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INTRODUCTION 

Viaduct expressways o r  e levated expressways on super-structures which 

passing through the c i t y  center always cause the nolse impact which generated 

by t r a f f i c  on those expressways t o  the nearby h igh- r ise  bu i l d i ngs  along the 

expressway routes. Th is  study p ro jec t ,  therefore,  aimed a t  the  Investigation 

o f  t r a f f i c  nolse from the  v iaduct  type expressway and i t s  t r a f f i c  noise at-  

tenuat ion due t o  propagation path t o  the h igh- r ise  b u i l d i n g  along the s ide  o f  

I t h i s  expressway. 

ptudy was a lso done i n  order t o  b u i l d  the ana l y t i ca l  technique f o r  

. analyzing the nolse l eve l  whlch was generated by continuous t r a f f i c  f low nolse 
i 1 source on the v iaduct  ex&ssway and also the nolse propagation path from ex- 
I I pressway t o  the d i f f e r e n t  heights o f  surroundlng bu i  l d i ngs  nearby the 

I expressway's super-structure. F i e l d  data was co l lec ted  on the t r a f  f i c  charac- 

I t e r i s t i c s  and t r a f f  l c  composi t i o n  on expressway together w i t h  the  generated 
1 
1 
i t r a f f i c  noise l eve l s  which were measured a t  the same t ime o f  c o l l e c t i n g  t r a f -  
i 
' f i c  data. Nolse l eve l s  on the d i f f e r e n t  heights o f  buidings adjacent t o  the 

: expressway were a lso co l lec ted  i n  order t o  study the t r a f f i c  no ise a t tenuat ion 
I 

j due t o  propagation paths from elevated and at-grade sect ions of t h i s  ex- 
I 

? 
Pressway on the bu i ld ings.  

F i n a l l y ,  the s t a t i s t i c a l  t e s t  was performed t o  study the accuracy o f  

Assistant Professor 

Department of Civil Engineering 

King Mongkut Institute of TechnologrThonburi Bangkok, Thailand 



' ,  
a n a l y t i c a l  model which was b u i l t  i n  t h i s  study f o r  analyzing t r a f f i c  noise o f  

v iaduct  expressway On the h lgh- r ise  bu i ld ing .  

F i e l d  survey fo r  t h i s  study p ro j ec t  was done along the vtaduct  sect ion 

o f  Ayer Rajah Expressway which passing t h r o u i h  the cen t ra l  business d i s t r i c t  

o f  Singapore. The bu i ld ings  along the s ide o f  t h i s  v iaduct  expressway where 

measurements o f  noise leve l  were ca r r i ed  out  consisted o f  6 high- r ise  bu i ld-  

ings, namely, IBM Tower, Commercial Complex, J l t  Poh Bollding, Tanjong Pagar . 
Complex, and 2 bu i ld ings  o f  Keppel Warehouse. 

T r a f f i c  condi t ions on the expressway and noise leve l  measurements were 

done simultaneously on each sect ion o f  the expressway adjacent t o  the selected 

bu i ld ing .  Conditions o f  t r a f f i c  included t r a f f i c  volume, average spot speed, 

and dombination o f  t r a f f i c  f l ow on the expressway. A t  the same time, t r a f f i c  

noise l eve l s  were measured on the surface o f  the expressway and roadways 

under the   expressway!^ super-structure by p lac ing  the noise l e v e l  meters 1.2 

m. above the road surface and 1 m. from pavement edge. The measurement o f  . 
t r a f f i c  noise was ca r r i ed  out  by using i n teg ra t i ng  sound leve l  meters w i t h  the 

measurfng u n i t  o f  dB(A). The per iod f o r  each t r a f f i c  noise measurement was 1 

hour and the scale o f  noise l e v e l  t ha t  was used i n  t h i s  study was Leq which i s  

the equivalent  sound pressure l e v e l  i n  1 hour period. Noise l e v e l  measurements 

were a l so  ca r r i ed  out  by p lac ing  noise l eve l  meters a t  d i f f e r e n t  e levat ions 

