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ABSTRACT

The sound i n t e n s i t y  t ech n iqu e  is  being implemented to  measure sound 
t r a n s m i s s i o n  lo s s  a t  t h e  Centre f o r  Bu i ld ing  S tudies  a c o u s t i c s  t e s t  
f a c i 1i t y .

The use of the  i n t e n s i t y  t echn ique  fo r  t h i s  purpose i s  being i n v e s t i ­
ga t ed  in  t h r e e  main a r e a s ;  v a l i d a t i o n  wi th  r e s p e c t  t o  s t anda rd  t e c h n i q u e s ;  
d e t e r m i n a t i o n  of a p p r o p r i a t e  measuring p r ocedure ;  e x p l o i t i n g  the  a n a l y t i c a l  
c a p a b i l i t i e s  of  th e  t e c h n i q u e .  This paper  p r e s e n t s  some p r e l i m i n a r y  
f i n d i n g s  with r e s p e c t  to th e s e  a r ea s .

SOMMAIRE

Dans l e  l a b o r a t o i r e  d ' a c o u s t i q u e  du Cent re des é tudes  sur le  bâ t ime n t ,  
l a  t e c h n iq u e  de mesure de l ' i n t e n s i t é  ac o u s t iq u e  e s t  i n t r o d u i t e  a f i n  de 
dé t e rmine r  l a  t r a n s m is s i o n  du son.

A cet  e f f e t ,  l ' u t i l i s a t i o n  de c e t t e  t e chn iqu e  e s t  examinée dans les  
t r o i s  domaines s u i v a n t s :  v a l i d a t i o n  par  r a p p o r t  aux normes,  d é t e rm i n a t i o n  
d ' un e  procédure de mesure app ropr i ée  e t  ^ e x p l o i t a t i o n  des c a p a c i t é s  a n a l i -  
t i q u e s  d e^ ce t t e^ mé th od e .  Cet a r t i c l e  p r é s e n t e  quelques  c o nc l u s io n s  p r é l i ­
mi na i r e s  à c e t  égard.
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1. INTRODUCTION

T r a d i t i o n a l l y  t h e  sound t r a n s m i s s i o n  l o s s  o f  a panel  o r  wal l  has  been 
measured using t he  s t a n d a r d ,  c l a s s i c  approach as de s c r ib e d  by t he  ANSI/ASTM 
E90-81. However, t h e  nunerous  c o n t r a d i c t i o n s  between r e p o r t e d  r e s u l t s  
based on t h i s  method [1]  sugges t s  the  need fo r  f u r t h e r  i n v e s t i g a t i o n  and 
t h i s  i s  be i ng  achi eved  th r ough  t h e  a p p l i c a t i o n  o f  t h e  Sound I n t e n s i t y  
Technique at  the  Cent re  f o r  Bui lding S tud i es  a t  Concordia U n i v e r s i t y ,  
Mont r ea l .

This new method has  s e v e r a l  a dv a n t a g e s ,  f o r  example:  i t  g i v e s  t h e  
t r a n s m i s s i o n  l os s  d i r e c t l y  wi thou t  having to  make c o r r e c t i o n s  f o r  t he  panel 
a r e a  and t h e  a b s o r p t i o n  o f  t h e  r e c e p t i o n  room; i t  e l i m i n a t e s  t h e  e f f e c t  o f  
f l a n k i n g  t r a n s m i s s i o n ;  no r e s t r i c t i o n s  are  p laced  on the  c h a r a c t e r i s t i c s  of 
t h e  r e c e p t i o n  room, t h a t  i s  i t  n e i t h e r  has  t o  be r e v e r b e r a n t  o r  a n e c ho i c ;  
t h i s  f a c t  e l i m i n a t e s  the  need of  an ac tua l  t r a n s m i s s i o n  loss  s u i t e ,  
a l though c u r r e n t l y  t h e  e x i s t a n c e  o f  a t  l e a s t  one r e v e r b e r a n t  chamber i s  
e x p l o i t e d .

