis, foria‘given;f
L point: s S |

80 to' 84 dB'(AJ,185'to'89 dB'(A);l;l..115 to 119 6B (A).

During the process, we found that two noise points L, dB (A)

LSS and) L, dB (A) only amounted to a single point L1 aB (A) if the two.

't‘fpoints were produced at times. t, and t, such that (t -t ) < 45
‘seconds, assuming that Ly £ L. Frequently, it happens that the
. holse of an aircraft is very variable,_and that 1t lasts between
» _30 anda 40 seconds with an intensity at . least equal to L, - 30 dB.e-
. In additiong the“tabiesﬂalsoﬁgive%tﬁe foliowing:'
- meteorological data, o : : O
- data about the hourly air traffic according to information
- provided by the airport | R L

Cod ¥
. K

i
T

[en

L}

| Appendix»2.give3-an example of such'é_table," 3

llgz§?:fffRaw'globallreSHltst.: ,

~
—
-3

I

_ From the daily results for a measurement point, we established;vp

‘ ‘a summary tahle for this point Whlch gives the average number of
‘ faircraft detected every day by hour and by nolse level interval.

For example, if the measurements took place on’ five consecu--
tive days and if the number of points found for the 8 to 9 hour

L

16




I
- A

i

4

‘rtime interval and the 80-84 dB (a) noise level interval was in .

;in the summary table, the number 56/5 11 2.
This measurement summary was always made after eliminating .
*‘measurement results which corresponded to nonrepresentative flightg

i conditions compared with yearly averages

~

: Thus, at Bourget, on at least 150 days, the flight traffic

| takes place for the most part along a preferential axis P, which
is runway 25 at Bourget. This happens on 300 days at Orly and
corresponds to runway 26 at Orly (year 1965) for the residents
along these axes, flights along other axes do not count much.

B Appendix 3 gives the procedure for eliminating certain flights.
. 2.33. Corrected‘global resu1§SQ
- Without corrections, the precedingﬁresults would only be repre-
sentative for the measurement period 14 .e., over a few days or over,
two to. three weeks at the most. Therefore, it was important to
correct them 50 that they would be representative for the entire
year. ‘ iy '

H
pl
. 1'1

o We made two hypotheses in order to transfer from our measure-
g ment results to the average annual results

A) The peak average level established from measurements which
e last for one year is the same as the one established from our mea-
L surements, with a shorter duration.

This hypothesis“is vali‘d' more, the less the distribution of
traffic varies among various ‘type of. aircraft over a year, and the
more uniform the meteorological and fli@ht conditions over the mea-
surement period.‘._ngét,t & ' ‘

H NS
S

Y .
TN

17

fsuccession 10, 12, 5, 16, 13, we plotted the _following number f73"'7{'25
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i

B) The number N of aircraft perceived every day at the gilven
point on average over the year (total number of aircraft percelved
over the year divided by 365) is equal to the number N' of aircraft
perceived daily, on the average for the: measuring period, multi-

v*f}‘ﬂ 'plied by a correction factor equal to the ratio of the number of
Ci . aircraft which take off daily averaged over the year from the run- = /19
_fj;"i 'way under consideration and the number qm of aircraft which have

taken off under the same conditions on a dally average, averaged
over the measurement duration. This amounts to using the follow-

: ing equation

v

The quantities qa andhqm are data,supplied,by alrports.

This hypothesis implies that it is primarily the alrcraft
which take off from the runway under consideration which are per-
ceived at the point under consideration and that the runway is
~utilized in. the same way for the most part of the year. This
hypothesis is very. valid when the measurements are made for main
takeoff trajectories, as was’ ‘done 1in our case. '

_ In the preceding discussion, by "perceived aircraft" we mean
E aircraft whose maximum measured level is equal to or greater than
80 aB (A). Below this value it is often difficult to differentiate
between noise from airoraft and noise from other sources. ‘ :
g It was . therefore possible to obtain the two parameters which
’tq__essentially characterize the aviation traffic noise at. each point
,:;Which was. our goal.» » '. ’ , ' _ .M;_
{7,~_ ‘the- number of acoustic level points caused by ‘aviation ;@,“W”
‘t traffic,-‘ : AR = o “,{ N
'ft—u ‘the. average peak noise 1evel corresponding to the ahove e

el By knowing these two fundamental parameters, we. were able to | /20
n:easily calculate the following.. | P : R
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: . : ti
- the isopsophic index R defined by the Noise Commission

~ of the’ Social Affairs Ministry, f

- the noise index and the noise repetition index NNI (Noise

Number Index) used in Great Britain

These indices were calculated by either considering the en-

_ tire collection of noise points (24 hours) or only the noise points

" which were produced at night (21 hrs. ~ 7 hrs.). - The corresponding _'

o indices are. called "day" and "night " %

_ The following tables give raw global results and corrected
‘,;global results for Hl measurement points.

In the preceding - tables for "day".results we have also added
©the follow1ng. ‘ S '

- the number of noise points recorded, exceeding 80 dB (A)
 and which alloWed the. determination of the noise charac-
‘ teristics, . % v ’
- the average quadratic deviation in decibels between the
various acoustic levels perceived at the same p01nt_

In many,caSes we found that the distribution‘of the noise leveéls

~ “1s close to .a Gaussian distribution; However, this 1s not always

‘the case. 1In particular, at points very close to the airports, bhe
nolses produced during taxiiing and thelnoise from fixed points are
‘added to the takeoff noise and then this modifies the noise level

~ distribution.

The measurement results are only valid for the point where the a

measurement took place. Around each point there is a zone for which

 the nolse characteristics (intensity and distribution) are essential— :

ly the same: L xr; : _ ’ o
- Same number of perceived aircraft
- average peak 1evel is the same two Within about 2 decibels..
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For each of the points retained fof the survey, the size of

' the zone was debermined fromftheoreticai,analyses while taking into
“account the experimental results. This zone has a size of only a

few hundred meters for points located very close to the ailrports.

However, it can be. several kilometers in size for large distances

from the- airports.

3. EVALUATION OF THE ATTITUDE OF THE RESIDENTS

.3.1._ Organlzatlon of. the surveg

S - o oy e S s B Tl s e S WS VAP SRe A ke Wit S S SO W T

The survey as well as its'anélysistere carried out by the
Applied Anthropology Association. N |

For each alrport Paris«Orly, Paris-Le Bourget, Lyon-Bron and
Marsellle-Marignane, the acoustic scientists carefully limited the

study zones.

The survey was made using questionnaires and this was carried
out within. well-established perimeters, 100 in each zone.

A total‘of 2,000 surVeys were'made;"distribnted as follows:

- orly _,:8‘zones'_;131;":‘;Q";{f“g,,'.f 800 surveys

- Le Bourget . 5 zones . | .. . 500 surveys -

-~ Lyon’ -4 zones é B 400 surveys

~ Mavseille . .3zomes . | . . .. 300 surveys
20 zones ;¢5 - f;-ff | ZQOOO surveys

The unequal number of zones for the various airports can be

'*o“Justlfied that the traffic condltions are very different. This
. meant that it was not possmble to find zones hav1ng the same. acoustic
\i,»characterlstics as in the theoretical model for each case.,"

'~qu1n_phg,following:teble;@we”find tne7towns"wherefﬁﬁyveywaerejf’

N
i

~
n
(@)

|



-

_” carried out, classified as a function of the number of aircraft per-
“,’Celved and the corresponding acoustic level. The survey zones only
. cover a small part of the territory of each of' these towns, for most

towns

3.2. The" questionnaire and its use.

[ TS AR S AL GRD PU o S U G et W AR G40 S W) W Y iy ey W St Yl S e e e ooy

The complete text of the questionnaire, showm:hiAppendix b, in-

cludes 30 questions which resulted in 62 pieces of coded information.

After questions about -the identification of the persons sur-
veyed (age, sex, profession, etc.), there are ‘a number of questions‘
about the various characteristics of the neighborhood (question 7

“to 15),. Then there are more detailed questions about noise from

aircraft.

We presented'this study‘to’the residents in the form of a

~.'soclological study about their neighborhood, 80 as not to polarize
e the answers about aircraft noise. :

. | . : _
Since the sample was not predetermined,)the surveyors were in-

structed 't6 interrogate adults (more than 20 years old) living with-
in the‘zones‘which'had been established.’ The head of the survey re--
'fquested that in each zone. about 257 of the people would be living

in villas (s1ngle—family residences) and: 75% in apartment houses.

In the apartment houses, half of the surveys were made in the lower
stories and half were made in the upper stories. The questionnaires
were filled out around the day the survey ended, and 1QQ question~

naires were correctly filled out within each zone.

The questionnaires were circulated between November and Decem-
ber of 1965 around the airports of Orly and Bourget In February

B 1966, they were completed around Marseille, and in April 1966 around

Lyon

The sampling description can be found in the report of the Applied
Anthropological’ Association. IR e
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Fifteen surveyors were required in Paris,v31x at Lyon, five at '

‘Marseille. They. were recruited by the survey . head, and”he also

~‘distributed them among the various zones . Each zone was surveyed

by at least four surveyors in order to eliminate the personal "sur-
veyor" factor in the responses as much as possible. The survey chief

i received and verified the questionnaires. He personally did_follow-
up work on the work, if necessary.e He made checks on the work of
“the surveyors, and in some instances made a second survey.

The refusal to respond was very rare, somewhat greater around

Paris than in the provinces.ﬁ'

3.3 9@2«2_29%92199
The documents were prepared as follows:
- analysis of the open questions in order to determine the
" classes of responses which could be coded,
- definitive coding of all the questions;
~ establishment of. two attitude scales: |
- annoyance scale.caused by aircraft noise,
- general satisfaction scale about the neighborhood ﬂ

Each subject was classified according to these two scales (1).

- After the coded responses were reported annoyance and satis-
_faction indices, as well as corresponding acoustic indices within
the survey zone, were established and written down. on individual

sheets. - ‘ o . i

‘The'calculations‘were'made‘using'a,mecanographicvservice} Three

types of data reduction were planned:

- Responses to each of the questions expressed 1in percentages
for each survey zone, airport, noise class for the overall group

(1) See paragraph 3.4 of tniS»chapter, g

/30
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_ - Calculation of the averages and the standard deviations of
the annoyance indices_and'of the satisfaction indices for various
~ subgroups.
- Calculation of the correlation indices between the annoyance e
indices and the acoustic level indices. 3

-After these calculationséhad been done, an important problem'
had to be solved: Would this;have to be done with respect to all
of the parameters and indices, or was it sufficient to retain a
- Single index, in the case Where it was the best possible one?

vFor this pnrpose, we Calculated thevcorrelations between the
individual annoyance average indices (average for each of the 20
survey zones) and the corresponding noise characteristics We ob-
" tained the following results.

| é -2k me  Night
- Number of points. . . . . - + .67 T
“ PNAB. .+ o v e ow e e e kB2 .76
- R . . . . . . . .0 ° e, . + -93 085

R I o .85

These results led us to the de0131on to enlarge the number of
'p01nts and the PNGB. ' '

~ In addition, the indices calculated for nighttime alone dafd’
not seem to be of interest because this had to do with general ques-
'tions.; They are only considcrcd for the study of questions which
specifically referred to nighttime. | ' '

v "It remained to decide whethef one'should.adapt the index R or
the index NNI. |

The correlation coefficients were essentially the same for the

two indices. ‘By,graphicallygplotting the variations of the annoy-
ance index as‘a'function of R or NNI, we attempted to find a differ-

28



. ence SO as. to de01de among one of the two indices. Apparently,
"there 1s nothlng that favors either index‘ We decided to keep
index R 1nstead of NNI, only due to the: reason that 1t is used
' ;n urban progects within France. ; ' o R

i‘Theﬂsurvey zohes:weré distributed'aé:rollows:
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We performed the analysis of information collected during the /33

sociological survey as a function of these noise classes.

We were interested in comparing the results obtained for the
different reasons; but in'ordervto do this it was necessary to haVe
population samples which»are as comparable as possible as regards
their noise exposure, for each of'the'four”airports.

