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ABSTRACT

The f r e e - f i e l d  p re d ic t ion  accurac ie s  of four  highway t r a f f i c  noise  p re d ic t io n  
models (FHWA, CMHC, RDG, and ONTARIO) were compared over a wide range of the basic  
v a r iab le s  of t r a f f i c  noise p re d ic t io n -  The average e r r o r ,  in terms of s tandard 
dev ia t ion  of d i f f e r en c e  between the p red ic t ed  and measured sound l e v e l s ,  was found 
to be about 2 dBA. A review of the f r e e - f i e l d  p re d ic t ion  accurac ie s  of major 
North American models developed s ince  1971 revealed s im i l a r  r e s u l t s .  In order  to 
improve p red ic t ion  accuracy,  e f f e c t s  such as ground condi t ions  and atmospheric 
in f luences  on the propagation of t r a f f i c  sound must be b e t t e r  understood and i n ­
corporated in to  p re d ic t io n  models. Also, noise generated due to t i r e -pavement  
i n t e r a c t i o n  and sound emission l e v e l s  of var ious veh ic le  types must be b e t t e r  
ch a rac te r ized  in e x i s t i n g  p re d ic t ion  procedures .

SOMMARIE

On compare l a  p réc i s ion  de la  p ré d ic t ion  en champ l i b r e  de qua tre  modèles de p r é ­
d ic t io n  des b r u i t s  r o u t i e r s  (FHWA, SCHL, RDG, e t  Ontario) sur  une gamme tre 's  é t e n ­
due des va r iab le s  de base de la  p ré d i c t i o n  des b r u i t s  r o u t i e r s .  On a t rouvé  que 
l ' e r r e u r  moyenne, on terme de dév ia t ion  normalisée des d i f f é r en c e s  en t re  l e s  n i ­
veaux sonores p r é d i t s  e t  l e s  niveaux mesurés,  e s t  de 2 dBA. L'examen de la  p r é c i ­
sion de la  p réd ic t io n  en champ l i b r e  des plus  importants  modèles nord-américains  
crées  depuis 1971 donne des r é s u l t a t s  s i m i l a i r e s .  Afin d ' am é l io re r  la  p réc i s ion  
des p ré d i c t i o n s ,  i l  f a u t  mieux comprende c e r t a i n s  e f f e t s  t e l s  que l ' é t a t  du sol e t  
le s  in f luences atmosphériques sur  la  propagat ion des b r u i t s  r o u t i e r s  e t  l e s  i n c o r ­
porer  dans l e s  modèles de p ré d i c t i o n .  De plus ,  i t  f a u t  mieux c a r a c t é r i s e r  le  
b r u i t  r é s u l t a n t  de 1 1 i n t e r a c t i o n  en t re  l e s  pneus e t  le  revetement e t  le  niveau 
d 'émission  sonore des d ivers  types de véhicules  dans l e s  procédures e x i s t a n t e s .

1/  INTRODUCTION

A r e l i a b l e  and accura te  highway noise  p re d ic t io n  method is  a corners tone  fo r  con­
t ro l  of acous t i ca l  environment along highways. A r e l i a b l e  p r e d ic t io n  method 
should be accura te ,  not only as f a r  as overa l l  r e s u l t s  are concerned, but i t  
should also  c o r r e c t l y  p r e d i c t  changes in sound lev e l s  due to s p e c i f i c  highway 
design fea tu res  such as pavement surface  type and highway grade.

The purpose of t h i s  study was to v e r i fy  the accuracy of a newly developed p r e d i c ­
t io n  method for  Ontario condi t ions  and to  determine i f  any f u r t h e r  improvements 
are requ ired .  More s p e c i f i c a l l y ,  the o b je c t iv e s  of the study were:

a) To compare the p re d ic t ion  accuracy of the new Federal Highway Adminis t ra t ion  
highway noise p re d ic t ion  model [1 ] ,  r e f e r r e d  to subsequently as the FHWA model, 
with other  p re d ic t ion  models, namely CMHC [2] ,  RDG [3] and Ontario [4] models.
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b) To determine the minimum standard deviation of d ifferences between the p red ic t ­
ed and measured sound levels  which can be expected i f  only customary, basic 
var iab les  are used for predic t ions.

c) To quantify predic t ion  errors  which may ar ise  from variables not included in 
the curren t  predic t ion  models.

