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This paper presented a study vhich was aimed at the developaent 

of trnffic noise model that can be used efficiently in the prediction and 

assessment of interrupted flov trnffic noise in the central business 

district of the Asian city. Data for this study was collected from 20 

sites in Singapore's CBD which included noise level, traffic speed, 

traffic volume and composition of the traffic together wit.h various 

measurements 'of road geometry and surrounding conditions. Three 

existing models which were previously built in the western countries with 

the different environment and different traffic conditions were tested 

against the collected data. The modification of some signjficant 

parnmeters was then given to the selected model in order to improve its 

efficiency in traffic noise predict ion. This new interrupted flow 

traffic noise model gave the best fit result to the measured noise in 

statistical test for the goodness of fit of the model, and also provided 

a significant improvement in the overall accuracy of traffic noise 

prediction when compared to the previous ones. 

INTRODUCTION 

Interrupted flow traffic noise from the urban area especially 

from the central business diskrict has different charncteristics from , 

traffic noise generated by the freely flov traffic on highway. These 

differences come from the different flow characteristics of traffic in 

the cBD roads where the stop and go of traffic flov is the normal 

troffic condition. This is in contrnst to traffic on highway, where 

the continuous flow traff ic gene rail^ occurs. It also comes from the 



different surrounding conditions between CBD roads and the highways such 

as carriage width, buildings by the road side, and rpad intersections in 

the vicinity. The rode1 for prediction of interrupted flow traffic noise 

is, therefore, different in nature from that of the free flow highway 

traffic noise. Very few studies vere done in the area of interrupted 

flow traffic noise prediction model, and all of these models were built 

and tested in the western countries. The efficiency of these models when 

they are applied to predict the interrupted flow traffic noise in CBD of 

Asian city, where the characterist ics of vehicle types and composition 

together with the surrounding conditions are generally different, is the 

interesting point to be investigated together with the building of any 

effective interrupted flow traffic noise prediction-model for the CBD in 

Asian city. 

SCOPE OF TllE STUDY 

This study project was aimed at the development of interrupted 

flov traffic noise model that could be used efficiently in the prediction 

of traffic noise in the central business district of Singapore. Three 

existing, models vhich were previously built in Lhe United Kingdom, nnmely, 

Edinburgh model, Sheffield aodel, and Oilhert et a1 aodel were used in the 

early stage investigation of this study in order to see how effective they 

were in the prediction of traffic noise in Singapore CBD. 

The best fitted model from this coapereative analysis was then 

selected for further development of the nev model, therefore, the overell 

accurucy in forecasting the interrupted flow traffic noise in this Asian 

CBD could be improved significantly. 

THE EXISTING HODELS 

The three existing nodels, which vere previously built to 

predicted interrupted flow traffic noise in the United Kingdoo, were used' . 
in the early stages of investigation and model development of this study. 

The mathematical formular of these three models can be presented as 

follows: 



Edinburgh Hodel 

L,, = 55.2  + 9.18  log Q(1 + 0 .09  PH) - 4 .2  log Vy t 2.3 T . 

dhere: L,, = t r a f f i c  noise level  i n  dBA t h a t  exceed 10% of the  measuring 

time period ( 1  hour) 

Q = t r a f f i c  volume tveh/h) e 

PH = proportion of vehicles exceeding 1.5 tons ( % )  

T = index of dispersion ( r a t i o  of variance t o  the mean of number 

of vehicles arriving i n  each 10 second i n t e r v a l )  

V = mean speed of t r a f f i c  (km/h) 

y = carr iage vidth cnetres)  

i 

Shef f  i e  ld  Hodcl 

L,, = 5 1 . 5 1  t 10.5 log Q(1  + 0 . 0 1  PII )  - 5 . 7 1  log tdk + 0.5 y )  

t 2 .38  log 0 

where: d k  = dis tance from noise mete,r t o  edge of kerb (metres) 

a = 1, or percentnge gradient whichever i s  larger  

Gi lber t  e t  a1 Hodel 

whore: df = dis tance from near s ide  kerb t o  near s i d e  facade (metres): 

and df ) 1 

L = number of l igh t  vehicles ( < 1525 kg 1 ,  (vehlh) 

H = number of medium goods vehicles ( 1525 - 4500 kg ), tveh/h) 

H = number of heavy goods vehicles ( ) 4500 kg 1,  (veh/h) 