For this purpose, we selected several survey zones which satis-

fied this requlrement:

R g Orly : Le Bourgetv.i : Lyon ; Marseille
| ; . Massy :Stains . ;' Rillieux ‘z Vitrolles
72 to 77 F o :(Sercelles) : RS .
. C (1) t (75) D (72) (13) '{
| b Rungis ~ ' :Stains .« % 't Vaulx-en~ Marignane f
78 to 84 + -+ i(Remellek © [ Velin
- P (78) v v i (84) 5 L r o (81) : (83) E
: : L. . : : ' !
- | : '\VillebonV ;>:Stain$f' N  § Bron . St-Tictoret
86 to 90 P R :(Guignetiére) B :
.o (81 - (86) - T (8T) ;o (90)
Everytime we compared airports, we compared results obtained /34

for this sampling.

In the following chapters, we analyzed the data by studying the
folloW1ng in order ' : ' ,

.= the general evaluation of the annoyance provoked by aircraft

n01se,
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'.1ndloate the ”trends" Whlch we ‘often considered useful to indicate.

- the effects of aircraft noise on activities and sleepQ

When we have comparable data, we are required to present re-
sults in a form similar to that,adapted by the English scientists,
so that this study can be compared with theirs. It seemed to us
that by proceeding this way, this would lead to generalizations'in;
every case where constants can be separated.

In order to correctly 1nterpret the percentages mentioned
above, 1t is 1mportant to recall thelr degree of confidence, which

' don the one hand depends on the factors and also on their actual
;value ‘ ‘ ’

The' table shown in Appendlx 5 allows one to evaluate the llmlts'

fw1th1n which the pércentages are located with a probablllty of nine
dchances in 10 (+ 1.65 ). ' '

The'difference between two percentages’for nine chances within

‘J’-dlo becomes significant when there is no overlapping of the confidence
"Tf_.lntervals L ' o

Non31gn1f10ant differences in the adapted threshold will then

~
w
Ul

|

BN Attltude scales

o S o o> o S S o e

The attitude. scales were developed using the Guttman hlerarchial’“

vanalys1s method

Theoretically, the Qquestions adapted are those which allow a

classification such that any subgect which responds positively to a
v.given question w1ll also have to have responded positively to every

question preoeding it, according to the following scheme:
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se as

: Subjects * Questions .
t s a : b : c : d : e f
. : 1 X :ox : x : z : x i
2 2 : o x : % x
: 5 0+ o= :ox 1 x ;
;_5 X 4 L ox . X ; ; :
5 In préctice, we can never construct perfect scales. Certain
i - subjects will commit "errors": for example, in the preceding
; dlagram subgect No. 2 responded negatlvely to question b, but he
? - should have responded pos1tive1y
| The scale characteristics are characterized by indices, the
| most important of which is the read'producibility coefficient:
| . o B 4
3 Number of errors
CR = I A
' Number of questions x number of subjects.
’ In general, we assumed that the CR must be greater than .90
I so that the scale be wvalid. ' '
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3.41 - 'Attitude scale with respect to aircraft noise

or "annoyance scale'

' Five questions can be adapted (1), We will give: them in the -

' resulted in a positive- response;

lhierarohial'order The first questlon is the one which most often -

.',Q.17,~fDoes alrcraft noise
“anney you?

Il point, regardless whether theb.j 

!

_jresponse is: a little, quite;
la lot or a lot ’ ‘

i;]Q<18cf Does 1t happen that
- aircraft noise dis-
':‘turbs,you when you
are listening to the
© padio or watching -

television?

the response is: sometimes or
quite frequently.

Q.l8f—-Annoyance during con-
versatlons°

(the same)

Q.18b- Do you sleep?

(the same)

Q.18g~ Does it dlsturb you
S or annoy you at other
times or in another

way?

B e Bt it o ot B et e e A e P S e ek e o e bt S i g By B . it o . e B s e, e e

(the same)

1 point, regardless of whether '.'

" For more security, the reproduclbility coefficients were cal-

”" culated'separately for each airport, using subject samples taken

at random (100 for Orly, 50 for each_of:the other three airports).

6 questions was established,

(1) In the English survey of 1961, an annoyance scale involving

Our scale includes the same

questlions except for one, whlch had to be separated out be-
~cause 1t was not adapted to the hierarchial classification
"Did the aircraft nolse make the house vibrate?" (Q. 18 a).
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. CR
Orly « . « « « & o 4 . 9%

Le Bourget . . . . . .94
Lyon . . « .« . . .-;' .93
Marseille . . . . . .96

We can see that there is a remarkaple consistency.
For the!ojerall group, we have CR = .9k,

The response percentages Wthh were positive for the five ques-
tions extend from 97 to 70% for the sample of 250 subjects mentioned

above. v _ ' ;

Each survey was classified according to this annoyance scale

(0 to 5).

Averages of- annoyance 1ndlces were calculated for various sub—

.;groups, they w1ll be mentloned in the follow1ng chapters

rnhe standard dev1atlons are always large. Personal factors

-fplay an 1mportant role in the individual responses (see Chapter IV)

But the subgroups always 1nclude a large number of surveys. The
personal factors are therefore "compensated for" and the main. trends

seem to 1ndlcate ‘faithfully the characterlstlc traits of the sub— l

"groups as we will see later on.

3,420 Attitude scale with'respect to various
' llVlng condltlons of the nelghborhood or
» ,"satlsfactlon scale" '

”’Eight~qaeStionsvwere'adapted:,'
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Q.7 - Do you like the neighbor- 1 point for YES

g SRS hood?
: . o | | i
Q.8 =~ Are’ there things you don't 11 point for NO
- e ~ like or which are not i |
. o proper here? ‘ E
. - » |
VQ{ll - Are‘you‘satisfied about ‘
' the following: }'-_.
1 - the merchants? il point for YES
| R
2 - public transporta- i
“tion? ! (the same)
‘é - . : 3 - proximity to your work-|
“ | "place? ' ' (the same)’
4 - distractions? |  (the same)
. (entertainment)
1 S - 5 - noise? (the 'same)

or less than when you

I
i
1
. ]
=~ - - T
Q.13 -~ Do you like it here more i
i
!1 point for MORE
! .
[

.arrived here?

We have here a ”quasi-scale?-becauée the reproducibility co-

[ ‘IE efficient 1s only equal to .83.

Each survey was indexed from O to $;'”

i-
]

Jus£ 1ike for'the annoyance‘ihdicéé, the average numbers were

calculated; they willl be mentioned during the analysils of the vari-

ous guestions.

~



4. ANNOYANCE CAUSED BY AIRCRAFT NOISE | | o /40

..........—-.-.._.......—._--..........-.—-.__....——-.._.-—m-_»._-—.—_—-—._--——_—-

4;1.  Annoyano LndlCPS and general 1mpressions

As explained above, we expressedithé annoyance by an index be-

. tween 0 and 5, associated with 5 questions.

For each of the acoﬁStiC olaSsesfadapted and for the collection
‘at airports, we calculated_the‘averagé'of the annoyance index. ‘

Using a figure (Fig. ‘2),‘we'can then examine the variation of
the annoyance index as a function of the noise index. We find a
clear increasé in the index with sonlc level, with a slight 1nf1ec—'
tion between the acoustic classes_(78 §3) and (84-89).

The correlation betwéen the avérages'of the annoyance indices
‘and the values R of the 20 ilocations is + 93 (1) (see Fig. 3).

The correlatlons (31gn1flcant to O Q1) calculated from the in-

‘dividual 1ndlces of annoyance are:

| | | v (28 nrs.)
Total group (N = 2000). . . L.+ .53
~ Orly (N =800) . . . ... .. + .57
Le Bourget (N = 500) . . .. . .  + .41
Lyon (N = 400) .. + .54
Marseille (N = 300) . . . . . .  +..39

The dispersion of the results is given in a figure in Appendix /41
6 (distribution of annoyance indices with respect to acoustic levels).
The results concerning the annoyance index should be oomparcd
with results to the general question 17, which is part of tha annoy-

ance scale:

(1) The correlation between the average annoyance 1nd¢ues and the
NNI values of the 20 looatlons is + 91 o
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- Does aircraft noise bother you a lot - qulte
a JoL - slightly - not at all°

When we calcﬁlate the average annoyance indices for the sub-

groups, we obtain:

- Annoyance index

_ No annoyance at all .,; ;-;:} . . . 0.43
~ Slight annoyance . + « « « = « = 2.26
- Substantial annoyance . S 3.12
- Very much annoyance . . . .i, .o 3.61

We £ind the following:

A) The reéponses to the question are closely related to the
global -annoyance indeX. i ' ; ‘

: B) Among those whlch state they are not annoyed at all, some
are annoyed. 1n some activities,- because the annoyance of the group
is not equal Lo zero  Among | those. whlch state they are very much
 _'annoyed all of them are not: greatly annoyed in all act1v1t1es, be—‘

";;'cause the annoyanoe 1ndex is only 3.61 w1th a maximum of 5.

C) The dev1atlons between the annoyance notes annoyance 1s jif»f
reduoed to between "no annoyance at all" to "yery muach. L

| V-D) The responses are olosely related to the noise 1ndlces,{”Ve‘/42
"as can be seen from Fig. i, .

“If we observe the responses "a lot," we find a very substantial
1ncrease in the degree of annoyance after the acoustic class (84~ 89)

Flgure 2 glves the varlatlon of the annoyance index. For this
acouutlc class (B84~ 89), we see an accentuatlon of the increase in
the annoyance 1ndex : | ‘

cd
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Therefore, we can compare thls w1th the results of answers to

' questlon 16:

-~ Which noise annoys you the most?
- road traffic?
- alrcraft
- n01ses within the house?

Thls is the first questlon in whlch aircraft noise is mentioned.
Thls serves as a transition between the first part of the question-

' naire about general living conditions in the neighborhood, and the
second part which 1s specifically tallored to aircraft noise. This

uncovers the 1mportance of alrcraft n01se with respect to other noise

sources for re81dents

Overall ‘group:

Road traffic . . . . . . . . . . 13%
Alreraft . . . . . .. ... . . 51%
Holse noises . . . . . . vowe e 175
No'responses (1) . . . . . . . 19%

The differences betweenfairpOrts are minimal: » ‘ /43

% "aircraft".

Mérseille ce e e e . .51 9
Le Bourget. . . . .. . . © 46 g
OPLY) & v v v e Ly g

Lyon)

If we consider the acoustic levels, the response percentages

about aircraft noise Increase greatly with them (Fig. 5).

A more refined graphical presentatidn (Fig. 6), representing

(1) No responses are glven by those who are not annoyed by any noise
and those who cannot dlstlnguish among the three.
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-éach 1oeality, EhOWSJthe degree_oflcohefence of the responses.

i

If we relate Lhe responses to this: question and the average of
the annoyance 1nd1oes for each survey zone, we find a very large
correlation: ‘+ .95 '

We asked oﬁrselves whether 1t Would not he useful to include.
this questlon in the annoyance seale But a study made afterwards
~about sampling, Wthh was used for the development of this scale,
‘showed that the addition of question 16 does not improve the situa-

" tion. In effect, the reproducibility coefficient goes from 94 to

: 92. - Therefore, we have no regretsfabdu@ this subject.

h,2. Factors on Wthh annoyance depends

},21. The noise characteristics

At the end of the study about the'éurroundings of Heathrow Alr-
pert the Engliéh demonstrated'that theinoise'feltkby the residents
depends both on the average noise 1ntens1ty to Whlch they are sub-
jected and the number of alrcraft passes

As we have seen, our study confirmed this result, because the
correlatlon between n01se indices (NNI or R) and the average of in-
~ diwvidual annoyanoe indices (average w1th1n the 20 survey zones) is

| very high (greater than 0.90).

‘On the other hand we Saw (paragraph 3) that ‘the indices R ana
NNI, even though they take 1nto account the number of ailrcraft passes
differently (10 log N for R and 15 log N for NNI), are both valid
because of the strong dispersion of individual reactions ih the same

i
1

noise zone.

