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SUMMARY 

A series of p i l o t  s tud ie s  has  been conducted i n  both t h e  f i e l d  and t h e  
Laboratory t o  inves t iga t e  t h e  e f f e c t s  of noise-induced bui lding s t r u c t u r e  
J ib ra t ion  and t h e  ra t t le  of objects'on human response t o  a i r c r a f t  f lyover  
noise.  The f i e l d  s t u d i e s  w e r e  conducted i n  a c t u a l  a i r p o r t  communities, 
md t h e  s p e c i f i c  ob jec t ives  included t h e  determination of subjec t ive  de tec t ion  
thresholds f o r  v i b r a t i o n  and ratt le,  as w e l l  as the  e f f e c t  of v ib ra t ion  and 
ra t t le  upon a i r c r a f t  no ise  annoyance. The laboratory s tudy,  conducted a t  
Langley Research Center, w a s  concerned pr imari ly  with t h e  f a c t o r  of ra t t le .  
Ilhe s p e c i f i c  ob jec t ives  included t h e  determination of r a t t l e  de tec t ion  thres-  
holds, ra t t le  annoyance thresholds ,  and t h e  e f f e c t  of r a t t l e  on t h e  ove ra l l  
annoyance response t o  an a i r c r a f t  f lyover  noise  event.  

A s  a r e s u l t  of these  s tud ie s ,  t h e  v ib ra t ion  de tec t ion  threshold w a s  

The ra t t le  of ob jec t s  w a s  
determined and bui lding s t r u c t u r a l  v i b r a t i o n  w a s  found t o  increase  t h e  annoyance 
response produced by an  a i r c r a f t  no ise  event.  
observed very inf requent ly  i n  the  f i e l d  study and i n  the  laboratory study 
ra t t le  w a s  found t o  be of no s igni f icance  and not important. 

INTRODUCTION 

Airport  community noise  surveys ( r e f .  1 )  and complaint records ( r e f .  2) 
have o f t en  highl ighted bui lding v ib ra t ions  and assoc ia ted  r a t t l e  of ob jec ts  
within bui ldings as a source of annoyance t o  r e s iden t s  l i v i n g  i n  a i r p o r t  
communities. 
development and operat ions because of t he  low frequency and impulsive na ture  
of he l i cop te r  no ise  s i g n a l s ,  
he l icopter  noise)  on people who are exposed t o  the  noise  while indoors can be 
i l l u s t r a t e d  as shown schematically i n  f i g u r e  1, Airc ra f t  operat ions generate  
noise  which impinges upon t h e  e x t e r i o r  of a house and i s  then t ransmit ted 
through t h e  house s t r u c t u r e  t o  the  i n t e r i o r  where it is  perceived by the 
res ident .  I n  some cases ,  t h e  noise  impingement and sound transmission process 
w i l l  produce s t r u c t u r a l  v ib ra t ion  and/or t h e  ra t t le  of ob jec t s  within the  home. 
I f  t he  magnitude of any (or  a l l  th ree)  of these  physical  s t i m u l i  are above an 
ind iv idua l ' s  de t ec t ion  threshold,  i t  is l i k e l y  t h a t  t h e  ind iv idua l  w i l l  not only 
perceive them but w i l l  combine them i n  some way t o  produce a t o t a l  annoyance 
response. 
c r a f t  no i se  i s ,  therefore ,  dependent upon some type of i n t eg ra t ion  of t he  th ree  
physical s t imu l i .  
t he  house together  with the  associated bui lding v ib ra t ion  and ra t t le  c o n s t i t u t e  
t h e  major physical  aspects of t h i s  environment. The subjec t ive  response t o  t h e  
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This v i b r a t i o n / r a t t l e  may be a p o t e n t i a l  detriment t o  he l icopter  

The impact of a i r c r a f t  no ise  ( inc lus ive  of 

The r e s u l t a n t  annoyance response of a community r e s iden t  t o  an air- 

The noise  generat ion and propagation i n t o  t h e  i n t e r i o r  of 
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physical  environment, however, involves a determination of s epa ra t e  noise ,  
v i b r a t i o n ,  and r a t t l e  d e t e c t i o n  thresholds  and t h e  manner i n  which t h e s e  
sepa ra t9  physical  f a c t o r s  combine t o  produce a t o t a l  annoyance. This paper 
presents  t h e  r e s u l t s  of a series of f i e l d  and l abora to ry  s t u d i e s  t h a t  were 
conducted t o  (1) ob ta in  d e t a i l e d  measurements of t h e  n o i s e l v i b r a t i o n l r a t t l e  
environment, (2) ob ta in  sub jec t ive  annoyance responses t o  t h e  combined envi- 
ronment, and (3) attempt t o  de f ine  the  psychophysical r e l a t i o n s h i p  between 
t h e  sub jec t ive  responses and t h e  physical  environment. 