on b u i l d i n g  adjacent t o  the expressway. The t ime f o r  t r a f f l c  cha rac te r i s t i c s  

and t r a f f i c  noise measurements of t h i s  study were dur ing the peak hour periods 

o f  the morning peak from 7:30 AM t o  9:30 AM and the afternoon peak from 4:30 

PM t o  7:30 PM. The concept o f  same t ime and same weekday were employed i f  the 

measurement was t o  be ca r r i ed  out  repeatedly on d i f f e r e n t  e leva t ion  i n  a par- 

t i c u l a r  section. This was t o  avoid b i as  resu l t s  due t o  changes i n  t r a f f i c  

cond i t i on  i n  each sect ion o f  expressway dur ing the measurement. A l l  the 

measurements were done only on dry road surface and c l ea r  weather condi t ion.  



The loca t ions  of bdlldlngs and s i t e s  o f  t r a f f i c  noise measurement on 

both of the  elevated and at-grade l eve l  of expressway are shown I n  ~ l ' q u r e  1 .  

The cross-sect ional  dimension of t h i s  v iaduct  expressway together w i t h  each 

adjacent b u i l d i n g  were a lso measured. The example o f  t h i s  to-scale cross- 

sec t ion  of Ayer Rajah Expressway and the nearby I B M  Tower bui  l d i n g  I s  shown i n  

TRAFFIC NOISE LEVEL AND TRAFFIC NOISE PATH ANALYSIS 

The t r a f f i c  noise propagation path o f  the sec t lon  o f  expressway adjacent 

t o  each selected b u i l d i n g  were analyzed. ~ o i s e  paths from d i f f e r e n t  l i n e  

sources f o r  both o f  the elevated expressway pnd the at-grade roadways were 
I 

measured from the center o f  each l i n e  source t o  the po in t  o f  rece iver  on the 

nearby h igh- r l se  bu i ld lng .  The distances from noise sources o f  the near side 
f 

, and the f a r  s ide o f  the elevated expressway carriageways t o  rece iver  on the 
I 
i b u i l d i n g  are i d e n t i f i e d  as Dn and O f  respect ive ly .  The D'n and D ' f  stand f o r  
I 

i the distances from rece iver  t o  the center l i n e s  o f  nearside carriageway and 

f a r s i de  carrlageway o f  the at-grade roadway under the v iaduct  expressway 

1 respect ive ly .  I d e n t i f i c a t i o n s  o f  On, O f ,  D'n, and D ' f  are shown i n  F i w r e  3. 
i 

t 
t 

The o v e r a l l  equivalent  distance (Doel) from a l l  o f  t 

/ tances from both o f  the  elevated sect ion and at-grade 
I 
! pressway cross-section could be determined from the f o l l ow  

-Doel = Dee * Deg 

and Dee = \I=- 
/ 

he nolse path  

sec t lon  o f  t h  

i n g  equations. 

dis- 

I s  ex- 

Deg = J D ' n  * O ' f  





Figure  2 Cross-section o f  Ayer Rajah Expressway and IBH Tower Bu i ld ing  

Fiqure 3 I d e n t i f i c a t i o n s  of.Dn, D f ,  D'n,  and D ' f o f  Expressway 

Cross-section 



where: Doe1 = Overal l  equivalent  d istance from cross-sect ion 

Dee = Equivalent d lstance from elevated secclon 

Deg = Equivalent d istance from at-grade sect ion 
I 

Dn = Distance from po ln t  o f  rece lve r  on b u i l d i n g  t o  center l i n e  

o f  nearside carriageway (elevated) 

D f  = Distance from po in t  o f  rece ive r  on b u l l d i n g  t o  center l i n e  

o f  f a r s i de  carriageway (elevated) 
4 

D'n = Distance from po ln t  o f  rece iver  9n b u i l d i n g  t o  center 1 ine 

o f  nearside carriageway (at-grade) 

D ' f  = Distance from p o i n t  o f  rece iver  on b u i l d l n g  t o  center l l n e  

o f  f a r s i de  carriageway (at-grade) 

