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ABSTRACT ! 

This paper present the analysis and building of mathematical 
simulating model for highway traffic noise uhich is generated by traffic 
and geometric conditions of the highway. Data for this study project 
were collected from several highway locations in Singapore which in- 
cluded highway traffic characteristics and environmental traffic noises 
which were generated by these traffic conditions. These studied sites 
were chosen based on the criteria of length and contributing roadway, 
type of intervening ground cover, road surface texture, road gradient, 
and effect of reflection. The geometric dimensions of these highway 
sections and their nearby barriers were measured together with the col- 
lection of environmental conditions of these barriers. Environmental 

I 
traffic noises were measured by using the integrated sound level meters 
in Leq value with A weighting =:ale of decibel (dB) for one hour period. 
The data on traffic characteristics and traffic noises were collected on 
a sinultaneous basis in order to avoid any bias in data collection and 
the relationship between these two groups of data. 

The statistical comparative study were performed based on this 
database in order to select the best fit model from the existing models 
which were built in other western countries. The best fit model was 
then further modified to improve its effectiveness in forecasting the 
traffic noise under the local traffic conditions. This modification was 
done by means of the application of correction factor to each group of 
basic noise level parameters and the attenuation parameters in the 
simulating model. These two collection factors were defined as s ratio 
of the measured to the predicted noise level, and they were obtained by 
iterative procedure with the assistance of a written computerized 
program. The final simulating model showed a significant improvement in 
the prediction of overall traffic noise due to the significant inprove- 
nent in the part of attenuatisn values prediction with approximately 
42.24% of improvement. 
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ANALYSIS A.ND SIHULATXON OF ,TBAFFIC . . 
NOISE FROW HIGHWAY 

1. INTRODUCTION ' 

I 

~ r a f f i c  noise froa highuay i; the noise produced by 

t r a f  € i c  operating on the highway system. Traffic characteristics 

on the highuay such as vehicle size.height of vehicle and exhaust 

pipe,, engine size,. composition of t ra f f ic ,  lane width, etc.  

which are  normally different betueen the conditions in Asian 

contries and those i n  the US and European countries, Highway 

t r a f f i c  noise prediction models vhich uere developed in the US 

and i n  Europe gave an error when they uere used to predict 
f 

highway t r a f f i c  noise i n  Asian's t r a f f i c  condition. I n  order to 

provide a more accurate forecasting result  to  the highuay noise 

for t r a f f i c  and highuay condition i n  Asian country, the new 

highway t r a f f i c  noise prediction model should be bui l t  and 

tested based on the general t ra f f ic  and highway conditions of t h e  

Asian country. 



2. OBJECTIVE 

This research study aimed a t  the building of neu highway 

t r a f f i c  noise prediction nodel which was sensi t ive  t o  t r a f f i c ,  

vehicle, and roadway characterist ics i n  the Asian country. The 
# 

new node1 was a lso  expected to  be able t o  give a bet ter  result  
4 

ui th  higher accuracy i n  prediction of the highway noise than the 

tuo previously used models uhich were develaped in the US and UK. 

3 .  SCOPE OF THE STUDY 

I This study investigated into two exist,ing and uidely used 

t r a f f i c  noise prediction nodels uhich uere developed i n  tuo 

f dif ferent  western cbuntries namely, the FHWA model of the US 

vhich was developed by the United Sta te  Federal Highvay 

Administration, and the UK'S DOE aodel uhich was developed by the 

United Kingdoa's Department of Environment. These tuo ~ o d e l s  

were tes ted  i n  order to see thei r  effectiveness when they were 

applied t o  the highway t r a f f i c  and roadway conditions i n  

Singapore which is one of the Asdian countries. The better  node1 

f r o  these two existing nodels uere furthur developed t o  improve 

its highway t r a f f i c  noise forecasting accuracy by u s i n g  data on 

t r a f f i c  noise, vehicle conposit ion, highway geometry, and 



surrounding barrier  and environment as  the data base of nodel 

development. s t a t i s t i c a l  t e s t s  uere a lso  given i n  order t o  see , 

how ef f i c ien t  t h i s  new node1 could perferm i n  comparison t o  the 

previws models from US and UK. I 

I 

4. SITE SELECTION 
d 

The s i t e s  for t h i s  study were chosen from highway and 

roadway network in Singapore based on the following c r i t e r i a  : 

(1) The s i t e  had t o  have the greates t  possible length of 
I 

visual/ly unobstructed roadway (other than obstruction by the 

bar r i e r ) .  I t  had to  subtend an angle of a t  l eas t  150 a t  the 

I greatest observation distunce Eorn the road. The alignment of 

the associated roaduay had to  be as s t ra igh t  as possible t o  avoid 

fluctuation i n  speeds that a r i se  while vehicles were moving i n  

the curve. 

