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1. INTRODUCTION

Transpor ta t ion  represen ts  the most s i g n i f i c a n t  community 
noise  producer today. The th ree  t r a n sp o r t a t i o n  sources - t r a f f i c ,  
a i r c r a f t  and t r a i n s  - place considerable  areas  of  land in a 
d e t e r i o r a t e d  noise environment and hence n e c e s s i t a t e  careful  
land use assessment to avoid i n e f f i c i e n t  or  unsu i tab le  develop
ment. In the major c i t i e s  of  Canada land is  of ten  a t  a premium, 
making e f f i c i e n t  land use even more necessary.

Considerable e f f o r t  has been brought to bear  on p red ic t ion  
methods fo r  a i r c r a f t  and t r a f f i c  noise.  For a i r c r a f t  noise in 
p a r t i c u l a r ,  so p h i s t i c a te d  and d e ta i l e d  pred ic t ion  methods e x i s t  
(1) .  T ra f f i c  noise models have a lso  been derived and are  in 
general  use ( 2 ,3 ,4 ) .  Although some work has been performed in 
the  area of  t r a i n  noise p red ic t ion  (5 ,6 ,7 )  i t  i s  not as cons iderable  
as t h a t  fo r  a i r c r a f t  or t r a f f i c .

The work which has been done is  a lso  made l e s s  app l i cab le  in 
Canada by several  f a c t o r s .  Many models p r ed ic t  only the wheel- 
r a i l  noise and have no p red ic t ion  fo r  locomotives.  Many are 
concerned mainly with welded t rack and give widely varying 
c o r re c t io n s  f o r  the jo in ted  r a i l  in use in Canada and very few 
are concerned with p red ic t ion  of the e n t i r e  pass-by p r o f i l e  of 
the t r a i n .

Der ivat ion of  the complete pass-by is  necessary f o r  two 
reasons .  F i r s t ,  noise control  measures such as se t -back ,  berms 
and double-glazing give d i f f e r e n t  a t t enua t ions  fo r  the locomotive 
and wheel - ra i l  noise because of  d i f f e r i n g  source type,  height  and 
spe c t ra l  content .  To accu ra te ly  p red ic t  the use fulness  of  noise 
control  measures,  the locomotive and wheel- ra i l  s igna tu res  must 
be pr ed ic ted  separa te ly .  Secondly, fo r  shor t  t r a i n s  (such as 
s e l f  propel l ed  passenger t r a i n s  or t u r b o - t r a i n s )  the r i s e  and 
decay of  the noise p r o f i l e  as the t r a i n  approaches and recedes 
can add s i g n i f i c a n t l y  to the t o t a l  noise exposure of  the pass-  
by.

To f u l f i l l  these needs a semi-empirical  t r a i n  noise pass-  
by p r o f i l e  model was developed. The locomotive and wheel - ra i l  
noises  were f i r s t  considered t h e o r e t i c a l l y  as point  and l i n e  
sources r e sp e c t iv e ly .  P ra c t i ca l  measurements in the f i e l d  
suppl ied  the necessary level  information of  locomotive and 
w hee l - ra i l  noise fo r  i n se r t i o n  in to the t h e o r e t i c a l  model.
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2. THEORY

The model of  a passing t r a i n  was taken to  be as shown in 
Fig.  1. The observer  t r ack  d i s tance  was taken as d. The t r a i n  
head - taken as being the locomotime, or  f i r s t  locomotive i f  
severa l  - passes the observer  a t  time t=0 with v e lo c i ty  V. The 
locomotives are  considered po in t  sources located a t  the  mid 
point  of  each and hence separa ted by one locomotive l eng th .
The r e s t  of  the t r a i n ,  the whee l - ra i l  no ise ,  i s  cons idered-as  
a l i n e  source of  l e n g t h s .  Before the theory can be developed,  
c ons ide ra t ion  must be given to the d i r e c t io n a l  c h a r a c t e r i s t i c s  
of  these  sources .  Peters  (8) considered t h i s  problem and found 
the assumption of d ipole  r a d i a t i o n  gave the bes t  p r e d ic t io n  
of  the r i s e  and decay por t ions  of  the pass-by p r o f i l e .  Dipole 
r a d i a t i o n  was assumed for  both the locomotive and w hee l - ra i l  
noise .

