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THIS PAPER PROVIDES DETAILS o f  a s t u d y  
u n d e r t a k e n  t o  d e t e r m i n e  t h e  ma g n i t u d e  
o f  t h e  n o i s e  e x p o s u r e  o f  t r u c k  d r i v e r s  
r u n n i n g  h e a v y  v e h i c l e s  u n d e r  commer ­
c i a l  o p e r a t i n g  c o n d i t i o n s .  S i n c e  a 
numb e r  o f  s t a n d a r d  p r o c e d u r e s  have  
been  d e v e l o p e d  f o r  i n - c a b  n o i s e  me a s ­
u r e m e n t s , t h e  r e l a t i o n s h i p  b e t we e n  
t h e s e  me a s u r e m e n t s  and t h e  n o i s e  e x ­
p o s u r e  o f  t h e  d r i v e r  h a s  been  i n v e s t i ­
g a t e d .  A l s o ,  an e f f o r t  was made t o  
i d e n t i f y  and q u a n t i f y  v a r i o u s  n o i s e  
s o u r c e s  wh i ch  c o n t r i b u t e  t o  t h e  
d r i v e r s '  e x p o s u r e  d u r i n g  nor ma l  o p e r ­
a t i o n s .

The e v a l u a t i o n  o f  t h e  d r i v e r ' s  
n o i s e  e x p o s u r e  f r om i n - c a b  n o i s e  me a s ­
u r e me n t s  w i t h  s t a n d a r d  p r o c e d u r e s  does  
n o t  t a k e  i n t o  accou- nt  v a r i a t i o n s  i n  
v e h i c l e  o p e r a t i o n ,  t i r e  and a e r o d y n a m i c  
n o i s e .  A d d i t i o n a l  e r r o r s  a r e  i n t r o ­
d u c e d  by p l a c i n g  t h e  m i c r o p h o n e  a t  
some p r e s c r i b e d  d i s t a n c e  f r om t h e  e a r ,  
s i n c e  i n  t h a t  r e g i o n  t h e  s o u n d  f i e l d  
can v a r y  s i g n i f i c a n t l y .  Th e s e  e r r o r s  
a r e  o n l y  p a r t i a l l y  r e d u c e d  by t h e  use  
o f  n o i s e  d o s e  m e t e r s .

In t h i s  i n v e s t i g a t i o n  a s p e c i a l l y  
d e v e l o p e d ,  c o n t i n u o u s l y  r e c o r d i n g  i n ­
s t r u m e n t  i s  u s e d  f o r  m e a s u r i n g  t h e

n o i s e  e x p o s u r e  o f  d r i v e r s .  I t  i s  
e q u i p p e d  w i t h  a s u b - m i n i a t u r e  m i c r o ­
phone  wh i c h  can be e a s i l y  p l a c e d  in 
t h e  cavum o f  t h e  c o n c h a .  In p r e v i o u s  
s t u d i e s  i t  was shown t h a t  t h e  m e a s u r e ­
ment  o f  t h e  s o u n d  p r e s s u r e  l e v e l  a t  
t h i s  p o i n t  was l e a s t  i n f l u e n c e d  by e x ­
t r a n e o u s  e f f e c t s .

GENERAL CONSIDERATIONS
The e v a l u a t i o n  o f  e x p o s u r e  f rom 

n o i s e  m e a s u r e me n t s  r e q u i r e s  i n t e g r a ­
t i o n  w i t h  r e s p e c t  t o  t i me  and i n  a c ­
c o r d a n c e  w i t h  t h e  r e l a t i o n s h i p  d e f i n e d  
by a p a r t i c u l a r  h e a r i n g  c o n s e r v a t i o n  
c r i t e r i o n  o r  r e g u l a t i o n .  I f  t h e  n o i s e  
l e v e l  i s  r e l a t i v e l y  c o n s t a n t ,  t h e  e x ­
p o s u r e  can be e v a l u a t e d  by a p p r o x i m a t e  
i n t e g r a t i o n  u s i n g  s o u n d  l e v e l  m e t e r  
m e a s u r e m e n t s .

In mos t  a p p l i c a t i o n s ,  h o we v e r ,  
owi ng t o  v a r i a t i o n s  o f  n o i s e  l e v e l  and 
movement  o f  t h e  s u b j e c t ,  c o n t i n u o u s  
m e a s u r e m e n t ,  i n t e g r a t i o n  and u p d a t i n g  
s t o r a g e  a r e  r e q u i r e d .  Thos e  f u n c t i o n s  
a r e  e f f e c t i v e l y  p e r f o r m e d  by n o i s e  dose  
m e t e r s  and s e v e r a l  mode l s  a r e  now com­
m e r c i a l l y  a v a i l a b l e .  The i n f o r m a t i o n  
p r o v i d e d  by t h e s e  i n s t r u m e n t s  i s  g e n e r ­
a l l y  r e s t r i c t e d  o n l y  t o  t h e  n u m e r i c a l
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The n o i s e  e x p o s u r e  o f  t r u c k  d r i v e r s  
was m e a s u r e d  d u r i n g  nor mal  c omme r c i a l  
p a y l o a d  r u n s  w i t h  s p e c i a l  i n s t r u m e n t s ,  
wh i c h  a r e  e q u i p p e d  w i t h  s u b m i n i a t u r e  
m i c r o p h o n e s .  T h e s e  can be moun t ed  
w i t h i n  t h e  cavum o f  t h e  c o n c h a ,  wh e r e  
m e a s u r e m e n t s  a r e  l e a s t  a f f e c t e d  by e x ­
t r a n e o u s  e f f e c t s .