We found that if the calculatlon of the indices R and NNI we
~express the noise level in dB (A) instead of PNdB, the correlation
“between the 1ndex and the annoyance 1ndex is Just as hlgh This
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means that we can use the decibel A or the PNdB for evaluating the

annoyance near .airports without any difference.

4,22, " Personal factors

Upon examlnlng the results of the survej, we find that the an-
noyance attributed to aircraft only depends on noise characteristics
to which the persons surveyed are subgected We find that there are
1arge ‘peaction differences to the noise within each zone. Sometimes
the noise is 1dentloal for all of them We can even find large varia-
tions in the annoyanoe Wlthln the same bulldlng Certain persons
state they are very much annoyed and their neighbors next to them say

they are not annoyed.

Tne dispefsion of the annoyance indices is always very large, B éﬂi
whether we are- dealing w1th dlstrlbutlons by acoustic class or With
distributions. concerning a partloular questlon (standard dev1atlons '

- on the order. of 1. 2) ; |
o Therefore; 1t appears that the n01se index does not alone ex—'.

';plain'the annoyance level. Even though within a zone noise exposupe

of all of the apartments ~ is not 1dent1oal beyond this it is neoes—d

:3sary to find phy31oa1 noise charaoterlstlcs to explain the 1arge dis~"

”lperslon of results. Certalnly there are factors whloh we will call

t”personal factors " which 1nduoe subgeots to react more or less favor—

‘ably to a situation Whlch is obgectlvely the same for the group

~ .. These factors can be phy51ologlcal psychologloal or 5001ologlcal
:ﬁ*_They then disturb the direct connection between the intensity or
'_;frequenoyvof'aircraft”noise and the annoyance which it produces.
. Tt would therefore be interesting to identify and find their influence
*,d.ef’:fon‘the'formation orf thebannoyanceueentiment}

Lo e a) Acoustomlzaulon to alrcraft noise

_From'question‘No,'lQ CDoes airoraft'noise bother you more this =
year than last year?), we can see that among the persons most annoyed
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(annoyance ‘index equal to 4 or 5), 409 estimate they are annoyed
more Lhis year than in the past. Among those annoyed less, less
than 20% estimate that they are annoyed_@ore than in the past (Fig.
7). ’ - | “ -

>

Therefore, we find a relationéhip ﬁetween the annoyance and the

~accustomization to noise.

We can therefore say the followingf

- those who do not-geteused tosthe:noise'have a tendency to
Qbe annoyed by it; o i .
‘- that one accustoms less to the n01se, the greater the air-
craft noise 1nten51ty becomes. Except for individual
‘dlfferenoes there is . a remarkable relatlonshlp between
the annoyanoe indices and the real acoustlc levels.

Con51derlng the increase in trafflc over the last few years,

;and con51der1ng the progres31ve replaoement of propeller aircraft
.with Jet alrcraft, we do not doubt that the noise itself increases

from one year to another in both,frequency and intensity. There-
fore, 1t is difficult to'determine'how~edaptation and objective ob-

3servation influenoe the fesults-and interfere or determine responses.
We do believe, however, that hypotheses about the influence of a

personal factor "accustomization to n01se" must not be dropped.

b} Susceptibility to noise in general

Persons annoyed more than thelr nelghbors by alrcraft noise

are also more annoyed by noise ‘in general no matter what its orlgln

is.

~ We find a wery .clear connection'betWeen'dissatiSfaction'eaused
by noise (in general) and the annoyance indices (alrcraft noise)
(Fig. 8). We can say, in general that ‘those who are more suscepti-
'ble.to noise 1n“general_seem to be also annoyed more by aircraft

noise.
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Therefore,fwe pelieve that there 1s a personal factor which has /47
a certain influence on the intensity of the percelved annoyance.
However; we must make one reservation: There is a'good chance that
the subjects themselves often integrated'the aircraft noise in ftheir
responses to questlons about noise 1n general Therefore, we can
conclude that thls personal factor is not the only one involved in

the results observed

¢) Number of ”things”'which-displeeSed the subject in the

" neighborhood

We can find no relatlonshlp between these annoyance sources and

the annoyance 1ndex (FPig. 9)

d) Moving date:

The elapsed Cime since- the subgeots moved in does not influence .
~ethe annoyance 1ndex in either dlrectlon

e) " Sex:
We did not.find a significant difference between the average
annoyance indices of men or women, no more than hetween the average

‘satisfaction indices.

) Age of subjects:

This factor neither‘influences'the“annoyance'indices.nor the
satisfaction Indices. |

.g)”NumberROf children 1iving in the buildingvof the subject:

This factor also does not fnfluerice annoyance.

h.) Profession: ' o ' : 1 R : . /u8
' The percentages forkvarioue profeSSions remalin constant for
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all annoyance 1evels (see ‘Appendix 7) and the average annoyance

indices practlcally do.-not vary from one profe331on to another.
Mt23. Drawbacks of the‘neighhorhood_

No matter what nelghborhood they 11ve in, residents always

have a reason for being dissatisfied. We can hardly imagine a

nelghborhood in ‘which all 11v1ng conditions are such that no part
of the populatlon would have . any obgectlons

vTherefore,oany resident looation hés drawbacks which are

‘sensed more.or less by various residents. We were interested in .

establlshlng the position of alrcraft n01se among the drawbacks of-
the‘nelghborhoog, and their effect on the degree of dlssatlsfact;on

:fThe*Survevaas made among'residents_in-the form of a survey of

“;1iving conditions in the neighborhood. .The aircraft noise had not

yet been mentioned at this step of the guestionnaire.

The number of tlmes Where the subgects spontaneously mentloned
alroraft n01se among the other drawbacks, or as a major drawback,

'”1i allows one to establlsh the degree of competence in that subject.

By studylng the responses as a functlon of acoustlc levels to

-whlch the subjects are exposed we can relate the aircraft noise
proolem with respect to other problems. In this way we can progres~'

sively follow thHe annoyance caused by this noise source, for places

‘with the least eXpoSure;-where“the annoyanoe'is a minimum, up to

(1) See Appendir 4 for the sociological qneStionnaire.“

. This is Why:the:sociologioalfsurvey'Started with a number of ques—nn”;ff"
.”tions about'the varions aspects of the environment The subjects
‘were asked whether they llked their nelghborhood whether there

- were thlngs they did not llke, and Whlch were not proper, and they

"were asked to 1dent1fy.them,5 They were asked whether they were';_
o ieatisfiedbwith the’merchants transportatlon entertalnment, noise,-
fn'etc., and whether they had thought of mov1ng (l) R
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localities witﬁ the greatest‘exposure, Where this annoyance predomi—

nates.

- Questions 7 - 8 and 9 -

- Do you like the neighborhood?

At the locality level, the YES responses varied between 51% and
81%, but there are no differences among alirports. The results are -
remarkably constant: -

M

orly - - 67%

Le Bourget ( .

Marseille z 66%
. ’ )‘ N

Lyon

‘There are also no differences bet@eenfthe percentages of YES -
responses for the various acoustic classes. We find that the in-

tensity of aircraft noise does not influence the degree of attach-
ment the residents have to their neighborhood.

- Are there things'WhichTyou'dovnotelike‘or which are not

'.proper‘here?- wnat‘are‘they ?,

é» _ ‘The percentages of YFS answers (dlssatlsfled persons) vary ac-
_cording to looality in a more substantlal way than for questloan:

33% at Sta1ns—Gu1gnet1ere,

Lo PR SR 8“7 at Chllly—Nazarln.

. ';  ‘ The alrports also show - dlfferences
% . orly IE - T1% of dlssatlsfled persons
| fyom s om o
; Marseille  50% " .~ " v
; Le Bourget"‘_'46%u"f; o e



Orly is qqite different: from the others.

‘The causes of dissatisfaotion'mentioned spontaneously are very

':different: They are dividedfinto 12‘re$ponse olasses.. Detalled
‘information about this point is given in<Appendix No. 8.

In order to analyze the: percentages as a function of acoustic

?'levels we grouped the responses to "alroraft noise" and ”unspe01-
fied noise," as" well as w1th respect to.all other types of dis-
. satisfaction. : ' '

The "aircraft noise" and "noise" responses without specifica-

‘tion cannot be ?eparated. Later on we will see that the subjects

very often meanﬁ "aircraft" when they reSponded with "the noise.”
Let us remember that the surveyor did not intervene and was only

~writing down the responses given spontaneously.

We can clearly see‘CFigi 10):

- the Caﬁses'of'dissatisfaotion otner than the noise are not

’ :related to acoustlc levels;

- the percentages of persons who' complaln about noise before

other factors 1ncrease.w1thAacoustlc.level, but in a moderate way.

In addition, if we isolate the responses to "aircraft noise,"

- we can see that it is not explicitly mentioned except after class

R 84/89 (1%). Also, there_is a clear discontinuity at class
R 90/95, a level’abdve'Whioh?the percentages to responses "air-
craft noise" increase very rapldly.

- Questions 10, 11 and 12

efAre'yoﬁ'SatiSfied'Wiﬁniliving;in'this‘neighborhood?

'Ont of the entire samplé;*84% of_tne subjects are satisfied

with‘living in thelr neighborhood. There are no substantial differ-
‘ences between the results for each airport, for the survey location

b5
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or by noise level.

The averave of annoyance 1ndlces of the subgects who state
they are dlssatlsfled is only slightly hlgher than the one for the
satisfied residents (2.30_compared with 2.07). No conclusion can

be drawn from this difference.

The average satlsfactlon indices are closely related to the
responses to this question: ‘ ' |

~ Satisfied with living in this neighborhood o bt

- Not satisfied with living in this neighborhood 2.6

ThlS questlon is part of the satlsfactlon scale It influences '

the average 1ndex (for a maximum of 1/8) "We can see that this

’ general question very nicely takes into account the satisfacticn

~-about the. varlous elements within ‘the nelghborhood The dev1atlon N
}between the two indices is equal to the maximum- dev1atlon observed’

_among the survey ZOnes

' 1— Are you satlsfled concernlng the follow1ng ~the merchants,.e

“public transportation, prox1m1ty of your work—place, en- .’

tertainment, nelghbors,'n01se°

 Tmportant differences appear among the survey zones:

ei;:There is a ‘great amount of dissatlsfactlon about the merchants
bkiat Chilly-Mazarin and at Orsay; ; _
‘fnw'Publlc transportation 1s objectlonable at Rungls and aciwwqh’
"QVau1x~en~Ve1in ’
= Three~fourths of the subgects at Rungls are dlssatlsfled w1th
:entertalnment avallable in the nelghborhood
=~ As far as n01se is concerned there are complaints especially

'/5_2

~at Paray, Orsay and Sa1nt~V1ctoret but less than 15% of sub- .

Jects are complalnlng at Saint-Remy and Vltrolles

If'we:compare reSponees,obtained aropnd the four airports, we
find several differences; around Orly and Lyon, there is less satig—
faction about merChants, pubIIC'transportation-and entertainment than
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3

around Bourget and Marseille.
On the other hand, there is more eatisfaction about the proxim-
ity of the work ~-place around Marsellle than around the three other
alrports '

/AP : . As Fig. 11 shows, only the dissatlsfactlon about noilse in-
creases as a function of acoustic 1eve1 from 27% for R < 71 to
78% for R > 96. Even though we are dealing with noise of unknown

~

ISR

origin, 1t appears clearly that the subjects integrate the alrcraft
noise and do not project their dissatisfaction about noise to other

. factors they disépprove of in_their neighborhood.

- If you could change one of the topics T have mentloned
- which yould you change° :

The response percentages as a functlon of noise indices vary-
only slightly in a random manner, except for the response about
noise, whose curve increases strongly (Flg 12): up to R = 78/83,-
the complaints - about noise hardly dlffer from complaints expressed
for other inconveniences (about 207}. For R between 84 and 95,
they are much—more frequent (close to 507) For R > 96, they ex-

ceed 70%. We ecan also show that at hlgher acoustic levels, only a

few of the subgects wished to change anythlng 1n thelr neighborhood
except the n01se - In effect, all of the responses for the sonic |
E - levels were equal to 100%, if the n01se iIs found to be the essential
object of complaints. The other causes of dlssatlsfactlon are re-
duced greatly.w

- Questions 13, 14 and 15

= Do you iike‘it'here'QS’muohJQS'ypﬁ did at the beginning?

