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THE SECRETARY OF TRANSPORTATION
, W4 SI4INGTON . DC 20590

Pit! ‘~~~ “ - -~rI •.

h onorable Walter F. Mondale
Pres iden t of the Sena te
Wash ingtorh. D.C. 20510

Dear Mr. President:

• \.~I am pleased to transmi t to you the enclosed study entitled
~ The Feasibility , Practicability and Cost of the Soundproofing

- 
- 

of Schools , Hospitals, and Public Rea lth Facil i t ies Located
Near Ai rports .” This study is requ ired by Scct iort 26 (3),
Appendix B of the A irport and ~\i rv~ay 0eve 1op~ent Act Amendi~ents
of 1976 (Public Law 94-353 ) .

As a result of this effort, I have concluded that the sound —
- 

- 
proofing of schools, hospitals, and public health faci l i t ies is
feasible arid practicable. The Department of Transportation will
be considering what further actions may be appropriate to prc~mo Le
this type of noise alleviation.

Sincerely,

Brock Adams

Enclosure
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J~.L 4 r ’3

Honorabl e Thoma s P. O ’Neill, Jr.
Speaker of the House of Representatives
Washi ngton , D.C . 20515

Dear Mr. Speaker:

\I am pleased to transmit to you the enclosed study entitled
-~The Feasibil ity , Practicabil i ty and Cost of the Soundproof ing
of Schools , Hospitals , and Public Health laci l i t ies Located
Near A i rports.” This study is required by Section 26(3),
Appendix B of the Airport and Airway Development Act Amendments
of 1976 (Public Law 94-353).

As a result of this effort , I have concluded that the sound-
proofing of schools, hospitals , and public health faci l i t ies is
feasible and practicable. The Department of Trans portation wil l
be considering what further actions may be appropr iate to promote
this typo of noise allev iation .

Sincerel y,

Brock Adams

Enclosure
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DIGEST

Section .~b(3) 01  the Airport and Airways Development Act Amendments
of 1976 (P. L. 94—353) requires the Secretary of Transportation to
report to the Congress with respect to the feasibility , practicabil i tv ,
and cos t of sound proof ing noise—impacted schools , hosp i ta ls , and public
health f a c i l  ities , in order to reduce the possible advers e  e f f e c t s  of

= a i r c r a f t  no i se .  This  r epo r t  f u l f i l l s  tha t r e q u i r e m e n t .

There is no known direct health effect (e.g., hearing loss) on the
occupan ts of public build ings due to aircraft noise in the United States.
Aircraf t noise does interfere with speech communications in affec ted
schools , and wi th sl eep ing or resting in affected hospitals and public
health facilities.

A survey of the impact of aircraft noise on 60 school and hospital
buildings was conducted near six major U.S. airports within Noise Ex-
posure Forecast (NEF) 30 areas to acquire a representative sample of
aircraft noise impact on such buildings nationwide. These ty p e s  of pub-
lic buildings provid e roug hl y a 20 decibel (dB) reduction of exterior
noise levels , so tha t in terior noi se f r om outs ide sources is perc ei ved
to be approximately one—quarter as loud as that same noise just outside
each building (each 10 dB reduction corresponds to a halving of the
perce ived loudness). For example , an a irc ra f t f l vo~- er produc ing an A—
wei ghted sound level of 90 dB outside a school building would produce a
level of 70 dB inside the classrooms of tha t b u i l d i n g . This level  of
no i se is s u f f i c i e n t  to interfere with spoken communica t ion  between
teachers  and t h e i r  s t u d e n t s , and t hus  i n t e r r u p t  c lass room ins t ruc t ion .
Improved noise reduc  t ion r eqt i  i res b u i l d  lug  mod i f  ica t ion s , to inc rease
the sound a t  t enua t ion o I the w a l l s  and c e i l i n g s,  i t  was found t i t a  t
c e r t a i n  bu i ld  ing mod i f  i c at i on s  could be grouped into categories which
p r o v i d e  the same orde r  of improvemen t  in sound at  tenua t ion. Cat ego rv A
modifications , pro\’ id ing a 10 ~~ i m p r o v e m e n t , pr ij uar i i  y co n s i s t  o f
r e p l a c i n g  exist ing windows w ith sealed double g lazing , and ins t a l l ing
w ea t h e r s t r i pping  and i n su l a t i on . Category B modifications , pro\ iding a
20 dB improvemen t  , i n c l u d e  el im m a t  lug windows  and sea l ing those areas
wi th exis t ing w a l l  m a t e r i a l s .  ~cc l t au  ica 1 ven t  ii a t  ion is inc I uded in
eithe r category .

Building mod if i cat ions f o r  noise r i d u c  t ion purposes  were es t ima ted : 
-

f o r  the  samp le o f  60 buildings su r v e v e d  as part of this study . Resui taut
- - n o i s e  r e d u c t i o n s  and cos t s  p r o v i d e d  a bas i s  I or extrapolat ion  to a ll

• suc h b u i l d i n g s  w i t h i n  a NEI - ’ l() impact area around a i r p o r t s  n at  i o u w i d c .

Tli~ n a t i o n w i d e  cost estimate or r eh ah i l  i t a t  ion of no i se— impar .’ ted
pub i  Ic and p r i v a t e  schools , hasp  i t a l s  and pub l i c  heal  Ut fac  i i i  t i cs near
a i r p o r t s  is shown in the f o l l o w i n g  t a b l e  together with the number ot

no i se—Imp a c  ted o c c u p a n t s  in these buildings.

C
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Item Schools Hospltals*

Buildings 1 , 100 90

Occupants 707,000 31,000

Rehabilitation Cost $148,000,000 $56 ,000,000

*iflcludes Public Health facilities 
. 

-

The rehabilitation costs are those necessary to achieve feasible —

and practicable limits of sound prooflng . While not as accurate as a
case—by—case application , these modifications reduce the total number of
students impac ted w i t h i n  the stud y (above an ambient A—weighted sound
level of 55 dB) from 84.0 to less than 10.0 percent , and the total
number of patients impacted (above an ambient A—weighted sound level of
50 dB) from 97.5 to 21.0 percent. Reduced levels of rehabilitation
might be preferable to those levels of improvement evaluated within the
study. These determinations should be made , however , on a case—by—case
basis.

As a result of the two categories of rehabilitation assumed in the
study for schools , hospitals and publ ic health facilities , it is estimated
that annually for schools, an average of at least $3.3 million worth of‘ I teaching time can be recovered and $1.78 million worth of energy costs
can be saved . For hospitals and public health facilities , the energy
savings are estimated at $.25 million . Additionally, benefits attributed
to reduced patient care time are indicated although this benefit has not
been est imated .

ii
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CUAPTER 1

I NTRODUCT 1ON

Public Law 94_353 ,* enacted July 12 , 1976, requIres that the
Secretary of Transportation conduct a study t o  assess “ t h e  t e a s i h i l l t v ,
pract icabil ltv • and cost of the  soundproof ing of schools , hospi ta is , and
public health I ac iitt les located near a i r p o r t s  • “ in conduct lug he
st udy, the Secre ta r y  was to consu l t  w i t h  and s o li c i t  the  v i e w s  of such
planning  agencies , a i r p o r t  sponsors , other public agencies , airport
users , and other  in te res ted  persons or groups as deemed ap ~’r o p r I a t e .

The S e c ret a r y  was t u r t h e r  r equ i red  to  r epo r t  the s tudy  r e s u l t s  t o
Congress w i t h i n  one v e a t  ot tht d a t e  of enac tmen t  of P u b l i c  Law ‘ 1 . 4 —  f ’ . 3
and to  inc lude  eg i s  lat  ive r ecomm e~ndat ions , i f  any , developed as a resu I
of the study

The t l n d  Ings and r e s u l t s  of this report arc based on a study con-
ducted and associated et f~.rcs undertaken by the Off ice of Eu~’ Ironment al
Quality ot the  Federal  Avi ation Administration (FAA).

Subsequent to the passage 01 P u b l I c  Law 9 4 —3 3 , the  Depar tmen t  of
T r a n s p o r t a t i o n  (DOT ) / FAA has developed a comprehensive A v i a t i o n  N o i s e
Abatement  P o l i cy  s t a tement  (November 18 , 1976) ,  wh i ch stresses  the  need
f o r  vigorous p r e ven t a t i v e  and corrective measures t o  m i n i m i z e  t he  Imp act
of av i a t i o n  noise . Moreover , the  DOT/FAA polic y recognizes  tha t those
e f f o r t s  cannot  be s u c c e s s f u l ly  co n c e n t r a ted  upon the a i r p lane a lone .
A c t i o n  complementary  to t he  q u i e t i n g  of the noise source ( t h e  a i r c r a f t
e n g i n e )  such as e f f e c t i v e  land use p lanning mus t  a lso  be encouraged .
The soundpru of ing  ol ex i s t ing  bu i ld ings  is cer t a i n l y c o n s i s t e n t  w i t h
t h a t  p o l i cy  sub jec t  onl y to the  co n s t r a i n t s  of f easibilit y , pract icab ii l i v
and cos t .  In add i t i on , recent  amendments  o the  Federa l—aid  hi ghway
s ta t u t e s  permit Federal  e x p e n d i t u r e s  fo r  the purpose  of noise’ a t t e n u a t i o n .
Soundproof ing of publ ic , and In some cases p r i v a t e  s t r uct u r e s  on a case—
b y—case  basis is  proceed i ng under  t h i s  a u t ho r i t y .

The stud y program e s t ab l i shed  to f u l f i l l  the l e g i s l a t i v e  r e q u i r e m e n t s
included  c o n s u l t a t i o n  w i t h  recognized e x p e r t s  in the f i e l d  of a c o u st i c s
and p sychoacous ti c s ;  discussions w i t h  o f f i c i a l s  h a v in g  j u r i s d i c t i o n  In
the  schools , h o s p i t a l s  and p u b l i c  hea l th  facilities under consideration ;
and ac tua l f i e l d  v i s i t a t i o n  at  a representative sampling ut b u i l d i n g  s i t e s
to gat her data fr on t which determinations of costs and benefits would be
derived . To assist in completing the technical aspects , the field

* Section 26(3) , Appendix B of the’ Airp or t and A i r w ay  Deve lopment
Ac t Aa*endments of 1976.
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i n v e st  t~~.i t ion s , and tilt ’ stat I s t  tea l impac t and cost  t a g  anai~- s t~~- of  thi~.
studs pt’t’gi’am, a contract ~os establi shed w i t h  t h e  F i a t i s  Svs t  ems t o t  -

p o l .~t io n , V lt ’t uta • \‘ I t’g in Ia , in conjunct io~ vi iii  Wv I i ’ I .iI’oi a t  or I ‘~ , f l
Sc gund~’ Ca l i t  ~‘t u i a . I i i  i s  i epo t’t  ~. based in I at ’ gt’ p a t  t on t l it’ i t ’ s i i  i t  ~

.

of that cont rac tu al et  t o r t .  t h e  docum ent  ( l lO t’ - - t ’ A A — A F t ~’— 7 / _ f l )  ct ’ t t t  a i t t t t i g
I he c o t t  tiac tu o l dat a ~‘omp I led is ,tv t 1 1 a i’Ie i i f ’ & ’ I t  t ’ tS itIt ’$ t .

Tb is report i s  presented In a Stt ~t te t i c c  w h i c h  pat’ o lie is the act iii!
s tudv pi ~~gt am d ’ve Ioptuetit . 1- ’ 1 i s t  , t tie st ud~ dat a had t o  be o b t a i n e d .
Fit is  cxci  c i so is  J e t  .t ii t’d i n  Chap It ’ r .‘ and coot a ins a d I se I I S S  t on  of  such
i t • l a t  t’d ma ~or i t  ems .ts determIning t h e no I st ’— i i u p o c  t 1’d a t e a s ;  t ltt numbers
and l e g  I ot is  o t he t told test s rt ’qu I red in orde 1’ to devc iop Ot ’ t ’ U I  .1
J O t  0 o F use i n  i t o  I i ot to  1 l ev i ’ 1 project ions ; the met hodo I o~ v t h r t s tg it
wit I cit t I e Id no i so mt’a so t  ~‘mt ’ n i  s you 1 ~l be ’ t .tketi and I he i ~i t t’nment at  I ott
ne’ces sal  v t or acqu  i t  t~~g meati I n g t u  I dat a

l’~ie magni tudt’ and dote rm I f lat  ion  01 t I~ c not  so i mp~t~ t on schoo is , ho s—
pit a ! s and public health toe ii i t los around a I i’poi’ is  t~~’r ~ ’ Jove  iopot i  t ie s I
and are J £ st’us~ t’J i i i  Chapt  ci’ . Tb is  pai’ t of t he’ ~ ot b st emitted d i Ie~ t Iv
rum l i t ’ t It ’ I d t iv es  I i got  i o t i s  and measurement  s t a k e n .

(‘f lo p  icr  ‘4 dc t  a I 1 s t host’ ~‘orrcc  t I \‘e’ cog I nec ring anti c~mst rue I ion
techniqu es ~lot etuiinctl to he’ app i i cab e in reh.’tf’ i i i  t a t  t og  h u t  l~t (ngs
imp acted by a (!‘po r t — U t  lateti iit ’l s t ’ in o t d e r  t o  lower t n t  or b r  no i~~~~’

t l e ’~’e ’ l5 .

The de term m a t  ion of  .‘ os t s i t ’ 1 at  et1 to t i l e ’ rehab ( i t t  .1 t ion of  a i i  p o t  I
i t o  i si ’—i mp ac t ed building s is ~‘out a (nod in Chop t ci. S and I p r e s en t  ~‘d on a
t a t  iono i l ev e l .  \‘a i~ ’in g  reg i ona l 000st  root i o n  anti m a t  or  t o  I cost ~-;

aken t n t  o cons i det - a t  ion in add Fe ’ SS lu g  th  i s  as poet  of  he vt ’

Chap t or  h discusses t lie bent’ I its t I to  t cou ld  be ocit i eyed hi’ough t h e
soundproo f ing o f  puhi Ic buildings and dot ti le ’S those hen~’t it s 0 0 0 5  ittet e~i
t o be’ most s i t~it i t  i ca n I .

A J e t  c i  in i f l o t  ton o t t he I t ’as ( h t  l i t  v , i u t f  p i o c  (c ab  I I i t  V ot  such
souud proe’ I tug i s . in  coo I it V 0 1, 01  f eet t o n  o l  iliap t ers  •~ * 

‘
~ .nt t t  t s

Rt’ttah l i l t  at  ot t , Cos t  s and bt’ne I its . t’ c sp t ’c t i v c  1 v ’i met i s  t t e at  t ’~l l~~ 
- -

t ’b t a p t  or ~
‘ 
.

( ‘hapt or S do lit ’ r i be s the ’ t vpe  and ex t e n t  of e’on s’u i t  at  ion s  and
coo r~l I nat i on  unde’ r t ok en .tt t he’ \‘a i i o u  S st at~e S o f  I itt ’ SOi l i l t ip  roe ’ t I t i g  stud v

~ t o g  t a m  and is 1 o I i  owt ’J by  a stinim a F V t ’fi op t c i  I. ntnnbt ’ t . ‘) ‘~ wit  I cit  i e i t  t ’ l a f  i ’s

t ile ’ b~ s i t ’ I m d  I t t t ~s of l i i i ’ out ire ’ s t u dy

Ap.-ir I 1’ re’m ( ito s tudv ‘ oi ’ I oc t i \ ‘Os , but of cii F O t ’ t I ut ores I • i t  i s
w o r t h  not ing that a c t  i v  ( I v  on sou n d p ro of  tug of pub i Ic  b u t  l~t t u gs i s  r i o —
c t ’~’~l i ug at 5t’~ ’ e’ i-a I I oca t Ions as a i’ e ’st i  f t  o f  local I i t  (got i on .  In Se ’J t t f e
t he’ opera tot’ of t h e ’ Se~ f t  I c —  i , t t ’orno A l t  p o l l  I ,’; be i ng t’ e ’q %I I red t o  p i v  t ii i ’

I
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cost  ot sou~tIptoo t tug ~~-v~’ial 50110015. ib is requii’e’me’nt at  t ’Se ’ ou t  o f
l i t  iga t it ’ti wit ie~tt cu Im m a  t ed In an ~‘p in  ion f ’v I l i e ’ Wa sh  t u g  t on Su p r e me ’
Coetr t in }it~ l~l ute’ Sc hoo l  l)i,’,ti’ l e t  v Port c *t  Sc,i t tb , 87 Wash .~d It , ‘-i S - -

P. 2d I OS t I ‘~ • t ile ’ Con i t  lie I~l t ito t wi te ’ i t ~ a gove’t’utne’u tot on i t  I l ;

ob l i gat e d  to  t u r n  ish se’t ’v i 0 e ’ wh ich t e ’ ,
~t l I t  t’l ,  CiSc ’ of  t’topi ’t I V just -

t’ompensat ion ma’~’ be’ measui e’d i’v t i l e ’ k -os  t of pt’~’~’ Id I ng ile ’t ’ e ’ s s, iry  t e ’p I
tnent foe t i l t  I es O U  t i l e ’ cos t  01 iiit lti i f  I t O  I 10111, i t t t ’ e’s5~c I V  I t ’ ~ on I tune ’  t i le ’ -

obi iga t or\’ elSe .

