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Abst rac t :  

Sound waves pass  r e a d i l y  through many of  t h e  same openings i n  b u i l d i n g  
envelopes t h a t  d i o ; r  a i r  i n f i l t r a t i o n .  Th i s - i f ac t -pe rmi t s  t b e  l o c a t i o n  of' 
such a i r - i n f i l t r a t i o n  openings by acous t i c  means. 

The results o f  an experimental  program, inc lud ing  l a b o r a t o r y  t e s t s  of  
a d p e c i a l l y  cons t ruc t ed  p a r t i t i o n  and f i e l d  t e s t s  on e i g h t  b u i l d i n g s ,  are 
r epo r t sd .  On the average ,  openings t h a t  can  be  l o c z t e d  a c o u s t i c a l l y  trans- 
m i t  sound t h a t  i s  about twice a s  l oud  a s  t h a t  t&ough a d j a c e n t ,  s e d e d  
l o c a t i o n s .  Laboratory ~ t u d i e s ~ i n d i c a t e  t h a t  t h e  sound l e v e l  i nc rezse  through 
a lezkage  openiag i s  roughly c o r r e l a t e d  with t h e  l o g a r i t h  of  t h e  loca l :?a i r  
flow r a t e  when a s teady  d i f f e r e n t i a l  p ressure  is  e s t a b l i s h e d  ac ros s  the  par- 
t i t i o n  ( r  = 0.67) .  

Leak l o c z t i o n  x i t h  sound can be ,done by semisk i l l ed  vorkers  w i t h  low- 
c o s t  "h i - f i  shop" equipment. The t e s t  procedure does not r e q u i r e  . p re s su re  
o r  temperature d i f f e r e n t i a l s  ac ros s  t h e  b u i l d i n g  envelope. 
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INTRODUCTION 

It i s  r e p o r t e d  [ l ]  t h a t  30 t o  50% o f  t h e  h e a t i n g  l o a d  and 

5 t o  20% o f  t h e  c o o l i n g  l o a d  i n  r e s i d e n t i a l  b u i l d i n g s  r e s u l t s  

f rom u n c o n t r o l l e d  a i r  l e e k a g e  t h r o u g h  t h e  S u i l d i n g  e n v e l o p e .  

Al though t h i s  a i r  f low i s  o r t e n  t h r o u g h  obv ious  o p e n i n g s  - 
windows and d o o r s ,  f  u r n a e  e  f l u e s ,  v e n t  i l z t  i o n  k i t c h e n s  and 

ba throoms - i t  a l s o  o c c u r s  t h r o u g h  o t h e r  p a t h s  whose e x i s t e n c e  

i s  n o t  obv ious  o r  even s u s p e c t e d ,  s u c h  as p i p i n g  p e n e t r a t i o n s ,  

s t r u c t u r a l  j o i n t s ,  and h e a t i n g  d u c t s .  

A s i m p l e  method, i n v o l v i n g  s i m p l e  equipment ,  cen  be  used  t o  

l o c a t e  many o f  t h e  h i d d e n  o p e n i n g s  t h r o u g h  which a i r  i n f i l t r a t e s  

b u i l d i n g s .  The method i s  c a l l e d  " a c o u s t i c  l e a k  l o c a t i o n , "  and i t  

i s  b a s e d  on a  p h y s i c a l  ? a c t :  sound moves t h r o u g h  b u i l d i n g  c r e -  

v i c e s  and o p e n i n g s  j u s t  as z i r  d o e s .  The method u s e s  a 

sound-making d e v i c e  on one  s i d e  o f  a b u i l d i n g  enve lope  and a 

small l i s t e n i n g  d e v i c e  c l o s e  t o  t h e  o t h e r  s i d e .  To t h e  u s e r  

o f  t h e  l i s t e n i n g  d e v i c e ,  t h e  sound coming t h r o u g h  t h e  b a r r i e r '  

w i l l  seem a l m o s t  t w i c e  as l o u d  a t  l o c a t i o n s  where t h e r e  a r e  

i n f i l t r a t i o n  o p e n i n g s  i n  t h e  e n v e l o p e .  An o p e n i n g ,  once i d e n t i -  

f i e d ,  can  be c a u l k e d  o r  s e a l e d ,  and t h e  a c o u s t i c  l e a k  l o c a t i o n  

method can  be used  a g a i n  t o  make s u r e  t h e  s e a l i n g  i s  a d e q u a t e .  

