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The Division of Building Research was requested 
by a large public utility to investigate ways in which sound 
absorbing materials and constructions might be used In the 
control of the noise produced by substation power trans- 
formers. The Building Physics Section has demonstrated that 
the Helmholtz Resonator Principle can be employed and has 
proposed several constructions which have now been evaluated 
in the laboratory. Data on a number of practical forms of 
materials have been obtained. The materials and construc- 
tions evaluated were selected in the first irastance with 
the practical requirements of the specific problem in mind. 
The results obtained may be of interest iri connection with 
similar problems elsewhere as well as in a number of other 
cases in which noises arising from sixty-cycle power are 
involved. 

Ottawa, 
August 1955. 

N.B. Hutcheon, 
Assistant Director. 



SOUND ABSORPTION TREATMENT FOR TRANSFORMER SUBSTATIONS 

by T. D. Northwood 

The no i se  produced by s u b s t a t i o n  power t ransformers  
c o n s t i t u t e s  a  s p e c i a l  a c o u s t i c a l  problem f o r  two reasons: 

a )  t h e  most important  components i n  t h e  no i se  a r e  a t  
120 c y c l e s  p e r  second and i t s  lower harmonics, a  reg ion  f o r  which 
convent ional  a c o u s t i c a l  m a t e r i a l s  a r e  i n e f f i c i e n t ;  

b )  t o  f a c i l i t a t e  cool ing  t h e  t ransformers  they  a r e  
u s u a l l y  only  p a r t i a l l y  enclosed, so t h a t  any a c o u s t i c a l  t reatment  
introduced should be weatherproof. 

The ob jec t  of t h i s  s tudy was t o  develop sound absorbing 
systems t o  meet these  s p e c i a l  requirements.  

DESIGN PROCEDURE 

Absorption a t  low f requencies  i s  most r e a d i l y  obtained 
wi th  some type of resonant  system tuned t o  t h e  frequency range 
i n  which absorp t ion  i s  requi red ,  The system adopted i n  t h i s  
p r o j e c t  followed t h e  p r i n c i p l e  of t h e  Helmholtz Hesonator, employ- 
ing  a n  a i r  c a v i t y  coupled t o  t h e  sound f i e l d  by means of  an 
o r i f  i c e .  

I n  p r i n c i p l e  one might t ake  c a r e  of a few d e f i n i t e  
f requencies  by us ing  resonant  elements s h a r p l y  tuned t o  each of 
t h e  f requencies ,  However, s e v e r a l  f a c t o r s  make c r i t i c a l  tunlng  
an imprac t i ca l  procedure. The a l t e r n a t i v e  i s  t o  in t roduce  enough 
damping i n  t h e  system t o  provlde moderate absorp t lon  over  t h e  
requi red  frequency range, I n  t h e  p resen t  work t h e  range 120 t o  
360 cyc les  was considered important ,  wi th  s p e c i a l  a t t e n t i o n  t o  
120 cyc les .  Damping was achieved by us ing  moderately porous 
m a t e r i a l s  f o r  cons t ruc t ing  t h e  resonator .  

Four s t r u c t u r e s  were examined a s  poss ib le  absorbers:  

Type A cons i s t ed  of a  s e r i e s  of c a v i t i e s  faced  w i t h  
a  porous membrane, t h e  p o r o s i t y  of t h e  membrane being intended 
t o  a c t  a s  an o r i f i c e  and a l s o  a s  a  damping element. It was 
proposed t o  use a  t h i n  l a y e r  of Limpet sprayed on expanded metal  
l a t h .  However, i t  was found d i f f i c u l t  t o  o b t a i n  t h e  r equ i red  
p r o p e r t i e s  wi th  Limpet, and t h e  system was abandoned; 

-e B cons i s t ed  of a  c a v i t y  wal l  i n  which t h e  i n n e r  
l e a f  cons i s t ed  of 4- by 8- by 16-inch bu i ld ing  blocks.  The ends 
of t h e  blocks,  i . e ,  t h e  v e r t i c a l  j o i n t s ,  were l e f t  spaced 
s l i g h t l y  a p a r t  t o  provide o r i f i c e s  l ead ing  t o  t h e  wall  c a v i t i e s ,  