The f i e l d  s t u d i e s  w e r e  conducted i n  a c t u a l  a i r p o r t  communities. Spe- 
c i f i c  ob jec t ives  of t h e  community s t u d i e s  included t h e  determination of sub- 
ject ive de tec t ion  thresholds  f o r  v i b r a t i o n  and r a t t l e ,  as w e l l  as t h e  e f f e c t  
of v i b r a t i o d r a t t l e  upon a i r c r a f t  no i se  annoyance, 
conducted a t  Langley Research Center w a s  concerned pr imari ly  with inves t iga t ing  
the  relative importance o r  inf luence of t he  f a c t o r  of ra t t le  upon sub jec t ive  
annoyance. The l abora to ry  s e t t i n g  w a s  s e l ec t ed  f o r  t h e  r a t t l e  inves t iga t ion  
s i n c e  it  is very d i f f i c u l t  t o  de f ine  and measure r a t t l e  i n  t h e  complex environ- 
ment of a f i e l d  study. 
determine, under con t ro l l ed  condi t ions,  t h e  r a t t l e  de tec t ion  threshold,  r a t t l e  
annoyance threshold,  and t h e  e f f e c t  of r a t t l e  on a i r c r a f t  n o i s e  annoyance. 

The l abora to ry  study 

Spec i f i c  ob jec t ives  of t h e  l abora to ry  study w e r e  t o  

COMMUNITY STUDY 

Procedure 

The community study reported herein w a s  conducted i n  the communities 
surrounding John F. Kennedy In t e rna t iona l  Airport  (New York Ci ty)  i n  conjunction 
with the  government’s assessment program of t h e  Concorde supersonic t r anspor t  
( r e f .  2 ) .  A number of homes i n  t h e  Kennedy Airport  area w e r e  u t i l i z e d  f o r  t h i s  
study, and t h e  s u b j e c t s  who pa r t i c ipa t ed  included both r e s i d e n t s  and members of 
t he  NASA monitoring team. The test procedures can be bes t  described i n  
conjunction with t h e  photograph of f i g u r e  2.  
group of sub jec t s  p a r t i c i p a t i n g  i n  the  sub jec t ive  response tests as w e l l  as 
some of t h e  instrumentation used t o  ob ta in  t h e  physical  no i se  and v i b r a t i o n  
measurements. Microphones were located both indoors and outdoors (not shown) 
f o r  recording t h e  a i r c r a f t  no i se  levels.  Accelerometers w e r e  used t o  measure 
t h e  a c c e l e r a t i o n  levels of t h e  window, w a l l ,  and f l o o r  ( v e r t i c a l  and ho r i zon ta l ) .  
A l l  t h e  physical  d a t a  w e r e  recorded on magnetic t ape  i n  a mobile acous t i c  van 
( located ou t s ide  t h e  residence) f o r  later ana lys i s .  Since t h i s  w a s  a community 
study u t i l i z i n g  a i r c r a f t  f lyover  events as they n a t u r a l l y  occurred, no con t ro l  
over t h e  sound sources w a s  possible .  Consequently, both sub jec t ive  r a t i n g s  and 
physical  measurements w e r e  obtained f o r  each f lyover  event t h a t  occurred during 
a test  se s s ion  which nominally l a s t e d  about 1 / 2  t o  1 hour a t  each s i te .  

