
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Building Research Note, 1980-03

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=2ac7992c-65e2-40b6-894f-fc18c5cc4676

https://publications-cnrc.canada.ca/fra/voir/objet/?id=2ac7992c-65e2-40b6-894f-fc18c5cc4676

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

https://doi.org/10.4224/40000555

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Traffic noise prediction
Halliwell, R. E.; Quirt, J. D.



Ser 
TH 1 



TRAFFIC N O I S E  PREDICTION 

by 

R . E .  Halliwell and J . D .  Quirt 

SNTRQDUCT I O N  

In 1977 the Canada Mortgage and Housing Corporation [CMHC), with 
the technical assistance of the Division of  Bui ld ing Research, produced 
the publication "Road and Rail Noise: Effects on Housing". That paper 
presented procedures f o r  predic t ing  t h e  noise  from road and railway 
traffic, and specif ied acoustical requirements f o r  residential buildings 
in t h e i r  v i c i n i x y .  'l'he procedures were simplified to t h e  po i n t  where 
they can be handled by persons with Limited mathematical t r a i n i n g  and no 
knowledge of acoustics. The ob jec t i ve  of this present paper i s  to des- 
cr ibe  t h e  under ly ing  acoustical principles and explain how they relate 
to the  procedures given in t h e  CMHC document. The paper is div ided  i n t o  
nine sections, roughly paralleling t h e  s t eps  in t h e  CMHC document. 



1. NOISE EMITTED BY ROAD TRAFFIC 

The main factors t h a t  govern noise generated by freely-flowing 
road traffic include the number of vehicles passing per u n i t  time, 
t r a f f i c  speed, t h e  f r a c t i o n  of heavy vehicles, and the type and con- 
d i t i o n  of t h e  road surface. 

In formulating a noise predict ion model, a reasonable s t a r t i n g  
p o i n t  is t he  noise e m i t t e d  by typical individual vehicles .  For sim- 
plicity t h i s  model uses only two vehic le  categories: "'light vehicles '" 
comprising passenger automobiles and similar four-wheel vehic les ,  and 
"heavy vehic les"  defined as anything having more than four wheels. 
The r e l a t i o n s h i p  between the maximum passby noise emi t t ed  by l i g h t  
and heavy vehicles,  as illustrated in F i g u r e  1 . 1 ,  was based on analysis 
of  all available da ta  f rom several sources. 

The noise from light vehicle passbys has been the subject o f  
numerous studies [I to 5 ) .  All t he  data exh ib i t  a steady increase i n  
t h e  maximum passby noise  w i t h  increas ing  vehicle speed. In most cases 
an expression of the  form a + b l o g  (5) (where S is the  traffic speed 
in kilometers per hour and a and b are regression coefficients) has 
been f i t t e d  to the data. There is some v a r i a t i o n  in t h e  coefficients 
from one study to another, which may i n  large par t  be explained by 
differences in the road surfaces. Some tabulated resul ts  follow: 

Study Coefficient - b 

Rathe [dry asphalt) 

Rathe (dry concrete) (11 

Lewis ( a l l  s i t e s ]  133 

Ullriche (all sites) (4 3 41.2 

A median value of b = 35 was found to give a reasonably good fit 
to all available data sets  and was adopted f o r  this model, 

The noise  emitted by heavy vehicles has a more complicated depen- 
dence on vehic le  speed. Studies of the passby nsise f rom individual 
heavy vehicles  ( 2 , 6 )  show t h a t  noise from the power t rain (engine, ex- 
h a u s t ,  erc.) tends to dominate at law speeds ,  but  t i r e  noise becomes 
increasingly significant at higher  speeds and tends t o  dominate a t  speeds 
above 80 km/h, A t  speeds where tire noise dominates, the speed dependence 
o f  the nsise  emissions is very similar t o  t h a t  f o r  light vehicles. A t  

speeds below about 80 krn/h, t h e  noise depends primarily on engine speed 
and because d r i v e r s  tend t o  s h i f t  gears often to main ta in  optimum engine  
speed, the noise is less dependent on vehicle speed. The f ina l  form of 
t h e  curve for heavy vehicles in Figure 1.1 was obtained by a detailed corn- 
par ison with actual f i e l d  measurements. 

For light vehicles, the assumed speed dependence of t h e  maximum p a s s -  

by n o i s e  leads  to an expression f o r  the equivalent sound level  near t h e  
road o f  the farm: 



where S is t he  speed in kilometres per  hour, N is t h e  number of light 
vehicles per 24 hours and R is a constant that depends primarily on t h e  
location of t h e  point of reception and on the type of road surface. 
The va r i a t i on  in actual  road surfaces w i l l  presumably be one souxe  of 
scatter i n  t h e  re la t ionship  between measured and predicted noise  Levels. 
Because at any specific site this feature may change appreciably due t o  
aging and deliberate changes i n  surface, it seems reasonable to ignore it 
in a model used for long-term planning. 

Equation 1 . 1  can be  adapted for a t r a f f i c  flow inc lud ing  heavy 
veh ic l e s  by t r ea t ing  each heavy vehicle as equivalent t o  t light vehicles. 
The value of t f o r  any t r a f f i c  speed is such that 10 log10 It)  equals the 
difference between the maximum passby noise emirted by light and heavy 
vehicles at t h a t  speed, as sham in Figure 1 . 1 .  The values of t for 
common traffic speeds are presented in Table  1.1. 

Table 1.1 

Values sf t fo r  Cornon Traffic Speeds 

Traffic Speed (km/h) Appropriate Value of t 

40 2 1 
5 0 18 

60 16 
70 14 
80 or  greater 13 

Using these  values,  t he  expression f o r  t h e  equivalent sound l e v e l  30 m 
from t h e  road cent re l ine  nay be expressed as: 

where x i s  t h e  f r ac t ion  o f  N tha t  arc heavy vehicles  
t is t h e  appropriate value from Table  1.1. 

The value of R = 26 dB was obtained by fitting Eq 1 . 2  to actual  
traffic noise data, taking S to be the posted speed. The curves i n  
Figure 1.2  present the levels predicted by Eq 1 . 2  f o r  common posted 
t r a f f i c  speeds. Note that t he se  curves and t he  equation assume free- 

flowing t r a f f i c  on a l eve l  road, and require  f u r t h e r  corrections in t h e  

presence of barriers or ground a t t enua t ion .  These corrections are d i s -  
cussed in the following sect ions.  
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2. CORRECTION FOR ROAD Gk4UIENT 

The effect  of a road gradient on the n o i s e  emitted by t r a f f i c  has 

been discussed in several studies (7 t o  1 0 ) .  There is general  agreement 
that  noise  emission from light vehicles i s  not appreciably affected by 
typical road gradients. With regard to heavy v e h i c l e s ,  most s t u d i e s  agree 
t h a t  there is some ef fec t ,  but  t h e y  differ appreciably in their conclusions 
as to t h e  magnitude of the effect and its dependence on gradient. In p a r t  
t h i s  may be ascribed to the different noise descriptors  used i n  t h e  various 
s t u d i e s  or to differences between the vehicle populations s t u d i e d .  The 
differences, however, may also be due to other  parameters (such as the 

length o f  t he  incline) which have generally been ignored.  