By means  o f  t h e s e  i n s t r u m e n t s  
s o u n d  l e v e l s  we r e  c o n t i n u o u s l y  r e c o r d ­
ed  w i t h i n  b o t h  e a r s  o f  t h e  d r i v e r  and
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a t  t h e  c e n t r e  o f  t h e  c a b .  A n a l y s i s  o f  
r e s u l t s  shows t h a t  t h e  d r i v e r ' s  e x p o s u r e  
i s  h i g h e s t  d u r i n g  f r e e w a y  h a u l s  and t h a t  
p e r m a n e n t  h e a r i n g  l o s s  h a z a r d  may e x i s t .  
F r e q u e n t  us e  o f  r a d i o  o r  CB r a d i o  can 
s i g n i f i c a n t l y  i n c r e a s e  t h i s  h a z a r d .  I t  
i s  a l s o  e v i d e n t  t h a t  t h e  s ound  l e v e l s  
m e a s u r e d  w i t h i n  t h e  e a r s  o f  t h e  d r i v e r  
a r e  g e n e r a l l y  s i g n i f i c a n t l y  h i g h e r  t h a n  
a t  t h e  c e n t r e  o f  t h e  c a b .
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v a l u e  o f  t h e  n o i s e  dos e  r e l a t i v e  t o  a 
p a r t i c u l a r  n o i s e  r e g u l a t i o n  o r  c r i t e r ­
i o n .

Under  c e r t a i n  m e a s u r i n g  c o n d i t i o n s  
s i g n i f i c a n t  e r r o r s  may a r i s e  due t o  t h e  
l o c a t i o n  o f  t h e  m i c r o p h o n e  on t h e  s u b ­
j e c t ' s  body.  When us e d  i n  i n d u s t r i a l  
s i t u a t i o n s ,  i n  b r o a d b a n d  and d i f f u s e  
s ound  f i e l d s ,  t h e s e  e r r o r s  a r e  g e n e r a l ­
l y  r e l a t i v e l y  s ma l l  and have  a n e g l i ­
g i b l e  e f f e c t  on t h e  e x p o s u r e  m e a s u r e ­
ment  ( 1 ) *.

In t he  p r e s e n c e  o f  d o mi n a n t  d i s ­
c r e t e  f r e q u e n c y  c o mp o n e n t s  l a r g e  me a s ­
u r i n g  e r r o r s  can r e s u l t  f r om body r e ­
f l e c t i o n s  and s h i e l d i n g .  Unde r  t h e s e  
c o n d i t i o n s  t h e  l o c a t i o n  o f  t h e  m i c r o ­
phone  on t h e  b o d y ,  t h e  r e l a t i v e  p o s i ­
t i o n s  o f  t h e  n o i s e  s o u r c e s  and t h e i r  
s p e c t r a l  c o n t e n t  have  s i g n i f i c a n t  i n ­
f l u e n c e  ( 2 , 3 ) .  Even p l a c i n g  t h e  mi c-  
r o p h o n e  n e a r  t h e  e a r  does  n o t  o f f e r  an 
a c c e p t a b l e  i m p r o v e me n t .  The use  o f  
a p p r o p r i a t e  t r a n s f e r  f u n c t i o n s  f o r  
e l i m i n a t i n g  t h e  u n d e s i r a b l e  e x t r a n e o u s  
i n f l u e n c e s  i s ,  i n  a d d i t i o n  t o  b e i n g  
v e r y  l a b o r i o u s ,  a l m o s t  i m p o s s i b l e  in 
p r a c t i c e  owi ng  t o  d i f f i c u l t i e s  i n  d e ­
t e r m i n i n g  some o f  t h e  g o v e r n i n g  v a r i ­
a b l e s .  The s i m p l e s t  and mos t  e f f e c t ­
i v e  s o l u t i o n  i s  t o  s e l e c t  a m e a s u r i n g  
l o c a t i o n  a t  wh i ch  t h e  i n f l u e n c e  o f  
t h e s e  f a c t o r s  becomes  n e g l i g i b l y  s m a l l .  
Brammer  and P i e r c y  (4)  have  shown t h a t  
t h e  cavum o f  t h e  c o n c h a  i s  s u c h  a l o ­
c a t i o n .  Th i s  r e a d i n g  can a l s o  be r e l ­
a t i v e l y  e a s i l y  c o n v e r t e d  t o  t h e  s o u n d  
l e v e l  a t  t h e  e a r  d r um,  s i n c e  t h e  c o r ­
r e s p o n d i n g  t r a n s f e r  f u n c t i o n  i s  i n d e ­
p e n d e n t  o f  t h e  e x t r a n e o u s  v a r i a b l e s .

The s ound  f i e l d  w i t h i n  t h e  t r u c k  
cab i s  c o mp l e x .  The mai n c o n t r i b u t o r s  
a r e  e n g i n e ,  e x h a u s t ,  i n t a k e ,  f a n ,  a e r o ­
d y n a mi c ,  t i r e  and r o a d  n o i s e .  The 
n o i s e  t r a n s m i s s i o n  i s  p a r t l y  a i r b o r n e  
and p a r t l y  s t r u c t u r e  b o r n e  and i t  i s  
i n f l u e n c e d  by t h e  c o n s t r u c t i o n  and 
s h a p e  o f  t h e  c a b .  The s o u n d  f i e l d  i t ­
s e l f  i s  d o m i n a t e d  by d i s c r e t e  f r e q u e n c y  
c o mp o n e n t s -  S p a t i a l  v a r i a t i o n s  o f  t h e  
s o u n d  l e v e l  w i l l  t h u s  e x i s t  i n  t h e  cab 
and w i l l  c h a n g e  w i t h  o p e r a t i n g  c o n d i ­
t i o n s .  R e s u l t s  o b t a i n e d  i n  a p r e v i o u s  
i n v e s t i g a t i o n  ( 5)  d i s p l a y  t h e  no n -  
u n i f o r m  and u n p r e d i c t a b l e  d i s t r i b u t i o n  
o f  n o i s e  l e v e l s  i n  t r u c k  c a b s .  S i n c e  
i t  i s  p r a c t i c a l l y  i m p o s s i b l e  t o  p r e -  
d i c t  o r  c o n t r o l  s u c h  v a r i a t i o n s ,  t h e  
i d e a l  s o l u t i o n  i s  t o  s e l e c t  a m i c r o ­
phone  l o c a t i o n  f o r  e x p o s u r e  m e a s u r e ­
ment s  a t  wh i c h  t h e  i n f l u e n c e  o f  t h e s e  
v a r i a b l e s  i s  s m a l l e s t .  The cavum o f  
t h e  c onc ha  s a t i s f i e s  t h i s  r e q u i r e m e n t .