This  photograph shows a t y p i c a l  

The technique used t o  ob ta in  the  sub jec t ive  response r a t i n g s  f o r  each 
f lyover  is i l l u s t r a t e d  by t h e  sample f lyover  event r a t i n g  form of f i g u r e  3 .  
Each f lyover  event w a s  assigned a f lyover  number by t h e  test d i r e c t o r ,  and t h e  
number w a s  w r i t t e n  on t h e  r a t i n g  form i n  the  appropr i a t e  space by each sub jec t .  
A t  t h e  conclusion of each event,  t h e  test  d i r e c t o r  i n s t ruc t ed  t h e  sub jec t s  t o  
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rate t h e  f lyover  a t  which t i m e  t h e  s u b j e c t s  would i n d i c a t e  on t h e i r  r a t i n g  form 
whether o r  no t  they had detected v i b r a t i o n ,  ra t t le ,  o r  noise;  whether o r  not t h e  
v ib ra t ion ,  ra t t le ,  o r  no i se  w a s  annoying; and f i n a l l y  an  o v e r a l l  annoyance 
r a t i n g  of t h e  f lyover  on a numerical category scale which ranged from 0 t o  9 ,  
where "0" w a s  defined as "zero annoyance'! and "9" w a s  defined as "maximum 
annoyance.'' 
between noise ,  v i b r a t i o n ,  and ra t t le  and i n  properly using t h e  r a t i n g  form, only 
t h e  d a t a  from t h e  NASA "trained" s u b j e c t s  of t h e  assessment t e a m  are u t i l i z e d  
i n  t h i s  paper. 

Since many of t h e  r e s i d e n t  s u b j e c t s  had d i f f i c u l t y  i n  d i f f e r e n t i a t i n g  

T e s t  Resu l t s  

A t o t a l  of 109 a i r c r a f t  f lyover  events  a t  8 houses w e r e  experienced by a 
t o t a l  of 16 test sub jec t s .  With regard t o  ra t t le  de tec t ion ,  t h e  sub jec t ive  
r a t i n g s  indicated t h a t  on only t h r e e  occasions d id  one half  o r  more of t h e  
sub jec t s  d e t e c t  ra t t le .  This  implies t h a t  r a t t l e  may exe r t  only a minor inf luence 
upon a person's annoyance response t o  a i r c r a f t  noise .  However, due t o  the  
s c a r c i t y  of d a t a ,  it w a s  determined t h a t  a f i n a l  conclusion with respect t o  t h e  
importance of r a t t l e  should a w a i t  t h e  r e s u l t s  of a laboratory i n v e s t i g a t i o n  i n  
which t h i s  f a c t o r  w a s  s tudied under con t ro l l ed  condi t ions.  These r e s u l t s  are 
presented la ter  i n  t h i s  paper. 

Vibration w a s  de t ec t ed  by 50 percent o r  more of t h e  s u b j e c t s  on 21 
occasions a t  3 of t h e  8 houses. A l l  t h r e e  of t hese  houses were located i n s i d e  
the  40 NEF contour, and each had conventional wooden f l o o r s  above a crawl space. 
The r e s u l t s  of t h i s  phase of t h e  experiment are shown i n  f i g u r e  4 i n  which t h e  
percent of sub jec t s  de t ec t ing  v i b r a t i o n  i s  p lo t t ed  as a func t ion  of t h e  level of 
v e r t i c a l  f l o o r  v i b r a t i o n  i n  dB u n i t s  ( r e f .  1 pg).  The threshold of v i b r a t i o n  
de tec t ion  i s  defined as t h e  l e v e l  a t  which 50 percent of t h e  observers f e e l  t h e  
v ib ra t ion .  Consequently, f o r  t hese  da t a ,  t h e  threshold of de t ec t ion  is  seen t o  
be i n  t h e  range of from 62 t o  68 dB, ver t ica l  f l o o r  acce le ra t ion .  The range of 
62 t o  68 dB corresponds approximately t o  100 t o  105 dB, ou t s ide  sound pressure 
l e v e l .  Thus, i t  appears t h a t  a i rcraf t -generated ou t s ide  sound pressure levels 
g r e a t e r  than 100 dB are capable of inducing v i b r a t i o n s  of a magnitude s u f f i c i e n t  
t o  exceed t h e  threshold of v i b r a t i o n  de tec t ion  of t h e  occupants within.  

