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Noise pollution constitutes a significant concern in urban areas, exerting far-
reaching impacts on public health and social well-being. Building on a
previous publication on noise pollution levels within the city of Tripoli, Libya,
in which noise levels were measured in six distinct highly populated locations,
during working days and weekends, and encompassing morning, afternoon,
and evening, this analysis is concentrated on only one location—the highway.
As expected, the 2™ ring road highway exhibited the highest noise levels
among the locations surveyed. These elevated levels underscore the need for
targeted noise control measures, particularly the deployment of noise barriers.
Consequently, simulation analyzes were performed for different scenarios
with noise barrier implementation. The results obtained indicate that the
application of these mitigation measures could achieve a significant reduction
in noise levels. Noise barriers can effectively reduce noise levels, but depend
not only on horizontal distance from the source to the receiver, but also on the
receiver’s elevation. Collectively, these findings highlight the critical
importance of improving public awareness regarding urban noise pollution, its
adverse effects on communities, and the range of applicable mitigation
strategies.

oo dailill elia geall Juli5 cila) yiwY s\Slas

ol oy (A )5 all AS

*‘1bJ+A>\ dazee M

L ¢l el o il cantil) B e Linall y £ S al) il and

sl el Cal gl *

Lalidalf cilalSlf

il

Chygia BlSlae Ay gsall sldagdall &gl
Jals ddddl)  cland ba) sl gaall
sl gl

Talall daall e Uil dad 5 ol il Al Gus Ay sl ghliall 85 S deal Jilia geal) il (<5
& G el sk Aine Jala gmall gl il sinse Jon Gl 5y e 455 ) 13l e laia¥) ola )l
Ay og s Ales Allae 5 Jaall Al I8 5 SIS AN Adle a8l s A 8 el Sl gie (L8
L (g Al (5 pdall - L aal g a8 ge o Aall Al 52l 3K 5 colusall 5 5 pngdall 5 pluall 3y dylais
O siusall p3n 2855 ALl @8 gall (s sl il gie e f G o5l 5kl Ja (i g S LS
Bt ol pal Al oda 8 W3 celld o 2l pliaguall o Q] lai MAT) 555 i o dadlall
o3 Gk o (Y lgle demniall il 5 elin guall Gl s clladind ddline <l gyl 3\Skall
Allady slia guall il e Qi o) pall a3gd (S slia guall il sinsa B Sl (i of Sy Sl Y
o3 Bl Jied pliiy) o W oSy Jiisall s aemall Gn 489 Ailaal Jlo L (ad aciad a
Apbadl 43 8 5 Ay juaad) Blaliall (3 i gaiall sl Ly lal) o ) 5 5e3 Al e 6 guall il

Aliall Capail) cladi) il (e de gana s cCilaaiaal e

I.  INTRODUCTION

Urban noise
transportation,

pollution
industrial
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arises
activities, and
interactions. In the city of Tripoli, traffic noise is the most
prominent source of noise, where roads are significant

contributors, generating high levels of noise that can
adversely affect nearby residential areas. Prolonged
exposure to high levels of noise is linked to various
health problems, as mentioned by the World Health
Organization [1], including stress, sleep disturbances, and
cardiovascular disease [2,3,4]. In addition to that, urban
noise pollution affects the quality of life of people

primarily  from
human
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residing near motorways. Previous studies have
demonstrated the substantial impact of noise pollution on
both human well-being and the quality of urban
environments. References [5,6] report that elevated
exposure to noise adversely affects self-perceived health,
happiness, and life satisfaction, while also contributing to
increased levels of annoyance and stress. Furthermore,
[7] emphasize the need to advance knowledge on urban
noise dynamics and to formulate effective mitigation
strategies.

Regarding the limits for noise exposure, the 1974 U.S.
Environmental Protection Agency (EPA) guidelines
recommend average exposure limits of 70 dB over 24 h
(75dB over 8h), with maximum allowed averages of
55 dB outdoors and 45 dB indoors for normal activities
[8]. The US Occupational Safety and Health
Administration (OSHA) mandates engineering controls
above 90 dB(A) for an 8 hours workday and additional
protective measures beyond 85dB(A). The WHO
thresholds advise limiting exposure to <70 dB(A) over
24h and <85dB(A) over lh to prevent hearing
impairment [9,10].

An efficient method to reduce traffic noise on
motorways is the use of noise barriers. The use of noise
barriers is a well-documented and effective strategy to
mitigate traffic noise, particularly along highways and
busy roads. They are made of different shapes and
materials, can be either solid or porous, and can
significantly reduce noise levels. Traditional noise
barriers are typically constructed from materials such as
concrete, metal, or earth mounds. Reference [11]
emphasizes the utility of noise barriers, which are
implemented globally in residential neighborhoods
adjacent to major highways. Reference [12] mentions the
economic optimization of designing low-cost barriers that
are still effective.