L a b o r 2 t o r y  and f i e l d  t e s t s  have been done w i t h  a c o u s t i c  

l e a k  l o c a t i o n .  Compared t o  o t h e r  means o f  l o c a t i n g  i n f i l t r a t i o n  



open ings  i n  b u i l d i n g s ,  a c o u s t i c  l o c a t i o n  i s  low i n  c o s t .  It 

i s  a l s o  e a s y  f o r  c o n t r a c t o r s  and homeowners t o  implement ,  and 

t h e  equipment r e q u i r e d  i s  uncompl ica ted  and p o r t a b l e .  

EXISTING L E A K  L O C A T I O N  M E T H O D S  

There  a?e t h r e e  c o n v e n t i o n a l  methods f o r  l o c a t i n g  a i r  l e z k s  

i n  b u i l d i n g s .  They a r e  thermography,  smoke t e s t i n g ,  and p r e s s u r i -  

z z t i o n .  

Thernography i s  a t e c h n i q u e  f o r  v i s u a l i z i n g  smal l  tempere-  

t u r e  d i f f e r e n c e s  on h e a t - r a d i a t i n g  s u r f a c e s  [ 2 , 3 ] .  Its g r e a t e s t  

u t i l i t y  i s  t h a t  i t  can l o c a t e  f l a w s  i n  t h e  t h e r m a l  i n s u l a t i o n  

o f  a b u i l d i n g  enve lope .  Under some c i r c u m s t a n c e s ,  a i r  l e a k s  

czn a l s o  be l o c a t e d .  With s k i l l ,  t h e  method i s  s e m i q u a n t i t a t i v e .  

The use  of  thermography f o r  l o c a t i n g  i n f i l t r a t i o n  open ings  

r e q u i r e s  a t e m p e r a t u r e  and p r e s s u r e  d i f f e r e n c e  a c r o s s  t h e  b u i l d -  

i n g  enve lope .  I t s  g r e a t e s t  l i m i t a t i o n ,  however,  i s  t h a t  t h e  

n e c e s s a r y  equipment i s  q u i t e  c o s t l y .  

It Is p o s s i b l e  t o  f i l l  a  b u i l d i n g  w i t h  smoke and ,  p e r h a ~ s  

w i t h  t h e  a i d  o f  a s m a l l  a p p l i e d  p r e s s u r e ,  examine where t h e  smoke 

comes o u t  [ 4 ] .  The method i s  i n e x p e n s i v e ;  o b v i o u s l y ,  ho~veve?, ii 

r e n d e r s  t h e  b u i l d i n g  u n i n h a b i t a b l e  d u r i n g  t e s t i n g  and for some 

t i m e  t h e r e a f t e r .  



A f a n  mounted i n  a  window o r  door  can  be used t o  p r e s s u r i z e  

( o r  d e p r e s s u r i z e )  a b u i l d i n g .  P r e s s u r i z a t i o n  t e s t i n g  i s  a widely  

used method f o r  o b s e r v i n g  t h e  a i r - f l o w  r a t e  th rough  b u i l d i n g  

e n v e l o p e s  [S]. It i s  p s e u d o q u a n t i t a t i v e  i n  t h a t  i t  a l l o w s  s t r u c -  

t u r e s  t o  be rank-ordered  i n  about  t h e  wey t h a t  t h e y  would be i f  

i n f i l t r a t i o n  caused by n a t u r a l  f o r c e s  were obse rved .  