2.1 Locomotive Noise

The sound pres sure ,  P|_ ( t )  due to a locomotive o f  sound
power Wl a t  the observer  i s  given by

? 2 ( t )  = — —  . c o y 9 
L V ' 2 tf

where pc = the c h a r a c t e r i s t i c  acous t ic  impedance of  a i r  
y i s  the locomotive observer  d i s t ance  
and e i s  as shown in Fig. 2.

n
The term cos 9 descr ibes  the d i r e c t i v i t y  p a t t e rn  of  the r a d i a t i o n  
as descr ibed by Meakawa (9) for  a d ipole source.  I t  was found 
from the  p r a c t i ç a l  measurements descr ibed in se c t ion  3 of  t h i s  
paper t h a t  n=l gave the bes t  agreement with measured pass-by 
p r o f i l e s  giving

PL ( t)  =

( t )

wL pc cose
2-rf

(1)

wL P
2 ' f t {d2+ (v t ) 2}2

(2 )

Prac t ic a l  measurements were taken of  t r a i n  pass-bys a t  a d i s tance  
of 50 f e e t  to give the maximum locomotive sound pressure  P|_. For 
these measurements

Pl

Thus

= WL P(
2'rt 50"

5H
(1 + S rT î

(4)

(5)
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Or,  f i n a l l y  c o n v e r t i n g  to  dBA l e v e l s .

L|_ ( t )  = Ll + 20 l o g  10 —  15 l og- |Q {1 + ( f i  } ( 6 j

Where Li ( t )  i s  t he  dBA l e v e l  due t o  the  l ocomot ive  a t  t ime t  and 
Ll i s  t n e  maximum dBA l e v e l  measured a t  a d i s t a n c e  o f  50 f e e t .

2 . 2  Wheel -Rai l  Noise

The w h e e l - r a i l  n o i s e  i s  c o n s id e re d  t o  be a l i n e  s o u r c e  as  
shown in  F ig .  3. The sound power a t  t he  o b s e r v e r  due t o  a smal l  
e l emen t  dx o f  t h e  t r a i n  i s  i n t e g r a t e d  over  t h e  l e n g t h  o f  t h e  t r a i n  
(£)  t o  g iv e  t he  t o t a l  sound p r e s s u r e  Pw ( t ) .  The w h e e l - r a i l  n o i s e  
i s  assumed t o  have sound power Ww pe r  u n i t  l e n g t h ,  Pw ( t )  be ing  
g iven  by:

?l ( t )  = - dx (7)oJ 2 1T y 2

Again the c o s n 0 term d e s c r i b e s  the d i r e c t i v i t y  pa t t ern  o f  the  
r a d i a t i o n .  For the  w h e e l - r a i l  n o i s e ,  p r a c t i c a l  measurements  
(d e sc r ib e d  in s e c t i o n  3) i n d ic a te d  th a t  n=l a l s o  g i v e s  the  b es t  
agreement with p ass -b y  p r o f i l e s  g iv in g

Pw (t)  -  J  myl 9 dx <8> 

or P„ (t)  = t    —3- • 4 .»  (9)
W 2 I  . 2  ,  \  x '

d̂ + (vt-A+x) *~2

which when in t e g r a t e d  g i v e s

p„ (t) = MW pc • _L r  Vt________ - v t - l ____ ~] (10)
2 *  d | ( d 2 + ( v t ) 2 )*4 (d2 + ( v t - * ) 2)15,