Figure 5 p re sen t s  t h e  r e s u l t s  of t h e  category sca l ing  experiment of t h e  
o v e r a l l  annoyance r a t i n g  of t h e  f lyover  events.  
shown as a funct ion of ou t s ide  A-weighted sound pressure level f o r  two ca t egor i e s  
of events,  namely f o r  a i r c r a f t  f l yove r s  i n  which t h e  threshold of v i b r a t i o n  
de tec t ion  w a s  achieved, and f o r  those a i r c r a f t  f lyover  events  f o r  which t h e  
threshold of v i b r a t i o n  d e t e c t i o n  w a s  no t  achieved. 
were drawn based on a least-square l i n e a r  f i t  of t h e  two sets of da t a .  The 
f i g u r e  and "paired t-tests" (based on, t h e  a c t u a l  d a t a  of one curve ve r sus  t h e  
predicted d a t a  of t h e  o the r  curve) show t h a t  a i r c r a f t  f l yove r s  f o r  which t h e r e  
w a s  v i b r a t i o n  d e t e c t i o n  were evaluated as s i g n i f i c a n t l y  more annoying than 
a i r c r a f t  f l yove r s  f o r  which Vibrat ion w a s  no t  detected.  
da t a  is  t h a t  s t r u c t u r a l  bui lding v i b r a t i o n  does have a s i g n i f i c a n t  and detr imental  
e f f e c t  on t h e  annoyance response of people t o  a i r c r a f t  f lyover  noise .  
s t u d i e s  of t h e  e f f e c t s  of a i r c r a f t  n o i s e  on people have no t  considered bui lding 

Average annoyance r a t i n g s  are 

The l i n e s  shown i n  t h e  f i g u r e  

An implicat ion of t hese  

Since most 
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v i b r a t i o n ,  t hese  r e s u l t s  may exp la in  some of the sub jec t ive  response v a r i a t i o n  
t h a t  occurs wi th in  and between va r ious  s t u d i e s ,  

LABORATORY STUDIES 

Rattle Detection and Annoyance Thresholds 

The l ahora to ry  study of ra t t le  de tec t ion ,  ra t t le  annoyance, and ra t t le  
e f f e c t s  on a i r c r a f t  no i se  annoyance w a s  conducted i n  the  Langley a i r c r a f t  
n o i s e  reduct ion laboratory.  
e f f e c t s  room (IER) which is shown i n  f i g u r e  6. This  room i s  configured 
t o  resemble a t y p i c a l  r e s i d e n t i a l  l i v i n g  room, and i t s  cons t ruc t ion  i s  
considered r ep resen ta t ive  of t h a t  found i n  a standard r e s i d e n t i a l  house. 
c o n s i s t s  of painted dry w a l l  over 50.8-mm by 101.6-mm (2 by 4) s tuds  on 
406.4-mm (16 i n )  cen te r s .  The dimensions of t h e  room are approximately 4 by 6 
by 2.5 meters. Noise s t i m u l i  are presented i n  the  room by means of fou r  loud- 
speakers which are located ou t s ide  and above each corner of t h e  room. 

The f a c i l i t y  used i n  t h e  study w a s  t h e  i n t e r i o r  

It 

Experimental design.- The experimental design of t h e  ra t t le  d e t e c t i o n  and 
t h e  r a t t l e  annoyance experiments involved p resen ta t ion  of a n  a i r c r a f t  no i se  
a t  a constant  level  with varying amounts of r a t t l e .  A s  shown i n  f i g u r e  7 ,  t h e  
peak A-weighted sound pressure level  of t h e  a i r c r a f t  f lyover  no i se  w a s  held 
constant  a t  7 1  dB while t h e  ra t t le  l e v e l  w a s  va r i ed  from 45 t o  61  dB(A) 
(measured a t  t h e  sub jec t s '  s e a t i n g  pos i t i ons ) .  For con t ro l  and r e p e a t a b i l i t y ,  
t h e  r a t t l e  level  w a s  produced by tape recording t h e  sound of dr inking g l a s s e s  
r a t t l i n g  when exc i t ed  by an  electromechanical shaker mounted t o  a china cab ine t  
containing t h e  g l a s s e s  and which w a s  d r iven  by a tape recording of t h e  a i r c r a f t  
f lyover .  For playback, t h e  tape recording of t h e  ra t t le  w a s  synchronized with 
t h e  a i r c r a f t  f lyover  no i se  and w a s  introduced i n t o  t h e  IER through a small 
loudspeaker located under a china cabinet  while  t h e  a i r c r a f t  n o i s e  w a s  played 
through t h e  overhead, ou t s ide  speakers.  The level  of t h e  r a t t l e  no i se  w a s  
adjusted by changing t h e  ga in  s e t t i n g  of t h e  t a p e  recorder  playback. 