As opposed to  p r e s s u r e ,  i n t e n s i t y  i s  a v ec t o r  q u a n t i t y  and t h e r e f o r e  
p r ov id es  d i r e c t i o n a l  i n f o r m a t i o n .  In o r d e r  t o  measure  t h e  t r a n s m i t t e d  
i n t e n s i t y  through a s u r f a c e ,  only t he  component p e r p e n d i c u l a r  to  the 
s u r f a c e  i s  needed.  However, t o  d e s c r i b e  t h e  power f low d i s t r i b u t i o n ,  
d i r e c t i o n  or  t r a n s m i s s i o n ,  t h r e e  d i r e c t i o n a l  powerflow may be de t e rmined .  
The r e l a t i v e  c o n t r i b u t i o n s  t o  t h e  t o t a l  sound t r a n s m i s s i o n  o f  d i f f e r e n t  
s e c t i o n s  of  t he  t e s t  panel can be de t ermined .

Thi s  paper  p r e s e n t s  t he  e v a l u a t i o n  procedure  employed to  implement the  
Sound I n t e n s i t y  Technique.  The t e c h n i q u e  was appl i e d  t o  t h e  measurement  o f  
Sound Transmiss ion loss  through a panel wi th and wi thout  absorbent  l i ned  
r e v e a l ;  t h e  r e s u l t s  t h u s  o b t a i n e d  were t h e n  compared wi th  t h o s e  o b t a i n e d  
us ing the  s tandard  approach.  In a d d i t i o n  the  e f f e c t  of  t he  l i n i n g  was 
s t u d i e d  and t h e  d i s t r i b u t i o n  o f  t h e  i n t e n s i t y  r a d i a t e d  t h r oug h  t h e  panel  
de termined .

2. METHODS TO MEASURE THE SOUND TRANSMISSION LOSS

The t r a n s m i s i o n  l o s s  i s  g ive n  by:

TL - 10 loq1() (!,/ît ) (1)

where î ^ i s  t h e  i n c i d e n t  i n t e n s i t y  and f ^ t h e  t r a n s m i t t e d  i n t e n s i t y .

2.1 Standard  Approach

The s t anda rd  method of  measuring t he  Sound Transmiss ion los s  of  a 
panel  or  wal l  i n v o l v e s  t h e  use  o f  two v i b r a t i o n - i s o l a t e d  r e v e r b e r a t i o n  
chambers t h a t  are  s e p a r a t e d  p a r t i a l l y  or  compl e t e l y  by the  p a r t i t i o n  to  be 
s t u d i e d .  The t r a n s m i s s i o n  l o s s  i s  t h e n :

TL = Lp s - Lp r + 10 l o g 1Q (S/A) (2)
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where Lps and Lpf are respect ive ly  the average sound pressure leve ls  (dB)

in the source and receiv ing rooms, S (m2) the p a r t i t i o n 's  surface area and 
A (m ) the absorption of the receiving room.

I t  is assumed that the sound f ie ld s  in both rooms are d if fuse and that 
there is  no f lank ing  transmssion.

2.2 Sound In tens i ty  Approach

The determination of the transmission loss of a panel or wall is now 
done through the d i re c t  determination o f  both the in te n s i ty  inc ident on and 
transmitted through the tes t p a r t i t io n .

The incident in tens i ty  I- can be calculated from the measured space- 

averaged sound pressure Pfms in the source room assuming the sound f ie ld  is 

d i f fuse  [3 ] .

where p is  the density of a ir  and c the speed of sound in a ir .  The 
accuracy o f  t h is  equation has been v e r i f ie d  by (rocker et al [3] by the 
d irec t  measurement of the in te ns i ty  through the aperture formed after 
removal o f  the te s t  p a r t i t io n .

From equation (3) the fo l low ing re la t ionsh ip  between the inc ident 
in te n s i ty  level L^- and the space averaged sound pressure level Lpm can be

derived [4 ] .

The transmitted in te ns i ty  I I t  is measured on the receiving side of

the panel as the in te n s i ty  vec to r 's  component perpendicular to  the panel's 
surface.

The sound transmission loss is then calculated from:

TL ‘  LPra - 6 - L I t  <dB> <5>

where L j t  is  the transmitted in te n s i ty  le v e l .
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3. TEST FACILITIES

3.1 Transmission Loss Suite

The transmission loss su i te  o f  the Centre fo r  Build ing Studies 
(C.B.S)at Concordia U n ive rs i ty  consists of 2 rectangu lar rooms of d i f f e r in g  
dimensions. The la rger  room, the source raom ' f o r  a l l  the reported 
experiments has a volume of approximately 94m . The smaller room, the 
rece iv ing  room in t h i s  case has a volume o f  about 32 m . The te s t  aperture 
between the rooms has an area of 7.5m and the f a c i l i t y  is shown in Fig. 1.