Dur ing p r e s s u r i z a t i o n  t e s t i n g ,  i t  i s  p o s s i b l e  t o  go around 

t h e  b u i l d i n g  and f e e l  a i r  f low coming th rough  l e a k a g e  o p e n i n g s .  

I n  t h i s  way, t h e  open ings  can be l o c a t e d  i n  abou t  t h e  same l e n g t h  

o f  t i m e  t h a t  would be r e q u i r e d  by t h e  a c o u s t i c  na" ,,,hod. 

The l o c a t i o n  o f  l e a k s  d u r i n g  b u i l d i n g  p r e s s u r i z a t i o n  i s  

enhanced somewhat by a t e m p e r a t u r e  d i f f e r e n c e  a c r o s s  t h e  w a l l  

and d i s t u r b e d  by windy c o n d i t i o n s  out -of-doors .  It need n o t  

d i s r u p t  t h e  ongoing a c t i v i t i e s  o f  b u i l d i n g  o c c u p a n t s .  

THE A C O U S T I C  L E A K  LOCATION M E T H O D :  B A C K G R O U N D  

What we c a l l  sound i s  t h e  r e s u l t  o f  s m a l l  p r e s s u r e  f l u c -  

t u a t i o n s  abou t  t h e  ambient  p r e s s u r e  o f  t h e  a tmosphere .  These 

p r e s s u r e  f l u c t u a t i o n s  p r o p a g a t e  a s  l o n g i t u d i n a l  waves th rough  

t h e  a i r .  When sound waves s t r i k e  a s o l i d  o b j e c t  such a s  a 

b u i l d i n g  w a l l ,  t h e y  c a u s e  i t  t o  v i b r a t e .  T h i s  v i b r a t i o n  i n  

t u r n  p roduces  a new sound on t h e  o t h e r  s i d e  o f  t h e  w a l l .  The 

sound produced on t h e  " o u t p u t "  s i d e  o f  t h e  w a l l  i s ,  i n  g e n e r a l ,  

g r e a t l y  r educed  i n  a m p l i t u d e  compared t o  t h e  sound t h a t  caused  



t h e  wall v i b r a t e  t h e  f i rs t  p l a c e .  The o u t p u t  sound w i l l  

be a l t e r e d  i n  f r e q u e n c y  c o n t e n t  as w e l l .  The r a t i o  o f  t h e  i n p u t  

sound e n e r g y  t o  t h e  o u t p u t  sound e n e r g y  o f  2 w a l l ,  under  c a r e -  

f u l l y  c o n t r o l l e d  c o n d i t i o n s ,  i s  c a l l e d  t h e  " t r a n s m i s s i o n  c o e f f i -  

c i e n t "  o f  t h e  w a l l .  Ten t i m e s  t h e  l o g a r i t h m  o f  t h i s  r a t i o  i s  

t h e  " t r a n s m i s s i o n  l o s s "  o f  t h e  wal l ,  i n  d e c i b e l s  ( d B ) .  The 

t r a n s m i s s i o n  l o s s  o f  t y p i c a l  r e s i d e n t i a l  s t r u c t u r e s  v a r i e s  f rom 

a b o u t  20 dB a t  1 0 0  Mz t o  40 o r  50 dB a t  2000 Hz o r  more. I n  

g e n e r a l ,  t h e  more mass ive  a s t r u c t u r e ,  t h e  g r e a t e r  i t s  t r a n s -  

m i s s i o n  l o s s  w i l l  b e .  

A s i m p l e  o p e n i n g  t h r o u g h  a b a r r i e r  w i l l  have a p p r o x i m a ~ e l y  

z e r o  t r a n s m i s s i o n  l o s s .  Thus sound coming t h r o u g h  such  an open- 

i n g  w i l l  be f a r  more i n t e n s e  t h a n  t h a t  r a d i a t e d  from t h e  r e s t  

o f  t h e  wall .  T h i s  i s  b a s i c a l l y  why a c o u s t i c  l e a k  l o c a t i o n  

works.  