T h e r e f o r e  t h e  b a s i c  o p e r a t o r  e x ­

*Number s  i n  p a r e n t h e s e s  d e s i g n a t e  
R e f e r e n c e s  a t  end  o f  p a p e r

p o s u r e  and cab n o i s e  m e a s u r e m e n t s  we r e  
made u s i n g  t h e  " E a r  Bug" u n i t .  T h i s  
i n s t r u m e n t ,  wh i c h  was o r i g i n a l l y  d e ­
v e l o p e d  by t h e  A c o u s t i c s  S e c t i o n ,  D i v ­
i s i o n  o f  P h y s i c s ,  N a t i o n a l  R e s e a r c h  
C o u n c i l  o f  C a n a d a ,  c o n s i s t s  o f  a s u b ­
m i n i a t u r e  m i c r o p h o n e  c o u p l e d  t o  a mod­
i f i e d  c o mme r c i a l  c a s s e t t e  t a p e  r e c o r d ­
e r .  The s y s t e m  i s  s ma l l  and l i g h t  and 
can be c a r r i e d  w i t h o u t  i mp e d i me n t  o f  
no r ma l  a c t i v i t i e s .  The  m i c r o p h o n e  can 
be a t t a c h e d  a n y wh e r e  on t h e  s u b j e c t  a n d ,  
wh a t  i s  p e r h a p s  more i m p o r t a n t ,  i t  i s  
s u f f i c i e n t l y  s ma l l  t o  be p l a c e d  in t h e  
cavum o f  t h e  c o n c h a .  A c o m p l e t e  t e m p ­
o r a l  r e c o r d  o f  t h e  A - w e i g h t e d  s o u n d  
l e v e l  a t  t h e  mi c r o p h o n e  p o s i t i o n  i s  
a v a i l a b l e  f r om t h e  c a s s e t t e  t a p e  and 
can be f u r t h e r  a n a l y z e d  t o  p r o v i d e  any 
r e q u i r e d  i n f o r m a t i o n .

PROCEDURE
Al l  58 t e s t e d  v e h i c l e s  we r e  s u p ­

p l i e d  by c o mme r c i a l  f l e e t  o p e r a t o r s .  
Me a s u r e me n t s  we r e  p e r f o r m e d  d u r i n g  
no r ma l  l o n g  d i s t a n c e  p a y l o a d  r u n s .
For  e c o n o mi c  r e a s o n s  t h e  c h o i c e  o f  
v e h i c l e s ,  r o u t e s  and o p e r a t i n g  c o n d i ­
t i o n s  was r e s t r i c t e d  t o  r o u t i n e  a v a i l -  
a b i l i t y .  The t y p e  o f  r o a d  o v e r  wh i ch  
t h e  v e h i c l e  t r a v e l l e d  was c o n s i d e r e d  
t o  be t h e  o p e r a t i n g  v a r i a b l e  o f  g r e a t ­
e s t  s i g n i f i c a n c e .  Each t e s t  r un was 
s e l e c t e d  t o  be p r e d o m i n a n t l y  o f  one 
t y p e  i . e .  c i t y ,  h i g h wa y  o r  f r e e w a y .
In c a s e s  o f  co mb i n e d  t r i p s ,  r e c o r d i n g s  
f o r  e a c h  r o a d  t y p e  we r e  a n a l y z e d  s e p ­
a r a t e l y .

The d r i v e r  was a l wa y s  a c c o m p a n i e d  
by a t e c h n i c i a n  who c o n t i n u o u s l y  l o g ­
ged o p e r a t i n g  and w e a t h e r  c o n d i t i o n s  
and m o n i t o r e d  i n s t r u m e n t a t i o n .  C a l i ­
b r a t i o n  p r o c e d u r e s  we r e  c a r r i e d  o u t  on 
r e l e v a n t  i n s t r u m e n t a t i o n  and c a l i b r a ­
t i o n  s i g n a l s  we r e  r e c o r d e d  on a l l  mag­
n e t i c  t a p e s .

For  t h e  i n i t i a l  s e r i e s  o f  t e s t s  
t h e  n o i s e  e x p o s u r e  o f  t h e  d r i v e r  was 
r e c o r d e d  o n l y  a t  h i s  r i q h t  e a r .  The 
m i c r o p h o n e  was p l a c e d  w i t h i n  t h e  cavum 
o f  t h e  c o n c h a  n e a r  t h e  e n t r a n c e  t o  t h e  
e a r  c a n a l .  To o b t a i n  w o r s t  n o i s e  c o n ­
d i t i o n s  t h e  wi ndow on t h e  d r i v e r ' s  s i d e  
was f u l l y  o p e n e d .  I t  was e x p e c t e d  t h a t  
n o i s e  l e v e l s  a t  t h e  l e f t  e a r ,  wh i c h  was 
n e a r e r  t o  t h e  open wi n d o w,  wo u l d  be 
h i g h e r .  Ho we v e r ,  owi ng  t o  t h e  p o s s i b i -  
l i t y  o f  wi nd  i n d u c e d  t u r b u l e n c e  a t  t h e  
m i c r o p h o n e ,  t h i s  m e a s u r i n g  s t a t i o n  was 
n o t  u s e d  i n i t i a l l y  f o r  c o n t i n u o u s  r e ­
c o r d i n g ,  b u t  o n l y  f o r  t r i a l  m e a s u r e ­
m e n t s .  E v a l u a t i o n  o f  t h e s e  r e s u l t s ,  
i n  p a r t i c u l a r  t h e  n a r r o w  band f r e q u e n ­
cy a n a l y s e s ,  s howed t h a t  t h e  t u r b u l e n c e  
e f f e c t  was n e g l i g i b l e  i n  c o m p a r i s o n  
w i t h  o t h e r  c o n t r i b u t i n g  s o u r c e s  and 
d i d  n o t  i n f l u e n c e  t h e  n o i s e  e x p o s u r e
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me a s u r e me n t s .  C o n s e q u e n t l y ,  a f t e r  
Ve h i c l e  #17 ,  t h e  e x p o s u r e  o f  t h e  d r i v e r  
was moni t o  r ed  a t  bot h  e a r s .  In a d d i ­
t i o n  t o t he  meas ur ement s  made a t  bot h 
e a r s  o f  t he  d r i v e r ,  an "Ear  Bug" mi c ­
rophone  was s u s p e n d e d  f rom t he  cab 
c e i l i n g  to a p o s i t i o n  150 mm to t he  
r i g h t  o f  t he  d r i v e r ' s  e a r  and a t  t he  
same l e v e l  wi t h  i t .  Thi s  w i l l  be r e ­
f e r r e d  t o  as t he  c e n t r e  o f  cab p o s i ­
t i o n .