Fig. 1 General Layout o f Transm ission Loss Suite 

at the Centre fo r Building Studies, Concordia University.

The Schroder c u t - o f f  frequency is  250 Hz fo r  the la rger  room and 

400 Hj fo r  the smaller one.



Dif fus ing elements cons is t ing  o f  one ro ta t in g  and two s ta t io n a ry  
d i f fu s e rs  were located in the source room, and four s ta t iona ry  d i f fu se rs  
were located in  the  recept ion  room.

The te s t  f a c i l i t y  is  described in d e ta i l  by Lang et al [6 ] .

3.2 Test Wall

In o rder  to  accomodate the  panel s ize  te s te d ,  a heavy f i l l e r  wall  was 
constructed in the te s t  aperture between the two rooms. The composition of 
the  wal l  i s  g iven in  Fig. 2.

Fig. 2 Cross Section of Filler Wall at Bese Plate

As can be seen the f i l l e r  wall consists of two w a l ls ,  mounted one in 
each room on t h e i r  respec t ive  room's aperture and separated from each o ther 
by insu la t ion  m a te r ia l .

The STC value of the complete f i l l e r  wall was 60.

The te s t  panel was mounted f lush  to the source room, leaving a 39.4 
cm. (15.5") deep reveal on the re ce iv in g  s ide. Tine aperture was fu r th e r  
splayed at 45° towards the reception room to minimize the efect of the 
remaining wall depth. Hie method o f  i n s t a l l a t i o n  o f  the te s t  panel i s  
displayed in Fig. 3.
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Choose your instrument. W hether it be the simple measurement o f continuous noise 
or a highly complex record o f industrial sound measurement, Bruel & Kjaer has the right 
combination o f instruments fo r you.

The light weight, pocket sized precision sound level meter type 2232 gives an instant 
reading o f the levels of continous and pass-by noise. The equally-portable integrating sound 
level meter type 2225 will perform those functions as well as measuring impulsive, erratic and 
fluctuating noise. The type 2222 is a small Leq meter and the type 2230 is a precision Leq 
meter that can also adapt octave and V3 octave filter sets fo r frequency analysis. The type 
2231 is our new " f la g sh ip " sound level meter. It is a digital instrument that can be pro ­
grammed to perform almost any type o f noise measurement.

Ideal fo r assessment o f a irport, traffic and community noise, the Noise Level Analyzer 
Type 4427 provides a statistical analysis o f all noise activity on a continuous basis.



NOISE ABOUT?
Bruel & Kjaer can tell you.

4434 (OSHA)

This entire family of Bruel & Kjaer instruments meets the highest international standards 
fo r accuracy and can handle your noise measurement problems fo r years to come. Put this 
fam ily of B & K noise fighters to work fo r you.

B R Û E L & K JAER C â N A O A  LTD»
MONTREAL: OTTAWA: TORONTO: LONDON: VANCOUVER:
Main Office Merivale Bldg., Suite 71 d, 23 Chalet Crescent, 5520 Minoru Boulevard, room 202,
90 Leacock Road, 7 Siack Road, Unit 4, 71 Bramales Road, London, Ont., Richmond, BC V6X 2 A9
Pointe Claire, Quebec H9R 1H1 Ottawa, Ontario K2G 0B7 Bramalea, Ontario L6T 2W9 N6K 3 C 5 Tel: (604) 278-4257
Tel: (514) 695-8225 Tel: (613) 225-7648 Tel: (416) 791-1642 Tel: (519) 473-3561 Telex: 04-357517
Telex: 05821691 b + k pclr Telex: 06-97501



F i g . 3  M o u n t i n g  o f  T ® s t  P a n » l  o n  F i l l e r  W a l l

The t e s t  panel used was a 1 . 1 4  m x 1 .1 4  m. (45" x 45") g l a s s  pane l ,  
0 . 64  cm ( i" ) t h i c k  .

During t h e  e x pe r im e nt s  r e p o r t e d  h e r e ,  t h e  r e v e a l  on t h e  r e c e i v i n g  s i d e  
was l e f t  e i t h e r  bare or l i n e d  with a 2 . 5 4  cm ( 1 " ) ,  5 .0 8  cm (2") and 10 . 16  
cm (4") absorbent  m a t e r i a l :  Gonaflex-F (by Bl ac hf ord ) .  For m a t e r i a l  
p r o p e r t i e s ,  s e e  Table 1.