When analysed with respect to an individual vehicle, t h e  problem i s  
ra ther  complicated, On an upgrade, the ins tantaneous engine and exhaust 
noise  are increased because of the increased power requirement, but  i n -  
stantaneous tire noise is decreased i f  t h e r e  i s  a reduction in vehicle 
speed.  On a downgrade t he  converse is true. Because o f  the difference 
in passby duration, the noise from vehicles on t h e  upgrade will c o n t r i b u t e  
more of the t o t a l  sound energy than would be i n f e r r e d  from the maximum 
passby sound l eve ls  a lone .  The balance between these effects fo r  an ac tua l  
road with traffic travelling in both directions depends on the character- 
i s t i c s  of the heavy vehicles and on the speed profile of t h e  passbys 
(which in turn depends on t h e  posted speed l i m i t  and t h e  length of the  
incline). The problem may be f u r t h e r  complicated if t h e  receiving point 
is near t he  end of t h e  inclined section, o r  i f  the distances from the 
rece iv ing  point  to the uphill and downhill lanes are appreciably d i f f e r e n t .  

The correct ion t o  t he  equiva len t  sound level presented in F i g u r e  2 . 1  

is  based on the  approximate correction proposed i n  Ref. [ l o ) ,  which appears 
to be based on t h e  most complete analysis of t he  relevant variables and - 

f a l l s  in the mid range of t h e  corrections proposed i n  t h e  l i t e r a t u r e .  Some 

extrapolation was necessary to extend the correction to situations where 
t h e  percentage of heavy vehicles  is less than 10 per cen t ,  b u t  t h e  possible 
errors in t h i s  procedure are not likely to be significant. 
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3 .  NOISE SOURCE LOCATION 

The preceding sec t ions  deal  w i t h  The sound energy emitted by 
t r a f f i c .  In order to p r e d i c t  how much of t h a t  sound energy reaches a 
receiver loca t ion ,  it is necessary t o  de f ine  the position of t h e  source 
relative to t he  receiver. Because a multilane road with a mixture of 
l i g h t  and heavy vehicles is a complicated distributed source, the r u l e s  
formulated here f a r  l o c a t i n g  a nominal s i n g l e  source position involve 
some approximations. '1'0 keep t h e  r e s u l t i n g  errors,within reasonable 
bounds, it i s  sometimes necessary t o  t rea t  a road system as two or more 
separate sources, and to calcula te  t h e  total  sound level by combining 
the sound energy reaching t h e  rece iver  from each source.  

This model uses the basic rule t h a t  the nominal source position i s  
midway between the outer  edges o f  t h e  paved road surface [ i . e . ,  at t h e  

cen t re l ine  o f  t h e  road).  If the  distance from t he  receiver pos i t i on  to 
the nearest edge of  t h e  pavement is  less than h a l f  t h e  d i s t ance  to t h e  
nominal source pos i t ion ,  t h e  source should be divided into t w o  or more 
sources each of which satisfies the above requirement. This procedure 
is illustrated in Figure 3.1 f o r  t h e  common case of  a four-lane highway 
with a wide median s t r i p .  The t r a f f i c  f l ow i s  assumed t o  be equally 
divided among t h e  lanes. 

The attentuation o f  noise when propagated over a d i s t ance  (particu- 
larly if the path is interrupted by a barrier)  depends on t h e  h e i g h t  of 
t h e  source relative t o  t h e  ground and to t h e  top of the barrier. 

The primary sources of noise from automobiles and l i g h t  t r u c k s  are  
t h e  power t r a i n ,  t h e  exhaust, and the interaction of the tires w i T h  t h e  
road  surface. Exhaust outlets on l i g h t  vehicles are usual ly s i tua ted  
about  0 . 3  m above the read surface. Noise from the tire-road interaction 
i s  generated very near the road surface, bu t  reflections from t h e  vehicle 
underbody and rattle from the undercarriage may also  cont r ibu te ,  Taking 

a l l  these factors i n t o  account ,  a source he igh t  of 0.3 m is cansidered 
appropriate  f o r  light vehicles, 

For heavy vehicles, a larger f rac t ion  of t he  sound energy is a t t r i -  
buted  to engine compartment and exhaust n o i s e ,  particularly a t  Pow speeds.  
A t  speeds below 30 kmJh the noise emitted by such vehic les  appears to be 
reasonably well represented by a single source located approximately 2.4 m 
above t h e  road surface. Since engine speeds are generally he ld  within 
close limits, the maximum passby noise from t h i s  source tends to be inde-  
pendent of speed ( 2 , 6 ) .  As in t h e  case of light vehicles, t h e  t i re - road  
interaction produces a level t h a t  increases with increasing speed and is 
the dominant source at high speeds. Bearing in mind t he  contributions of 
t h e  power train, undercarriage rattIe, and reflections from t h e  underbody, 
t h i s  source was assigned a he igh t  o f  0.3 rn. 

Thus a line o f  t r a f f i c  can be viewed as two l i n e  sources; one a t  0.3 m 

and one at 2.4 m above the road surface with their relative strengths de- 
pending on the traffic speed and the fraction o f  heavy vehicles .  

A ca l cu l a t i on  of t h e  sound l eve l  at a receiving p o i n t  would therefore 



require a separate calculat ion f o r  each of  t h e  two  sources, with the 
two calculated levels combined according t o  t h e i r  energy to give the 
resultant level .  To simplify t h i s  calculation, a single effec t ive  
source height can be derived t h a t ,  for any combination o f  t r a f f i c  speed 
and mix, will give approximately t h e  same resultant sound level as t h e  
combination of the two sources. 

The f r a c t i o n  of the t o t a l  sound energy generated by heavy vehicles  
can be determined from the expression 

wherc x = f rac t ion  of heavy vehicles ,  
t = coefficient from Table 1.1 (p. 1 

f o r  each speed and traffic mix. Assuming t h a t  a t  110 km/h t h e  n o i s e  
emitted from heavy vehicles is dominated by tire noise (90 per cent of 
t he  t o t a l  sound power) which decreases by 12 dB per halving of t h e  speed," 
and using Figure 1 . 1 ,  t h e  fraction of heavy vehicle  noise emitted at a 
height of 2.4 m for each t r a f f i c  speed can be determined. Using these 
two results it is possible t o  calculate t h e  f rac t ion  of the t o t a l  sound 
energy assoc ia ted  w i t h  each of t h e  two source he igh t s  as a function of  
both speed and fraction of heavy vehicles. The f r a c t i o n  associated with 
each source is then easily reduced to a noise leve l  (in decibels) relative 
t o  t he  t o t a l  noise .  

If a b a r r i e r  i n t e r r u p t s  t h e  propagation of t h e  t r a f f i c  noise, t h e  
a t t enua t ion  due to t he  barrier will depend on the  difference in h e i g h t  
between the  top of t h e  barrier and each source; thus t h e  two sources a t  
0.3 and 2.4 m will be at tenuated d i f f e r e n t l y .  The resultant level after 
attenuation by t h e  barrier is obtained by considering each of the sources 
separately and then combining the two levels.  