A t o t a l  of 24 paid,  volunteer  sub jec t s  p a r t i c i p a t e d  i n  t h i s  experiment. 
Each n o i s e  and ra t t le  level combination w a s  randomized and repeated once and 
each sub jec t  heard every combination. A s  f u r t h e r  shown i n  f i g u r e  7 ,  t h e  
determination of d e t e c t i o n  and annoyance thresholds  w a s  addressed i n  two 
s e p a r a t e  tasks. For d e t e c t i o n ,  t h e  sub jec t s  w e r e  asked t o  rate whether o r  no t  
they detected t h e  o b j e c t s  i n  t h e  china cab ine t  r a t t l i n g .  For the  annoyance 
threshold t a sk ,  s u b j e c t s  were asked t o  rate whether o r  not  t h e  r a t t l i n g  sounds 
they heard w e r e  annoying. I n  e i t h e r  case, t h e  expected r e s u l t s  would be an  
increasing number of yes  responses with increasing r a t t l e  level.  The thresholds  
f o r  d e t e c t i o n  and f o r  annoyance are defined as t h e  level f o r  which 50 percent of 
t he  s u b j e c t s  de t ec t ed  the  ratt le.  

Results.-  The r e s u l t s  of t h e  threshold determination t a s k s  are shown i n  
f i g u r e  8 which d i s p l a y s  t h e  percent of "yes" responses f o r  both tasks as a 
func t ion  of ra t t le  level i n  dB(A) u n i t s ,  The r e s u l t s  shown i n  f i g u r e  8 i n d i c a t e  
t h a t  t h e  threshold of annoyance occurred a t  approximately 56 dB(A) which is  
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about 9 dB kigher  than t h e  threshold of d e t e c t i o n  which occurred a t  47 dB(A), 
That is, t h e  threshold of annoyance is  9 dB higher than t h e  threshold of 
de t ec t ion  and probably r ep resen t s  an important r e s u l t ,  
required t o  achieve ra t t le  annoyance threshold i s  believed t o  be abnormally 
high i n  a household s e t t i n g .  Therefore, i f  r a t t l e  i s  important as a f a c t o r  
t o  evaluat ion of a i r c r a f t  noise ,  i t s  e f f e c t s  could ope ra t e  only through 
de tec t ion  s i n c e  ra t t le  levels needed t o  achieve annoyance are no t  believed t o  
occur. 

Also, t h e  56 dB(A) 

Ef fec t  of Rat t le  on A i r c r a f t  Noise Annoyance 

Experimental design,-  I n  order  t o  determine i f  t h e  perception of r a t t l e  
a f f e c t s  s u b j e c t i v e  response t o  a i r c r a f t  f lyover  noise ,  an  a d d i t i o n a l  experiment 
was conducted based upon t h e  experimental design shown i n  f i g u r e  9. 
recorded a i r c r a f t  no i se  w a s  presented t o  t h e  sub jec t s  a t  four  d i f f e r e n t  
A-weighted sound pressure levels,  both wi th  and without accompanying ra t t le .  
A t o t a l  of 24 s u b j e c t s  p a r t i c i p a t e d  i n  t h e  test. Twelve  of t h e  sub jec t s  were 
exposed t o  n o i s e l r a t t l e  combinations, whereas the  remaining 12 s u b j e c t s  w e r e  
exposed t o  no i se  only. The s u b j e c t s  used t h e  magnitude est imat ion procedure 
t o  provide sub jec t ive  evaluat ions of t h e  a i r c r a f t  no i se s  with o r  without 
accompanying ra t t le .  For t h i s  t a sk ,  a l l  sub jec t s  w e r e  presented with an 
a i r c r a f t  no i se  a t  a level of 76 dB with no ratt le.  This standard sound w a s  
assigned an  annoyance va lue  of 100 and w a s  presented pe r iod ica l ly  throughout 
t e s t i n g .  The evaluat ion t a s k  f o r  t h e  s u b j e c t s  w a s  t o  a s s ign  numbers t o  
successive comparison a i r c r a f t  no i se s  (given i n  f i g .  9) t o  r e f l e c t  how much 
g r e a t e r  o r  less t h e  annoyance of t h e  comparison no i se  w a s  r e l a t i v e  t o  the  
standard noise .  For example, i f  t h e  annoyance of t h e  comparison no i se  w a s  f e l t  
t o  be t w i c e ,  t h ree  t i m e s ,  one-tenth, o r  one-half t h e  annoyance of t h e  standard 
noise,  t h e  sub jec t  would a s s ign  200, 300, 10 o r  50 t o  t h e  comparison noise ,  
respect ively.  