( 2 )  Both the intervening ground cover and the road 

surface texture had t o  be of high uniformity. 

( 3 )  The gradient of road had t o  be as constant as 

possible. Si tes  w i t h  the f l a t t e s t  possible grade uere chosen to  . 

minimize i t s  effect .  

( 4 )  Sites  had t o  be such that  the t r a f f i c  on the roadway 

have attained constant speed conditions, that  is, with minimum of 

accelerations and brakings, Thus. s i t e s  with intersections and/or 

approach roads i n  the i r  vicinity were avoided. 



( 5 )  In  order for  the affects of reflection to be 

neglected, the measuring equipment had to  be ahle t o  be se t  a t  , 

least 15 n from any reflecting surface other than the ground. 

( 6 )  The barrier (earth berm, wall, elevated and depressed 
0 

roadway configuration) should be as lang as a d  possible. Variation 

i n  the cross section (height and width) should be minimal. 

Froa these cr i ter ia ,  19 .different s i t e s  uere selected 

altogether from the roadway netuork i n  Singapore. The locations 

of these s i t e s  are shorn in the roadway network rap in Fig. 1. 

5. DATA COLLECTION 
f 

Data on t ra f f ic  characteristics and t r a f f i c  noises, which 

vere generated by these t r a f f i c  conditions, were collected from 

these 19 locations. 

On each study s i t e ,  the geometric dimensions of these 

highvay sections such as lane width, median width, shoulder width, 

nunber of lane, and right-of-way vidth vere rieasured together 

with the dimension of  height, width, and length of the nearby 

barrier. The enuironnental conditions of these barrier and 

roadways uere also collected, these included type of barrier (i.e. 
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6. EVALUATION OF THE EXfSTING KODELS 

The de ta i led  study of tbe  US'S FHYA model and UK's DOE nodel , 

gere done so  tha t  each parameter i n  the  models could he inves t i -  

a ted  based on the  t r a f f i c  and highuay conditions in  Singapore. 

These two models can be expressed as  the  foJlouinqs : 

FHWA nodel 4 

The basic  emission and propagation equaton of t h i s  model can 

be matheaatically s t a t e d  as ( 2 )  ( 4 )  : 

+ lolog(  4, ( Q t ,  0 2 ) / ? )  t A S  

I 
Hourly equivalent A-weighted sound l eve l  of the  

i t h  c lass  of vachicles 

Reference energy mean emission leve l  of t he  i t h  

c l a s s  of vehicles  

Number of vehicles  i n  t h e  its c l a s s  passing the  

highvay sec t ion  during t h e  1 hour period 

Perpendicular d i s tance  i n  metres, from the 

center l ine  of t he  t r a f f i c  lane t o  t he  receiver .  

Reference d is tance  (15 n) a t  which Lo values a r e  

obtained. 

Average speed of the  i t h  c lass  of vehicles  

measured in  kilometres per  hour. 

Observation period, 3600 seconds 

S i t e  paramet& equal t o  0 or I t 2  depending on . 
s i t e  condition 



= Roadway angles i n  degrees uhich describe the 

segments that  contribute acoustically. 

= ~djustment for f i n i t e  length roadways. 

= Attenuation i n  dBA, provided by shielding such as 

barriers, foliage and houses (standard barrier 
, 

theory i s  applied). a 

The overall Leq for the t r a f f i c  nix,  Leq ( t o t a l )  i s  

then obtained in the u n i t  of decibel (dB), or logarithmic additon 

as shovn : 

L ( t o t a l )  = C L e q ( A U  t KT t KT) t i n  d ~ )  
eq. L (AU)/10 L (MT)/10 Leq(HT)/10 

= lo log  (10 eq +10 eq + 10 1 

f 
uhere AU = Automobiles ( <  1525 kg.) 