FIELD DATA COLLECTION 

Data fo r  t h i s  st.udy gas col lected from 20 s ignal ised in tersect ion 

s i t e s  i n  Singapore C B D  which constit,utsd about 15% of the t o t a l  CDD'S 

s igna l i sed  in tersect ions .  The CBD area and locations fo r  data 

col lect ion a re  shown i n  Figure 1. Noise levels ,  t r a f f i c  speeds, t r a f f i c  

volumes, and composition of t r a f f i c  flow were collected.  Various 



measurements of the road geometry and surrounding conditions such as 

road widths, distances from kerbside to noise receiver, distances from 

receiver to facade, accelerations and decelerations of traffic flow were 

also taken. One-hour period traffic noise level and its corresponding 

volume and composition were taken during the morning peak, and off- 

peak hours of the day at these 20 designated sites, hence a total of 60 

noise level measurements uere taken for this study project. 

Figure 1. Central Business District of Singapore and Locations 

of Data Collection 



COHPARATIYE ANALYSIS 

Collected data on noise generating parameters was applied to 

calculate the predicted noise level in L,, (1-hour) froa these 3 

.existing models. The comparison tests were made in order to examine the 

goodness of fit between the predicted L,, and t.he measured L,, from 

the collect.ed field data. Two approaches were used to examine this 

relationship, namely, the graphical nethod and the. paired t-test. The 

graphical method, which was the ploting of predicted noise values against 

the measured values to see whether how good these data points fitted into 

the 45 degree line or the equivalent line, This graphical test showed that 

all of these 3 models gave the over-estirated values of L,, in 

comparison to the field measurement values. The smallest deviation result 

of the predicted L,, values froa the measured ones was from the Oilbert 

et a1 model with 97% of the data points falling within the 95% confidence . 
interval band compared with 62% for the EThinburgb lode1 and 21 for the 

Sheffield model. 
. . 

The paired t-test was also carried out to provide the 

statistical test for the differences betueen the predicted results from 

the model and the measured result form t,he field. In this paired t-test, 

only one population about which to drau inferences that uas the population 

of the differences between pairs of dat.a. The difference fd) was first 

calculated and then using the statistical program to obtain the mean and 

standard deviation of the difference. The null hypothesis was p,, = o, 

that is the mean value of the difference between pairs of measured noise 

and predicted noise is equal to zero. The results froa paired t-test at 

a significance level of 5% and 59 degree of freedom shoved that the null 

hypothesis of these 3 aodels were rejected. Therefore, all of these 3 

existing models could not be considered a good representation of the 

actual measured noise values from Singapore CUD. From this test, the 

Oilbert et a1 model gave the lovest t-value of 9.58 in comparison to 40.9 

of the Edinburgh and 42.0 of the Sheffield aodels. The statistical 

testing results from this paired t-test on these 3 aodels were siailar to 

those of the graphical tests. These results are shown in Table 1. 



Hode I 
statistical Functions 

Mean 

Standard Deviation 

t-Value 

R 

R= 

Gilbert 

1.27 

1.02 

9.58 

0.73 

0.53 

Edinburgh 

3.69 

0.70 

40.9 

0.75 

0.56 

Table 1. Results of St~lListical Test of the Existing nodels 

Sheffield 

5.53 

1.02 

42.0 

0.78 

0.58 
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DEVELOPHBNT OF THE NEW HODEL 

Improvement of Exist ing Models 

The 'improveaent was made t o  these 3 models through the 

s t a t i s t i c a l  modification. Each parameter and group of parameters t h a t  used 

in these models was invest igated by t h e  cor re la t ion  t e s t  against  the 

measured noise level .  Several addi t ional  parameters were a l s o  t e s t e d  t o  

see how well they could be included in to  the  model. The modification of 

these 3 exis t ing models were then performed through the  s t epv i se  multiple 

regression t.echnique, and the r e s u l t s  showed t h a t  the  inverse of distance 

from kerbedge t o  facade ( l / d , )  was t h e  new parameter tha t  should be 

added in to  the  Uodified Edinburgh and Hodified Shef f i e ld  models in  order 

t o  improve t h e i r  performance. No change occured in t h e  parameters of 

Hodified Gi lber t  e t  a1 model. The coef f i c ien t  of multiple determination 

R' of these modified models were improved subs tan t i a l ly  t o  about 0.80. 

