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PREFACE 

The D i v i s i o n  o f  B u i l d i n g  R e s e a r c h  h a s  b e e n  

s t u d y i n g  s o u n d  t r a n s m i s s i o n  t h r o u g h  p a r t i t i o n s  f o r  

many y e a r s  a s  p a r t  o f  i t s  p r o g r a m  t o  a s s e s s  n o i s e  

p r o b l e m s  i n  m u l t i - f a m i l y  d w e l l i n g s .  A l t h o u g h  t e s t  

m e a s u r e m e n t s  h a v e  b e e n  made f o r  many t y p e s  o f  p a r -  

t i t i o n s  a n d  some e m p i r i c a l  p r e d i c t i o n  p r o c e d u r e s  

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

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

Many a p p r o a c h e s  t o  s p e c i f i c  a s p e c t s  o f  t h e  p r o b l e m  

h a v e  b e e n  r e p o r t e d  a n d  t h e  e x t e n s i v e  work b y  German 

i n v e s t i g a t o r s  h a s  b e e n  c o n s i s t e n t l y  i n  t h e  f o r e f r o n t  

o f  t h i s  f i e l d .  T h i s  t r a n s l a t i o n  o f  a  p a p e r  f r o m  a  

German j o u r n a l  p r e s e n t s  a  s i m p l e  m e t h o d  f o r  p r e d i c t i n g  

s o u n d  t r a n s m i s s i o n  t h r o u g h  d o u b l e - l a y e r e d  c o n s t r u c t i o n s  

w i t h  p a r t i c u l a r  a t t e n t i o n  t o  e f f e c t s  o f  t h e  s t i f f n e s s  

o f  t h e  medium i n  t h e  i n t e r p a n e l  c a v i t y .  

The D i v i s i o n  o f  B u i l d i n g  R e s e a r c h  i s  g r a t e f u l  t o  

Mr. P .  Hessel f o r  t r a n s l a t i n g  t h e  p a p e r  a n d  t o  D r .  

J . D .  Q u i r t  o f  t h i s  D i v i s i o n  who c h e c k e d  t h e  t r a n s l a t i o n .  

O t t a w a ,  

F e b r u a r y ,  1 9 8 1  

C . B .  C r a w f o r d ,  

D i r e c t o r .  



COMPUTING THE ATTENUATION OF AIRBORNE SOUND IN DOUBLE-PANELLED 

CONSTRUCTTONS (WITHOUT COUPLING BETWEEN PANELS) 

by K. Gdsele* 

Summary 

The study descr ibes  a  s imple method f o r  approximat ing t h e  a t t e n u a t i o n  o f  

a i r b o r n e  sound i n  double-panel led cons t ruc t i ons .  S t a r t i n g  p o i n t  i s  a  "mass- 

spring-mass" model pa t te rned a f t e r  Win tergers t ,  b u t  us ing  reduced masses 

i ns tead  o f  t r u e  a rea - re la ted  masses. The reduced masses were se lec ted  i n  such 

a  way t h a t  as s i n g l e  panels they  r e s u l t  i n  t h e  same a t t e n u a t i o n  of sound as 

computed o r  experimental  a t t e n u a t i o n  f o r  t h e  w a l l  panel i n  quest ion.  Apart  

f rom t h e  frequency range d i r e c t l y  ad jacent  t o  t h e  c r i t i c a l  frequency o f  t h e  

panels, t h e r e  i s  good agreement between computed and experimental  r e s u l t s .  

An impor tan t  conc lus ion  i s  t h a t  t h e  resonance frequency o f  double w a l l s  

c o n s i s t i n g  o f  s t i f f  panels i s  3  t o  5 t imes h igher  t h a t  has h i t h e r t o  been assumed. 

1  . I n t r o d u c t i o n  

One of t h e  most impor tan t  measures t o  improvt  t h e  a t t e n u a t i o n  o f  a i rbo rne  

sound i n  p a r t i t i o n s ,  c e i l i n g s ,  doors, e t c .  cons i s t s  i n  designing such cons- 

t r u c t i o n s  w i t h  two panels. It i s  t h e r e f o r e  s u r p r i s i n g  t h a t  thus  f a r  no r e l i a b l e  

method e x i s t s  f o r  computing t h e  a t t e n u a t i o n  o f  a i rbo rne  sound i n  such 

cons t ruc t i ons .  There a re  several  s tud ies  d e a l i n g  w i t h  t h i s  problem such as 

Win tergers t  (1 ) ,  London (2) ,  e t c .  

However, these computed r e s u l t s  do n o t  g i v e  s u f f i c i e n t  agreement w i t h  expe r i -  

ment; c f .  Cops e t  a1 (3 ) .  I n  t h e  present  study we demonstrate an approximat ion 

method which i s  then compared w i t h  t h e  experimental  r e s u l t s  f rom double pane l led  

w a l l s  o f  g r e a t l y  va ry ing  design. The computat ion i s  l i m i t e d  t o  a  case i n  

which sound i s  t r a n s m i t t e d  o n l y  v i a  t h e  i n s u l a t i o n  o r  a i r  l a y e r  between panels, 

where t h e  a i r  l a y e r  i s  prov ided w i t h  an aerodynamir res is tance,  such as 

* Au tho r ' s  address: Grundstrasse 32 
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minera l  wool. T h i s  computat ion does no t  t a k e  i n t o  account t h e  e f f e c t  o f  s o l i d  

coup l ings  between panels, o r  t h e  e f f e c t  o f  p o s s i b l e  f l a n k i n g  t ransmiss ion  /p. 219 

v i a  l a t e r a l  cons t ruc t i ons .  

2. Computation based on an extended two-mass model 

2.1 Previous model 

A  l o n g  t ime ago, E .  Win tergers t  (1 ) demonstrated t h e  p r i n c i p l e  o f  double- 

pane l led  w a l l s  by means o f  a  s imple model (F ig .  I ) ,  i n  which two masses, ml ' 
and m2', were connected w i t h  each o t h e r  v i a  a  s p r i n g  o f  s t i f f n e s s  s ' .  

