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ABSTRACT

The s i l l  and reveal  of a panel  or  window system a r e  known t o  i n f l u e n c e  
t h e  a c o u s t i c  t r a n s m i s s i o n  of t h e  system and i t  i s  known t h a t  l i n i n g  t h e  
r evea l  wi th sound a b so r be n t  m a t e r i a l  can i n c r e a s e  t h e  sound r e d u c t i o n  i nde x.  
This work examines t h e  i n f l u e n c e  of  a window t o  s i l l  or  revea l  r a t i o  upon 
t h e  known e f f e c t s ,  by t e s t i n g  two window s i z e s  w h i l s t  m a i n t a i n i n g  s i l l  or 
r eveal  d e p t h s .  The p o t e n t i a l  f o r  marked i n c r e a s e  in sound r e d u c t i o n  index 
by reveal  abs or ben t  l i n i n g  i s  a l s o  examined and d e d uc t io ns  concer ning  i t s  
use a r e  made.

SOMMAIRE

Les appuis  ( i n t é r i e u r  e t  e x t é r i e u r )  d ' u n e  f e n ê t r e  (ou d ' u n  panneau en 
l a b o r a t o i r e )  peuvent  a f f e c t e r  l a  t r a n s m i s s i o n  a c o u s t i q u e  d ' un  système de 
f e n ê t r e .  Il  e s t  aus s i  connu que f a i t  de r e c o u v r i r  ces appuis  d ' un  ma té r i au  
acous t iquement  abs orb an t  augmente l ' i n d i c e  de r éd u c t i on  du son.  Ce p r o j e t  
é t u d i e  l ' i n f l u e n c e  des appuis  en c o n s i d é r a n t  deux f e n ê t r e s  de dimensions  
d i f f é r e n t e s  t o u t  en gar dan t  c o n s t a n t e  la l a r ge ur  des a p pu i s .  I l  e s t  é g a l e 
ment q u es t i o n  de l ' u s a g e  de recouvrements  a b s o r b a n t s  pour les  appuis  de 
manière à o b t e n i r  un acc r o i s s e me nt  s e n s i b l e  de l ' i n d i c e  de r é d uc t i o n  du son.

1. INTRODUCTION

The t r a n s m i s s i o n  of sound through window and wall  systems i s  known t o  
be i n f l u e n c e d  by many phys ica l  f e a t u r e s  such as room s i z e ,  panel  s i z e ,  
mounting c o n d i t i o n s  and so on; amongst t h e s e  i n f l u e n c i n g  f a c t o r s ,  i t  has 
been shown [ 1 ] ,  [ 2 ] ,  t h a t  t h e  s i l l  or revea l  of a panel  system or a combin
a t i o n  of bo th ,  wi l l  a l s o  i n f l u e n c e  t h e  t r a n s m i s s i o n  of sound,  and t h a t  t h e s e  
p a r t i c u l a r  f e a t u r e s  may be en gi nee r ed  t o  i n c r e a s e  t h e  sound r e d u c t i o n  index 
of t h e  system [ 3]  - p a r t i c u l a r l y  by l i n i n g  t h e  revea l  wi th sound a bs o r b e n t  
m a te r i a  I .

As in Reference [3]  both s i l l s  and r e v e a l s  a r e  c o ns id e re d  here  t o  
c o n s i s t  of equal depth p r o j e c t i o n s  from t h e  f o u r  s i d e s  of a r e c t a n g u l a r  
panel  or window. That  p r o j e c t i o n  towards  t h e  source  room wi l l  be r e f e r r e d  
t o  as a ' s i l l ' ,  w h i l s t  t h e  p r o j e c t i o n  towards  t h e  r e c e p t i o n  room wi l l  be 
r e f e r r e d  t o  as a ' r e v e a l ' .

Two q u e s t i o n s  a r i s e  from t h e s e  e a r l i e r  works;  "What i s  t h e  e f f e c t  of 
panel  t o  s i l l  or reveal  d imens ions "? ,  and "What l i m i t s  of  use in f requency  
or e x t e n t  of l i n i ng  might apply"?  This  paper  p r e s e n t s  t h e  r e s u l t s  of r e c e n t  
measurements under t aken a t  t h e  Cent re  f o r  Bui l d i ng  S tu d ie s  which c o n t r i b u t e  
towards  answer ing t h e s e  q u e s t i o n .

