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ACOUSTICAL MEASUREMENTS I N  SOME CANADIAN HOMES 

J.S. Bradley, I n s t i t u t e  f o r  Research i n  Construct ion,  

Nat iona l  Research counc i l ,  Ottawa, K I A  OR6. 

ABSTRACT 

The means and s tandard  dev ia t ions  of s e v e r a l  a c o u s t i c a l  q u a n t i t i e s  

a r e  presented from measurements i n  602 mul t ip l e  res idence  homes. 

Although not  a random sample, t h e  homes included approximately equal  

numbers of apartment blocks and row housing a s  w e l l  a s  owners and 

r e n t e r s  from t h r e e  d i f f e r e n t  urban a reas .  The a c o u s t i c a l  va lues  
included background no i se  l e v e l s  and complete t ransmiss ion  l o s s  

measures of common walls .  

SOMMAIRE 

L'auteur prgsente ,  3 p a r t i r  de mesures e f f ec tuges  dans 602 

h a b i t a t i o n s  Z logements mu l t ip l e s ,  l e s  moyennes e t  l e s  & a r t s  types 

de p l u s i e u r s  q u a n t i t i g s  acous t iques .  Msme s ' i l  ne s ' a g i s s a i t  pas  

d'un gchant i l lonnage au  hasard,  il g t a i t  c o n s t i t u g  d'un nombre 

approximativement gga l  d'immeubles e t  de maisons en rangge, et de 

p r o p r i g t a i r e s  e t  de l o c a t a i r e s  de t r o i s  rggions urbains.  Les 
v a l e u r s  acous t iques  q u i  on t  6t6  mesuregs s o n t  l e s  su ivan te s :  les 

niveaux de b r u i t  de fond, les temps de rgverb'eration et l a  p e r t e  par  

t ransmiss ion  des nmrs mit oyens. 

INTRODUCTION 

A s  p a r t  of a l a r g e  survey t o  r e l a t e  s u b j e c t i v e  and ob jec t ive  measures of p a r t y  

wa l l s  between ad jacen t  homes, va lues  of s e v e r a l  a c o u s t i c a l  q u a n t i t i e s  were 

obtained i n  a l a r g e  number of Canadian homes. I n  t h e  complete survey r e s i d e n t s  

i n  602 homes, (301 p a i r s  of homes), were interviewed. The homes were evenly 

d i s t r i b u t e d  among t h r e e  Canadian urban areas:  Toronto, Vancouver, and Montreal,  

and were approximately evenly divided between apartment blocks and row housing. 

There was a l s o  an  approximately even s p l i t  between owners and r e n t e r s  f o r  each 
type of housing. Homes included i n  t h e  survey were s e l e c t e d  from a v a i l a b l e  row 

housing and apartment b locks  t o  g ive  t h e  broades t  poss ib l e  range of STC va lues  

while  f u l f i l l i n g  t h e  requi red  balance between bu i ld ing  typ.es and between owners 
and r en te r s .  Thus the  survey d a t a  do no t  r ep re sen t  a random sample of a l l  types 

of Canadian homes. I n  s p i t e  of t h i s  l i m i t a t i o n ,  t h e  d a t a  provided a l a r g e  

sample of measurements t h a t  can be used t o  o b t a i n  ' typ ica l '  va lues  of s e v e r a l  
a c o u s t i c a l  q u a n t i t i e s  f o r  t hese  types of mu l t ip l e  res idence  bui ld ings .  Such 

information is  o f t e n  u s e f u l  f o r  making c a l c u l a t i o n s  of expected e f f e c t s  under 
such ' t yp i ca l '  cond i t i ons ,  and is  published h e r e  s o  t h a t  o t h e r s  can make use  of 
t h i s  data .  