F ig.  1. Acoust ic  rnodel o f  a  double-panel l e d  w a l l ,  a f t e r  Win tergers t  ( I ) ,  and 
t h e  r e s u l t i n g  path o f  t h e  a t t e n u a t i o n  f a c t o r  R. 

It i s  assumed t h a t  mass ml' i s  e x c i t e d  by means o f  a i r b o r n e  sound. Thus, t h e  

r e s u l t i n g  a t t e n u a t i o n  f a c t o r  R f o r  v e r t i c a l  sound inc idence (see, f o r  example, 

equat ions 1  and 3) above f R  i s :  



i n  which 

ml I :  area - re la ted  mass o f  panel 1 , 
m2 ' : area- re la ted  mass o f  panel 2, 

s t  : a rea - re la ted  s t i f f n e s s  o f  t h e  i n s u l a t i o n  l aye r ,  

e : a i r  dens i t y ,  
c :  v e l o c i t y  o f  sound i n  a i r ,  

f :  frequency, 

$R : resonance frequency o f  t h e  arrangement. 

Th i s  model represents  very  w e l l  t h e  q u a l i t a t i v e  c h a r a c t e r i s t i c s  o f  a double 

w a l l ,  namely t h e  occurrence o f  a resonance frequency IR and t h e  sharp increase 

i n  a t t e n u a t i o n  above f R  ( c f .  diagram i n  F i g .  1 ) .  However, q u a n t i t a t i v e  

agreement i s  u n s a t i s f a c t o r y ,  p a r t i c u l a r l y  i n  t h e  case o f  s t i f f ,  heavy panels. 

Dev ia t ions  between computed and experimental  values f o r  s t i f f  panels a r e  

shown i n  an example i n  F ig .  2; they  a re  i n  t h e  20 - 40 dB range, depending 

on frequency. The reason f o r  t h e  d e v i a t i o n s  i s  obvious. The model assumes a 

v e r t i c a l  sound i nc idence  and takes i n t o  account o n l y  t h e  mass i n e r t i a  of t h e  

panels and no t  t h e i r  bending s t i f f n e s s .  Since Cremer's s tud ies  (10) i t  has 

been known t h a t  because o f  bending s t i f f n e s s  i n  s t i f f  panels w i t h  o b l i q u e l y  

i n c i d e n t  sound t h e  a t t e n u a t i o n  i s  10-20 dB l e s s  above t h e  c r i t i c a l  f requency. 

Since d e v i a t i o n s  between t h e  behaviour o f  ac tua l  panels and t h e  above model 

occur  even i n  t h e  case o f  s i n g l e  panels, i t  i s  understandable t h a t  they  occur 

even more f r e q u e n t l y  i n  double w a l l s .  dB / 

F ig .  2. Dev ia t i on  between experimental  
r e s u l t s  (curve  a )  and computed 
r e s u l t s ,  accord ing t o  t h e  
o r i g i n a l  W i  n t e r g e r s t  model , 
F ig .  1 (curve  b)  i n  a double - - .. -- 

w a l l  made o f  s t i f f  panels. 

125 250 500 1000 Hz 20DO 
f- 



2.2 Improved model / p .  220 

Below an at tempt i s  made t o  ma in ta in  t h e  model i n  p r i n c i p l e  bu t  t o  modi fy  i t  

i n  as much as t h e  v i b r a t i n g  (area-re1 a ted)  masses ml ' and mp '  a r e  n o t  

assumed t o  equal t h e  ac tua l  masses o f  t h e  w a l l  panels i n  ques t ion  ( c f .  F ig .  3 ) .  

Rather, equ iva len t  (a rea - re la ted )  masses ml I* and m2'* a r e  se lec ted  i n  such 

a  way t h a t  t h e  s ing le -pane l  sound a t t e n u a t i o n  value R1 ( o r  R2) i s  t h e  same i n  

t h e  ac tua l  panel ( w i t h  d i f f u s e  sound inc idence)  as i n  t h e  model a t  v e r t i c a l  

inc idence when o n l y  t h e  mass i n e r t i a  i s  taken i n t o  account. 

According t o  t h i s  d e f i n i t i o n ,  t h e  f o l l o w i n g  a p p l i e s  f o r  de termin ing  mll* i n  a  

random panel : 

i n  which R1 represents  t h e  known sound a t t e n u a t i o n  o f  t h e  f i r s t  panel. The 

equ iva len t  area weights ml'* and m Z 1 *  of t h e  two panels r e s u l t  i n :  

These values l ead  t o  t h e  double-panel a t t e n u a t i o n  R f o r  t h i s  model accord ing 

t o  equat ion ( 1  ) :  

4 n f  e c  dB R = R , t R 2 t 2 0 1 g [  .$, 1 ( 0 )  

f o r  f B f ~  

o r  s p e c i f i c a l l y  f o r  two un i fo rmly  cons t ruc ted  panels w i t h  t h e  a t t e n u a t i o n  

f a c t o r  R1 : 
R= R ,  4- 0 d8 ,  181 t 8 )  

4 n t e c  R = Z K , + 2 0 I g - - - . ; - - d B , f > 1 , ,  (9) 
> 



These expressions can be used when t h e  values of a t t e n u a t i o n  R1 and R2 o f  t h e  

panels a r e  known as a r e s u l t  o f  measuring. T h i s  i s  o f t e n  t h e  case, and thus 

R i s  easy t o  compute. 

IR, however, cannot be g iven e x p l i c i t l y ,  s i nce  R1 depends on t h e  frequency. 

Futhermore, R cannot be computed r e a l i s t i c a l l y  i n  t h e  v i c i n i t y  o f  IR, s i n c e  

t h e  computat ion does n o t  t a k e  i n t o  account t h e  i n s u l a t i o n .  Therefore, t h e  

two s o l u t i o n s  above and below f R  must s u f f i c e ,  and they have t o  be extended 

as an approximat ion t o  t h e i r  p o i n t  o f  i n t e r s e c t i o n  a t  fR. 