P r a c t i c a l  measurements o f  t r a i n  pass -by taken a t  a d i s t a n c e  o f  
50 f e e t  to  g i v e  the  average  w h e e l - r a i l  sound pres sure  Pw. For 
t h e s e  measurements

v t  = V 2 , d= 50 f t .  and a« d g iv in g

p 2 _ Ww pc  . 1 . 2  
W " M

( 1 1 )

Thus

pW ( t )  - - 4 r PW •
50 v t v t -  t (12)

f d 2+ ( v t ) 2^ (dz + ( v t - £ ) 2^
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Inherent in equation 13 is the decrease in sound level with distance 
perpendicular to the track. When d a than the final term is negligible 
and the sound level decreases 3 dB per doubling of distance. There 
then follows a transition region after which the two terms together 
produce a sound level decrease of 6 dB per doubling distance.

3. PRACTICAL MEASUREMENTS

3.1 Instrumentation

Sound from the train pass-by was detected by a B & K 2209 
Impulse Precision Sound Level Meter fitted with a \ inch Condenser

Microphone. Amplified signals were fed to a Nagra Tape Recorder 
and recorded at 3 3/4 i.p.s. Recordings were made unweighted i.e. 
on "Linear" if wind conditions permitted or with "A" weighting 
if not.

The recorded signals were played back through the B & K 2209 
and 'A' weighted if recorded unweighted. Unaveraged signals from 
the 2209 were passed to a B & K 2305 Level Recorder where the pass- 
by profiles were drawn out on paper tape. Averaging was performed 
by the Level Recorder with the equivalent of "Fast" set.

Train speeds were measured with a digital reading radar unit.

3.2 Measurement Details

Measurements were made at four locations in the Toronto area 
at a distance of 50 feet from new and old track operated by both 
Canadian National Railways and Canadian Pacific Railways. Pass- 
bys of some 40 trains (passenger, GO, turbo and freight trains) 
were recorded over a range of speeds from 10 to 70 miles per hour.
As well as a sound recording and speed assessment for each pass- 
by other information such as type of train, type of locomotive and 
number of cars was noted.

4. MEASUREMENT RESULTS

From the paper trace of each train pass-by the maximum locomotive 
level and the average wheel-rail level was obtained. As the method 
of handling these two types of level was different they will be 
considered separately.

4.1 Locomotive Levels

The levels from each locomotive pass-by were plotted against 
speed as shown in Fig. 4. It was realized that a lower limit 
existed for the locomotive levels at low speed. Fortunately 
several of the GO train pass-bys included idling locomotives at 
the rear of the train. From the level of these locomotives and 
the plotted levels it was concluded that below 20 m.p.h. this 
lower limit level is in force. A linear regression analysis was 
then performed of level against the logarithm of speed for all 
constant speed locomotives travelling at more than 20 m.p.h.
A correlation coefficient of 0.82 was obtained with a standard

or,finally converting to dBA levels 24

Lw (t) = Lw + 10 log 50 + 10 log f vt - vt-l
d ioRd2+ (vt)2^  (d2+ (vt ~^)2h



As i t  was f e l t  t h a t  th e  locomotive  l ev e l  was a l s o  a f u n c t i o n  
o f  t h e  lo ad in g  o f  t h e  locomotive ,  the  e r r o r s  between each locomotive  
l eve l  and th e  r e g r e s s i o n  l i n e  were p l o t t e d  a g a i n s t  t h e  number of  
c a r s  pe r  locomot ive  in th e  t r a i n  as shown in Fig.  5. A r e g r e s s i o n  
a n a l y s i s  was performed on th e se  r e s u l t s ,  a 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 .59 ( s i g n i f i c a n t  a t  t h e  1% l e v e l )  and a s tanda rd  d e v i a t i o n  
o f  2 .6  dBA was o b ta in e d .  The r e g r e s s i o n  l i n e  p lus  and minus one 
s t anda rd  d e v i a t i o n  i s  shown in Fig .  5. At zero load ing  the* 
r e g r e s s i o n  l i n e  gave a c o r r e c t i o n  of  -3 dBA. The r e g r e s s i o n  l i n e  
o f  locomot ive  l eve l  a g a i n s t  speed was lowered by 3 dBA to  give  
an unloaded r e g r e s s i o n  l i n e .  This  i s  shown with  p lus  and minus 
one s t an d a rd  d e v i a t i o n  on Fig .  4.  The r e s u l t s  of  t h e  locomotive  
leve l  a n a l y s i s  can be summarized as fo l l ows :