The main goa ls  of t h e  survey were t o  r e l a t e  s u b j e c t i v e  and o b j e c t i v e  measures of 

p a r t y  wa l l  sound i n s u l a t i o n ,  t o  eva lua t e  va r ious  sound i n s u l a t i o n  measures wi th  

respec t  t o  s u b j e c t i v e  judgements, t o  determine o the r  f a c t o r s  i n f luenc ing  
s u b j e c t i v e  judgements, and t o  produce d a t a  t o  a i d  i n  determining accep tab le  

l e v e l s  of sound i n s u l a t i o n  between homes. The r e s u l t s  of ana lyses  t o  s tudy 

t h e s e  f a c t o r s  w i l l  be  publ ished i n  o the r  papers  a s  they  become ava i l ab l e .  

MEASUREMENTS 

The a c o u s t i c a l  measurements included i n t e g r a t e d  A-weighted background n o i s e  

l e v e l s  i n  each of t h e  602 homes, and complete sound t ransmiss ion  l o s s  

measurements of t h e  301 p a r t y  walls.  Background n o i s e  measurements were made 



using Metrosonics dB-301 i n t e g r a t i n g  dosimeters  pos i t ioned  i n  t h e  l i v i n g  room of 

each home f o r  a 24 hour per iod.  These provided A-weighted LEQ, (energy averaged 

sound l e v e l ) ,  measurements f o r  t h e  day, n i g h t ,  and complete 24 hour per iods,  and 

a r e  r e f e r r e d  t o  a s  LRD, LEQN, and LEQ24 re spec t ive ly .  The day period w a s  from 

7:00 a.m. t o  10:OO p.m. and t h e  n igh t  per iod  was from 10:OO p.m. t o  7:00 a.m. 

Sound t ransmiss ion  l o s s  measurements were made g e n e r a l l y  i n  accordance wi th  ASTM 

E336 procedures1, and normally between l i v i n g  rooms. Sound l e v e l s  were recorded 
i n  t h e  source  and r ece iv ing  rooms with t h e  no i se  source  on and i n  t h e  r ece iv ing  

room wi th  t h e  n o i s e  source of f  t o  o b t a i n  background n o i s e  l eve l s .  Reverberat ion 

t i m e s ,  RT, were measured i n  t h e  rece iv ing  room i n  113 octave bands from 100 t o  

4000 Hz t o  inc lude  a l l  bands requi red  f o r  t h ~  ASTM E336 s tandard  a s  w e l l  a s  
t hose  requi red  by the  r e l a t e d  IS0 s t anda rds  . The t ransmiss ion  l o s s ,  TI,, was 

c a l c u l a t e d  i n  each 1 / 3  oc tave  band according t o  equat ion  (1) .  

where NR = SPLs- SPLr 

and NR is t h e  n o i s e  reduct ion  between rooms i n  dB 
SPLs i s  t h e  space averaged source  room sound p re s su re  level i n  dB 
SPLr i s  t h e  space averaged r ece iv ing  fooom sound p re s su re  l e v e l  i n  dB 

S i s  t h e  a r e a  of t h e  common wal l  i n  m 

A is t h e  t o t a l  sound absorp t ion  i n  t h e  r ece iv ing  room i n  me t r i c  sab ins  

From t h e  113 oc tave  TL va lues  t h e  o v e r a l l  sound t ransmiss ion  c l a s s ,  STC, w a s  
ca l cu la t ed  according t o  ASTM ~ 4 1 3 ~ ,  a s  w e l l  a s  t h e  d i f f e r e n c e  i n  A-weighted 
l e v e l s ,  DA, between t h e  source  and r ece iv ing  room wi th  a pink source spectrum. 

RESULTS 

The mean and s tandard  dev ia t ion  of t h e  p r i n c i p a l  v a r i a b l e s  a r e  g iven  i n  Table I. 

The mean LEQ24 was 46.2 dBA wi th  a s tandard  dev ia t ion  of j u s t  under 8 dBA. A s  
would be  expected t h e  daytime LEQ was s l i g h t l y  h igher  and t h e  nightime LEQ w a s  a 

few dec ibe l s  lower. The s tandard  dev ia t ions  were q u i t e  similar f o r  a l l  t h r e e  

measures. The d i s t r i b u t i o n  of LEQ24 v a l u e s  i n  F igu re  1 is  seen  t o  be  q u i t e  
r egu la r .  