Several parameters can affect traffic noise attenuation,
such as the number and type of vehicles, the condition of
the road, the speed of the vehicle, and the distance
between the source and receiver. These parameters could
make road traffic noise modeling a little complicated to
do properly; hence, noise reduction strategies a bit
difficult. These parameters are investigated by [13].
Furthermore, [14] supports the idea that higher barriers
generally provide better sound insulation; nevertheless,
the height of the barrier can lead to other issues, such as
visual obstruction and potential radio interference. This
understanding could be critical in designing effective
barriers that do not compromise the visual or
environmental quality of the area.

In addition to physical barriers, the choice of pavement
materials can also contribute to noise reduction.
Innovations in road surface materials, such as porous
asphalt or rubberized concrete, have shown promise in
reducing the sound emitted by vehicle tires [15,16];
however, these approaches are beyond the scope of this
article. Kacker et al. [17] provides a review on innovative
methods utilized in traffic noise mitigation through
pavement solutions, focusing on pavement technologies
like porous asphalt overlays and tire-road interaction. In
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addition, Guarnaccia et al. [18] published a review on
recent strategies for modelling of road traffic noise
emission.

Based on the findings reported in [19], the traffic noise
levels measured in the city of Tripoli exceed the WHO
guidelines in certain areas, namely the 2" ring road
highway. The current study is a continuation of these
findings and it investigates practical mitigation strategies
for identified hotspots, that is, the second ring road
highway. These high noise levels highlight the need for
targeted control measures, such as the installation of
noise barriers. Simulations are carried out to compare
scenarios with and without these measures. The previous
measurements collected by [19] are used as references to
compare with. It is important to mention that up to the
date of writing this paper, very few, if not none, traffic
noise assessment data have been collected for the 2™ ring
road in Tripoli. More studies are highly recommended to
create databases as valuable references for urban planners
and policy makers.

Il.  PREVIOUS RESULTS

The study was carried out in Tripoli, located in the
northwest of Libya, with a population of approximately
2.0 million (2021 est.), covering an area of approximately
1507 km2, characterized by a mixture of residential,
commercial, industrial, and recreational areas, and has a
wide mixture of road types. More than 2 million vehicles
travel the city roads, according to the World Bank's
World Development Indicators. The reason for this high
number of trafficking vehicles is the lack of an
appropriate public transportation system. A Bruel &
Kjaer 2232 precision sound level meter was used to
collect measurements, and a Web-based noise mapping
tool from dBmap.net was used. This software is a
specialized web application used for modeling external
sound propagation. It is primarily used to calculate
decibel levels from noise sources while accounting for
the screening effects of buildings and barriers. It is based
on the implementation of 1SO-9613 calculations to
predict how noise propagates across a site.

All obtained results have been published by [19], and,
as expected, the working days resulted in higher noise
levels. The maxima SPL of the three intervals—morning,
afternoon, and evening—are shown in Table 1 for all
investigated regions. The second ring road highway
recorded the highest level among all, registering 94.5
dB(A).

TABLE .  MAXIMUM NOISE LEVELS MEASURED DURING WORKING
DAYS.
Location Maximum Noise Level, dB(A)
Al-Jalaa hospital 76.57
Martyr's Square 82.30
Algeria square 87.50
UoT hospital 68.20
Al-Dehmani park 88.10
Sooq Althulatha park 86.70
2" ring road highway 94.50
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Comparing the results obtained, namely for the 2™ ring
road highway, it definitely exceeds the recommended
noise exposure limits, mentioned earlier, of 85 dB(A) if
exposed for more than one hour. This could directly
affect the residents close to the 2™ ring road highway,
and thus needs to be reduced.

I1l.  APPROACHES TO NOISE MITIGATION

Recent studies in noise monitoring and research have
consistently underscored the critical need to employ
effective noise abatement strategies. These studies
collectively emphasize that noise pollution is a major
environmental contaminant, with various negative effects
on human health and overall well-being. Noise control
methodologies are generally categorized into three main
approaches: attenuation at the source, modification of the
transmission path between the source and receiver, and
protection of the receiver environment. In Tripoli, road
traffic constitutes the predominant source of noise, which
is mainly related to the absence of significant industrial
infrastructures. Although mitigating the noise of road
traffic is somehow impractical, it could still be
accomplished by acquiring advanced  acoustic
engineering for vehicular powertrains, which is beyond
the scope of this paper.

The other approach to protecting the receiver
environment, rather than altering the source, aims to
protect or insulate the receiver, for example, residential,
institutional, or recreational, from incoming high noise
levels [20, 21]. This is usually accomplished through
architectural, spatial and material interventions, such as
enhancements to the building envelope, spatial planning
and zoning, landscape modifications and indoor acoustic
treatment to reduce noise. This approach also lies beyond
the scope of this paper. Other mitigation procedures
suggest the construction of low-noise roads and road
maintenance, the use of low-noise tires that contribute to
a range of approximately 10 dB [22], and traffic
management to avoid traffic congestion.

