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INTRODUCTION

-

Viaduct expressways or elevated expressways .on. super-structures which
passing through the city center always cause the no1se impact which generated
by traffic on those expressways to the nearby high-rise bui]dings along the
expressway routes. ' This study project, therefore, aimed at the investigation
of traffic noise from the viaduct type expressway and its traffic noise at- ’

tenuation due to propagation bath to the high-rise bu11d1hg along the sidé of

'th1s expressway.

;tudy was also done in order to build the analytical technique for
: analyzing the noise level which was generated by continuous traffic floQ noisé
source 6n the viaduct exdgssway and also the noise propagétion path from ex-
pressway ta the different heights of surranding buildings - nearby the
expressway’s super-structure. Field déta was collected on the traffic charac-
teristics ahd tréffic composition on expressway together with fhe generated

traffic noise levels which were measured at the same time of col1ect1ng traf-

fic data. Noise levels on the different heights of buidings adjacent to the
expressway were also col]ected in order to study the traff1c noise attenuation

due to propagat1on paths from elevated and at-grade sections of this ex-

' pressway on the buildings.

Finally, the statistical test was berformed to study the accuracy of
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énalyt1ca1 model which was byilt in this study for analyzing traffic noise of

viaduct expressway on the high-rise building.

LOCATION OF FIELD SURVEY AND DATA COLLECTION

Field sdrvey for this study project was done along the viaduct section
'ofA Ayer Rajah Expfessway which passing through the central business district
of Singapore. The buildings alang the side Bf this viaduct expressway where
measurements of noise level were carr1edkout consisted of 6 hiéh;rise build-

ings, namely, IBM Tower, Commercial Cemplex, Jit Poh Biilding, Tanjong Pagar
complex, and 2 bulldings of Keppel Warehouse. '

Traffic conditions on the expressway and ﬁbise level measurements were
done simu]taheous1y on each sect1dn of the expressway adjacent to the selected
building. Conditions of traffic included traffic volume, average spot speed,
and dombination of traffic flow on the expressway. At the same time, traffic’

noise levels were measured on the surface of the expressway and roadways

under the expressway's super-structure by placing the noise level meters 1.2
m. above the road surface and 1 m. from pavemeht edge. The measurement of
traffic noise was carried out by using integrating sound level meters witg the
measuring unit of dB(A). The period foF eéch traffic noise measurement was 1
hour and the scale of noise level that was used in th1§ study was Leq which is
the equivalent sound pressure level in 1 hour period. Noise}1eve1 measurements
were also carried ouﬁ by placing noise level meters at different elevations
on building adjacent to the expressway. . The time for traffic characteristics
and traffic noise measurements of this study were during thé peak hour pericds:
of the morning peak from 7:30 AM to 9:30 AM,and the afternoon peak from 4:30
PM to 7:30 PM. The concept of same time and same weekday were employed if the
measurement was to bé carried out repeatediy\on different elevation in a par-
ticular section. This was to avqid bias resQ]ts due to changes in traffic
condition 1in each section of expressway during the measurement. All the

measurements were done only on dry road surface and clear weather condition.



The locations of buildimgs and sites of traffic noise méasurement on
both of the elevated and at-grade level of expressway are shown in Figure 1.
The cross-sectional dimension of this viaduct expressway together with each
adjacent building  were also measured. The example of this to-scale cross-.
section of Ayer Rajah Expressway and the nearby IBM Tower building is shown in

Figure 2,

-
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TRAFFIC NOISE LEVEL AND TRAFFIC NOISE PATH ANALYSIS

The traffic noise prbpagation path of the section of expressway adjacent

to each selected bu1Td1ng were analyzed. Noise paths from different 1line
sources for both of the elevated expressway th the,atfgrade roadways were
measured from the center of each 1ine source to the point of receiver on the
E nearby high-rise building. The distances from noise sources of the near side
and the far side of the elevated expressway carriageways to receiver on the
buiiding are identified as On and Of respectively. The D’n and D'f stand for
the diétances from receiver to the center 1ines of neaEs1de carriageway and
farside carriageway of the ai—grade roadﬂay under the viaduct expressway

respectively. Identifications of Dn, Df,AD’n, and D'f are shownv1n Fiqure 3.

The overall equivalent distance (Doel) from all of the noise path dis-
tances from both of the elevated section and at-grade section of this ex-

pressway cross-section could be detérmined'from the following equations.

‘Doel = J Dee * Deg
and Dee = \/ Dn x Df
Deg = \; D’n x D'F
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Figure 2 Cross-section of Ayer Rajah Expressway and IBM Tower Bui]dingl

Figure 3 Identifications of On, Df, D’r, and D’f-of Expressway

Cross-section



where: Doel
Dees
Deg
Dn

Df

D'f

Overall equivalent distance from cross—se¢t1on
Equivalent distance from elevated section

Equivalent distance from at-grade section

Distance from point of receiver on building to

of nearside carriageway (elevated)

Distance from point of receiver on building to
of farside carriageway (elevated)

Disﬁance froﬁ point of réée1ver’on building to
of nearside carriageway (at-grade)
D1stahce‘from point of receiver on bu11d1ng t6

of farside carriageway (at-grade)

i’TRAFFIC NOISE ATTENUATION ON BUILDING WITH RESPECT TO

| OVERALL EQUIVALENT PROPAGATION PATH
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mathematically express as the following.