TABLE I Means and Standard Devia t ions  of P r i n c i p a l  Q u a n t i t i e s  

Measure Mean Standard Deviat ion 

STC 49.7 4.7 

D A 51.3 dB 5.1 dB 

Volume 57.0 m 
3 3 
2 

64.1 m2 
Area 10.7 m 6.0 m 



Measured STC v a l u e s  ranged from a low of 30 t o  a  h igh  of 60 wi th  a  mean of 49.7 

and a  s t anda rd  d e v i a t i o n  of 4.7. Thus i n  s p i t e  of e f f o r t s  t o  o b t a i n  a  broad 

range of STC v a l u e s  most w a l l s  had STC v a l u e s  between 45 and 55. Figure  2  shows 

t h e  d i s t r i b u t i o n  of measured STC va lues .  The mean measured DA va lue  a s  g iven  i n  

Table  I w a s  51.3 dB wi th  a  s t anda rd  d e v i a t i o n  of 5.1 dB. Table  I a l s o  i nc ludes  

t h e  mean and s t anda rd  d e v i a t i o n  of t h e  common w a l l  a r e a s  and of t h e  r e c e i v i n g  

room volumes. 

STC 

Figu re  1. D i s t r i b u t i o n  of Measured F igure  2. D i s t r i b u t i o n  of Measured 

LEQ24 Values. STC Values. 

F igure  3  p l o t s  t h e  mean 113 oc t ave  NR a s  w e l l  a s  1 s t anda rd  d e v i a t i o n  above and 

below t h e  mean va lues .  Data  f o r  TL va lues  a r e  s i m i l a r l y  p l o t t e d  i n  F igure  4. 

The 113 oc tave  means and s t anda rd  d e v i a t i o n s  of t h e  NR and TL v a l u e s  a r e  a l s o  
given i n  Table  11. 

/ 

I t l a  l t t t l l l l l  f l t l  

125 250 500 lk 2k 4k 

FREQUENCY, Hz FREQUENCY, Hz 

Figu re  3. Mean NR Values v e r s u s  F igure  4. Mean TL Values v e r s u s  

Frequency -, and f 1. Frequency - and + 1. 
Standard Devia t ion  - - -. Standard Devia t ion  - - -. 



TABLE 11. 

Frequency 

NR and TL 113 Octave Means and Standard Deviat ions i n  dB 

NR TL 

Mean Standard Deviat ion Mean Standard Deviat ion 

I 1 I I 
125 250 500 lk-  2k 4k 

FREQUENCY, Hz FREQUENCY, Hz 

Figure  5. Mean Residual  Background Figure 6. Mean Octave Band Res idua l  

Noise Levels  Versus Background Noise Levels  

Frequency -, and f 1 .  ve r sus  Frequency -, and 

Standard Deviat ion - - -. NC contours  - - -. 
Figure  5 p l o t s  t h e  mean and a one s tandard  dev ia t ion  range about  t h e  mean of t h e  

measured r ece iv ing  room 113 octave  background no i se  l eve l s .  These l e v e l s  

r ep re sen t  t h e  r e s i d u a l  background n o i s e  l e v e l s  i n  homes with no occupant 

a c t i v i t y  and s o  they a r e  not  f o r  t h e  same condi t ions  a s  t h e  LEQ va lues  i n  Table 

I. Figure  6 p l o t s  t h e  same r e s i d u a l  background no i se  l e v e l s  i n  octave bands 

a long  with t h r e e  no i se  c r i t e r i o n ,  NC, contours.  The o v e r a l l  mean r e s i d u a l  

background l e v e l  is  thus  seen t o  approximate NC 25. 



The mean measured rece iv ing  
room reve rbe ra t ion  times and a 

one s tandard  

dev ia t ion  range a r e  given i n  

Figure 7. I n  a l l  113 octave 
bands t h e  mean 

r eve rbe ra t ion  time was c l o s e  

t o  0.4 seconds with a s tandard  

Q dev ia t ion  of j u s t  

under 0.1 seconds. 