2. THE EXPERIMENTAL FACILITY AND TEST ARRANGEMENTS

The t r a n s m i s s i o n  l o s s  s u i t e  of t h e  Cent re  f o r  Bui l d i ng  S tu di es  a t  
Concordia U n i v e r s i t y  c o n s i s t s  of two i s o l a t e d  r e c t a n g u l a r  rooms of d i f f e r i n g  
d imens ions .  The l a r g e r  room has a volume of 95 m3 and t h e  s ma l l e r  room of
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volume 34 in3 . The Schroder cut o f f  frequency fo r  the la rger  room is  250 Hz. 
In the present tes ts  the smaller room was employed as the rece iv ing room and 
was lined on three adjacent surfaces with a p rop r ie ta ry  10cm th ick  sound 
absorbent materia l to  f a c i l i t a t e  the measurement of transm it ted  energy by a 
sound in te n s i ty  measurement system. The te s t  f a c i l i t y  is  described more 
f u l l y  in reference [4 ] .

A heavy f i l l e r  wall was constructed in the te s t  aperture between the 
two rooms on e i th e r  side of steel frames which marked the boundary between 
them; the wall Sound Transmission Class (STC) was determined to  be 60.

The te s t  panel was mounted f lush  to  the source room surface in order to 
accurately  assess the surface incidence in te n s i ty  as in fe r red  from the 
reverberant source room sound pressure level measurements, however, the 
f lush  mounted condit ion  was necessari ly  d is turbed by the mounting of s i l l  
p ro jec t ions  in to  the source room fo r  some of the measurements.

FIGURE 1. MOUNTING OF TEST PAfCL ON FILLER 
WALL WITH SILL OR A050RBEMÏ 
MATERIAL

The mounting, shown in Figure 1, resulted in a 39.4 cm (15.5") deep 
reveal with the option of adding s i l l  p ro jec t ions  or l in in g  the reveal with 
absorbent m a te r ia l .

Two panel sizes were tested 1.14 m x 1.14 m x 0.64 cm (.1/4") th ic k  
glass and 1.52 m x '1.52 x .64 cm (1 /4 " ) ,  and the f i l l e r  wall  was designed 
fo r  successive demolit ion in order to  accomodate these s izes.

3 .  TEST PROCEDURE

White noise was generated in the source room by two loudspeakers placed 
in  the corners of the room opposite the te s t  aperture and the mean sound 
pressure leve ls  in the source room were measured using a ro ta t in g  microphone 
boom (B & K 3923P). The microphone described a plane c i r c u la r  path at 70° 
from the hor izon ta l  and the length of the arm was 1.6 m, th i s  con f igu ra t ion  
was chosen so tha t  the microphone cleared the wal l s and s ta t ionary  d i f fu se rs  
by at least 0.8 m. The minimum distance from the microphone to  speaker was
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1 m. and th e  pe r iod  of  a complete  r e v o l u t i o n  of th e  microphone was 32 
seconds .

All measurements were computer  c o n t r o l l e d  and fed t o  a t h i r d  oc ta ve  
a n a l y s e r .  In t h i s  ca s e ,  t h e  Sound I n t e n s i t y  Analyser  type  2134/3360 from 
Brüel and Kjaer .

The i n c i d e n t  i n t e n s i t y  was c a l c u l a t e d  from the  mean sound p r e s s u r e  
level  as measured in th e  r e v e r b e r a n t  source  room.

The t r a n s m i t t e d  sound i n t e n s i t y  was measured d i r e c t l y  us ing a B & K 
Sound I n t e n s i t y  Microphone Probe type 3519 wi th  a f a c e - t o - f a c e  microphone 
c o n f i g u r a t i o n .  The 1/2" microphones with 12 mm space r  were chosen;  t h i s  
gave a useful  f r equency range of  125 Hz t o  5 k Hz with an accuracy  ot  +_ 
ldB assuming a monople sou rce .  An ave rag ing  t ime of 8 seconds was s e l e c t e d .