TASIE 1. Absorption C o e f f i c i e n t s  of Conaflex F as Supplied by the  
Manufacturer.

Absorption C o e f f i c i e n t  (%)*

Freq.
(Hz )

F-100 (1") F-200 (2")

125 5 28
250 19 68
500 57 90

1000 88 98
2000 96 98
4000 87 96

*Test  method ASTM C 423-66 
Test  sample s i z e  72 square  f e e t

♦Approximate va lues de r iv e d  from c h a r t

♦A bsorp t ion  c o e f f i c i e n t  f o r  Conaflex F-400 
(4") not  av a i l ab le

32



4. TEST PROCEDURE

4.1 Standard TL Measurement

White noise was generated in the source room by two loudspeakers 
placed in the corners of the room opposite the tes t  aperture.

The mean sound pressure levels in the source room were measured using 
a ro ta t in g  microphone boom (B & K 3923). Hie microphone described a plane 
c i rc u la r  path at 70° from the horizontal and the length of the arm was 1.6 
m, t h i s  configuration was chosen so th a t  the microphone cleared the walls 
and stat ionary d if fusers  by at least 0.8 m (1/4 wave length at the 125 
centre frequency is 0.68 m). The minimum distance from the microphone to 
speakers was 1 m. and the period o f  a complete revo lu t ion  o f  the microphone 
was 32 seconds.

In the receiving room, the mean sound pressure level measurment was 
performed in  the same manner as in  the source room, however because o f  i t s  
smaller size, the length of the arm was changed to .95 m and the turntable 
was t i l t e d  at 60° from the hor izon ta l.

The reverberation time in the receiv ing room was calculated from the 
averaged decay points (16 per second and 50 decay samples) with the tu rn ­
tab le  in the same posit ion as described above and with the microphone 
ro ta t ing .  A l inear regression analysis was used in the range -5 dB below 
the upper decay points down to 10 dB above background le ve l .

All measurements were computer con tro l led  and fed to  a th i r d  octave 
analyser. In th is  case, the Sound In tens ity  Analyser type 2134/3360 from 
Bruel and Kjaer.

4.2 Sound In tens i ty  Method

The incident in te ns i ty  was calculated from the mean sound pressure 
level as measured by the reverberant room method described e a r l ie r .

The transmitted sound in te n s i ty  was measured d i r e c t l y  using the B & K 
Sound In tens ity  Microphone Probe type 3519, using the face-to-face micro­
phone configurat ion . The microphones with 12 mm spacer were chosen 
which gives a useful frequency range, of 125 to 5 k with an accuracy 
o f +_ ldB assuming a monople source

The in te n s i ty  radiated through the panel was measured at 5.08 cm. (2") 
behind the surface employing an array o f 81 evenly d is t r ib u te d  po in ts over 
the surface; th is  choice of measuring parameters w i l l  be discussed la te r .  
I t  became obvious during the pre l im inary  te s t  phase th a t  in  the presence of 
the reveal, the transmitted sound in te n s i ty  used in the determination of 
the transmission loss had to  be measured on the rece iv ing room side o f  the 
reveal where i t  merges into the f i l l e r  w a l l 's  surface. The same array of 
points was used.
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During the  measurements the microphone probe was mounted on a 
mechanical t r a v e r s e  system t h a t  enabled th e  microphones to  be f ixed  during 
each measurement i n t e r v a l .  I t  was then moved by hand from point  to poin t ,  
al though l a t e r  developments wi l l  inc lude  t h e  automation of  t h i s  t r a v e r s e .

All da ta  was s t o re d  on d isk through th e  use of  t h e  Remote In d ic a t i ng  
Unit ZH 0250 (B & K).

In order to avoid re ve rb e ra nt  f i e l d  e f f e c t s  on the i n t e n s i t y  method 
measurement accuracy the  th r e e  non -p a ra l l e l  wall s  of the  r e ce iv ing  room 
were covered with a th ick  aborbent m a t e r i a l :  Conaflex F-400. Na tu ra l ly  
t h i s  m a te r i a l  was removed fo r  th e  cor responding sound pr es su re  
measurements.

