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INTRODUCTION

In our modern s o c i e t y  many people a r e  ob l iged  to  l i v e  in  
a r e a s  s u b j ec t e d  to  high no is e  l e v e l s  due to  the  major t r a n s p o r t 
a t i o n  sources  -  a i r c r a f t ,  t r a f f i c  and t r a i n s .  Much re sea rch  
has been performed in  an e f f o r t  to o b ta in  annoyance assessment  
s c a l e s  f o r  a i r c r a f t  ( 1 ) and t r a f f i c  no ise  ( 2 ) and even a u n i f i e d  
assessment  s c a l e  which a p p l i e s  f o r  severa l  no is e  sources  (3) .  
R e l a t i v e l y  few i n v e s t i g a t i o n s  have been o r i e n t a t e d  towards the  
s p e c i f i c  problem of  t r a i n  n o i s e .

In t h e  p a s t  th e  sound o f  steam locomotives was though t  to  
be a r e l a t i v e l y  a c c e p t a b l e ,  even en jo yab le  sound. Unfo r tuna te ly  
th e  passing of  the  steam locomotive  has l e f t  us wi th  t h e  d i e se l  
locomot ive  which does not  possess  th e  romantic image o f  the o ld  
steam locomot ives .  I t  i s  s t i l l  thought  however, t h a t  t r a i n  n o i s e  
is one o f  th e  more a c c e p ta b l e  n o i s e s ,  many people  being w i l l i n g  
(o r  perhaps  ob l iged )  to  l i v e  c lo se  to  ra i lway  t r a c k s .  This 
op in ion  is r e i n f o r c e d  by the  f e e l i n g  t h a t  t h e se  people do not  
complain about  t r a i n  no i se .  However, many compla ints  a r e  r ec e iv e d  
by t h e  r e l e v a n t  a u t h o r i t i e s .  A second p o in t  i s  t h a t  ac tua l  
compla int s  a re  no t  thought  to  be a s a t i s f a c t o r y  measure o f  annoyance.  
Many people  may be annoyed bu t  few complain.  The work which has 
been performed on t r a i n  no i s e  annoyance ( 4 , 5 , 6 ,  a l l  summarized 
in 7) i s  o f  an i n t e r n a t i o n a l  n a t u r e ,  s t u d i e s  being undertaken 
in England, France and Japan.  To th e  au th ors  knowledge no major 
a t t e m p t  has been made to  cornel  a t e  annoyance wi th  t r a i n  noise  
in Canada. I t  i s  o f t e n  remarked t h a t  annoyance i s  a fu n c t io n  
o f  n a t i o n a l  c o n d i t i o n s  and t r a i t s  making th e  need f o r  loca l  r e 
sea rc h  an im por tan t  one.

To f u l f i l l  t h e  need f o r  an assessment  s c a l e  f o r  d e t e rm in a t io n  
o f  annoyance due to  t r a i n  no is e  a p r o j e c t  was i n s t i t u t e d  by t h i s  
M in i s t ry .  The work was performed by f i v e  Seneca College  s t u d e n t s  
under the  s u p e r v i s io n  o f  the  Noise P o l l u t i o n  Control Sec t ion  o f  the  
M in i s t ry  o f  the  Environment and f inanced  th ro u g h t  th e  Exper ience  

'75 scheme.

The o b j e c t i v e s  o f  the  p r o j e c t ,  as r e l e v a n t  to  t h i s  paper ,  
were to  perform no is e  measurements a t  va r ious  s i t e s  c l o s e  to  
r a i lw a y  t r a c k s  in  the  Metro Toronto a r e a ;  to  analyze  t h e s e  no is e  
measurements on a day,  evening and n ig h t  b a s i s  to  y i e l d  s t a t i s t i c a l  
pa rameter s  such as Lgg, L5 0 , Li q , L] , L g j , Le q (both t o t a l  s i t e