f o r  i d l i n g ,  c o a s t in g  o r  d e c e l e r a t i n g  locomotives

Ll =83.6(± 2 .4 )  dBA (14)

25

for  constant speed locomotives a t  l e s s  than 20 rn.p.h.

LL =83.6 (±2.4) + 0 .15 N (± 2 .6)  (15)

where N i s  th e  number o f  c a r s  per  locomotive

f o r  c o n s t a n t  speed locomotives  a t  g r e a t e r  than 20 m.p.h .

Ll =94 .8+23.Slog ^  (±2.4 )  + 0.15N (±2.6) (16)

Also p l o t t e d  on Fig.  4 a r e  some po in t s  f o r  a c c e l e r a t i n g  o r  up-grade 
locomotives .  I t  vas judged t h a t  3 dBA should be added to  the  above 
l e v e l s  f o r  locomotives  which a re  e i t h e r  a c c e l e r a t i n g  o r  going up
grade .

Fig .  6 shows a comparison o f  equat ion  (15) and (16) wi th  data  
from an o th e r  source  (10) .  In th e  cases  where locomotives  from 
r e f .  (10) were loaded ,  a load ing  c o r r e c t i o n  was a p p l i e d .  F a i r  
agreement i s  shown.

2 Wheel Rail Levels

Ana lys i s  o f  th e  wheel r a i l  l e v e l s  was more s t r a i g h t  forward 
t h a t  th e  locomotive l e v e l s ,  a s i n g l e  r e g r e s s i o n  a n a l y s i s  was p re 
formed o f  le ve l  a g a i n s t  th e  loga r i th m o f  t h e  speed.  A 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 .82 was ob ta in ed  with a s tanda rd  d e v i a t i o n  o f  
3.5 dBA. The in d iv id u a l  p o in t s  a long wi th  the  r e g r e s s i o n  l i n e  
and th e  p lus  and minus one s t anda rd  (devia t ion l i n e s  a re  shown in  
Fig .  7. The r e s u l t s  f o r  the  wheel r a i l  r ioise i s  as  fo l l ows :

Lw =87.8+25.7log 1 0 | ^  (±3-5) dBA (17)

Fig .  8 shows a comparison o f  equat io n  (17) wi th  da ta  from o th e r  
sou rces  ( 5 , 6 , 1 1 , 1 2 ) .  Again r easonab le  agreement i s  o b ta in e d .

3 P r e d i c t i o n  o f  th e  number of  locomotive  pe r  t r a i n

As i t  i s  not  always known how many locomotives  w i l l  be p u l l i n g  
a c e r t a i n  t r a i n  some method o f  p r e d i c t i n g  t h i s  i s  r e q u i r e d .  Fig.  9 
shows a p l o t  o f  th e  number o f  locomotives  p u l l i n g  a t r a i n  a g a i n s t  
th e  t o t a l  number o f  c a r s .  From th e se  r e s u l t s  i t  was though t  t h a t  
th e  approximat ion shown on Fig .  9 gave a r ea sonab le  p r e d i c t i o n  o f  
th e  number o f  lo com ot ives ,  as fo l l ows :
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0 to 35 cars
35 to  70 cars
70 to  105 cars

105 to 140 cars

1 locomotive
2 locomotives
3 locomotives
4 locomotives

e t c .