2.3 Approximation f o r  l i m p  panels 

I n  t h e  case o f  1 imp panels, where t h e  c r i t i c a l  f requency f a f t e r  Cremer (10) 
g r 

l i e s  a t  t h e  upper end o f  t he  frequency range i n  quest ion,  a t t e n u a t i o n  R1 

( o r  R2) o f  t h e  s i n g l e  panel a f t e r  Heck1 (5 )  can be approxirr~ated as f o l l o w s  f o r  

f requencies s u f f i c i e n t l y  below f 
g r  ' 

The extended Win tergers t  model can be used q u a n t i t a t i v e l y  when 

i s  chosen. 

The f o l l o w i n g  a p p l i e s  t o  t h e  double wa l l  w i t h  equa l l y  heavy panels: 

The d i f f e r e n c e  compared w i t h  t h e  prev ious Win tergers t  approach above f R  
4 

i s  6 dB. The resonance frequency increases by ,/2. 
J 



2.4 Approximation f o r  s t i f f  panels 

Above the  c r i t i c a l  f requency f o f  t h e  w a l l  panels, t h e  f o l l o w i n g  app l i es  t o  
g r  

R1 o r  R2 accord ing t o  Heck1 ( 5 ) :  

n f 111 I 
R ,  = 20 Ig I I .  (1s) 

e c 

I n  t h i s ,  T-I represents t h e  l o s s  f a c t o r  of  t h e  panel, 
I g r  

i t s  c r i t i c a l  frequency. 

For t h e  sake o f  s i m p l i c i t y ,  t h e  f o l l o w i n g  dea ls  o n l y  w i t h  t h e  case of two 

un i fo rmly  cons t ruc ted  panels. I n  t h a t  case, t h e  f o l l o w i n g  app l i es  t o  a t t e n u a t i o n  

f a c t o r  R o f  t h e  double w a l l  : 

t h e  resonance frequency f R  r e s u l t s  as fo l l ows :  

6 
I n  t h i s ,  one term d./j,, has been d isregarded,  which i n  a p r a c t i c a l  case 

would be about 1 i n  the4var ious  vers ions  and would change very  1 i t t l e .  It can 

be seen from equat ion (17) t h a t  t h e  resonance frequency equals t h e  prev ious /p. 221 
4 term o f  t h e  Win tergers t  model, a l though a m u l t i p l i c a t i v e  term 1 1  ) i s  added. 

Depending on t h e  magnitude o f  t h e  l o s s  f a c t o r  T-I of t h e  panels, which as a r u l e  

can be assumed t o  1 i e  between and 5 . 1 0 - ~ ,  t h i s  f a c t o r  i s  about 3.2 o r  4.7. 

Thus t h e  prev ious computation o f  t h e  resonance frequency o f  double-panel led 

w a l l s  w i t h  s t i f f  panels has r e s u l t e d  i n  values which were 3 t o  5 t imes too  low. 

F ig .  3. Replacing t h e  mass (per  area u n i t )  ml ' of t h e  i n v e s t i g a t e d  w a l l  panel 

w i t h  (reduced) mass ml ' * f o r  t he  model a f t e r  F ig .  1. 



2.5 Improvement through f a c i  ng-panel s  

The improvement A R of a t t e n u a t i o n  R o f  a  randomly cons t ruc ted  panel o r  c e i l i n g  

by means o f  a  fac ing-panel  ( w i t h o u t  r i g i d  coup1 ings )  w i t h  a t t e n u a t i o n  f a c t o r  

R1 r e s u l t s  as f o l l o w s  a f t e r  t h e  above model: 

f o r  a  l i m p  fac ing-panel ,  t h e  f o l l o w i n g  i s  t h e  approximate r e s u l t :  

4 n2/P m, '  
dR = 20 Is 

v 2  A' dB. j > j ,  (19) 

d R = 4 0 I g ( j / j ~ ) ,  d B .  

Apar t  f rom f a c t o r 4 2  a t  fR, Crerner a l ready  a r r i v e d  a t  t h i s  expression when he 

improved a i r b o r n e  sound a t t e n u a t i o n  by means o f  a  f l o a t i n g  f l o o r  ( 6 ) .  The 

f o l l o w i n g  i s  assumed t o  app ly  t o  a  s t i f f  fac ing-panel :  

f o r  t S I R  
d l ~ = 4 0 1 g ( l / j , ~  + 5  I g i J / j , , i d B  (21 )  

' I  
t u  = 2 ' I - . '  , , I , ' +  ,, d B .  

By t h e  way, formula (18) can a l s o  be app l i ed  acco rd ing l y  t o  machine casings, 

where A R represents  t h e  reduc t i on  o f  t h e  machine's no i se  l e v e l  brought about 

by i n s t a l l i n g  a  casing. A  c o n d i t i o n  i s  t h a t  s '  i s  known f o r  t h e  c a v i t y .  

3. S t i f f n e s s  o f  a i r  l a y e r s  

The dependence on the  frequency o f  t h e  dynamic s t i f f n e s s  s '  o f  a i r  l a y e r s  

w i l l  be discussed below; s '  i s  de f i ned  as fo l l ows :  



p: sound pressure, 5: v i b r a t i o n  path o f  t h e  panel. 

For lower f requencies,  t he  f o l l o w i n g  known equat ion app l i es  f o r  a  s u f f i c i e n t l y  

at tenuated a i r  space w i t h  i n c i d e n t  f l e x u r a l  waves: 

c: v e l o c i t y  o f  sound i n  t h e  a i r ;  

d: th ickness o f  a i r  l a y e r .  