Tape 

I f  ra t t le  has an  adverse e f f e c t  on a person's annoyance of a i r c r a f t  noise,  
then a no i se  with ra t t le  would be r a t e d  as sub jec t ive ly  more annoying than a 
noise  without ratt le.  This  determination could be made s ince ,  as mentioned 
earlier, only half  of t h e  s u b j e c t s  were exposed t o  combined no i se  and ratt le.  

Results.-  The r e s u l t s  of t h i s  study are presented i n  f i g u r e  10. This 
f i g u r e  shows t h e  magnitude est imat ions of sub jec t ive  annoyance obtained from 
t h e  va r ious  sub jec t  groups (both with and without ra t t le )  as a funct ion of 
a i r c r a f t  A-weighted n o i s e  level. Figure 10  i n d i c a t e s  t h a t  increases  of no i se  
level produces increased magnitude est imat ions of annoyance r ega rd le s s  of 
whether o r  not  r a t t l e  w a s  p re sen t ,  However, t h e  most important implicat ion of 
t h e  d a t a  of f i g u r e  10 is  t h e  f a c t  t h a t  t h e r e  is no appreciable  d i f f e rence  
between t h e  "rattle" and "no rattle" condi t ions,  
ra t t le  d i d  no t ,  i n  a p r a c t i c a l  sense,  a f f e c t  t h e  s u b j e c t i v e  response t o  
a i r c r a f t  noise .  

That is, t h e  presence of 

The implicat ions from these  l abora to ry  s t u d i e s  are t h a t  any ratt le produced 
by a i r c r a f t  f lyover  n o i s e  should no t ,  of i t se l f ,  produce annoyance i n  a 
l i s t e n e r .  Furthermore, t h e  presence of r a t t l e  does no t  increase t h e  annoyance 
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caused by a i r c r a f t  f lyover  no i se ,  Caution should be exercised,  however, i n  
ex t r apo la t ing  these  l abora to ry  f ind ings  t o  t h e  real-world environment of t h e  
a i r p o r t  community where the  noise  impact i s  confounded by complicating 
f a c t o r s  n o t  present  i n  t h e  l abora to ry  such as p ropr i e to r sh ip ,  i n t r u s i o n  
i n t o  r e l a x a t i o n  t i m e ,  etc.). 

HELICOPTER FLYOVER STUDY 

A he l i cop te r  f lyover  sub jec t ive  response s tudy has very r e c e n t l y  been 
conducted a t  Wallops F l i g h t  Center, and d a t a  a n a l y s i s  is  c u r r e n t l y  underway. 
This study u t i l i z e d  approximately 100 test s u b j e c t s  ( f i g .  11) in  fou r  
groups; two indoors and two outdoors. Two types of house s t r u c t u r e s  were 
u t i l i z e d  (one b r i c k  veneer and one wood s id ing )  and extensive physical  measure- 
ments of s t r u c t u r a l  v i b r a t i o n  w e r e  obtained i n  t h e  s a m e  mammer as t h e  Kennedy 
Airport  study. I n  t h e  d a t a  a n a l y s i s  of t h i s  study, a c c e l e r a t i o n  levels of 
bui lding s t r u c t u r a l  elements w i l l  be  quan t i f i ed  as a funct ion of t h e  he l i cop te r  
no i se  level and w i l l  be compared with t h e  s i m i l a r  d a t a  from CTOL a i r c r a f t .  
primary quest ion of t h i s  study i s  t o  determine i f  t h e  he l i cop te r  no i se  d a t a  
c o r r e l a t e s  with CTOL no i se  d a t a ,  o r  i f  some c h a r a c t e r i s t i c  of t h e  he l i cop te r  
no i se  s i g n a l  ( r o t o r  bang, low frequency, e tc . )  causes i t  t o  be unique. I n  
add i t ion ,  t h e  sub jec t ive  response d a t a  w i l l  be  analyzed t o  determine i f  i t  is  
r e l a t e d  t o  amount of he l i cop te r  caused bui lding v i b r a t i o n  i n  a fashion analogous 
t o  t h e  way t h e  sub jec t ive  d a t a  w e r e  r e l a t e d  t o  t h e  CTOL no i se  d a t a  f o r  t h e  study 
conducted a t  John F. Kennedy I n t e r n a t i o n a l  Airport .  