TRAFFIC NOISE ATTENUATION ON BUILDING WITH RESPECT TO 
I I 
I 
i OVERALL EQUIVALENT PROPAGATION PATH 
! 

f 
The re la t io f lsh ip  between t r a f f i c  nolse which generated by elevated 

expressway and the at-grade roads under t h a t  expressway and I t s  propagation 

path t o  the high-r ise b u i l d i n g  was determined by performing the l i n e a r  

regression analysis based on the da ta ,o f  measured t r a f f i c  no ise l eve l s  (Leq) 

on the d i f f e r e n t  heights o f  h igh-r ise b u i l d i n g  and the o v e r a l l  equivalent  

d lstance (Doel) from the expressway t o  those po in t s  o f  measurement on the  

bu i ld ing.  This r e l a t i onsh ip  I s  shown i n  Figure 4 ,  and the mode1 could be 

mathematically express as the  fo l lowing.  

l 

i 
where: Leq(mob) = Overa l l  t r a f f i c  noise measured on b u l l d i n g  

S t a t i s t i c a l  t e s t  o f  t h i s  model gave a h i gh l y  g l g n i f i c a n t  value o f  R2 

; @qua1 t o  0.882, and the  standard e r r o r  of est imate equal t o  1.42. The 

i gradient  of t h i s  model was -0,094 which ind ica ted  t h a t  'a reduct ion o f  0.094 

t 
I 



OVERALL EQUIVALENT DISTANCE Doe1 ( H ) 

I 'iwre 4 Relationship of Overall Traffic Noise from Expressway Cross-sectlon 

on Building and the Overall Equivalent Distance (Doel) 

EQUIVALENT DISTANCE Dee ( H ) 

Fiqure 5 Relationship of Traffic Noise from Elevated Section of 

Expressway.on Building and the Equivalent Distance of 

Elevated Section (Dee) 



. ~ B ( A )  I n  Leq of t r a f f i c  nolse would caused by every m e t r e  o f  increment i n  

i 091. The model a l so  showed*that the o v e r a l l  t r a f f l c  noise l eve l  i n  Leq 

jf t h i s  expressway and at-grade road beneath t h i s  expressway was 76.46 ~ B ( A )  
I 

the zero o v e r a l l  equivalent  distance. 

1 
The establ ishment of t h i s  model provlded a mean o f  predicting nolse 

leve l  on bu i l d i ngs  adjacent t o  the expressway. Hence, t h i s  w i l l  f a c i l i t a t e  
f 
the d i s i g n  of bud l d i n g  and/or the expressway ,to s u l t  t h e  standard noise l eve l  

1 

i equ i  rement f o r  va r l oug  category o f  development. 
i 

i 
~ R A F F I C  NOISE ATTENUATION ON BUILDING WITH RESPECT TO 
i 
~OPAGATION PATH FROM ELEVATED SECTION OF EXPRESSWAY 

I The est imat ion o f  t r a f f l c  noise con t r l bu t i on  from elevated l eve l  o f  ex- 

ressway was achieved by f i l t e r l n g  the t r a f f l c  noise contribution from roadway 
I 

pn the at-grade l eve l  of t h i s  expressway. Th is  was done by est imat ing t r a f f i c  
f 

' o i se  f o r  at-grade l eve l  by using FHWA model w l t h  the  modi f ied motorcycle 

o lse  source i n t o  the mode1.(3,7) Th@ nolse was then excluded i n  l oga r i t h -  

i c  scale from the Leq(mob) t o  a r r i v e  a t  Leq(E). The mathematical formular o f  

eq(E) could be described as the fol lowings. 

Leq(mob) = 10 l og  ( 10 + 10 + 10 1 

.'. Leq(E) = 10 l o g  ( 10, ' - 10 - 10 1 

where: 

Leq(mob) = Overa l l  t r a f f i c  noise meassured on b u l l d l n g  

Leq(E) = T r a f f i c  noise cont r lbuted from elevated sec t ion  

o f  expressway 

Leq(N) = \ T r a f f i c  noise cont r ibuted from near s lde  carriageway 

o f  at-grade sect  Ion. 