KT = Hediun trucks (1525  - 4500 kg) 

KT = Heavy trucks 0 4500 k g )  

The (co),, for various class of vehicles are as Collovs : 

Autosobiles : (rm),(~u) = 3 8 . 1  log S - 2.4 dBA 

Kediun trucks : T = 33.9 l o g  S - 16.4 dBA 
- 

Heavy trucks : ( L O ) , ( H T )  = 24.6 log S - 38.5 dBA 

In. The model, the shielding adjustrent ( A ~ )  is in the effect  of 

shielding upon the overall t raff ic '  stream and its Leg, and it i s  

given as the following : 



Where h e i  angle ( i n  radians)  subtained by ba r r i e r  

N = 2 ( 6 / X )  

1 = composite wavelength f o r  t r a f f i c  noise taken a t  

0.67 n. (2.2 f t . )  

6 = the Fresnel number 

DOE ltodel 

The predict ion of noise leve l  a t  the  reception point of t he  U K ' s  
f 
DOE node1 cons is t s  2 par t s  (9) : 

(1) predict ion of basic  noise leve l  a t  10 w. away from the  nearside 

road edge. 

(21 Application of correct ion f ac to r s  t o  the above predicted basic  

noise level.  

This basic  noise l eve l  can be s t a t e d  as  follows : 

L,, (1 hour) = 41.2  t 10 logN 

where 

L , , ( l  hour) = Noise leve l  t ha t  is exceeded 10% of the - 

time (1 hour) 

N = Total vachicle f lou  within the  hour ( f o r  

both d i r e c t  ions i n  the noraal.  road) 



The corrections factors in t h i s  model consist of the followings : 

correction fo r  mean t r a f f i c  speed and t r a f f i c  composition, 

of two c lass i f ica t ion of vehicles : 

- ~utomobile ( (  1525 kg.) 

- Heavy truck (<  1525 kg. 4 

. correction for gradient 4 I 

. Correction for road surface 

. Hard/sof t ground, glass land propagat ion 

. obstructed barrier  propagation 

. Angle of view 

7. EVALUATION OF THE HODELS 
I 

7.1 Classification of Hotorcycle 
f 

Since both of the FWA and DOE models were developed 

un,!er the conditions where aotorcycles form a low percentage in 

the averge vehicle flov, therefore, both of them recommednd that 

motorncycles be c lass i f ied  subjectively i n t o  e i the r  the au to~obi le  

or heavy truck category, on the basis of the noise produced by 

each cycle as it passes the observer. 

In the study of specif ic noises the Society of Automo- 

t.ive Engineers have found that  the noise level from motorcycles 

l i e s  between tha t  of autowbiles and heavy trucks with the highest. 

noise level coming from the heavy trucks (8) 

In the Asian country such as Singapore, notorcycles form 

a significant  percentage. of the t r a f f i c  flov, Collected data i n  

th i s  study showed the percentage ranging from 6% t o  11.2%. 

Therefore, for  the purpose of analysis of these two models, 



eotorcycles were grouped i n t o  two categories, automoaile and 

heavy truck i n  order t o  determine the c lass i f ica t ion that  would 

give the bet ter  results .  Thus, tho  models were analysed under 

the following terms :- 

UK (DOE)  model - Hotorcycles under autoaobile I category (uK,,) 

- Motorcycles under heavy' truck category (uK,,) 

US (FHWA) model - Hotorcycles under autoaobile category (usA,) 

- Hotorcycles under heavy truck category (US,,) 

7.2 Conversion of L,, t b  Leq 

The tern of sound level prediction from UK and US aodels 

are d i f f e r en t -  The UK node1 gives the prediction value i n  terns of 

Lit, while the US nodel gives i n  terms of Leg. In order t o  do 

the co~pa ra t i ve  analysis of the efficiency of these two prediction 
f 

models against the f i e ld  neasurement of t r a f f i c  noises, the L,, 

values predcted by us ing  the UK model were converted into Lq 

values u s i n t  the following equation ( 2 )  : 

L,, - Leq = 5.57 i l n  (1 + 0.371 x 52801 

A 

vher 

N = t r a f f i c  volume 

S = t r a f f i c  speed 

D = .  /Gm \ 

d = distance from receiver t o  the nearer edge 

of the carriageway 

a = width of the csriageuay 
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7.3 Evaluat i~n Aspects of the Models 

The efficiency of the aodels were investigated i n  terms 

of three major coaponents : 

(1) Prediction of the basic noise level  generated by 

the t r a f f i c  
I 

( 2 )  Prediction of the am~unt of attenuation to  the 
', 

basic noise level as it propagates froa sources 

t o  the receiver 

( 3 )  The overall prediction, that  is, the noise level 

that f inally reaches the receiver behind a barrier.  