4 .2 .1  Es t imation  of the  Phase Errors  in the  I n t e n s i t y  Measurements

Given the experimental  condi t ions  descr ibed above, the r e a c t i v i t y  of 
t h e  sound f i e l d  was determined in both measurement planes fo r  the  purpose 
of es t imat ing  the e r r o r s  r e s u l t i n g  from the phase mismatch between the two 
measuring channels .  The r e a c t i v i t y  i s  the  r a t i o  between the  sound p re s su re  
and the sound i n t e n s i t y .

The e r ro r  Le r , defined as the d i f f e r e n c e  between the measured

i n t e n s i t y  level  (dB) and the t r u e  i n t e n s i t y  level (dB) can be c a l cu la te d  
from [8] :

I P ^
L = -10 log (1 - - A . ) (dB) (6)

e r  10 p2 *
rc ‘ me

where Pf e  (Pa) i s  the sound pressure  in a completely r e a c t i v e  f i e l d ,
O

I r e  (W/m ) th e  apparent ,  r e s id u a l  i n t e n s i t y  a s s o c ia t ed  with i t ,  and P^(Pa) 
p

and I (W/m ) r e s p e c t i v e l y ,  the actual  measured sound pressure  and 

i n t e n s i t y .

The measurement e r r o r s  as given by (6) were r e l a t i v e l y  high (up to 3 
dB) a t  the  extreme lower end of  th e  f requency range.  However, f o r  f r equen ­
c ie s  equal to or higher than 250 Hz, they were found to be less  than 1 dB 
at 5.08 cm (2") from th e  t e s t  panel and l e s s  than .5 dB a t  the  r e ce iv ing  
room s ide  of the re ve a l ,

I f  the re ce iv in g  room had not been l i n e d ,  the r e a c t i v i t y  of the sound 
would have been h ighe r ,  thus inc re as ing  the  measurement e r r o r s  even 
f u r t h e r .

5. PRELIMINARY TESTS

Although the  use of the  sound i n t e n s i t y  technique  fo r  t r ansm is s ion  
loss  measurement has been e s t a b l i s h e d  by o t h e r s ,  experimental  d e t a i l s  of 
th e  procedure a re  s t i l l  vague and l e f t  up t o  th e  u ser .  For example, t y p i ­
c a l l y  what r e l a t i o n s h i p  e x i s t s  between measuring point  d is tance  and in c lu ­
ded r a d i a t i o n  su r f ace  a re a .  The s o l u t io n s  a v a i l a b l e  are q u i t e  v a r i a b l e
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Cops [5 ] ,  for  example uses a mesh s ize  of 19.5 cm x 20. 75 cm with a 
measurement d i s t a n c e  of  4 cm, whi le  Fahy [4] uses  t h e  same d i s t a n c e  but  fo r  
a mesh of 4.5 cm x 7.5 cm. Therefore,  before the actual  t r ansmiss ion  loss 
t e s t s  i t  was necessa ry  to  determine the se  parameters  ex per imen ta l ly .  
During these  measurements only the  t r an smi t t ed  i n t e n s t i t y  level  was 
determined,  t h e  in c id e n t  power being he ld  c o n s t a n t  f o r  each o f  t h e  s e r i e s .

5.1 Inf luence of  Absorbent Material  in the  Reception Room

I n t e n s i t y  measurements were made with and without absorbent  mater ia l  
in t h e  r e c e p t i o n  room. In t h e  former c a s e ,  t h r e e  n o n -p a ra l l e l  w a l l s  o f  t h e  
r ec ep t io n  room were covered with Conaflex F-400.

As expected the values of the measured t ransmi t t ed  i n t e n s i t y  l eve l s  
f o r  t h e  unl ined case  were lower than th o s e  ob ta ined in t h e  p resence  o f  t h e  
absorbent  mater ia l  although the  d i f f e r en c e s  were very small with a maximum 
d i sc repancy  o f  1 db.

However, in o rde r  to  avoid any e f f e c t  o f  t h e  r e v e rb e ra n t  f i e l d  on th e  
measurement accuracy involving sound i n t e n s i t y  measurements the r ecept ion  
room was always l i n e d  as desc r ibed .

5.2 Averaging Time

The averaging time is  an important  parameter in a measurement 
procedure  both f o r  accuracy and f o r  t o t a l  du ra t io n  o f  t e s t .  The o b j e c t  was 
to  minimize t ime without  loss  of accuracy.

