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ABSTRACT

This paper summarises the results of 
40 supervised and 23 unsupervised measure­
ments of Leq in urban and small-town back­
yards. They are used as the basis for a pre­
diction method for minimum equivalent sound 
levels likely to be found in urban areas.

Community noise is  made up o f  a great many sounds from a large 

number o f  d i f fe r e n t  sources: ch i ld ren ,  dogs, lawn mowers, indu s try ,  

construc t ion , e tc .  However, the dominant source o f  noise in almost 

every case is  t r a f f i c .  While the level o f  community noise produced 

by a m ult itude o f  sources would be exceedingly d i f f i c u l t  to p re d ic t ,  

tha t due to t r a f f i c  is less so. In most areas, th is  sound level due 

to t r a f f i c  is close enough to the actual level o f  community noise 

tha t they may be considered id e n t ica l  fo r  p rac t ica l  purposes. While 

a great deal o f  work has been done on p red ic t ion  o f  sound leve ls  close 

to busy roads, l i t t l e  has been done to quan t i fy  the acoustical 

environment in qu ie t areas.

The study described below was designed to explore the background "roar"  

or "hum" found in  re s id en t ia l  areas not d i r e c t ly  exposed to the noise 

from t r a f f i c  on a sp e c if ic  s t re e t .  The e f fe c t  o f  m u lt ip le  re f le c t io n s  

in generating th is  "urban hum" has been discussed in a review paper
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by LyonJ I t  is analogous to the d i f fu se  sound f i e ld  concept used in 

a rch i te c tu ra l  acoustics. Large areas o f  urban communities are found 

to be dominated by th is  type o f  sound, and th is  " f lo o r "  on the propaga­

t io n  o f  sound from p a r t ic u la r  s treets  l im i t s  the extent o f  ex trapo la t ion  

o f  t r a f f i c  noise attenuation schemes. Shaw and Olson2 and la te r  Lyon 

and Davies^ derived the background sound level expected in urban areas 

by modelling the c i t y  as a g r id  o f  sound sources, ignoring the nearest 

source and assuming a b a rr ie r  e f fe c t  due to bu ild ings. Measurements 

o f  th is  "urban hum" are described below and th e i r  va r ia t io n  with time 

o f  day and w ith the population o f the town in which they were taken are 

discussed. This work provides the basis fo r  a tab le o f  minimum expected 

equivalent sound leve ls  ( L e q ) >  in a b u i l t  up community a t  various hours 

o f  the day.

MEASUREMENTS

To study the background sound levels from "urban hum" in re s id en t ia l  

areas, s i tes  were chosen in backyards o f houses fro n t ing  on roads 

w ith  various t r a f f i c  volumes and in frontyards along s treets  with 

very low t r a f f i c  volumes. The backyard s i tes  were chosen so tha t 

no busy s t re e t  could be seen through a gap la rg e r  than 7 m between 

houses. These measurement condit ions are shown to give resu lts  

dependent on the t r a f f i c  from any p a r t ic u la r  road.

Every e f f o r t  was made to avoid sp e c if ic  sources o f  sound other than 

t r a f f i c .  This r e s t r i c t io n  determined the two types of measurements 

taken. Table 1 shows the extent o f  these measurements.

The f i r s t  type consisted o f  twenty minute supervised measurements 

o f  the equivalent sound level a t a backyard s i te ,  in conjunction with 

simultaneous measurements o f  the equivalent sound level a t 10 m from 

the centre o f the road f ro n t in g  the l o t  on which the measurements were 

taken. They are summarized in Table 2. The frontyard measurements 

are described in Reference 4.

These supervised measurements provided the best control over unwanted
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sources of  sound. They also helped the measurement team in learn ing  where 

unsupervised monitors could be placed and provided a check on t h e i r  

r e s u l t s .  The choice of  a twenty minute measurement period for  the study 

is  discussed  in Reference 4. The cons is tency  of  the 20 minute r e s u l t s ,  

and t h e i r  agreement with the hourly measurements discussed  below, confirms 

t h i s  choice.

Unsupervised monitors were l e f t  fo r  24 hours a t  loca t ions  s im i l a r  to those 

described above to give a s e r i e s  of  one hour equ iva len t  sound l e v e l s .

While the microphone h e i g h t  in the supervised measurements was 1.2m, 

the he ight  of  the monitors var ied ,  s ince  they were mounted out  of 

reach ,  in t r e e s  or  on u t i l i t y  poles.  In genera l ,  the microphone 

he ight  was between th re e  and f ive  metres.

The r e s u l t s  of  the unsupervised measurements are shown in Figures 1 

(a & b) fo r  measurements made in Toronto and Orangevi l le ,  with 

populat ions of  2,000,000 and 10,000 people r e s p e c t i v e l y .