In order to  examine these three aspects, data on 

t r a f f i c  noise levels uas collected a t  the reference points (10 a. 

from the edge of the nearside carriageway for UK aodel, and 15 a. 

from the center of the carriageway for the US model), i n  front of 

the harrier ,  and behind the barrier.  This t r a f f i c  noise data was 

collected simultaneously w i t h  the collection of t r a f f i c  charac- 

t e r i s t i c  data in each studied s i t e .  

7.4 Comparative Analysis 

Data on traf E ic  characterist ics,  geonetric conditions of 

the roaduay and harrier,  the ground surface conditions, and the 

surrounding environment were collected from 19 locations and i n p u t  

i n k o  the highuay t ra f f i c  noise prediction models of both US and UK. 

The predicted values of t r a f f i c  noise were calculated froa these 

two models f o r  each sections of highuay f o r  the reference points 

near the side of the roadway, i n  front 'of the barrier ,  and behind 

the barrier .  
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Comparative analysis  was then given in  order t a  inves- 

t i g a t e  how these predicted values f i t t e d  t,o the f i e l d  measurement , 

noises, so  t h a t  the e f f ic iency  of the models could be examined. 

The predict ion e f f i c i ency  of these nodels were st,udied in  terms 

of the degree of deviat ion about t he  balance l ine ,  t h a t  is, the 

45- l i ne  passing €through the  or ig in  of a p lo t  of predicted 
4 

values versus measured values. Tvo approaches f o r  t h i s  study 

uare adopted t o  def ine  the  degree of ,dispersion, namely : 

(1) A confident band about the 45- l i ne ,  and 

( 2 )  The standard e r r o r  of est imate about t h e  45- 

l i n e  ( s e ) .  

The r e s u l t s   fro^ t h i s  comparative s tudb shoved t h a t  the 
I 

US model with motorcycles c l a s s i f i e d  under heavy trucks category 

' gave the  smallest  standard e r r o r  of est imate ( s e )  of 1 .45  about 

the balance l i n e  f o r  the comparative t e s t  of predicted and 

measured noises a t  the reference point in  f ront  of the ba r r i e r .  

The p lo t t i ng  provided' the  highest values of 84.2 % of points  f a l l  

within the 95 X confident in te rva l  band, and a l l  of the point-s 

were within the 90 % confident i n t e rva l  band. Fig 2 shows the 

r e su l t  of t h i s  p lo t ,  and Table I shows the comparative values of 

, the standard e r ro r  of estimate ( s e )  respest ively.  
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Xeasurcd Noise Level (dBA) 

FIWHE 2 PLOT OF PREOICEO ALLQ MEASURED MISE 
LWEI3 (US'S W A  bDEL) IN ='I OF 
BARRrm 

For the t e s t  of overa l l  predicted noises . a t  eht 

TAOLE I STAh'OARD ERROR OF ESTlbRTE FOR PREOICTIOh' 
01: M[SE LNU Ih' FRONT OF WRRIER 

locat ions behind the ba r r i e r  in  comparison t o  the measured noises 

1 

a t  the  sane locat ions,  t h i s  US model with motorcycles c l a s s i f i e d  

under the  heavy truck a l so  gave the s a a l l e s t  value of s tandard 

s:andard error 
o: esclrace. ae . 

e r ro r  of estimate ( s e )  of 3.61 about t he  balance l i ne ,  and the 

highest percentage of p lo t t i ng  points  of 89.5 % t h a t  f a l l  with in  

the 90 X confident i n t e rva l  band and 68.4 within the  95 % 

U X A U  

1.74 
, 

confident in te rva l  band. The r e s u l t  of ^p lo t  and t he  s e  w l u e s  

of these t e s t s  a r e  show in  Fig. 3 and Table 11 respect ively.  

