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ABSTRACT

Environmental noise pollution is among the most urban problems which can be caused due to real
sources like traffic, train and virtual sources provided by rigid surfaces. One of the urban structures in
which can perform as a virtual noise source are the installed gutters alongside highways. These
structures are mostly used to pass the wastewater or the rainfall. In this research, the acoustical
performance of a gutter when the receivers are located on the top surface of gutter or in its shadow zone
is investigated. To compute the acoustical efficiency of gutters, a 2D Boundary Element Method (BEM) is
used. Investigation on the top surface of a simple gutter has shown that the total sound pressure has
been changed and results in some disturbance. Various shapes have been studied to decline such
disturbance. It was found that sound pressure of the model with curved basement was scattered steadier
and the sound pressure for gutter models with wide basement was lower than the ones with narrow
basement. Efficiency of some designed models was also compared in the shadow zone. Increase in
depth and wide of gutter models either on the top or bottom surface has enhanced the performance of
simple reference model. Considering the insertion loss computations, the amount of overall improvement
in models with higher depths was more than widen models because of shifting effective performance
toward lower frequencies.
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INTRODUCTION
In most recent studies, roadside noise barriers are

between two opposite lanes. However they can be
considered as a noise control measure, if they well

considered as an effective structure to reduce the noise
pollution in urban areas. Those structures used for other
purposes in urban design can also be applied for noise
reduction, although mostly they act as an imaginary
source of noise. Median barriers are the common
example of such structures. Median barrier are installed
in the middle of highways to decrease the car accidents
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designed. In this case, different configurations were
tested to improve their performance [1]. Such
improvement can also be increased employing various
treatments such as reactive or absorptive surface [2].
However, if a median barrier will be erected near a
roadside noise barrier, it should be studied as an extra
surface that will reduce the efficiency of roadside
barrier.

Other structures in urban design, used to collect and
pass the rain or snow fall or conduct the wastewater, are
gutters in which can be tested for noise reduction.
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Fig 1. Schematic plan of gutter model H along with source and square receivers (A), hemicycle receivers (B)

Gutters compared with noise barriers not only occupy
any area, but also do not make any problems for urban
designers from aesthetic point of view. Gutters with
their edges can also act as a negative role for residents
near highways. If these U-shaped structures behaved as
an imaginary noise source, same as previous studies for
acoustic barriers it is possible to decline their negative
effect changing their shapes. Studies on gutter near
roads were more noticed in waste researchers [3], while
no study has been found in acoustic viewpoint.

Buildings as well as median barriers and gutters are
the inseparable part in cities. Depending on the distance
between building and highway, depth of building,
standing on one side or both sides of highways, etc. the
sound levels can be varied [4]. Multiple reflections and
diffusive energy of sound waves between two sides of
buildings increase the sound levels of traffic.

These three types of surfacees consist of buildings,
median barriers and gutters are some kinds of virtual
sourcesin open area in which they are different form
real sources such as transportation noise (Train, car,
aircraft) and construction machineries. Passive or active
controls for real sources and passive and reactive
control for virtual sources can be applied to decrease the
emitted sound from them.

In this study, the acoustical effects of gutters on the
receiver position and on the top field were tested to find
out, whether a simple U- shape gutter have negative
impact or not and also to find the appropriate shapes to
diminish its negative effect.

MATERIALS AND METHODS

Boundary Element Method

Boundary Element Method (BEM) as an accurate
and precise model, tested and verified in different
studies, was used to calculate the performance of
designed gutters [5-10]. This two dimensional method
can be adjusted to a three dimension environment where
the infinite coherent line source is parallel to the gutters.
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Two parameters are used to predict the sound levels
around roadside gutters including Total field and
Insertion Loss.

1. Total field is computed by:

TF =20 Iog( %im) 1)

Where p,is total sound pressure and P, Iis

incident sound pressure.

As energy scatter pattern in shadow zone is not
existed actually, the total area above the gutter
especially close to model is considered to describe the
top surface behavior of different shapes.

2. Insertion Loss Index is predicted by:

IL=20 Iog( Py pb] (2)

Where P, the sound is pressure at the receiver with

only the flat rigid ground and p,is the pressure in
presence of both ground and gutter.