S e v e r a l  y e a r s  ago ,  t h e  N a t i o n a l  Bureau o f  S t a n d z r d s  (NBS) 

p u b l i s h e d  a n  e x t e n s i v e  s t u d y  o f  t h e  a c o u s t i c  and  t h e r m a l  p r o p e r t i e s  

o f  t y p i c a l  r e s i d e n t i z l  s t r u c t u r e s  [ 6 ] .  T h i s  s t u d y  i n c l u d e d  

e x p e r i m e n t a l  d a t a  on sound " l e a k a g e "  t h r o u g h  c r a c k s  l o c a t e d  a round  

windows and d o o r s .  F i g u r e  1, c a l c u l a t e d  from t h e  NBS d a t a ,  

i l l u s t r a t e s  t h e  d i f f e r e n c e  between sound coming t h r o u g h  a  c r a c k  

end  sound con ing  t h r o u g h  a p i c t u r e  window. 



-l r i g u r e  1 i s  based  upon an assumed sound p r e s s u r e  l e v e l  ( S T L )  

s?ec t rum o f  80 dB i n s i d e  a room w i t h  a p i c t u r e  window i n  t h e  

wall .  J u s t  o u t s i d e  t h e  p i c t u r e  window, t h e  sound p r e s s u r e  

l e v e l  i s  2 0  t o  4 7  d B  l e s s ,  depend ing  upon t h e  f ' requency,  as 

a r e s u l t  o f  t h e  t ~ a n s x i s s i o n  l o s s  o f  t h e  window. However, when 

a 3-mm-wide c r a c k  i s  l o c a t e d  a round  t h e  window, t h e  SPL j u s t  

o u t s i d e  t h e  c r a c k  i s  t h e  same, o r  s l i g h t l y  g r e a t e r  t h a n  t h a t  

i n s i d e  t h e  room. An o b s e r v e r ,  listening w i t h  a small m i c ~ o -  

phone ,  c o u l d  immedia te ly  d i s c o v e r  t h e  c r a c k  because  t h e  sound 

coming t h r o u g h  i t  would be  s o  much l o u d e r  t h z n  tha t  coming 

t h r o u g h  t h e  window pane .  

The d a t a  i n  F i g .  1 a r e  t y p i c a l  o f  what one  o b s e r v e s  w i t h  

" s imple  'l p a t h s  t h r o u g h  s t r u c t u r e s .  Sound p r o p a g a t i o n  t h r o u g h  

s u c h  p a t h s  h a s  been examined a n z l y t i c a l l y  by Gomperts [7,8], 

and by I n g e r s l e v  and N i e l s e n  [ g ] .  A v a i l a b l e  e x p e r i m e n t a l  d a t a  

are in f a i ~  agreement  w i t h  t h e i r  a n a l y s e s .  

Some a i r - l e a k a g e  p a t h s  t h r o u g h  s t r u c t u r e s  c l a s s e d  

a s  v'complex" p a t h s ,  such  as t h o s e  i l l u s t r a t e d  i n  F i g .  2 .  I n  

many c a s e s ,  a c o u s t i c  l e a k  l o c a t i o n  w i l l  n o t  i d e n t i f y  t h e  o p e n i n g s  



T H E  A C O U S T I C  L E A K  L O C A T I O N  METhOD: T E C H N I Q U E  

The a c o u s t i c  l e a k  l o c a t i o n  method r e q u i r e s  (1) a s o u r c e  of 

sound on one s i d e  o f  a b u i l d i n g  envelope  and ( 2 )  equipment w i t h  

which e u s e r  can  l i s t e n  t o  sound on t h e  o t h e r  s i d e .  

The sound s o u r c e  c a n  be any one o f  many com.non household  

o b j e c t s .  For  example, a home vacuum c l e a n e r ,  a  d i shwasher ,  a  

washing mzchine, a n o i s y  h a i r  d r y e r ,  a t e l e v i s i o n  s e t ,  and a  

r e c o r d i n g  of o rgan  music have been used. The sound,  p r e f e r a b l y ,  

s h o u l d  be s t e a d y  and p redominan t ly  h i g h - p i t c h e d .  During eva lua -  

t i o n  of t h e  method, a t a p e d ,  s i r e n - l i k e  sound was used,  r e p r o -  

duced t h ~ o u g h  l o u d s p e a k e r s  ( F i g .  3 ) .  