If t he  difference between t h e  resultant level behind t h e  barrier 
and t h e  level in the absence of t h e  barrier  i s  taken as the barrier 
a t t enua t ion ,  it is possible to invert t h e  calculation and derive the 
h e i g h t  of a single source which would give t h e  same over -a l l  barrier 
attenuation as obtained by considering the two sources separately. T h i s  
h e i g h t  is t h e  effect ive source he igh t  and is a function of speed and 
f r a c t i o n  of heavy vehicles. 

This calculation was performed far 72 different barrier configurat iars  
and the arithmetic average of t he  results taken to obtain t h e  curves i s  
shown in Figure 3.2. The spread in values, of t h e  effective source he igh t ,  
on the average was about *0.3 rn which translates i n t o  a p o s s i b l e  error of 
roughly t1 dB f o r  most practical barrier configurations. 

"This is equivalent to assuming that at 30 km/h the  noise emit ted from 
heavy vehicles i s  essentially due to engine noise alone.  





4. CORRECTIONS FOR DISTANCE AND GROUND ATTENUATION 

The preceding two sect ions are concerned with  the  prediction of t h e  
sound energy  emitted by road t r a f f i c  under various traffic conditions. 
The predicted value is t h e  nominal sound pressure l eve l  t h a t  would be 
observed at a reference point 30 m from thc centreline if t h e  ground 
surface i s  f l a a  and p e r f e c t l y  re f l ec t ing  and if  t h e  source may be t r e a t e d  
as an i n f i n i t e l y  long s t r a i g h t  l i n e  over t ha t  surface. It is necessary 
to provide a means of calculating the sound level at distances other  than  
30 m from the noise source, and to provide corrections to allow for devia- 
t i o n s  from the idealized representation o f  t h e  source and ground surface. 

Because materials such as concrete, asphalt,  and hard-packed earth 
provide l i t t l e  acoustical absorp t ion ,  ca lcu la t ing  the propagation over a 
per fec t ly  reflective surfacc provides a reasonable estimate of t h e  actual 

situation in these cases. This estimate is used i n  t h e  present model if 
more than h a l f  the ground between the source and the receiver has  a "hard'" 
surface such as those noted above. In such cases, f o r  a line source t h e  
correction for the actual source-receiver distance is given by: 

? 

~ t t e n u d i o n  w i t h  distance = 10 log (D/30) E4 13 
\ 

where D is the horizontal distance i n  metres from the receiving point to 
t h e  source.  

Although t h i s  has t he  same form as the usual  expression f o r  geome- 
t r i ca l  spreading from a line source, only the horizontal component of  t h e  
sourcc-receiver distance is used. T h i s  results in a p r e d i c t e d  i nc iden t  
sound level which is h i g h e r  than t h a t  expected f o r  geometrical spreading 
by 5 log (1 + h2/Il2) where h is the h e i g h t  of t h e  receiver relative t o  

t h e  source.  This approach was adopted because the design procedure i s  
aimed primarily at p re d i c t i ng  the indoor sound level. The effect  of us ing  

horizontal ra the r  t h a n  s l a n t  distance is compensated f o r  by the reduction 
of  the facadets sound transmission loss as t h e  range of angles of incidence 
s h i f t s  f u r t h e r  from normal incidence. I n  t h e  idealized case o f  a limp 
partition, t h e  noise  reduction varies  approximately as 10 log (cos 8 )  

where B is t h e  angle o f  incidence relazive to the normal to the facade 
(11 t o  1 3 ) .  For a real wall t h e  dependence on the  ang le  of incidence i s  

more complicated, particularly in those  cases where t h e  facade has  irre- 
gularities such as balconies o r  recessed windows, but t h e  trend towards 
lower noise reduct ion with h i g h e r  angles of  incidence s t i l l  per ta ins .  

For most suburban situations t h e  difference between horizontal and 
s l a n t  dis tance  is insignificant. There  is one obvious situation, however, 
i n  which t h e  slant distance t ends  t o  be much larger t h a n  t h e  horizontal 
distance, i . e . ,  t h e  case o f  h i g h - r i s e  buildings i n  an urban core. In such 
situations the  rate o f  decrease in the outdoor sound level with increasing 
receiver height is much less than  would be predicted f o r  geometrical 
spreading from a line source because of multiple reflections from building 
facades. In  these cases the present model (which assumes the outdoor 
sound level t o  be independent of receiver  height) provides a more accurate 
pred ic t ion  o f  the outdoor level  than  would r e s u l t  from use of t h e  slant 
distance. 



I n  most s i t u a t i o n s ,  much of the ground su r f ace  between the noise  
source and a building facade may be covered with grass, shrubs, o r  other 
vegetat ion.  This causes a further seduction of t h e  sound ( i n  addition 
t o  the distance correction af E q .  4 - 1 1  commonly referred to as '?excess 
ground attenuationR'. Current understanding of the physics o f  this effect 
i s  s t i l l  incomplete, although t h e  major features can be explained (14,151. 
A detailed physical evaluation o f  the  ground effect requires a knowledge 

of atmospheric turbulence and the acoustical impedance of t h e  surface, and 
involves extensive calculat ions that would be o u t  of place i n  a simple 
predic t ion  model such as this. Fortunately, it i s  possible t o  include 
many of t h e  relevant physical considerations in a simple empirical model. 
Our treatment of t h i s  problem is largely based on a model developed in 
Sweden (lo), wi th  some modifications and extensions to su i t  present  re- 
quirements. Figure 4.1  shows the predicted ground attenuation as a func- 

tion o f  t he  dis tance  from the  source to t h e  receiving p o s i t i o n ,  and a 
parameter called the "total effective height".  The curves in t h i s  Figure 
are very c lose  approximations to the corresponding curves in Figure 12  of 
Ref. 10. 

The effective t o t a l  he igh t  (denoted 14 in E q .  4.2) was introduced ta 
deal with the effect on t he  ground a t t e n t u a t i o n  of var ia t ions  i n  t h e  
source or t h e  receiver heights above the ground surface, or the intro- 
d u c t i o n  of an obstacle between t h e  source  and receiver. 

For a noise  source close to a f l a t  grassy sur face ,  with no inter- 
vening barr ier ,  t h e  effec t ive  total  h e i g h t  i s  simply equal to t h e  he igh t  
of t he  reciever re la t ive  to t h e  ground surface, as shown i n  F i g u r e  4 . 2 [ a ) .  

This situation has been extensively studied bath theoretically and experi- 
mentally and is the case for which tlze curves of  Figure 4.1 were initially 
formulated  ( 1 4 ) -  For receiver heights more than a few metres above the 
ground surface, t h e  ground attenuation depends primarily on the angle o f  
the propagation path r e l a t i ve  t o  the surface. For propagation paths very 
near t he  ground surface, t h e  attenuation is limited due to t h e  effect  o f  
so-called ground and surface waves. 