Roadside Gutter Models

Rigid gutters were divided into four groups in which
all of them were compared with a simple common
gutter; called reference model (model H). The first
group consisted of simple gutters with similar width and
depth compared with the reference model but different
bottom shape (models A, B, C), the second group
consisted of gutter with similar width, but lower depth
and curved bottom configuration (model U), the third
group with similar width and depth compared to
reference model but wide bottom size (models D, E, F,
G) and the last one had different widths and depths
(models 1, J). The detailed description of gutter models
is defined in Table 1. To have an accurate comparison,
most of the gutters have the same depths except for
model | and U due to other purposes and except from
model J, the width of top surface of gutter models are
0.4 m.
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Fig 2. Contour plot of total field (dB) at 1600 receivers above reference gutter (model “H") at frequencies 200, 250, 315 and 400 Hz

The source is placed on the rigid floor with the
distance of 4 meters from the gutter center except for
those models that the ground is meshed; in this case
source was located at coordinate 4, 0.02. To find the
trend of sound pressure above gutter, receivers in total
field computations are arranged in two different
formats; 180 points and 1600 points on the top surface
of gutter with hemicycle and square ornaments,
respectively (Fig 1).

Note that in all computations the ground surface was
assumed to be rigid. Receivers in IL calculations were
arranged 1.5 and 3 m on the opposite side of source
from the gutter and at heights of 1.5 and 3 m. The
results for IL was computed over the range 50-4000 Hz
while for Total Field the total sound pressure level were
only tested from 200 to 400 Hz due to importance of
low frequencies.

RESULTS

Total Field Computations - Surface Response:

Fig 2 shows the total field above model H at various
frequencies. The gutter structures according to its
relevant depth provides acoustic resonant exactly on
the top of strip and the height of disturbance in total
sound field is equivalent to the gutter’s depth in which
was independent from frequency. The occurred
disturbance due to constructive and deconstructive
interference of incident and reflective waves through
gutter makes various shapes of increase and decrease in
total pressure field by its frequency dependency. The
congestion was preceded toward source from low to
high frequencies. In other words, as frequency
increases, the sound pressure distribution in the area
close to ground shows smoother trends, while at higher
heights the pressure distribution is frequency dependent.

Table 1. Dimensions of tested gutters models in wrban cities

Gutter Sh Width Depth Gutter <h Width  Depth
maodel ape {em) (cm) model ape {em) (cm)
H | I 40 50 F 4 ) 40 50
A L/ 40 50 G ;I_‘ j 40 30
B | 40 50 | L@"‘J 40 100
C u 40 50 J ‘ 30 30
D L; 40 50 U l 40 20

E ‘ | 40 50
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Fig 3. Contour plot of total field (dB) at 1600 receivers above models A, B and C at frequencies 200, 250, 315 and 400 Hz

According to Fig 2, the performance of the simple
gutter at different frequencies was varied and was in
agreement with the previous studies on welled surfaces,
where it was shown that the efficiency of such surfaces
are frequency dependent [11]. The highest and the
lowest resonant of well surface was occurred at
frequency 400 Hz (1/3 octave band higher than resonant
frequency of 315 Hz) and 250 Hz, respectively in which
can be explained by the incident angle of wave with the
well [12]. It is expected that if the source was located at
the top of well; the angle of incident wave is normal, the
highest resonant level will be occurred at 315 Hz.

Fig 3 reveals the sound pressure propagation pattern
above top surfaces of gutter models A, B and C at four
various low frequencies. The resemblance between the
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structure of model A and reference gutter makes similar
scatter pattern. As model A is sloped toward source,
most of waves are redirected toward source while the
scatter pattern of sound pressure in model C was shaped
upward at all frequencies. The presented structure in
model C does not lead the waves to other sides.
Although the constructive effect on the top surface of
model A presents the positive effect of this model at
frequency 315 Hz, amplification of various waves at all
frequencies has led to an increase in sound pressure
where the same decline in sound pressure was seen for
model B at 200 and 250 Hz and model C at frequency
315 Hz. In all models, it can be observed that the sound
pressure level at higher depths is decreased from low to
high frequencies. Totally, in comparison to reference