The i n t e n s i t y  r a d i a t e d  by th e  panel was measured a t  81 evenly d i s t r i b 
uted p o i n t s  over  the  measured p lane  and th e  microphone probe was mounted on 
a mechanical  t r a v e r s e  system t h a t  enabled i t  t o  be f ix e d  dur ing  each 
measurement i n t e r v a l .  The probe was then moved by hand from p o in t  t o  p o i n t ,  
a l though  l a t e r  developments  wi l l  i n c l ude  th e  automat ion of t h i s  t r a v e r s e .  A 
p o in t  a r r ay  measurement system was chosen t o  a l low th e  c o n s t r u c t i o n  of s u r 
f ac e  i n t e n s i t y  p r o f i l e s ;  s u r f a c e  p r o f i l e s  f o r  th e  p r e s e n t  pane l s  a re  p r e 
sen ted  and d i s c u s s e d  in r e f e r e n c e  [ 5 ] .  S e l e c t i o n  of a r r a y  p o in t  numbers,  
ave rag ing  t imes  and p r e s s u r e  t o  i n t e n s i t y  r a t i o s  a re  a l s o  d i s c u s s e d  in 
r e f e r e n c e  [ 5 ] ,

4 .  TESTS AND RESULTS

Two s e t s  of t e s t s  wi th two s i z e s  of  6 mm g la s s  panel  were un de r t a k en .

The f i r s t  s e r i e s  of  t e s t s  i nvolved  measuring th e  sound i n t e n s i t y  on t h e  
r e c e p t i o n  s id e  a t  a d i s t a n c e  of 5 .08 cm. ( 2 " ) ,  from t h e  panel  f o r  a no s i l l  
c o n d i t i o n ,  then wi th a 19 cm. s i l l ,  and then with a 38 cm. s i l l ;  each s i l l  
was c o n s t r u c t e d  of 16 mm ^5/8")  wood p a r t i c l e  board.  For t h e s e  t e s t s  t he  
permanent 39 cm. r eveal  was in  th e  bare co n d i t i o n  and th e  r e c e p t i o n  measure 
ment was chosen c l o s e  t o  th e  panel (5 cm.) t o  avoid ex t r ane ou s  revea l  
e f f e c t s .

F igure  2 d i s p l a y s  th e  sound t r a n s m i s s i o n  loss  of th e  1.14 m x 1.14 m 
U-3m2 ) panel with no s i l l ,  19 cm. s i l l ,  and 38 cm. s i l l ,  w h i l s t  F igure  3 
d i s p l a y s  th e  sound t r a n s m i s s i o n  lo s s  of t h e  1.52 x 1.52 m ^2.3m2 ) panel wi th  
no s i l l ,  19 cm. s i l l ,  and 38 cm. s i l l .

F igure  4 d i s p l a y s  th e  d i f f e r e n c e  in t r a n s m i s s i o n  loss between th e  no 
s i l l  and 38 cm. s i l l  c o n d i t i o n  f o r  both s i z e s  of p an e l .
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TH R O  OCTAVE FREQUENCY BA N O S

FIGURE 2  TRA NSM ISSION LO SS PGR A  U r n *  SQUARE PANEL 
WITH A  3 $  c m  REV EA L IN THE P R E S E N C E  O F  

o - o  NO S IL L , a - a  l » e m  S IL L . 0 - 0  3 6 c in  S IL L . 

TRANSM ITTED IN TEN SITY  M EASUREM ENTS TAKEN 
U m  I D  PNOM THE PA N EL SU R FA C E.

THRO OCTAVE FREQUENCY BA N O S

F I S U R E  I  T R A N SM ISSIO N  LOSS W ITH A ) t  c m  SILL SUBTRACTED 

FROM THE T R A N S M IS SIO N  LOSS W IT H  T H E  SILL 

REMOVED. FOR A  Utm  AND 2 3 m  SQ U A R E PA N EL.

L E 6 E N D  -------- 1 .3  » •  SQ U A RE P A N E L
—  2 J i r f  SQ U A RE PA N EL

THIRD OCTAVE FREQUENCY BANOS

R S U R E  3 TRANSMISSION LOSS FOR A 2 3  m* S8U A S$ PANEL
WITH A  3 »  cm  REVEAL IN THE PR E S E N C E  OF 
0-0  NO S IL L . » • »  I t e m  S & L . o - o  3 8  c m  SIL L . 