If the noise  source i s  raised appreciably above t h e  surface, the 
ground attenuation is reduced. As indicated in Figure  4.2Cb) this i s  in- 
corporated i n  t h e  model by using the sum o f  source and reciever h e i g h t s  
as the effective total height f o r  calculating t h e  ground attenuation. 
T h i s  approach is based on the premise that the angle between the reflected 
ray  and t h e  surface is t h e  primary physical variablc determining t h e  ground 
attenuation, as shown in Figure 4 . 3 .  This is equivalent to assuming t h a t  
ground a t tenuat ion ,  for  a given horizontal separation, is determined by 
the average height  above t h e  ground surface of the d i r e c t  r a y  from the 
source to the receiver. In practice, interference between the d i r e c t  and 
reflected r a y s ,  and o t h e r  physical cons ide r a t i ons  lead to some deviat ions 
from this model, but it does provide an easy-to-use correction w i t h  the  
appropriate trend. Because much of t he  noise from road t r a f f i c  comes 
from near t h e  road surface, t he  ef fec t  of this adjustment to t h e  effective 
t o t a l  height  is usually rather small. 

A much more s igni f icant  reduc t ion  in the ground attenuation is to bc 



expected if a roadside barrier or o t h e r  obstruction interferes with sound 
waves ref lec ted  from the surface. In some cases t h i s  r e d u c t i o n  in ground 
attenuation may be so large that adding a barrier actually increases the  
sound reaching some receiver positions (16,17). '[he calculation of the  
effec t ive  total height f o r  some common configurations i s  illustrated in 
Figures 4.2(c) to [g]. In these  cases it was assumed t h a t  the  ground 
a t tenuat ion  depends on t h e  arithmetic mean o f  t he  average heights above 
t he  ground surface o f  the d i r e c t  ray from t h e  source to t he  top of the 
obstruction and the d i r e c t  ray f rom there t o  the receiver. These rules 
fo r  calculating the effective t o t a l  he igh t  do not deal perfectly with all 
possible configurations, bur do produce the correct trends in most situa- 
t i o n s  as v e ~ i f i e d  by comparison w i t h  experimental resul ts .  

The r e s u l t i n g  effective t o t a l  height and the horizontal source- 
receiver  distance can then be used to obta in  the ground attentuation from 
Figure 4 - 1  or from the mathematical expression: 

Excess ground attenuation = 8 . 2  log[  
D 

2 + H + H2JGO + 60/D 
] - 3 d B  1 4 . 2 1  

where D is t h e  horizontal distance from t h e  source t o  the receiver and-H 
is t h e  "effective total height '?  [discussed below), both expressed in metres. 
This  correction is app l ied  in this model when more than hal f  t l ~ e  ground 
surface between t h e  source and receiver i s  acoustically "sof t" ,  and is 
subject to the following mathematical limits: 

(a] If Fl is less than 1.5 m, t h e  value  11 = 1.5 is used. 

(bl If D is grea ter  than 400 m, the value D = 400 is used.  

( c )  If t h e  value calculated using E q .  4.2 is negative, the  excess 
ground attenuation = 0 dB. 

T h i s ,  together w i t h  the predicted noise leve l  at 30 rn from the centre-  
l i n e ,  and t he  distance attenuation correction of E q .  4.1 yie lds  t h e  pre- 
dicted sound level at the r e ce iv ing  po in t ,  i n  the absence of a bar r i e r .  
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5.  ATTENUATION BY AN INFINITELY LONG BARRIER 

The most widely used model f o r  predicting barr ier  attenuation i s  
that developed by Maekawa f o ~  a poin t  noise source above a hard ground 
surface (181. It: i s  based on experimental data, but an approximate ana- 
l y t i c a l  expression i n  terms of t he  Fresne l  number (N) has been derived 
( 1 g ) .  Although there is an inheren t  frequency dependence of t h e  barrier 
attenuation, it  i s  commonly assumed t h a t  t h e  bar r i e r  at tenuat ion fo r  A- 
weighted t r a f f i c  noise can be approximated by t h e  attenuation at 50U Hz, 
far which M = 26/A = 3 . 3 6  where 6 i s  t h e  path length  difference and X is 
the wavelength i n  metres (19). With t h i s  subst i tut ion,  the barr ier  atte- 
nuation f u ~  a point source can be expressed as: 

Barrier attenuation = 20 l ~ ~ [ ~ / t a n h G ]  + 5 dB, f o r  6>0 

= 20 16 l / t a n a ] 6 1 ]  + 5 dB, f o r  -0.6m <6<0 

= 0 dB, f o r  6 ~ - 0 . 0 6  m C5.11 

A f u r t h e r  extension was provided by Kurze and Anderson who con- 
s idered  the case of an incoherent l i n e  source (19).  T h e i r  analys is  was 
subjec t  to four  major simplifying assumptions: 

1. The source is an i n f i n i t e l y  long, straight incoherent line 
source of  uniform strength per u n i t  length.  

2 .  The barrier i s  o f  uniform he igh t  throughout its l e n g t h  and 
i s  p a r a l l e l  t o  t h e  source. 

3 .  No effects such as turbulence o r  atmospheric absorpt ion are 
associated with the propagation medium. 

4 .  The ground surface i s  f l a t  and per fec t ly  r e f l e c t i n g .  

Although these assumptions permit a straightforward mathemat ica l  
treatment of t h e  problem, they do n o t  apply very well t o  t h e  conditions 
actually encountered in roadside barrier applications, Hence a somewhat 
d i f f e ren t  treatment of barrier attenuation has been adopted f o r  t h e  present  
model. Because it i s  bel ieved that r e f l e c t i o n s  from other surfaces and 
atmospheric effects  such as wind and turbulence w i l l  l i m i t  the e f f e c t i v e -  
ness of a barrier ,  an upper limit of 20 dB was put on t h e  predicted b a r r i e r  
attenuation. For the other  extreme, t h e  original CMllC model made the sim- 
p l i f y i n g  assumption that a t t e nua t i on  approached zero at zero path length 
di f ference ,  but recent extensive observations (20) demonstrated t h a t  t h i s  
was an over - s impl i f i ca t ion .  Accordingly, it was necessary to extend t h e  
model t o  include negative path l e n g t h  d i f f e rences ,  i . e . ,  receiving po in t s  
that l i e  outside t he  geometrical shadow zone of t h e  barrier as shown in 
Figure 5.1. Although the barrier does no t  interrupt t h e  d i rect  sound r a y ,  
d i f f r a c t i o n  f rom the bar r i e r  edge may provide up to 5 dB of a t t enua t ion  
fo r  smal l  negative values of 6 .  A smooth transition from 0 dB to 5 dB of 
bar r i e r  a t tenuat ion ,  essentially consisrent with t h e  p o i n t  source expres-  
sion i n  Eq.  5.1, was developed. 