315 Hz
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Fig 4. Contour plot of total field (dB) at 1600 receivers above model U at frequencies 200, 250, 315 and 400 Hz

Published online: October 8, 2013



148 | IJOH | October 2013 | Vol.5 | No. 4

250Hz

200Hz

==

{ur) Sty xrantenny

e =

Momen BellahFard and Monazzam

A5He 400 Hz

Iil iiil

Tim'
- o

Raczivers x coordinatas (m)

Fig 5. Contour plot of total field (dB) at 1600 receivers above models D, E, F, and G at frequencies 200, 250, 315 and 400 Hz

model as there was no considerable change in structure
of models, no significant improvements on the top
surface of gutters is detected.

If the bottom of Ref model will be changed to a
curved shape, a different scatter pattern can be seen (Fig
4). No significant resonant effect is seen in this
particular shape, which can be explained by the curvy
shape of the well's bottom.

In this section, sound pressure distribution at
structures with wider basement; models D, E, F and Gat
four frequencies lower than 500 Hz in 1/3 octave band
is discussed (Fig 5). Model D similar to model C
redirects the incident wave upwards in which the only
difference is an extra edge at the bottom part of model
D. Existence of circle loop above model D at
frequencies 250 and 315 Hz indicate that a constructive
effect similar to what it was seen in model C was
occurred. The sound pressure difference above both
models was between 1 and 2 dB in which the reason for
such low value is the structure of model D. Although
change with surface impedance and environmental
sound propagation has made some disturbances,
decrease in sound pressure owing to constructive effect
was also observed at some points. In both models G and

Published online: October 8, 2013

F, the numbers of loops was enhanced by an increase
from low to high frequencies in which the constructive
effect has declined the sound pressure and congestion
subsequently.

The overall inside surface area is higher in these
models compared with the previous stated models.
Wider bottom provides more surfaces for wave
reflection and outward wave time delay compared with
the plain wells, which provided extended resonance
areas especially for gutter models F and G.

One similar trend among all tested models is that the
sound pressure propagation follows the gutter shapes
and size at the very close areas above the gutter
surfaces.

The effect of sound propagation by increasing the
width and depth of reference model; called model J and
model | accordingly, was shown in Fig 6. Gutter model
I with higher depth introduce higher heights of
disturbance areas above the gutter while gutter model J
with wider width shows wider disturbance areas above
the gutter, which follows all different tested model wave
distribution trends above gutter surfaces in this study.
When the width of gutter is 0.4 m, disturbance is only
occurred in a small part on the top of gutter while more
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Fig 6. Contour plot of total field (dB) at 1600 receivers above models | and J at frequencies 200, 250, 315 and 400 Hz

areas are covered with disturbance doubling the width.
Totally, the effect of an increase in depth has shown
better performance than widening the gutter on the top
surface of gutter.

Besides, to provide better understanding of
efficiency of gutter models, the gutter model F as an
example of an effective gutter was compared with
reference model H at 200 Hz in Fig 7. As it was stated
earlier the high performance of gutters with wide
bottom was because of their larger surfaces. Although
no improvement can be seen on the heights higher than
0.5 m, the amount of sound pressure difference below
0.5 m above model F has been reached by 28 dB. In the
mid shape of model F, the constructive effects between
waves has made lower values in which in the worsen
condition lowest values was equal to 2 dB. Totally, the
sound pressure has been decreased in a wide area
compared to model H.

Total Field Computations - Polar Response

The polar response of some designed models was
also calculated at 200 Hz in Fig 8. In most of the
models the sound pressures similar to model H is
propagated uniformly. As it was explained before, non
existence of any edge in model U has made
homogeneous condition. In other words, as it was found
previously the wave reflection mostly follows the edge
and angles of the bottom of gutter. In models F and G,
the sound pressures are reflected upward in a small
area. Comparison between models H and | also revealed
that increase in depth of gutter can redirect part of the
waves into the source position.

Published online: October 8, 2013

Insertion Loss computations

The performance of designed gutters when the
receivers are located at the opposite side of the wells
was also investigated in 1/3 octave band. The insertion
loss difference in some designed models compared to
model H is presented in Fig 9.