L eq and t r a i n  a lo ne  Leq ) and a lso  t r a i n  pa rameters  such as

a u d i b l e  t r a i n  d u r a t i o n ;  to perform in te rv ie w s  wi th  people  l i v i n g  
c l o s e  to  th e  moni tor ing l o c a t i o n s ;  to  c o r r e l a t e  th e  no i s e  
d e s c r i p t o r s  wi th th e  s o c io l o g i c a l  survey r e s u l t s ;  to  choose th e  
most a p p r o p r i a t e  no is e  d e s c r i p t o r  and f i n a l l y  to  c o n s t r u c t  a 
t r a i n  no i s e  annoyance r a t i n g  sca le  based on t h i s  no is e  d e s c r i p t o r .

The o v e r a l l  o b j e c t i v e s  o f  the  p r o j e c t  were wide and not 
conf ined to  the  i n v e s t i g a t i o n  of  t r a i n  noi se  annoyance.  Much 
socio-economic da ta  were ob ta ined  as well as in fo rm a t ion  on th e  
assessment  of  o t h e r  noi se  sourc es .  This r e p o r t  wi l l  be concerned 
on ly  wi th  the  t r a i n  noi se  a sp e c t s  o f  the  p r o j e c t .  The remainder  
o f  th e  p r o j e c t  co n ta in s  a weal th  o f  in for mat ion to  be r ep o r ted  
at- pi la + pr Hatp.



SITE SELECTION

I n i t i a l l y  s i t e  s e l e c t i o n  was performed by s tudy ing  maps to  
f i n d  s u i t a b l e  s t r e e t s  running c l o s e  to  ra i lw ay  t r a c k s  (bo th  Canadian 
Nat ional Railways and Canadian P a c i f i c  Rai lways) and avo id ing  
o t h e r  major  sources  such as i n d u s t r y  and freeways.  However, as 
i t  was wished to  prov ide  a v a r i e t y  o f  no ise  backgrounds to  th e  
t r a i n  n o i s e ,  a r e a s  were a l s o  chosen with  high expected  t r a f f i c  
f lo w s - in  downtown a re a s -a n d  those  with  low expec ted t r a f f i c  f lows-  
in  suburban a r e a s .  The no i s e  background v a r i a t i o n  was a l s o  prov ided  
by s e l e c t i n g  s i t e s  no t  only d i r e c t l y  a b u t t i n g  th e  ra i lw ay  t r a c k s  
b u t  a l s o  s h i e l d e d  by one or  more rows o f  hous ing .

I t  was a l s o  f e l t  a d v i s a b l e  to  va ry  the c l a s s  o f  t h e  ne ighbour 
hood to  ach ieve  some v a r i e t y  in  th e  income l e v e l s  o f  th e  survey 
re sponden ts .  I t  was a l s o  thought  necessa ry  to  prov ide  a range o f  
t r a i n  movements p a s t  p a r t i c u l a r  s i t e s .

Final  s i t e  a ssessment  was performed by a s i t e  v i s i t  t o  
e l i m i n a t e  s i t e s  s u b je c t e d  to  temporary no is e  ( c o n s t r u c t i o n ,  road 
r e p a i r s )  and to  s e l e c t  a c t u a l  n o i s e  monito r ing  l o c a t i o n s  ( u s u a l l y  
t r e e s ,  t e l ep h o n e  o r  hydro p o l e s ) .  In a l l ,  some 19 s i t e s  were 
s e l e c t e d  in  t h i s  way. Adequate success  was ach ieved  in  random
i z in g  th e  pa rameters  o f :  number o f  t r a i n  movements, d i s t a n c e  from 
t r a c k ,  no i s e  background to  t r a i n s  and type o f  neighbourhood d e s p i t e  
r e l a t i v e l y  low number o f  s i t e s  s e l e c t e d .

NOISE MONITORING & ANALYSIS

Noise m onito r in g  was performed a t  each o f  th e  19 s e l e c t e d  
s i t e s .  P o r t a b l e  b a t t e r y  ope ra ted  analog monitors  were u sed ,  t h e s e  
being c o n s t r u c t e d  o r i g i n a l l y  f o r  th e  London-Woodstock a t t i t u d i n a l  
survey ( 8 ) ,  r e c e n t l y  modif ied and r e b u i l t  by th e  Noise P o l l u t i o n  
Control S e c t io n .