2/ METHODS

The prediction accuracies of the models were determined by comparing predicted and 
measured energy equivalent sound leve ls .  The predicted levels  were obtained by 
inputt ing the actual t r a f f i c ,  geometric, and other required parameters into the 
four models (FHWA, CMHC, RDG, ONTARIO) The measured levels  were obtained a t  27 
s i t e s  s p e c i f ic a l ly  selected for the purposes of th is  study. The s i t e s  were s e l ­
ected with the object ive  to obtain a general data base for overall evaluation of 
the models. The s i t e s  encompassed a wide range of t r a f f i c  flow conditions ( t r a f ­
f i c  volume, composition, and speed) and highway f a c i l i t i e s .  Approximately one- 
half  of the s i t e s  bordered on freeways and the r e s t  on regional roads and a r t e r i a l  
s t r e e t s .  The sequence of measurements on individual s i t e s  was randomized as much 
as possible .

All s i t e s  approximated f r e e - f i e ld  condit ions.  The subtended angles of a t  l e a s t  
150° a t  the measurement locations were unobstructed by houses, b a r r i e r s ,  or other 
shielding fea tu re s .  The ground between the roadway and the measurement locat ions 
was covered mainly by grass. Measurements were conducted using the procedures and 
techniques recommended in Reference 5. To minimize va r ia t io n ,  the measurements 
were conducted only along s t r a ig h t  roadway sections with asphalt  pavement surfaces 
and with highway grades less  than 2%.

The to ta l  t r a f f i c  volume ranged from 40 to 8800 vehicles per hour with the mean of 
2500. The to ta l  truck percentage, including both medium and heavy trucks ,  ranged 
from 2% to 45% with a mean of 15%. The medium trucks were defined as 2-axle 
trucks with four t i r e s  on the rear  axle, the heavy trucks were defined as trucks 
with three or more axles .  The percentage of the heavy trucks in the to ta l  truck 
flow ranged from 0 to about 90% with a mean of 70%. Sound level measurements were 
taken a t  a height of 1.2 m above roadway pavement elevation and a t  equivalent d i s ­
tances (equivalent distance is  defined as a square root of the product of the 
perpendicular distance between the measurement location and the cen tre l in es  of the 
near and fa r  t r a f f i c  lanes, respect ively)  ranging from 10 to 115 m with a mean of 
50 m.

The to ta l  number of observations was 85 indicating th a t ,  on the average, three 
sound level measurements were ca rr ied  out a t  each s i t e .  These were not duplicate 
measurements but ra ther  measurements done a t  d i f fe re n t  distances from the roadway. 
The maximum number of measurements performed a t  any one s i t e  was l imited  to four 
in order to minimize the influence of any s i t e - s p e c i f i c  fea tu res ,  such as ground 
cover or p revail ing  wind conditions,  on the s t a t i s t i c a l  evaluation of model accu­
rac ies .

3/ RESULTS OF MODEL COMPARISONS

The predic t ion  accuracies obtained for the four models are compared and summarized
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in Table 1 in terms of means and standard deviations of d if fe rences  between the 
predicted and measured sound le v e ls .

Table 1/ Comparison of P redic tion  Accuracy

Prediction
Model

Mean Difference 
Between Predicted 
and Measured 
Values, dBA

Standard Dev. 
of Differences 

dBA

In te rcep t  of 
Regression Line 

dBA

A) Overall Comparison, All 85 Observations

FHWA 0.78 1.59 8.01
CMHC -0.10* 1.62 8.72
RDG 1.61 1.99 14.44
ONTARIO 0.23 1.68 6.43
Empirical 0.00 1.47 2.71

B) Comparison for Freeways, 46 Observations

FHWA 0.71 1.77 14.32
CMHC -0.75 1.36 7.46
RDG 0.97 2.07 21.00
ONTARIO 0.52 1.74 13.94

C) Comparison for Non-Freeways, 39 Observations

FHWA 0.87 1.35 7.30
CMHC 0.68 1.57 7.76
RDG 2.36 1.60 6.77
ONTARIO - 0.11 1.54 12.05

* Negative values ind ica te  underprediction.