It must be taken i n t o  account t h a t  because o f  t h e  aerodynamic res i s tance  brought 

i n t o  t h e  a i r  l a y e r  and because o f  t h e  thus narrow thermal con tac t  du r ing  t h e  

p e r i o d i c  f l u c t u a t i o n s  i n  pressure, t h e  change cannot be a d i a b a t i c  bu t  must be 

isothermal .  I n  case o f  an empty a i r  l a y e r  - w i thou t  in t roduced aerodynamic 

res i s tance  - t h e  s t i f f n e s s  w i t h  inc idence o f  f l e x u r a l  waves i n  a  panel i s  

about f i v e  t imes greater ;  see (7 )  f o r  d e t a i l s .  For h igher  f requencies i n  which 

t h e  t i ckness becomes comparable w i t h  A12 ( A  wave leng th ) ,  i t  can be est imated 

f o r  a  case o f  an at tenuated c a v i t y  if - as Win tergers t  d i d  f o r  a  c a v i t y  - o n l y  

t h e  sound propagat ion v e r t i c a l  t o  t h e  c a v i t y  i s  taken i n t o  account; c f .  diagram 

i n  F ig .  4. I n  t h i s ,  s t i f f n e s s  s '  r e f e r s  t o  a l t e r n a t i n g  pressure p  ahead o f  t h e  

second w a l l  panel. 

Paths b  and c  depend on t h e  l e n g t h - s p e c i f i c  aerodynamic res i s tance  ( e )  o f  the  

panel, t h e  most favourab le  values a t  low f requencies being o f  no consequence, 

s ince they a r e  v a l i d  o n l y  under t h e  non-appl icable c o n d i t i o n  t h a t  t h e  ma te r ia l  

forming t h e  aerodynamic res i s tance  i s  so heavy t h a t  i t  does no t  move much under 

t h e  in f lhence o f  t h e  a l t e r n a t i n g  pressures. 

A t  h igh  f requencies ( d  > ~ / 4 ) ,  t h e  f o l l o w i n g  can be assumed f o r  s t i f f n e s s  s ' :  



Fig .  4. Computed path  o f  s t i f f n e s s  s '  o f  an a i r  l a y e r  i n  dependence o f  t h e  
frequency. 

a: empty c a v i t y ,  
4 4 b: l e n g t h - s p e c i f i c  aerodynamic r e s i s t a n c e  ( 0 )  =10 Ns/m , 

4 4 c:  ( 9 )  = 2 '10  Ns/m , 
d  ,e: approximat ions.  

I n  t h e  case o f  deep c a v i t i e s  (d  magnitude) and h i s h  aerodynamic res i s tance ,  

s '  w i l l  be sma l l e r  than s ta ted .  T h i s  f a c t o r ,  which means t h a t  t h e  a t t e n u a t i o n  

i n  a  double w a l l  i s  g r e a t e r  than t h e  computed valhes i n d i c a t e ,  w i l l  be 

d isregarded below; see curve c  i n  F ig .  4. The f o l l o w i n g  can be assumed f o r  

double w a l l s  w i t h  a i r  l aye rs :  

f o r  low f requenc ies  (d  f ~ / 4 )  : 
s' = g c2/rl 

f o r  h i g h  f requenc ies  (d  >A/4): 

I n  t h i s  connect ion i t  should be po in ted  o u t  a l s o  t h a t  t h e  a t t e n u a t i o n  minima 

r e s u l t i n g  f rom t h e  Win tergers t  model ( I ) ,  ( 4 )  o f  t he  a i r  l a y e r  ( w i t h o u t  

aerodynamic res i s tance )  do n o t  occur  when t h e  a t t e n u a t i o n  i s  measured. 

I n  t h e  case of an empty a i r  space, t h e  t ransverse  modes o f  sound o f  t h e  a i r  

l a y e r  ( p a r a l l e l  t o  t h e  a t t e n u a t i o n  minima) a r e  so we l l  de f ined t h a t  t h e  



th ickness  resonance can be d isregarded.  I n  t h e  a t tenuated c a v i t y ,  t h e  t ransverse  

modes and t h e  th ickness  modes d isappear.  Thus, c o n t r a r y  t o  e a r l i e r  views, 

a t t e n u a t i o n  o f  a i r b o r n e  sound i n  a double w a l l  does n o t  decrease when t h e  

th ickness  o f  t h e  c a v i t y  i s  increased u n t i l  AL= 2 d. 

4. Comparison between computed and experimental  r e s u l t s  

Be1 ow i s  a comparison between ou r  computed r e s u l  t s  and r e s u l  t s  obta ined 

exper imenta l l y  w i t h  g r e a t l y  va ry ing  double-panel 1 ed w a l l  s ( '  ) . A1 1 o f  these 

a r e  w a l l s  w i t h  complete ly  separated panels, w i t h  minera l  wool i n  t h e  c a v i t i e s  

(unless i n d i c a t e d  o therwise)  and measured spaces i n  which the  f l a n k i n g  

t ransmiss ion  was d isregarded i n  favour  o f  d i r e c t  t ransmiss ion.  

I n  a1 1 cases, t h e  f o l l o w i n g  values were compared: 

t h e  experimental  r e s u l t s  (curve  a),  

t h e  computed r e s u l  t s  (curve  b)  a f t e r  expression (6)  f rom experimental  l y  
known a t t e n u a t i o n  values o f  t h e  s i n g l e  panels (curve  e),  

t h e  r e s u l t s  computed f rom expression (13) o r  (16) as curve c, 

t h e  r e s u l t s  computed a f t e r  Wintergerst ,  as curve d. 

4.1 Limps panels 

I n  F ig .  5, t h e  r e s u l t s  f o r  a double w a l l  o f  12.5 mrn p las te rboa rd  w i t h  a panel 

d i s tance  o f  50 mm were compared i n  a very  broad frequency range. Agreement 

between computed and experimental  r e s u l t s  was good i n  t h e  lower f requencies.  