For an a rray of 81 point s  the  t r ans mi t t ed  i n t e n s i t y  was measured using 
d i f f e r e n t  l i n e a r  averaging t imes :  4 ,8,16 and 32 sec .  The r e s u l t s  obta ined 
were compared with the 32 sec.  averaging time which was deemed accura te  for  
s t e a dy  s t a t e  measurement.

The i n t e n s i t i e s  averaged over  t h e  t o t a l  t e s t  panel s  s u r f a c e  were very  
s i m i l a r  in a l l  cases .5 dB). However, a f t e r  a comparison of the  r e s u l t s  
p o i n t  f o r  p o i n t ,  a l i n e a r  averaging t ime of  8 se c .  was chosen s i n ce  t h e  
maximum point  dev ia t ion  from the  32 sec.  measurement did not exceed ldB.

5.3 Mesh Size

Four d i f f e r e n t  mesh s i zes  were t e s t ed  38.1 cm x 38.1 cm (15" x 15"),  
22.86 x 22.86 cm (9" x 9") ,  16.33 x 16.33 cm (6.5" x 6 . 5 " ) ,  12.7 x 12.7 cm 
(5" x 5") giving a to t a l  nunber of measuring points  of r e s p e c t i v e l y  3 x 3  
(9 ) ,  5 x 5  (25),  7 x 7  (49) ,  9 x 9  (81) evenly  d i s t r i b u t e d  over  t h e  t e s t  
p a n e l ' s  su r face .  No attempt to inc rease  the  to t a l  nunber of points  has 
been made because o f  t h e  t ime p e n a l t y  inc ur red .  Each t ime t h e  power f low 
was measured at the cent re  of the  subarea so c reated  at  a d i s t a n c e ,  ( t e s t  
panel  t o  c e n t r e  o f  microphone p a i r )  o f  h a l f  t h e  mesh s i z e .

The r e s u l t s  wi th r e s p e c t  to  t h e  average t r a n s m i t t d  i n t e n s i t y  show t h e  
fo l lowing (Fig.  4):
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Fig 4 T h e  I n f l u e n c e  of  the M e s h  S i z e  on t h e  M e a s u r e d

T r a n s m i t t e d  I n t e n s i t y  ( t g v  = 8 s e c )

L i t t l e  difference is seen between the results of the 7 x 7 and 9 x 9 
meshes, also with one exception differences were less than .5 dB.

For the 5 x 5  mesh, the only large deviation observed was around the 
coincidence frequence in the 2500 Hy th ird  octave band. The peak in the 
transmited in tensity ,  which gives r ise to the coincidence dip in a trans­
mission loss p lo t ,  is  seen to be much lower and wider.

The resu lts  o f the 3 x 3  mesh were more i r regu la r  together with large 
differences from the smaller mesh sizes.

For the present purpose, the smallest mesh size was chosen to avoid 
inaccuracies and because of the more detailed information possible with 
respect to establishing the contours of radiated in tens ity  d is tr ibu t ion .

5.4 Measurement Distance

In order to optimize the measurement distance the transmitted 
in tens ity  was measured at several distances from the te s t  panel.

With regard to the 9 x 9  mesh the distances chosen were 3.81 cm 
(1 .5") ,  5.08 cm (2" ) s 7.62 cm (3"), 10.16 cm (4") and 12.7 (5").

Certain trends in the results can be observed (Fig. 5).
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When t h e  d i s t a n c e  i s  smal ler  than 10 cm (4" ) ,  t h e r e  i s  ve ry  l i t t l e  
d i f f e r e n c e  (+ .6 dB) between r e s u l t s .  However, U in creas es  with in c r ea ­
s ing d i s t ance  below coincidence.  This t rend reverses  above coincidence.

The la rg er  the  measurement d i s ta nce  the  l e ss  prominent the  coincidence 
peak,  with t h e  measured co inc idence  f requency f i n a l l y  f a l l i n g  t o  t h e  next  
lower t h i r d  octave frequency band.

As a consequence the  measurement d i s ta nc e  chosen was 5.08 cm (2") .

6. TRANSMISSION LOSS TESTS

6.1 Comparison of Standard and In tens i ty -Based  Transmission Loss 
Measurement

For the sake of comparison between the two measurement methods and in 
o rder  to  t ake  account o f  the_ revea l  e f f e c t ,  t h e  t r a n s m i t t e d  i n t e n s i t y  
repor ted  in t h i s  sec t ion  was measured on the recep t ion  room side of the 
r e v e a l .
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Fig. 6 Comparison between Standard and Intensity-Based 

Transmission Loss Measurement 
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As shown in  Fig. 6 f o r  the  reveal l e f t  bare the  r e s u l t s  obtained are 
genera l ly  very s im i la r  with a maximum d if fe rence  of 2 dB. Greater 
d i f fe rences  can be seen at lower frequencies and t h i s  i s  probably due to  
the small reception room size. The same trends were observed with the 
reveal l in e d .