We did not encounter notable dlfferences between the survey areas,"

bhe alrports or the acoustic 1evels.

!



~ Have youfeVer thought of moving? Why?

_ 62% of subgects declared that they had never thought of mov1ng,
~ 3% thought of mov1ng because of the n01se, 35% for other reasons.

If we consider only those which thought of moving, we can see

| fs[ that the responses are distributed. as follows (Fig. 13):

87 want to: move because of the n01se,
507 want to move in order to obtaln a better apartment (34%)
“or a single house (16%); :

The remaining bog want to move for famlly reasons, because of
isolation or because they want to move their residence from' urban
centers or becéﬁse they do not 1like the%neighborhood.

We can see that noise occupies a 51ngu1ar place among reasons
mentloned Also, noise iIs the first thlng they wish. to change. In
fact the desire for moving is prlmarlly influenced by deficlencies
in lodglng (not. enough space decay, rent) or for personal reasons
more- than for the living condltlons in @he heighborhood (including
noise).

The items of discontent because ofilodging are'one of the most

important reasons, except for the noisiest zone. Among the external

lodging factors, noise plays:a modest role up to rather high acoustic’
‘levels, but beyond this 1t suddenly takes on the most important
place above a certailn threshold which seems to be located around

R 96. '

Satisfaction index

We: have seen (Sec. 3.4) that from qﬁestions 7, 8, 11 and 13,

we establlshed a satisfaction scale whloh allows one to measure the

,global degree of satlsfactlon of the res1dents

 The average satlsfactlon Index for .the total group is 4.36 with,

a oof 1. 69
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The‘airports are classified in the following order:

iSatisfaCtion'index

A1l zones - Reduced
_ ‘ o = sample
Marseille « « « « W . ! Shloh L.94
Le Bourget. . . . . . . 4.53 - h.e2
LYon .« . e e o e .. . bLno I.29
orly . . . . | . hoe < 3.95

If‘We'oompare the satiSfaction.indioes to the annoyance indices,.
CwWe flnd a certaln relationship.. We have to recall that one question
(Q 11f) is 1ncluded in the satlsfaction scale and that the subgects
seem to have,}for the most part, 1ntegrated the noise of aircraft in e
their responses to this. questlon If thls is excluded from the scale:‘
;the relatlonshlp w1th the annoyance 1ndlces no longer appears at all

“We therefore see that the subJects do not at all progeot thelr
annoyance about satlsfactlon ‘with the’ nelghborhood nor vice versa
iOn the other hand, over the entlre sample, the correlation between
the satlsfactlon 1ndlces and the annoyance indlces is - L2, i e,; 1t.1'

- can be considered to be zero

_ ~ o In addition if we analyze the dlstrlbutlons of the satlsfactlon
» 1ndlces at eachisonic level, one can see that they are almot "normal"
fx(see Appendlx No. 9). The mode is always located at index 4 or 5,

'dﬂ"and this mode 15 not shlfted as a function of acoustic level. Final-

ly, ‘the average - indices of satlsfactlon by aooustlc level vary only

'*.;:_sllghtly and are not related to ‘them.

Therefore, we can conclude in thls study about satlsfaction re—;l
'gardlng the llVlng condltlons in the nelghborhood that. in spite of '
several dlfferences among airports, zones of survey,_or subject

- categories (hlgher cadres) the personsiinterrogated discriminated /56
between aircraft noilse and other sources of dlssatlsfaction in a
’good way. - : '
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4,24, The seasons:

- To questions 27 and 28{

L Do alrcrait bother you more at any tlme of the year°

If yes, when?.

'Ehe reaction of the'inhabitanos waé the following:

= 67% of the sample collectlon are dlsturbed equally or are not
aisturbed at all;

25% are more annoyed at a glven time of the year:

6% had llved there an 1nsuff101ent amount of tlme in order to
answer this questlon, and _ :

| 2% did not know the answer to give.

In certain locations, on the other hand,'the percentage of per-
sons annoyed at”a given time of the yeaf greatly exceeds the yearly
average. This 1s always in very n01sy zones (Paray, Chllly-Mazarln,‘
~ .Saint-Victoret). a

As far as the four alrports are concerned Lyon differs sllghtly
from the others. Very few subjects (13%) are annoyed more at any
glven time of the year. The_trafflc at Lyon undoubtedly 1ncreases.‘
less during»vacatlon time than at Paris or Marseille. But ifvwe /57
consider the acoﬁstic levels, we find that the more the subjects
live In a noisy neighborhood the more sen51t1ve they are to differ-~ -

ences. in trafflc

The periodiof the year considered the mogt annoying is summer.
It is mentioned by 84% ofothe'peoplg Who:detect differences for
- various.seasons. This is not surprising; because windows are open
more often during;this'bériod*and,péople;are'outside more. '
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| 5. EFFECT OF‘AIRCRAFT NOISE ON ACTIVITiES AND SLEEP
5.1. The disturbance to certain ac?ivities
| The_distufbance‘te certain adtivities, even though they are

:cdnsidered in the annoyance index, can be demonstrated by the
' responses to questions 18 and 24, |

- Question 18

- Does 1t happen that the n01se from aircraft does
the follow1ng ‘

a)- Keeps you from;sleeping?
b)- Wakes you up? - S :
¢)= Disturbs you when you llsten to the radio or look
‘ at television° '
d)- Makes the house shake°
e)— Makes you jump? o
f)wulmpedes conversation?
"-g)»:Dlsturbs you and annoys you even at other times or
1n:another.manner?

no - sometimes - quite often -

Each of these classifications is cla351f1ed "subject annoyed"

1f they have responded "sometimes" or “qulte often.”

In the‘following'graph (Fig. 14) we also show curves fbr the

different classificatlons as well as the responses to question 17 )

(general annoyance impression).

In. order tb'eliminete the possible. influence of special fea-

tures of certain'zones in the extreme acoustic classes which in-
cludes only a few subgects (200 and 100Q. .8ubjects, respectively),
we regrouped two acoustlc classes at each of the extremlties We
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should note that for all of the suquestiohs to this question,
including the one concerning sleep, we kept the index R over 24
. hours. 7 : ’ E

We can see that the responses to questlons by the subgects

. are always related to the acoustic 1eve1

“Curves ¢, a end £, oorresponding to the subquestions men-

_*] tioned_most_often, as well as the general imp ession, have steep
" slopes after R = 78/83. ‘

Curves a;, b, e and g,’corresponding'to'the subqueStions

» mentioned the least inorease less rapidly, except for curve b,

whose slope increases after R = 8&/89_.u

- Question- 24

- During;the'day;'When ave you the most ahnoyed aﬁd

- what are you doing?

a) lietening to the radio, te%evieion,
h) conversation, y
¢) reading, !
4d) study, intellecﬁuai work,
e) rest, T
' f) other,
g) not disturbed at all.

The percentages of "yes" to the precedlng questions for the

o total group are the follow1ng

Listening to the radio;‘televieioni C e ... .. 389

REST + o vie v a e e e e a e e e e o 118

’Conversatlons I VP DRI 1o B A
0BRET v v . b e e e e e e e e e e e e 608
CSEUAY . e h e e e e e e e - 4
g

Reading « , v v vu v v e e e o
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Not disturbed . . « v v v v v o v oo e oo o .. 324
The.average of -the annoyance indices (forlthe subgroups)
distinguished by their option. for this Qiestion are the rfollowing: -

Annoyance index

ReAGINE « « ¢ « « « h e e e e e 1.65
OFRET |« « o v o v e e e e e .. 2,22
Llstenlng to radio, telev1S1on e . ' , 2.76
'Conversatlons C e e e R T

' Study, 1nte11ectua1 work . .;. Coe - 3.14

The percentages of responses as a functlon of acoustlc levels

'vare shown .in Flg 15. ‘We can see that only the selections "radio~',
'telev1slon"‘and "conversatlon" are related to acoustic level .

At the conclu81on of the study of responses to questions 18 andafpvﬁ

| 24, 1t appears that

’A.— Rad10~te1ev1sion is the actlvlty whloh is the ea51est and the_
most frequently disturbed by noise. This explains why this dis—. ¢

'turbance is selected as the second degree of this annoyance scale,,_n

after: the general impression: of annoyance, which makes up the- flrst

;“galevel '50% of the inhabitants are annoyed when they are llstenlng
'V'Vfto these When the n01se 1ndex is between 78 and'83-

”7f - The dlsturbance to conversatlons is the third echelon of the

‘annoyance scale It may appear surpris1ng that this dlsturbance is

not the second echelon, because the radioc and television sets can be

'set so as to produce an acoustlc level Whlch is much greater than

the level of conVersation' In a conversation, one can stop talking
whlle an alrcraft is passing overhead and one is then sure that no.
information w111 be lost. On the other hand, the radio.and tele-
vision'continneito speakcwhile“an afrcraft'is passing overhead and,

in general, the information is lost.

For the~same noise leVei as the one mentioned above (r between

i
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78 and“83)*ébout 25% of the residents are annoyed during conversa-

tions.

i s St st St v Wam P A i S SO e B e S M S S e

5.2. Dlsturbanoe to sleep

The dlsturbance to sleep was. analyzed from responses to ques -
tions 18,a and b:

" Does the following happen.when there 1s aircraft noise:

a) 1t stops you from sleeping?
b) it wakes you up? \

N
o

The correlation between the responses to these questlons and
the 1ndex R calculated only for nlghttlme fllghts (21 hrs.— 7 hrs)
is practlcally zero (Fig. 16) ' ‘

Tt is remarkable to see that the correlation with the index R

calculated for the entire-242hour31is_qnite a bit larger (Fig. 17)..

' lThe“resulteis surprising. It;is'likely that the relatively
small number of flights during the nigh@slthe'recordings were made
is not representative for the average nﬁmber over the year. The
correlation found seems to show that the average number is directly
related to the total number‘ofifakaﬂﬁEQTevery day.

‘For annoyance at night, we coulad be tempted to utilize elther
the peak average level I or the number N (nlghttlme) of aircraft

passes as the parameter whlch.represents the noise.

Figures 18 and 19 show that these parameters (at night) are

not better than the index R (24 hrs.).

The results found for night flight%fare therefore less encourag-
ing than those for day flights. :

The lack of regularity in'theee'flights, as well as the number

54



)

]

i)
|

of theirdtrajecﬁories could be the reasob for this.

Responses to question 23: ;
' i
"At what time are you annoyed the most by alrcraft -

daytlme or nighttime?

allowed one to determlne that most of the subjects are annoyed more

durlng the day than at nlght

, »—'56% of the subject groub'are-disturbed more during the
day, _‘ S o |
- 207’are disturbed more at n{ght , v
- 2ulg are equally disturbed day and nlght or are not
dlsturbed at all. -

It is known that nighttlme traffic: 1s much less than daytlme

trafflc In spite of this, 1/5 of the total group stated that they'

were annoyed more at nlght (Fig. 20).

For the sane traffic, it seems that the nighttime noise would

“appear much more annoying than daytime noise Here one finds a non-

negligible portlon of persons who oomplaln ‘when the number of air-
craft taking off or 1and1ng at night is. Very small. ) '

But the dafa from this survey do not allow one to determine the
traffic threshold for nooturnal annoyance, for which it then exceeds
or is equal to .the daytlme annoyance." Also, ‘the intolerable thresh-

0ld cannot be determined.

5.3. Effect on children

. ot St L G08 Srd at e B i e s (it e Mo

™~
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Analysis of the effeotsgon children results, from the the responses

‘-tO'qﬁestions‘25kand 26




1

(26) - Do _they become more nervous because of aircraft noise? = /6

There are slight differences among the zones only. It is ap-
parently in the noisiest areas where one finds most often that the
children are annoyed by noise and that they are more nervous be-

cause of alrcraft noise.

