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ABSTRACT

Introduction: Over recent years, various programs have been conducted to reduce noise, indicating the
increasing concerns of society over noise pollution. This study has been performed to enhance the performance
of parallel barriers on two sides of a highway considering the surrounding buildings.

Material and Methods: The 2D boundary element simulation method was employed to predict the noise
reduction in barriers. Regarding the effect of buildings and water canals, various kinds of models were
investigated to compare the effectiveness of different boundary barriers in real conditions from a listener’s
perspective.

Results: The use of a single YA model could improve the performance of parallel barriers by 3.5 dB compared to
that of a TS model. Moreover, by using a pair of barriers, no significant change was observed in the performance
of the second barrier. However, by using parallel barriers along the surrounding buildings, the TD model
improved the efficiency by 3 dB compared to the TS model. The rise in the frequency resulted in remarkable
adverse effects on the barrier performance, such that the surrounding buildings at a distance of 8 m had a
negative effect on the performance of the parallel barriers by almost 8.34 dB.

Conclusion: In general, by ignoring the buildings, the use of a pair of TZ barriers showed a higher performance.
Meanwhile, by considering the buildings in the design model, the TD model was found to be optimum.
Therefore, it can be concluded that choosing an ideal barrier only based on the noise behind it cannot indicate
its behavioral and acoustic characteristics in a real environment.

Keywords: Parallel noise barriers, Boundary Element Method (BEM), 2D simulation, T-shaped barriers, traffic noise
reduction
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1. INTRODUCTION

In populous cities with tall buildings,
noise pollution is among the high-priority
environmental problems dealt with. In recent
years, various programs have been performed to
reduce noise, indicating the increasing concerns
of society over noise pollution. The most common
method to eliminate traffic noise is to install
barriers along roads. The increasing traffic over
recent years has resulted in studies on barriers
with a variety of designs, shapes, colors, and
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materials. Various barriers have been developed
to improve the performance without increasing
their height. The new barriers are mainly based
on two ideas: shape modification, creation of
an angle, and use of adsorptive materials on the
edge of barriers. A key principle in parallel noise
barriers is that when installed on two sides of a
road, hard acoustic surfaces are always preferred to
adsorptive surfaces. Numerous studies have shown
that T-shaped barriers can remarkably enhance
efficiency. Some studies have been conducted on
the performance of these barriers in a single form

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.
org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited.


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

K. Esmaeil et al. / Effect of Buildings around Highways on the Efficiency

and with different shapes. However, focusing on
the acoustic performance of different modified
barriers, this article aims to introduce the optimum
one. The residential areas beside highways are of
great importance, as well as the barrier shapes. In
this study, the Boundary Element Method (BEM)
was employed to investigate the effect of modified
T-shaped barriers, along with the buildings around
highways, on insertion loss.

2. MATERIAL AND METHODS

In order to estimate noise in parallel barriers, the
2D simulation was performed using the BEM and
Fortran programming language. The developed EXE
program was executed in Fortran, and the outputs
were read out using Excel. Two parallel barriers were
located along a highway with a boulevard height
and width of 0.5 m and 1 m, respectively. Two water
canals, 0.5 m in height and width, at a distance of
04 m from the barriers were positioned, along
with two buildings with a height of 6 m beside the
sidewalk at a distance of 58 m from each other and
two T-shaped barriers at a distance of 42 m from
each other. The boundary conditions in all surfaces
of the model were considered rigid or full reflector.
Fig. 1 demonstrates the details. The base thickness
in both barriers was 10 cm. For the buildings, only
the facades were modeled; so, no thickness was
considered for them. The receiver was located at a
distance of 4 m from the barrier edge and building, at
the middle of the sidewalk. A frequency range of 50
to 4000 Hz was studied at the centers of 1/3-octave
bands. The noise reduction at each frequency was
obtained using the following equation:

IL=-20 log (%) (dB)

In which, Pb and Pf denote the acoustic
pressure applied by the resource to the receiver in
cases with and without a noise barrier in between,
respectively. The largest acceptable element length
and the speed of sound were considered 0.01 m and
343 m/s, respectively, to determine the number and
coordinates of the nodes. In order to define the total
reduction in the noise barrier spectrum of network
A of traffic noise, the 1998 BS EN 1793-3: (Road
traffic noise reducing devices) method in standard
environmental conditions of temperature and
pressure was employed. Fig. 2 illustrates the models
used in the study. In all models, the total height of
the barriers was considered constant and equal to
3 m. The thicknesses of the top edge and base and
length of the top arm were considered 0.9 m, 0.1
m, and 0.3 m, respectively. Since highway traffic
noise has a dominant frequency of almost 550 Hz
in most regions, the wavelength is approximately 2
feet. Table 1 lists the properties of all models.