The comparison was done separate ly  for a ll  85 observations, 46 freeway observa­
t io n s ,  and 39 non-freeway observations.  Also shown are r e su l t s  for an empirical 
model developed by m ultip le  regression analysis  which will be discussed l a t e r .
The following conclusions are based on the s t a t i s t i c a l  ind ica to rs  given in Table 1.

1/ For a l l  85 observations ,  the p redic tion  accuracy of the four models (FHWA, 
CHMC, RDG, ONTARIO) was quite  s im ila r .  The standard deviation of the models 
was in a narrow range from 1.62 dBA, obtained for the CMHC model, to 1.99 dBA, 
obtained for the RDG model.

2/ For 46 freeway observations,  all  models tended to overpredic t  with the excep­
t io n  of the CHMC model which underpredicted by an average of 0.75 dBA. Howe­
ver, the CMHC model had the lowest standard deviation of 1.36 dBA.

3/ For 39 non-freeway observations,  the RDG method overpredicted by an average of 
2.36 dBA and should be considered d e f ic ie n t  for these s i t e s .  The differences 
in p redic tion  accuracies ca lcu la ted  for the other three models were only mar­
ginal .
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4/ MODEL SELECTION

Since the accurac ies  of several p red ic t ion  models were s im i la r ,  the decis ion  as to  
which model to use was based on add i t iona l  cons ide ra t ions  such as t h e i r  ana ly t ica l  
q u a l i t i e s ,  f l e x i b i l i t y ,  and expected enhancement. In t h i s  r e sp ec t ,  the FHWA model 
i s  c l e a r ly  super io r  and was, fo r  t h i s  reason, adopted by the Ontario Minis try  of 
T ranspor ta t ion  and Communications as the recommended model.

For i l l u s t r a t i o n ,  l e t ' s  examine how the t r a f f i c  flow parameters are  accounted fo r  
by d i f f e r e n t  methods. The computerized vers ion of the FHWA model, STAMINA 2.0 [6] 
accepts  up to e ig h t  c la s se s  of highway vehic les  which can be defined by the user 
in terms of the average emissions l e v e l s ,  for  each octave band cen t re  frequency, 
a t  the d is tance  of 15 m from the vehic le  c e n t r e l i n e .  This an a ly t ic a l  approach 
enables  the user to c a l c u la te  sound le v e l s  along s p ec ia l i z ed  f a c i l i t i e s ,  fo r  exam­
p le ,  along busways and logging roads . On the other  hand, the CMHC and ONTARIO mo­
de ls  use only two f ixed vehic le  c l a s s e s ,  namely cars  and t rucks ,  and tend to pre ­
d i c t  well only for  average t r a f f i c  condi t ions  and for  typ ica l  highway f a c i l i t i e s .  
For example, c o r r e l a t i o n  analyses performed on the CMHC model using the survey 
data in d ica ted  a negat ive l i n e a r  dependence of the model accuracy on the p e rc en t ­
age of heavy t ru c k s .  The model unde rp red ic ts ,  with the s ig n i f ic a n ce  level of 
about 0 .02, a t  higher percentages of heavy trucks  (approximately 1 dBA for 15% of  
heavy t r u c k s ) .

The four  p re d ic t io n  models analysed use only the b a s ic ,  customary v a r ia b le s  of 
highway noise p red ic t io n  — d is tance  from observer to source,  t r a f f i c  volume and 
composition, and average speed of t r a f f i c  flow. To determine the p o te n t ia l  accu­
racy a t t a i n a b l e  by employing only those v a r i a b le s ,  an empirical  p red ic t io n  equa­
t ion  was c o ns t ruc ted  and c a l ib r a t e d  to f i t  the survey data for  a l l  85 observat ions  
using m u l t ip le  reg ress ion  a n a ly s i s .  The empirical equation i s  given by:

Leq = 21.5 + 11.1 log(Vc + 10 VMT + 15 VHT) - 15.4 log D + 15.0 log C 

where: Leq = energy equ iva len t  sound l e v e l ,  dBA

Vq = volume of c a r s ,  veh ic les  per hour 
VMT = volume of medium t ru c k s ,  veh ic les  per hour 
V^t = volume of heavy t ru c k s ,  veh ic les  per hour 
D = equ iva len t  d i s ta n ce ,  m
S = average opera t ing  speed of t r a f f i c  flow during an hour,

km/h

The m u l t i p l i c a t i o n  f a c to r s  of 10 and 15 for medium and heavy t ru c k s ,  r e s p e c t iv e ly ,  
were obta ined by s u b s t i t u t i n g  t r i a l  f a c to r s  in to  the equat ion and s e le c t in g  the 
f a c to r s  which r e s u l t e d  in the sm al les t  s tandard dev ia t ion  of d i f f e r en c e s  between 
pred ic ted  and measured sound l e v e l s .  Fur ther  work would be requ ired  to optimize 
these  f a c to r s  and to determine t h e i r  speed dépendance.