The sound was d e t e c t e d  by a G.R. 1 inch ceramic microphone 
a m p l i f i ed  and passed unweighted to  a Uher 4200 Report S te reo  
t ap e  r e c o r d e r .  The sound sample was recorded on both c h a n n e l s ,  
one channel reco rd in g  low sound l e v e l s ,  the second high sound 
l e v e l s .  This t echn ique  was used to  extend th e  e f f e c t i v e  dynamic 
range of  th e  t ape  r e c o r d e r  to  some 70 dBA. C a l i b r a t i o n  was 
by means o f  a G.R. 1562 A sound leve l  c a l i b r a t o r  producing 114 
dB a t  1 KHz.

Each s i t e  was monitored a t  l e a s t  t w i c e , once with a t im e r  
u n i t  (which re c o rd s  f o r  10 seconds every 2 Js minutes )  and a 
t r i p  l ev e l  u n i t  (which re cords  a l l  sounds above a p r e s e t  l e v e l ) .
This  t e chn ique  ensured t h a t  a l l  sounds o c cu r r in g  on each s i t e  were 
re c o rd e d ,  th o se  r epea ted  very o f t e n  by the  t im e r  u n i t ,  and th o se  
o f  a t r a n s i e n t  n a t u r e  by the  t r i p  l e v e l  u n i t .

The tapes  were analyzed by p lay ing  back on a Uher 4200 
Report S te reo  tape  r e c o r d e r  and pass ing  in two channels  to  a 
Gating C i r c u i t  which put  the  high and low sound lev e l  r e c o rd in g s  
back in t o  a s i n g l e  o u tp u t .  A-weight ing was a l s o  performed by th e  
Gating C i r c u i t .  The s ig na l  from the  Gating C i r c u i t  was then 
passed to  a B & K 2305 leve l  r e c o r d e r  and analyzed i n t o  5 dB 
bands by a B & K 4420 s t a t i s t i c a l  d i s t r i b u t i o n  a n a l y z e r .  The 
a n a l y s i s  was analyzed f u r t h e r  on a Wang programable c a l c u l a t o r
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to  g iv e  the  cumulat ive  s t a t i s t i c a l  d i s t r i b u t i o n *  Le q and a.

Tapes from the t imer u n i t  were analyzed on a day,  evening  
and n ig ht  b a s i s .  Trip l e v e l  tapes  were t r e a te d  s l i g h t l y  
d i f f e r e n t l y .  F i r s t  the whole n o i s e  sample on the  tape (composed 
o f  a l l  ev e n t s  above the  p r e s e t  l e v e l )  was analyzed and secondly  
the  t r a i n  n o i s e  a lone was analyzed.  Accurate day,  evening and 
n ig h t  in format ion could not be recovered from the  t r i p  l e v e l  
tapes  as  s h o r t  durat ion  even ts  could on ly  be assumed to  be 
e q u a l l y  spread over tw en ty - four  hours.  In t h i s  report  l i t t l e  
emphasis w i l l  be g iven t o  d i f f e r e n c e s  between day,  evening and 
n ig h t  l e v e l s ,  and the t r a i n  n o i s e  r e s u l t s  cons idered  on a 24 
hour b a s i s  on ly .

A f te r  a n a l y s i s  the  r e s u l t s  fo r  each tape were drawn out  on 
s t a t i s t i c a l  d i s t r i b u t i o n  paper and parameters such as  L9 0 , L5 0 ,
L ] q ,  L i ,  Lq. 1 , L e q  ( t o t a l ) ,  L e q  ( t r a i n s  o n l y ) ,  L e q  ( t r a i n s  on ly  
spread over 24 hours)  and t r a i n  durat ion per 24 hours were 
d e r iv ed .