Figure 1(c) shows the r e s u l t s  of  s im i l a r  measurements made in 

seven small towns whose populat ions var ied  from 60 to 4000 people.

Where the one hour equ iva len t  sound level  measured with the un­

supervised monitor  exceeded 60 dBA, t h i s  measurement was discarded 

s ince  the r e s u l t s  from the supervised monitors ind ica ted  t h a t  t h i s  

high a value of  L was in var iab ly  found to be due to sources other  

than t r a f f i c .  This only occurred in 5 o f  the 600 hours monitored.

RESULTS - SUPERVISED DAYTIME MEASUREMENTS

To check t h a t  the condi t ions  described  above do allow measurements 

of  the "urban hum" or  background without  the in f luence  of  sp e c i f i c  

s t r e e t s ,  an at tempt was made to r e l a t e  f ro n t  and backyard equ iva len t  

sound l e v e l s .  This at tempt gave a regress ion  c o e f f i c i e n t  of 0.12,  

i . e .  a d i f fe ren ce  of  10 dB in f ron tyard  Leq genera l ly  produced only 

a 1.2 dB change in backyard Leq.  Thus, the Leq in these 

backyards,  which are r e p re se n ta t iv e  of  many backyards,  can be taken 

as being independent  of the Leq in t h e i r  r e sp ec t iv e  f ron tya rds .
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Table 2, summarizing the  super v i se d  measurements,  shows eq u iv a l en t  

sound l e v e l s  in Toronto dur ing  the  day to be marg in a l l y  h igher  in 

summer than they a re  in w in t e r .  The average  measured e q u iv a l e n t  

sound le ve l  in f r o n t y a r d s  wi th  very low t r a f f i c  volumes i s  l e s s  

than the  average  f o r  backyards .  Both th e se  r e s u l t s  could be due 

to  the  sma^l sample s i z e  or  may r e f l e c t  d i f f e r e n t  amounts o f  human 

a c t i v i t y ,  o t h e r  than t r a f f i c .  The average Leq o f  55 dBA shown fo r  

f r o n t y a r d s  with t r a f f i c  vDlumes o f  between 20 and 60 v e h i c l e s / h o u r  

i s  in agreement  wi th  the  p r e d i c t e d  e q u i v a l e n t  sound leve l  f o r  these  

t r a f f i c  volumes.

RESULTS - UNSUPERVISED MEASUREMENTS

The 24 hour measurements o f  backyard e q u iv a l e n t  sound l e v e l s  can 

be used to  determine t h e i r  v a r i a t i o n  with t ime of  day. Figures  1 

( a , b , c )  show the  hourly average and the  s tanda rd  d e v ia t i o n  of  

one hour e q u i v a l e n t  sound l e v e l s  over  a tw e n ty - fou r  hour pe r io d .

They a re  drawn from the  measurements taken in Toronto ,  O ra n g ev i l l e ,  

and s eve ra l  small towns. Toronto,  wi th a pop u la t io n  o f  two m i l l i o n ,  

has h ig he r  sound l e v e l s  than O ra n g ev i l l e ,  with a popula t ion  o f  10,000.
5

This i s  in agreement with the  conclus ions  of  D i x i t .  However,

the  backyard sound l e v e l s  in small towns a re  between those  of

O rang ev i l le  and Toronto.  S im i l a r  l e v e l s  were observed by D ix i t  in

his  s tud y  o f  a proposed towns i te  in a r u r a l  a r e a . ^  Our average

24h L was 49.5 dBA. His va lues f o r  24h L ranged from 45 to  53 
eq eq

dBA f o r  comparable s i t e s .

Despi te  the  s i m i l a r i t y  o f  r e s u l t s  from small towns and from l a r g e r  

ones,  i t  should be noted t h a t  the  c h a r a c t e r  o f  sound i s  q u i t e  d i f f e r e n t .  

Natural  sounds tend to dominate the  a c o u s t i c a l  environment much more 

in small towns. For t h i s  reason ,  i t  would be i n c o r r e c t  to assume 

t h a t  p e o p l e ' s  r e a c t i o n  to  the a c o u s t i c a l  environment  in l a rg e  and 

small towns wi l l  be i d e n t i c a l  j u s t  because the  e q u i v a l e n t  sound 

l e v e l s  a r e  s i m i l a r .
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PREDICTION

Figures  2 ( a , b )  show a l i n e a r  model of  the  v a r i a t i o n  in LPf1 f o r  

d i f f e r e n t  hours o f  the  day. The day i s  s p l i t  i n to  t h r e e  t ime segments:  