To o b t a i n  a meas ur ement  o f  t he  
b a s i c  n o i s e  making c a p a c i t y  o f  each 
v e h i c l e ,  i n - c a b  n o i s e  measur ement s  
were pe r f o r me d  in a c c o r d a n c e  wi t h  
s t a n d a r d  me a s u r i n g  p r o c e d u r e s  SÂE 
J336a  and CSA Z107 . 23 .  The f i r s t  p r o ­
c e du r e  was s i g n i f i c a n t l y  l o n g e r  t han  
t h e  s econd  and r e q u i r e d  a s p e c i a l  t e s t  
s i t e ,  which was not  r e a d i l y  a v a i l a b l e  
f o r  r o u t i n e  t e s t i n g .  The r e s u l t s  ob ­
t a i n e d  by bo t h  methods  were ve ry  c l o s e  
and s i n c e  f o r  t h e  p u r p o s e  o f  t h i s  s t u d y  
CSA Z107. 23 was more a c c e p t a b l e ,  t he  
use o f  SAE J336a  was e v e n t u a l l y  d i s c o n ­
t i n u e d .  Measur ement s  f o r  bot h  p r o c e d ­
u r es  were t a k e n  d i r e c t l y  wi t h  a p r e c i ­
s i o n  sound l e v e l  me t e r .

DISCUSSION AND RESULTS
The s p e c i f i c a t i o n s  o f  t he  58 heavy 

t r u c k s  t e s t e d  a r e  shown in Ta b l e  1. I t  
s h o u l d  be n o t e d  t h a t ,  s i n c e  t he  f l e e t  
v e h i c l e s  p r o v i d e d  f o r  t e s t  runs  we r e ,  
on t he  a v e r a g e ,  r e l a t i v e l y  new and wel l  
m a i n t a i n e d ,  t he  r e s u l t s  must  t h e r e f o r e  
be e x p e c t e d  t o  be m a r g i n a l l y  we i g h t e d  
in f a v o u r  o f  l owe r  n o i s e  e x p o s u r e s .

The Leq v a l ue s  o b t a i n e d  f o r  each 
v e h i c l e  and t h e  c o r r e s p o n d i n g  CSA Z107.  
23 va l ue  a r e  s ummar i zed  in Ta b l e  2.  
Dur i ng  some o f  t h e  t e s t  r u n s ,  owing t o  
low t e m p e r a t u r e s ,  i t  was found n e c e s ­
s a r y  t o  e i t h e r  c l o s e  t h e  d r i v e r ' s  wi n d ­
ow p a r t i a l l y  o r  c l o s e  i t  c o mp l e t e l y  and 
open t h e  ve n t  window.  Measur ement s  
t a ke n  unde r  t h e s e  c o n d i t i o n s  a r e  appr op-  
r i a t e l y  marked in t h i s  t a b l e .  In a d d i ­
t i o n ,  a l l  t e s t  runs  n o t e d  i n  t h i s  t a b l e  
were made wi t h  r a d i o s  o f f  and c o n v e r ­
s a t i o n  w i t h i n  t h e  cab r e duc e d  as f a r  as 
poss  i b l e .

Narrow band f r e q u e n c y  s p e c t r a  were 
o b t a i n e d  a t  t h e  t h r e e  me a s u r i n g  s t a t i o n s  
( l e f t  e a r ,  r i g h t  e a r  and c e n t r e  o f  cab)  
d u r i n g  c i t y ,  hi ghway and f r eeway  d r i v ­
i n g .  F i g u r e  1 shows t y p i c a l  r e s u l t s  
o f  such an a n a l y s i s  o f  t he  n o i s e  r e ­
cor de d  a t  t he  r i g h t  e a r  o f  a d r i v e r  
d u r i n g  a hi  ghway r u n . 11 i s  q u i t e  e v ­
i d e n t  t h a t  t he  n o i s e  i s  domi na t ed  by 
d i s c r e t e  f r e q u e n c y  c omponent s .  Thi s  
was f ound t o  be t he  case  a t  a l l  t h r e e  
me a s u r i ng  s t a t i o n s  w i t h i n  t h e  cab and 
f o r  each d r i v i n g  c o n d i t i o n .  Al so a 
p r o g r e s s i v e  r e d u c t i o n  o f  t h e  o v e r a l l  
sound l e v e l  f rom t h e  l e f t  e a r  t o  t he