I n  t h e  c r i t i c a l  frequency, t h e  computed r e s u l t s  were t o o  favourab le .  Above 

t h e  boundary frequency, t h e r e  i s  aga in  r e l a t i v e l y  good agreement. Th i s  

diagram c l e a r l y  shows t h e  va ry ing  behaviour i n  t h e  range o f  l i m p  panels a t  low 

f requencies and t h e  s t i f f  range above t h e  c r i t i c a l  frequency. 

Car r i ed  o u t  a t  t h e  Fraunhof I n s t i t u t e  f o r  S t r u c t u r a l  Physics i n  S t u t t g a r t .  



a: measured values, 

b: computed acc. t o  expression 6, 

c: approx. acc. t o  expression 13, 

c ' :  approx. acc. t o  expression 16, 

d: a f t e r  W in te rge rs t ' s  expression ( I ) ,  

e: measured values f o r  a t t e n u a t i o n  
f a c t o r  R1 o f  s i n g l e  panel.  

F ig.  5. A t tenua t i on  o f  a double-panel led w a l l  w i t h  panels made of 12.5 mm 
p las terboard  (1 imp panels)  . 

Th is  shows t h a t  below and above t h e  c r i t i c a l  f requency o f  t h e  panels. / P -  
(about 3,000 Hz), two resonance f requencies must be d i f f e r e n t i a t e d  which 1 i e  

w ide l y  apar t . .  Understandably t h e  range near t h e  c r i t i c a l  f requency cannot be 

de f i ned  by means o f  any o f  t h e  two approximat ion s o l u t i o n s  according t o  (13)  

o r  (16) .  But i t  i s  p o s s i b l e  t o  compute according t o  ( 7 )  f rom t h e  experimental  

values f o r  R1 ( R ~  = R2 f o r  panels o f  un i fo rm c o n s t r u c t i o n ) .  The d e v i a t i o n  of 

t h i s  computat ion from t h e  r e s u l t s  i n  t h e  v i c i n i t y  o f  t h e  c r i t i c a l  f requency 

cannot be d isregarded.  But i n  a p r a c t i c a l  a p p l i c a t i o n ,  even such an approxi -  

mat ion would be welcome. 
, .~ .-- 
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F ig .  6. A t tenua t i on  o f  a double-panel led w a l l  made of 16 rrlln chipboard, w i t h  
a panel d i s tance  o f  200 mm. Key: same as F ig .  5. 



F i g .  6  shows a  w a l l  w i t h  a  v e r y  wide d i s t a n c e  between panel s  (200 mm) . I n  t h i s  

case, t h e  computed r e s u l t s  i n  t h e  v i c i n i t y  o f  t h e  t r a c e - f i t t i n g  f requency  a r e  

t o o  low i n  comparison w i t h  exper imenta l  r e s u l t s .  The p robab le  reason i s  t h a t  

t h e  n o i s e  l e v e l  r e d u c t i o n  i n  t h e  c a v i t y  from one panel t o  another ,  r e s u l t i n g  

f rom t h e  aerodynamic r e s i s t a n c e ,  has been d i s rega rded .  

4 .2  S t i f f  pane ls  

For  these,  we f i r s t  t ook  r e s u l t s  f rom t h e  1  i t e r a t u r e  ( 8 )  f o r  a  doub le  w a l l  o f  

80 mm p l a s t e r b o a r d  (see F i g  7 ) .  I n  t h i s  case, too,  t h e r e  i s  s a t i s f a c t o r y  

agreement between t h e  exper imenta l  r e s u l t s  and t hose  computed f r om R1 (which 

was a l s o  measured). F i g .  7, curves c  and cl show t h e  boundar ies o f  a  d i r e c t  

computat ion f rom m a t e r i a l  d a t a  acco rd ing  t o  exp ress ion  ( 1 6 ) .  When a  l o s s  

f a c t o r  = 6 ' 1 0 - ~  i s  used f o r  p l as te rboa rd ,  as t h e  l i t e r a t u r e  (9 )  suggests, 

agreement i s  u n s a t i s f a c t o r y  ( c u r v e  c ) .  Good agreement c o u l d  o n l y  be achieved 

w i t h  a  l o s s  f a c t o r  TI = ( cu rve  c1 ) I n  t h e  p resen t  case, t h e  s i n g l e  w a l l ,  

too ,  showed a  p a r t i c u l a r l y  low a t t e n u a t i o n  compared w i t h  o t h e r  e m p i r i c a l  va lues .  

Thus, i n  t h i s  s p e c i f i c  arrangement, a  l ow  l o s s  f a c t o r  i s  probable.  

F i g .  8, f i n a l l y ,  shows t h e  case o f  a  doub le -pane l led  d i v i d i n g - w a l l  between 

two houses, w i t h  an i n t e r s p a c e  r u n n i n g  a l ong  t h e  e n t i r e  l e n g t h  o f  t h e  houses. 

The i n s u l a t i o n  l a y e r  i n  t h e  i n t e r s p a c e  c o n s i s t e d  o f  20 mm hard-foam boards, t h e  

w a l l s  c o n s i s t e d  o f  100 mm conc re te  s labs .  I n  t h i s  case, rneasuren~ents were 

taken  i n  a  d i v i d i n g - w a l l  between two houses under c o n s t r u c t i o n .  The s t i f f n e s s  

of  t h e  i n s u l a t i o n  l a y e r  c o u l d  o n l y  be es t imated ,  because i n  such i n s u l a t i o n  
3  l a y e r s  (E--"300 MN/m ) t h e  t h i ckness  o f  t h e  a i r  l a y e r  between i n s u l a t i o n  l a y e r  

and w a l l  panel i s  n o t  e x a c t l y  known, a l t hough  t h i s  t h i c k n e s s  determines s ' .  