The s t a t i s t i c a l  in d ic a to r s  of the p re d ic t io n  accuracy of the empir ical model are 
compared with those obta ined fo r  the four  p red ic t io n  models in Table 1. As ex­
pected, the empirical model outperformed the o ther  models.  I t  should be noted, 
however, t h a t  the improvement in terms of s tandard dev ia t ion  was only marginal 
(1.47 dBA versus 1.62 dBA obta ined for  the CMHC model) and i s  not expected to 
change s u b s t a n t i a l l y  even i f  the m u l t i p l i c a t i o n  f a c to r s  of the empir ical model 
were ad jus ted  for speed dependence. These r e s u l t s  in d ic a te  t h a t  the re  i s  a
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"maximum" accuracy a t t a i n a b l e  using only the basic v a r i a b le s  of highway noise 
p re d ic t io n .  To improve the accuracy of the  c u r r e n t  p re d ic t io n  methods, i t  is  not 
s u f f i c i e n t  j u s t  to c h a r a c t e r i z e  b e t t e r  the  basic  p re d ic t io n  v a r i a b le s  and to im­
prove t h e i r  func t iona l  r e l a t i o n s h i p s ,  i t  i s  necess l ry  to incorpora te  o the r  f a c to r s  
and v a r iab le s  in to  the models.

5 /  REVIEW OF PREDICTION ACCURACIES

In the pas t ,  a number of s tu d ie s  have been conducted to assess  accurac ies  of h igh­
way t r a f f i c  noise p re d ic t io n  models. The r e s u l t s  of these  s tu d i e s ,  deal ing with 
major North American p re d ic t io n  models, are  presented in a summary form in Figure 
1. The r e s u l t s  obta ined in t h i s  study a re  a lso  inc luded.  Figure 1 shows a r e l a ­
t ionsh ip  between an approximate date a s p e c i f i c  model was developed and i t s  accu­
racy,  in terms of s tandard  d ev ia t ion  of d i f f e r en c e s  between the p red ic ted  and 
measured values,  as repor ted  by the author of the model or by an independent e v a l ­
ua to r .  For completeness,  two add i t iona l  North American models, TSC model [16] 
developed in 1972, and Wyle Labora to r ies  model [17] developed in 1974 should have 
a lso  been included and compared in Figure 1 but appropr ia te  data were not a v a i l ­
able .

NO TE: NUMBERS IN  PARENTHESIS  
REFER TO REFERENCE Nos.

POINTS W ITHO UT Nos.
THIS STUDY

112]

/

*  11) 

q 115]

! |
PREDICTIO N  

METHOD AN D  

REFERENCE No.

---- i-------1------ 1-------1-------1-------1--
1975

APPROXIMATE YEAR OF MODEL DEVELOPMENT

Figure 1/ Predic tion Accuracy o f T ra ff ic  Noise Predic tion Models
Sites w ithou t a r tif ic ia l barriers on ly.

The r e l a t i v e l y  narrow range of e r ro r s  repor ted  by d i f f e r e n t  in v e s t ig a t o r s  fo r  the 
seven most recen t  highway noise p re d ic t io n  models evaluated  in Figure 1 in d ic a te s  
t h a t  there  i s  indeed a l i m i t  on the p re d ic t io n  accuracy which can be achieved by 
c u r r e n t  models using only the b a s ic ,  customary v a r i a b le s .  This l i m i t  appears to 
be approximately 2 dBA in terms of s tandard  devia t ion  of d i f f é r e n c i e s  between the 
p red ic ted  and measured l e v e l s .  I t  may be noted th a t  the mean d i f f e r en c e  between 
pred ic ted  and measured sound l e v e l s  was not used to compare model accurac ies  s ince  
i t  i s  e a s i ly  in f luenced ,  in the case of empirical  models, by model c a l i b r a t i o n ,  or 
in the case of a n a ly t i c a l  models, by adjustments to average veh ic le  emission l e ­
ve l s .