In t h e  intermediate situations where ba r r i e r  attenuation i s  between 
5 dB and 20 dB, an appreciable scatter in the performance of barriers may 
be expected. On t h e  one hand, effects  such as atmospheric absorp t ion  and 



ground attenuation t end  t o  produce higher  at tenuat ions than would be 
predicted from t h e  K U T Z ~  and Anderson r e s u l t ,  as discussed i n  Section 

6 On t h e  other  hand, reflections from nearby buildings tend to reduce 
t h e  attenuation at most urban and suburban sites. Depending on its dire-  
ction, wind may increase or decrease t h e  effect ive attenuation, bu t  t h e  
decreases in at tenuat ion tend to be more significant (16, 17). Bearing 
these considerations i n  mind, an expression t h a t  p r e d i c t s  slightly Power 
barrier attenuations than t he  Kurze and Anderson result was selected. 
The pred ic ted  attenuation may be obtained either from Figure 5.2 or from 
the equations: 

Barrier attenuation = 20 dB , f o r b 6  m 

= 7 . 7  logs + 14 dB , for .3 m<S<6 m 

=-10 .4 (6  + .06)  * 22 .8 (&  + .06)', f o r  -.06 m<6<.3 rn 

= 0 , ford<-.06 m 





6 BARRIERS OF FINITE LENGTH 

A barrier of f i n i t e  length provides less sound attenuation than an 
i n f i n i t e l y  long barr ier  because of the sound energy coming past the ends 
of  the barrier. The f rac t ion  of the t o t a l  received sound energy t h a t  
comes around the  ends of a barrier depends not jus t  on t h e  pos i t i on  and 
s ize  of t he  barrier but also on the type of ground surface. The limiting 
cases with a perfectly r e f l e c t i n g  surface and with an absorpt ive surface 
are analysed in the following subsections, and the intermediate so lu t ion  
used i n  t h i s  model is presented. 

6 . 1  Barrier End Corrections (Hard Ground Surface) 

In the simple case where t h e  ground surface is assumed t o  be f l a t  
and perfectly r e f l e c t i n g ,  it is a straightforward problem to determine 
t h e  attenuation provided by a barrier of finite length.  The line source 
may be treated as a s e t  of incoherent l i n e  segments and t h e  sound energy 
reaching the receiver from a l l  of these segments combined to give t h e  
resu l t an t  sound level. 

The geometry of t h e  problem is shown in Figure 6 . 1 .  For propagation 
over a f la t  perfectly reflecting surface, in t h e  absence of b a r r i e r  a t t e -  
nuation {or any other attenuation except geometrical spreading), it can 
be shown t h a t  equal sound energy reaches R from any segment o f  t h e  l i n e  
source subtending d 0 ,  independent of the  angle B, Each segment dB (ex- 
pressed in degrees) con t r i bu t e s  dBJ180 of t h e  total sound energy arriving 
at R from the l i n e  source. Tf a barrier is introduced between the 
receiver  and a given source segment, the sound energy from that segment 
is t h e n  reduced t o  be d8/180 where 

and Bfl i s  the  appropriate barrier attenuation f o r  t h a t  segment. If d@ is 
sufficiently small, the segments may be treated as poin t  sources and the 
Waekawa expression f o r  barrier a t tenuat ion  w i t h  a po in t  source may be used 
f o r  Be. F a r  an i n f i n i t e l y  long barrier parallel to the line source, numer- 
i c a l ,  i n t eg ra t ion  us ing t h i s  procedure y i e l d s  the result obtained by Kurze 
and Anderson for an incoherent line source.  

For a l l  t h e  calculations discussed below, the l ine  source was divided 
i n t o  6Q segments each subtending an angle dB of 3 degrees; for t h e  case 

of an i n f i n i t e l y  long barrier, t h i s  was found t o  g i v c  essentially t h e  
same r e s u l t  as t h e  use of  1 degree increments and it provided reasonable 
resolution for evaluat ing t h e  effect of shortening t h e  barrier. 'The bar-  

rier attenuation was calculated using the expression 

Barrier a t tenua t ion  = -10 log(Eb d0/CdO) 
0 0 

where 0 ranges from -88.5 degrees to +88.5 degrees and bg = 1 i f  that 
segment o f  the source i s  visible beyond t h e  end of the bar r i e r .  The 
resu l t s  of t he se  ca l cu la t ions  are presented i n  Figure 6 . 2  as a f u n c t i o n  
of t h e  angle subtended by the barrier at t h e  receiving paint- 



6.2 Barrier End Correc t ions  (With Ground Attenuation] 

Ground a t tenua t ion  lessens the change in barrier attenuation caused 
by reducing t h e  length of t he  barr ier .  The f rac t ion  of the total energy 
tha t  comes from t h e  more d i s t a n t  segments of the l i n e  source is reduced 
by the ground effect ,  and therefore  the change i n  sound energy caused by 
t h e  bar r i e r  screening those segments is a smaller fraction o f  t h e  t a t a l  
sound energy t h a n  it would be f o r  the hard ground case. In addition, t h e  
decreased a t t e nua t i on  associated with removing a segment o f  the barrier 
is partially o f f s e t  by increased ground at tenuat ion because t he  he igh t  of 
t h e  propagat ion pa th  i s  decreased f o r  t h a t  segment. 

I n  order to proceed w i t h  a calculation of the e f f e c t  of  barrier 
length, an expression f o r  ground attenuation with a point  source was r e -  
q u i r ed .  For t h e  simple case with a point  source at t h e  ground surface, 
t h e  ground a t t e n u a t i o n  is  given approximately by: 

2Z 
Grotlnd attenuation = -20 log [ ( L } s i n $ ]  

21 

where Z1 i s  t h e  characteristic impedance of air and Z2 is t h e  acoustic 
impedance of the surface (143. Although the equation is nominally f o r  
t h e  case where t h e  source i s  on t h e  ground plane, defining the angle $ as 
t h e  arctangent af  the r a t i o  s f  e f f e c t i v e  t a t a l  h e i g h t  t o  horizontal  dis- 
tance would introduce a dependence on thc s o u r c e  height  o r  obs t ruc t i on  
he igh t  formally equivalent to that  presented in Section 4. It must be 
recognized, however, t ha t  Eq.  6 . 3  is a s impl i f ied  expression for a very 
complex phenomenon, and i s  not f u l l y  s a t i s f a c t o r y ,  par t i cu la r ly  f o r  small 
values of $ where surface wave effects introduce a f u r t h e r  c o m p l i c a t i o n .  
The express ion was therefore recast i n  t h c  form 

C 
Ground Artenuation = 20 l o g j a  s i n ( $  * b + d] 

where D i s  the  horizontal source-receiucr d i s t ance ,  and a, b and c are 
coefficients selected to minimize differences between the line source 
expression of E q .  4.2 and the resul t  of i n t eg ra t ing  this poin t  source ex- 
pression along a l i n e  sourcc. Although a perfec t  f i t  i s  not possible  with 

t h i s  functional form, t he  error  does not  exceed I dB j.n t h e  rangc covered 
i n  Figure 4.1  if t h e  coefficients are given the values a = 15.5, b = .011, 
c = -55 and negative attenuations are t r e a t e d  a s  0 dB. 

Fol lowing  the same approach to t h e  ca lcula t ion  of b a r r i e r  end ef fec t s  
as was used In Part 6 . 1 ,  t h e  sound energy reaching the receiver from a 
given segment of t h e  line source i s  bggedO where t h e  expression g, corres- 
ponding to E q .  6.4 takes t h e  form: 

where bo th  the angle I) and t h e  horizontal distance D depend on 0 .  'l'he 

attenuation fo r  a barrier  of finitc l e n g t h  i s  given by the expression: 



subject t o  the same conditions on dB, b and t h e  summation over 8 as 
B 

ware noted f o r  E q .  6.2. The second term i n  Eq. 6.6 i s  the ground a t t e -  

nuation that would be p red i c t e d  in t h e  presence of  an i n f i n i t e l y  long 
barrier. To maintain consistency with t h e  l i n e  source model, this must 
be subtracted off t o  obtain tha t  port ion of t he  excess attenuation asso- 

c i a t e d  specifically with ?'barrier attenuation". The ground attenuation 
expression is denoted g& in the second term to indica te  that  for each 8 
it i s  calculated using an effec t ive  t o t a l  height t h a t  includes barrier 
height .  In the  first term go = gJ if t h e  source segment at 0 is behind 
t h e  barrier, but was otherwise calculated using the smaller effective 
total he igh t  applicable in the absence of a barrier. 