In a s l iii ii at matte ’ r • the sound p r~’t’ I I ng of  bt’ t we’en 30 a ttd 3’ so I t oo l  s
near los Aitge it ’s A i t p o i t is  t ak tug place ’ unde ’r a t ’ c ’i IS t ’il t dec roe. in
Le’s Att ~ ,e’ i e s  P u t t  I eti S~~1to ~~I l ie ~ C i  ty  ot  ~~s~~ ii~ e I t ’s . I os Ange’ I c’s Super  u oi -

C o ur t  So. 9ttSOtt 7 ,1 9 I t )  • tile ’ par t  ies ogicod to t x ~’Itange ’ $~~I 1 . ‘1 in i l l  i o n  l o t
0 flO 1St ’ t~asement on tt3 schoo ls  in I ive school di s i t it ’ t s. liii’ C i t  V o f  

-

-

Los Angel es has I i i  eel a pre—app i i t ’ O t  lit ti vi I i i  f’A;\ I ot I und s , t i u r o u g i t  -
the Airport Fte’ve’iopment  Aid  i’r ograut , to ass i s t  In t h i s  wet k . FAA -

-

is cu r r e n t  i\ ’ O S S O S S  tug th i s  p t o  ~t~~’ I to dt ’tt ’r~ Inc i i  S pess i t ’  it ’
ci Igih il itv under e’x i st  lug st , u t u t o r v  autho r i Iv.
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PA I A A1 ’ i~ i I ~~I F l  ~i5

~‘ i i ~ R~i I N A l I 0 N  t ’ l ’  NO1SI ’  lMh’A~ I t  Al~FAS

1 I l \ ’ t’S I I 0, 11 101) t ’i  h i t  1 i t t  I S5~ I ,~ Ot  Ot t ‘ Uc ’ , i  1 . 1 1  t l ’ c ’ I 5” ( ,O’  t Ie ’ I I I le ’ei in

!~u t ~ l t ~ L’u~ ‘i,.. t ’ ~1 i t ~~ t t e c ~ i t I t t c ~,~~~ i t l I l o t  i o i i a t t i e ’ ! j O l t  t o l l  01 01) , i F t ’~ t

.i u o t i t t c l  t i  i~~’~ ’ r t  s i m p ~t~~t e ’tl l ’v :111 ,‘ ra? I h o t s , ’ . l ’ f ie  b u i  1diit ~ s 
, , “1~~ l J t ’t etl I n

Ic s t ’ 1, ( V  won  Id  t i i e ’ii l’~’ t h o s e ’ ‘~, i t i t i t i  s u ,h  , i i i  t i i t p ~t~ ’ t~~’d . i t e ’j .

lilt 01 t ’ .l 0 1  U o i s t  t t s P ~t c  t s t i r  i - o t i t l t i t t tg  111 0 1  i f ’ c ’ t t  \ ‘Oi t t ’” 05 0 t u t t e ’t  t o l l
, ‘i  t i e ’ a u  t r o t  I i’pc Otlel uuunb e’i’ of ~‘p t ’ t  . t t  t o n s  t o  and t i - em  t h ~’ a i t ’ pot ’ t .

I t ’ S O l I l l t i f ’ U , ’t ’ t i n~ ‘; t t td v  C t 5 t ’ ci 0 s s ~ iIti l lc ~ u t  I ill~’. l t ’ I ,isst ’ssnit ’nt , t t ’~’t 0, 1, 11 t o i  01 I
a t  t t ’ , ’ r t — e ’o n u m u n t t  v , I i e , as , o t i — ~t d e ’r t ’e1 .  1 hc  “ ‘1~ ’ , t ~ ’J ~t p p i , ’oc ’I i  i s  k n o wn  as t I l e ’
N o  I so 1 x (’~’sitFe ’ t o  t ’ t ’ t ’ 1st  i NI- l-~ tile ’ t hotto  I o~~v s i t h  Ni l- ’ h) J~’s i g na t  i og  t i t , ’

, t i t ’ , t .  ,~lt t 1~ ’ S, ’V c ’i  al Ire ’ !  i ’ uc s e ’ S !  st  I or J e t  i i i  t u g  I to  u s e  c ’\ j ’O S l t t ’ e ’
at ip o r t s • Nb  ~d u s  i c ’ t ’ t ’g lI  t ,‘ e ’d ,wd u i t l c t t ’ i S t  c ’Oti ,is  o i l  c \ O , ’ ’ U t t ’ I t ’i~~ I

, i l ’, ’ v t ’ u , 1 i  1 oh , , ‘l i i r a : i I  1 t v  e’ ’o t i t ’ t ’ r n  inoc i t i t  s .  l’ftci , ‘ t  O l t ’ , t or t i t t  i~ t ‘ s i i ’  , t i l e ’

1 5 , ht ’s~ ’ i t o  Is ~in~I l’ ul l ’l i t  ‘Oe ~1 1 t i t  t Oc  I I i t  I t ’ S t t l t ’ti t i i  t ,’d , i s  be ’ t u g  l i t ’ SO

i ~u’~ t~
- ed c l i l t ’ s, ’ I o~’~t t t,’d w I t  i t  i t t  N i ’  I ’  ~~) t ’O i )t  o i l  I S . I 5 c c ’ 1’ 1 , ‘ t l  S t o  t i t t  — ;

t l ! i l ’ O t ’ I t i  I t e ’ 1  t , ’ t ’  s e t , ’ III , ld t ’ S I l t ’ l t ’ .l b o c ’,t 1 o u t  s r  l i v  ideu t I I  i t ’d ~~~~‘t ’t ’ i f  i t ’

S ~t ~‘ * 
ott t s Jo N I F ~i 1 , , i - ;  t i c ’ I ‘~c S, ’t i s  i t  I i t ’

~ l F 1  I) IN \  1 S I  1C,\ 1 I~ ’NS -

At t i l t  tOU I “ t i  i t  t , , i’;  cv i de ’n I I I i , i  I a i c i ’  I t ’ 500 1 ,t t i i’ o bitt I I s i t  ,‘J
t i t l I s t ’ ,’ 1 01  o t t — S  i t O  I I l V t ’S t  i t  t O i l S  hod  o is , ’ r i , i , 1,  - , ‘ t  S t i l t ’, ’ I s , hos 1’ i t  a I s
a~i I  pub l i t ’ Is’ i I t  ii t Ot ’ i I i i  I es ,t , ‘ l l t l , i  u t  ‘ o t t  5.  r h , ’ o t i~- s i t t ’ ~~~~ i i  t ig  s , l ~-
O t t  t ’ 5~~~,i  i i lv 1 i i i i  i t t ’ei is v t u t t l t i  t o g  .m e1 1 15, ’ 0 , ‘ ll  ~

, I I ,t  I 1115.

S t  s d i i  t e’t’ e’tl t i e ’g t ot i s  t o l l  I i  l i t  t he t’ont  I t I ’ ’ I i t i i  I n  I t  e ’ ci St  . t t  c ’S \~ , ‘i ’ t ’

t ’s i , t i ’  1 £ S h t ’J I s  S O l I I f ’ l 111 5 i t ’ e~ t o l l s .  ~~! i t ’ his is t o t  is’ J o t  c i  Si l t i . t t  i , ’li t~~t

$~lIil i ~ i t u g  t t ’O , I O t l S  1, l i t ’ i i I , l t ’J t i  150 1 1, ’ ,‘ o ’ i J t t  1 , 1 1 ’ ’ , i i i  I a l ’t  1 ~ t v  ot  h u t  Iditig
m at c i -  tot s anti I ,d’ot • t ~ ~‘~~‘ o f  ‘;t ’ t slil i 0 ~~~~ • I s al  c’O t i s t  t I l t ’ t I O i l  t t t ’t l t I s ,
, t t l e i  I , ‘ t ’ .i I e ’ , ’ c ’ l i t ’ l i i i t ’ O c ’ t i , b  i t  i c ’ l l ’ t  • l” t g t i t ’ , ’ I ~‘ i t , ’ t , I ’  t i l e ’ g ’ , ’ g t  t~ ’ l i  I t j  I s,’i’ , i i  -

a I t o i t  o f  I l i t ’s, ’ tt I ’’ I s  t ’ ilS  . \ h i  t o  I t i c ’s, t ’ lI ’ t I on  o f  ~‘a~’ Ii i , ’g io n  s- i t l i  I

qua I i i  v iu g  ~‘on ~I i t  t o n s  I o l  lo~ -s

— — Re ’g io n  \ :  lilt ’ F t c  it 10 c t ’~ t s t  I • o e ’ . l i t ’ 1 t t l i . i t  t ’ t o  i t ’ l , i t i i  c l i
itt L Id ,t s  I ~ t lit to Utl as I S t e ’ I’ t ’ ,t  N~~’ v ida 00 l b  i I i  s . l’lt i s a I ~ ‘ a
001 1 1 0  1 1 1 5  f l i t  i t ’ 111,1 01 11101 10~~0l  I t  .111 S c s I  l o t i s  ( I t t ’ ~‘oj ’t i  l , t t  t , ’t t ,‘ s ’I l s t ’i l —