Table 1 - Truck Speci f i cat ions

VEHICLE YEAR
DIESEL ENGINE SPECIFICATIONS

CYCLE RATED POWER

1 1975 2 235 hp - 2100 rpm
2 1971 4 320 hp - 2600 rpm
3 1973 4 310 hp - 2100 rpm
4 1973 4 310 hp - 2100 rpm
5 1971 4 310 hp - 2100 rpm
6 1975 2 210 hp - 2500 rpm
7 1974 2 310 hp - 2100rpm
8 1968 2 185 hp - 4000rpm
9 1975 2 235 hp - 2100rpm
10 1974 2 310 hp - 2100rpm
11 1975 2 235 hp - 2100rpm
12 1974 4 310 hp - 2100rpm
13 1976 2 265 hp - 2150rpm
14 1972 2 235 hp - 2100rpm
1 5 1972 2 235 hp - 2100rpm
16 1972 2 235 hp - 2150rpm
17 1972 2 235 hp - 2150rpm
1 8 1976 2 265 hp - 2100rpm
19 1976 2 265 hp - 2 l00rpm
20 1974 2 265 hp- 2100rpm
21 1976 2 265 hp - 2100 rpm
22 1974 2 265 hp - 2100 rpm
23 1975 2 265 hp - 2100 rpm
24 1974 2 265 hp - 2100 rpm
25 1975 2 265 hp - 2100 rpm
26 1976 2 265 hp - 2100 rpm
27 1974 2 265 hp - 2100 rpm
28 1973 2 360 hp - 2100 rpm
29 1973 2 360 hp - 2100 rpm
30 1973 2 235 h p - 2 1 0 0 rpm
31 1977 4 290 h p - 1900 rpm
32 1975 2 304 hp - 2000 rpm
33 1975 2 304 hp - 2100 rpm
34 1975 2 304 hp - 2100 rpm
3 5 1975 4 172 h p - I900rpm
36 1977 4 290 hp - 1900 rpm
37 1976 4 290 hp - 1900 rpm
38 1971 2 304 hp - 2100 rpm
39 1975 2 304 hp - 2100 rpm
4 0 1971 2 304 hp - 2100 rpm
41 1971 2 304 hp - 2100 rpm
42 1971 2 304 hp - 2100 rpm
43 1975 2 304 hp - 2100 rpm
44 1977 4 290 hp - 2100 rpm
4 5 1975 2 304 hp - 2100 rpm
46 1977 4 290 hp - 1900 rpm
47 1978 4 290 hp - 1900 rpm
48 1977 4 290 hp - 2100 rpm
49 1978 4 290 hp - 1900 rpm
5 0 1978 4 290 h p - 1900 rpm
51 1978 4 290 hp - 1900 rpm
52 1978 4 290 hp - 1900 rpm
53 1978 4 290 hp - 1900 rpm
54 1978 4 290 hp - 1900 rpm
5 5 1975 2 304 hp - 2100 rpm
56 1976 2 228 hp - 2100 rpm
57 1977 2 228 hp - 2100 rpm
5 8 •1976 2 228 hp - 2100 rpm

c e n t r e  o f  cab p o s i t i o n  was n o t e d .  Thi s  
a p p e a r s  t o  be p r e d o m i n a n t l y  due t o  a 
d i s t i n c t  a t t e n u a t i o n  o f  f r e q u e n c y  com­
p o n e n t s  above 1 . 5  k H z .  The most  l i k e l y  
e x p l a n a t i o n  o f  t h i s  e f f e c t  i s  i n c r e a s e d  
a b s o r p t i o n  w i t h i n  t he  cab o f  h i gh f r e ­
quency sound e n e r g y  and s h i e l d i n g  o f  
wind noise.

Dur i ng i n i t i a l  mea s u r i ng  runs  i t  
was o b s e r v e d  t h a t  t o  be h e a r d  and be 
i n t e l l i g i b l e ,  l e v e l s  o f  s p e e c h ,  r a d i o  
and CB r a d i o  had t o  be s e t  s e v e r a l  d e c i ­
b e l s  above t h e  e n v i r o n me n t a l  n o i s e  l e v e l .  
Typi  cal  e xa mpl es a r e  shown in Fi gur e  2 
and F i g u r e  3.  I t  i s  i n t e r e s t i n g  t o  no t e

- 13 -
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Table 2 - Summary of Noise Measurements

VEHICLE

Leq(C|TY)- dBA Leq( HIGHWAY)-dBA Leq(FREEWAY)-dBA
CSA 

STANDARD 
2 107.23

MICROPHONE POSITION MICROPHONE POSITION MICROPHONE POSITION

LEFT

EAR
RIGHT

EAR
CAB

LEFT

EAR

RIGHT
EAR

CAB
LEFT

EAR

RIGHT

EAR
CAB

1 - 85 83 - 85 83 - 89 90 8 1
2 - - - - - - - 90 91 85
3 - 86 84 - - - - 88 84 80
4 - - - - - - - 87 87 88
5 - 82 82 - - - - - - -

6 - 86 84 - - - - - - 83
7 - 85 84 - 85 - - 87 86 82
8 - 82 83 - - - - 87 86 80
9 - - - - - - - - 87 81

10 - 89 - - - - - 89 88 86
11 - - - - - - - 91 86 83
12 - - - - - - - 88 - 85
13 - 83 83 - 87 84 - 88 86 82
14 - - - 91 87 88 - - - 91
15 - - - 87 89 - - - 84
16 - - - - 90 87 - - - 89
17 - - - - 87 87 - - - 85
18 83 81 80 - 86 84 87* 86 85 82
19 90 86 85 - - - 90 87 86 86
20 84 81 80 86 83 83 87* 86 84 81
21 - - - - - - 9 1A 90 88 89
22 84 82 80 85 83 81 88 86 83 81
23 86 86 86 87 88 86 89“ 90 86 87
24 83 82 81 84 83 81 88 85 83 81
25 84 83 81 86 85 83 87* 87 85 83
26 - 82 - 87 84 81 89 85 82 83
27 90 88 88 - - - 92 90 90 88
28 87 89 88 - - - - - - 86
29 - 87 86 - - - - - - 88
30 88 89 90 - - - - - - 91
31 90 89 87 92 90 88 96 90 90 87
32 90 90 89 91 90 88 93 9 1 90 88
33 - - - - - - 91* 91 90 90
34 - 91 90 - 93 91 92** 94 91 90
35 90 91 91 91 91 91 9 1** 94 90 93
36 - - - - - - 89 “ 9 1 88 86
37 89 87 86 - - - 92 9 1 89 87
38 92 88 87 91 90 89 94 90 89 87
39 - - - 88“ 89 86 8 8 “ 9 0 85 87
40 88“ 86 86 89“ 90 88 89“ 90 87 87
4 1 89 88 86 - - - 89* 89 85 87
42 90 90 88 - - - 91* 91 89 88
43 88“ 91 89 89“ 89 88 90 “ 94 90 87
44 - - - - - - 87 88 87 86
45 - - - 92 91 90 93 91 9 1 86
46 - 84 83 - 86 86 90 88 88 84
47 - 83 81 - - - 88 88 85 84
48 - - - - - 91 - 87 86
49 - - - - - - 92 - 88 83
50 - - - - - - - 86 88 82
51 - - 85 - - - - 8 9 88 84
52 - - - - - - 87 8 7 86 84
53 88 - - - - 91 8 8 87 82
54 88 - 85 - - - 89 - 87 84
55 89 86 85 - - - 90 88 86 86
56 85 88 84 87 88 87 - - - 85
57 - - 91 - - 92 - - - 88
58 85 84 81 88 87 86 ~ "