FREQUENCY. Hz 

Figure 7. Mean RT ve r sus  Frequency 

-, and 2 1. Standard 

Deviat ion - - -. 
CONCLUSIONS 

The d a t a  presented i n  t h i s  paper can be used t o  t y p i f y  a c o u s t i c a l  condi t ions  i n  

Canadian homes i n  mu l t ip l e  res idence  bui ld ings .  The t y p i c a l  home has  a n  LEQ24 

of 46.2 dBA and a r e s i d u a l  background n o i s e  without  occupant a c t i v i t y  t h a t  

approximates N C  25. The average p a r t y  w a l l  has  an  STC of approximately STC 50, 

and an  average l i v i n g  room has  a r eve rbe ra t ion  t i m e  t h a t  is  c l o s e  t o  0.4 seconds 
a t  a l l  measured frequencies .  Details of mean 113 oc tave  s p e c t r a  of NR, TL, RT, 

and r e s i d u a l  background l e v e l s  were a l s o  presented. It is hoped t h a t  t h e s e  
values w i l l  provide a r e l i a b l e  d a t a  base  f o r  va r ious  c a l c u l a t i o n s  concerning 
a c o u s t i c a l  condi t ions  i n  t h e s e  types  of homes. 

The d a t a  used i n  t h e s e  ana lyses  w a s  obtained from t h r e e  measurement c o n t r a c t s  

with t h e  fol lowing consul tan ts :  Valcous t ics  Canada Ltd.of Toronto , Harford 

Kenedy Ltd. of Vancouver, and SNC Inc. of Montreal. 

REFERENCES 

(1) ASTM E336-84, Measurement of Airborne Sound I n s u l a t i o n  i n  
Buildings,  American Socie ty  f o r  Tes t ing  and Mate r i a l s ,  
Phi lade lphia ,  U.S.A., 1984. 

( 2 )  IS0 14014-1978, F i e ld  Measurements of Airborne Sound I n s u l a t i o n  

Between Rooms, I n t e r n a t i o n a l  Standards Organizat ion,  Geneva, 

Switzer land 

( 3 )  ASTM E413-73 Determination of Sound Transmission Class ,  American 
Socie ty  f o r  Tes t ing  and Mate r i a l s ,  Ph i l ade lph ia ,  U.S.A., 1973. 



T h i s  paper  i s  being d i s t r i b u t e d  i n  r e p r i n t  

form by t h e  I n s t i t u t e  f o r  Research i n  

Cons t ruc t ion .  A  l i s t  of b u i l d i n g  p r a c t i c e  
and r e s e a r c h  p u b l i c a t i o n s  a v a i l a b l e  from 

t h e  I n s t i t u t e  may be ob ta ined  by w r i t i n g  t o  

t h e  ~ u b l i c a t i b n s  S e c t i o n ,  I n s t i t u t e  f o r  

Research i n  C o n s t r u c t i o n ,  N a t i o n a l  Research 

C o u n c i l  of C a n a d a ,  O t t a w a ,  O n t a r i o ,  

K 1 A  OR6. 

Ce document e s t  d i s t r i b u e  sous  forme de 

t i r 6 - 2 - p a r t  p a r  1 ' I n s t i t u t  de recherche  en  
c o n s t r u c t i o n .  On peu t  o b t e n i r  une l i s t e  

d e s  p u b l i c a t i o n s  de  1' I n s t i t u t  p o r t a n t  s u r '  
les t e c h n i q u e s  ou les recherches  e n  m a t i z r e  

d e  bdt iment  en  6 c r i v a n t  ?i l a  S e c t i o n  d e s  

p u b l i c a t i o n s ,  Z n s t i t u t  de  recherche  en  

c o n s t r u c t i o n ,  C o n s e i l  n a t i o n a l  d e  

r e c h e r c h e s  du Canada, Ottawa ( O n t a r i o ) ,  

K l A  0R6. 