S u c c e s s f u l  monitoring and a n a l y s i s  o f  n o i s e  record in gs  was 
performed f o r  a t o t a l  o f  17 s i t e s .

4 .  SOCIOLOGICAL SURVEY

The s o c i o l o g i c a l  p ort io n  o f  t h i s  p r o j e c t  was based on a 
q u e s t i o n n a i r e  cons tr ucted  and p r e te s t e d  by Dr. Fred Hall and 
Dr. Martin Taylor o f  the  C iv i l  Engineering and Geography Depart 
ments ,  McMaster U n i v e r s i t y .  The q u e s t i o n n a i r e  was examined 
c a r e f u l l y  by the  Noise  P o l l u t i o n  Control S e c t i o n  to  check on 
th e  a c o u s t i c a l  background and a l s o  by Dr. Cesare Ruscone,  l e c t u r e r  
in  s o c i a l  resea rch  techniques  a t  Seneca C o l l e g e .  A few minor  
a l t e r a t i o n s  were incorporated  as a r e s u l t  o f  t h i s  examinat ion.

The q u e s t i o n n a i r e  was broad based,  c o n ta in in g  q u e s t i o n s  
concerned wi th  o v e r a l l  neighbourhood ra t ing  as  we l l  as  s p e c i f i c  
n o i s e  source  q u e s t i o n s .  Quest ions were inc luded to  a s s e s s  a c t i v i t y  
and s l e e p  i n t e r f e r e n c e  and a l s o  annoyance as se ssment  o f  p a r t i c u l a r  
n o i s e  s o u r c e s .  I t  i s  the  l a t t e r  q ues t ion  which i s  o f  primary  
importance t o  t h i s  paper. The s tages  o f  q u e s t io n in g  r e l a t e d  to  
th e  as se ssm en t  o f  a n o i s e  source were as f o l l o w s :

(a)  What n o i s e s  are c l e a r l y  au d ib le  to  you in  t h i s  neighbourhood?
(b) How would you r a te  each o f  the n o i s e s  you 've  mentioned?

The respondent  was then handed a card with  the  f o l l o w i n g  i n t e n s i t y  
s c a l e :

1. Extremely agreeable
2. Considerably  agr eeable
3. Moderately agreeab le
4.  S l i g h t l y  agreeable
5. Neutral
6 . S l i g h t l y  d i s tu r b in g
7. Moderately d i s tu rb in g
8 . Considerably d is tu r b in g
9. Extremely d i s tu r b in g

Further q u e s t i o n s  e l i c i t e d  o ther  n o i s e  s o u r c e s ,  asked f o r  a



r a t i n g  in  a s i m i l a r  manner and a l s o  asked e x a c t l y  what was 
annoying about  t h e  no i s e  under c o n s i d e r a t i o n .  These f u r t h e r  
q u e s t i o n s  w i l l  not be cons id e red  in  t h e  paper .

In te rv iew in g  was performed wi th  approx imate ly  10 persons  
f o r  each o f  th e  17 s i t e s  s u c c e s s f u l l y  moni to red ,  making a t o t a l  
o f  approxima te ly  170 in t e r v i e w s .  In te rv iew in g  was a l s o  performed 
on weekends t o  ensure  t h a t  th e  survey was not  unduly b ia sed  t o 
wards housewives,  men u s u a l l y  being a t  work dur ing  th e  week.

On a n a l y s i s  th e  1 to  9 i n t e n s i t y  s c a l e  judgements  o f  t r a i n  
n o i s e  were s p l i t  as f o l l o w s :

1 to  5 Not annoyed 

6 t o  9 Annoyed

The pe rcen ta ge  o f  people  annoyed by t r a i n s  was then c a l c u l a t e d  
f o r  each s i t e .  This t echn iq ue  was employed to  g ive  b e t t e r  c o r 
r e l a t i o n s  wi th  measured no is e  l e v e l s  by t ak ing  a c o a r s e r  annoyed/  
not  annoyed s p l i t  r a t h e r  than th e  f i n e  1 to  9 judgement a c t u a l l y  
asked f o r .  The improvement in  th e  c o r r e l a t i o n  c o e f f i c i e n t s  
ob ta in ed  us ing t h i s  te chn ique  was s i g n i f i c a n t .