i’ , l t  I t ’ll  15  U t ’ Lo t j o t ’ i i  h i gh , hi t u g  i is , i , i t  li i t  t h e ’ it i l l u s ~ of  l’k i l l  c,i
t t’ ,i ,I ’ ’ ’i . I i imb t ’t i s  p b i t t i t  e t l  ,15 I i ’ , ’ , l g g l ,’g at  t ’5 tot ’ 5’~’ti, ’i’et e’ , ,u n d

~~~~ I c ’the ’ i’ i i i  , t i i ~ I , t  t d h u t  let  t i ig  m a t  i t  t o  i s .  i ’llc ’ h i  511 t o  ,‘is’is 1~ 1 t ’\’ t ’ 1
ol ,t me ’t  i oi’ ’’i i tan , i ’ i , i  t n s f i i s t  t ’ i o t 1 1 0, 1  pe ’i’ iii t t S l i S t ’ 0 1  I l l O i t ’ t ’\ b ’ e ’i l S  l i e ’

t hod ,s t ue1 ma I t ’ I ’ 1, 1 I s  t or  a, ’ s l it , ’ t t o  t’ i t  r ~‘~‘s, ’s . So I 5111 I , ’ t i  V I , ’ I t it i s
t t t ’O i S  h i g h .Ute i 15 .111 i l i I f ’o t  1 , 1 1 1 1  , ‘ o i 1 s id e ’i’~ t I  t o l l .
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h :  i n l a n d  ~‘~ ‘ i i t  l i t - i t t  t o t  l I o t  l i t , ~‘, ‘ t t t  i i c ’ t  t~ N , i , l s l , l ~ .uid
So ot  t ’ S c ’ ’ t  c t t t  \ t  I .~ ot l , i  . t I  t r i a l o f  h o t  . s I t ’ , l . i I l l l l l i t ’ t 1’ , i t t d  I ,  l i t  t i e ’ I i

itt t Id t~ t n t  t us • t, 1~ ’’~t I i  i 00 11’ I i op o I i t  ~t l l  a t  ,u J o  l l , ’ t  ‘. I i ~
I u t t u f ’ s ’ 1 1 s Sf I ( t O  , h i t  t ‘ - t t t , i  . t t le t  S c , I ~‘g ~ t f~~’ s I ~‘i ~‘ l I c  I , 0 i~ I ,‘,
.1 i t  t t  111 i f  U I . t i  C ’ I 01 t ’ 

• i i i  t l i t  1’ .11 a l’tt t I~ t I h g  Is t~ t 11 1 , i i  , .i

sl, i t I l t  I j ’ t i t t ’ t t t , I ~~ t of s s I t ,  i t t  0 i l l , 1 l ’ , ’ i l i  I . t , ’ h i s I o t t  h I ~ ’t ~~~
, 

s t t t i , t L I l t

, l 1  ,‘ s , ‘s ’I  i i i  I l i i ’ i s ’ihl ‘ - 1 1 1 1 1  1 ’ ’ . I l 1 t ~ ~‘ ss’,tu i s ’n St  tie1 , I I l s l  ~, i I 5 , , ’ ,~sl’ t i 1 ~ l t  t~~’ l l

i S a i ’ ’s ’ i ’ t ’l ’  t i i a t  , , t :’~, ’ ’ t  l I l t ,  5 ,1 11, ,’ 11. l 0~,, I l l  s c ’ i ih ’ , l i  t ‘ Oil  I ’ ’ i . ,~~t ’ sl  S I ’  1 , 1 1
I t O l l  i i  05 Ilis ’i 0 1 t s ’ g i l ’ i l (  SI I l I t  I h g  . 

- 
-

- 5 , 5 1 0 1 1  C lb s i t u  o t t  md 1’ ,’ i l t  f t  \ 1 loo t t o  ~‘o~~ t t i l l ,  , i’iu i s , t i t , i

ito 0 I t  i , i t  I i  t ’ I ii) I I , 1 t ~~~~ ~ i t  it  l i i  gh t  hut~u i~ l u t  v , i t ~ J i 1’ o, I t
I iol , - i i t  I t  on I ~‘ .i i t ’i  t i l l ’ . ~‘l\ t s ~ i h i  i s i s  i S  t , , t t l  i 1’~ a i , t t l a l ’  1, •i~~
t~~ 1 t ’t ’ , t  I I t i n t ’ , ’ I . t ’ t  , ~ .111,1 , , h l ,  I 01 0 t~ I - o s  k oust  i n , ! 1 ou t j’ _ ’ f ’ u l  1 . t i

5 ’ 011 it s ’ t ’ si f 1 , i i i  i I t t ’ 11’ II  St s I  , I I I I .  0 1 t U  1’ 1 c ’t t ’ s I t O  I ’ i’ i’i 1 t ~ 
‘is ‘~ e ’ t i t ’ t I

he ’ ’, ~l l i l ’ t ’ of  t i l t  i l i g l l  t u I r i t , i  l i i  i i t d  5, ue ’i , ‘ t t l ’  1 ,1 1 11! a ll , , ‘ t C ,  I t i e  l ’ i , ’, i5
II. 0 ! I t ’ l  ~~ t 0 1  C S  1 t~~~~’ ‘i t \ t ,  I 1 01’ 01 . 1 1’! t I  .

5 1 , 1 1  1’ : 1 . 11. ! t i  1 ~‘ , i t ’ , ’ , ~~~~ t ’~d i~ land t5 ~ on t t o  I I I I i l l s , 1 5.

i l l , ’ 0 1  1IISI1  0 I~~’ ci i i i t t ’ ~ ‘ 1 0  1 0 1  11.111 1 t t t  i t  i a l l o  1 i1~ ’u 1.1 1 i , ’ll S I  O p t  I I I , ’ ,.

. 1 1 , - i~~~ ’Oi  t , t : i t  . h i  i , k  . , - l,~i ,uij l s ’,’ .t I l t ~ ’~l ’~ ’i , i l  0 , I’s O  i

. U I J  f l i , ’ 1~’ihs ’t  ~l V . l  I l,l1 ’ i 1 i tm t u  a 1 1 , u d , ’ ’ - i s  - ‘ , ‘no i a I i i  g’ ’~’d

— — 5 , - g t o n  i- , I , ’ , t  t , i ~~~t - ’~ ,~~ ~~~ c~~ ~‘t  , l  I t ’ S i l l~ I 1 0 1 1 1  i- . t l  ~‘ s ’i~~t i t .
,\ i  t l , ’ i g h t l o s t  , I i , ’0 l~ S i i  t s o ’ l”  I , t t  I , i l ’  I i  t I l t  I e ’l  t I l l  ci l ’l . t t 5 1  • t h e ’

1 1 , 1 1 5 ,  , ‘ i l l ~~t i u t s  t t ,‘n i ,  s i t i t i l.i t d t t t ’ t s ’ 5 ’ , s ’ I l c ’ l l lt , l ’  • I t l l ’ ’ l ’ t ’ l  15

I S ’ , ’ .i ~, .iu id  p 1 t ’it I i f  i i i  , .1” I I ”  C’ l ,t ’ I 01 h i t O

‘ - — 5 , - c . I ,~ l h  1 1 1 c l i  I 1 . 1 1  S t  i t  , ~~~. 15 1’s ,l I t 1’ ’ ,i I t ’ ~i0 \  0 1  i~~~’ ,! ii ~, ’i e ’ hi
0, , ‘l l t ’hli I t  1. t I  h i  I t ‘ a t  0 . 1 1 p. 11 ‘~ o t t h i t ’ . ,, I 0,1 t ’ \ 1’S ’ I I t I l ,  0

ho 1 ‘ ‘It I l c c ’? i 115 W i  t i  1 0 1  ‘. 11 1, l i s t !  • ‘ ‘0, I .1 t O  i i  11111510 1’t I l l l i l i t ’ I . ~I, ’l  C

I I l l p s ’ t  t t i l t  • ‘05 t i  i t , i s  t 5 t Oi ’ l i Iht ’h l  I i t  t i i  t , it I t  Ii I I t , ’ t ’ ” s s s ’p t  t o n
of V t ’ I V 1~’~ i l  ‘ 5 ’d ~h’~’t . sus’I i  i ,  tin ~~‘ - ,t t t i ,  l’.i, ,’na .11 , ,~ , I l l  lst~~ I .‘.t t  I~~’l l

: 111 ,1  1 h i J l i l ’ t  t a l  t .511 I ‘ I I  O t t ’ It O!  , t i c  i’l l !  I , l t t  , , ‘ i i ’ . , ’ c ; t t i ’ t t t  i i  , I I s ’

t~~t . ~~l i c ~~l , i . ‘l t I l t ~ .11 0.1 i s  I i , - ‘ I  t i ’ , I a, o t • i n t l  111,1 1 5 1  I a  ‘Is . l I l ~ I s - s ’ h I  -

St i l l s  I t o l l  01111 ’ 1 1 1 . 1 1  10111’ 5 tic 1 1 1 5  l ’~~~t i I 1 1 ’ l t  . 1 1  1 5 ~ ti i i  l t , i 1 ’ i  c’ s ’ I ’ t  .lt  t ’

‘,lo~ii i 11.111 1 •

i t 11 - s i t  o I i , ’ l , i  t n i  s~~~ t I g o t  I t il l .  I t t  I , s ’ i i s l t i , I , , t .t I a l ”  , I  01 I ln i ’  i i  t po t  I
o , t isint t t i  i t  I- to I t  i t t  n e l  , I i  0! t h ,  ~~i\  I 05 1 , ‘l I  1’ . c I t  .1  1 t ‘5 ’r 1 s , ‘t ’ l l l l l I I l  I t  i t ’S

~ I l l  ~~~~ t t~,lt  c~l s t - i , ’

—— R t ’5 t s ’i t  \ I o~ A l t , 5 ’ l ’ i. , u a I t I , ‘t  ti i i

— — R t ’ g I , ’n h :  H l o , ’ h i i s • \ 1 i O , ’ll:l .

- ‘St g I t ’l l  C : ‘Ii .1111 1 • I I , t t  i cia

— — 5, - t oo f t  : t s t ’’. t , ’o , ‘ i ’ , ’’.u, - l t u i s , ’ t  t 5

— - R i g I t ’ll 1 1 \ t  1 . 1 1 1 1  , i ~~ t - , ’ s ’l 5 1 , 1 .

— — R e ’g t o i t  1 P,’nve ’t . e ’t ’l~’ I , t ’ , l ,’.
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WI thin I ito ot t i S t ’ t t iupat ’ i~’d a r~’a sut’ routtd I ttg t’~ eIt at t ’t le ir I , I ott b u l l  cii  t tgs
($e,’i t t)O is and / et i i tc )Si) I ta I s)  Wt ’t’ e,’ $e~ I c’e’ Led t e l l ’  dot  a I leet st OtIS’ . S C 1  (It ’ I I t i t I

ot b uI l d in g s  was based out a c I’elss— sc ’ t’ I I on of I’m I Idiuig I i’pos in e’OliCe ’i- I

wi th th e” following cr it e ri a.

——Ru lid tug des tgu and c o t t s t f tt e t  ion .

--Age’.

— — S I ” .

—— i’rox [ni t t v to a t  r h i c t ’ t

4
1 - —— 1’x pt l su I ’ e ’ 1 o t I e t (S i ’ Ott V I I ’ t t l ttt it ’tt  I

t~a ta W e ’ Fe ,’ e,’ibt a t  tit’et t i l l  hut Id lug coils t f l le  I i t ’ l l  • s I i~e’ , USC 0~’ c’upiut ’ V - -

t iUt I  s ’t I l e ’l’ pot’ LI fle’t t t  aspt’c’ IS  t l’ Otll v i  S I I A  1 1 nspe’c I I on atmd di i - Oe ’ I tut ’asure ’me’n I

~‘r by e’XAIN i na t I eit t O f  di’ t a t  I b u i l d  lug p I ans whe n a v a i l a b le .  Work shoe,’ t s
Wt ’t ’ t ’ ei~ eeI L e t t ’t ’c c ’t ’ et I hose’ eIA t.a attd the ,ie’ t u i , i  1 ch it ta t ibIa I tied W er e ’  used i t t

I it , ’ . l t t a  I vs Is ,,ttd c ’ ‘‘S t i ng  pe lt ’ I ion c i i  I ito St t td v

Ati I lIV e ’S L i  gal  [ott was iit~ de ’ O f  I oe ’ ,i I h uH  c l i n g  I t w i t  t [t il tS ~tttd e’c’IleI i t  ions
i ttc ’ h i d  to g  ai’a I I , i l ’i l t’ p I~~tis itod upe ’,’ i t t e ’ .t I  i on s , l’ ,tSOei c u t  L ilt ’  l-ntll ie ’ c r 1 t e l  1 , 1

anti re’ qu ir t ’d in t ’o rntat toti  its t h a t  of t i l t — S i  I i ’ tttvest i gat t oils , at al i O t tle ’i’

1 au’ge and me d tu rn itub a irport—otlrnrnutm It los lIe ’ ro~ s I I t t ’ mat b u m  . l)itta We’rt’
,ib t a  I tted by eli t ’e’e ’ t e’t’ lf l t i i t’ t wi thu Ioo~t i  i tu t i t o r  I t  i ~‘s . Tb is hi l ’ s’ L ’ e~~;s was
success  t u L I V  e’ t ’tt lh ) It ’ te ’d by Ic ’ 1 e ’ph~ lte ’ i t t m d/ o i ’  t he,’ mat is.

I - c’ r t v t’at td om s .t t t i p  it ’S of  snua 1 1 genera I at’ tat I ott at  rpe ’i r t  — c ’ottlnltt t l  i t  ti ’s
set~’pt ’l ’I t t t g  l i ’t  t ’h ut ’t ’ a l  ton wc’rc ’ ,m 1 i -i t t  I ,mkt ’ti . o t t  a le g  tc’n,i I b,as i s  t h os e ’

. 1 1 l’pt ’i I’ t 11 It’~ ’ I c ’ gr oupt’d t i f l eh e ’ i’ t itt’ t”AA N at  t onil I Sv I e’lti o f  A t  t ’pot ’ t C I ass i t  I —

oat Ion I I t )  / , ) Nat I ci tu i t  I A i u h i c ’ l ’I  l~ v 51 cull P l a n )  , I’ S I itg a t  It ’ t’t iA I t v e ’ s t  t o t  ti nt
t o , ’ c c i t t  t’ e ’5 • I It t ’ tia l it t i l t  t i t t it ’d It ’ , ’ t’ e,’ l’ir ,l i ot I e’d 1 c 1 est itt u t t 0 t i l e ’ I t t l f ) . lc ’ 1 . 1 1

t i l e ’ t t ’Ili. ’l i t t  ( h g  ~ it.t ’h .i a t  t ’p o i t s  W t t i l  i t t  .‘aolt  I’ t ’ g l c u n .

‘t i le ’ ~I , i .i t ’I ’ t .1 I hued t Ii t ’ouigit t hose ’ p i ’ o~’edti  l o s  I ’ l ’ t ’i ’  (clod nit I i ottw ide’

~i t , t t  t l i t  i t ’S ~‘t ’imp I I e ’d I rotu reg I otto i data wit felt i t t , ’ I ude’s Itu tuber s  o f  int l hel l t i g s
aitd s’,’s’u~’i.ti i s I elcA t t on • s 1 o , c’OI lS  t t’ uo I Lc’ii • ii t a t  e I’ Ia is , agc’ • .miud cit he’ i’
L i e~ i t  I t ie ’ ut I ii, ’ t c ’ l o  t l e’ t’ 01 0.1 1.1’ 1 o ana I v o and a ss, ’ s s I hte e’ I’ I e ’ c ’ t s and ltt’e’eI I 0 t’

11 ( l t I t lCt  pi ’ s i o f  Ing .

Ntul 5K MI ’ :ASI I RI ’ l i . IE N ’l’S

I’lx t e ’ t ’ i e ’ t  and I n  t ~ ‘ r I or U t ’ i  ( S c ’ I ,‘ve Is We ’ i~~’ measured di ti- .1 t t g  I l l  t’t’ 1.1 I t
I I l o Ve ’ I ’ ll a t  s ’ i  o ct  i ’d I t t tS l  1 101111 I~’ I t  It l i t  t hti’e,’o ge’ogna p ht  t e ’~~ I re’g I otis . The
oh I i ’, t I i’os c ’t  t tte ’se’ I It ’ I t1 flIe ’,iS i l  r c’mon I S we ’ t i ’  t ~‘:

— —  P t ’oi- t e l , ’ d i  s” I ha se tb t~~ t ’il t t i e ’ at t e t l u i t  1 t ern proper  I I c ’S

O f  h ’i I I  ( t e l l t lg  I V pe ’n sub I e’t ’ I t o  t i i ’  s t u d y

— - “ f ’ i t ’t ’ 1,!, ’ I l I c , l I I I l t  t e l  l i t t t  i—i C ’ 1 e ’\ ’ i ’ I i i  I c u t ’ ~‘ .tni ~i i t’ t s o i i  at id  v i i i  I —
dat I t ’l l  s i t  “I pt ’ t ’cl I 0 1  t t ’I t 11)01 110,1(1 1 t l 5 V  it~~, ’ c l I i i  J , ’i  t ’ t ’ I i l  in I t t g

h u t  Iti tug t I t ’ I S t ’  15 , 1 0 , 1 I t ’ l l  c ’ , i p . i l i  i l k  f e ’ S .  
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Wit hu the asslstaltce of local authorities , buildings were selected
w i t h in  the noise impact ed area ot a large hub airport in each c i t  three
geographical reg ions. Regions w et e  selected to reflect the dlversil I—
cation in climate , construction pattertus attd local conditiotis t h r o u g h eu u t
the country. The regional areas and airport—cities se’l e’cted , were:

-—Region A: Los Autgeles, Cal [fortmia .

——Region D : Boston , Massachusetts.

--Region F: Denver , Colorado. —

Ten buildings w i t h i n  each area were considere’d tot houS e’ measurctllelits.
Minor deviations r e su l ting  front adverse weatiter , local ili gltt patt e’rtts
and certain other uncontrollable ot t—si te  conditions slightly altered these —

measu re ments at selected sit es,  however , the measurements taketu we’re
sufficient in number and accuracy to sat i s t y  st udy requ i rements .

I NST RUMENTAT ION

The Instru ment at iot i syst em used in taking tile nloasurentchtts cotusistc d
of a two—channe l magnette’ tape recorder equipped with two ‘ontlenst’r
microphones. A precision sound level meter was used for dt ’t’t’c’t readIng
of sound levels , and also as an amp ii f i t ’  t’ In one~ nt Ic rophone c’hitttne’ I .
The frequency response of each cltannel of the assembled system was
tested. The system response was found to be fl a t to w ltht lu +1 cIB oVe’ i
a frequency range of 100 to 8000 Hertz (Hz). It u the t tol d , 1000 lIz
calibration tones were recorded b~~f t ’ i e ’ each set of  il tea sur ern en t s .
Standard practices and procedures , Including e’altht’attort, wt’uc ’ tts~~d In
taking of all measurements.

MEASUREMENT DATA

Table I shows the noise me’asurement data takeut iui the Los At’i ge [e’.~~
area. Similar measurements w elt ’  takett ot buildings in the Boston ~1tltI
Denver area . TIte valu es sluowtu rep re’sent the s irnu it aneous I V llIe’ .1 sut’ed
e x t e r i o r  and it it er  lot ’ ito 1st’ ie’~’o i s  ~itid t lie ’ t i l t  f t ’t ’ e ’t t t ’ t ’s he ’t w e ’Olt 1 I t t ’  two ,
whi l cit is t u e  ex i s t  It ig ho k i d  I ng/ reldul It t i i so  rc’duc t ton (N R )  c a p a bi l i t y
A l l  values are maximum A—we ighted sound l eve l s  expressed in d ec i b e ls .
Except  as noted , each value shown is  ttue turitlume,’t Ic average ot measurt’tuteuti- .
f rom twelve noise even ts .  The de v i at  lotu s ot  the t’xte’rior attd tnt or b r
levels are due p r i m a r i l y  tel va r tat  tern of I e’vt ’ is amottg m d  lv idua I a I to t’,u I t
The deviations ot the res u ltant t i e ’  I Sc ’ reduc t lens a t  e’ due to y ou’ lit l i o n s
associated w i t h  d i t t o r e n t  a ir cr a t  I spe’i’t ra , t o g et h er  w i t h  ~~ ‘ic’ c ’ I t  t t ’ t’oom
characteristics. These variations are normally e~~ pt ’c’t ~~ eI , and are t h e
reason no iso reduc t t on Is  taken as t l t t ’ average tu t a number c it  even t s and

a number of interior positions .

-8-
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TaIuIt ~ 1

Measured Levels and Noise Reduction-LAX

Exterior Interior Avg. NR

Max Sid, Max Std. Std.
Building Room ‘ Dev, ‘ Dev. (db) Dev.(db) (db ) (db ) (db) (db)

Imperial School 2 85.7 4.1 56.8 3.2 28.9 1.8
11 85.0 5.2 57.5 3.1 27.5 2,6
6 82.6 5.1 50.8 3.4 31.8 2.5

Lennox H,S. 4 Bld g 3 71.3 3.3 50.9 4.2 20.4 2.3
3 Bldg 6 75.6 5.6 53.7 5.7 21.9 2.0
3 BIdg 4 71 .3 3.7 57.9 3.3 13.4 1.5

Felt on Ave. 9 89. 1 5.0 70.8 5.6 18.3 2.4
School 5 83.8 6.5 65.7 8.7 18. 1 2,7

11 86.1 6,0 66.9 7.3 19.2 2.4
Clyde Woodwor t h 4 78,4 5.1 57.0 4.1 21.4 1.5
School

Morningside H,S. J2 86.0 3.4 63.2 3.9 22,8 1,1
V2 76.0 8.4 54,5 6.3 21,5 3.5

Centinella 5114 68.3 3.5 40.8’ 1.9 30.0’ 1.7
Hospit,~il 8128 68.9 3,2 42,6” 1 ,5 29,9’ 1,0

Westchester H.S. F9 67.2 5.4 51,3 4.9 16.0 1.3

Imperial Hospital 227 69,4 2.3 46.0 2.0 23.3 2.3
224 69,2 2.3 47.4 1.9 21.3 2.7

Counting only 5 interior measurements above back ground ,
‘Counting only 4 interior measurements above back ground.

1) —
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t ’RED I c’I’l’:9 NO I Si-; ~ I - ’Ifl ~CI iON

Suit .uh I t ’ met i iu ido  log I t ’S ox I .ct I or t~ rod I C ’ t I rug the no 1st’ r e ’dut ’ t ion
p rope rt it ’s f a b u l l  ci jug! room based ott t i t o  di’ si gn , mate ’ r I i  is  used , antI
stru t’ t ur.l oh e’me’nt s of t iii ’ bu I l d  I ng . ‘ t h e  met I todo logy  used In t hu is
s t u d y is  t I l t ’ l-~~t ‘r i o r  W a l l  Rat  lug ( KWR ) . Tit i’ EWR I s  a s i h u g i c  number
r at  lug rc ’ su i t  i ng I t ’om I hi t ’ sunutta t t ott  o f  It ’  ansm Iss i  ott I os sd’s .t  s ~‘a~ - tat i’d
w I t  it t he I tie1 i v  I dual  c oust  rue I ton oh  el lIO tt  t s (I . e’ , , r ot ’ I , u, e’ II I hu g s  , wa I 1 s
eloo l’ s , Vents , wIndow gi •uz ittg, e t c .  ) ot  t I t ’  building. R y c ’ I u t t h l  I I  t i g  t ho
l :WR w I li t  t hi’ ahsorpt ion pre)pe ’t ’ t Los ci t~ I hi’ room a no i si r eduo t ion v;i i t i t ’

was e’on tput t ’ eI

M E A S U R E D  \‘S PRI:D I CTEI) NOI SI’  R l ;i ”Uc ’l ’  I oN

U s i n g  t lt e  prod Ic I ion tut et hi odol  ogv dc ’se’ r ibed abe ivo , no I so reduot b its
we ’r e ’ c a l c u l a t e d  I or i’~ t’h of those hu t  Id bugs w h e r e ’ no i so measurements w ’r e
t. ,t ki’n in t,hto Los An go los , Donve r and Bos t ott a rc’as • ‘l i ii ’ s ’  c - u  Ic  ul a t t’d ~‘a I L i t ’S

I or tItc’ Los Ange Ii ’s hu Lid  tu gs  a re’ shiowti In ‘fable’ 2, A eoi i i i i a  1’ 1 son 01 t h it ’
p red it ’ It’d and mu ,’a su red no I si’ re ’due t Ion or hull Li I ngs i t t  l o s  Auge it ’s j s
shown In  ‘1’ah l e ’ 3. A s u m m a r y  of t ite’ s t a t  t s t  i t ’a l  a n a ly s i s  of the dii for—
t i t u, L’S b Ct W l ’O U  prod I t ’ ted and t t teasur ed no I Si’ red ui 1 1 on in a 11 ,u u’t ’a s o f
mt ’. i s t tr e m c nt  ( l,os Ange’ los • i)e’nvu’r atud Bost ,on)  Is prov ided  it t  ‘t ab l e ’  4 .

Wh t i c  t he re  art.’ Inc rtqtt e’uu t a I di f t  c’ rc ’nc ’ e’s b~~twt’etu tit c’ ,isu rod and

~‘ 
re’d jot ed no I Sc’ redue’ t, ion va hu e s , t he ’ 90 Iii ’ rc ’i,’nt co i l t  id & ’t u’ e’ I in i t s ,

a bou t  t h e  mi’aru ( ‘ lab I~ ’ 4)  • I ud tea t~’ a max I mum d i i  fer i ’t u t ’i’ of + I . 4 ~ dB
& ‘ un~. I do ring I uh er en  t f i t ’ Id nicasuroment iuac’curac I t ’ s o f  t \‘ 

~ 
t ea  ii 

~
‘ 

~~~~ 
—2dB

t ogi’t t ie ’ r with prod Ic t ion me thodo  logy  I tn t t a t  tons , t h e  vat ’  i . I l t e ’ t ’S b et we’e’n
in~’, i sc tr c ’d and t~red to ted vii i cues fail wi tii in an so oept ab it ’ range of t o It ’  t , i i ~~

- e’

‘i’iuus , the no i st re’duo 1 ion nte’ usuri’ment s t~tk e ’i t  s uppor t  t It t ’ prod ii’ t Ion
meti t oel o  iogv u tSd ’ ti t’or pr o l  oct  lug nat  i o u , t I  d a t a .  