Whether'one considers the entire sample the various survey
zones or the various alrports between wnlch there was no difference,
the subJects always noted that thelr children are annoyed instead of

saylng that they became more nervous.

~ This annoyance and this- nervousness of the children 1ncreases -
with acoustic level as shown by Flg 21 ‘

The'average of the annojence indices arevquite'different depend- ;t‘

- ing on whether the subgects responded that ‘noise dld or did not have
an: effect on thelr chlldren ’

“Annoyance index -

;thestionf25= Disturbed children. . S T 3.17
: - ’ - Not disturbed . . . .. . . . ‘j*1.83j75t
. Question 26: Chlldren more nervous F O - -1

'Not more nervous PR .t j7'1,91.ff

5.4 Defense reactlons

—.———_—_.—__—--—.—“—\-‘-,

Except for concerted actions for redu01ng the act1v1ty and the - /65

*idevelopment of alrports and mov1ng to a quleter location, in practice
?the only measure that remalns “for the re31dent "is to-close the ‘win-
“dows of hlS apartment in order to defend hlmself against alrcraft

'v}gx.n01se

If ‘the. w1ndows are not specially de31gned to reduce noise, wnicn‘
was ‘the case for apartments V1s1ted by the surveyors, closing them



!

only reduced the global n01se level by about 15 aB. Even though this
" is modest, this, reduction is’ translated into diwviding the sonic level
by three . (the phy31ologlca1 1mpres31on related to noise intensity)

”e_whlch is appreolable

Unfortunatoly, in the oase of the apartments Vlsited this means
of protectlon cannot be used durlng all seasons. DBecause there are
no mechanical ventlilation systems or other alr conditioning facili-
~ties, this requlres that the windows. befopen for several hours per
- day durlng the summer for apartments exposed to the sun in order to
‘reduce the heat due to the-'solar radlatlon and to eliminate undeslir-
able odors. Under these’ oondltlons, the noise enters the apartment

without being reduced

During spring and fall and even inﬁthe winter, a central heat-
'-ing system which cannot be centrolled'by the occupant (very frequent
in the case of stage “heating) or one which is poorly regulated can
lead to the same results
The residents of noisy areas'only ﬁave the choice of.iiving in -[éé
an overheated area with.bad odors or li%ing in more ventilated areas
‘but which‘are'mnch more noisy. Eachione'will decide among the annoy-
~ances depending on his sens1t1v1t1es The percentage of residents
twho close thelr w1ndows because of n01se can be derlved from the

responses to questlon 29 (Flg 22).

- Do you olosevydur:windows in order to not hear aircraft?

26% of the ‘subjects stated that they close their windows

in order not to hear the alrcraft

The proportion of subjects whO'CiOSed theilr windows varies

within the following limits: y '

- at Paray (R = 100), 84% of the;subjects closed their windows;

- at Saint Remy (R = 62) and Vitrolles (R = 73) and Meyzieu
(R = 63) and at Rlllleux (R = 72) 3 to 5% only closed thelr

w1ndows
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It is interesting to note that around Lyon and Marseille,
_Windows are closed the least oecauce of aircraft. It is possible
7:that the annoyanoe due to heat is less than the one due to noise.

o - The-highervthe acoustic:levels the more often one will close
Y. the windows: from 4% for R < 71 to 847 for R > 96

It seems that the subgects only have recourse to this method

l\
Oy
-3

b-oi noise isolation when the annoyance really becomes large. The
.average annoyance. 1ndices are the follow1ng for the subgroups:

Close their windows . . . . .g. . 3.20
Do not close them . . . . N R I -

This is one of the rare questions which determine321pronounced
difference among the average annoyanoe indices

This question is complemented-by ouestion 30:

- Do you like your apartment to be eir conditioned in

- order to no longer hear”aifcraft?é,

Among the subjects, 32% would like to have their apartment air
"conditioned Magor differences appear . depending on airports:

Want air conditioning

Le BOU.I'get (, . -‘ ° LI S ) / 37%
Marseille: ) . . '
” Coorly Lo 30%

N S | Lyon « v v v v ... .. | 139

Here we cannot discuss the differences of opinion. We can‘only'i
~note them. ' . '

The variations depending on the surveJ location are of the same /68
order as the variations found for the preceding question ”

\
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 or’ﬁhe'one'proposed by the English:

As aefunotﬁoﬁ of acoustic level (Fig. 22), the percentage of

positive responses also vary approximately the same as for the pre-—

ceding questlon and with the same proportions:

4% for R < 71 and 70% for R > 96.

~
o
\O

6. CONSEQUENCES ﬂ — ;

6.1, leltlng acceptable noise levels

el Puipiies 5« SN it vl aieinpi e i e

The etudy aescribed in the preceding chapters confirmed that the
annoyance felt by residents close to alrports is greatly related to
the noise 1ntens1ty and the number of alrcrafu, just 11ke the Engllsh
demonstrated by their survey around Heathrow Airport.

The best way of taklng Anto account these two parameters is to

e group them in an 1ndex 11ke 'the index R deflned by the V01se Study-'
lComm1581on of the Mlnlstry of 8001a1 Affalrs L

\
4
¢ i

'Rv=,i‘+ 10 log N - 3k

PR L

CNNT = L+ 15 log N - 80

o R

is the average peak noise'leveiyexpressed ih'PNdB.
'fffN isethe;number'of'aircraft for’whioh,noise is perceived.

T

‘”Even though they are dlfferent in the manner of taking 1nto ac-—

e”count the repetition factor (10 log N or 15 log N), these two indices
vare of equal value as regards the dlspersion of the indiv1dua1 reac—

tions for a single noise area The use of the index R amounts to

f]assumlng that the annoyance felt by the inhabitants .3 related to the -

total noise energy which they recelve over the day (average over the
year) : '



The studyfshowed that'b& knowing the-value of such an index, /70
we can predict with a hlgh accuracy the. avefage annoyance which ‘is
felt by a group of 1nd1v1duals(100 persons or less, living at a .

, spe01flc 1ocatlon) On the other hand “the individual reactions
vary so much that it is 1mpossible to predlct them.

The annoyance is expressed u51ng an annoyance index which can
vary ‘between zero and 5 and which condenses the responses to five
- questions. ' : : ;

Figure 23 shows the rélation found. between the index R of noise
and the average annoyance index. Essenﬁially; this relationship is:

it

0.06 R - 2.95 for R < 86
0,064 R - 2.76 for R'> 86

Annoyance 1ndex

Annoyance 1ndex
We can see that the annoyance index increases in a linear man-
ner with R for the range studied (63 < R < 100), except for the
reglon around_R ' 86. At thls point 1t makes a jump of about 0.8

~ units, from 2 to 2.8. :

‘The annoyance index has'the advantage of taking into account

-, the responses to several questions, but has the disadvantage of not

speaklng.” In order to see what it corresponds to, it seemed useful
to us to con81der the various echelons of the annoyance scale (Fig. |
23) as well as the general 1mpre831on of annoyance from the responses
-~ to question 17 :

The jump 1n the annoyance index observed around R. = 86 corre-
sponds to the fact that the response "yes” to question 18,f "Does

~alrcraft noise bother conversations?" occurs when the index exceeds

~N
-3
!—l

a relatively exact value. We can obser%e this by examining'Fig ol

© This is not. surprlsing, because in- contrast to the annoyance sensa- .

tion which involves psychologlcal phenomena, the masking of a con~A,

versatlon only depends on the relationshlp bhetween the noise inten-

- sity and the conversatlon 1ntensity Tne conversation 1ntensmty is
‘well defined. R B ' '
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I we con51der the tables in paragraoh 2. 3, we can see that the
points in Fig. 23 located in the dlscontlnulty zone (around R = 86)
corresponds to peak levels which vary between 101 and 107 PNdB 192
to 98 dB (A)] with the number of passes between 20 and 80.

The level‘ebove which the "yes" anéwer is given to the questions
of the annoyance scale other than 18,F are ‘much more diffuse.  This
is why the increase in the ‘annoyance index with noise index is . rela—

tively linear outside of the dlscontlnulty zone.

The noise class 84 - 89 which contains the limit beyond which
the conversations are disturbed seems to play a more general role.

If we consider Fig. 11, we can see! that the noise is a cause
of dissatisrfaction which emerges from the other causes of dissatis-
faction (markets, transportation) when the index reaches class 8h -
89. 1In addltion,ix>the-question "What Would you like to change?"
(Fig. 12), the response "the noise" 1is glven most often, more often
than any other iitem when the index reaohes class 84 - 89. For this
class, the residents estimate that they are "slightly or rather
'TheaV1ly annoyed "

~N
3
e

The convergence ofitheSe'observations-allowe-us to consider
that starting at the class Rd=’8h/89, to which an annoyance index
greater than 2 corresponds,'the noise of aircraft 1s quite annoying

|

for the residents.

'Consequently, it seems that any apartment not specially pro-
tected should not. be located in an area. where R exceeds 84. This
conclusion is reached with the conclusions of the Wilson Committee -
which was made ‘after the Engllsh survey. In it, it was found that
vthe maximum aoceptable noise index was located between.SO and 60 NNT

(An NNT 1ndex of 50 corresponds to a peak level of 100 PNdB
rfor 80 aircraft passes, 1. e,, for a R 1ndex of about 85 ) '
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_ The ~good agreement between these conclusions leads us to believe
that the recommendations of the Noige Study Commission at the Social
C Affairs Ministry, which spec;fied R = 89 as the maximum tolerable
limit which should not be exceeded for anprotected apartments, are

notvsufficiently severe.

- Because ofﬁthe nature of the questibns which make 1t up. the
annoyance index'takes into account both the annoyance during the day
ﬁand,the annoyance at night. For the noise class R = 84/89, which
corresponds to annoyance indices befween 2 and'3 the night annoyance
only is 1nvolved relatlvely rarely because the night annoyance (waking

" up) corresponds to indices 4 ‘and 5.,

We have established that the_dispersion in the individual sen-
sitivity to noise at night is great, and this .is true for any nolse
index used (index R, number of aircraft passes, noise level in PNdB) /73
in order to characterlze the various zones. Thus, for class R =
8L/89, 26% of the subjects stated that they ‘were awakened at night
by the noise of aircraft (Fig. 2L4). Even for this relatively low
noise claes there is a mix1ng of the effects of day and nlght for

the annoyance level.

The study did not allowfus to investigate how thils annoyance
- varies when theenoise conditions at night are aggravated. '

o - The poor correlation found between the noise index calculated

 ror nighttime (21 hrs. - 7 hrs.) and the percentage of persons
oawakened does not allow one oo"concludelthat‘the noise index concep?t

(R) is not walid in this case. The absence of correlation could be

v due in part because the‘noise*measuremenﬁ results are not Significant
at nighttime, related to a large fluctuation in nighttime traffic for
- different days of the year, | |

- Using young: people'in a‘laboratoryzin good health, Professor
Metz and hlS collaborators (Blocllmatic Study Center of Strasbouro)
establlshed that: jet, alrcraft noise which does not exceed a. level )
-(1n the bedroom) of 75 dB (A) does not disturb sleep in a signlflcant

- manner,
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On the other hand noise levels which reach 90 dB (A) do

'serlously ‘disturb sleep If thils Were‘the general rule, we would

derive from this that in the boundary area defined prev1ously

(R = 84), people will sleep with closed; ,windows and would then not
have their sleep disturbed by the n01se (assuming a reduction in
sound of 20 4dB between the outs1de and the inside of their room).

On the other hand, those. sleeping with open windows would have dis=-

 turbances to their sleep (assumlng, for isolated houses, that the

alrcraft are v131b1e from the w1ndow, thls condltlon is not neces-

‘sarily true in an urban setting). 0 AL

This flndlng is 1mportant It shows that 1f we oon51der the

>1laboratory results, that it is not sufflclent to: establlsh a limit ,
| (84) to the calculated R over 24 hours in order to assure tranqull-.g a
- ’1ty for the residents. In addition, 1t is necessary to 1limit the . d |
-*rpnlwhttlme fllghts to a mlnlmum If this were not the case, then’VZ:

boundary area would have to- be determmned by taklng into account

hwi”;nlghttlme fllghts,llndependent of ‘the daytlme fllghts ‘We are ex-- . - .