It was assumed t o  be 2  mm, and t h e  t o t a l  s t i f f n e s s  o f  t h e  i n s u l a t i o n  l a y e r  
3  

i n c l u d i n g  t h e  a i r  l a y e r  was assumed t o  be 50 MN/m . 
There i s  s a t i s f a c t o r y  agreement between computat ion ( 7 )  and measured r e s u l t s ,  

p a r t i c u l a r l y  when compared w i t h  t h e  r e s u l t s  acco rd ing  t o  t h e  o l d  W in te rge rs t  

model a f t e r  exp ress ion  ( I ) ,  cu r ve  d. The c o r n p u t a t i c ~  accord ing  t o  (16) a1 so 

g i v e s  good agreement, p rov ided  t h a t  a  l o s s  f a c t o r  = ~ ' I o - ~  i s  used, as has 

been t h e  case i n  t h e  1  i t e r a t u r e  ( 9 )  : (TI = 4 - 8.1 o - ~ ) .  



F ig .  7. A t tenua t i on  o f  a  double-panel led w a l l  made o f  80 mm p las te rboa rd  
( s t i f f  pane ls ) .  
Key: same as i n  F ig .  3. - 
cl: s i m p l i f i e d  computat ion accord ing  t o  (16) f o r  l o s s  f a c t o r  n = IQ-', 

CI 

I n  summary t h i s  leads t o  t h e  conc lus ion  t h a t  i n  t h e  case o f  s t i f f  / p. 224 

panels t h e  computat ion should be based on t h e  experi;;;ct~tal values R1 o f  t h e  

s i n g l e  panels, s i nce  t h e  m a t e r i a l  a t t e n u a t i o n  n,easured i n  small i n d i v i d u a l  

samples i n  t h e  l a b o r a t o r y  f o r  t h e  l o s s  f a c t o r  Q o f  t h e  e n t i r e  w a l l  i s  n o t  t h e  

o n l y  f a c t o r :  t h e r e  i s  a l s o  t ransmiss ion  v i a  l a t e r a l  cons t ruc t ions ,  and t h i s  

renders t h e  computat ion u n r e l i a b l e .  

F ig .  8. A t tenua t i on  R '  o f  a  double- 
panel 1  ed d i  v i d i  ng-wal l  between 
houses, w i t h  con~pl e t e l y  separated 
w a l l s  made o f  100 mm concrete 
s labs,  w i t h  20 mm hard-foam boards 
i n  t h e  in terspaces,  measured d u r i n g  
cons t ruc t i on .  

a: experimetj tal  r e s u l t s ,  
b: computed r e s u l t s  a f t e r  expression (6 )  , 

from values f o r  R1 (see e) , 
c: computed r e s u l t s  a f t e r  expression (6 ) ,  
d: a f t e r  t h e  o r i g i n a l  Win tergers t  formula (1 ) , 
e: s ing1 e-panel l e d  w a l l  a f t e r  emp i r i ca l  

values (1 2 ) .  
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gypsum board. 

F ig.  9. Improvement A R o f  t h e  a t t e n u a t i o n  o f  a  s o l i d  w a l l  by means o f  a  
1  imp f l e x i b l e  f a c i  rig-panel . 
a: experimental  r e s u l t s ,  

b: computed a f t e r  (18) f rom the  a t t e n u a t i o n  R1 o f  t h e  facing-panel , 
c: simpl i f i e d  computat ion a f t e r  (20) .  

4.3 Improvement through fac ing-panels 

T h i s  w i l l  be discussed i n  r e l a t i o n  w i t h  two cases: a  l i m p  and a  s t i f f  f ac ing -  

panel.  

F ig.  9 shows experimental  r e s u l t s  o f  improvement A R f o r  a  fac ing-panel  made 

o f  12.5 mm p las te rboa rd  at tached t o  a  wa l l  made o f  80 mm p las terboard  i n  a  

l abo ra to ry ,  w i t h  suppressed f l a n k i n g  t ransmiss ion.  I n  t h e  lower and i n t e r -  

mediate f requencies,  computed and experimental  r e s u l t s  agree s a t i s f a c t o r i l y ;  

t h e  same i s  t r u e  i n  t h e  case o f  computat ion a f t e r  (18) ,  us ing  t h e  experimental  

R1 values o f  t h e  p las terboard  panels (curve  b)  as w e l l  as i n  t h e  case o f  t h e  

simpl i f i e d  computat ion a f t e r  expression (20) , 1 i n e  c. 



Fig .  10. Improvement a R i n  t h e  a t t e n u a t i o n  o f  a  c e i l i n g  D by means o f  a  

f l o a t i n g  f l o o r  E ( s t i f f  panel ) over  20 mm minera l  f i b r e  board. 

a: experimental  r e s u l t s  ( f rom sound l e v e l  Lvo and Lvl), 

b: corr~puted r e s u l t s  a f t e r  (18), 

c: simp1 i f i e d  computat ion a f t e r  (21) , 
d: computed r e s u l t s  a f t e r  t h e  o l d  Win tergers t  model. 

The d e v i a t i o n  i n  h igher  f requencies may r e s u l t  on t h e  one hand f rom t h e  

l i m i t e d  l o n g i t u d i n a l  i n s u l a t i o n  o f  t h e  t e s t  stand, on the  o t h e r  hand f rom t h e  

poss ib le  presence o f  very minor  coup l ings  between fac ing-panel  and s o l i d  w a l l .  