_ _  I
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Predicted and Measured Noise Reduction-LAX

Predicted Meas ’d ._~~Buikling Room (dB) (dB) 1dB)

Imperial School 2 75.8 28.9 3.1
11 25,8 27 .5 1.7
6 31,8 31.8 0

Lennox H.S. 4 Bldg 3 2 1, 4 20,4 1.0
3 Bldq 6 71.4 21,6 0,2
3 Bldg 4 21 , 4 18.0 3.4

Fe lton Ave. 9 19.7 18.3 0.9
School 5 19.2 18, 1 1.1

II 19.7 19.2 0,0

Cl yde Woodworth 4 18,0 21,4 3.4
School

Morninqsidt~ H.S. J7 18.3 22.8 4.5
V2 70.1 21.5 1.4

Centinella 5114 7~ . 7 30.0 4 -3
Hospital 81 ic ; .7 29.9 4 ~

;‘

Westchester H .S. ii I 9.0 16,0 3,0

Imperia l Hosiilt ,il 77 / .‘t  .0 23.3 0.7
774 71 .0 7 1 ,9 7. I

i1
~~

I ” ..
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1 . i i i lu ’ ‘I

Summary of Statistical Analysis of Differences -

Between Predicted and Measured NR
( lii Decibels)

900,, Cont idt ’nt:t ’ L iriti t

About -

Airport N Mt ’~ii 0’ t o ~-vt ’i Upper Me,iii -

LAX 17 -0.62 2.55 1.70 0.46 !1.08 
—

BOS 14 1.35 2.34 0.24 2.46 i t . 1 1

DEN 11 1.06 7,65 2.bl 0.38 ~ 1 ,45

No. of roonus measured for each ci ty -

• ‘ Standard Dl’v ,.ut on

a

I .1 —

~~~~~~~~~
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MA~~N l 1’[I)E AN I) D ETE RM IN M ’ ION OF N O I S E  I MPACT

EX’ fERLO R NOISE LI ’1\’EI.S

A buIlding ’s exterior noise’ impact varies as a function of a ir e ’r at t
n o i se ’ s o ur c e ’ level  and o p e r a t ion a l t’ l i ght  p a t h , BO I S e ’ m e t r i c  used and
the bu i ld  tu g  b eat  ton in ref ~’r ence to t h e  noi se’ sour c ’ t’ - T u e  fo l l o w i n g
c ond i t i o n s  and a s s u m p t i o n s  were co n s id .’red in e s t i m a t i n g  t u e  e x t e r i o r
not Si ’ l o v e ’ is of bu i ld ings  w i t h i n  the s tudy . —

— — M a x i m u m  s i n g l e ’  event A—weighted sound level.

— — F l  e’e ’t  nted ia t t  i i r~’ ra t  t t ype .

—— T,ik e’o I t  t h r u s t  , u n i f o r m  d e p a r t u r e  pat it s  .

——Incre’tiuental souttd level contours

——B uilding b eat ion wi th respe ct to noise source’.

Wh I e s Limp i ist Ic in  noise exposu re ’ concepts , use of the average
maximum sing le ’ e ’V e t t t  sound le ’Vi’l was consid ered more manageable and
appropriate to  the oh j o c t  tv es and t’ t’tist raint s ot  the  study. Also , i f
tie ’S I red , in c r emen ta l  n o i s e  r odu ct  ions can be used In deve lop ing  an
~‘quivaIcnt cumulative ’ ntt’trtc result lu g f rom b u i l d i n g  m o d i f i c a t i o n s
relativ e to sing le’ event  analy sis.

An.’t lv s  is  of the  di  ft creu t comnlcrc iai j e’ t air c r a ft types and their
per lormance cha t ,lcter i st Los m d  i e at e’d tha t an average ’ , or fl ee t med tan
.ttrc r,’it’ t ty pe noise sour t ’t’ could be’ used f o r de te r m i n i n g  ex t e r io r
nois e ’ impac ts. Fl i t ’ I loot  med i ,-itu I vp e ’ Used , f r ont Fi gure 2 , is a two—
e n g i n e  narrow hotI~’ j et  a I r c r a f t  ( e ’ . g .  , Di,’—~) or 11 73 7)  - This source’ noise
is  a iso app! i t a b  it ’  t o  a snia i i  bus i l i t ’s.~ j e t  wit en a s l i g h t  ad j u st m e n t  of
app  rex lm ~u t o  lv —4 dB is  made .

Tht. ’ no i Se’ sourc e ’ I e’V. ’ 1 et  tite f l ou ,’ t median a i r c r a f t  is based ott
max intuit a I l owabhi ’  t ak~’c ’I I t h r u s t  f o r  a s t a n d a r d  sea l e v t ’l da~ . The’
t ake ’o i I gross  we’ i g l u t  is  t hta t f o r  a med b um— range s tage  1 engt  It (app rex i uita t o  lv
800 ii .m.  ) . ‘r ite ’ d e p a r t  ure  f l i g h t  t r a c k s  are  assumed t o  be st  r a t  ght out
on the ’ eht ’p~i r t  ur u, ’  ru t twav h e a d i n g .  .\ n u b  fo r m  c i  i m bo ut  p r o l’ I i ~ i s  assumed.
Bast ’tI on t hc~ e’ ce ’nel i t  I t ins , e’ont Ilu r s c o v e - c  i t t g impat ’ I s I ron 1 tO to
b5 dB wer e elevu ’ lop ed i t t  i ncreme’nt s of ~i dIl .

The coot c ’tm r s  dove hoped we’re ove’r laVe ’t i  on U . S .  t~e ’ e log li’al Surv e ’v
maps w I t hu h u t  I d i n g  si t c’s I ot ’,i I i’d. The ’ no t  so imp at ’ t I t ’~ ’e’ h was read
d I r e c t ly , ot by ii~t o r p o l a t  ion , f o r  t’at ’h s i t e ’ .
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h l b ~ 1~~R Nt 1 1SI  H- \ l- ’ I~~

hite ’ t ie  ~~t I e’vi ’ I, b i t s  t ~R ’ ,t i’ e~ ’iu t j ~
, a I 11th’ 1 b i t  0 ~~X t  ,‘ I~ ’ i it O  St

mp .ut’t S • h i i  t I d i ng . t t t  otiu ,i t b i t  . i i t t i  . i i ’ ~~ot ’ l ’t i t ’ l l  p r op e t ’ t l o s , . i u u d  i m t t ~ ’ m t t a l  *

,i~~t I~ b e a t  l OV e ’ Is ‘ ‘t  not  s. ~‘.t ’ t t e ’r . i t  od h~’ t ’s ’ ,’ i u l ’ . t i i t ’\’ l i St’ 01 t i t O I ‘‘‘‘itt . 1 S O i i t  i , i l  l v ,
b i t t  o m  j , ’ i  i i~ ’ i S e ’ I t ’~~~’ I s a t ’~ ’ , i  i~ . i l , l i t t ’ , ’ i’ u,’ tt t t ’ e ’i i  i t t ’ ~SO S O u i i , i ’~ . , I t t t l  I, ’StZ , ’’,.

~‘ i u i s  st  i i , i v  d i I I  no t  , ‘ , ‘ t u s  i d t ’r m i i i  ttii , i l noi se i~ot i e ’ r , I t e ’tj l ’v a t  m a l  ,‘e ’ c t i l ’ , i u t ~’v
am i d u~~o • h u t  such  w o i m  I d  b~’ .i ~‘ , ‘ t u a  i d e t ’ , m t  i o u  ot t  .1 ,~~l o — i ’ V - - .- .OI e ’ ~‘v. t  I tu. i t i , ’uI .

out  e x t  i t  t i , i  I ii, ’ i so  i~~~ ’.i~ t ou t  Iv • I t , ’ t i i t  e’ t  b r  Iov ’ ha ~i. ’ t e ’ i t u i t t o d  t o t

t ho a t  t i dy  ,‘ c - ’’tfle ’ .m I c i t i c  t I t ’ll ~‘t  t b1  itt ’ 1 ~~~~‘ I rattsm I as i o t t  I l t r e u g l m  t i t t’
h u t  Id I c c, ’ s i t i c  I ur~’ ,tttel t I l t ’ . m t ’ a ’ u p t  l ou t  r t , ’~~e~t’ t i~~’ 5 0 1  i l i t ’ i ~‘, ‘tn . S i i utj ’ I ~

‘

~ t . t t t ~ l • b i t t  ot  lot’  tie i s ’  I t ’v ~ ’ I ’ . t ’ t I t m . l  I , ‘ x t , ’ i  b r  no I S O  t I u l ’ . i t ’t  n m  t in s  I i to
t ’ t m t  I d i n g ’ s i t o i s . ’ t ’ d u m ~- t  jeut ~ . m r a l ” i [ l i v  ( t l . i t t S l t t L a ~~’ t 0 t i  I, ‘s~ a ’ u -. t f t t , ’i i c , l t  ~,‘ , i 1  i s
.m ’u d . ihs , ’ : 1’r  t o n 01 b u t t  i ’ m  t o t’ S i i , t  .t , ’ t ’ t t ’i ,

‘k’,ts u r , ’d i t , ’ b o o  m ’du ~’ t t Ot t  • e ’\ Ic ’ I t ,‘i  I t  h u t s  m i t t  ~‘i ’ I O F  I ,‘ve ’ 1.~; . i t t
c i i i  i t  a ,‘t  di ’” I hi ’ i s  , c , , o ,  di~ t o  t utu i t t t ’tl em -  ~~~ Ii , ‘ t lie nit st  t i , I  v liu I It l  i mt c , s
t u u v , ’s t  I c , . t t  o,I to it , ’ ,‘tu -~ ; t t  o t I t ’ Id , i t u . i  I v - ;  i s  ~‘om t ion  of  t i l t ’ c~’ ,’ i k  - l’ s I t u g

t u , ’ i i t t , ‘ i t u i . i t  t ., ’t i g .u t h ~’ t~ ’ei , I S  t o  hit i I d  i i i , ’, dc ’s i g m u , ,‘ot t s t  r o o t  t o u t s s i .’ , ’ ,

‘- o u u d i t  b out , e t c .  • r m , itusmm. ’tsi o iu I e s so a  s- o i  0 ‘‘ ,iI * ’t t l , itt ’cI . . t t I S t u i t t i i t ~ ~t I 1
t.’ t t t d , ’u, -s and d~’,’t s  c I , ’so d , t t u i ~ ’ t m c f u  .lI ’b’ l i , ’ , i t  i , ’t i  t ’t  t h e ’ l’xt t ’ r I o l ’ l~. i I  I
R a t  l f lg nu. ’ I it~ tI~ I ~~~ • ~i t’e ’V I Ot i S  I v t ’ e ’ ~ e ’ t ’ e ’ i t ~’ e ’ ’I . b i t e ’ i n t o  . e m  aba , ’ ch i t io n

I t  b e ’S O t  t h e ’ u , ’,’tnt ;  w e t  t ’ di ’ .‘ rm t uu ~~~i I l t i ’oug it t u u e . t a u r e ’m ue ’mi t ,ii tel ~‘ .t I ~‘c t  I,t t I ou t

~~h t i h o  m i t t  e t I~~ F ai’s~’ m’p t I O tt \ ‘ . t  l u c ’s e l i  ~L ~‘a u v .umt ’n , hut 1db u s a  • t h ’  d i  t I t ’m ’ c ’m t c t ’s
we r e ’ not c ot t a  i di ’ r ’ d a I c , t i  I t i c h i t  i t t  d~’ t ~ ‘ t~tu in  i t i g i t t ’ I S t ’ t t ’ d t i ~ I i Ott I O V e ’ h a .
t..t it t t - t t ,~ fl ~ ~ it ~~ , ’ ~ , ‘ ~ ,~~

. ,, I r t  i~ ’~ u \ ‘ ,t  Li e’s we i~~’ U S e ’ti I o t  i ’ot .f t  c I , m a a  ro~’uuis a tud
tu~’s~’ i t  . t l  r oom s

At ’t.i I v s i s  , ‘I  I i t t ’ Ltd L V  I ~i t i . i  I I v  d~’ t ~ ‘ i t ~ i b l O t !  I t O  i Si ’ I’ e’e l i i t ’ t I O i l  V.1 I t ie ’s t itd u~ ’ ,i 1 e •

m ut ~l i ’re utde ’t t t  01  i ’ .’c, i “ u u , i I  ,I i i  I ~‘t  ~‘t t , ’os • t I i i :  i t  m\ ’ e ’i’ agt ’ c~ t -
‘ I ~!h i tO 1S t ’

t~ ’duc t i o n  u~- .ma ,Ipp I b~ ’a i ’ l c ’ t ’  ‘) t )  r.’r , ’ .’ i u t , ‘ I  . i h l  s, ’ht ~’,’1s . Fl i t ’ . i \’ c ’ i . i c , t ’ 01’

t h e ’ t e ’tfl.i i m u t t u - .~ it) i’ t ’ t ’ t ’ t ’ t t t  Is i S  ,‘ ‘) t I t ~. I es’’ L I l t  .1 \,‘ ,‘ t ’ O ,i’,’ .t I I , i t ’  I t  l o u  hos h i l 1 , 1  I s .
Hot , ,’’, ,  u • l i t ’ ’ n .i I i ~‘mi. i  I ,u v e  t . t c , e ’ in  a, ’ i s , ’ t’ ,’d t t c I I ot t  I or hoap t t . t i s

• ‘st  um .it ed to be 2 ~Ih . l ’hi e ’sc ’ . t \ ’ t ’ L , i , ’ e ’S • P i t ’~~ s ’t I I , ‘it , ’cI l o t ’  t -t , i t t iO 1 , we ’ re ’
u s e d in de’t t ’ rni t ti i tig i t t t  or  t e r  h o I S t ’ 1~ ’v , ’ Is  Ott  .1 ct ’g b , ’iua  I amid oat i ,, ’n.i I

has i s .

N M  I m t N A l .  IN3~l’~,,R ,iOR , Ni , ’h Si I t V  I - i  S

F i t , ’ i n t . ’t ’ I ot u n i x  i ituitm A~w.’ u gltt i’d a,’uu t tdI I e ’Vt ’ is  0! the’ s~’Ii , ’o i t t ,

Its isli i t  ,u is amid pub  l i i ’ he. m I t  hi I a,’ ii i t  i . ’s i t L e ’ tt  t I I  I .‘d i t t  t h ’  a t  cm , i v  • t i t t e ’

, i i t , i . i l t  i t O t S i ’ , i t t ’ f j S t i ’eI I I I  t h e ’ lolIot ~’ j utc ’, t , - i l ’ I t ’ . t h o se ’ nat i , ’i t . i h
V a l u e ’s ,tf e ’ a sumnt,it - v oi  t ’e ’ct 1011.11 , l , i t , m  ts’ h i t  ~‘ t i  ts ’ e ’ t ’ t ’ o a t  d i i  b s I i ’ ’ tI a s a i e ’ s u u h  i
01 t lie ~‘a h , ’i i [at s ’~i ,l i t  t~ u , ~ u i c , a  h . :  c,’o~ ’ u u p t - osl  t o t  ~ d ex t  u, ’ m b o m  l e~’ t ’ is  el t i t ’ t o
. 1 1  r e m - i l l  i t s~~j a c ~ , imt t l t l t t ’ u i ’ j ~~~i ’ i’t ’dum c( ion , ‘t  I lie , b u t  l~I u tu c , t V b a ’ s .

— I r~ —
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1~I l{ \ I t I I I t~~ U I~~N

- 
- \ t ;  itt - i t’d i t t  t h t j s  o t  t i t I \  , t ‘!t,tt ’ I I  t t , t t t ot t  , o ’ , e’t t h i s,’ , t5~~’t ’s I t ;  , ‘ t ut , ’d i —

t ‘, t Og  ox  I st  Iti c, hu t I l~ I i t t g s — m  s’t ’tUS I , ‘t Sottt it l l’ i , ‘~~‘I  t u i c ,  t ’ t t i  I’t ’t ’t ’s . l ’it e ’ u ,‘simi Is
p r e~ ’ do t it o  t e ’.lse ’ti it o I so u~ ’,Iuu, - I i o u  v .t I ne’s , rmtt l  1 ,‘we ’t b u t t  or I ~‘i no i Se ’ I e ’v~~’ Is

~oc;tt,l i’ m ~ ‘~~‘ I I m t c, bu t Id  t utc,t ; c o t t a  t o t  a of  e’ I It s t i t a  I itt’ s’, o I i t ’ ,I t t ,  I t i c ,  t i t t ’
o x t , ’u tol to t i m t  i ’m t o t  I t  . i u t t . r u I t , t , t , ’ti et  t. , ’ t u i u d  .utid ,‘‘t ’ l ug  t I n ’  ,i f ’ t-s ’m I’ ! jol t
I ’ m t ’ I ’ t ’ t  I h t ’~~ 0! t hi t ’ 1 s ’Ottt ’ S m u l l e t  t O t  . W hi t li t t b t b ’ i  , ‘V t i i c ,  I u l t t ’t j , ’ t  I ~‘s ’bI ’. u t ’ s O t i ’
I ion , , ‘ m i t  t i b u t t ’s t o  h ,‘Is’ e ’t t it c ,  b u t t  ,‘i t o t  I O V e ’ i t ; , t i l t ’ u t o t  0 I t e ’~’ I t s snt , i  I I
l I t  t’t ’titt ’ , i L  I sout  t o  iut u l’ t , ‘ V, ’ b t b t ’ t i  ( 5 . i t  t . u i ti.thi I t ’ t i iu’o cig i t  ( l i t ’ t t ’ , t O  I tic, t t . t i is utt t o o t  ou t
i , ’s Sc ’s 01 wa I 1 ‘. amid c 0 t h t u tg  a .  Al  t ft o ug i t  i l ’s , ’ i p t  I ou t  pu’ s ’l’o I I t c t  , l i t ’ i t t 5  I ude ’,!

t i t  i ’s I , * h ’ 1 t a l t  u t i c , i u t , i  t t t b , u l t  ,u 1 it’t ~ ’i ,‘Vt ’tne ’li t a I n  n ot  st u~~’d t t 1 ’ I I ot t , itt,i ot
i s  I ’ ’ c, t V s ’l t I s ’ t l t s ’so itiod i t  t ’,’ . i t  i on s  ~t I  l o o t  u mig I i  , unsmt u  isa i . ’ uu  ‘, i t  lts

, m n ~I I 0”t ’t ’

t’,t ’ 1 h l t I N c ~ MOl~iF ’ i~ ’ ;\ 1’ lc tN °

Sc’uuu t sh s i “0 t t ~s .111 ~~~~ ~st  I ~~~ b it  h d t  “-:~~ 
s O t itt i t s 0! t d e ’tt t i i  v in g  I I t t ’

o h  .‘mo t i t  s wit u~ Ii ‘tm ov t , i , ’ I I  , i u t s t n  j s a c  ou t  p~i I Its bu t t e t I t o  i’ti t Iti I t t c ,  , t it e ’ti
V i t i g  , t t ’ ’t s ’fi l’ i t t  e tt , ’,l i t  b~ ’ ,i tot us . t ’ p 1 , ’ ,u  5 ’e r t a  l i t  i-so i m u  • fltt ’ tI i t  i , , i  I m o l t s

e ’ ,* tt t t ’,id I L  v be ’ jdont i t  ui ’~I I l’t ’lum ~‘ 5 ’u u t p , i i , t t  iv,’ I I  .tht Stt i i s o  t o t t  h o t -t a . l- ’,’t t ’\ .ttbb l’ I e’
t I  i t t t u t u  ,‘,u I e d  !u,~ I ho w— 5 ’ ,‘t e’ do~’ u i t .  t l i e ’ ott I. v t t a  titan t o t ;  t o n  p t  t hi , ,- i  I ” t ~!
t tb; ’ t oV ~‘tn~ ’ti I ~

‘ an t’e ’ oh I ,i t neti liv t e l ’  1 ,tc’ I utg i t  wi t It , i  We ’.h t he’ i t ’  I u’ I ppe ’tI
a, ’ I I d  — c s ’ t e ’ do, ’ i

S I  i g lt t  l v n o t . ’ ;ce ’p l t i s t  I t ’ ,l t t ’sI mt tc ’t i i  t t~ ’ , i t  t o u t s  b u t ’ h i d e ’ ,id,j l i u c ,

u t ’ ; t u  1.11 l o u t  , t u t d  , ot I . v o m s o t  1’, i t t e i  m t i c ,  to  ox i st  imi c , t, ’ ,i h a .

Ss i u h h t t l  ~~F sa’ I I h I c ,  is v t ’ i  ~ mct~ It .t l eak  — se ’.t 1 1 utg pt ooe ’ss, I ’it e ’ 1 at  t ’5

•‘ t- a ’ttu td l t ’.ik s’’ u l e ’ at t ~tit hi ’d t o  t i t  st • w i t  H L t i  t ile ’ ,‘ t ’li text o I t i l t ’ pa t  t 1,- ti

I , t t  h o I hI tu g . ~‘t s ,in t ’ x , t n t ’ h  o ol  ~t ’tutitI ptt ’o I I u ig  e ’ I I c’; t u V e ne’ss , ~i I ~t dli
i ti ipi , ‘v.’it t o i i t  in  I lie but I I  ~l i t ig  ‘ a ui~’ t a o  i e ’t h u t ’ t ion 5’ . t pah  t I it v ~ om  u e ’ s ’,’n~is
t O  iii et  I t ’c’ t t’t’ e’ t t~i iv t u g  “ 1 t he’ p

~ 
i t t ’ I voci [~‘~m dm i e ’aa 01  t ic ’ I at ’ . )

l i i  V I i ~ t.~ ot I Itt’ .il’o\’ t’ ,‘ , ‘iis t c l e ’t , i  t t t ’t t 5 , iutd  t hi t ’ 110 1 st ’ t’t ’ d t t t ’ t tou t h’~ e—

t i l t ’ I I i’l l t;ui ’ t ite itho 1 t ’I~~V • tnot’ e’tit e’u t I a  I t spu  s ’v i ’Uue ’ii I s  i t t  tie t Ot ’ t ’ e’t l t i t ’ t I out we ’ t t ’

c~ i 10111.1 I t ’s,i i s ’m I t ’d O  I l l  o t l. ’ c , i t t ’s eI  s o t m u i d p r o o t  j u t o, IttO ti I I t t ~~i I t 0 u i t ~

IS-
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Mod it i c a t  j om is cot_ i s j dere ’d jttc leide’

— —R ~ p Ia~’c e x i s t i n g  w in d ow s  w i t h  s e a le d  dou b l e’ g l ;t , t  ing  w i t h  EWR
‘Flu is is  accetupl ished WIth acoUst je’ w’ j u duw desi gns }t i v i  utg  a
sound t r a t u si n  L S 5  it’ ll 0 la ss r a t  irig of ad, Ait a l t e ’rna t I t o  i s  t o
in s t a l l  .t second layer 01 g lass w i  Ut  at  least  a 2 ’’ a i r  spac t ’ , and
abs o r p t iV e ’ nu u t o r ’i a l  , u r o u t i d  t i l e’ hu i W i n g .  Both  1- a v e r s  ci t  g l~ ias
must Ftc .it Ie’jst 3/16” t h i c k  and w e ’ l l  se’a l e’d .

— — t ’ pgr ad  ing d o o r s  and St’,i is. in  sont o c , i so s  ‘‘acoust it’ 5e’~~ls ”
spec i i  1e’~ll  lv des ig n e ’d u or no iso i n s u l a t  ion a re  r eq ui  re’d
Examp le’s a re ’ i ue ’ ’ p F c ’ne ’ sea l s  w h i c h  S i r e ’ I. i ght  lv  e’out u i i r c ’sse ’d h’s’
i l u c  door and m e c h a n i c a l  dr o p  sea Is at t h e  hot  torn . Ihose ’ sea I s
pr Ov  1d5 ,’ a hi gher degree’ of a i r t  I g u t  t - l e i su re  than  doe ’s ~ireI iu u ,urv
w e at h c r st r ip p  l u g .

— — A c ’ o u st  Ic hat  I 1 l u g  ot  v e n t  a .  Those ar c  e t i st  om—de’s I gt ie ’d ba f  t~los
wh i c h  prov ide at-i ab s o r p t i v e ’ sound s t r i p w i t h o u t r e s t r i c t in g  a i r
f low . These can he rt’qu t r od  f o r  ~‘e’nt i l a t e d  at  t i e ’ spIR e ’s and
thr ougii— thte’—wa 11 coil t t’ent I l a tor s  .

— — A d d i n g  inset  h a t  i on  t o  i~’a I ls a t u c i  at  t Ic  space ’S.

——Add lug another I a ver  of m a t e r i a l  , in e’t  I e’c t c’re ’a t i i_ i g a tWo pI inC I
w a l l  where the o r i g ina l w a l l  i s  ‘‘otu , s u d ~’rocI to be the ’ I i rst  pane ’ I .

The new g~’psuuutho . t rd  or p l a s t e r  is mounted ott s t u d s , f u r r i n g
s t r i p s , or a iave ’r Of  i h e r h o ;m r d  . U s i ng  f ib e r b oar d  intprovcs
tilt’ t r a n s m i ss  con loss  of a frame’ or b lock  w a l l  by , u t  I eas t  U) dli .
and requ i r e ’s 1 ess space’ ti t an s t u d s  or f c u r r  irig s t r i p s .

— — E l  imina t ing wit ’idows at-id I i l l  hug t h e ’ space ’ to ut at ch  t he  ex t  ~‘i ’ b r
w a l l s .

l ’h te mod I I I e’ t  iOFt 5 e’OflS j d e’re ’d lea sib it’ ;tnd r r a c  t ~i c ab l  e w er e  ca l o u —
h a t e d  t or t he’ 60 a t u d v  beu l i d  I tugs , ProeIlie’ l u g  i ne’t’orne’ntal I mp r o v e m e n t  a in
flelit-te’ r odu e’ t ion . In ,ma I v~ i tt c, tite’ t ’e’su l I_ s  o f t h i ’se -’ ca l  cu la t lot is  , i t  

- 
-

was found t hat ct’rta in mod it i c a t  I t ins  c o u l d  lie grouped i t ’it  0 e a t  e’goi’ ( c ’S

w h u i e ’ hu p r~’~’ ide ’ t hi t’ saint ’ orde ’r ot impr ove ’ttte ’nt. i t t  Ito I Se ’ r e’d ue ’t ion .  Nod if I —

~‘at  t o n s  we’re C i ; m s s l f  I t’d in  two  ~‘at e’ge’rie’s:

— — CJ~~ gory  A mod i f  i e ’a t. ions  in ~’ lud~’ re’plac l u g  ex i s t i n g  w i n d o w s  w i t h
sea it ’d double ’ gl~tz [rug • prov’ id ing me’e’han ie’ai  v e nt  ii at iotu as ne’e’d~’d , 

- ‘I nst .t ii ins weal  hors t r i pp iru g , m o p  l a o  in5 doors , I mis u l a t  im i g  ‘a’a u s ,
c ’ e’ i l i n g s , and a t t i c ’s.

‘i ’lt e ’st ’ mod i f  i c a t  ions when 1 tpp l  it ’d h i d  i v  (dua l lv  or i t t  e’ombina t i o n , - -

p r t v i d e ’ an Improved in c r e ’ rne ’ I i t ; m  I noise ’ ued cic ’t ion of approx i matel y ~~~~

1
— I ~ —
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—— C i t  ~‘~~, ‘i~~’ B mod i~I i , ’ . i i  louts i t ie ’h u d t ’  o l  i t m m l t u a l in g  w im u l t i w s  and l i i i  ing
S 

~
‘•