Equation 6 . 6  was evaluated far a receiver behind t h e  midpoint of a 

barrier subtending angles ranging from 0 to 180 degrees in steps of  6 

degrees. Because of t h e  in terac t ion  of ground effect  and barrier attenu- 
ation, t h e  results obtained depend on the  positions of t h e  barrier and 
seceiver relative to t h e  source. The calculations were performed for t h e  
77 configurations no ted  i n  Table 6 . 2 ,  and the mean results (averaged over 
a l l  configurations] are presented in Figure 6 . 3 .  The nominal barrPer 
a t t enua t i on  indicated on the curves in Figure  6 . 3  is t h e  attenuation ob- 
tained by i n t e g r a t i n g  the expression of E q .  4 . 2  for an i n f i n i t e l y  long 
barrier  [which is essentially t h e  same as the line source result of Kurze 
and Anderson) .  Figure 6.4 shows t he  rangc of values f o r  t h e  specif ic  case 

w i t h  nominal barrier  at tenuat ion of 20 dB, to provide  an indication of the 
v a r i a t i o n  associated with changes in the configuration. The curves have 
limiting values for very s h o r t  and very long barriers, t h a t  (at l e a s t  a t  
f i r s t  glance) are quite disturbing. 

Table 6 . 2  

Positions of Barrier and Receiver (Relative 
t o  t he  Source) Used for Calculating F i g u r e  6 . 3  

Source-Receiver Source-Barrier Receiver Heights 
Distance (ft) Distances (ft) l f t l  

30, 50 0, 5, 10 ,  15, 20, 25 ,  30 

30, SO, 1100 0 ,  5, 10, 15, 20, 2 5 ,  30 
30, 50, 100 0 ,  5, 1 0 ,  15, 20, 25, 30 

30, 50, 100 0, 5, 10, 15, 20, 2 5 ,  30 

F o r  a b a r r i e r  of zero length, this calculation predicts a s i g n i f i c a n t  
barr ier  attenuation as illustrated in Figure 6 . 3 .  This attenuation is 
simply the  difference between t h e  ground attenuation in the absence of a 
barrier ( t h e  first term in Eq .  6.61 and t h e  ground attenuation with an 



infinitely long barrier (the second term in E q .  6.61. T h i s  might be 

described as the s i t u a t i o n  where a telephone p o l e  is t rea ted  as a bar- 
rier. The ground a t tenua t ion  ca l cu l a t i on  (as presented i n  Section 4) 
allows f o r  only two cases: a b a r r i e r  i s ,  or is not ,  present. Implicitly, 
if there is a barr ier  the ground effect  is a d j u s t e d  as i f  t h a t  bar r i e r  
were affec t ing  propagation from t h e  e n t i r e  l i n e  source. Thus in t h e  case 

of a short barrier t h e  basic ground effect  calculation underestimates t he  
ground attenuation far  those portions of t h e  source beyond t h e  ends of  
t h e  barrier. 'l'he apparent attenuation fox a bar r ie r  of z e r o  length is 
the appropriate adjustment of t h e  ground attenhation. 

The second apparent problem wi th  t h e  curves in Figure  6 . 3  is t ha t  
t h e  calculated barrier attenuation for a very long barrier is greater 
than the nominal value. ' l 'his difference arises because barr ier  a t tenu-  
ation and ground attenuation are not simply additive. The nominal atte- 
nuation for an infinitely long barrier  was obtained u s i n g  E q .  6.2 (or the 
Kurze and Anderson resul t )  which applies if t h e  ground surface is hard. 
Including t h e  ground at tenuat ion provides more attenuation f o r  t h e  more 
d i s t a n t  segments, and therefore  increases  the fractlan o f  x h e  t o t a l  sound 
energy coming to the receiver from the nearest source segments. These 
a re  the segments for which t he  path l e n g t h  differences (and hence t he  
bar r i e r  attenuation) are largest. Thus the effective '!averageu bar r i e r  

at tenuat ion shou ld  be somewhat larger than  i s  expected fo r  a l i n e  source 
on ha rd  ground. In general, t h e  result should lie somewhere between t h e  
Kurse and Anderson result and that predicted by Maekawa for a po in t  source 

6 . 3  Barrier End Corrections (Typical Applications) 

To simplify t he  ca lcu la t ions  in the CMHC design procedure, a single 
correction, to be used In both t h e  hard and s o f t  ground cases, was 

desired. Because most s l t e s  in urban and suburban areas have some ground 
surface of both types, this compromise is generally preferable t o  either 
of  the  extremes considered above. The r e s u l t i n g  curves agree w i t h  the 
hard  ground r e s u l t  in the limits of very long or very short  barriers, and 
lie between the hard  ground and so f t  ground r e s u l t s  f o r  intermediate cases. 

Because barriers  are seldom symmetric about the rece iv ing  poin t  o f  

interest, a set of  curves appropriate for e v a l u a t i n g  t h e  e f fec t  of sound 
coming around only one end of the barrier  is given in Figure 6 . 5 .  The 
at tenuat ion provided by a barrier  of f i n i t e  length i n  both direc t ions  is  

obta ined by correcting first for the short end of t h e  bar r i e r  and t h e n  
using that adjusted attenuation as the nominal barrier attenuation when 
ca lcula t ing  the correction for the o t h e r  end. The curves in Figurc 6.5  
show t h e  attenuation as a function of the "barrier aspect  ratlo"; calcu- 
l a t i o n  of this r a t i o  1s illustrated in Figure  6.6. 

The s~tuation may arise where there i s  a b a r r i e r  s h i e l d i n g  p a r t  of 
t he  road from t h e  receiving poin t ,  bu t  t he  barrier does n o t  in tersect  
che l i n e  from t h e  receiver  t o  t h e  nearest poin t  an t h e  road,  as i l l u s -  
trated in Figure 6 .7 .  In t h i s  case a first approximation of  the barrier 
attenuation is calculated in the manner described previousl}?, using b a r r i e r  

aspect  ra t ios  of 0 and arcran (B2). Thls  r e s u l t  i s  then m u l t i p l i e d  by 



(1 -61/02) to obtain the predicted bar r ie r  at tenuat ion.  It should b e  

noted t h a t  the barrier attenuation in such cases is never more than 3 dB, 

and i s  less  than 1 d B  if t h e  angle subtended by the barrier is less  than 
3O degrees. If t h e  predicted barrier attenuation is less than 2 dB, it 

is generally more accurate to ignore the barrier and apply only a ground 
attenuation correction (omitting the barrier in evaluating the effective 
t o t a l  height). 
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7. CURVES AND SEGMENTED BARRIERS 

The predic t ion  scheme described so far  assumes t h a t  t h e  roadway 
under conslderatlon 15 straight and infinitely long. T h i s  assumption is 
adequate in mast situations, but there are many cases where allowance 
must be made far other than a straight road, 

It can be shown tha t  for  the case of an infinitely long, s t r a i g h t  
l i n e  source on a smooth perfectly reflecting plane the sound energy 
reaching a point due to any Pine segment depends only on t h e  angle sub- 
tended by that segment. T h a t  is, line segments subtending equal angles 
con t r i bu t e  equal sound energy. This is no longer true if t h e r e  is ground 
attenuation, as in this case the segments closer to the receiving poin t  
contribute proportionately more energy. For the purposes of this model, 
however, it will be assumed that the rule of equal angles contributing 
equal energy gives an adequate approximation. On t h i s  basis a procedure 
can be developed t o  deal with curved roads such as t h a t  portrayed in 
Figure 7.1. 