The l i s t e n i n g  equipment i s  e q u a l l y  s imple  end a v a i l a b l e ,  

w i t h  one s t i p u l a t i o n :  The u s e r  must be  a b l e  t o  p l a c e  i t  r i g h t  

a g a i n s t  t h e  w a l l  and o v e r  a s m a l l  s p o t ,  p r e f e r a b l y  l e s s  t h z n  

one c e n t i m e t e r  i n  d i a m e t e r .  L i s t e n i n g  equipment has  i n c l u d e d  

a  mechan ic ' s  s t e t h o s c o p e ,  a  p l a s t i c  h e a d s e t  o f  t h e  k ind  handed 

o u t  t o  a i r l i n e  p a s s e n g e r s ,  s m a l l  r u b b e r  h o s e s  from a u t o - p a r t s  

s t o r e s ,  and low-cost sound m e t e r s .  

DurLng development o f  t h e  a c o u s t i c  l e a k  l o c a t i o n  method, a  

s i m p l e  b a t t e r y - o p e r a t e d  l i s t e n i n g  sys tem ( F i g .  4 )  was used.  

Components o f  t h i s  sys tem can  be found i n  r e t a i l  s t o r e s  th rough-  

o u t  t h e  countz-y, p a r t i c u l a r l y  t h o s e  s p e c i a l i z i n g  i n  r a d i o  and 

" h i - f i "  s u p p l i e s .  



One a d d i t i o n a l  i t e m  proved u s e f u l  f o r  p r o b i n g  s m a l l  c r a c k s  

l o c a t e d  c l o s e  t o g e t h e r ,  such  as j o i n t s  i n  t h e  c a s i n g  arounc! 

d o o r  and window f rames .  It was a microphone end cap  t h a t  

r e s t r i c t e d  t h e  l i s t e n i n g  a r e a  t o  a 3-mm c i r c l e  and r e d u c e  i n t e r -  

f e r e n c e  from background n o i s e .  

With t h e  sound s o u r c e  o p e r a t i n g  on one s i d e  o f  a wall,  t h e  

u s e r  moves t h e  l i s t e n i n g  d e v i c e  a l o n g  t h e  o t h e r  s i d e  o f ,  and  

v e r y  c l o s e  t o ,  t h e  w a l l .  A t  t h e  l o c a t i o n  of  a l e a k a g e  open ing ,  

t h e r e  w i l l  be a  n o t i c e a b l e  i n c r e a s e  i n  t h e  l o u d n e s s  o f  t h e  sound - 
obvious  t o  t h e  human e a r .  For  p i n p o i n t i n g  l e a k s ,  t h e  l i s t e n e r  

compares t h e  l o u d n e s s  o f  p l a c e s  w i t h  open ings  t o  t h a t  a t  s e a l e d  

s p o t s  n e a r b y .  For  i n e x p e r i e n c e d  l i s t e n e r s  a q u a n t i t a t i v e  mea- 

surement  o f  sound i s  u s e f u l .  T h i s  can  be done w i t h  a  sound meter  

t o  r e g i s t e r  t h e  l e v e l  o f  sound a t  t h e  microphone. 

A c o u s t i c  l e a k  l o c a t i o n  can be used t o  t e s t  i n  e i t h e r  d i r e c -  

t i o n  t h r o u g h  a  b u i l d i n g  enve lope ,  though t h e  sound s o u r c e s  

d e s c r i b e d  above were a l l  used i n s i d e  b u i l d i n g s .  T r a f f i c  n o l s e  

can s e r v e  as a  s o u r c e  o u t s i d e  a  b u i l d i n g  when a l i s t e n e r  i s  

i n s i d e .  Most a c o u s t i c  l e a k  l o c a t i o n  t e s t i n g  i s  done o u t s i d e ,  

however,  because  t h e  open ings  l o c a t e d  w i l l  be on t h e  s i d e  o f  t h e  

wall where t h e y  can  be c a u l k e d .  