Leq(F) = T r a f f i c  noise cont r ibuted from f a r  s lde  carriageway 

o f  at-grade sect ion 



r 0 

, Assumption made i n  t h i s  analysis i s  t h a t  t r a f f l c  cha rac te r i s t i c s  are the 

/same dur ing the same t ime $ r i od  o f  the same day i n  the week a t  a  p a r t i c u l a r  

(section.(2,8) i The mod i f i ca t ion  was a lso given t o  the o r i g j n a l  FHWA model t h a t  

I t he  motorcycle volume i n  t h i s  ana lys is  i s  c l a s s i f i e d  under the heavy t r uck  

category i n  t r a f f i c  noise est imat lon as prev ious ly  studied by Pamanikabud.(?) 

3 * L inear regression analys is  was then perfprmed between the  data on Leq(E) 
I 

! and t h e  equivalent  d istance from elevated seat ion of the  expressway I n  order 

t o  f i n d  the  re l a t i onsh ip  o f ' these  two fec tors .  The r e s u l t  o f  t h i s  r e l a t i on -  

: ship i s  shown I n  Figure 5 ,  and It could be 'mathematical ly expressed as the  

01 lowing. 

Leq(E) (1-hour) = 76 .12  - 0.12 Dee 
I 

This model gave a h i gh l y  s l g n i f i c a n t  value o f  R2 equal t o  0.892 and the 

tanbard e r r o r  o f  est imate equal t o  1.55. The magnitude o f  t h i s  value showed 

t h i s  l i n e a r  equation. .he v a l i d i t y  of 

The mode 

~ o t e n t i a l  nolse 

1  obtained from t h i s  ana1ysis.provided a mean o f  p red f c t i ng  

hazard from elevated sect lon o f  expressway i f  i t passed 

:hrough a c e r t a i n  land development. Hence, a proper p lanning on l oca t l on  and 

~ e l g h t  o f  bu i ld ings  o r  t he  expressway i t s e l f  could be achieved by c o n t r o l l i n g  

:he noise propagation path from the elevated expressway t o  the  b u i l d i n g  i n  or- 

je r  t o  reduce c r i t i c a l  noise problem. 

CONCLUSION 

From t h i s  p ro jec t ,  the resu l t s  from analyssis o f  noise propagation path 

showed t h a t  the ove ra l l  equivalent  d istance (Doel) which ca lcu la ted from the 

geometric mean of equivalent  distance of noise source from at-grade sect ion of 

roadway under the expressway t o  receiver (Deg) and the equivalent  d istance of 

noise source from elevated sec t lon  o f  expressway t o  rece iver  (Dee) had a 



highly correlation with the , noise level in Leq (1-hour) which recelved on the 

different height levels of high-rise building. This model relationship could 

be expressed as : 

Leq(mob) (l-hour) = 76.46 - 0.094 Doe1 

This model provided a high value of R2 'In the ANOVA test equal tq 0.882 

and the standard' error bf estimate equal to i t . 42 .  The model can significantly 
t 
] be applied to forcast the overall trafflc noise from the combination of both 
I 
of elevated section of expressway and at-grade roadway below this viaduct ex- 

pressway. 

'In the study of noise attenuation on bullding with respect to only the 
I traffic from elevated sectlon of expressway, the relationship of traffic 

noise on building in Leq (I-hour) from elevated section of expressway Leq(E) 

and the geometrical equivalent distance from elevated section of expressway to 

receiver on building (Dee) could be mathematically described as : 

Leq(E) (l-hour) = 76.12 - 0 .12  Dee 

This noise model on building gave a highly significant in the ANOVA 

test wlth RZ equal to 0.892 and standard error of estimate equal to 1.55, and 

it can be used effectively in combination wlth the modified FHWA model for 

foracasting of traffic noise level on high-rise building due to the elevated 

section of vladuct expressway. 
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