TRANSM ITTED INTENSITY MEASUREMENTS TAKEN AT 

i t e m  < 2 ')  FROM THE W N E L  SURFACE.

Octave Band
Centre  Frequency 

HZ

Thickness

2.54 cm 
(1")

5.08 cm 
(2“ )

125 8 27

250 19 68

500 57 91

1000 88 98

2000 96 98

4000 88 99

TABLE 1: The Sabine Absorption C o e f f i c i e n t  of 
th e  Reveal Absorbent Lin ing  M a te r i a l ,  
(as suppl ied  by th e  m anufac tu re r)

The s econd s e r i e s  o f  t e s t s  i n v o l v e d  l i n i n g  t h e  r e v e a l  w i t h  p r o g r e s s i v e  
t h i c k n e s s  2 . 5 4  cm ( 1 " ) ,  5 . 0 8  cm ( 2 " ) ,  and 1 0 . 1 6  cm (4")  o f  a p r o p r i a t o r y  
open c e l l  p o l y u r e t h a n e  foam sound a b s o r p t i o n  m a t e r i a l .  The a b s or b e n t  m a t e r 
i a l ' s  s a b i n e  sound a b o r p t i o n  c o e f f i c i e n t s ,  as s u p p l i e d  by t h e  ma n u f a c t u r e r ,  
are  shown in Tabl e  1 f o r  t h e  2 . 5 4  cm and 5 . 0 8  cm t h i c k n e s s .

For t h i s  s e r i e s  o f  t e s t s  t h e r e  was no s i l l  p r o j e c t i o n  and t o  compare  
t h e  o v e r a l l  e f f e c t  o f  d i f f e r i n g  sound a b s o r b e n t  m a t e r i a l  t h i c k n e s s ,  t h e
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t ransm it ted sound in te n s i ty  was measured over the plane of the reveal at the 
reception room side.

FIGURE S

THRO OCTAVE FREQUENCY BANOS

SOUND TRANSMISSION LOSS OF A V  n f SQUARE 
PANEL FOR SUCCESSIVE INCREASE OF38cm REVEAL 
ABSORBENT MATERIAL THICKNESS.

LESEMDi A - A  NO ABSORBENT.
I H c m  ( I") ABSORBENT, 

o - o  U l i a i n  ABSORBENT.
0 - 0  10.1* cm  ((* )  ABSORBENT.

THIRD OCTAVE FREQUENCY BANDS 

FIGURE ( .  INCREASE IN TRANSMISSION LOSS PM! LMNG THE
3 8 c m  REVEAL WITH SOUND ABSORBENT MATERIAL»! 
RELATION TO SIZE OF PANEL AND THICKNESS 
OF ABSORBENT.
LEGEND ------ 1.3 ms SQUARE PANEL

------ 2.3 m* SQUARE PANEL
•  •  2.U cm ( I*) ABSORBENT 
o  o  U (  o n  t 2*) ABSORBENT 
O □  10.16cm ( « ' )

Figure 5 d isp lays the resu l ts  of I 
w h i ls t  Figure 6 d isplays the increase
and 2.3 

i ni ng.
m square panels fo r  varying

in ing  the reveal fo r  the 1.3 m‘ 
in  transmission loss fo r  the 
thickness of sound absorbent

panel 
1.3 m2 
reveal

As part of the l ined reveal se r ies ,  measurements of the transm it ted  
in te n s i ty  over cross sectional planes located at varying distances from the 
panel surface were taken.

5 .  DISCUSSION

The e f fe c t  of s i l l s  in re la t io n  to  reveal dimensions have been d i s 
cussed by others [ 1 ] ,  [ 2 ] ,  and Figures 2 and 3 d isp lay  a usual f in d in g  of 
lowest transmission loss fo r  matched s i l l  and reveal w h i ls t  the no s i l l  
cond i t ion  in the presence of a large reveal leads to the highest t ransm i
ssion loss. Dif ferences in transmission loss values may be seen in Figure 4 
to  be most prominent at low frequencies, with a maximum d if fe re nce  of 5 dB, 
gradually reducing to  below 1 dB at and above the coincidence t h i r d  octave 
band of 2500 Hz.