According to Figure 1 da ta ,  the re  has not been any no t iceab le  improvement in p re ­
d ic t io n  accuracy since  1973. The spread of values repor ted  fo r  the d i f f e r e n t  
p red ic t io n  methods and by d i f f e r e n t  i n v e s t ig a t o r s  can be a t t r i b u t e d  la rg e ly  to 
d i f f e r en c e s  between the s tud ie s  ( e . g . ,  s i t e  s e l e c t io n  c r i t e r i a ) .  The r e l a t i v e l y
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low s tandard dev ia t ions  obta ined in t h i s  study are probably the r e s u l t  of the 
s t r i c t  s i t e  s e l e c t io n  c r i t e r i a  used ( e . g . ,  only a spha l t  concrete  pavements, f l a t ,  
g rass-covered  t e r r a i n  between the roadway and the r e c e iv e r ) .

I t  should be noted t h a t  the e r ro r s  p lo t t e d  in Figure 1 were obta ined fo r  genera l ly  
unshielded  lo c a t io n s ,  i . e . ,  lo ca t io n s  not shie lded by houses or a r t i f i c i a l  ba r ­
r i e r s .  For the  s i t e s  sh ielded  by houses, the e r ro r  can increase  by about 20% [14] 
and fo r  s i t e s  sh ie lded  by a r t i f i c i a l  b a r r i e r s  the e r ro r  can a c tu a l ly  double [15, 
18].

6/ MEW PREDICTION MODELS

To s i g n i f i c a n t l y  improve p red ic t io n  accurac ies  of the e x i s t in g  models, the e f f e c t s  
of  several s p e c i f i c  f a c to r s  ( e . g . ,  pavement tex tu re  and highway grade) must be 
b e t t e r  understood and add i t iona l  f a c to r s  r e l a t e d  to sound propat ion over ground 
and w e a th e r - r e l a t e d  inf luences  must be incorpora ted  in to  the models. The t rend to 
inc rease  the number of v a r ia b le s  included in the p red ic t ion  models, and inc iden ­
t a l l y  t h e i r  complexity , i s  shown in Table 2 which c l a s s i f i e s  the e x i s t in g  models 
and models under development in to  four  c a teg o r ie s  as f i r s t ,  second, t h i r d  and 
four th  genera t ion  models.

Table 2/ Traffic Noise Prediction Models

Model
Class

Example and
Date of Development

Selected Model Features

1s t
Generation

BBN [7 ] ,  1971 
ONTARIO [9 ] ,  1974

Only two highway veh ic le  
c la s s e s .
Overall dBA level  c a l c u l a t i o n .  
Only l im i ted  recogn i t ion  of 
ground a t t e n u a t io n .

2nd
Generation

FHWA
STAMINA [6]* 
1979

Several highway veh ic le  c l a s s e s .  
Octave or t h i r d  octave cen t re  
frequency c a l c u l a t i o n .
Some recogni t ion  of ground 
impedance.

3rd
Generat ion

FHWA-N [19] ,  1982 
STOP-GO [20] , 1982

Same as 2nd generat ion plus: 
E x p l i c i t  recogn i t ion  of ground 
impedance and i t s  v a r i a t i o n  
between the source and the 
r ece iv e r .

4th
Generation

Under
Development

Same as 3rd generat ion plus 
w ea th e r - re la t ed  v a r i a b le s .

* This i s  a computerized vers ion of the o r ig ina l  model [1 ] .

For example, the t h i r d  generat ion models now under development account for cohe­
rence between d i r e c t  and ground r e f l e c t e d  sound propagation. The ground cover i s  
modelled by severa l contiguous planes using 3-dimensional c o o rd in a te s .  Sound 
absorpt ion  p ro p e r t i e s  of these  planes are c h a rac te r iz ed  by t h e i r  complex ground 
impedance values given for each of 24 on e - th i rd  octave band cen te r  f requencies  
spanning the 50 to 10 000 Hz range. This i l l u s t r a t e s  the inc rease  in the model
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complexity which may be required to s ig n i f ic a n t ly  improve the accuracy of the 
ex is ting  prediction methods.

7 /  CAUSES OF ERRORS

Some of the major causes of errors associated with highway t r a f f i c  noise predic­
t ion  methods are quantif ied in the fo llow ing.