3. RESULTS AND DISCUSSION
Effect of the second barrier ignoring the surrounding
buildings

At all frequencies, no significant change was
observed in the efficiency of the barrier. The
minor negative effects of the second barrier on the
first one were observed at low frequencies in the
parallel model. In general, on decibel scale A in TS
and TD barriers, adding the second barrier had a
positive effect by 0.1 dB, while in other cases, it had
a negative effect on the noise reduction.

Effect of surrounding buildings on the performance
of the parallel barriers
As shown in Fig. 3, the rise in the frequency
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Fig. 1. Source position, barriers and receivers
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Fig. 2. Types of models
Table 1. Characteristics of the models
models ‘ cross-section Angle Groove width ‘ Description
TS T simple = - -
TA T 45° 450 . The upper part of the barrier 45 slopes to the
street
TZ T with zigzag 45° Width 0.22 m and depth It has 4 sloping grooves facing the street
top edge 0.2m
TD T grooved - 0.2 m groove width with top It has 4 simple grooves with specified depth
(toothed) edge 0.02m and height of and height
each groove 0.2m
TF T funnel- 450 - The upper part of the barrier has 45 angles on
shaped both sides
YA Y-45° shaped 450 - The upper part of the barrier has 45 angles on
both sides

exerted remarkable adverse effects on the barrier
performance, such that at the frequencies of 50 Hz
and 4000 Hz, given the numerous reflections, the
sound transmitted to the listener was louder than
what was in reality. The surrounding buildings at
a distance of 8 m from the standard TS barrier had
an adverse effect on the performance of the parallel
barriers by almost 8.34 dB IL (from 14.98 dB to
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6.64 dB) on the decibel scale A.

Overall performance of the parallel barriers

The TD barrier (in the parallel mode and
considering the effect of the surrounding buildings)
provided the best performance compared to the
TS barrier. However, none of the designs could
eliminate the issues regarding the effect of buildings

143




K. Esmaeil et al. / Effect of Buildings around Highways on the Efficiency

—&— barrier without buildings

—#— barrier with buildings

35
(TS) The overall A-weighted insertion loss [dBA]
25 r
7 TS
S 15 t
=
5_
d 3 k| . kn
s | I
oMo oo oo oo oo Qo Qoo Q
N won o N oD 0o mo Qo Q QN g
HHHNNM'&MLDEDON(DDL”H%
L B B B o I ot B o 5
l'requency

Fig. 3. Impact of the building on the TS model pair barrier

Table 2. Total loss of all types of the barrier according to European standards

Type barrier IL mean ~insingle AIL  relative AIL
of placement barrier in single- . and couple- to TS in
. o barrier in couple-mode
barrier | conditions mode mode couple-mode
TS A 14.88 14.98 +0.1 -
B 6.46 6.64 +0.18 -
Tz A 15.03 14.97 -0.06 -0.01
B 7.5 8.72 +1.22 +2.08
D A 16.69 16.91 +0.22 +1.93
B 8.45 9.65 +1.2 +3.01
A 18.2 17.5 -0.7 +2.52
YA
B 9.15 9.43 +0.28 +2.79
A 13.57 13.33 -0.24 -1.56
TA
B 7.87 5.99 -1.88 -0.65
TF A 17.34 16.71 -0.63 +1.73
B 8.614 8.615 +0.001 +1.97

A: Barrier without buildings

withareduction ofalmost 8 dB. Among the designed
barriers, the highest efficiency belonged to the TD
barrier, which could improve the performance by 3
dBA more than the TS parallel barrier. The lowest
rise was caused by the TA barrier, which was about
1 dB lower compared to the parallel TS barrier in
the same conditions.

After choosing the barrier with the best
performance, the results of the reference TS barrier
were plotted within the frequency range of 125-
4000 Hz of the acoustic shadow. The receivers were
located at distances of 1 to 6 m behind the barrier
on the ground surface of the sidewalk, along with
different heights of 1 to 7 m at distances of 1 m. At the
short distances from the barrier, the performance
improved by almost 7 dB at the heights on the dB
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B: barrier considering the buildings

scale A. However, by changing the distance from
the barrier and at the points closer to the building,
the barrier efficiency was significantly reduced at
different heights, which can be attributed to the
destructive effects of the direct and reflective waves
of the building and the barrier. In some cases, given
the numerous reflections between the barrier and
the building, at shorter distances from the building,
the sound was heard louder than the real sound of
the resource.

4. CONCLUSIONS

As proved in previous studies, the changes in
the edges of T-shaped barriers can enhance the
performance within a specific frequency range
depending on the design frequency. The results
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of this study showed that by keeping the height
constant and changing the upper levels, the
performance of the barrier shape was affected by the
type and surrounding environment of the barrier,
and the distance and shape of the surrounding and
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opposite buildings exerted a significant negative
effect on the barrier efficiency. Therefore, in order
to reduce the noise, the conditions of the buildings
and the presence of parallel barriers should be
considered in the design of barriers.
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