U Y w s  

2 . 9 2  

US .a 

3 .55  

USmr 

1 . 4 s  



From the  resu l t  of the conparative t e s t s  of the US and 

UK models, the US,, nodel with motorcycles c l a s s i f i e d  andet heavy 

trucks category which gave 
, 

FIGURE 5 PLUT OF PREDICTED r\h'D MEASURED M 1 S E  
LRiUs (US'S ROVA bODEL) BMIND EXRRIER 

TABLE I 1  STMIIARD E!IKUR OF EST IblATE FOR PREUICTIOIY- 
OF M I S E  LEVEL BMIhD BARRIER 

the smallest s e  was therefore selected fo r  fur ther  improvement in 

order t o  build the nev model that  could give a higher efficiency 

in predicting highway t r a f f i c  noise in t h i s  Asian country 

The improve~ents were done by mean of applying the 

correction fac to r s  t o  the  two rain groups of parameters in the 

selected model, nagely, the  basic noise level  parameters, and the  

attenuation parameters. This can be presented mathematically as  

follows : 



~ o i s e  Level = F,(Basic Noise Level) - F,(Attenuation) 
/ 

where F, and FA are the correction factors  fo r  the groups of . 

basic noise level and attenuation respectively. 

These t u o  correction factors are  the  r a t i o  of the 

neasured t o  the predicted noise levels  a t  the same location. The 
I 

i t e ra t ive  procedure was then given i a b r d e r  t o  obtain thaes F, 

and F, fac tors  as described in a flow chart i n  Fig. 4. 

The collected data was then input in to  th i s  i t e r a t i ve  

procedure program and the factors F, and FA were calculated 
I 

i te ra t ively  u n t i l  the s t ab i l i sed  correction factors could be 

obtained. The values of correction factors  a t  each stage of 

i te ra t ion u n t i l  it reaches the s tab i l i sed  atage are shown i n  

Table 111. i 

r 

TABLE I11 CQHRECYTCIY FACTORS AT M STACE OF 
I TERAT I W 

I 

r t f c n u r c i o n  

FA 0,920 0.939 0.919 0.919 



The f ina l  model for  highway t r a f f i c  noise prediction. 

therefore can be s ta ted  as the following. 

Noise Level = 1.003 (Basic Noise Level) 

-0.919 (Attenuation! 

A t  each stage of i t e ra t ion  the adjusted noise level  lias 

matched against the f i e l d  measurement value and the standard 

error  of estimate about the balance l ine  was calculated as shown 

i n  Table Iv. 



TABLE IV STASMRD ERRUR OF ESTIbIATE TdE 
t b \ w  LI~E FOR E A ~  SET OF a m x r m  
FACTORS 

atardnrd error I number oC i t e r a e l o n  
or e s c l r a t e  
for 1 \ 1 2  1 3 4 

..I 
( In front  1 .4s  1.51  1.44 

of  barr ier  ) 

From th i s  table, the modified noise prediction model 

could provide the smallest value of standard e r ro r  a t  estimate 

( s e )  of 2.71 f o r  the overall comparison of predicted and measured 

highway noises a t  the location ' behind the barr ier .  I t  also 

provided the smallest se  values of 1.44 and 2.01 f o r  the t e s t s  of 

the noises a t  the location i n  front  of the ba r r i e r  rrnd the 

attenuation part  respectively. 

9. CONCLUSION 

Fron t h i s  study, the newly modified aodel which was 

based on the application of correction factors t o  each group of 

the basic noise level parameters and the attenuation paraaeters 

of the FHKA model with motorcycles c lass i f ied  under the heavy 

truck category could provide a significant  irprovenent t o  the 

highway t r a f f i c  noise prediction i n  Singapore. 



The s t a t i s t i c a l  t e s t s  showed tha t  standard error  of 

estimates f o r  the  overal l  prediction of t r a f f i c  noise behind the 

ba r r i e r  t h i s  new model improved from 3.61 t o  2.71, which was 

about 24.93 % of improvement. In  the part of prediction of 

a t tenuation values, i ts  standard e r ro r  of estimates I also  improved 

s i g n i f i c a n t l y  from 3.48 t o  2.01 or  qpproximately I 42 .24  1 of 

improvement. 
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