5. CONCLUSIONS

A semi-empirical t r a i n  pass-by noise p r o f i l e  model has been 
developed which is  able to p r e d i c t  locomotive l e v e l s ,  wheel r a i l  
l e v e l s ,  level  r i s e  and f a l l  as the t r a i n  approaches and recedes 
and level  decrease with d i s tan c e .  I t  i s  f e l t  t h a t  the level  
decrease with d i s tan c e  as pred ic ted  could be a weak po in t  in the

method as p r a c t i c a l  measurements were only taken a t  a s in g le  
d i s tance  r e l a t i v e  to the t r ack .  I t  has been noted (5) t h a t  
d ivergenc ies  can occur from the c l a s s i c a l  3 dB and 6 dB per 
double d i s t a n c e  decrements.  This i s  probably due more to  varying 
ground cover r a t h e r  than model e r r o r s  but i s  a problem which 
req u i re s  f u r t h e r  i n v e s t ig a t io n .
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Supplementary Notes to the Paper "Development of a Model 
For Predict ing  Train Pass-by Noise P rof i les"

Since the presenta t ion of the above paper to the CAA Symposium 

in October 1975, I have performed fu r th e r  work on the model 

in two main areas .  These are:

a) S im pl i f ica t ion  of  the model to allow simple predic t ion  

of  noise climate  on re s iden t ia l  subdivisions due to 

many t r a i n  pass-bys.

b) In teg ra t ion  of the locomotive pass-by s igna ture  to give 

an Leq value fo r  thetime period of  the pass-by.

The r e s u l t in g  method of predic t ion  which has evolved from the 

basic  model and the  work described above is  as follows:

Information Required:

Speed of  t r a i n s , V (rnph)

No» of t ra ins*  N. in the time period of i n t e r e s t  H (hours)

No. of cars per train^n

Distance from the t rack c e n t r e l i n e ^ d ( f t . )

Estimation of  the Number of  locomotives per t r a i n  (e)

fo - r  Q < m» < ‘hS £ e -  1

3>6 7o 1 e -  SL

7o <  Ids J e -  3

|o 5  <  n i « '■ 4

Locomotive Maximum Level a t 50 f t . y-Z.,50J

f  o-c V < 510
i . 1 * o  ‘  +  0 1 5  e  W a )

f o - r  v >  2 0  ^

Li'to * "*■ £>‘15 c

Locomotive Maximum Level a t  d f t .

^k,d. * ^Lfio + (<*>8 A)

Locomotive LPq a t  d f t .

L * q . l  *  +  , d  ^ 6a)



(Leq ,  L turns out to be higher  than expected as the time of  

the pass-by wi l l  be taken as the time for which the locomotive 

i s  in front  of  the observer. 55 f t .  i s  a r e p re s e n ta t i v e  

lengfckfor a locomotive.

33

Locomotive Time (T^)

r L  ‘  ( » * * * > )

Wheel/Rail Level a t  50 f t . (L ,50)

£W(So“ *7-8 + A5-7 (<*6A)

Wheel/Rail LPq at  d f t . w)

^ Q iW “ i-W s5o + |Q  ^ 5  “X "  ^  -V 4-(^ry^J

(the f ina l  term w il l  be negl igable  i f  d<% * 57n)

Wheel/Rail Time (T^)

f w  = -n. N . y . o ^

(57 f t .  i s  a r e p r e s e n t a t i v e  length of each car)

Total  Leg over  time per iod H hours

i r  o - i  LgQ I o - i jL ^Q  ^

l.Fn « io —  \ io ' . f  + to ' . f
J  H 3 i O o  ^ A. ^

7H
J .  R. Hemingway, P. Eng.
Senior P ro je c t  Engineer,
Abatement and Assessment Unit,
Noise P o l lu t ion  Control Sect ion 
Minis t ry  of the Environment