~~~~
‘ t ’  w i t  Ii t X t a t I ttg wail m a  I t ’ r i : m I a , add I tug m l  or I o i wa I Is ii t id i t ’ l l  I iig

t l i t ’ s , I nat a I I I ng . t c 0US I it ’ ditub 10 thou rs , b u l l  el f fl5 ot t I ratio e vos I t h e m  I ~ s
I m ist a l I t  ng ao t i l t s  I I t ’ . i t  t i e ’ ha I I It’s , and Ins t a I I I ttg moo h ati  I cit I vent li;tI I ti t i.

Those’ tnod it I t’a t [O tiS a pp I I t’tI In t l it ’ San te’ t’t tli t e x t  as t bet so I or C;m t ,‘~ ‘t ,  t v
A • Itre 1~’ [ti e’ an tnmpr oved I t i e ’ u t  ‘mi i t ’ i t  In I mit t t~~e’ red out I ott of a ppi’ox [tii~u I t ’  I ~

‘ 2 ( 1 dli
C,I t t ’g,’mt ’ B noel i t  I o , m t [ofis . i i  e ’ t h e  pl’:u’ t I t ’t tb  I t ’  I In its 01 ap p  I led ~o u i i i t i  h i l t ’ , ’  I l u g
w i t l i l tt t h e  s t t i t l t ’ .

‘l’I me ’ LISe ~ auit l II pp 1 I t ’l l  t ion ci t  t lie’ cat ego r V cone ’ e’p t Is I t ’ pr ov ide’
t ’ t ’fli~ ’:t ta b i t ’ net I st ’ l’edcie ’ t I t ) f l  VII  I t i e ’S l i i i ’  C’S I I tut u t I tug putt’ poses. Th e’ mod I t  I —

0 . 1 1  I t i t u s  used und er e’ae ’h t t a t  t ’got’ v v a r y  as a l u n e ~ t b i t  o I tht’ t’x ta t I mig
re ’g I t~u~u I bu l l eh l ug an d :1 5 1 von I eve’ I o I flO 1~ e’ rt’due’ t I ott . In pr;u’ t Ice ’  a
d it I t ’ t’t ’ii  I t’x t e’li I i i i sound prno I I ug e’oul ci eli a ll y lit’ d o  t t ’rtn I noel arid itpp I I eel
elept’ittl I t ig  ott ( l i t ’  I s ’c ’:i I I v  ele ’ t c ’Flll m e d ttt ’e’d;; .

Th e’ ti pp I Ie’t i  I Ion  o t  t ’ I t  l ie ’ Ctt t ogt ’ry A or B titod I I  i c ’a I I ot is  h rt’v I d c’s ,
I n  add i t  I t ilt t o  qua il  I I I  i alt I v limiproveel no I Sc’ re’duc t It it t vu I ut’s , :1 hasi
t o m ’ t ’St Im a l ing rt ’ It r e ’st ’l i 1 : 1 1 1  ye’ c ’ , i ; ;  Is ~t f  sp t’ e’ f t It ’ h t’ve’ I s iii sound i~ ’oo f l itg .

‘h ’ I I R E S I I t ’i I , h )  N O I S E  i , i : v i :I . s

‘Fit e ’ no 1st’ impact w l t h i l u - i  b u i l d  b u g s , du t ’  to a t r e ’ r a t  t np e ’r a t I o n s ,
C ’ OVe’ t’S itt i e x t  ems I Vt’  range ’ c i t  l eve ls .  ltt provid ing quaui I i t  t I l l )  I t ’  I I m d  I rugs ,
mi ppt ’r t t t e l  lower I e’ve’l a of noI se ’  itiu puc I a te’ z’e’qu I red . ‘I’Ite ’ upp er  it’ve’i ~~ ,

ii lst ’t i  ssetl In  (;It :t p Ier 3, -a Fe’ (I trot ’ t lv Ft ’ I : t  t e’d to a 1 F e t a l  I I tt ) 1st.’ t4OLt i ’ e’t ’
I titpae ’ I . Dc’ I in ittg I lie ’ I ow et I e’ve’ is re’qu I Fe ’eI Z~(~Se’tl Ft  I i  ,and aui t i  ys I s.

‘I’hie’ l ower Ie ’ve ’I s , li v c l e f  it - i  I t  lout , l i t e ’ I h i r e s h i o l t l  I e’vt ’l s t i f  l i i i  or tot’
t i o t  St . ‘i’ W t u I I i t ’ c ’Shi t ’ I t i  I e ’v ’’ i s  were ele ’ t c’m’t iti t tt ’d and tmse’d , omi t ’  l i i i ’  st’h t i t i l  s , —

- - ,m ttd : t tu o  t her  it i t ’  Iiosp I I : m  is antI pub I i t ’ he ’ti It i i  f~~t t ’ I I  i t  It ’s. ‘I’he’si,’ A—w e’ i g h t  e’d

~oittitl le~t~eI  s tire ’ ;

——S o l u a u  1 a /t ’ , dR/u

— — h l o s p [ t ;t l s  am u l P m t h l  I t ’ h l t ,’al t h  Va t ’ 1 1 1 L  it ’s 4O d hh A —

‘l’htt’St’ thu t ’ ,’sh t ti I el 1 t ’ V e ’ Is -a t ’ t’ tt t t , t io r  ~ ho em Id t iuc ’y  be taken to be’,
, f l ’ e i t t S t  I t ’ e’r L Ieu ’ 1 :1  • t-t~~ t’ t ’ I t  b i t t  lot u s  or s t a nd a r d s  ri’g:trtl (ru g l ) I t i l d  lug
st u tmn d i~~oo I lug re’qti I rt’tmtt’ttt a. ‘I’It e’y l i l t ’ a (nip i y (lie’ 1 owe’t’ I l i lIlt s ot (rut or I or
no m a e ’ levi’ I a utili zed In t Iii’ study ’ a t t t i : i  I y t ;  i s  , t ’ ciS  I I ng am id I i ntl In gs  .

I~KVKi ~OI’MEN’I’

‘ I i i  r t ’ a l i t u  I t l  leve l s we’re ’ dove I opeel und er  t he’ i n t l  I t i f la  It’ anti wi lIt In t lie

o ii I t ’c ’ t I ye o t t m v o  I d I rug [mi t or I erence w i t  h i no tst ’— si.’t is i t  I ye l i t ’ t I  v i  t i t ’s.