.. 'pecting results of additional studies, and it could be that the ."'

flﬂcrlterlon to be adapted for the nlghttlme flights could be the one

'fpﬂjwhlch results from the work. of Professor Metz. the noise level at
“ffnlght in a bedroom must not exceed 75 dB (A)

- . o " oo oot s a0 e W PO v B BV TV et Mt e et i S Sk S St N g, e S

6.2, Noise. exposure and ventllatlon

In. order'to limit: the daytimetannopance to an acceptable value,
we. have seen that it is de51rable to not congtruct huildings which
are not spe01ally protected agalnst n01se, in locations where R i1s

‘equal or greater than 84. f

It is probable that, livlng'conditions could be acceptable at

locations which are sllghtly n0151er, under the condition that the -

re51dents live In apartments designed to attenuate the noises, com~

opared with the outside.

The problems of reducing external noise are intlmately relatcd

'”f'to the problems of Ventllatlon and heatlng
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In the usual apartments, residents have to open w1ndows, espe-
‘*c1ally durlng the off-season and in summer, in order to provide pure .

. air and an acceptable thermal env1ronment

‘ As far as air purity is concerned, ?opening the windows often
“compensates for ventililation 1nsuff101en01es. Of course, this is
fsubJect to noncontrollable variatlons 1n wind and heating input
conditions. ' ' '

As far as the thermal comfort is cOncerned‘ comfort in summer
- requires that windows are dlmost constantly open or half open. - /LT15
- The movement of air which results goes from the facade in the shade '
to the facade in the sun. ~Thils, in part, allows compensation for
external solar input. We can consult the study publlshed in Docu~
ment No. 608 (dellvery 72) for this- subJect

- ) o » |

Often it is necessary to open windows during the heating periods

of the intermediate seasons in order to avoid overheating due to
'binSufficient'comtrol or due to an instailation which is too inert.
'eAlso, sometimesithe occupants wishmto sleep with fresh air.

Even though we do not have the results of studles on this sub=-
ject, we can assume that openlng w1ndows in a ‘usual apartment occurs

~— for on the order of one hour peﬁ day in the winter,;
~— for several hours per day in the mid-season,

== almost contlnuously durlng the summer days.

‘ Thefefore,'we have seen that windoﬁs play a very important part
for ventilation. They also play an important part for acoustic in-
sulation. It is known that in apartments made of traditional materi-
als (brick), noise penetrates into the apartments essentially through
the windows,. ‘even. if they. are.closed or well 1nsulated *

*
7;I‘hls is not true 1n the case of 1nd1vidual houses with a light
ceiling. .
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Under these condltions ilf the res;dent is exposed 31multaneous— /T
ly to thermal and acoustic constraints, he will open and close his

 j”w1ndows in ‘order to select the best possible combination of the two

annoyances.

Durlng our survey, we found that the percentage of people clos-

y 1ng their windows because of noise - 1ncreases as the noise level in-
.creases. This percentage is 207 for R = 78/83 and 30% for R = 84/89.

';Therefore even in the zone where one estimates that the annoy-

" ance is acceptable (R< 8&) a nonnegllglble percentage of people

close thelr w1ndows due to n01se

- If one examines Appendix No. 10, we can see that on the average,
the traditional apartment (3 mm window panes with normal sealing),
closed windows prov1des a protection on the order of 25 dB (A), or
what amounts to the same thing, on - the order of 25 PNdB, against ex-

uternal noise. On the other hand, w1de-open windows provide protec-—
tion whlch varies between 0 and 5 de01be1s Half—open windows pro-
~.vide a protectlon on the order of 10 decibels.

It seems reasonable to require bullders to provide acoustic
1nsulation (closed windows) which exceeds 25 dB when the noise index
exceeds 84, 1r the construction of apartments in, zones where R equals
or exceeds 84 1s authorized. ;

i

The problems of suppres31ng external n01ses are closely related /7
to the problems of ventllatlon and heating ' '

- ¥)Translator's note: French text repeats four paragraphs translated
" N . - . : (’ . K N

on page Th.

N
(3}



5

~ - For example, if the house is constructed at a location where /
R = 90, the insulation of the apartments must be at least . *) dB.

¥

Cons1der1ng the very large’ number of days during which ventila-

"v'tlon is indispensable, 1t seems necessary to require acoustic insula-
~ tion and also artiflclal ventllatlon so that windows do not have to

be opened, and which does: not reduce the protectlon against external
noise. Appendlx 11 gives the conditlons which the ventllatlon system:

" has to satisfy..

The‘previons requirements'could be‘softened for special cases:
single houses, where only one side is subgected to the noise, while
being’ entlrely subJected to solar radlatlon In the case where a
31n01e runway - 1s used ‘with an’ East~West orlentatlon this would in- -

: 7volve long 51ng1e bulldlngs parallel to the runway, located perpen—"
 .d1cu1ar to this runway to the North of thls runway. In such a case,:377:
‘_fethe North face of the bulldlng is relatlvely protected agalnst noise _
 f_ (reduct1on of 20 dB) and protected from: the. sun.  It is then possmblerv’“
‘ft“to open the windows along this side in order to obtain ventllatlon 'Lv‘
v“”Wlthout belng annoyed by the noise. In this" case, we can assume ‘that .

the spe01a1 ventllatlon is not indlspensable and - the acoustlc 1nsula—ff

._:  t1on is only required for the Southwfa01ng side of the bulldlng
"wijf p0531b1e, the maln ‘room should be located in the North.

§

This reductlon in the rules is only valid if the building is

"ftreally isvlated. If other buildings are in the vicinity, such as
incan urban settlng, ‘no buildlng front Wlll ‘be protected because. of
noise reflection fromvadgacent bulldings '

For bulldlngs Wthh do not conform to these spe01a1 condltlons,

we can see that the solutlon can be found by using the follow1ng types n

of windows, referrlng to Appendlx lO

Illegible in French text.
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 Extreme indices which define .. Kind of windows

|

the noise zone-

. <8 o  Conventional windows
o84 - 89 S L . Windows equipped with thick:
ST R i ~glass, 5.5 mm thick, with
SR o ; ~ improved sealing. .
90 - 9k o o Double windows with glass be-
L . tween 2.9 and 5.5 mm thick,
- separated by at least 10 cm,
o S with Improved sealing.
94 - 99 : The same, with spacing at
B ' ’ : least 15 cm.

We would ldke to note that in certdin.ceSes, the speciel ventila-
tion will not be necessary: for economy j The expense for increasing
~the 1nsulation of the fronts will not be advantageous except for 307%
of the persons involved, if R is. between 84 -and 89. This is because
the other people will prefer to endure the n01se and have the ventlla—
"tlon (Flg 22). : §
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PIGURES AND APPENDICES /80
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'APPENDIX NO. 1

SEQUENCE OF MEASUREMENTS

- Paris suburbs

Year

1965 - Dates 1> Town

Address or name
of location

!
¢

Number of
stories in
buildings on
which measure-
ments were made

June
June

June

June
‘July

July

July

- July
~July

July
July

i July
Sept.

Sept.
Sept.

Sept.
 Sept.

Daﬁé blanche

| May 24 and 25__—_——»Garges les Gonesse ' :; 5
8 to 11__————~ﬂSta1ns ! Moulin Neuf ! 5
! : ¢ .
1 . '
14 to July‘5-—40hilly—Mazarin"~'i'La Voie de Launay jf
. _ oot eas oy (Limite de Wissous) s 5
18 to 28-——-——~wMorangls ! Colleége Route de* .
| 1 1 Savmgny . ) { bAti-
= R iment & 3
1 o “ © iniveaux & -
Lo : ! ! ' cproxlmite .
28 to July ; ! z : : ',} : C
S \\.Paray ¥1ellle ) ,5 4venue Guynemer o4 o
Poste Le Contin Gl 3
6 to 10 1 : ! ‘
1 ~‘~‘~““‘1Stalns o) Les Grlgnetléres i
- ?g.(Square Jules Guesde) 1 - §
6 to 12"“““*48tains g ,z;La,Pretresoel - : 2 -
12 to 21~————-4Long3umeau ' Quartier Croix Breton i 4 i
,12-to.glr___-—uLongJumeau ‘i Quartler St-Eloy ' ‘: 5
51 to 25._____—+Orsay -1 Paculté des Sciences 1 3
51 to 25’_____,»Orsay R ”_)t$'31, ‘Av. St~Laurent : -5
ot ) 1Villebon -1 Résidence de Villebon ! . 4
‘ o 9,—au,,w*Pala1seau : :f Rue Blaise Pascal ‘_;:;‘ 4
27 to 29— Massy | Rue Gabriel Péri | _
2 to 10,,/”/1 o -1 (route de Chllly ! :
. . . . *1 Mazarin) 113
%g///’/,/{WissouS» o .} Val la Croix ; 4
2 to 1 1 St-Rémy les Che- | ! o
10 to 20/:vreuse 1 Domaine de St-—Paul r 3
; Rungis } Parc . A
10 to 20”"”4V1lllers s/Orge 1 Rue' Pasteur 1.4
; . '
20 to 27,//’/

prevaills over the year. . .
HIncludlng several days where the measurement chaln did not ouerate

88
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% Not counting several days where the Wlnd was not the wind which



"‘.wﬁyffSept 28 to Oct

/104

APPENDIX NO. 1
(Continuation)

Year 1965 - Dates| . Town - - | ‘Address or name | Number of .
SRR o - R ~ of location stories in
o ~ 0 .. .« | bulldings on
5 e e .| which measure- .
B T ments were -
‘ SR I = made

fPrés Gare = anite de
.Ste=Genevieve

{Prés Gare S. N. C F.
‘ﬂ(CIqR s.) ' '
1545, rue Victor Ronelle
t Limite de Sarcelles

1 165 Joncherelles
:(Cité Delaune)

1" Rue.Paul Eluard.

t
!
r
l
!
r
' N
J’
l
!
!
l
f
i
1

“fjf:.sept 20 to 27““\-' ST-—M:.chel s/Orge

el 2""Orly :
. Sept. 28 to OCt‘ 5 fGlf sur Yvette”'
- oct. 6. o 13 ! Stains -
o Oot;¢6 to 13 .' rStaxns :
e Oct. 27 to Nov. 2 Salntlmnls

ERR i
Oct. 27 _to‘ Nov. 2% 1Sa:.nt Dem.s

; NoV112 to 10 !hAsnidres.
Nov. 2 to 12 1Asn1éres§

~ Noy. 16 to 23/§Pma§c’ sjeine .
X rgenieu -
Nov. 24 to Dec. 54 °

vor 4ot 0np t=a som

N

et Vs s gem S ey sma G
-t
-

T
v W

H» O .

" Rue'des Champs

'+ Courtilles

* Quartier Montgerbaud
| - Prds Gare -

oL
oW

[ 0w gm0t bmw 2w Sow tes tow 454 s—s sem sue

*¥Not 1ncluding several days when the wind was not the w1nd which
dominates over the year

'f**Includlng several days when the measurement chaln d1d not operate.

Tt
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- APPENDIX NO. 1
(Continuation)

~
l._)
(@]
N

:

MARIGNANE REGTON

* %% . , ‘

DATES

Towns

"of location

Address . or name

Number of
stories in
buiddings on

-which measure-

ments were
made ’

Dec.
Dec.

16 to 30,

1965
16 to Jan. 5, 1966

! Camaha
!Marlgnane -
! Marignane

1 ‘ .

i .
y Pare Camoin

!Clos St-Pierre
1 : )y

s e G e

Jan
Jan.
’Jah.
Jan.

.Year 1966  ;>:’
. 5 to 14 '

1 to 20

18 to Peb. 7
20 to Feb. T

{Berre L}Etané;£
1 8t-Victoret -
t R

'fVitrolles lelRogcas!H L.M.