7 . 1 /  E m iss io n  L e v e l s  o f  Highway V e h i c l e s

The assumptions regarding the noise emission levels of highway vehicles are para­
mount for prediction accuracy at a l l  distances. Figure 2 shows tha t while the 
assumptions made by d i f fe re n t  agencies on the sound emission levels of passenger 
cars are quite s im ila r ,  the assumptions on the sound emission levels of heavy 
trucks, made by the same agencies, can d i f f e r  by up to 5 dBA. These differences 
can be a ttr ibu ted  to varia tions w ith in  the class of heavy trucks which encompasses 
vehicles with gross weight ranging from about 12 000 to 65 000 kg and to the pre­
valence of certa in types of heavy trucks in some lo c a l i t ie s .  Since the contribu­
tion  from heavy trucks often dominates highway t r a f f i c  sound leve ls , better s i te -  
spec if ic  characterization of th e ir  emission level is required.

90 -i

60 -

S PE ED , k m /h

Figure  2 /  V a r ia t io n  in M ax im um  S o u n d  Level o f  H ighw ay Vehic les
The standard deviation o f  ind iv idua l p o in ts  was approx im ate ly  
2  dBA fo r passenger cars and 3  dBA fo r  trucks.

7 . 2 /  Sound P r o p a g a t io n

Sound propagation is  influenced by a number of factors such as geometry between 
the source and the receiver, environmental weather-related e ffec ts , ground impe­
dance and i t s  va r ia t ion , source frequency and source shape (or t r a f f i c  volume) 
[23 ]. To quantify the influence of some of these factors we have conducted a 
series of long-duration 24-hour measurements along a six-lane freeway. The mea­
surements were conducted at two locations on the opposite sides of the freeway, 
approximately 350 m from the cen tre line . Five 24-hour sound level measurements 
were conducted at each location before a ba rr ie r  construction and eight to ten 24- 
hour measurements were conducted a f te r  the ba rr ie r construction during an e ight- 
month period spanning v i r tu a l ly  a l l  four seasons. The dominant noise source at 
these locations was t r a f f i c  noise.
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Results  given in Figure 3 show a cons iderab le  day-to-day v a r i a t i o n  in sound l e ­
v e l s .  The s tandard devia t ion  of t h i s  v a r i a t io n  was approximately 2.5 dBA and was 
not  in fluenced by the b a r r i e r  cons t ruc t ion  nor by measurement lo ca t io n  (north side 
and south side  in Figure 3a).  The nightt ime sound l e v e l s  were about 6 dBA lower 
than the daytime l e v e l s  (Figure 3b) both before and a f t e r  b a r r i e r  c o n s t ru c t io n .
The s tandard dev ia t ions  of the daytime sound leve l s  and n ight- t ime sound le v e l s  
measured during the eight-month period were s im i la r  (2.38 and 2.47 dBA, re spec ­
t i v e l y ) .

(a) 24  H o u r  Leq, N orth  and  S o u th  Sides

Figure 3 /  Long-Term  Changes in S ound  Levels A long  a  M ajor Freeway 
Befo re  and  A f te r  Barrier C o n s tru c t io n
Locations approxim ate ly 350  m  from  centerline.

The in fluence  of w ea th e r - re la t ed  va r iab le s  (such as wind v e lo c i ty  and temperature 
which were a lso  monitored) on the measured sound l e v e l s  was a lso  analysed,  but i t  
was d i f f i c u l t  to quanti fy  due to the t r a n s i e n t  nature of these  v a r i a b l e s .  Thus, 
the observed v a r i a t i o n  in sound l e v e l s  should be a t t r i b u t e d  to w ea the r - re la t ed  
f a c t o r s ,  the change in the ground cover during the seasons and to some ex ten t ,  to 
the in f luence  of community noise sources which could not be e l im ina ted .  The b a r ­
r i e r  e rec t io n  may have also c on t r ibu ted  to the v a r i a t io n  in the measured sound 
l e v e l s  but  i t s  in fluence  was overshadowed by the aforementioned f a c t o r s .  I t  
should be noted t h a t  the d is tance  between the b a r r i e r  and the measurement lo c a ­
t i o n s  was more than 300 m.