I
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The adverse effects of noise exposure on people can be grouped
into three general catego ries: degradation of health , attitudinal
reactions , and activity interference. In general , the noise levels
defining the threshold of interference with certain noise—sensitive

— activities (i.e., sleep and speech) are lower than those associated
with the other two categories of adverse effects. For this reason,

- -~~ activity interference is the criterion used in establishing threshold
noise levels for each type of public building considered .

Althoug h-i a variety of activities exists within any b u i l d i n g ,
activities can be identified for each building type on the basis of
primary activity requirements and susceptibility to noise intrusion .
The building types considered were schools , hosp i t a l s , and public  heal th
facilities. For schools, the primary consideration for interior noise
is speech communication. For hospitals, the primary activ ty of impor—
tance in regard to the noise environment Is sleep . With-i the functional
similarities between hospitals and public health facilities , it is
assumed that the primary activity for public health facilities is also
sleep. Based on the considerations described above , a literature review
determined the noise levels below which interference with the activities
of speech and sleep should not occur.

F SPEECH IN TERFERENCE

The aircraft noise transmitted to the interior of buildings is
considernd a background noise capable of interfering with speech
communication , Such Interference is a function of several factors:

——Noise level and spectral content of the background noise
at the listener ’s ear.

——Spectral characteristics and voice effort of the speaker ,

——Propagation of the speaker ’s voice to the listener(s). For
typical indoor communication , conducted without the aid of any
amplification , this propagation depends upon the separation
distance between the speaker and listener(s) and the acoustics
of the room. 

I 
-

For speech communication in a classroom situation , at least two
additional factors are also pertinent:

——A noise environment which is conducive to learning is
required . (For example, repeated short—term disruptions of
speech communication can degrade the efficient flow of verbal
instruction and lessons.)

——Chi ld ren  are not as familiar as adults with language and ,
therefore , according to existing research , should have lower
background noise levels to achieve the same degree of speech
comprehension as adults.
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Co t t a  ide ’ t’l rig t l ie ’St ’ I . t e ’ t e ur s  , t h e  I t ’  I l o win g  procedure ’ I dent  i f  les the
lt i’i’Shue i Id lOV e ’ I 01 speech conunu tni  t ’a tlo tt i i i  st’boo 1 b uild iitgs

—— Ropr e?se ’m t t 1 u t l v e ’ a t  m ’ c’i ’ J t  I back ground m t o i  at ’ levels WOF e’ predicted
I or  loc ’at totm Ins  I di,’ a schet o I e’ I hiSs i’oonu . These 1 e V e ’ Is were
bitse’d on e’x t en s tv t ’ da t a  on out t lo ou ’ l i i  r e m it  n o i s e ’ sput’t ra at-id
out doom ’ / In door  t i o l  so m’educ t [ot t  v Ii I cit’s of hu I id 1 t t gs

—— h a  I a  pub 1 i sht e’d on t i- it’ I i’ve’ I and sla t ’ t rum ol a I c - n u ~i I t ’  v o i c e ’
exIt lb it ing a ra I See1 vc ’t ’aI e l  fort were used to oat i muua t t~ th te speech
levt’.i , u t  a t ’ot ls e’ t ’va t ly e d ist an ce ’  ot  9mn (29.5 It) f rom the spc ’akt’r .
Based on the acoustic i’everbe ’ r~t I I dun tt ie asur ent ent  a e’omtdu c ted in

sc’hoo I classrooms for t lt e study, t h u  I s  separ li l ion Wi ts  more than
auf lie lent to P I,tc ’c’ t he 1 istt ’t 1e’~ i t t t he  r e v e r b e r a n t  sound f i e l d
of t h e  speaker ’ s vc i e ’e .)

——A stand ard time hu , ud t om p re’d I c t I tig a pee’cht comniun I cat Ion  el lie bone ’y’
based cu l t  d i sc ’ c u t  l i i i’ Ar I I en I a t  io t i  Index (Al) , Wit S e’uttp I t u v t ’d C)

pred I ci t h e  atu tou ni  c i t Spc ’t’c’li i t i  I t ’ t i  o t ’ t ’m i c ’ t’ f o r  Vu r I t a ts  I eve’ is ti I
a ire raft t I c )  1st ’ j uts  idt ’  t h e’ h yp o th t ’t i o u  I cla ss r oot mi

‘Iii e i’c’Sul Is ot ib I a Itita 1 vs is  a r t ’ su im u tma r I zc ’d li-i F’ i guu’ u’ I.  ‘FIt i s
I I  l u st r at e s  how t h i e ’ Al increase ’s as t lto ba ckground n o i se  l e v e l  dc ’or t ’a ses .

From t h i s  mu ore ahs t  rae ! measure of spec ’c hu eomtuun b i t  i t u i t  e’f t i c  I i’it~ ’v

I t  is p o s s i b l e ’ to prod let the  I n t e l  h g  lb b i l Ly of e’tuitp let i .’ St ’litt ’t li’ t-’ s It S  ,t
more d i r e c t  measure  of t ’ omntu it ie’at lot - i c I  I O c t  lV t ,’t ’iCSS. h ’ t u i ’  l i i i  Al c u t  (1 .98,
100 percem t i t t t t ’ 111 51 lull I t v of f i r s t  — P r e’st’mi t e d  Seuu t e ’t ~c’e’S I l l - i d 98. (i pc ’ r t ’t’nt
e’or m ’t ’c ’ t idont i t  I c a t  ~cil1  I rou t a i~i st t u l  I ,000 phonc i le ’ i i ll y lilt 1 I i t ic ’ed wot’ tls

~i r ~’ ob t i t i n u d  f o r  a d u m i t s .

As End b a ted  iii F ’ lgu te ’ J , an A l  c u t  0 .98 Is o b t a i n e d  wht .’it t i m e  b itt ’k’-
ground A—we ’ I ght t e d sound 1 eve’ 1 is ‘~ S dli i t t  t i te  c I ass roonu s i t  run t i  on c c u m u s  ide  u’ e~el
in  t h u s ~iu a k’s i s .  l” u r t h t e r  re ’duct io n  of ( lit ’ back ground t to i sc  leve l  w o u l d
pr odu ce no subs I . i u t t  in I l i l t ’ t’ ’zt so in Al or Itt S C f l t t ’t t c’ e’ I Il tt’ ii [gilt j ilt V .
‘i’hc re fo r e , Ii l e v el  of 45 dB , cl ue It ’ t n t  r u s  [Ott ol  I I I  Fe ’ ma f no! Si’ i t s  i d e ’
St ’ t io o I bu I Ic! I ui~ s , was so 1 c’c ted as t lie I I u r e ’nlto Id 1 t ’vt’  I I F onst’t o t
Sj’c’oc ’ Ii in terfere’mtce’ e I I eo ts in suc h build tugs .

SLEEP IN T E RF E R ENCE

Because s leep  may ho el’uc ial  to p at  i t ’ t t t  r e c o v e ry ,  and is  It cr11 I t ’ll 1
, l c ’ t  i v i t y  ,for  p l tt le tu ts in h o s p i t a l s , I n I t ’ r t c ’rt ’m tct ’ w i t h  s l c ’e ’p I S  (lie ’
o r I tt’r Ion used In the  c’o m t s  I de rat  l out ~i ~ I hit ’ no iso env I routn t t’utt of hu o sp  i t  I t is
Un! Ik e commun it ’a I on titl e’ r I t ’  r t ’mi t ’o , t h e  ‘ I  I i ’ ’  t s of noise’ tin si e’t’p l i F e ’
not We ’ll  understood , Exper Imnt ’n ta I I ’ e ’Se ’;i i’e ’ht has b e’e’tt ooucen t  r a t e d  out
,i ssoc’ t~it ing sleep lit ter t e ’renc ’e with g lvett no b s t ’ et tv I ron tuue ’mit  S te ti ’

o [thor th e awakening t u l  ~i suhj  e e l  due t o  I-i t i - a r  I I e’ui  I ar I to I sc’ p re seitta I toti
or I i  change itt sI eep at :tgt ’ ~ts t i t ’ t  e’rmi neel liv p hty s it i  I og (c i t  I m e l  I cator s
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No clea r evide nce was found to establish any otw type ’ 01 noIse
nte tric as preferred for evaluating sleep interference effects. F I l t ’rt a
t o collapse t h e  w variety of experimental data In terms ol t ’ m i e ’ r gv-

average value’s of tue various types of tto ise e v a l u a t e d  have ot i1~ ’ boon
partly successful. One investi gator huas , in f a c t , beet-i able’ t o  estimate ’
the approximate ehatige in sleep interference’ responses sinupl y in t e rms
01 A—weightted sound levels.

These es t imate’s , shown i t t  Figure 4 , indica te the t xi uu - a t c numbe’r
of people who would;

(1) ttave theIr sleep state changed , or

(2) be ac tually awakened as a f u n c t i o n  of the sound level oI
expo sure .

The lines in the figure r epresent  only  the t’ St m ated tnean t r end  it t

sleep interference ’ d..ta w i t h  r e su l t s  of I n d i v i d u a l  invest  igat ions
scattered as much as +9 dB about the mean trend l i nes  i l l u s t r a te d .

Based on the in tercep t of t h e  “awakeuted” trend line iii Fi gur e ’ 4
wi ttt the zero response axis , at-i A—weighted sound level  of 40 dB W I l S

selected f o r  the  t h r e sh -told level of noise ’ f o r  p a t i e n t s  in h i osp i t l i  Is and
other public health facilities. The potential S c a t ter  of experit i ten tal
da ta , ob tained p r imar i l y undt’r laboratory—like conditions , about. th t e ’sc ’

trend lines, makes it ditficult to evaluate reliably tltc sot ’is iti vi tv ot
this threshold limit for sleep im terferettce to chattges in thte limiting
level, increasing tlte m-iois e exposure above the  t h r e sh old l i m i t  leve’l o t
40 dB would cause the expec ted number  of people awakened to inc rease by
approximately 1 percent per dB , at-id the number  of people whtose s l eep
sta te was changed to increase by about 1.3 perc’ent per dB.

SUI’~4ARY

In terior levels for defining the thre sttold for eflec’ ts on peop le
were ’ es tablIshed for schools , hospi tals  and ptmbli c health facilities,
Noise exposure to levels below thu ese  are eu Ot  expected to produce atty
in terference eff e ctu ~ on pe ople’ .
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CIIAI’TER S

C OS I’ S

Nationwide , the estimated cost of rehabilitating a v i at l o i t  t t c u l s c
Impac ted schools , hosp itals and p u b l i c ’ h e a l t h  f a c i li t  ic ’s to a I e ’~u s i b 1 e ’
and p r a c t i c a b l e  level of soundproof ittg mnodif Rat i on  would be , i h i p t ’ c ’ X i _

matel y $204 ,000 ,00() spread over a p er i o d  ot \‘ears. Thi s value Is based
on 1977 dol Rims , oxciud tug factors or p rov is ions  f t ) r  c’ t u s t  esca lat lou t .
The t o t a l  amount is the  sum of regiot ta l t’ eists , developed f r ou m assumed
m o d i f i c a t i o n s  appl ied  to 60 s tudy  bu i ld ings .

COST DEVELOPMENT

Values developed I i t ’ c ’ t h e ’ do l lar s  w h i c h  would be’ r e q u i r e d  It ’  Impr ove
the noise reduct lout c u t cx 1st in g bu t Id Itigs on a meg i o t m — h u v — r t ’g ion  h a s  i s .
‘l’luo costs to achieve impm ’ove’d noi so rodu ic t ioit vary by meg I eu m i  clut ’ t t i  I h u e

r e lt a b il it at  Ion mod i t  i e .u t  t o u t  m ue ’c’e’Ss1i rv , c ’ouu s tr u c’t I t ’ll pu’Itct I c e ’ S  emp I ovt ’d ,
m a ter i a l  used and Io c ’~ 1 labor r a t e s .  hio weve’r , th te  m u u e ’tltods a u d  p r o cedu re ’s
for cost developmettt ar e  the  same I or 1111 me g ions .

ME i’hIOD S ANI ) PROC E L) U RES

S i x ty  s tudy b u i l d i n gs  t orm the  b. 1s is c u t  e’St i t i t l i t  [ t u g  so u n d pr c u o I lug
c o s t s .  ‘rl’~e cost was ca icul1ut ed t o  mod i t  v e’.tt ’It o t  t t u e ’st ’ bu t  Id [ttgs
grouped b y r e g i o n , to ac hi  I e’vc’ t h ut ’ Imp roved no i so  t t ’d t i c  I i ot t c ’t C i t  c’gc u r v A
and B rehab l i i  ta t  lot-i . l’ .ui ’ Ii e lenient c ul thue ’ med [ I I  e ’ , m t ion  was c’S I iflmIt t t’d
S~ ’ ~ t I t l e ’ l v .  The t o t 1 m l  c o s t  ot’ the’ mod i t  I c’j t I on I s  the’ sum o I ,u 1 1  e ’ I t’nte’t’u t a
El e’mt’flt cos t was dove’ 1 oped l rott ,u c’ ottumon c’ost cl ,i t , t  l’~u Sc’ e u t i ,u t I ou t .m I

- c’ot struet iot t  unit e’ cis t  I t g t i t’e ’-l . U tu i t  ~‘oat  t i gu r e’s we ’re ad] usted t eu I’
reg iona l v . t r i a t  j o t t s  I t - i  t u i a t e t ’ma i ,  attd I , u h ~u r  by r t ’g i ou t a l cos t  I , t c t c ’r s .

Based ofl t lie i itd i v  (dun I hu [ h e l l ug ’ a noel i t  ica t ion ai t t i  c ’t’S I I mt g a n a l  vs Is ,
an avt ’r,t go mod i t  I c ’ ,i I I ott  and cos t we ’re ’ ch evc 1 ep och lund 111)1)11 t’d to ,i ii
b u I l d  it gs in th e’ tt’ c’, I ott . S ep a r a t e ’ ,m t u1 m 1 vs is w,ms per I ot ’mt ’eI I or ac ’Ilot ’ is  llflcl
hto sp 1t ~i I s  ( p U b l I c ’ l t t ’.t it  h tat ’ [ l i t  I c’s WO F e ’ cotta tcit ’ u’t’d hto sp  i t  a ls  in Ut is
pr ocedure ) .

~~i5’~’ DATA BASE
1!

The c’o~~t da ta hu . Is , ’ I t - i c’ ludes tlu t ’ u n i t  c ’c u stS ci t ,ul 1 c ’ l en i en t  a i t t  ( l i t ’
titod i t  i c  it  i eu Imu e 1 ucl 1 t tg t’ t’g I tuna I ce~~t , ich  ustment, t ~ic (curs nt d I lte’ “ma u’ k tu p ’’
d o l l a r s  . the ’ r o h u a b  i i i  t a t  i c ’it ‘‘nun rkup  , ‘‘ i t t c ’ ~1 cud l u g  OVe ’ r h i c ’, i ch  , pt ’o f i t .mui ~h
con ti n g ct t t ’ v , i s  .t u i m i  ( I  ‘unit ,‘ ‘i pete Ot t  I c u t  I h e  tutod I t  t t ’ ,i t I t ’ m u Oc ’S I . The’
I htr t ’c’ has ho u~ ’s t r e’ I e r , ’i i e ~es used to dove I op I I t t ’ t in i t  0 eat Ii gum i t ’ a w e t , ’:

— ,‘uu~
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-— The 1977 IJod~g,~ Construction~~ystems Costs , New York: McGraw
11111 m l  ormat .1 om-i Sys tems Company

— -- The 197 Dodge’ Ma nual fo u iZdin~~Cous t ruc thm Pr ic i~~~ and
SchwduUnj~, New York: McGraw Hill Information Systems Company

— -  1105 ~~Heldthcare  Bui1d 1j~~ Costs , F’a rl ey ,  3. IL , Chief Editor ,
New York: McGraw 11111 Information Systems Company

‘l ’hu c ’se manuals  are comprehtensive’ arid accep ted iii c onstruc t ion
p r i c i n g  p r ac t i ce s .  The cos t figures are based on nationa l cost average l