As there was no considerable change in insertion
loss for models A, B, C, D, E and F compared to
reference model, the performance of these figs was not
presented. The wide basement of model G makes more
insertion loss at the shadow zone as the waves moved
through more distances and their energy is declined
subsequently. In other words, it can be stated that the
high effect of widening can be an appropriate method to
increase the efficiency of gutters.

Recaivers height(m)

08 06 04 02 0 02
Receivers x co-ordinate(m)

04 06 08

Fig 7. Sound pressure difference between models F and H at 1600
receivers at frequency 200 Hz
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Fig 8. Polar response of some designed models at 200 Hz
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Fig 9. The amount of reduction in insertion loss of designed gutter models compared to the model H in 1/ 3 octave band

Meanwhile, the effect of increasing the depth and
widening the opening of gutters should not be
neglected. There was an upward trend till 800 Hz in
model | while it was accompanied with max and min
points after this frequency in which except from one
point, positive IL has been achieved. In comparison to
model G, The designation of model I has covered the
negative efficiency of model G at high frequencies.
Also, considering model J it can be observed that the
highest IL difference was 25 dB in which the trend of
difference was smoother than other designed models.
As the depth of model U was half of the reference
model negative effect was achieved in most frequencies
especially in receivers located on the ground and It is
expected that if the depth of model U was same as
model H, better efficiency could be achieved. The
existence of peaks and valley at some frequencies in
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presented figs was because of the constructive and
deconstructive between incident and reflective waves.

DiscussioN

This study predicts the acoustic efficiency of various
gutters using two parameters of Total Field and
Insertion loss. Considering the total field computations,
when a simple gutter is located alongside the highways,
some resonances were occurred on the top surface of
gutter and caused an in increase in the sound pressure at
this area. Thus to consider such resonant new shapes
was designed. It was found that the efficiency of models
with widen basement compared with narrow models
was higher. Besides, the model with hemicycle bottom
(model U) has shown low disturbance compared to
other designed models due to its curved shape at the
bottom. When the width of a simple gutter (model H)
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was increased either near the top or at the bottom,
higher efficiency can be achieved. This is also observed
for gutters with different depths (e.g. models | and
U).The polar response of some models was tested at a
sample frequency 200 Hz at which consequences of
polar receivers has confirmed the results of square
receivers.

Regarding the Insertion loss calculations, the effect
of a simple gutter was compared with some designed
models and indicates that the amount of improvement
can be increased by enhancing the overall inside surface
area of gutters. In total, increase in depth and width as it
was seen in barrier investigations [1] can enhance the
efficiency. Model G with its wide basement hereof are
among the appropriate models. In other words, if there
were limitations for the depth and width of gutter,
model G can be applied while in the case of no
restrictions models with higher depths and wide
structure are preferred such as model | or J. One of the
negative points in model | in which can be criticized is
the high depth of this model. This model is only
designed to show the efficiency of depth and with an
increase from 05 m to the ideal depth, more
improvement obviously can be reached.

Although the level of occurred disturbance on the
top of model J is higher than model I, this model was
more effective than model | in the receiver zone. The
amount of disturbance was varied depends on the depth
of models. After passing the mentioned depth on the top
surface of gutter, a steady sound pressure pattern was
almost formed in which the lowest disturbance was at
model U with its curved bottom shape.

CONCLUSION

Application of correct shapes of gutters can help to
restrain the acoustic waves to get to receiver side.
Although the amount of IL in gutters is not similar to
barriers, it is possible to change the gutter's design
acoustically when the municipality has decided to
change the gutter or in the case of urban design. On the
other hand, modifying the shapes of gutters is not the
only way to increase the efficiency of gutters; other
treatments such as installing two parallel gutters which
can act like wells in diffusers or application of
perforated sheets on the top surface of gutters are
among other ways that should be investigated. Finally,
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although this study was performed with acoustic
approaches viewpoint, it is better to cooperate with
waste researches to design a gutter which is appropriate
in both fields. It is worth adding that the above findings
were achieved only by numerical simulation and they
still need field verification. Thus further effort is being
made to investigate the above results and will be
subjects of future papers.
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