D E V E L O P M E N T  A N D  TESTING 

E x p e r i m e n t a l  work w i t h  t h e  a c o u s t i c  l o c ~ t i o n  method was 

done i n  t h r e e  p h a s e s :  

* L a b o r a t o r y  measurements ,  where b o t h  a c o u s t i c  and a i r  

l e a k a g e  were measured t h r o u g h  known p a t h s  under  con- 

t r o l l e d  c o n d i t i o n s  

L o c a l  f i e l d  s t u d i e s  o f  b u i l d i n g s  i n  t h e  Boston a r e a  

by BBN p e r s o n n e l  

F i e l d  a p p l i c a t i c n s  o f  t h e  method a t  s e v e r a l  d i f f e r e n t  

l o c a t i o n s  i n  t h e  U n i t e d  S t a t e s ,  per formed b y  b u i l d i n g  

r e t r o f i t  o r g a n i z a t i o n s .  

Each o f  t h e  p h a s e s  i s  summarized below. 

Laboratory Measurements 

For  t h e  l a b o r a t o r y  measurements ,  a t y p i c a l  r e s i d e n t i a l  

e x t e r i o r  w a l l  wes b u i l t  c o n t a i n i n g  a number o f  known l e a k a g e  

p a t h s .  They i n c l u d e d :  

Through a m e t a l - f l a p  m a i l  s l o t  i n  t h e  d o o r  

~ e t w e e n  t h e  d o o r  and t h e  d o o r  jamb 

* Between t h e  s t r u c t u r a l  f r aming  and a  p rehung  d o o r  

* From a  d u g l e x  o u t l e t  t h r o u g h  an  u n i n s u l a t e d  i n t e r -  

s t u d  c a v i t y  t o  a w i r i n g  h o l e  d r i l l e d  i n  t h e  t o p  p l a t e  

From a d u p l e x  o u t l e t  t h r o u g h  a n  i n s u l a t e d  ( R - 1 1 )  i n t e r -  

s t u d  c a v i t 7  t o  a w i r i n g  h o l e  d ~ i l l e d  i n  t h e  t o p  p l a t e  

and t o  an e x t e r i o r  w a t e r  f a u c e t  



- Between t h e  s i l l  p l a t e  and a  s o l i d  c o n c ~ e t e - b l o c k  

f  oundat  i o n  

- Around a double-hung window s a s h ,  and t h r o u g h  t h e  

mee t ing  r a i l  o f  t h e  window 

Between a  prehung window frame and t h e  s t r u c t u r a l  

f r aming .  

The w a l l  d i v i d e d  t h e  l a b o r a t o r y  a r e a  i n t o  two rooms, d e s i g n a t e d  

t h e  " i n s i d e "  and t h e  " o u t s i d e "  o f  a b u i l d i n g .  A d i f f e r e n t i z l  

p r e s s u r e  was e s t a b l i s h e d  between t h e  two t e s t  rooms i n  accordance  

w i t h  t h e  p r o c e d u r e s  o f  ASTM 3283-73 [5] , with t h e  " i n s i d e "  of 

t h e  p a r t i t i o n  a t  a n e g a t i v e  p r e s s u r e  r e l a t i n g  t o  t h e  o u t s i d e .  

Measurements o f  t h e  f l o w  r a t e  v s  d i f f e r e n t i a l  p r e s s u r e  were 

made a t  s e v e r a l  p r e s s u r e s  f o r  e a c h  o f  t h e  v a r i o u s  l e a k a g e  p a t h s .  