CORRELATION OF SOCIOLOGICAL RESULTS WITH NOISE DESCRIPTORS

The pe rcen tages  o f  people  annoyed by t r a i n  n o i s e  (de r ived  
accord ing t o  th e  prev ious  s e c t i o n  o f  t h i s  paper)  were c o r r e l a t e d  
wi th  the  s t a t i s t i c a l  parameters  ob ta in ed  from th e  taped n o i s e  
samples f o r  th e  17 s i t e s .  The c o r r e l a t i o n  was performed a t  t h e  
Computing Cent re  a t  McMaster U n i v e r s i t y ,  Hamilton us ing a Bio- 
Medical s t a t i s t i c a l  package developed o r i g i n a l l y  a t  the  Heal th 
Sc iences  Computing F a c i l i t y ,  UCLA, C a l i f o r n i a .  Typical c o r 
r e l a t i o n  c o e f f i c i e n t s  were obta in ed  as fo l l ows :

S i g n i f i c a n c e  
Level

2 %

0 .1%

1%

0 .1%

1%

I t  can be seen from t h i s  t a b l e  t h a t  t h e  low leve l  L va lu es-Lgg ,
L50 and L-)0"do not  have s i g n i f i c a n t  c o r r e l a t i o n  wi th  the  p e rcen tag e  
o f  people annoyed by t r a i n s .  This i s  to  be expected as th e  t r a i n s  
w i l l  not  add in to  th e  cumula t ive  s t a t i s t i c a l  d i s t r i b u t i o n  a t  t h e s e  
l e v e l s .  However, i t  may be though t  t h a t  th e  h ig he r  th e  background 
n o is e  l e v e l s  then th e  lower th e  annoyance due t o  t r a i n s .  This 
appears  not  to  be th e  case  as no s i g n i f i c a n t  nega t ive  c o r r e l a t i o n  
was ob ta ined between t h e  lower leve l  s t a t i s t i c a l  Darameters and

Noise Level 
D esc r ip to r

C o r r e l a t i o n
C o e f f i c i e n t

eq

log

90
(0 . 2 1 )

50
(0 .15)

10
(0 .16)

1 0.57

0.1
0.72

ea ( t o t a l  ) 0 . 6 8

( t r a i n s  on ly , normal ised
to  24 hrs) 0.72

T (T=audible t r a i n  d u r a t io n
24 hours) 0.69
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the  percen t  of  people annoyed.

Continuing towards the higher  s t a t i s t i c a l  parameters ,  Lq . 1 
shows very high c o r r e l a t i o n ,  s i g n i f i c a n t  a t  the 0.1% l e v e l .  The 
t o t a l  Leq on the s i t e  ( fo r  a l l  noise)  c o r r e l a t e s  well with t r a i n  
noise  annoyance but the Leq fo r  t r a i n  noise  alone normalized over  
24 hours i s  s l i g h t l y  (but not  s i g n i f i c a n t l y )  higher .  The logar i thm 
o f  the f r a c t i o n a l  t r a i n  noise  dura t ion  also  c o r r e l a t e s  well with 
t r a i n  noise  annoyance.

To f u r t h e r  in v e s t i g a te  the s i t u a t i o n  a multi  pi el in e a r  r e 
g ress ion  an a ly s i s  was performed using Lq j  and log J _  as independant  
v a r i a b l e s .  * 24