teg(mob) (i1-hour) = 76.46 - 0.094 Doel\

center line
center line
center line

center line

f The relationship between traffic no1§e which generated by elevated
expressway and the at-grade rcads under that expressway and its propagation
path to the high-rise building was determjnéd by performing the linear
regression analysis based on the data of measured traffic noise levels (Leq)
on tﬁe different heights of high-rise building and the overall -equivalent
distance (Doel) from the éxp}essway to those points 6f measurement on the

building. This relationship 1s shown in Figure 4, and the model could be-

where: Leq(mob) = Overall traffic noise measured on building

Statistical test of this model gave a highly significant value of R2
equal to 0.882, and the standard errér of estimate equal to 1.42. - The

gradient of this model was -05094 which indicated that a reduction of 0.094
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,;é(A) in Leq of traffic noise would caused by every metre of .increment in

joel. The model also showed-that the overall traffic noise level 1in Leg
- / .

3f this expressway and at-grade road beneath this expressway was 76.46 dB(A)

at ‘the zero overall equivalent distance.

The establishment of this model provided a mean of pred1ct1ng noise

ieve\ on buildings adjacent to the expressway. ,Hence, this will facilitate

the disign of building and/or the expressway ,to suit the standard noise level

i l

éequirement for var1ou§ category of development.

"
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ROPAGATION PATH FROM ELEVATED SECTION OF EXPRESSWAY

The estimation of traffic noise contribution from elevated level of 'ax-
pressway was achieved by filtering the traffic noise contr1bution from roadway

on the at-grade level of this expressway. This was done by estimating traffic
noise for at-grade level

by using FHWA model with the modified motorcycle
Io1se source into the model.(3,7) Thig noise was then excluded in logarith-

ic scale from the Leq(mob)'to arrive at Leq(E). The mathematical formular of

Leq(E) could be described as the followings.

Leq(E)/10 Leq(N)/10 Leq(F)/10

Leg(mob) = 10 log ( 10 + 10 o+ 10 )
Leg(mob)/10  Leq(N)/10  Leq(F)/10
" Leq(E) = 10 log ( 10, - 10 -0 )
% where:
;, Leg(mob) = Ovefa]] tréffic noise meassured on building
% Leq(E) ='Traff1c noise»contributed from elevated section
? of expressway
Leq(N) - =<Traffic noise contributéd from near side carriageway
of at-grade section.
Leq(F) =

Traffic noise contributed from far side carriageway

of at-grade section



§ Assumption made in this analysis is that traffic characteristics are the

[same during the same time pér1od of the same day in the week at a particular

!sect1on.(2,8) The mod1f§cationvwas also given to the original FHWA model that
gthe motorcycle volume 1n this analysis 1s classified under the heavy truck

fcatégory in traffic noise estimation as previously studied by Pamanikabud.(7)
% " Linear regression anélys1s was then performed between the data on Leg(E)
gand_the equivalent distance from elevated sestion of the expressway 1in order
gto find the'relat1onsh1b of "these two fectors. The result of this relation-

i
y

Eship is shown in Figure 5, and it could be mathematically expressed as the
following.

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

This model gave a highly significant value of R2 equal to 0.892 and the
standard error of estimate equal to 1.55. The magnitude of this value showed

the validity of this linear equation.

\

The model pbtaiﬁed from this analysis provided a mean of predicting
potential no1§e hazard‘from elevated section of expressway ' if it passed
through a certain land development. "Hence, a proper planning on location and
height of buildings or the expressway itself could be achieved by control]ing

the noise propagation bath from the elevated expressway to the building in or-

der to reduce critical noise problem.

‘CONCLUSION

e S

From this project, the results from analyssis of noise propagation path

showed that the overall equivalent distance (Doel) which calculated from the

- 9eometric mean of equivalent distance of noise source from at-grade section of

groadway» under the expressway to receiver (Deg) and the equivalent distance of

Noise source from elevated section of expressway to receiver (Dee) had a

-
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highly correlation with the noise 1evé1 in-Leq (1-hour) which received on the
different height levels of high—k1se building.  This model relationship could

be expressed as :
Leq(mob) (1-hour) = 76.46 ~ 0.094 Doel

This model provided a high value of R2 “in the ANOVA test equal tg 0.882

and the standard error of estimate equal to 1.42. The model can significantly
be applied to forcast the overall traffic noise from the combination of both

of elevated section of expressway and at-grade roadway below this viaduct ex-
pressway. ‘

‘In the study of noise attenuatioﬁ,on'bu11d1ng with respect to only the
traffic from elevated section of expressway, the relationship of traffic
noise on building in Leq (1~hour) from elevated section of expressway Leq(E)
and the geometr1ca1 equivalent distance from e]evated section of eXpressway to

receiver on bu11d1ng (Dee) could be mathematica11y described as
Led(E) (1=hour) = 76.12 - 0.12 Dee

This noise model on building gave a highly significant in the ANOVA
test with R? equal to 0.892 and standard error of estimate equal to 1.55, and
it can be used effectivelyvin combination with the modified FHWA model for

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

section of viaduct expressway.
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