(V e ra l l ,  one may conclude th a t  the e a r l i e r  reported technique 
v a l i d i t y ,  Crocker et al [ 3 ] ,  Fahy [ 4 ] ,  and Cops [ 5 ] ,  has been demonstrated.

6.2 L in ing  o f  the Reveal

The transm it ted  in t e n s i t y  was again measured on the recept ion  room 
side o f  the re v e a l .

Fig. 7 shows th a t  the e f f e c t  o f  l i n i n g  th ickness increases 
graduallyover most of the frequency range, peaking in e f fe c t  between, 1KH 
and 2KHZ.
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feneral l y  the th i c k e r  the  l i n i n g ,  th e  h igher the  measured transmission 
loss ,  but only as a func t ion  o f  l i n in g  materia l  absorption c o e f f i c ie n t  as 
one might expect (see Table 1).

L i t t l e  e f f e c t  i s  observed at the  lower frequencies and t h i s  i s  
probably due to the low frequency absorption c h a ra c te r is t ic s  o f  the l in in g  
m a t e r ia l , although the  prominence o f  graz ing mode transmission w i th  respect 
to the l in in g  at low frequencies might also inf luence th i s  re s u l t .

When the transmit ted in te n s i t y  is  measured d i r e c t l y  behind the tes t  
panel a t  a 5 cm (2") d is tance ,  the  measured transmission loss  in  the  cases 
when the reveal was l ined with 0, 2.54 cm (1") or 5.08 cm (2M) were the 
same, as can be seen in Fig. 8.

Thererefore, the transmission loss o f  the t e s t  panel alone is  not 
inf luenced by the l i n in g ,  and th is  suggests tha t the panel v ib ra t io n  is 
o n ly  lo o se ly  coupled to  the  a irborn  modes o f  energy t r a n s fe r .
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8.3  D i s t r i b u t i o n  of  the  I n t e n s i t y  Radiated Through t h e  Tes t  Panel

This t o p i c  has been s t u d i e d  t h e o r e t i c a l l y  by f o r  example Maidanek [7] 
and r e c e n t l y  also exper imenta l ly  by Fahy [4] using the sound i n t e n s i t y  
technique» For f r eq ue nc ies  below coinc idence  t h e  t h e o r e t i c a l  model 
demonst rates  t h a t  the wave pa t t e rn  at the  edges of a f i n i t e  p l a t e  cause 
most r a d i a t i o n ,  in c o n t r a s t  with an i n f i n i t e  p l a t e .  It i s  f u r t h e r  
suggested t h a t  for  these  f r equenc ies  only a s t r i p  of  p la t e  around the edges 
r a d i a t e  sound power, /bove t h e  c o inc idence  f r eq ue nc y ,  p ane l s  r a d i a t e  from 
t h e i r  whole s ur fa ce ,  although the experimental  r e s u l t s  of Fahy did not 
comple te ly  agree  wi th t h i s .

The b a s i c  experiment  has  been r e p e a t e d ;  t h e  r a d i a t e d  i n t e n s i t y  was f o r  
t h i s  purpose measured d i r e c t l y  behind the t e s t  panel at a d i s t a n ce  of 5.08 
cm (2") and con tours  o f  equal  normal i n t e n s i t y  were t he n  p l o t t e d ;  r e s u l t s  
are  shown at  250 (Fig.  9) ,  and 5000 (Fig.  10).

At v e r y  low f r e q u e n c i e s  (Fig.  9) t h e  panel  i s  r a d i a t i n g  predominant ly  
through the c orners .  The i n t e n s i t y  t r a ns mi t t ed  through a small center  
p o r t i o n  o f  t h e  panel  i s  much lower and t h e r e f o r e  n e g l i g a b l e .
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Fig. 9 Intensity Contours Norme! to the  Panel Surface at 2 5 0  Hz

At mid frequencies c lose r to  the coincidence frequency i t  was found 
th a t  the center port ion  co n tr ib u t ion  becomes la rge r ,  however greater 
in t e n s i t y  i s  found around the panel border and the  grad ients  are found to  
be much steeper at the edges than at lower frequency. Closer to and at the 
coincidence frequency the  strong in te n s i t y  around th e  border o f  the  p la te  
remains, but the center port ion of the panel tends to rad ia te  much more 
than at lower frequencies.