( i )  day t ime from 07 00 h to 19 00 h; ( i i )  the  pe r io d  from 19 00 h 

to  03 00 h when the  sound leve l  d ecr ea ses  to a minimum and ( i i i )  the  

pe r io d  from 03 00 h to 07 00 h when the  sound leve l  r e t u r n s  to i t s  

daytime va lue .  I t  i s  found t h a t  the  s ta nda rd  e r r o r  o f  e s t i m a t e  from 

19 00 h to 07 00 h (o f  v a r i a t i o n  from the  l i n e a r  approximat ion)  i s  

reduced from the  s t an d a rd  d e v i a t i o n  o f  the  hour ly  e q u i v a l e n t  sound 

l e v e l s  by a t  l e a s t  1 dB. I t  becomes s i m i l a r  to the  . s t anda rd  d e v i a t i o n s  

measured dur ing th e  day. Thus, a p r e d i c t i o n  based on t h i s  l i n e a r  model 

wi l l  have a s i m i l a r  s t an d a rd  e r r o r  (3-4dB) a t  a l l  hours of  the  day.

Such a p r e d i c t i o n  o f  Ih L in urban a re as  has been prepared  based • 

on the  above r e s u l t s .  I t  i s  shown in Table 3.

Daytime va lues o f  50 dBA a re  assumed based on the  r e s u l t s  shown in Table 

2 f o r  s upe rv is ed  measurements taken  in backyards in sev e ra l  towns.

I t  should  be noted t h a t  unsuperv ised  measurements in Toronto a re  

above 50 dBA. As d i s c u s s e d  above, t h i s  i s  cons ide red  to  be a t  l e a s t  

p a r t i a l l y  due to sources  o th e r  than t r a f f i c .  Superv ised  measurements 

would l i e  w i t h in  the  s ta nda rd  e r r o r  o f  4 dB.

For the  same re a son ,  e a r l y  evening measurements taken  by unsuperv ised  

moni tors  in Toronto a r e  h igher  than the  va lues used in the  

p r e d i c t i o n .  The p r e d i c t i o n  va lues  a r e  based on a l i n e a r  model going 

from 50 dBA dur ing  th e  Hav to a minimum o f  40 dBA a t  03 00 h. The 

s ta n d a rd  d e v ia t i o n  between the p r e d i c t i o n  and unsuperv ised  measurements 

dur ing  the  n i g h t  (19 to 07 h) i s  3.1 dB and 4.1 dB. f o r  O ra ngev i l l e  and 

Toronto r e s p e c t i v e l y .  The average  combined d e v ia t i o n  i s  0.4 dB.

Since many urban r e s id en c e s  have a t  l e a s t  one face  which i s  p r o t e c t e d  

from the d i r e c t  sound of  t r a f f i c  from a p a r t i c u l a r  s t r e e t ,  the  e qu iv ­

a l e n t  sound l e v e l s  in Table 3 o f t e n  provide  a b e t t e r  d e s c r i p t i o n  

o f  the  a c o u s t i c a l  environment  which r e s i d e n t s  wish to  p r o t e c t  

than space-averaged  e q u i v a l e n t  sound l e v e l s  o r  e q u i v a l e n t  sound 

l e v e l s  taken near  in d iv id u a l  s t r e e t s .  As such ,  i t  i s  o f t e n  usefu l  in 

e v a l u a t i n g  the  a c o u s t i c a l  impact of  sound sources on the community.

- 25 -



REFERENCES

1. Lyon, R.H.,
"Role o f  Mul t ip l e  R e f l e c t i o n s  and Reverbera t ion  in Urban 
Noise Propagat ion"
J .  Acoust ical  Socie ty  o f  America,  Vol. 55, No. 3, March, 1974.

2. Shaw, E.A.G. and Olson,  N.,
"Theory of  Steady S t a t e  Urban Noise For an Ideal  Homogeneous 
City"

J .  Acous t ica l  Soc ie ty  o f  America,  Vol. 51, 1781-1793, 1973.

3. Lyon, R.H. and Davies,  H.G.,  c o n t r i b u t i o n  to  Handbook o f  
I n d u s t r i a l  Noise,  Cambridge C o l l a b o r a t i v e  I n c . ,  Cambridge. 
Mass. ,  1973.

K e l s a l l ,  T. & Friedman, 0.
"Development o f  a P r e d i c t i o n  of  the  Equiva len t  Sound Level 
Due to  T r a f f i c  Noise in R es id e n t i a l  Areas , "
Presented a t  the  94th Meeting of  the  Acoust ical  Soc ie ty  of  
America,  December, 1977.