The reg ress ion  l i n e  obtained had the equat ion

Percentage annoyed = - 49 + 1.7 j \ -Q  ] + 10 log
24 (1)

with a corresponding c o r r e l a t i o n  c o e f f i c i e n t  o f  0.78 and a 
s tandard e r r o r  of es t imate  of 17%. This reg ress ion  l i n e  with 
the  data poin ts  i s  shown p lo t ted  in Figure 1 toge the r  with the 
plus and minus one s tandard e r ro r  of es t imate  l i n e s .  I t  i s  
i n t e r e s t i n g  to see t h a t  the 10 log I _  term in  equation 1 i s  an 
energy type l e v e l / t im e  t r ade  o f f  r e l a t i o n sh ip  thus supporting 
the  a p p l i c a b i l i t y  of  Leq fo r  t r a i n  noise assessment.  Schul tz  (7) 
suggests  a very s im i la r  r a t i n g  scale  of Lpeak + 10 log

For completeness a s in g le  regress ion  ana lys i s  was performed 
with the t r a i n  noise Len normalized to a 24 hour dura t ion  as 
indépendant v a r i ab le .  The regression  l i n e  obtained had the 
equat ion-

Percentage annoyed = -22 + 1.5 Leq (2)

the c o r r e l a t i o n  c o e f f i c i e n t  being again 0.72 and the s tandard 
e r r o r  of  es t ima te  18%. This regression l i n e  i s  a lso  shown along 
with the data poin ts  and plus and minus one s tandard e r r o r  of  
es t im a te  .lines in Figure 2. As the c o r re l a t i o n  c o e f f i c i e n t s  of  
Leq and j lo . i  + 10 log are  not s i g n i f i c a n t l y  d i f f e r e n t  then
e i t h e r  r a t i n g  sca le  could be considered to  be equal ly  as appropr ia te  
f o r  the assessment of  t r a i n  noise annoyance.

6. CONCLUSIONS

The percentage of  people annoyed by t r a i n s  (obtained from 
a soc io log ica l  survey) was c o r re la t e d  a g a ins t  var ious s t a t i s t i c a l  
parameters of  noise  (obtained by noise monitoring and a n a ly s i s )  
f o r  17 s i t e s .  Approximately ten people were interviewed per  s i t e  
and noise  recordings were made to capture  shor t  du rat ion  i n t e r 
m i t t e n t  and continuous events.

The bes t  c o r r e l a t o r s  with t r a i n  noise annoyance were Lo.l»
Leq fo r  t r a i n s  only normalized to 24 hours and log T Were T i s  
the aud ib le  t r a i n  dura t ion  in hours per 24 hours.  A mul t ip le  
r eg re s s ion  ana ly s is  was formed using Lq j  and log as independant 
v a r i a b l e s  and the fol lowing regress ion i i n e  obtained:

Percentage annoyed = - 49 + 1.7 jL^-j+ 10 log (±17) (1)



The term 10 log ^ in d ica te s  the a p p l i c a b i l i t y  of an energy 
type t ime/ level  t r ad e  o f f  r e l a t i o n s h i p  fo r  t r a i n  no ise .  The 
c o r r e l a t i o n  c o e f f i c i e n t  obtained was 0.78 ,  which i s  higher  than 
t h a t  obtained fo r  the t r a i n  Leqs but not  s i g n i f i c a n t l y  d i f f e r e n t  
The regression  l i n e  fo r  the t r a i n  noise  Leq s (normalized over  
24 hours) is  as fol lows:

Percentage annoyed = - 22 + 1.5 Leq (±18) (2)

E i th e r  r a t i n g  s c a le  i s  considered equal ly  app l icab le  f o r  the 
assessment  of  t r a i n  noise  annoyance.

The lower level  s t a t i s t i c a l  parameters Lgo, I 5 0 »  M o  w e r e  
found not to  be s i g n i f i c a n t l y  c o r r e l a t e d  with t r a i n  noise  annoyance 
At f i r s t  s i g h t  t h i s  i s  an expected conclusion as the  t r a i n  noise  
i s  a shor t  dura t ion  event .  However, as no s i g n i f i c a n t  nega t ive  
c o r r e l a t i o n  was obtained i t  would appear  t h a t  the background noise  
l ev e l s  do not s i g n i f i c a n t l y  a f f e c t  the assessment of  t r a i n  noise  
annoyance.
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