As our  second case, t h e  irnprovernent o f  a i r b o r n e  sound a t t e n u a t i o n  by means of 

a  f l o a t i n g  f l o o r  w i l l  be discussed (F ig .  10) .  I n  t h i s  case, d i r e c t  measuring 

of t h e  a i r b o r n e  sound a t t e n u a t i o n  was no t  p o s s i b l e  because o f  f l a n k i n g  /p. 225 

t ransmiss ion  which was a  d is tu rbance f a c t o r  even i n  t h e  l a b o r a t o r y .  For t h a t  

reason, we measured t h e  v e l o c i t y  l e v e l  o f  t h e  f l o a t i n g  f l o o r  (Lvl) and o f  t h e  

c e i l i n g  w i t h o u t  f l o a t i n g  f l o o r  (Lvo) ,  and f rom t h i s  we determined t h e  

a i r b o r n e  sound a t t e n u a t i o n  and t h e  improvement a R as a  r e s u l t  o f  t h e  f l o a t i n g  

f l o o r .  However, below t h e  c r i t i c a l  f requency o f  t h e  f l o a t i n g  f l o o r  (about 

300 Hz), t h i s  determi  n a t i o n  i s  very  inaccura te .  Actual  l y  , t h e  amount o f  sound 

r a d i a t i o n  emi t ted  by t h e  f l o a t i n g  f l o o r  would have t o  be taken i n t o  account, 



b u t  because f r e e  as we1 1  as fo rced  f l e x u r a l  waves occur, t h i s  amount cannot be 

computed w i t h  accuracy. The computat ion a f t e r  (18) was based on a t t e n u a t i o n  

f a c t o r  R1 o f  an app rop r ia te  concre te  s l a b  a f t e r  Heck1 (12) .  

5. D i r e c t  computat ion o f  a i r b o r n e  sound a t t e n u a t i o n  ( w i t h o u t  model ) 

The prev ious  computat ion was based on a  spring-mass model i n  which t h e  masses 

o f  t h e  model were chosen i n  such a  way t h a t  under t h e  i n f l u e n c e  of t h e  sound 

pressure and assuming pure mass i n e r t i a ,  they  have t h e  same v i b r a t i o n  ampli tudes 

as t h e  ac tua l  w a l l  w i t h  i t s  f l e x u r a l  v i b r a t i o n s .  

We w i l l  now at tempt t o  compute t h e  a t t e n u a t i o n  o f  a  double w a l l  w i t h o u t  

reference t o  a  model. Th i s  i s  based on a  d i f f u s e  sound f i e l d  w i t h  sound 

pressure pl , a t  t h e  double w a l l  i n  ques t ion  (see F ig .  11 ) , and on t h e  f o l l o w i n g  

two assumptions: 

(a )  t h a t  sound pressure pH i n  t h e  w a l l  c a v i t y  can be computed f rom sound 

pressure pl i n  t h e  source room and from t h e  a t t e n u a t i o n  f a c t o r  R1 o f  t h e  

f i r s t  panel; 

(b )  t h a t  t h e  r a d i a t e d  sound energy o f  t h e  second panel can be computed from 

pH, t h e  a t t e n u a t i o n  f a c t o r  R2 and w a l l  area S .  

ad (a ) :  The f o l l o w i n g  a p p l i e s  when t h e  aerodynamic r e s i s t a n c e  i n  t h e  w a l l  

c a v i t y  i s  s u f f i c i e n t l y  g rea t :  

v1 i s  computed from 

I n  t h i s  i t  i s  assumed t h a t  vl i s  n o t  t h e  t r u e  v i b r a t i o n  v e l o c i t y  o f  t h e  panel 

bu t  a  mean va lue  o f  those p o r t i o n s  whose f l e x u r a l  wave l e n g t h  



i s  A B ~ A  L . (*)  ~ h u s ,  

F ig.  11. Computing sound a t tenua t ion  i n  a  double w a l l .  

Key: 1. d i f f u s e  sound f i e l d ,  
2. f r e e  sound f i e l d .  

ad ( b ) :  For t h e  sake o f  simp1 i c i t y  i t  i s  assumed t h a t  a t tenua t ion  f a c t o r  R2  

f o r  t h e  second panel r e s u l t s  i n  about t h e  same way if on t h e  one hand t h e  panel 

i s  sub jec t  t o  sound pressure pH i n  t h e  c a v i t y  o r  on the  o the r  hand t o  t h e  

equa l l y  in tense sound pressure p d 2  o f  a  d i f f u s e  sound f i e l d  o f  a  room w i t h  

sound pressure p. 

Th is  assur~ipt ion i s  probably n o t  q u i t e  c o r r e c t .  Thus, a  c o r r e c t i o n  f a c t o r  k  i s  

appl i e d  as we1 1  : 

A d e v i a t i o n  can be expected because t h e  t r a c e  wavelengths o f  t h e  pressure 

d i s t r i b u t i o n  a t  t h e  second panel a re  d i s t r i b u t e d  d i f f e r e n t l y  i n  t h e  c a v i t y  than 

i n  a  case where t h e  d i f f u s e  sound f i e l d  i s  d i r e c t l y  i n c i d e n t  on t h e  panel.  The 

d e f i n i t i o n  equat ion f o r  t h e  a t tenua t ion  f a c t o r  R o f  t h e  double-panel led wa l l  

( 2 ) ~ r a n s l a t o r ' s  note: The foo tno te  seems t o  be o u t  o f  p lace.  The f i r s t  l i n e  
reads: Car r ied  o u t  i n  t h e  Fraunhofer I n s t i t u t e  f o r  S t r u c t u r a l  Physics. The 
second and subsequent l i n e s  read: . . .  p a r t s  ... i n  an at tenuated c a v i t y  can 
a l s o  supply a  p o r t i o n  o f  sound pressure p  , bu t  cannot lead t o  any s izeab le  
t ransmiss ion  and can t h e r e f o r e  be d i  srega!ded. 



t oge the r  w i t h  (30)  r e s u l t s  i n  

6. Comparison w i t h  t h e  mod i f i ed  Win tergers t  model 

The computat ion based on t h e  mod i f i ed  Win tergers t  model , see expression ( 6 ) ,  

r e s u l t s  i n  an a t t e n u a t i o n  f a c t o r  R t h a t  i s  3 dB lower  than t h e  computat ion 

o u t l i n e d  here, i f  k = 0. T h i s  d e v i a t i o n  i s  caused by t h e  f a c t  t h a t  t h e  model 

accord ing t o  F ig .  1 uses v e r t i c a l l y  i n c i d e n t  sound, w h i l e  t h e  computat ion /p. 226 

discussed above i s  based on t h e  d i f f u s e  sound f i e l d  o f  a source room. I n c i -  

d e n t a l l y ,  t h i s  d e v i a t i o n  occurs because t h e  a t t e n u a t i o n  f a c t o r  R i s  inadequate ly  

de f i ned  i n  physics (as a r a t i o  between two sound energ ies) ,  as Rindel exp la ined 

i n  d e t a i l .  T h i s  d e f i c i e n c y  cou ld  be remedied by basing t h e  model on o b l i q u e l y  

i n c i d e n t  sound as w e l l .  