A 

CONCLUDING REMARKS 

Based on an  extensive physical  measurement program and a l imi t ed  sub jec t ive  
response p i l o t  study conducted i n  t h e  J. F. Kennedy I n t e r n a t i o n a l  Airport  
communities of New York C i ty  ( i n  conjunction with t h e  government's assess- 
ment program of t h e  Concorde SST), t he  following concluding remarks can 
be made: 

1. A v i b r a t i o n  de tec t ion  threshold w a s  determined f o r  CTOL aircraft  and 
w a s  found t o  correspond t o  an  ou t s ide  o v e r a l l  sound pressure level of approximately 
100 t o  105 dB. This  implies  t h a t  a i rcraf t -generated no i ses  of t h i s  level can 
produce perceivable  s t r u c t u r a l  v ib ra t ions .  

2. The perception of v i b r a t i o n  w a s  found t o  produce an  inc rease  i n  t h e  
annoyance a s soc ia t ed  with an  a i r c r a f t  f lyover  event giving t h e  implicat ion t h a t  
v i b r a t i o n  is  an  important f a c t o r  which should be considered i n  t h e  assessment 
of a i r c r a f t  f lyover noise .  

3. The r e s u l t s  of t h e  community study and a laboratory p i l o t  study suggested 
t h a t  t h e  e f f e c t s  of ra t t le  upon sub jec t ive  a i r c r a f t  no i se  annoyance are neg l ig ib l e .  
This is based upon t h e  f a c t  t h a t  t h e  phenomenon of r a t t l e  w a s  observed f o r  less 
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:han 3 percent o f  t h e  a i r c r a f t  no i se  events  during t h e  f i e l d  study, and i n  t h e  
.aboratory study, t h e  presence of r a t t l e  d id  no t  appreciably inf luence 
u b j e c t i v e  evaluat ions of annoyance t o  f lyover  noise ,  
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Figure 1.- Schematic illustration of impact of aircraft noise on people 
exposed to noise while indoors. 

Figure 2.- Community noise study; human response to noise, 
vibration and rattle. 
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FLYOVER DETECTION ANNOYANCE 
NO. 

ANNOYANCE RATING OF FLYOVER YES NO YES NO 
e - VIBRATION- - - -  

RATTLE - - -- I I I I I I I .  1 . I  I 
0 1 2  3 4  5 6  7 8  9 

ANNOYANCE RATING: 0 - ZERO ANNOYANCE 
9 - MAX I MUM ANNOYANCE 

Figure 3 , -  Sample flyover event rating form used i n  
communfty noise study. 
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Figure 4 . -  Results of experiment t o  determine 
vibration detection threshold. 
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Figure 5.- E f fec t  of v i b r a t i o n  on o v e r a l l  sub jec t ive  annoyance t o  
a i r c r a f t  f lyover  noise .  

Figure 6 . -  I n t e r i o r  e f f e c t s  room of Langley a i r c r a f t  no ise  
reduct ion  labora tory .  
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NO. OF SUBJECTS: 24 

45 47 51 54 56 59 61 

TASK: I 
YES/NO DETECT1 

EXPECTED RESULTS: 
% 

YES 
DETECT1 ON 

RATTLE LEVEL 

I I  
N YES/NO ANNOYANCE 

THRESHOLD 

ANNOYANCE 
RATTLE LEVEL 

Figure 7.- Experimental design of determination of r a t t l e  de tec t ion  
threshold and r a t t l e  annoyance threshold.  

PERCENT 
YES 

RESPONSES 

Figure 8.- Comparison of ra t t le  de tec t ion  and 
ra t t le  annoyance thresholds.  
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RATTLE LEVEL, dB (A) 

NO1 SE 
LEVEL, 
dB (A) 

NO. OF SUBJECTS: 24 

TASK: MAGNITUDE ESTIMATION 
ANNOYANCE TO AIRCRAFT 

EXPECTED RESULTS 
SUBJECT 

ANNOYANCE 

AIRCRAFT NOISE LEVEL 

Figure 9.-  Experimental design of determination of effect 
of rattle on aircraft noise annoyance. 
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Figure 10.- Effect of rattle on aircraft noise annoyance. 
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ACCELERATION 
LEVEL 

NUMBER OF SUBJECTS: z2 100 
SUBJECT LOCATION: INDOORS AND OUTDOORS 
PHYSICAL MEASUREMENTS: STRUCTURAL V I  BRATION 
SOURCE DIFFERENCES: AMOUNT OF ROTOR BANG 
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? 
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Figure 11.- Subjective response to  helicopter flyover noise study. 
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