7 .3 /  Pavement Surface  Type

The c o n t r ib u t io n  of t i re-pavement i n t e r a c t i o n  noise inc reases  with veh ic le  speed 
and often  dominates t r a f f i c  noise in most highway s i t u a t i o n s  where the average 
opera t ing  speed of t r a f f i c  flow approaches or exceeds 80 km/h. The t i re-pavement 
i n t e r a c t i o n  noise generat ing mechanisms i s  r a th e r  complex and depends mainly on 
pavement su r face  c h a r a c t e r i s t i e s ,  t i r e  type ,  number of t i r e s ,  veh ic le  speed and 
veh ic le  weight .  Neverthe le ss,  the r e l a t i v e  noise generat ion  p o ten t ia l  of typ ica l  
pavement su r faces  has been e s t a b l i s h e d  and i s  summarized in Table 3.
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Table 3 /  R e la t iv e  Change in Overal l Sound Levels 
Due to  Pavement Texture,  dBA*

Pavement Surface Type dBA

ASHPALT CONCRETE PAVEMENTS
Typical pavement (HL-1) 0
Open-graded f r i c t i o n  course -2
Surface trea tment +5

PORTLAND CONCRETE PAVEMENTS
Used pavement -1
New, wire-brushed f i n i s h +5
New, p la s t i c -g ro o v ed  f i n i s h +7

* For t r a f f i c  flow conta in ing  about 10% of t rucks  
with an average opera t ing  speed about 100 km/h.
Pavements in good s t r u c t u r a l  cond i t ion .  Dis tance  
about 30 m from the c e n t r e - l i n e .  Results  may vary 
by several  dec ibe ls  depending on actual  pavement 
t e x tu r e .

Data presented in Table 3 in d i c a t e  t h a t  typ ica l  highway t r a f f i c  t r a v e l l i n g  on an 
open-graded a sp h a l t  concrete  pavement may be, on the average,  about 9 dBA q u ie t e r  
than the same t r a f f i c  t r a v e l l i n g  on a new p la s t ic -g rooved  Por t land  cement concrete  
pavement. To reduce p re d ic t io n  e r r o r s ,  the in f luence  of the pavement sur face  type 
on t r a f f i c  noise generat ion should be e x p l i c i t l y  included in highway noise p r e d i c ­
t i o n s ,  p re fe rab ly  by modifying veh icu lar  noise emission l e v e l s .

8/ SUMMARY AND CONCLUSIONS

1/ The p red ic t io n  accuracy of the four highway noise p red ic t io n  models evaluated  
in t h i s  study (FHWA, CMHC, RDG and ONTARIO) was r e l a t i v e l y  s im i l a r  with the 
exception of the RDG model which was found d e f i c i e n t  fo r  non-freeway s i t u a ­
t i o n s .

2/  Since the d i f f e r en c e s  in p red ic t ion  accurac ies  between the models are marginal ,  
the model s e l e c t io n  should be based on i t s  ana ly t i c a l  p r o p e r t i e s ,  f l e x i b i l i t y  
and whether or not the model development will  cont inue .  On t h i s  b a s i s ,  the 
FHWA method has been se le c te d  for  the use of the Ontario Minist ry of Transpor ­
t a t i o n  and Communications.

3/  The average p re d ic t io n  e r r o r  which can be expected from the c u r r e n t ly  used 
highway t r a f f i c  noise p re d ic t io n  methods employing only bas ic ,  customary v a r i a ­
bles i s  about 2 dBA in terms of s tandard  dev ia t ion  of d i f f e r en c e s  between the 
p red ic ted  and actual  sound l e v e l s .

4/  The p red ic t ion  accuracy of the e x i s t i n g  models can be improved by using veh ic le  
emission l e v e l s  r e f l e c t i n g  actual veh ic le  popula t ion,  by b e t t e r  c h a r a c t e r i z a -  
of the noise generat ion  po ten t ia l  of d i f f e r e n t  pavement sur faces  and by i n c l u ­
sion of add i t iona l  unconventional v a r i a b le s  r e l a t e d  to atmospheric propagation 
of sound over ground.
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5 /  Addit ional  re search  i s  required  to determine which parts  o f  highway n o i s e  pre ­
d i c t i o n  methodology c o n t r i b u t e  most to the ov e r a l l  p r e d i c t i o n  error  and thus  
are in g r e a t e s t  need of  improvement.
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