- 
I wh ich are updated periodicall y from information collected at actual

on—job  s i tes throughout  thue country . Current values rt’present early
1977 pr ices .  gasic’ a l h v , ti-ic values show labor , material and total
c O S t S  ~ri square fe ’et of intended modific ation . TI’ius, the  modifications
applied in the study are -in terms of square footage of work to be done ,
except in t he  Instance of Heating , Ventilating and Air Conditioning (HVAC)
work. Where HVAC Is  inc luded , the u n i t  p r ice  cii HVAC is based on the
square footage of the room floor.

~~~~~~~~~~~
W h i l e  u n i t  cos t f i gures  are provided on a natio utal basis , th ie

Dod ge Manual s recogniz e the’ varianct ’s i t t  labor at-id material costs
t h r o u g h o u t t h e  nat  i out . Cost ad ju s tmen t  da ta  ~or t ite c i t  lea l i s t e d
in e’ I l t h u  of th u e studs’ reg ions were compiled and averaged to produce
reg iona l cost f ac t o r s .  Applying reg iona l f a c t o r s  Icu  t i e  n a t i o n a l  costs
adjusts the unit costs up or down , as ap p r o p r I a t e  to ti-ic condit ions
e) f cac t i  r e g i o n .

PROGRAM COSTS

‘rhe c’st imated dc i l i l t  F costs  I ti m re ’duc tr ig the l i t t e r  i or no i Sc’ l evels
of e xi s t i n g  sc’ht o o i s  , itosp it a l s  and p u b l i c ’ hea it-it  f a t ’ ( I i  t i e s  to within
I c’asi hie ’ and practl c’ahle ’ limits lire ’ cot tslde ’r e ’cl p rogram c’osts.  Thest ’ costs
and the noise’ re ’duc t I ott  t h ey  provide  are presented  tm - i u t a t  lona I value’s.
While ’  val id  in t h i s  cot it ext  t h t t ’v  arc averages atid should  he used as
r e ference and guidance otd y .  Casc ’ — h v — c a s t ’ lc ’c’a 1 s I t e  ev a lu at  ton and
otis t est imat hug need to be’ •u c ’d’omp ii shed It  d e t e r m i n e  ac’ t ual  fae’ t i l t  v
r ehtab i iI t 1 t t Ion costs.

Soundproof In g cos t s , by region , wer e developed for both schools  au-id
h o s p i t a  Is  ( i n c  l u i d i n g  p ub h  Ic h e a lt h  I l i t ’1 l i tle s )  , by determining:

——Th e leve l of noise ’  r educ t  l ot-i t o  he at t a iue ’c l  (Ca t ego ry  A or B)

——Mod if I cat Ion to be app lied , per room .

——The number t I r ci on s to he nod i I I ed und er e’ no it en I ego r v .

— — C o s t  pe ’ m room t i m e s  number  of rooms per ca tegory .

— 2 7 —
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Regional costs a re the sum ot all m odi t i ca t ion  costs w i t h i n  the
region and national costs are the sum oI all regional c’cists .

A key item in develop ing costs was the degree o mod It ie ’ at lon
assunted to he applied . The c r i t e r i a  used i n  determining t ’at t ’gturv A
or B improvements were hast’eh on the te l low ing .

Categou ’v m o d i I i c a t i o u t s  are applied in the following manner.
& ‘j t e.gt u rv  B mod if  b a t  ions t, lt ppro x imat e lv  20 dB imp r oved no i se reduct  ion)
are applied to Iltose buildtutgs/rooms with -i existing utoise levels of hO dli
and above for schools, and those ot ~5 dii and above [or hosp i t a l s  and
pub lie health facilities. Category A nuocltt teat iou-is (approxImately 10 till
impr oved noise reduction) ate applied Itu thuo st’ buildings/rooms with
exi st tri g noise levels of S0— ’~) dB fo r  SChtOc ) 15 , and those ot 4 5— s - ’- dB h e ir

hosp itals and public  health t’a c t l i t i e s .  Tht ese c r i t e r i a  ~ lst ’ itt e lude’ t Ime’

feasible and practicable constraInts oh t i o —m t t ) t t u i n g  t o m  ex i s t i n g  levels
below 50 dli for schtoo is and 45 d~ I or h o s p i t al s .  Suc’h e’on st t a i n t s  ~‘ou lt l
he r emoved ott an tutd i~ idual case—by—e’ase’ t’valuation and implementation

~‘ t f o r t .

NATION W I DE COSTS

Soundpr ooling cost est imates are provided , in nationa l values ,
fo r schools in Table 6, and tor hospitals I, including publi c health
ta c i li t ies )  in Table 7 .
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•F~~ ,

t ”F N E I ”  I i’S

l’ht e’ pr t U t ’ I pal bent’ I i t  it t  scnimt d proo I 1 ng pub I i~ ’ bei t i d i n g s  is  the
1 c iWd ’r hig 0! j t i t e ’ F j o t  riO 15c’ l t ’y c ’l s  c i t sc’ht c i o i  s , lic ’sl’ I t , i  I s  and public

lu ~’a I t h  I .uc i i  i t  it ’S • thus pr ov  jcl i m 5  IIlu }irc iVt ’cl cond i t  iOns t c i r  ~
‘ I assu’ cud unu

c’cittitfltlttit’Il t tot - is and pa t icut t r e s t  1tt d rec o v e ry . Al t h l c iU g h u  l i t  t i c ’ dlt (,u
c’S ist to ~‘t-iahl e the tt’ ans la  t ion ot  t i u l s  d i  tee t ben e t it into d o l l a rs ,
~‘ t t o  qu an t  i t  v the iutt p u’ovcd c’duc ’a t ic u m t 1t l  svs tern , or t o  quarit i t  v Ihe
advantages  ~‘ f a shot’te’mted r e c o v er Y  per ted c it p~t I ients , t ltt’Se ’ asj iec ’ I S
c ’ ,t U ti c’ r ev iewed ~un a qual  [t a t  ive ’ t i asi  5.

Q u a n ti t a t i v e’ bcuc f it s  et sound proet  lug c’ .tt’t be r u ’,’ i c ’~’t ect by e at  1—
mat i t - i s  do l l a r s  saved in t ’t t d ’ t g\ ’  ( Sc ’ I t c u c u i s  and hic i~~1ij ta i s~ anti th i e  d o l l a r

I tie’ 0 t l’ c’e’O ’,’ d’V Oct t t ’It c’ bing I itue. Irid 1 c’ ,t I tons ,u mc ’ t t i4 i  t t it ’t te ’ I i t  S I i i  Sc ’
ex i s t  itt pat let-i t t c ’O c iV c ’F V  I Itite’ hic iwcvt ’u’ * t h u  i s  be’~ eI i t  is  mor e  c h i t  t C ’tl i t
to quati t i t y  lurid has not  l’c’t ’tt ea t j Iti ;t te ’d . 115.’ ~‘.u i t t e ’S ~!c ’t l V c ’cI ( I t ’ i’. ISc ’cI O t t

a ssurnpt tor iS and h i t ’c i t  Oc ’ I toils • sti l’ c c ’ t t ci t ’ lu I  I t i l t  I ton • , i t i ~i tic ’ nt ’ t titt ’ l i s t i t e ’
t he t c i t 1(1 ~‘ Il 1 (5.’ 01 ,i 11 a~’ tual bce-it’ I i t s  - Fli e ’ I t t  0 i c ’ , .inv c c ’Ul I’ ,l I i SOli 0!

t h e ’ est imitated t -i1 t t i o u i , u  1 bend i t s  Itric i e ’ St  m a  t Oe1 t . t (  j e ’t t .i l ~ost S , in  c t  t c c  I ,
u n d e r s t a t e’s the’ a ct u a l  b en e f i t s  c ’l St~U t’ ( d h u t c ’c ’t  ing .

L~t ’Al ,H ’ATlVE

sciioot s

for Sc’ h o c ’ h s • t h e ’ betuc f t  I of stu t i t i t i  P F0O I it’tg t tu 1 UI~’ t t ’t’ 0 t e’ t b .t I c
mut t i c a  I i c ’tt s In th t c ’  e 1 . i S S i’ O c ’W is i t ’ I i c c ’ I t ’d j ut ,it t t’ui t u , ifle e’iut ’nt ~ I he
qu i t I i iv  c i t  edu c.m I i ott and .1 tc’dt i e’ I t c’ut c) I St  t ’ e’SS Ot t d.ic’ t iers am id st ude’t I s  .
f uhauc ement in I he qume l i t  v o t c’dti ~ a t  ~i en e Ottit’ a .tbou t t h e’ ~‘ug h inc u’c ased
t ’ cit n rnu n t c . it  jot_i he twee’ut tt ’Ii~’hters ~i i t c i  st ucj e ’ut t s as ts’e’i 1 .is t i l t ’ t’duc1u t i o u u , i  I
Va Inc o t reduc tug interrupt ions tint trig verba l 1 t’ssc’na - Al thoug h lit is
hett e’ f i t  0 c i i i  Id he’ qua mi I b t  i ~ ti t o  St’til t’ cie’g re ’c’ ht’ ccutttpa C’ i t t g t CS t S t O l e ’S c ’t
stud ents exposed tO qu iet  arid i_ic’ i sv  dil~’ iro it rn t’ufl s • t it t ’ \‘I-il Ut’ 0! an
improved qua! i t  V c i t  t ’d ui c ’ .i I tout i s  iui  o I l  Oc ’ t .i Pt ’ i c c ’ I c’SS commod i t  v

h ’hic reduc t iot t  of at t’c’Ss in t hit’ ~ lass t’oom nob ieved t’v I OWe’t’ tic ’ 1 st ’

1 e’vt’l ~ resuti ts I t oni ci tnt m a t  j it g t i t ’  t t c~c~cl I or mIt j s t’d \‘c’ t c ’t’S ,t m i~I \‘oe.t 1
re’pe ’t i t  ion in at  t entpt s te ’ ti-il-i i l- i t  lu in  ~‘otit miiufl c ’I t  I ion chit’ ing fleulSd l i--i t e r r e ip t  lt ’fl

u-em c i m it s Edt’ the bu ild ittg . :\5 tC’t tht inipt’ t ivt ’tl t’dtit It t tona l c l i i i l i t  V • the’

rt’duc t jot-u o t at mess is au l i t t l i ng  lb  Ic bent’ I I t wi lob i t  I t ’C ta tic ’ I t i t t i v
I tie par t i c ’ i j i . t m i t  5 ti _ i t i_ i t’ c 1 ass t’ci c itit h u t  .11 Sc ’ LI i t  ( fill tel v the’ i t - tarn ii it ’s ,iutd

Sc’c’ ( C I V  , i t  l ar g e ’.
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F i guu -t’ ~ p rov i de s  a gt ’ap tu I c  p t ~t’Seui t  ,t t  ion 01 qu Ie t i t  111 i V e ’ i t ~~ ’. t c

ht’nc t i ts in sound pi o’ t tug ~c’hoo 1 s. L ’ t td er  t ti c’ e ’X~ St it W , OthI it iot m s
i t t  ac huc ’, ’l a  id~’n t i t  l c d  w i t h m i t t t h i s  s tuds ’ , S.. i c’ r c c ’ml t  c i  , i I l  S l U~t e ’ I t t S

. l te’ 0 ~ t ’ c ’S t ’dt I c ’ i n t e l ’  I t ’ r tutax inium A— wt ’ igl ut ~cl soutid I e’V~ Is oh “ ‘~ ciI ~ c ’r
h i g t i r . I S S O C  £ . i t e t l  u~’ i t h . m i m t a t  I t ’l ’ c ’ t , l t i c u I t S .  .-‘u f  I c r  souttc l p i’ t ’ot  j uts ,
at  i t d em t t  e ’xpcSu  I- c ’ i t ’ m l  er i or Ietc ~ i s  ci t t

u5 ciB or hi ighier ~hit ’ t o a i t c t . i  I t
no i Se ’ i s  reduced  I o less  111111.) II) pt’t’ct’nt -

thiS I’ 1’l’11~S

Fc’ r hosp it Il l S Ill-id pub li e hea l th t  t a t ’ i it ic’S , t t ic’ soun dp rci~’ I i t g
bent’! i t  c u t  reduced sleep tnt c’r f e r en c c ’ i s  ,,l irec’t i v  rc’a 1 1 : e ’d liv t h e ’
I n t e ’rncd pal t ent  a in  t h e’ fern - i  of  a he ’.i I t t _ i  lund qua l i t  v — c u t — i  I t o  iic’tte’ f j~
and .u pot t’nt 111 1, lv shortened rc’covt ’rv pe r iod .  Add i t  ~ c ’t t l i  I l’t ’iit ’ t i t S  ca t- i

Sc ’ he ach i eved  in t he  p o t e n t  tIt I rc’duc’t lout cit  the  t ime’ t ht1i t tiued (c.il
.i t t endaut Is art ’ t’equ I re’d h~’ si eep—d i~~t urbed ~‘~t t ie n t a . Th~’ rc’duc t i Ott i t t
p at  ic r it  noise impact through-i souu idprc io f l i t 5  is gr a p h  i c l i i i  V pre se ’utt e d  in
F i ge i r e ’ ti . i mid c ’r c’S i s t  ing  cond i I i ot - i s  i t - i  it oap  it a l s  and public htc’~m l t ht
ac i i i  t i t ’s w i l l - i in t h i s  s t u d” , ~) ~~ S pe ’t’c’t’tt t of a l l  p1tt lent s a m e ’ e’xpoa ~’d

to t u t o r  i~u e ~ m ax imum A—w e i g u t  ed souutd l e ve l s  of ~u1) dB ** ot ’ it l g h t c ’r as It

result t’f a ir e ma ft ope’ra t [ems - A f t ~’ r sout tdpr t ’o  t i n g  • p a t  l e n t  c’xh ios t l r e  I
tnt or tot’ levels of ~u~) dB or hi i ghe r due to  z _ i l  mcmli ft I t O 1 S t ’ 15 t’educed t o
.~i percent.

Q~t ’AN TIT AT 1 VE hl~N F F l T S

FIN E R CY S :\VIN C S

Tht e soundproo f  In g  of  public buildings itas two t’ule’rgv related of to o t a

— — I n c r e a s e d  energy cousunupt  ion  by It i t  c’ond i t  t o n i n g  equ iprn t’ttt
due to eliminati on of  ttaturlul vet-it lint iciet .

— —Rc ’d uc t  ion in h ea t  I oss due to the ’ sealing c’t t.’li u s , w ittdc’ws •
and other openings .

A study porformed by the Federal Energy Administration , “Energy
Conservation in New Building Design “ Cc’mt se rva l ion  Paper N~’ - ~ , Augusl
1 d 1 7 5 . indicates that energy savings realized by r e ’duc’ ti o n  o f heat  less
excee d the increased energy consumption of a i r  conditioning (emtergv
costs based on 1977 utility rates).

The energy consumption required and the eltergv saved through
building modif ica t ions , including ai r cond it i oning as appropriate ,
were ca lculated using methodology set f o r t h  in a Wvle Laborator ies
decume nt , “ I nsu l a t ion  of Bu ildit _ igs Aga ins t Highway  Noise,” August
1976 , whic h includes the fo l lowing :

——Net Energy Sa ving (energy savings by sealing and modifica tion ) —

(Ad ded venti lat ion energy )

* A level of 55 dli is considered the ambient Interior noise level of an
occupied classroom.

** :\ leve l of 50 dB Is considered the ambient interior noise level cit au
occupied hospital room .

—
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——En ergy Sav ing  by S e a l i n g  ( I n t i l t r a t i o n  c o n s t a n t  ( C ) )  x ( B u i l d i n g
Volume)  x 3b5* x 24

—— Ette ’rgv Saving  by Mod I f [cation (Thertun I Tr iuns tn i I t l i u t c o  ( u )
Fat - t o t )  x (Area) x (Local Attttual Degree/Day x 2 4 )

——Added \c’nt h a t  lot_ i Etter gy (kw it / v ..’ l u r )  Buf ld in~~ Volume
233

——Wt ’ 1gb tc’d l i Vt ’ FagO O t t’ r gv  cost I or gas , c i i i  , and c’ lee I n c  It v
is app l ied to Ilte above ettergy c’onsutnption to 1 r li t_ is11 t 1 c’ in t o
1977 d o l l a r  c o s t s .

The r e su l t s  of th~ sc’ ca Ic ’u i l l  t ions , i t t  c’uterg’-’ dollar s sliveci , t or
tlc I l”O pub 1 ic buildings covered in t hc stud y are l i s t  eel he 1 (1w . ‘Fhte ’
a I cu Ia  t tot_is were nuadc’ assuming that a I I bu lid I u_ i gs would j i l l  y e’ twa t luig,

(‘ c’t l t  i hut  Lng and l i i  r c’ottd it [outing svstCnus .

NET ENER G Y SAVINGS PER YEAR

BUILDING TYPE NUMBER NE’l’ S A V I N G S  ( i i  $)

S~ hc io is I 100 1 , 780, 000

H o sp I t a l s  78 230 ,000

Publ ic H el l  [Ut F.ic f l i t  i c ’s 1 2  30 ,001)

1’OTAL 2 , 041) , t ) t )  0

I’l-:ACu I NC ‘F 1MB RECOVI :R1 ;I )

l)isrupt i ou_i l it c ’ i~u ssr oonu s , ch ute’ t t  I t  I mo ra l I noise’, c ’ ,ittse ’S t [nut’ de’ I I I V S

in the tc’lich I rig proc 055 . S c u tt n c l  pr oof ir i g  went 1 d t’c’thetc e thtc’sc’ do I liv a :und
the t ime rec’O vc’rc ’eh caut be’ t’cprc’settt c ’cI i i i  in  c’st (ma ted d c i i i  II  r ~‘a I t i e  c u t

I eac ’ It l u g  t Ime . l ’itc ’ Vi - i  I U c ’S ~ht ’ I e rtu I tied a r~’ ha -ic’tl on tin’ sc i u it t t l pl’ c u c u I t itg  mod i —

I c a t  ( t i l t S  as app It e’d on a t ia t  I ot i . i  I has Is. ‘I’he’ e’ et c u t ’ t’ • t i _ i c’ do I I ,it ’ s
rec eve’ red are rep re sen Ia  t i Vt’ ot  l i V L ’ rage’ i m p  rovc’ultc’n t a I oi I t  I I so lien_ i I a
wlte r ’ mod i f I 0111 1 u r i s  we’re c’ i i f lS  i t t  e’ r ed .  i l t  , I  c i  Se ’ — t i \’ — c li so ii . is  I S I hO at - t r i a  1
t eaclt  I ng cit_ i l i a r s  t’ec ~‘ve red Wet u Id i_ it ’ d i r  I ’l l  1~’ u t ’ Ia t eel I c~ I Ito I ~~‘~~

‘ I sc ’ho c u I
c’ tmd i t  L ot u s  • I r t ’ q t I t ’ i t c ’ V e’i f dl su’ttp I I e i l i S  . ci i ’g rc’e’ c u t tnt’ud it I eat i O t t , li t - id tuimbe ’ t~~’