Both panel sizes d isp lay the same to ta l  trend but below coincidence the 
smaller panel (1.3 m ) y ie ld s  a higher d i f fe re n ce ,  th a t  i s ,  the smaller the 
panel -  the greater the s i l l  in f luence ; th i s  f in d in g  is  also t rue  when the 
curves of Figure 4 are corrected fo r  d i f fe rences  re s u l t in g  from the use of 
d i f f e r e n t  panels (see Ref. [ 5 ] ) .

About and above the coincidence region, the 
in f luence the la rger  panel however, because the

s i l l  e f f e c t  appears more to  
d i f fe rences  in  th i s  region
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are below 1 dB th is  trend should not be generalized from the present 
re su I ts .

Figure 5 d isplays the resu lts  of l i n in g  the reveal with absorbent 
m a te r ia l .  C le a r ly ,  the th ic k e r  the absorbent, the greater the a t tenua t ion , 
w ith increases of sound transmission loss ranging from 6 to  10 dB over much 
of the spectrum fo r  the 10.16 cm (4") th ic k  absorbent.

Figure 6 d isp lays the increase in sound transmission loss fo r  both 
sizes of panel w h i ls t  vary ing, the reveal absorbent th ickness.

The general trends are the same fo r  both panels and fo r  absorbent 
th ickness, namely a gradual increase of sound transmission loss from low 
frequency^up to  the coincidence region and then a rapid reduction in  e f fe c t .  
The 1.3 m2 panel with the exception of minor excursion, d isplays the greater 
e f fe c t  being t y p i c a l l y  1 to  2 dB higher in a ttenuation than the 2.3 m2 
panel.

Absorbent
Thickness

(T H T 1

Increased Attenuation /  Third Octane (dB)

1.3 m2 panel 2.3 m2 panel

25.4 3.7 2.9
( 1 " )

50.8 5.7 4.7
( 2 " )

101.6 7.4 6.4
(4")

TABLE 2: The average increase  in a ttenuat ion  for each th i rd  
octave from 250 to 4000 Hz for varying are* of panel 
and thickness of reveal absorbent material. Lined 
reveal depth 38 cm.

Table 2 h ig h l ig h ts  th is  aspect fu r th e r  by d isp lay ing  the increased 
a ttenuation  averaged over the t h i r d  octaves from 250 Hz to  4000 Hz, fo r  each 
panel s ize and absorbent l i n in g  th ickness. Based upon th is  measure the 1.3 
m2 panel t y p i c a l l y  exh ib i ts  a 1 dB per t h i r d  octave improvement over the 2.3 
m2 panel.

I t  may also be noted from Table 2 th a t  the average increase of a t tenu 
a t ion  is  about 2 dB fo r  doubling of l in in g  thickness -  n a tu ra l ly  th is  trend 
cannot c-ontinue i n d e f i n i t e l y ,  however, i t s  l im i t s  may not simply be a matter 
of improved sound absorption c o e f f i c ie n t  fo r  increased th ickness.

Returning to  Figure 6, i t  can be seen fo r  both panel size and absorbent 
th ickness th a t  the region of greatest a t tenuation is  from about IK Hz to  
coincidence at 2.5 kHz; i n i t i a l l y  one may ascribe th is  re su l t  to  the high 
absorption c o e f f ic ie n ts  reported fo r  th is  materia l at those frequencies, 
however th is  in f luence is  not evident at the frequencies above coincidence, 
in  fa c t  the increased a ttenuation  above coincidence is  s im i la r  to  the 
a ttenuation  at very low frequency where the absorbent materia l exh ib i ts low er 
absorption c o e f f i c ie n ts .
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This f in d in g  can be explained by considering the power f low regimes 
determined fo r  these panels (see Reference [ 5 ] ) ,  namely at lower frequencies 
250 Hz to 630 Hz the prominent energy transmission is  from corner ra d ia t io n ,  
from 800 Hz to 2000 Hz panel perimeter ra d ia t ion  is  prominent, w h i ls t  above 
coincidence a planar f u l l  panel rad ia t ion  is  found. The present resu l ts  
suggest maximum attenuation fo r  good absorption c o e f f i c ie n t  in  the presence 
of panel perimeter rad ia t ion  although useful a t tenuation might be achieved 
in the presence of low frequency type corner ra d ia t ion  and high absorption 
c o e f f i c ie n ts .