5. D i x i t ,  A. K. ,
"Community Noise Levels in  Kingston,  North Bay and 
S a u l t  Ste Marie",  Ontar io  M in is t ry  o f  the  Environment,  
Noise P o l l u t i o n  Control  Sec t ion  P u b l i c a t i o n ,  June,  1975.

6. D i x i t ,  A.K.,

Noise Impact Assessment o f  the  Proposed Community o f  
Townsend - A S t a tus  Report  Onta rio  Min. o f  Housing 
Repor t ,  September,  1976.

ACKNOWLEDGEMENTS

This paper i s  based on a p r o j e c t  c a r r i e d  out  by the  au thor  and o the rs  

while  working f o r  the  Onta rio  Min is t ry  o f  the  Environment,  Noise 

P o l l u t i o n  Control  S ec t i on .  Special  thanks a re  due to  Owen Friedman, 

Derek Bat ty and o t h e r  members of  the  Technical  Services  Unit f o r  t h e i r  

work on the  measurements and to J .  Manuel and L.G. Kende f o r  t h e i r  

su p e r v i s io n  and suppor t .

- 2 6 -



TABLE 1

SUMMARY OF MEASUREMENT PROGRAMME

Type o f  Measurement I n s t r u m e n t a t i o n Microphone  L o c a t i o n s S i t e  L o c a t i o n s  
No. o f  Town S i t e s  A pprox im a te  P o p u l a t i o n

20 M in u te  I™ + 
T r a f f i c  C ount 
o f  C ar s  & T rucks

-B SK 4424 
+30 dB PreAnip 
- M e t r o s o n i c s  
DB 611 Sound 
Energy A n a ly z e r

1. B ac k y a rd -e n d  o f 15 T o r o n to 2 , 0 0 0 , 0 0 0
b a c k y a r d  away from 5 Guelph 6 8 , 0 0 0
r o a d .  C e n t r e  o f 5 B a r r i e 3 3 , 0 0 0
l o t .  1 . 5  m "above 3 M i l to n 1 8 ,0 0 0
g ro u n d . 3 Markham 5 3 ,0 0 0

2 Georgetown 1 7 ,5 0 0
1 O r a n g e v i l l e 1 0 ,0 0 0
6 Newmarket 2 4 ,0 0 0

40

O v e r n i g h t  Hourly  
Measurement

Leq

DA 602 
D i g i t a l  
Sound Leve l 
M o n i to r

1. Backyard 9 T o r o n to 2 , 0 0 0 , 0 0 0 Urban
-  On t r e e  o r 5 O r a n g e v i l l e 10 ,0 0 0 Small

t e l e p h o n e < p o l e 14 Towns
- 5 m  above  gro und 2 A l l i s t o n 4 , 0 0 0
- s i m i l a r  t o  s i t e 1 T o t tenha m 2 , 5 0 0

f o r  20 m in u te 1 Zephyr 340
m e a su re m e n t . 1 Schomberg 1 ,0 0 0

2 Mt. A l b e r t 700
1 Bondhead 500
1 Ivy  
9

60

TABLE 2

Le g From Urban Hum

Type o f  S i t e

B ac kya rds
(summer)

B ackyard s
( w i n t e r )

F r o n t  y a r d s  
20 v e h i c l e s

L o c a t i o n  Number o f  S i t e s  Average  20 min.  S t a n d a r d  
________ _ __________________  Leq (dBA) D e v i a t i o n  (dB)

Toron to

S e v e r a l
Towns

T o r o n to

Al l

F r o n t  y a r d s
2 0 -6 0  v e h i c l e s / h o u r  All

15

25

9

14

5 2 . 3

50 .4

5 0 .4

49

55.1

2 . 4 7

2 .2 7

2.88

3 . 7 8

3 . 0 2

TABLE 3

Minimum V a lu e  f o r  Hour ly  

L by Time o f  Day

In Urban A re a s

Time o f  Day L (dBA)

07 00 - 19 00 50

19 00 - 20 00 49

20 00 - 21 00 48

21 00 - 22 00 47

22 00 - 23 00 46

23 00 - 24 00 45

24 00 - 01 00 44

01 00 - 02 00 43

02 00 - 03 00 41

03 00 - 04 00 40

04 00 - 05 00 42

05 00 - 06 00 45

06 00 - 07 00 48
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ORANGEVILLE ( 5  S I T E S )

I
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FIGURE 1 b

L i n  backyards  in O r a n g e v i l l e  
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1 S t a n d a r d  
d e v i a t i o n
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TIMF OF DAY

Figu re  1 c

Backyards i 

p o p u l a t i o n - ^ .  1 0 , 0 0 0

LeCj in  Backyards in-Tows

Average
Hourly
Le q

Figure 2. Straight line approximation to variation of 
hourly Leq with time of day; (a) Toronto, (b) Orangeville
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