! Saint Victoret : - !Groupe Cilof =
: ' o "prés College
Cabrlanne SR

f%'Clqchgr
R

Vo

D

an et Gom ol PeB St Gem sed GG S=n

4 équi
va- . .
. lemt

. LYON

- Feb.

Feb.
© Feb.
0 Fed

. Mar.

- Mar.

SUBURBS##¥# .
8 to 18
8 to 23

22 to Mar. 7
. 23 'to Mar. 14

7 to 21
1hto 28

"1

'Decmnnes »
Vaulx en Velln

'St—Prlest

Vaulx en Velln @
» 'Vaulx en Velln

'(coupe Gorge)
Vaulx en Velln

'*.Upine C',.'J'.‘.,A.,‘E

e
v

. ) . : i
.«.,;,.,' v PR

’Stade

,13, Av.Georges‘*

,Rouge

“11g Cordlere IR
R
,Rue André. Chenie;

'Rue Wllson U

l
.
.

B Sem Sp Sl S et St cok S PG St SR sum Sem Pk 2ol Gam Smp S4n

L Lo R ,(grange perdue) 1 ) 3 Xa-f
'Mar..2l-to April.5 ' _;ff:‘;; T 1 én
I '.'28 o 6 g!Rlllieux ; 'Z U P 16_:: i

7-féb' f 

. #¥¥Including the days when the wind was not the dominating’wina.f"_“' -



EXAMPLE OF MEASUREMENT TABLE T /106

APPENDIX NO. 2-
'1Intervals of acousticflevel j‘ Numbér of takeoffs
‘Time - ds (&) - . on runway 26  on runway 08 C
“interval’ 82,84 3"39 90/94 909 H00/CH K519 TG rauerien Tk ~ence Jet aircraft . - . S
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APPENDIX NO. 3 | - /10

* PROCEDURE FOR ELIMINATING OVERFLIGHTS WHICH DO NOT OCCUR ALONG THE
' PREFERRED AXIS | L o

The procedure for elimination was @he following:

a) Paris airport’(Le Bourget “and Orly)

- If, overia certain number of hours of the day, a rather strong
vwmnd prevailed so that alrcraft takeoffs could not be made along the
| preferentlal axis P, the results recorded during this period were not
taken into account. Sometimes the wind changes and takeoffs occur |
along wvarious runways over the day. In this case, the entire day 1is
ellmlnated if -the number of takeoffs in the nonpreferential dlrectlon
is equal or greater than 1/3 of the total number of takeoffs.

: = If this fractlon is not achieved only the takeoffs not along

tdnthezpreferred axis P are eliminated. Two exceptions were allowed to
| this rule, in the particularﬁcase of measurement carried out at:

Asnieres . and at Epinay. ; R | '

At ASNIERES- over the measurement period which coincided with
a wind period from the North which wanfather strong and persistent.
The corresponding results for takeoffs to the West were retained,
even though the number of fllghts to the West did not reach 2/3 of
the total number of takeoffs The town of ASNIERES is hardly ever

: overflown except by long distance alrcraft going to Africa, and

have to take off from a longer runway (25) that is, to the West.

- AT EPINAY—, we establlshed that the noise 1eve1 was at least
as large durlng takeoffs w1th the w1nd from the North, using runway
03, as during takeoﬁfs 1nto the wind i1n the direction West There-
fore,'no‘measurements were eliminated. ..

h)  Marignane Alrport . PRI S - /108
The‘eliminationIprocedure'for Berre 1'Etang on less representa-
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'tffover the year

I

The preferentlal axls 1s therefore the Southeast/Northwest

15d1rectlon (runway 32),'whlch is used by about 707 of the aircraft

i

It happens Very often that takeoffs occur along the axis 32

w?fsﬂand landlngs along runway 14 (even towards the Southeast) on days
"'-when the wind is weak, whlch tends to reduce the annoyance from air-

ocraft noise around Marignane

| The_exception'to_this rule,is,Saint—Viotoret (2 measurement

points) wherefﬁmaperceived noises on‘the one hand'are:

~rextended*noise from the dominant;wind (North), i.e., noises

. from takeoff to the North, the noise from overflights (training on
‘:Boelng 707): and landing n01se in the North dlrectlon (except when

u:f.the wind is nonex1stent)

- This'occurs-250 days per year, approximately.

- Also,'the'noise.Which?is extended‘to the South by the wind,
for about 115 days per year,ii.e;, the takeoff noise and the Sailnt

’Victoret (CILOF) overflight noise. We oombined the average of 19

measurement days (10% of wind from the~§outh only) with the average
of the days when takeoffs to;the‘South were recorded.

At SaintiVictoret’(bhuroh}, it was sufficient to take the aver-
age of 18 meaSurement.days (1/3 wind to:the South). ’ '

- In the two cases, we find a quadratic mean of 98 dB (A), but

:‘_w1th a slightly different number of passes.

For the localities Marignane City (2 measurement points) and
Vitrolles le Roucas, we made no ellminatlons at all. The extended
noise 1evel and its frequency did not: depend on the wind directlon
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a'tlve days compared with the yearly averages the same as before ‘exfdf"

vﬁﬁpept for the domlnant w1nd dlrectlon Wthh is the Northwest
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¢) Lyon Bron Airport

The same elimination procedure was. used as for Berre.L*Etang
(dominant wind from the Norph), except for 3t~ Priest (Isere).

. The extended noises,at’St—?riest'are:
- the landing noises to'the North, the training overflight
noise for Boeing 707s, and- also the takeoffs to the North, when

the Wind is weak or comlng from the North (about 250 days per year).

The noise is characterized by a quadratic.mean (of peaks) of
86 aB (A), with 11 points per day. '

- On the other hand, for about 115 days per year, the takeoff'

_noiseyistothe South and aircraft passes. The noilse is character-

ized by a.quadratic mean of the peaks of 91 dB (A) with 15fpoints
per day. ’ '

The comblnatlon of the quadratic energies gives 89 aB (A) with’ '

12 p01nts per day



'APPENDIX NO. 4

MODEL OF THE QUESTIONNAIRE WHICH WAS. USED BY THE APPLIED

.}j ANTHROPOLOGY RESEARCH AND STUDY CENTER -

..................... R PR SR
............. e 2 e
........ R SPTPUF (PE RS SN . 8
.......................... eoo b ceeeerinerseneanees O
............. F O U S S PR L
Building: . | . . Stairs: |
kDoor _" L :‘.% f: o IOFloor:
'Sex:“Man ..,.,.....,...é;.;;fl IJ “Woman ...{...;.;;.;.O2
Age: " 20 to. 24 . | “vltﬁffoB to 49 - 6.
B 25 to 29 12 50 to 54 T
30 to 34 e 3 55 to 59 8
35 to 39 L 60 to 64 9
40 to 44 5 65 and over 10
'Profe531on of the subgects (or the head Of the famlly)
Farmer S yg. 1 :Bu51nessman '
Manual labor ig, 2 ‘Employee
- Qualified worker i 3 Lower echelon
Technician - ﬂ 4 . Higher. echelon
Craftsman o Z ‘ 5 - Liberal professions 10

SOCIOLOGICAL STUDY ABOUT LIVING CONDITIONS IN
- THE NEIGHBORHOOD

Address: : o f 3

‘Number of children 11v1ng in the apartment°

- Less than 5 years
- 5 to 10 years ‘
i

- 11 to 15 years
~ 16 to 20 years

-tHow long have you been.living here:

-~ Less than_6 months 1
- 6 mon. to 2 years = 2
~ More than 2 years . 3

O o 3 O

/110
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7 - Do you like this ne1ghborhood°
‘ Yes.vovuuann. 1 § Moderately veves 2 No ... .3

8 - Are there things you do. ‘not like here or which are not-
: _? .

" proper here? ‘ | ‘
: Yes..oous.t 1 No....... 2
9. If yes, what are they? | ‘ ‘

10 -~ Are.ydu satisfied withgliving in this neighborhood?
Yes..vovvvevne I NOovierunn.. . 2
11 - Are you satisfied about the following
(Yes - No) |
."' the mer‘ChantS.. l:-'gq-nooq;'c:ovc 1
~ publiec transportation ve 2
.'f-:prox1mity to Work—place 3
= entertainment. ......,...5.'-U
‘.'-nelghbor‘s...q.-“:-.o..‘_.......‘. 5
hand nOise--.......v.‘....j.....'......... 6
¢ I 12 - If you could change,Oné of thebthings'you’have mentidned,
_Qﬂ"af*j  . which one would‘youuchange?' (Same numbering as in Q.11) -
13 - Do you like it here as much as in the beginning
| More..... 1 The same.;... 2 , Lessve... 3
1 14 —.Have‘ygu ever thoﬁght'of;moVing?n:j
' Y_es.<..q » c:o 1 NO;!'C O LI I ) ’2 .

15 - Why?

Which noise is noisier than most?

16

3

- I‘O&d traffic ‘o«_v_jn'-.-.‘-.|0-‘qoq_qq.o 1 E
- aircjraft-ﬂt alale aialn s «..q LR R R I I SO o 2
- noises inside the building.,... 3
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cige

19

20

21
22

—

3

17 - Does aircraft noise bother you? 5

o V'A.lot.;f..,.f ..... ‘15 | Somewhat..' ......... 3
. Quite a lot..... 2§ Not atvall......... 4

18 - Does aircraft noise do the followihg to you: |
’ (No.... 1 Sometimes..,.;E . Quite often..... 3)

¢

a) stops you from. falling asleep
b) wakes you up
¢) disturbs you when you listen to the
radio or look’ aﬁ television
d) makes the house shake o
e) makes you jump ; T B -
' £) disturb your conversations- A ’
g) disturbs you at other times and in other ways .

Yes..oovo 1 NOowiwue... 2

i
i

‘Does aircraft noise botber you more this year than last year?

Do you sometimes escape to certaln rooms 1n order to get away

4

from alrcraft ‘noise? o
Yesv.o'-oto 1 R NO.?.‘.b....'. 2

If yes, into which room?

Living TOOM..seeseivs 1 Patio room ...e.eveen. 3
KitcheN:.e.veqeesess 2 Street room.......... 4

{

'Hew many aircraft‘do‘you'hear over;2H hours? | |
MOI‘G than Sc‘couo.‘t olc . 1 ul tO 790"..000000-‘0-' Ll'

6 60 15.0eerraronas 2 80 OF MOTE.svesurnssn
16 to 40......en. 3 |

‘At what times are you disturbed the most by aircraft:

 Daytime ...... ...,3f 1. Night R LI

(Night: from the time one extlnguishes the light -

until the time one gets out of bed) -
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24 -~ Over the day, you are dlsturbed more and more when you do -

".one of the following? : ‘
: Llsten to radlo V... 1 Study, intellectual
Conversation....ceee.. 2 Work“""“'f"f"u
Readinge.eeeeesvsosaee 3 Reﬁt"”"f’d""""5
: - ~ ' Obher.vevivieesvesee b
".v25,9 Are your children disturbed by alrcraft nolse?