F i g u r e  5 i s  t y p i c a l  o f  t h e  d a t a  o b t a i n e d .  Such r e s u l t s  were 

e x t r a p o l e t e d  o r  i n t e r p o l a t e d  t o  t h e  f low ra te  a t  a d i r f e r e n t i a l  

p r e s s u r e  o f  0 . 3  i n .  H 2 0 ,  c o r r e s p o n d i n g  t o  t h e  stagnation p r e s s u r e  

o f  a 25-mph wind. 

The l a b o r a t o r y  t e s t  d a t a ,  summarized i n  Tab le  1, show t h a t  

some major  l e a k s  o c c u r r e d  where t h e y  were e a s i l y  seen  ( d o o r  

jamb, window s a s h ) .  However, t h e  s e r i o u s n e s s  o f  o t h e r  l e a k s  

( u n d e r  t h e  s i l l  p l a t e ,  a round window and door  f r z m e s )  was d i s -  

covered  o n l y  b y  t e s t i n g ;  t h o s e  l e a k s  were not  obv ious  and i n  

some c a s e s  no t  v i s i b l e .  



Dur ing  t h e  a i r  f low t e s t . s ,  a c o u s t i c  s t u d i e s  were 

o f  sound l e v e l s  t h r o u g h  known o p e n i n g s .  These s t u d i e s  showed 

t h a t  a sound l e v e l  i n c r k a s e  o f  x o r e  t h a n  5 d B ( A ) '  a t  a c r a c k  

i s  a s t r o n g  i n d i c a t i o n  t h a t  t h e  c r a c k  w i l l  have a l o c a l  f l o w  o f  

1 0 0  f t / n i n  o r  more a t  0 . 3  I n .  B 0 p r e s s u r e  d i f f e r e n c e .  Leaks  2 

t y p i c a l l y  t r a n s m i t t e d  sound l e v e l s  t h a t  a v e r a g e d  1 0  dB(A) more 

t h a n  t h o s e  h e a r d  a t  n e a r b y  s e z l e d  a r e a s .  A summary o f  a l l  t h e  

a c o u s t i c  v s  a i r  f l o w  d a t 2  I s  showed on .F ig .  6 .  
* 

Field Studies 

When t h e  a c o u s t i c  l e a k  l o c a t i o n  method was t e s t e d  I n  t h e  

f i e l d ,  e i g h t  s t r u c t u r e s  b u i l t  t o  w i t h s t a n d  New Englend w i n t e r s  

were found b e  s u r p r i s i n g l y  l e a k y .  t h e s e  s t r u c t u r e s ,  b o t h  

a i r  f l o w  t e s t s  and t h e  a c o u s t i c  l e a k  l o c a t i o n  method were u s e d .  

.The c o r r e l a t i o n  between t h e  two s e t s  o f  r e s u l t s  i s  good - -t0.74,  

w i t h  a s t a n d a r d  e r r o r  o f  e s t i n z t e  o f  + - 3 dB ( T i g .  7 ) .  A i r  f l o w  

t e s t s  a l s o  i d e n t i f i e d  seve-a1  "complex" l e a k a g e  p a t h s  ( i . e .  , 

t h r o u g h  i n t e r i o r  o p e n i n g s  i n  sesh-weight  b c x e s )  t h a t  were n o t  

found by t h e  a c o u s t i c  method. 

*The A-weighting o f  a sound l e v e l  n e t e r  i s  an a d j u s t m e n t  :het 

a p p r o x i m a t e s  t h e  way t h e  human e a r  h e a r s  sound.  



Use of Acoustic Leak Location b y  Other Organizations 

and 

S e v e r a l  r e t r o f i t  o r g a n i z a t i o n s  and c o n t r a c t o r s  i n  Massachuse t t s  

Washington, were t r a i n e d  and equipped t h e  a c o u s t i c  

l e a k  l o c a t i o n  method. I n  g e n e r z l ,  t h e y  were p l e a s e d  w i t h  t h e  

a p p l i c a t i o n  ' the  

C O N C L U S I O N S  

Acous t i c  l e a k  

method t h e i r  work. 

l o c a t i o n  u s e f u l  means i d e n t i f y i n g  

o f  t h e  h idden  open ings  i n  b u l l d i n g  e n v e l o p e s  t h r o u g h  which a i r  

can  move. It i n v o l v e s  a sound s o u r c e  on one s i d e  o f  a w z l l ,  and 

a p e r s o n  w i t h  s imple  l i s t e n i n g  equipment a t  t h e  o t h e r .  To t h e  

l i s t e n e r ,  t h e  sound a t  a c r a c k  o r  opening w i l l  seem approx imate ly  

t w i c e  as l o u d  as a t  a  nea rby  s e a l e d  a r e a .  