Fig. 10 Intensity Contours Wormal to the ^®ns! Surfac© at §@@© Mg
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Above the coincidence frequency (Figure 10) a qu i te  uniform rad ia t ion  
over the whole surface o f  the  panel can be observed.

6.4 Fault  Finding

The c a p a b i l i t i e s  o f  the sound in te n s i t y  technique with regard to the 
de tec t ion  o f  cons t ru c t ion  or m a te r ia l  d e f ic ie n c ie s  was a lso examined.

F i® . 11 Sstoomo o f  F a u l t  I n t ro d u c e d  by R e m o v in g  W o a t h a r s t r  i p p in g . 

S t r ip  L e n g th  0 .5  c m  ; C ra c k  W id th  0 .2  m m  (a p p r o x im a te  d im e n s io n s )

For t h i s  purpose a f a u l t  was introduced by removal o f  the weathers- 
t r i p p in g  on both sides of the panel as shown in Fig. 11. The exposed 
p o r t io n  revealed a crack approximately 9.5 cm long and 0.2 mm wide between 
the panel edge and i t s  mounting frame.

In te n s i t y  measurements were made d i r e c t l y  behind the tes t  panel at a 
d is tance o f  5.08 cm (2 ") .  The i n t e n s i t y  pa t te rn  obta ined was inves t iga ted  
fo r  observable i r r e g u la r i t i e s .  I t  was found tha t  close to the f a u l t ,  the 
values o f  t ransm it ted  in t e n s i t i e s  were gene ra l ly  h igher than at the same 
poin ts before the f a u l t  was introduced. The d i f fe rences in local in te n s i t y  
were s l i g h t  a t  lower f requenc ies ,  up to  3dB at 250 Hz , increas ing to  10 dB 
at 2000 and f a l l i n g  lower again beyond t h i s  frequency.

As can be seen in Fig. 12 the e f fe c t  is  indicated by the in te n s i t y  
contours. However, when comparing the ove ra l l  sound transmission loss 
before and a f te r  the in t roduc t ion  o f  the f a u l t  (see Figure 13) the 
in f luence  o f  the  f a u l t  i s  o n ly  no t iceab le  above 800 H7 and leads to  a 
maximum d i f fe re n c e  in  o ve ra l l  t ransmission loss  o f  2.5 dB at 1KHZ w ith  
smaller,  to  neg l igab le  d i f fe rences  over the  r e s t  o f  the frequency range.

Such a f a u l t  could eas i ly  be overlooked by considerat ion of the overa l l  
spectrum alone.
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CONCLUSION

The v a l i d a t i o n  of  t h e  i n t e n s i t y - b a s e d  t r a n s m i s s i o n  lo s s  measurement 
has been con f i rmed.  A d e t a i l e d  measurement procedure  has been e s t a b l i s h e d ,  
and th e  a n a l y t i c a l  c a p a b i l i t i e s  of  t h e  new method e x p l o i t e d  t o  de te rmin e  
th e  i n f l u e n c e  of l i n i n g  th e  r ev ea l  of th e  t e s t  panel with absorben t  
m a t e r i a l .  The o v e r a l l  t r a n s m i s s i o n  l o s s  has  been shown t o  i n c r e a s e  with  
i n c r e a s i n g  t h i c k n e s s  of  ab so rben t  l i n i n g .  However t h e  i n t e n s i t y  
measurement t e c h n i q u e  i n d i c a t e s  t h a t  t h e  panel  r a d i a t i o n  i s  no t  i n f l u e n c e d  
by the  p res en ce  of th e  l i n i n g ,  such a co nc lu s io n  would not have been 
p o s s i b l e  employing t h e  s t a n d a rd  r e v e r b e r a t i o n  room t e c h n i q u e .

I t  was a l so  demonst r a ted  t h a t  t h e  i n t e n s i t y  t e c h n i q u e  can be used t o  
i d e n t i f y  th e  e x i s t a n c e  of untoward sound t r a n s m i s s i o n  pa ths  as p a r t  of a 
normal measurement p ro c e d u re .
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