of t e . t t ’ht’rs  Im p a ct e d . 
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The dollar values of teaching time recover ed is spread over the
total number of schools , less those (57) which were not modified . Time
recovery incre tuc u_ its were determined using an average 20 second interrup t ion
per flyover multi plied by an estimated average of 10 fl yovers per school
per day . An average hourly wage rate ($12 .40)  for teachers was used , whi c h
was developed f rom sta tistical information compiled by the Depa rtment
of He altl t , Education , and Welfare , National Center icr  Educational
St at ist ics , and is based on 180 (year ly)  teac hing days of six hours each.
Based on at_i average of 25 studen ts per classroom , the approximat e ’ numb er
of teacher ’s whose time Is under consideration is 26,500.

TEACHIN G TiME RE COV E RE D

PERIOD DOLLAR S ( 1977)

Average value per day 18 , 300

Average value annuall y (180 school days a y ear) 3 ,300 ,000

(Es t imated value of dail y teacher t ime recovered

10 x 20 x 12.40 x 2~~,500 $18 ,300) f l
3600

-36-
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CHAPTER 7

FEASIBILITY AND PRACTICABILITY

In general , the soundproofing of sc hools , hosp i tals and public
heal th facilities impacted by aircraft noise is bo th t easible and
prac ticable. While feasible and prac ticable , there are limits regarding
the application of soundproofirt g modifications in achieving specified
levels ~~~~f 

noise reduc t ion. It is neither feasible or practicab le to
conclude that all buildin gs within this study can or would be “sound—
proofed ” to the threshold levels of speech or sleep inter ference.
However , on a nationa l scope , t ie rehabilitation modifications available ,
the noi se red uc t ion a tt ainable , and the bene f its derive d support the
fea sibility at_ id prac ticability of soundp roof lt_ ig public buildings ,

FEASIB iLITY

Soundproofing existing public buildings is considered feasible in
t hat it involves structural modificat ions , or clemen t rep lacemen t , which
are a ttainable and avai lable. It is true tha t all buildings will not
attain the same level of noise’ reduction t’or a givet_i degree of modification
due to d i f f e r e n c e s  it_ i desi gn , c o n s t r u c t i o n , age , general repa i r  at_ id
r emain ing  l i f e  expec t ancy .  However , wi thin l imi ts, apply ing fea sible
modifications to these conditions provides for improved noise reduction .
In certain instances sound proof ing would tto t be feasible. As an example ,
i t would be less ti_ ian f eas ib le  to spend r e hab i l i t a t i o n  dol lars  on a
bu i ld ing  of projected short life use; or , cu_i one whi c h , because cii its
state of genera l repair , would have s u f f i c i e n t “leaks ” af ter soundproofing
to prevent a t ta inment  of the re i _ i a b i l i t a t io t t  object ives in noise reduction .
This s i t u a t i o n  is the excep t ion  r a t h e r  than ti_ ic r u l e .

PRACTICABILITY

The p r a c t i c a b i l i t y  of sound proou ing  is supported by bot h_ i t e c h n i c a l
and design considerations. The architectual and eng ineering demolition ,
redesi gn and reconstruct ion expert ise  is avai lable.  The labor and
mater ia l for elemen t rep lac ement and /or mod i f i c - a t i o n ex i s t .  W i t h  but
few exceptions the basic existing struc tures are capable c_ i l  modifications .
For those bu ildings where desired modifications are not tec lunic ’a li y
pract icable , reduced levels of modi f i ca t ion  having corresponding l y lower
r e s tt l t i n g  no i se  r e d u c t i o n  b e n e f i t s  migh t be considered . P r a c t i c -a b le
l i m i ts could  preclude ’ any m o d i f i c a t i o n  at  a l l .

Fnrtl ter consideration must be’ g iven tc i the schedu l ing  and on—si t e ’
work period of a l l  bui ldi ng mod i f i ca t ions  considered . Work should be
schedul ed ann carried out on a least disr uptive basis. It would be

impra c-ti c al to disrupt the b iill d iu _ ig s ’ use and occupancy, especiall y

hosp itals , for ex tended periods of time .
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CONSULT O I ’ U - \ h l ’

The c o n s u l tat i v e  p rt u c ’oss was used t h r o u g h o u t  t h e ’ si tidy ‘ s dov e ’ I opm ent
contractual efforts and during the’ preparlu tion c _ i l  this I i t t a l  t’ opc u r t  .

Guidance , da ta  inpu t  and v i0ws wore  sought  f r om  c)ther  l” c’dc ’r l i  I l 5C tt C ic’s
s t a t e  and local authorit i t ’S , school  and h c i sp i t a l  a d m i n ia t  rat ions , at_id
recognized organizations hav iu t g an ittterest or expertise’ In ti le ’ sc ut_ id--

pr oo fing of buildings f o r  t_ io ise r educt  ion purposes .  i t t  ad d i t  Ion , tnt o r—
tta tional i npu t  was solicited. Informati on was requested t r c iu ui 15 c’o un t r i e ’s
regard lug  t h e i r  soundproof  l u g  programs ( i f  a n y )  , i t s  cost , and r e su l  taut
imbu e b e n e f i t s .

V I u r  b u s  means o f  p r c i g i l _ i m  coord I n at  ion wer e ’ t t Sc ’ ch , lu te  1 ud trig:

— — Cci rrespondcnc’ e’ exc h ange ’

——O n— s ite’ mec’t tugs  w i t h  h c u c l l l au t h o r i t i e s .

——Contractua l progres s hr i e’ t it_igs ( I )

— — D i s t r i h u t  ion of  contractua l draft report.

—— ln t r a d ep ar t m et t t a l  nov iow .

—— Puh i ic brief tugs .

DOME S ’rIc

i t - i ge’ttc ’r;i I . Fe ’d or l i l  • s t a t e ’ h i t ch  I ci c’lt 1 l i u t t h o r  i t  los  d i  t ’c ’ c ’ t l Y I t _ i \ ’ c i l  V c ’dI
w I tlt nc_i l se’ ce _ it _ i t t’ ci 1 prcigratus oXji i’ c ’S S t ’CI a j _ i u us it I ye i t _ i t  e’r e ’s t i t t  t i _ i t ’ a t  uth’ •
Ic I t I I s  c _ i h I t’ c ’ t  i ye’s 1,01, 0 ~‘c’ l’ V I Uip c )  i - t a u t  , and g;i ~c ’ t ’ I u l  I i ’e u oj _ i c ’ I’ll t I u t _ i  i t _ i
on—site invest igat ~ci t t s  and ch I t  I l l  aubttu i as ion . Some at  l it  C ~un c h I 00 11 1
admin ha t  r a t  ions were  • howev er • pass ive  to  it e ’g at  I vt ’ r egl t  rd I r ig t h e’ o t  ud~’
c u r  the t t eed for  t he  soundpt’ cu o f  iu _ ig c _ i l ’ pub l  Ic ’ b u i l d i n g s .

I N I ’E - :RNA 1’ I ON AI.

l’he’ In  t e rn1i t Ic _ i t _ ia  1 re’s I)e’ttsc’s r oe ’ e ’ iv ed m d  C i i  I t ’ mc i ii e ’ ~ ll t e ’ t o  t ’N I I ’ Otli c’

i t _ i t  ore’s t in Ii pub 1 1  c, b u i l d i n g  sciuutdp rot _ i t’ j u t s  p rogram . Re ’s h _ ic ’nst’S I ri ch I t ’ll I c’

t h a t  w i t  it i t _ i  st’VOtt count n e’s , Ic ’ Va rv I t u g  dog t e e ’S • 1 p t o g  l’~ lt f l  c i i i  t ’ c ’ i _i t I v
t’ xis t a.

—— t c r m ~in v .  Se u t i t t d p re ’ c c t  i t-ig Is not, I i n u l  te ’tI t e l pu lu l i~ ’ b u l l  c l i  t ugs
and is  s u h s i d i .~ed u n d e r  t h t t ’ p ro\ ’ I a ~ c _ i t s c i t  A r t i c l e ’ c) ci t their
Al  re’ r a f t  Nc’ I so Reduc t I c’n 1_aw. l”un cls lire ’ h i V , I  i i  a h_ i I t ’  I i c c_ u  ( l i t ’
g ’ t _ i e ’ t ’ .i I rcvi_ ’tt ue’ I t i n c h a  u~ t Il-ic’ a r p o i t  c i h i e~l’ ,- l t t u r s  t ot’ a t o . i u ,
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surrounding civil a irports and from the Defc’nso Mit_iistry ’s
Budge t in h u e  case of mi l i ta ry  a i r  bases. Ti-ic amount of the
sub s idy is f ixed  by ordiu_ iancc , at-id c u r r e n t l y  Is I- u t  a ra te  of
130 Deutschtnarks per square meter (equivalent I c _ i  lL p ~_ i r e i x !m a t e l y
$6 .00 per square f o o t )  of sound p r o o f i t t g  r e luab  i l l  t a t  ion.  Subs idy
pay meu_ it s are made upon appl ic ’ation by rea l property c_iwtt ers .
C i v i l  subsidies  t’or the period 1976—1980 arc ’ t’xp c’c’I~~d to t ie ’
45 million Deut schn-iarks ( a p p r o x i m a t e ly  $18 , 700 , 000) . Nt _ i In f o rm a t to u t
was obtained regard ing  the number c _ if  b u i l d ings  se_ iut d pr e_ i c~Ied or the
publ ic ’s reac t ion to ti_ic program.

— — Canada. Soundproof ing programs are  a local mutt Ic ipa I ,ic tie _ itt .
The Federal Department c_ if T r a nsp o r t  d i s c l a i m s  respons lb l i l t  v .
Thus , as a f u n c t i o n  of fu t _ i ds  a v a ila b l e , prc )gr a t _ iu s  are  impl e—
unented or not by individua l cities. Funds lu re ’ provided from
the mutti c ipal i tv ’ s Educat  iou_ i Cap i t a l  Budge t .  Toron to ’ a prc _ i g rz - i t _ i t
inc ludes 25 schools , 7 of whi cit have complt’t ed their scuuutd pr occt it_ i g
ac t i v i t  Ic’S. t o t a l oat  Imated c e _ i s I s  I_ ir e  ap p r c ~x l iut ate  i v  $‘ _i ,000 ,000
($200 ,000 per school average) . Public react Ic _ itt is reportedly
f a v o r a b l e  where school s hav e’ i)een sou t_id p r oof c’e h .

—— Jap aut.  A program fo r  soundpre _ ie_ i i lug p u b l i c  bet l i d  it _ igs  itas I_ ie ’ e ’ut
underway in . i ltp at t  f o r  approximat e’ I v  10 y e ’l u t ’s . it Is c o t _ i t  re_ i l lee!
and funded at  the  n at  iou_ ia I Ic’ Vt ’ 1. Reveutue is f _ i t ’  c~v I dc’d t i t  r ough
taxes and user citarge’s. R e g u l a t  io u _ i s  provide for suds idle ’s c _ i l
75 to 100 percent of tu e total ce’s I . T u e  ._ ive t ’. ugt ’ (_ i e ’r c’t’u t  c u t  sub s I d  v
ovet’ the  program ’ a 10 veal’s, is 91Y’. . Wit l i e ’ ~l l t p au t  ‘ S t o t  It I h _ i r c _ i g t’ ,uu _ i l u t e ’ I t i d e’S

priva te homes , empit.is i s  I a s  hec’tt p.tat’ Oct c_ it_i pu b I t O I_ in I (ci t r i gs

To da tt ’ , 725 pub lie buil d I ttga Itave beet_i rei_i._il_i I it, u t t’d I l l  ,t C t _ i s  I 0?
approx imately $110, 000 ,000 (appr ox lunate’ l v  $ 1  t c f  , ~O() ,tve ’u.t g e ’ pe’ t
b u i l d i n g )  . $ ~ 7 ,600,000 has h i oe ’tt budge ted f c_ i t ’  P~ti_ i l i t ’ 1_ iri i t c h  I ttgs
yet to he uutodif led. ‘Fl_ic publ I c ’ is pleased w ith - i t h- it’ roan its of
the i r sound pro ofittg program , so f a r .

— — I s r~ cl .  A ft_irma I. sc_iuttd proo f it_i5 p r c u g r am  ch it’ S i t t _ i t ox [at , hc _ iw e’ver .
two buildings itear Ben Cur i c_ it_i  Al  r p c _ i r t  have h i e ’c ’t _ i socunei pre u cu t ec h  out
an expcrimcutta- [ has Is , at governmet_i t oxpot se’ . No I I her ~

_i uu i t I c ’

I’ d _ i c  I Ions t_ ior t i_ ic c c_ i s I s  of ti_ u.s e’xpe’r iment were’ l_ i V a  I i  I t t _ i l  0

—— Frau_ icc- !. Approx imate ly  60 SCI tc _ i c _ i  is au_ i d 13 tuied t c ’a I but I .1 d ings i I l t ~~’ t ’ i u c ’ c ’t t

sound proo f cd  it _ i France .  Add it I ciita.t  ~h V , F t a n c ’e’ Is re ’ l_ i or t  e ’ch t o  hi,1\’ c ’
est a b I i  sit ed a Fe’ I c _ ic ’lt  t i c _ i t _ i  p r o g ram  c’ c_iut t’ urr e ’t_ it wit lu ti_ ic ! IF stuuntl—
p roo f it _ ig pr og r i_ i t u_ i . Dc t~t u s  of c C ’S Is  at_id p u t i _ i 1 i  c ’ re ’,lc t i c _ i t t  wore ’
not available e~n ei ther lu r ci g ranu .

—— I ! n I t t ~d K i t t ,do t_ i_ i ( i ’K )  . P r i v a t e  cIW e ’ Ii lu tgs have’ t_ ioe ’tt ,ln ch I_ iEc ’

c u r  u’ et u  t I v  c’ a t _ i d  i c h. u te ’ s f o r  UK ’ s sc ’ttttdp rt_ ic_ i f I Itg i_it ’ogrl_iln . ‘Ft_i cI , i t e ’ ,
cons t dcr ~_i t lou _ i has not  been g I von t o  i_ iu h I I  c~ m t  lid I rigs. Pt’ e ug i’l t fli
cc_i s Is ~ t_ i tI p u b l i c ’ r e ’spi _ in sc ’  was tte ut s u b m i t te d .

— —  N e t h e ’r L i u d s .  At - i  OX ha t trig pr e_ igr l tn u  par ,-tl It ’ is t i _ i l_ i t c ii t h u t ’  t 1 it I t  e~h K I n g c lcu t _ i_ i .
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For those countries where sound proof ing progr ams are in existence ,
details on the modification or degree of soundpro ofing were not availa ble . - -

However , the tabulation of actual costs for sound proof ing in these
countries compare closely with the estimate d Costs determ ined in this
study . Examples:

COUNTRY COSTS IN DOLLARS (U . S . )

$/Sg Ft $/Building

United States (Estimates) 6. 4-4- 180 , 000 I :

Germany (Actual) 6. ++ —

Canada (Actua l—7 Bldgs) — 200 ,000
(Est. — 25 Bldgs) — 200 ,000

Japan (Actual — 725 Bld gs) — 160,000

Israel (Actual — 2 Bldgs) — —

—40—
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CHAPTER_9
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~~~~ —

FI N DIN C S

Based c_ in the sound prc_io t lug stud y c c_ induc t e’d , it was f c_iund tha t

——Sound proof ing c_ it  schot_ i l s , it e_ ispi ta is at_ic ! i_ iubi i t ’ 1_ ica i th  f a c i l i t i e s
loca ted  near a i r p o r t s  is , w l t i u i t t  I t n _ i l l s , boti_ i a t t’aslble
and prac t icab le  meat _is for at  lcviat  tug t l_ ie impact  c _ i t  a l r c r a l t
u_ it _ i t se.

— — T i_ ic e’e_ i s t S  c_ i t  app ly ing feasibl e’ and practIcable soundproo f tu _ i g
n_ic_ id If teat iou_ i s Ic_ i exis t  it _ i g cand ida t e’ b u i l d in g s  have been ea t i —

~ia tee! to be ap p rc _ iX  ima te l  y $200 , 000 pt’t’ hut l i d  it _ ig. Tit is antc _ iuu_ i t
compares c heist’ Iv w i t h _ i tiue ac lw_ i I e ’ c_iS Is o I sound pr oof it _ i g s itu-i t i l I t

b u i l d  it_igs in f o r e  I gut count r les.

——Soundproof tng would si gnit ic ’ai_i tly reduce tI_ ic impac t c_i t_i s tud eu _ its
in sci_ iools and patie nts in hosp i tals  and public hea l t h _ i f a c i l  i t  lea
(se’e Figures 5 and 6)

—— Soutn dp rcx _ it’ it _ ig wt_ iu i d p rc _ iv ide S c_ ic ’ Ia 1 and econc_imtc’ bet_ic’ I Its 1_it ’ye _ it _ id
improved c lass  roe_in_ i &‘csnmuui&’a I lotts and h_ i 1ut tee_ i t rt’cc _ iv t’ I V  •

——A ny sout _ idp re _ io I ing c_ i f pub tic build ings sI_iou I el he set_ is I t  ive’
to case— by—c a se e va l u at  iou_ i and asscssmetl t c~ t I_ i candidate ’ sit e ’.
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