A c o u s t i c  l e a k  l o c a t i o n  u s e f u l  b u i l d i n g s  t h a t  

a r e  d r a f t y  and t h e r e f o r e  most in need of c a u l k i n g  and i n s u l a t i n g .  

It works l e s s  w e l l  i n  t i g h t ,  w e l l - i n s u l a t e d  b u i l d i n g s  because  

sound does  n o t  p r o p a g a t e  w e l l  th rough  complex p a t h s  i n  b u i l d i n g  

walls t h a t  a r e  f i l l e d  w i t h  f i b r o u s  i n s u l a t i n g  m a t e r i a l .  

Acous t i c  l e a k  l o c a t i o n  i s  pe rhaps  t h e  s i m p l e s t  and l e a s t  

e x p e n s i v e  method f o r  f i n d i n g  h idden open ings  i n  b u i l d i n g s .  

Homeowners c a n  do i t  themse lves .  
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F i g u r e  1. 

L I S T  O F  F I G U R E S  AND T A B L E  

Sound s p e c t r a  i n s i d e  and o u t s i d e  a  p i c t u r e  window w i t h  

a  s i m p l e ,  3-mm wide p e r i m e t e r  c r a c k .  

"Complex" p a t h s .  . . 

The sound s o u r c e  used f o r  most f i e l d  t e s t i n g .  

L i s t e n i n g  s y s t e m  used f o r  most f i e l d  i n v e s t i g a t i o n s .  

Measured a i r  l e a k 2 g e  t h r o u g h  d o o r  e l e m e n t s  ( n e t ) .  

I n c r e a s e  i n  sound l e v e l  n e z r  c r a c k  v s  l o c a l  a i r  f l o w  

f rom c r a c k  a t  0 . 3  i n .  p r e s s u r e  d i f f e r e n t i a l .  

I n c r e a s e  i n  sound l e v e l  n e 2 r  c r a c k s  v s  l o c a l  a i r  f low 

from same c r a c k .  

T a b l e  1. Summary o f  r e s u l t s  o f  a i r - f l o w  t e s t s  a t  0 . 3  i n .  H 0 
2 

d i f f e r e n t i a l  p r e s s u r e .  



;NE-THIRD OCTAVE BAND CENTER FREQUENCY IN H z  ( cps )  

FIGURE 1. SOUND SPECTRA INSIDE AND OUTSIDE A PICTURE \l!INDOY WITH A SIMPLE, 
3-mm WIDE PERIMETER CRACK. (CALCULATED FROM MEASURED DATA 
REPORTED B Y  NBS [Ref. G]. 



F I G U R E  2'. " C O M P L E X "  P A T H S .  
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F I G U R E  3 .  T H E  SOUND SOURCE U S E D  FOR MOST F I E L D  T E S T I N G .  
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F I G U R E  4 .  L I S T E N I N G  SYSTEM U S E D  F O R  MOST F I E L D  INVESTIGATIONS. 





F I G U R E  6 .  I N C R E A S E  I N  SOUND L E V E L  N E A R  C R A C K  V S  L O C A L  A I R  FLOW FROM C R A C K  A T  
0 . 3  i n .  P R E S S U R E  D I F F E R E N T I A L .  
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F I G U R E  7 .  I N C R E A S E  I N  S O U N D  L E V E L  N E A R  C R A C K S  VS L O C A L  A I R  
F L O W  F R O M  S A M E  C R A C K .  