Comparison of the  d e t a i l s  of exis t ing and modified models are  shown i n  

Table 2. 
- .  



o d e 1  1 E x i s t i n g  1106.1 I t tod i f ied  Hodel 

Edinburgh 

S h e f f i e l d  

Table 2. Comparison of Existing Hodels and Hodified Hodels for 

Predicted L,, (I-hour) Values 

55.2 4 9 - 1 8  log Q ( 1  4 0.09 PH) 

- 4.2 log  V Y  4 2.3 T 

o i l b e r t  , 

e t  a1 

Figure 2. Plot of Heasured L,, and Predicted L,, from the 

Hodified 'Gilbert et al' Hodel 

54.8 + 8.13  log Q ( 1  4 0.09 PHI 

- 3.09 log  V Y  4 4.66/df 

51.51 + 10.5 log Q ( 1  + 0.04 PHI 

- 5.71 log  ( 1  4 0.5 y )  

52.7 4 8.12 log Q ( i  4 0.04 PH) 

- 3.81 l o g t l  4 0.5 y)  43.241dr 

43.3 4 11.02 log  (L 4 9R r 1311) 

- 0.43 y  r 2.421dr 

49.6 4 7.67 log (L  4 9n 4 1 3 ~ )  

- 0 . 0 7 ~  r 4.22/df 



nodification of Selected Hodel 

The Modified Oilbert et a1 nodel was then selected for further 

development in order to improve the prediction efficiency of the model. 

This. was due to its best perforaance in the statistical test which 

provided the higheast Itg = 0.82 and also the nodelVs simplification. 

The plot of measured L,, and predicted L,, of the Hodified Oilbert et 

a1 model from the graphical test is shown in Figure 2. Further 

modification was given to the Modified Oilbert et a1 model by the 

application of proportional weighting values from the Illinois Department 

of Transportation study into light, redium, and heavy vehicle 

parameters of the rodel together with changing the parameter of l/df 

to log(df) which provided a higher correlation.to the L,, noise level. 

Statistical Analysis of the Nev Model 

The stepwise regression approach of the linear multiple 

regression analysis was given to this neu set of parmeters, and 

the result of this "New" Hodified model was 8s follous: 

L,, = 51.5 + 8.51 10g(L t K t 3H) - 0.081 y - 0.421 logtdf) 

where: L,, = predicted traffic noise level in L,, (1-hour) 

L = volume of light vehicles ( ( 1525 kg ), . (veblh) - . % 

H volume of medium goods vehicles ( 1525 - 4500 kg 1, (veb/h) 

H = volume of heavy goods vehicles ( ) 4500 kg ), (veh/h) 

y = carriage width of road (metres) 
df = distance from kerbedge to facade tmetrea) 

r 

This New noditied model, pave the R' of 0.84 for the ANOVA 

test of the model which was the highest value in comparison to those of 

other models. Results of this ANOVA test are shown in Table . 3 .  

The graphical test and paired t-test of these 4 modified models 

were also invebtigated, and the results showed that the New Hodified 

model gave the best fitted result to the 45 degree equivalent line in the 



test, and also gaye the suallest standard deviation of 0.57 and 

the t-value of 0.10 in the paired t-test. Results of these graphical 

test and paired t-test of the New Hodified model are shown in Figure 3. 

and Table 4. respectively. 

Table 3. Results of the ANOVA Test of the 'New Hodif ied' Hodel 

83 / 
-. 

/ 
/ 

L,, = 51 .5  4 8 . 5 1  l o g ( L  t H + 311) N 
/ - 0 . 0 8 1  y - 0 . 4 2 1  1 o g ( d r )  0 .. < * : 

/ 

/J .', 
.I 'A . , .. 

' Y .  /. . . / ../.' . ' . 
. *  ' .. . 0 .  . >  ' , . 
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0 
N .  

/ 
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" I 

75 77 79 ,.I 81 - 83 
PREDICTED L10 d B ( A )  

Figure 3. Plot of Heasured L,, and Predicted L,, from the 

'New Hodif ied' Hodel 

I nodified 'Gilbert et al* Hodel 'New' Hodified Hodel 

Hean 

Std Dev 

t-Value 

Table 4. Results of the Paired t-Test of the 'New Hodified' Hodel 

-0.02 

0.76 

0.20 
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CONCLUSION -- 
From the results of this study, it could be concluded that the 

"New" model which was developed in this study was the most suitable 

interrupted flow t,raffic noise forecasting model for the traffic in the 

central business district of Singapore. This model also provided a 

significant irprovenent in the overall accuracy of interrupted flow traffic 

noise prediction in cornperison to the performance of the existing models. 
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