THIRO OCTAVE FREQUENCY BANDS

FIGURE 7 INCREASE IN ATTENUATION WITH MEASUREMENT 
PLANE FROM THE PANEL WITH A 36 cm (1 5 " )
ABSORBENT LINED REVEAL FOR A U  frfSOUARE 
PANEL AND 5.06 cm (2 *) ABSORBENT. DATUM:
TRANSMITTED INTENSITY AT 7 .5cm (3 ") FROM PANEL.
LEGEND: a - a  15cm ( S ' )  FROM PANEL;

® -o  22.5cm ( 9 " )  FS8M PANEL;
0 - 0  SO cm (12 “ ) PBBM PANELS 
o -o  M em  ( I S " )  FROM PANEL.

Figure 7, d isplays the resu lts  of increased attenuation at d i f f e r e n t  
in te n s i ty  measurement planes from the panel surface; the datum fo r  th is  
ser ies of tes ts  is  the sound transmission loss measured at 7.5 cm (3") from 
the panel surface and the planes are successive 7.5 cm (3")  in te rv a ls  from 
the datum up to 38 cm ^15" ) from the panel.

For a l l  measurement d istances, the general observations made with 
respect to Figure 6 are evident and the increased a ttenuation (dB) generally  
appears to progress constant ly  fo r  measurement plane distances up to  30 cm. 
(12") from the panel, an enhanced a ttenuation is  then apparent to  the next 
measurement plane at 38 cm (15") fo r  a l i  frequencies below coincidence; th is  
may be the re s u l t  of 'view fa c to r '  considerat ions w ith  respect to  the prox
im ity  and view the act ive  port ions of the panel have of the l ined reveal. 
This may also explain why in  a l l  measurement cases, the low frequency 
a ttenuation is  higher than found at very high frequency even though the 
absorption c o e f f i c ie n t  of the reveal l i n in g  materia l w i l l  be b e t te r  at the 
high frequencies. One may suppose a f i n i t e  l im i t  to  the achievable i n 
creased a ttenuation fo r  increased l ined  reveal depth, however, the present 
measurements ind ica te  tha t  th is  l i m i t  has not yet been encountered fo r  the 
l in in g  materia l used here.
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6. CONCLUSIONS

The c o nc l u s io n s  of t h e  p r e s e n t  work may be s t a t e d  as fo l l o w s :

i )  S i l l  and r evea l  e f f e c t s  r ep o r t e d  by o th e r  workers  a r e  conf i rmed,  wi th  
most i n f l u e n c e  being found a t  low f r e q u e n c ie s  and f o r  matched s i l l  
and r evea l  c o n d i t i o n s .

IV

VI

v n

v i n

The s i l l  e f f e c t  does depend upon panel s i z e ,  wi th a s m a l l e r  panel  f o r  
given s i l l  e x h i b i t i n g  s t r o n g e r  i n f l u e n c e .

The p resence  of abso rben t  l ined r e v e a l s  can ap pr e c ia b l y  enhance the  
sound i n s u l a t i o n  of a panel  syst em.

The i n c r e a s e  in sound i n s u l a t i o n  was r e l a t i v e l y  c o n s t a n t  as a 
f u n c t i o n  of t r a n s m i s s i o n  pa th ,  a l though non l i n e a r  geometry or view 
f a c t o r  e f f e c t s  may be encounte red  f o r  longer  t r a n s m i s s i o n  pa ths  
( g r e a t e r  t han 30 cm. (12")  in  th e  p r e s e n t  measurement s) .

Maximum i n c r e a s e  of sound i n s u l a t i o n  can be achieved in th e  p resence  
of  edge type  panel  r a d i a t i o n .

Sound i n s u l a t i o n  wi th l i n e d  r e v e a l s  does depend upon panel  s i z e  wi th 
in c r e a s e d  i n s u l a t i o n  being a s s o c i a t e d  with th e  s m a l l e r  panel fo r  
given r e v e a l .

I nc re a se  of sound i n s u l a t i o n  can be expec ted  f o r  l i n e d  r e v e a l s  longe r  
than  38 (15")  c e n t i m e t r e s .

I n c r e a s e  of sound i n s u l a t i o n  can be expected f o r  t h i c k n e s s  of reveal  
l i n i n g  g r e a t e r  t han 10 (4")  c e n t i m e t r e s .
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