Damping i s  provided by making t h e  i n n e r  l e a f  of expanded s l a g  o r  
o t h e r  porous blocks.  For bes t  performance i n  a  random sound f i e l d  
t h e  c a v i t y  should be p a r t i t i o n e d  i n t o  c e l l s  4 f e e t  square o r  
smal ler ,  During t h e  development i t  was found t h a t  c a v i t y  bearing 
w a l l s  a r e  not acceptable  i n  some c i t i e s ,  inc luding  Toronto, and 
t h e  development was, the re f  o re ,  c u t  s h o r t ,  However, t h e  system may 
be u s e f u l  a s  a  l i n i n g  i n  e x i s t i n g  s t a t i o n s  where bearing w a l l  
requirements a r e  a l r e a d y  met, Reverberation t e s t s  (11 ,  2 ( b )  and 
2 ( c )  (Table 11) exemplify t h i s  type of s t r u c t u r e ;  

!LJpe C cons i s t ed  of hollow bui ld ing  blocks wi th  h o l e s  
d r i l l e d  i n t o  t h e  ind iv idua l  c e l l s .  The procedure was t r i e d  
s u c c e s s f u l l y  wi th  s e v e r a l  types of expanded s l a g  and c i n d e r  b lockso  
Resul t s  a r e  given i n  Tables I1 and 111; 

T e  D was s i m i l a r  t o  Type C except t h a t  t h e  p a r t i c u l a r  %-- block, a l i g  tweight c i n d e r  block, was so  porous t h a t  it w a s  
unnecessary t o  d r i l l  ho les  i n t o  t h e  c e l l s ,  Resul t s  a r e  given i n  
Table 11, t e s t  No. 3 ,  (Unfortunately t h e  block was found t o  be 
not  s t r o n g  enough f o r  bearing w a l l  purposes).  

Tes t  Resul t s  

Impedance tube t e s t s  were made on n ine  samples of 
bui ld ing  blocks t o  provide design d a t a  and a l s o  t o  provide com- 
p a r a t i v e  information on a v a i l a b l e  blocks,  For a  d e s c r i p t i o n  of I t h e  samples see  Table I ) .  C i r c u l a r  d i s c s  2* inches i n  diameter  
were t aken  from each sample and f i t t e d  i n t o  a  ho lde r  a t t a c h e d  t o  
t h e  impedance tube ,  Absorption measurements were taken on t h e  
d i s c  i t s e l f ,  on a  p a i r  of d i s c s  wi th  a  c a v i t y  between them, t o  
s imulate  a  hollow block, and on the  same arrangement with a hole  
through t h e  f r o n t  d i s c ,  The impedance tube d a t a  a r e  summarized i n  
Table 111, 

Concurrent ly wi th  the  impedance tube t e s t s  a few l a r g e -  
s c a l e  t e s t s  were made i n  t h e  r eve rbe ra t ion  chamber, These results 
a r e  given i n  Table 11, 

There a r e  s e v e r a l  d i s t i n c t i o n s  between the  impedance 
tube measurements and reve rbe ra t ion  chamber measurements, The 
former measures absorpt ion f o r  waves a t  normal incidence only, 
whereas t h e  l a t t e r  measures absorp t ion  f o r  waves a t  a l l  angles  of 
incidence,  Also, t h e  simulated c e l l s  t e s t e d  on t h e  tube a r e  
only an approximation t o  the  f u l l - s c a l e  s i t u a t i o n ,  s ince  a block 
p resen t s  s o l i d  web s e c t i o n s  t o  t h e  sound f i e l d  a s  w e l l  a s  t h e  
hollow s e c t i o n s ,  F i n a l l y  t h e r e  may be d i f f e r e n c e s  between t h e  
r eve rbe ra t ion  measurements and a c t u a l  i n s t a l l a t i o n s  s l n c e  t h e  
former were done without a c t u a l l y  mortar ing t h e  blocks,  For 
example t h e r e  may be a  s i g n i f i c a n t  reduct ion  i n  c e l l  volume due t o  
mortar  f a l l i n g  i n t o  t h e  c a v i t i e s ,  

However, i t  i s  considered t h a t  t h e r e  a r e  now s u f f i c i e n t  



d a t a  t h a t  s t r u c t u r e s  s i m i l a r  t o  T.ype B, C o r  poss ib ly  D can be 
designed using any s i m i l a r  bui ldfng  block, on t h e  b a s i s  of 
impedance tube  measurements a lone ,  

Recommendations 

1) For new cons t ruc t ion  i t  i s  recommended t h a t  blocks 
s i m i l a r  t o  Samples No, 4 t o  9 be incorpora ted  fn t h e  inner  f a c e  of 
bearing wa l l s ,  and t h a t  each c e l l  of each block be p e r f o r a t e d  
wi th  a  6 i nch  diameter ho le ,  Impedance tube t e s t s  i n d i c a t e  t h a t  
any of t h e  blocks t e s t e d  have s a t i s f a c t o r y  absorpt ion  p r o p e r t i e s ,  
Samples No, 6 and No, 4 head t h e  l i s t ;  sample No, 9 appears 
s l i g h t l y  i n f e r i o r ,  