'
82

a WINDOWS PARTIALLY OPEN

WINDOWS CLOSED-W INDOW  VENT OPEN

Fig.  1 - Frequency analysi s  of  highway driving 
monitored at  r i ght  ( inner)  ear
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t h a t  t he  use o f  a CB r a d i o  r e s u l t e d  in 
i n c r e a s e s  in i n s t a n t a n e o u s  sound l e v e l  
o f  up t o  10 dB. The i n f l u e n c e  on t he  
d r i v e r ' s  n o i s e  e x p o s u r e  d e p e n d s ,  in 
a d d i t i o n  t o  sound l e v e l s ,  a l s o  upon 
t he  d u r a t i o n  o f  use and l o c a t i o n  o f  t he  
s o u r c e .  The combi ned e f f e c t  i s  a d e q u a t e ­
l y  d e f i n e d  by t h e  e n e r g y  e q u i v a l e n t  
l e v e l ,  Leq,  a t  t he  r e c e p t i o n  p o i n t .  
Re c o r d i ngs  were t a k e n  on s e v e r a l  v e h i ­
c l e s  a t  a l l  t h r e e  me a s u r i n g  s t a t i o n s  
d u r i n g  f r eeway runs  a t  a s t e a d y  100 
km/h,  wi t h  normal  use o f  CB r a d i o  and 
w i t h o u t  i t .  The r e s u l t s  a r e  shown in 
Tab l e  3. I t  can be s een  t h a t  t h i s  
e f f e c t  i s  h i g h e s t  a t  t h e  c e n t r e  o f  cab 
p o s i t i o n  and l owe s t  a t  t h e  l e f t  e a r .
At t he  r i g h t  e a r  an a v e r a g e  i n c r e a s e  
i n Leq o f  2 . 7  dB was me a s u r e d ,  wh i c h '  
w i l l  i n c r e a s e  t h e  Noi se  Exposur e  Ra t i ng  
by a p p r o x i m a t e l y  50%.

With r e f e r e n c e  t o  t h e  Leq v a l u e s  
shown in Ta b l e  2 ,  i t  can be s een  t h a t  
t h e y  depend upon t he  me a s u r i n g  l o c a t i o n  
and t h e i r  magn i t udes  i n c r e a s e  in t he  
o r d e r :  CSA s t a n d a r d  p r o c e d u r e ,  c e n t r e  
o f  c a b ,  r i g h t  e a r  and l e f t  e a r .  These 
i n c r e a s e s  and o v e r a l l  v a l u e s  o f  Leq 
a r e  l o we s t  f o r  c i t y  d r i v i n g  and h i g h e s t  
f o r  f r eeway  h a u l s .  The a v e r a g e  va l ue  
o f  t he  Leq d i f f e r e n c e  be t ween f r eeway 
and c i t y  d r i v i n g ,  meas ur ed  a t  t he  r i g h t  
e a r ,  i s  2 . 9  dB wi t h  a s t a n d a r d  d e v i a ­
t i o n  o f  1 . 6  dB. Al t hough  t h e s e  r e ­
s u l t s  a r e  n o t  c o mp l e t e l y  c o n s i s t e n t ,  
which a p p e a r s  t o  be p r i m a r i l y  due t o  
t he  i n h e r e n t  n o n - un i f o r m i t y  o f  t he  
sound f i e l d  i n t he  c a b ,  a d e f i n i t e  
t r e n d  i s  q u i t e  e v i d e n t .

F i g u r e  4 i n d i c a t e s  bo t h  t h e  v a r i ­
a t i o n  in t he  Leq v a l u e  f o r  each o f  t he  
t h r e e  d r i v i n g  c o n d i t i o n s  and t h e  c o r ­
r e s p o n d i n g  sound l e v e l  d i s t r i b u t i o n s  
o b t a i n e d  f o r  a p a r t i c u l a r  v e h i c l e .

For  f r e e wa y  d r i v i n g ,  t he  sound 
l e v e l  a t  t h e  l e f t  e a r  i s  on t h e  a v e r a g e  
5 . 7  dB h i g h e r  t han  t h a t  meas ur ed  wi t h  
t h e  CSA s t a n d a r d  p r o c e d u r e .  Thi s  s u g ­
g e s t s  t h a t  any met hod of  d e t e r m i n i n g  
n o i s e  e x p o s u r e  which i s  ba s ed  on meas ­
u r e me n t  o f  sound l e v e l  a t  some d i s t a n c e  
f rom t h e  s u b j e c t ' s  e a r ,  may r e s u l t s  in 
s i g n i f i c a n t  u n d e r e s t i m a t e .  E r r o r s  in 
e x c e s s  o f  100% a p p e a r  t o  be q u i t e  p o s ­
s i b l e .