The roadway shorn in Figure 7.1 can readily be t rea ted  as t w o  

straight road segments, numbered 1 and 2 ,  each of which contributes sound 
energy to t h e  receiving point P .  The analysis is now straightforward. 
Let L1 be the sound level predicted a t  point P i f  road k ,  a t  distance DL, 
were the only road contributing, and L2 be t h e  sound level pred ic ted  a t  
point  P if road 2, at distance D Z ,  were the only road contributing. The 
fraction of the sound energy from road 1 which actually does contribute 
is given by Q1/180 and from soad 2, by B 2 / 1 8 U  [if t h e  equal angle,  equal 
energy rule is appl i ed) .  l'hus the sound level at poin-t: P i s  given by 

(ioL~/lQ1 e (10~2/1~ 
L = 10 log [ -I- 

' fla] 
180 

In more comp.licaterl situations it may be necessary to decompose the road- 
way into more than two s t r a i g h t  roads, however the e x t e n s i o n  of t h e  pro- 
cedure is straightforward. 

dlsllghtXy different although closely related problem is t h a t  of a 

long barrier with gaps in it, such as a row of buildings between the  re- 
ceiving point  and t h e  roadway under consideration. In t h i s  case L1 is 
t h e  level predicted f o r  t h e  situation with a continuous b a r r i e r  and L2 is  

t h e  l eve l  predicted i n  the absence o f  the barrier. The angle €I1 subtcnded 

by the barrier  is o b t a i n e d  by adding the angles subtended by each of the 
bar r i e r  segments, and the angle O2 associated with t h e  gaps is obtained 
from f12 = 1813 - b l .  'l'he resultant level  is now easily obta ined by u s i n g  
E q .  7.1.  



F I G U R E  7 .1  

S E P A R A T I O N  OF C U R V E D  R O A D  I N T O  T W O  R O A D S .  R O A D  
1 A T  D I S T A N C E  Dl, S U B T E N D I N G  A N G L E  O1 A N D  R O A D  

2 AT D I S T A N C E  D 2 ,  S U B T E N D I N G  A N G L E  e2 



8 .  INTERRUPTED FLOW 

The traffic noise source levels calculated in Sec t ion  1 are based on 
t h e  assumption t h a t  t h e  t r a f f i c  is flowing f ree ly  a t  constant speed. 
While t h i s  is usually the situation an freeways, it is not  t h e  s i t u a t i o n  
on most urban roadways where t r a f f i c  l i g h t s  and stop s i g n s  are used t o  
contra1 traffic flow and speed. 

'L'he emitted sound power from each vehicle decreases as t h e  vehicle 
decelerates approaching the s t o p ,  increases to a maximum as the vehicle 
accelerates away from the stop, and f i n a l l y  s e t t l e s  back to the leve l  
characteristic fox free-flowing t r a f f i c  when t h e  vehic le  reaches its 
c ru i s ing  speed. The equivalent sound l eve l  follows a slightly d i f f e r e n t  
pattern, because the slower motion of t h e  vehic les  near the s t o p  r e s u l t s  
in t h e i r  spending a longer time interval ( w i t h  a corresponding increase 
i n  t he  ~ n t e g r a t e d  sound energy) in the segments of  the soad near  t h e  s t o p  

Fie ld  measurements w i t h  single vehicles (21) and computer studies 
for single lanes o f  vehicles (22) suggest that very close to the roadslde 
there  i s  a maximum decrease i n  t h e  equivalent sound level of I to 2 dB on 
the approach t o  a t r a f f i c  l i g h t  and a maximum increase o f  about 5 dB on 
t h e  accelerating side, If t w o  l i n e s  of vehicles  t r a v e l l i n g  i n  opposite 
directions are considered then t h e r e  is a resul tant  increase in equivalent 
sound level  of up to 3 dB f o r  a shor t  distance in both  directions from the 
t r a f f i c  light, when measured at a distance of under 10 m from t h e  roadside.  

On t h e  basis of these studies, t h e  increase in t he  time-averaged 
sound power emitted from the source has been assumed to have a p r o f i l e  as 
shown i n  Figure 8 . 1  in the region about t h e  traffic light. T h i s  p r o f i l e  
ignores any t r a f f i c  on t h e  cross s t ree t .  The distance Xa depends on The 
stopping dis tance  and acceleration rate and is therefore a f u n c t i o n  of 
both t he  speed limit and vehicle t y p e .  The values given in TabIe 8 . 1  are 
a first approximation of  the  appropriate values f o r  automobiles, obtained 
fram Ref. 123). Information on comparative s topp ing  distances and acce- 
lerations suggests t h a t  X2 is approximately f ive times as large f o r  heavy 
vehicles as f o r  automobiles travelling at t h e  same speed. 

Tab le  8.1 

Distance Travelled dur ing  Acceleration 
(from test fo r  some common speeds) 

Speed Dlstance to reach Speed 

.Ikm/h 1 x7 Cn) 

The sound level at any receiving poin t  w a s  obtained by dividing t h e  
road i n t o  segments and combining the sound energy received fram all 



increments lusing an appropriate propagation loss) .  'I'he excess l e v e l  due 
t o  t h e  t r a f f i c  light is simply t h e  d i f f e r ence  between t h e  integrated sound 
energy p r e d i c t e d  using t h e  profile of  Figure 8.1 and t h a t  ob ta ined  when 
a l l  segments emit t he  sound energy characteristic of freely flowing traf- 
fic. 4 decrease of 9 dB per  doubl ing  of the  distance from the segment 
midpoint was assumed. The difference of  3 dBJdoubling from t h e  u s u a l  cor- 
r ec t ion  f o r  spreading from a p o i n t  source was included to a l l o n  f o r  ground 
a t tenuat ion ,  sc reen ing  by bui ld ings ,  and o t h e r  sources of excess attenua- 
t i o n .  The r e s u l t i n g  change in the equivalent sound level was given by 
the expression: 

L G I  / lodx 
L ( D , X )  = 10 l o g  (oi0+ - ] /  - lo log (0' * (x - x] ' ) ' ,~  

J 

where X = dis tance  parallel to roadway from traffic light to receiving 
po in t ,  

D = source-receiver distance perpendicular to roadway 
L = equivalent sound level 8 m from centreline i n  absence of 

traffic Bight ,  
L(x) = sound level corresponding to L, with traffic light 

{Figure 8.1) . 