YeS 'v..".‘...-l,' . " NO.-;...._.-.. 2

~ﬂ26f~kDo they become more nervous because of aircraft n01se°
' s Yes....;.,;.,sltjf No., .,;.;;;. 2 '

‘-f277:lboes;aircraft_noise*disturb]you more-ddring;any‘partiéulap-7
© part of the year? . oot

v'ﬁvgsi;"xfyyes,'when? d" '»ffii'A R
- . Spring....s. 1 Autumn...<... 3
‘Summer..g..;;*2",E’Winter,;Q.lg.‘4

”if29f;fDo you sometlmes close the w1ndows in order not to hear air-
s craftO' i _.ﬁ;th:f{;g B : '
| | Yes....,;{;;f'ch;é:No......}:{, 2
,“"eSO’EiWould you like to have your apartment air conditioned so as
o . to not hear a1rcraft° §1- ' L
'bs(w1ndows permanently closed but the same pure air as though
BN they were open) e :: ‘
f;g;hﬁ'fuffdtf : c'ers,......,{l-l R No,.;..;;;,:le R
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APPENDIX NO:' 5 /116
" CONFIDENCE INTERVALS (+ 1.65¢)
(upper and lower limits,:in round numbers
which have 9 phancesfin 10 of not being
exceeded) . "
o . , PERCENTAGES -

. EFFECTIVENESS! 5 | 10 ; 20 ; 30 ; 40 ;/50 ; 60 ; 70 ; 80 ; 90 } 95 =
0 2} & !4t | 32 42 ;52 | 63 ; T4 | 86 e
1 8 ;14 [ 2 ;37 !48 158 168 ! 77 ! 86 1 94 ; 98

VU3 ] 7 ;16 t2s (35 ;45 ;55 | 65 76 | 87 | 95
200y 7 143 124 ;35 145 155 165 175 184 193 197
3 1 8 {17 ;26 ;36 |46 | 56 ; 66-, 77 | 8 | 93
2000 v 7 vr12 1235 134 144 154 164 174 183 192 1 97
0o | 4 1 8 {17 ;2T ;36 46 ;56,67 |77 | &8 ; 9%
t 6 112 123 133 144 .54 71 64 1 T3 185 192 t 96
so0 . 4 1 8 [18.{27 |37 [ 4T [ 57T {67 [ 78 |88 | 9%
1 6 ;12 122 133 143 155 163 73 182 ! 92 | 96
oo L 4 18 118 2T [ 37 [ 4T [ 5T [ 6T ;78 | 88 | 9%
6 112 ;22 133 143 153 163 LT3 182 192 ! 96
! ) ! ! vt ! ! ! ! :
700t g Ttqq 122 132 143 153 163 ! T2 182 191 1 96
b4 9 ;18 ;28 [ 38 |48 [ 58 ; 68 ; T8 | 89 | 94
800 . | g 111 22 132 142 152 162 172 18 191 1 96
T T e s i e m e B e,
5 : Poroopttor2t b 31 D41 051 L 61 P TT L8191t ,
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APPENDIX NO. 6

. DISTRIBUTIONS OF ANNOYANCE INDICES BY

R 72-77

i

01234
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APPENDIX NO. 7

|

' ANNOYANCE INDEX BY.
: PROFESSION

T FE N L T U A SR (T £
“f?hqu Nﬁﬁ\-+:;ﬁ,f#xxx¥5*rx}:=¢#fy

; P :
' * I
;‘ . **\ i ;«'

j-—.——.—..:-—-

3

‘ff:w4)5ﬁ

- R .« ____ Specialized workmen tasks . Craftsmen, businessmen
;n*~—~r——~; Qualified workers ‘ o ". Employeesb -
teeeceseaes 'Technicians,ikmed";‘c.um- level X x x x Higher level professionals

i
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APPENDIX NO. 8

WHAT DISPLEASES YOU IN THE NEIGHBORHOOD (Q.9)

The - responses were highly varled and were grouped into 12
classes: ' ”

1 - Commercial (expensive; fab»away'...)fg

‘2 -~ Transportation (poor)

"3 - Amenities of the nelghborhood (paths, to my satlsfactlon,.'

trimmed trees, external 11ght1ng, electrical outages,
'~poorly-ma1nta1ned roads, no,s1dewa1ks,.garbage dis-

posal; unsightly terrain, one—ﬁay roads, red lights,

playgrounds, Squares; gardens,;telephone).

L - Buildings (responses about the building itself : parking

spaces, expensive rent, condit;on of the building, etec.)..

5 - Aircraft (noise from aircraft and helicoptérs).

6 - Noise in general (internal noise, road noise, train noise
and undefined noise). '

Y Proximitx (people in the surroundingé, crying children,

mentality of nelghbors, shanty towns, dirty people,
life in general, dirty block of, houses).

8 - Isolation (far awgy from everything:'WorK, merchants, police,
post offlce, except for schools).

9 - Entertainment Cdancing;‘mQVies, spopts, social facilities).

10- Schools (no lunchroom, no high school, no child care,‘far away

from the schools)

102
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11 - Not a pleasant area Cmonotonous; too many people, too quiet,
- . not pretty,glifejnfn@;jgay}. ‘ ‘

‘ff12 Z Various factors (kerosene odor, dust, car and heavy truck

| traffic, no work for women, hills to climb, wind,

humidity, new construction 01031ng in, expensive

- living costs)

~ These responses came from 59% of the subjects,
- 41% complained about nothing '

40% mentioned. a single‘item of discontentment,
16% mentioned two causes of discontentment,
3% mentioned_three’causes of discontentment.

The figure shown In theéreport was»established for the first

cause of displeasure mentioned (see the follow1ng page giving the
‘table of percentages of responses).

(
l
l
3
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' PERCENTAGE OF RESPONSES (first cause mentioned)

FOR THE ENTIRE GROUP AND BY ATRPORT (all zones)

- Cause of displeasure gggii IOrlyv Le_Bpnnggt Marseille Lyon n
Merchants 17 22 13 8.t 17
Transportation | 1113 11 4 9
Neighborhood facilities g 6 ST Lj8 | 7
Building | 5 5 9 2 5
Aircraft noise .4.  7T 1 8. 0.
Noiée (undefined) - : y L 5 .'5 - 3.
Vicinity 3 2 oy oy e
Isolation '3nn -3 : 2 4 5
Entertainment _All 1 0 1 1
Schools 11 1 2 1
Avea - - 1 2 o 1 0.
-Various 2 1 r 2 1.
No responses - dettizz ke sa kg

(1) - 1% of the subgects responded "YES" to question 8:

"Are there th;ngs you do not: 1ike hereQ" and were not

able to mention any spe01fic thlng.

~
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APPENDIX NO. -9

of satisfaction indices by
’ - class

- acoustic
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~ APPENDIX NO. 10

' ACOUSTIC ISOLATION

R:‘_I)fi'Definiﬁion

| : 1) In the following we' will call. the acoustic isolation D of
~..an 1nhabited building with respect to’ aircraft noise the difference
. between thé noise. level which would be measured outsmde in free *

77,space (with the’ exception of the- ground) and the noise level mea- ﬂ‘f‘dl

sured lnSlde when an aircraft of the. Caravelle type passes in the

M'ffglfsymmetry plane of the facade (after reduction) and is viewed at an
'fwafangie of about 450 (with the horizontal) |

The noise levels are always expressed in PNdB or. in dB (A)

bff}fThe building is assumed to have the following

~fa1volume of 34 ip 23

S a“reverberation period of 0 5 seconds
- a_traditional brick facade w1th a 2\1$3window

" ‘The noise is assumed toionly pass fhrodgh‘the facade.

_ 2) By "window with improved air sealing," we mean a window
~such that when there is a. 100 Pascal pressure hetween the outside

and the room, the air flow.fatefis larger or equal‘to.l2ﬂm§/h m2.’

The‘"Windows with normal air sealing" are defined in. the same |

ff; way, and the limiting flow rate is 60 m3/h m2

~N
[
n
£

fII)f'EXamples of acouStic-isolationsvv

|

Taking into aoeount‘thébstudies:mentioned at the;end of the

106 ‘a,‘ B ,i :




j

:°»[?"Appendix as well as those now in progress at the C.S.T.B. labora-

‘ torygiwéuestablished, on thefaverage,'tﬁat_the acoustic isolation
. of inhabited apartments. is the following:
B fgi).'Roomlfor which thé-winddw is hgif'oben (a pane is Open.
. ' by about 10 cm). ' | o '
D =10 dB

2) (Opening window equipped with 2.9 to 4.8 mm thick panes.

27 aB

improved sealing D

i

normal seaiing ‘ D

3). Opening window-equipped with thick glass Cel;giblé)iéﬁjmm
thick. L » Lo

29 aB
25 @

i

improved sealing = D

normal sealing =« D
4) Sealed windows With%panes 10 to 12 mm thick. .
D =29 dB

5) Opening window with double glass (2.9 to 5.5 mm thick
" panes spaced byilO'mm of air) -

improved sealing D = 25 dB

6) Double windows which open, with 2.9 to 5.5 mm thick panes
- with a spacing of 10 cm between the panes.

improved sealing D = 38 dB

7) Double windows which open, with.2.9 to 5.5 mm thick panes, /125
with a spacing of 20 cm between panes. . '
~ improved sealing o D:=‘Q8 dB
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» tained in the following

'»Remark 2

Remark 1. | - |

Since the characteristics of the facade and the room

differ from those indicated in paragraph.I, there 1s reason
- to introduce a correction using the general laws of acoustics.

{
|
H

J

The preceding data ' can be modified as a function of the .

results now in progress at C.S.T.B.

The 1solations were determined from measurement results con-

A

1) Sound insulation measurements on windows and cavity brick

'walls by G. H. Aston.
| Report of the 19“8 summer symposium of the acoustics -

group. ,
i

2)  Sound insdlation/of WindOWS'by,R; M{‘Woolley

Current papers?No.'64 B.R.S.

3) The sound attenuation of glasses and glass coverings by
A. Eisenberg '

.jilst part, single panes, which appeared in ' /126

- glastechnische Berichte No. 297, Aug. 1958,

2nd part, double pane windows, which appeared
. in glastechniche Berichte No. 544, Noy. 1961,

4). €.S.T.B. (measurements In progress, not published).



IV) Other-studies concerning the transmission of noise by windows:
1. J. von den Eijk and M. L. Kasteleyn
: 4IS'measurements}of'noise transmission by windows.
~ which appeared in Technisch Physische Dienst

« - T.N.0. at T.H. No. 35, March 1952.

2. Blogkihg action_of_glass windows which appeared inAglastrum-'
No. 3 - 1967. . LT e
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APPENDIX NO. 11
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~ REQUIREMENTS PROPOSED FOR VENTILATION
AND THERMAL COMFORT

In order to enhance the sonic protection of windows, it is now

"necessary to’close them. InAorder to Satisfy‘thearequirements for
:pure air and thermal comfort, it is appropriate to take all or some
of the following precautions, depending on how serious. the problem -
is. : :

: In all cases, 1t is appropriate to provide for external
*”psolar protection, with a solar factor equal to at least Q.15
(see the definition of this characteristic in the paper of -

c.s. T B No. 608, delivery 72)

2) - Flexibility of heating

In_order to avoid that the occupant has to open windows
in order to relieve overheating conditions during the iInter-
mediate season, the following is appropriate: = '

- to always rejeot‘installations with a large inertia. /128

and espeCially those where the total heating capacity.
~1s provided by the concrete floor,

-~ 1if possible, have an installation which allows a regula—‘
tion using the facade,

- in extreme cases, to provide for a very flexible installa=-.
tion With the possibility of regulation for each room.

110



3) - Supply of ventilation air
_The'direct air intake in_the‘facade'is prohibited.

In most cases it is appropriate to provide for a ;f
mechan1ca1 supply of air' ‘

- the:air inlets will‘be located in the main rooms
and living room;

- the air will be supplied mechanically using conduits,
from one or several air external intakes not situated
along the sun—exposed facade,

- the flow'rate w111 be controllable'between one times

 _the volume of the room (normal flow rate in order to
provide air purity) and four times the volume approxi-

o mately (flow rate required for providing comfort in
summer) . in only the sun—exposed rooms; '

In less serious cases, one can do. the following:

- provide mechanical air supply in only one part of thel
main rooms, those which.have the poorest acoustic ex=
posure and thermal exposure (West and South)

- provide a natural'equivalentrsyStem if the plan allows

’ H)'é'Extraction of veﬁtilation'aire f . : [129:

It will always be“g0063 but nottabSolutely necessary, to
provide mechanical removal of polluted air from service rooms :
kitchen, laboratory, toilet. ‘ =

e e, L
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Inertia of the oonetruction design -

. The comfort in summer will become more difficult to'pnovide

more

- this

112

‘the smaller the inertia of the building. - Therefore,. it is

important to follow ‘the precautions given above, the lower_
inertia is. - In document No. 608 of the C.S.T.B., series

"n@82 _we find 1nformation about this concept of inertia.
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