The quest ion  remains as t o  t h e  magnitude o f  t h e  e m p i r i c a l l y  in t roduced constant  

k i n  expression (33) .  For t h i s ,  F ig .  12 shows t h e  d i f f e r e n c e  between t h e  

computat ion accord ing  t o  expression (33) f o r  k = 0, and t h e  measured r e s u l t s  

f o r  a double w a l l  accord ing  t o  F ig .  5, dependent on t h e  frequency ( T r a n s l a t o r ' s  

note: The l a s t  p a r t  o f  t h i s  sentence and a l l  bu t  one word o f  t h e  f o l l o w i n g  

sentence a r e  m iss ing )  .... p l o t .  It represent  k .  Thus k l i e s  rough ly  between 

0 and 10 dB. The maximum d e v i a t i o n  occurs somewhat below f / f  = 1 .  It can 
g r  

be expected t h a t  t h i s  pa th  depends on t h e  dimensions o f  t h e  w a l l  i n  quest ion,  

i n  r e l a t i o n  t o  wavelength A a t  t h e  c r i t i c a l  f requency, as i s  t h e  case, too,  
!3 r 

w i t h  t h e  a t t e n u a t i o n  o f  sound i n  s ingle-panel  l e d  w a l l s .  

I n  summary, t h e  f o l l o w i n g  conclus ions can be drawn f rom t h i s :  

( a )  The above mentioned c o r r e c t i o n  o f  3 dB i n  t h e  computat ion accord ing  t o  

Win te rge rs t ' s  model should - n o t  be used, s ince  t h i s  would increase the  maximum 

e r r o r s  between model computat ion and experimental  r e s u l t s .  



The model computation then app l i es  t o  k = 3, see l i n e  a i n  F ig .  12. 

(b) I n  s t i f f  panels ( E  < f ) ,  t h e  expected dev ia t i ons  a r e  probably r e l a t i v e l y  
g r 

minor i n  terms o f  t h e  model computation, because t h e  r e l e v a n t  values w i l l  f o r  

t h e  most p a r t  l i e  above t h e  c r i t i c a l  frequency. 

F ig .  12. Cor rec t i on  f a c t o r  k, determined from experimental r e s u l t s  according 

t o  Fig.  5, f o r  w a l l  panels w i t h  f - 3,000 Hz and measuring 2.5 m x 3 m. 
gr- 

a: c o r r e c t i o n  a l ready inc luded i n  t h e  mod i f i ed  Wintergerst  model. 

( c )  I n  t h e  v i c i n i t y  o f  f =  f t h e  dev ia t i ons  are  h ighest ,  and t h e  e r r o r s  
g r  ' 

probably seldoni exceed 7 dB ( i n  terms o f  1 i n e  a) as was t h e  case here, s ince 

t h e  dimensions o f  A are  p a r t i c u l a r l y  l a r g e  i n  t h i s  example. 
g r  

7. F ina l  concl us ions 

Sound a t tenua t ion  i n  double-panel led const ruc t ions  -w i thout  r i g i d  coupl ings 

between t h e  panels and w i t h  an i n s u l a t e d  c a v i t y -  can be computed i n  advance 

according t o  an improved mass-spring-mass model. Two d i f f e r e n t  cornputation 

methods can be used: 

(a)  It i s  assumed t h a t  t h e  values o f  a t t e n u a t i o n  f a c t o r  R1 and R2 o f  t h e  two 

panels a re  known. Then, t h e  computation i s  poss ib le  i n  t h e  e n t i r e  frequency 

range. The f o l l o w i n g  a t tenua t ion  f a c t o r  R o f  t he  double wa l l  r e s u l t s  above 

the  resonance frequency: 

R =  R , +  R?+ ~ o I ~ ~ ~ ! P ~  d~ 
v (6) 



i n  which s t  i s  t he  dynamic s t i f f n e s s  o f  t h e  i n s u l a t i o n  l a y e r  between t h e  panels. 

(b )  The a t t e n u a t i o n  can a l s o  be computed d i r e c t l y  frorrl t h e  rr later ial  da ta  o f  

t h e  panels; t h i s  computat ion i s  p o s s i b l y  o n l y  s u f f i c i e n t l y  below o r  above t h e  

c r i t i c a l  f requency o f  t h e  panels. The f o l l o w i n g  app l i es  i n  t h e  case o f  two 

u n i f o r m l y  made 1 imp panels: 

i n  t he  case o f  two u n i f o r m l y  made s t i f f  panels: 

S o l u t i o n  ( a )  i s  p r e f e r a b l e  unless t h e  panels a r e  l imp .  With s t i f f  panels t h e  

s o l u t i o n  i n  accordance w i t h  (b )  depends on o f ten  unce r ta in  assumptions regard ing  

the  magnitude o f  l o s s  f a c t o r  n o f  t h e  w a l l  panels. 

A comparison between computed and experimental  r e s u l t s  us ing  a g rea t  v a r i e t y  

o f  panels and panel d is tances  leads t o  agreement t h a t  i s  s u f f i c i e n t  f o r  /p. 227 

p r a c t i c a l  purposes. Major d e v i a t i o n s  can occur  o n l y  i n  t h e  v i c i n i t y  o f  t h e  

c r i t i c a l  frequency. 

The computat ion method can a l s o  be used t o  improve A R o f  sound a t t e n u a t i o n  

through facing-panels, f l o a t i n g  f l o o r s  and machine casings. 

Received f o r  p u b l i c a t i o n :  Jan. 17, 1980. 
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