T h i s  system should provide absorpt ions  approximately 
a s  follows: 

Frequenc y 120 240 360 

Absorption coeff f  c f e n t  .SO t o  ,a0 e25 t o  .35 ,15 t o  .20 

2 )  A s  a  r u l e ,  f o r  s i m i l a r  a c o u s t i c a l  m a t e r i a l s ,  t h e r e  
i s  a c o r r e l a t f o n  between high absorpt ion  and low dens i ty ,  However, 
t h e  r u l e  does not seem t o  apply here,  and it i s  recommended t h a t  
an impedance tube t e s t  be made before adopting a new block, 

3 )  For non-bearing w a l l s  a block such a s  Sample No, 3 
might be used without modif ica t ion  o r  Sample No, 2 might be used 
i n  a  s t r u c t u r e  of Type B o r  Type C, 

4) I n  a l l  cases  t h e  wa l l s  should be cons t ruc ted  wi th  
a break i n  c e l l  communication a t  i n t e r v a l s  of & f e e t  o r  l e s s .  
This  could simply be done i n  a  Type  C s t r u c t u r e ,  by incorpora t ing  
a s t r i p  of wire  mesh i n  t h e  occas ional  mor tar  j o i n t ,  covering 
t h e  whole s u r f a c e  wi th  mortar. 

- 



TABLE I 

DESCRIPTION OF SAl'iPLES 

sample 1 P e r l i t e  blocks 4" x 8" x 16"; 3 c e l l s ;  weight p e r  
block 1 8 , s  l b ,  Area co r r ec t i on  appl ied  t o  rever-  
be ra t ion  chamber da t a  t o  make them comparable with 
s tandard sample a r e a ,  

Sample 2 Cooper s l a g  blocks 4" x 8" x 16"; 3 c e l l s ;  weight pe r  
block 1 7  o o  ~ b ,  

Sample 3 Cooper l ight-weight  c i nde r  block, 8" x 8" x 1611; 3 
c e l l s ;  weight pe r  block 25.5 l b ,  

Sample 4 Cooper c inder  block, 8" x 8" x 16"; 3 c e l l s ;  weight 
p e r  block 33.6 l b ,  One block t e s t e d .  

Sample 5 Hayley c inder  block, 8" x 8" x 16"; 3 c e l l s ;  weight 
pe r  block 33.5 l b .  

Sample 6 Cooper s l a g  block 8" x 8If x 16"; 3 c e l l s ,  weight p e r  
block 37.2 l b o  One block t e s t e d ,  

Sample 7 Maple c inder  block, 8" x 8" x 16"; 3 c e l l s ;  weight 
p e r  block 37*2 l b .  

Sample 8 Maple s l a g  block, 8" x 8" x 16"; 3 c e l l s ;  weight pe r  
block 38,s  l b ,  

Sample 9 Toronto Brick cinder  block 8" x 8" x 16'" weight pe r  
block 35e7 lbo 

Note: Samples 2 and 3 were repor ted  by t he  i n t e r e s t e d  agency t o  
have f a i l e d  t o  meet a compressive s t r e n g t h  t e s t ,  Samples 
4, 6,  7, 8  and 9 passed t h e  compressive s t r e n g t h  t e s t ,  
Sample 5 has not been t e s t e d ,  



TABLE I1 

REVERBERATION C HAMBEH DATA 

Frequency (c ,p ,so  ) 

Absorbing System 125 250 500 1000 2000 4000 

cor rec ted  f o r  e f f e c t  of 
smal l  sample a r e a )  

a )  l a i d  f l a t  on f l o o r  

b )  blocks spaced 3-3/bH from 
wall ;  ends of blocks 
spaced 3/4lf; sepa ra to r s  
i n  back-space a t  20 

c )  a s  i n  ( b )  but blocks 
spaced 1/2" a p a r t  

d )  blocks f l a t  on f l o o r ;  
t h r e e  3/8" ho les  d r i l l e d  
i n  each block (one per  
c e l l ) ;  s epa ra to r s  between 
courses  

J e  Cooper l ightweight  c i n d e r  
blocks 8n x 8" x 16"; l a i d  
f l a t  on f l o o r  
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