C o r r e l a t i o n s  be t ween d a t a  f o r  t he  
r i g h t  e a r ,  l e f t  e a r  and c e n t r e  o f  cab 
p o s i t i o n s ,  f o r  each o f  t he  t h r e e  d r i v ­
i ng  c o n d i t i o n s ,  were a l s o  d e t e r m i n e d .
The r e s u l t s  o f  two such c o r r e l a t i o n s  
a r e  shown in F i gu r e  5 and F i g u r e  6.
In t h e s e  g r a p h s ,  r  r e p r e s e n t s  t he  c o r ­
r e l a t i o n  c o e f f i c i e n t  and a t h e  s t a n d a r d  
d e v i a t i o n .  G e n e r a l l y ,  t h e  b e s t  c o r ­
r e l a t i o n  e x i s t s  be t ween t h e  r i g h t  e a r  
and c e n t r e  o f  cab wi t h  t h e  va l u e  o f  c o r ­
r e l a t i o n  c o e f f i c i e n t  h i g h e s t  f o r  c i t y
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Table 3 -  E f fec t  of CB Radio on Values of  Leq

VEKfCLE

CSA LEFT EAR -  dBA RELATIVE RIGHT EAR -  4BA RELATIVE CEMTRE CAB -  cSA RELATIVE

EFFECT
dBA

2107.23
d3A NO CB WITH CB dBA NO CB WITH CS <18 A WO CB WITH CB

31 87 96 99 ♦3 - - - 90 95 ♦5
33 90 91 97 *6 95 98 *3 91 95 +4
34 90 92 92 0 94 97 ♦3 91 94 *3
36 86 89 91 ♦2 91 96 *5 88 91 ♦3
3 7 87 91 91 0 9 3 94 ♦1 89 92 ♦2
3 8 87 94 94 0 9 0 91 ♦1 89 91 ♦3
40 87 - - - - - - 85 8 8 ♦3
41 87 89 91 * 2 89 92 ♦3 - -

d r i v i n g  and l o w e s t  f o r  f r e e w a y  d r i v i n g .  
The r e s u l t s  a l s o  i nd i  c a t e  t h e  hi  g h e s t  
n o i s e  l e v e l s  e x i s t  a t  t h e  l e f t  e a r .

CONCLUSIONS

Unde r  mos t  o p e r a t i n g  c o n d i t i o n s  
t h e  s o u n d  f i e l d  i n s i d e  t h e  cab i s  dom­
i n a t e d  by d i s c r e t e  f r e q u e n c y  c o mp o n e n t s .  
T h i s  s u g g e s t s  t h a t  t h e  l o c a t i o n  o f  t h e  
m i c r o p h o n e  may have  s i g n i f i c a n t  i n f l u ­
e n c e  on m e a s u r e m e n t s .  For  a c c u r a t e  d e ­
t e r m i n a t i o n  o f  n o i s e  e x p o s u r e  t h e  mi ­
c r o p h o n e  s h o u l d  be p l a c e d  w i t h i n  t h e  
cavum o f  t h e  c o n c h a .

The use  i n  t h e  cab o f  r a d i o  o r  CB 
r a d i o  can s i g n i f i c a n t l y  i n c r e a s e  t h e  
n o i s e  e x p o s u r e  o f  t h e  d r i v e r .  T e s t s  
p e r f o r m e d  on a s a mp l e  o f  8 v e h i c l e s  
show t h a t  no r ma l  use  o f  CB r a d i o  i n ­
c r e a s e s  t h e  v a l u e  o f  Leq a t  t h e  r i g h t  
e a r  by an a v e r a g e  o f  2 . 7  dB.  Th i s  
c o r r e s p o n d s  t o  an i n c r e a s e  on t h e  n o i s e  
dos e  o f  a t  l e a s t  50%. I t  can t h u s  be 
a s i g n i f i c a n t  c o n t r i b u t o r  t o  t h e  o v e r -

- 15 -



SOUND LEVEL -  dBA

Fig.  4 - S t a t i s t i c a l  d i s t r i b u t i o n  f o r  va r i ous  
d r i v i n g  cond i t i ons

MONITORED AT DRIVERS LEFT EAR -  dBAeq

Fig.  5 - Compari son o f  sound l e v e l s  f o r  c i t y  
d r i v i n g

a l l  n o i s e  e x p o s u r e .
The s o u n d  l e v e l s  m e a s u r e d  a t  t h e  

c e n t r e  o f  cab  p o s i t i o n ,  r i g h t  and  l e f t  
e a r  o f  t h e  d r i v e r ,  i n c r e a s e  g e n e r a l l y  
i n  t h a t  o r d e r .  The  v a l u e  o f  t h e  Leq 
a t  t h e  l e f t  e a r  i s  on a v e r a g e  6 dB 
h i g h e r  t h a n  t h a t  a t  t h e  c e n t r e  o f  cab
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Fi g.  6 -  Compar i son o f  sound l e v e l s  f o r  c i t y  
d r i v i n g

p o s i t i o n ,  w h i c h  i s  t h e  m e a s u r i n g  s t a ­
t i o n  u s e d  f o r  s t a n d a r d  p r o c e d u r e s .

The n o i s e  e x p o s u r e  o f  t r u c k  d r i v ­
e r s  i s  l o w e s t  d u r i n g  c i t y  d r i v i n g  a nd  
i n c r e a s e s  i n  t h e  o r d e r :  c i t y ,  h i g h w a y  
a n d  f r e e w a y .  The v a l u e  o f  Leq a t  t h e  
r i g h t  e a r  i s  on a v e r a g e  1 . 5  dB h i g h e r  
d u r i n g  h i g h w a y  d r i v i n g  t h a n  d u r i n g  
c i t y  d r i v i n g .  The c o r r e s p o n d i n g  c om­
p a r i s o n  b e t w e e n  h i g h w a y  a n d  f r e e w a y  
d r i v i n g  s h o ws  an a v e r a g e  d i f f e r e n c e  o f  
1 . 6  dB.  The v a l u e  o f  Leq f o r  f r e e w a y  
d r i v i n g  i s  an a v e r a g e  2 . 9  dB h i g h e r  
t h a n  f o r  c i t y  d r i v i n g ,  w h i c h  i s  a p p r o x ­
i m a t e l y  e q u i v a l e n t  t o  an i n c r e a s e  o f  
n o i s e  e x p o s u r e  o f  50%.
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THE NEW GENERATION OF 
ENVIRONMENTAL NOISE 

MONITORING INSTRUMENTS 

db-306A M etrologger
Continuous LCD Readout

A large four digit L C D  display permits direct continuous 
readout of sound level, Lm ax, L e q  and test duration, even in bright 
sunlight. Test duration can be from .25 seconds to 72 hours and 
does not have to be preset in advance.