This  expression was evaluated numerically f o r  both l i g h t  and heavy 
vehicles and speed limits a£ SO, T O  and 90 km/h with appropriate  values 
of  x2.  It was found that by sca l lng  t h e  distances D and X by  the factor  
(1 + J?;) (s2/2500), where T is the fraction of  heavy vehicles and S is the 
speed limit in km/h, a l l  t h e  results could be presented in the single p l o t  
of excess l e v e l  vs normalized position given i n  Figure 8 . 2 .  





9 .  NOISE EMITTED BY RAIL1\rAY TKAFFIC 

rhe noise emitted dur ing  the passby of railway t r a i n s  can be  broken 
i n t o  three main components; locomotive engine and exhaust noise; wheel- 
r a i l  i n t e r a c t i o n  noise;  and whistle noise. 

Several methods have been proposed [24 to 28) f o r  predic t ing  t r a i n  
passby noise, although not all pertain to diesel-electric locomotives such 
as are used in Canada. The basic expressions used here were developed by 
t h e  Ontario Ministry of the  Environment based upon passby measurements 
made in southern Ontario ( 2 8 ) .  

9 . 1  Locomotive Exhaust Noise 

Calculation of the noise  level caused by locomotive exhaust requires 
t he  knowledge of two parameters: the speed and the loading of the loca- 
motive (i-e., the number o f  cars per locomotive]. The maximum passby 
level, measured at 15 m from track centreline, is given by: 

L 115m) = 8 2 . 8  + 0.15 x 
max 

S < 30 km/h 
P.11 

= 4 9 . 1  + 0.15 x + 23 .5  LogtS), S 1 30 km/h 

where S i s  speed in km/h, and x is the loading in cars per Xocomotive. 
For a receiver at distance D, a locomotive may be considered as a point 
source, and in t h e  absence of excess attenuation the maximum passby sound 
level is: 

1s 
L [U)  = Lmax[15 m) + 20 l o g  ($ max [grn2l  

The equivalent sound level at 30 m f o r  a s i n g l e  locwmotive passby 
can be obtained by integration over the passby time. Allowing f o r  t h e  
locornative length of 17 m, and normalizing t o  24 hours gives: 

L = BO log N - 10 log S + 0.15 x + 5 2  , S < 30 km/h 
eq, L E9.31 

= l O  log N + 13.5 l o g  S + 0.15 x -+ 16.5, S > 30 km/h 

where N is the number of  locomotives/24 h, and F and x are defined 
above. 

These equations can be rewritten i n  t h e  form 

L = 10 log N + K + 16.5 
e9 1 

where K i s  a load parameter given by: 

K = 13 .5  l o g  S + 0.15 x , S < 30 km/h 

K = -10 Xog S + 0 . 1 5  x * 35.5, S 30 km/h 



Figure 9.1 shows a p l o t  of Leq v s  t h e  number of locomotives f o r  repre- 
sentative values of the load parameter K .  

F o r  the purpose o f  ground attenuation and barrier attenuation calcu- 
lations t he  locomotive exhaust noise is taken to be located 4 m above the 
railway t rack ,  and the  calculations are performed exact ly as discussed 
previously for road t raff ic noise. 

9 . 2  R o l l i n g  Noise 

The interaction between s t ee l  railway wheels and the steel r a i l  is 
t he  other major source of noise from railways. 'ihis is aggravated by 
j o i n t s  between rail sec t ions ,  switches and t h e  squeal of t h e  wheel flanges 
rubbing curves. Only t he  noise associated with t ra ins  rolling on s t r a i g h t  
j o i n t e d  track is considered here, t he  problem of switch noise and wheel 
squeal will in general be dea l t  with  better by field measurements. 

The maximum passby level a t  15 rn fo r  rolling noise is given by: 

s 
L (15m)=87.8 
max 

r 25.7 log 

where S is train speed in km/h. 

The equivalent level  at a distance d may be obtained by integration, 
assuming that  t h e  track is straight and t ha t  the distance i s  greater than  
the length of the rail car (usually - 17 m). 

This  can now be extended to give the 24-h equiva len t  l e ve l  f o r  railway 
cars at 30 rn. 

L = 8.8  4 10 log n 4 1 5 . 7  log S 
eq,R 

[9-81 

where n is t h e  number af railway cars/24 h .  The 24-h equivalent level i s  
platted in Figure 9.2 as a function o f  t h e  number of railway cars for a 
variety of d i f f e ren t  speeds. 

The rolling noise, although primarily due t o  the interaction of t h e  
wheels with the rails, a l s o  contains a s i g n i f i c a n t  contribution from 
rattle of t h e  suspension system and other  miscellaneous squeals and 
rattles. For this reason 0.5 m is assigned as the h e i g h t  of t h i s  noise 
source above the railway track.  

9 . 3  Whistle Noise 

The f i n a l  noise source t h a t  can be attributed to t r a i n s  i s  the 

whistle. In general this i s  not a widespread problem; however l oca t ions  
near a road/rail crossing will be repeatedly exposed to this noise.  



The whistle is usually sounded intermittently over a dis tance  of 
400 m up t o  the point  f o r  which an audible warning is required. A l -  
~ h o u g h  t h e  whistle is not usually sounded continuously, t h i s  model assumes 
for simplicity t h a t  it i s .  It is also  assumed t h a t  half t h e  t r a i n s  d u r i n g  
each 24-h p e r i o d  travel i n  each direct ion.* These two assumptions simplify 
t h e  calculations, but t h e  levels calculated a t  a given receiver position 
f o r  a s i n g l e  t r a i n  passby will be  too high f a r  a t r a i n  whis t l ing  on t h e  
far side of  t h e  ' k c o o s s i n g i ~ n d  too low f o r  a tram whistling on the near 
side. 

For a train travelling at S km/h, t h e  A-weighted sound level  at a 
distance of 15 m from t h e  track is approximately: 

0 dB f o r  t < -O.4/S 

110 dB for -U.4/S < t < 0.4 /S  

0 dB f o r  t . 0.4JS 

where t = time in hours and t he  t r a i n  passes the  warning po in t  at t = 0 .  

The pos i t ion  of the t r a i n  and hence t h e  whistle relarive t o  the crossing 
i s  given by '1000 St.  he distance (p] from t h e  w h i s t l e  t o  the receiving 
point P shown i n  Figure 9 . 3  is then given by 

The level  measured a t  any i n s t an t  at a point  P i s  thesefare:  

t = 110 + 30 lag (15/P) 
P 

= 145 - 15 l o g  [ D ~  + (lOOO St - x)~] 

fo r  - . 4 / S  < t < . 4 / ~  

T h i s  i s  calculated assumng a propagation law of 9 dB per  distance 
d o u b l l n g  t o  allow f o r  ground effect  and a t h e r  farms of excess attenuation. 
The 24-h equivalent level is easily obta ined from: 

r .4/s 1 

which evaluates to 

"Pr inc ip le  o f  Conservation of Trains! 



T h i s  result is f o r  the  passbys of two t r a m s  In opposite direct ions;  t h e  
level  due t o  N t ra ins  may be found by adding 10 l eg (n /2 )  to the result 
of Eq. 9 . 1 1 .  
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