Numerical data appears on the display readout complete with 
identifying descriptors such as “ Lmax 1 1 3 ”, etc. This minimizes 
operator training and facilitates interpretation of data. Data is also 
retained in memory for immediate review with possible violators. 
Accuracy may be confirmed by calibration before, during and 
after test periods.

Low power consumption (up to 100 hours on one battery) 
and rugged construction make the db-306A ideal for community 
applications.

L E Q  MEASUREMENTS LIMITED 
175 ADVANCE BLVD UNIT 12 
MISSISSAUGA, ONTARIO L5S 1H5

PHONE: 416-453-6210

METRQSONICS IN C .
P.O. BOX 23075 ■  ROCHESTER. N Y. 14692 ■  716-334-7300
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Harford,
Kennedy,
Wakeffeld
Ltd.

H arford , 
Frank  
& Partners

POSITION AVAIL/©LE - ACOUSTICAL ENGINEERS

THE POSITION:

THE COMPANY:

THE individual:

APPLY TO:

ACOUSTICAL CONSULTANT, WOULD BE RESPONSIBLE FOR 
CONDUCTING FIELD MEASUREMENTS, DATA REDUCTION 
AND ANALYSIS, MATHEMATICAL PREDICTIONS, FORMJLATING 
REC0f-T-1ENDATIONS FOR NOISE CONTROL, AND REPORT 
WRITING. TYPICAL PROJECTS WOULD INVOLVE MECHANICAL 
NOISE CONTROL, ARCHITECTURAL ACOUSTICAL DESIGN, 
ENVIRONMENTAL IMPACT ASSESSMENTS, AND TRANSPORTATION 
NOISE STUDIES.

"WO AFFILIATED ACOUSTICAL CONSULTING FIRMS LOCATED IN 
CALGARY, ALBERTA, AND VANCOUVER, B .C . ONE POSITION 
AVAIL/©LE IN EACH OFFICE. FOUR PRINCIPALS WITH 
25 YEARS COMBINED PRACTICAL EXPERIENCE. EXCELLENT 
OPPORTUNITY FOR RAPID ADVANCEMENT,

AN ACOUSTICAL ENGINEER OR TECHNICIAN, UNIVERSITY 
DEGREE PRFFERÆLE, AT LEAST TWO YEARS EXPERIENCE 
IN ACOUSTICS REQUIRED.

KENNETH HARFORD, P.ENG,
HARFORD, KEWEDY, WAKEFIELD LTD,

1727 w est  2nd avenue

VANCOUVER, B .C .
v5 j  1h8

LESLIE FRANK, P.ENG. 
HARFORD, FRANK & PARTNERS

605, 3 3 2 0 - 1a  street s .w ,
CALGARY, ALBERTA
t2h 0g3

(T O ) 736-2352

(403) 2 3 -3 6 0 0



NOW! Comprehensive building acoustics 
analysis with a single portable instrument.
For the measurement and calculation of:

•  Normalised and standardised level differences (ISO 140)

•  Reverberation times (ISO R 354, ISO 3382)

•  Airborne noise insulation indices (ISO R 717)

•  Impact noise insulation indices (ISO R 717)

•  Sound power (ISO 3741 and 3742)

80-189

THE B&K TYPE 4417 BUILDING ACOUSTICS ANALYSER

combines every required building acoustics mea­
surement capability in a single compact, portable 
instrument. In addition to the specific data noted in the 
illustration, the 4417 evaluates noise reduction; in­
vestigates sound field distribution; determines loss 
factors of building elements. It runs on its own internal 
power supply; requires only a microphone and speak­

er system for operation. Of special interest is a sys­
tem of measurement and calculation error codes, with 
the pertinent code number displayed on the face of 
the instrument for prompt identification and correc­
tion. For more detailed information, or to arrange a 
demonstration, call any Bruel & Kjaer office.



PLUS instantaneous data storage, 
retrievable at the touch of a button

•  IEC/IEEE and B&K Low Power interface compatibility •  Complete manual or remote control
•  Fast retrieval of data — 4 digit data location display •  Mains or DC powered for maximum versatility

THE B&K TYPE 7400 
DIGITAL CASSETTE RECORDER
is the ideal complement to the Building Acoustics 
Analyser. Results are stored as they happen, — up to 
500K bytes of data on a single cassette —  and are 
instantly retrievable by touching a button. The Type 
7400 is, in fact, the most efficient data storage and

retrieval instrument you could have in your lab, be­
cause it is compatible with all B&K (and most other) 
instruments. Write or phone for more information, or a 
no-obligation demonstration.

BRUEL & KJAER CANADA LTD.
Specialists in acoustic and vibration measurement

MONTREAL OTTAWA TORONTO LONDON VANCOUVER
90 Leacock Road 7 Slack Road, Suite 201 71 Bramalea Road, Suite 71D 23 Chalet Crescent 5520 Minoru Boulevard, Room 202
Pointe Claire, Que. H9H 1H1 Ottawa, Ont. K2G 0B7 Bramalea, Ont. L6T 2W9 London, Ont. N6K 3C5 Richmond, B.C. V6X 2A9
Tel.: (514) 695-8225 Tel.: (613) 225-7648 Tel.: (416) 791-1642 Tel.: (519) 473-3561 Tel.: (604) 278-4257