The remaining strategy—changing the route of the noise
transmission path between source and receiver—emerges
as the most viable mitigation approach for the 2™ ring
road highway. Two primary solutions are applicable in
this case:

1. strategic positioning sound barriers between

opposing lanes of the highway.

2. sound barriers installed along the sides that
separate the highway from adjacent residential
areas.

The effectiveness of these barriers depends on four key
parameters: the source of distance from the noise to the
barrier, the height of the barrier, the distance from the
barrier to the receiver, and the overall length of the
barrier [8]. Barriers may be artificial or natural, for
example, planting trees along the sides of the 2™ ring
road highway to buffer nearby residential zones.
Reduction of noise levels is achieved when these barriers
intercept, deflect, or absorb some of the sound waves.
The next section explores a few scenarios using this
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approach, with simulations conducted to evaluate
different configurations.

IV. SIMULATION OF NOISE BARRIERS FOR THE 2P
RING ROAD HIGHWAY

The highest noise level recorded on the 2™ ring road
was 94.5 dB(A). This case has been modeled using the
dBmap software. The 2™ ring road highway comprises
dual motorways, each consisting of two lanes per
direction, with an approximate width of 10 m per side,
and a central median strip measuring approximately 2m.
Two simulation scenarios are evaluated:

1. abaseline scenario without any noise barriers.

2. a mitigation scenario involving the installation of
barriers at two strategic locations—within the
central median strip between opposing lanes, and
alongside the outer edges adjacent to both
motorways.

In the second scenario, two types of barriers are
present and modeled: a barrier on the central median strip
that stands 1.5 meters high, and another barrier along the
outer edges adjacent to the motorways. The latter barrier
is modeled at two heights: 1.5 m and 7.0 m. The 7.0 m
high barrier is not the usual noise reduction barrier, but in
fact represents the case of planting tall dense trees, as
trees are commonly used as noise barriers on high-traffic
roads [8]. All barriers used in our model have a reflection
coefficient of 0.9, assuming typical weather conditions of
20°C temperature and 70% humidity.

The model incorporates four point-sources of noise,
each emitting 94.5 dB(A), representing moving vehicles.
Each couple of these sources is positioned along one
direction of the highway to simulate vehicular noise
emission. In these models, two buildings are considered
for the sake of simulation, present on one side of the
highway, about 10 m away. Each building has about 20 m
front, where building-1 is 9.0 m high and building-2 is
5.0 m high. The general setup is as shown in Figure 1.
This figure is not to scale but for reference only.

rrrrrr

Figure 1. General setup of the simulated scenarios.

For all these models, noise mapping is modeled, and
noise levels are strictly calculated, simulating two
receivers located in front of the two buildings. Noise
mapping is predicted at different heights, namely at 1.0
m, 4.0 m, 9.0 m, and 12.0 m.
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A. Baseline Scenario: Scenario 1 (no barriers)

In this first scenario, barriers are considered, neither
between lanes nor along the road (between the road and
surrounding buildings). Sound pressure levels (SPL) are
calculated in all areas near the noise sources, at octave
frequency bands, as shown in Figure 2. Note that higher
levels are observed at 1 kHz, as the human ear is more
sensitive at and near this frequency.

No Barrier

Elm m4m E9m

SPL dB(A)
=N W I3
o 6 & & ¢
v 1

1k 2k 4k

Octave Frequency Band Hz

Figure 2. SPL calculated at different heights: scenario 1.

Figures 3-6 illustrate a visual representation of the
mapping of these simulated noise levels. These noise
level values are higher at 1 m above ground, as the point
sources are located at 1.0 m high, and lower at higher
levels above ground, as expected. When calculated at
heights above 5.0 m, it extrapolates building #2 and is
spread to the surroundings, but with SPL below 64
dB(A).

Figure 3. Noise level map for scenario 1: the source height is 1m;
receiver height is 1m.
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Figure 4. Noise level map for scenario 1: the source height is 1m;
receiver height is 4m.

Figure 5. Noise level map for scenario 1: the source height is 1m;
receiver height is 9m.

n
75688
80+ dBIA;

Figure 6. Noise level map for Scenario 1: source height is 1m; receiver
height is 12 m.

B. Noise Mitigation Scenario: Scenario 2 (with
barriers)

In this second scenario, sound pressure levels (SPL)
are calculated with two barriers installed simultaneously:
i Scenario 2.1: 1.5m high barriers in the central
median between opposing highway lanes, plus
1.5m-high barriers along the outer edges
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separating the highway from adjacent
residential areas. The barrier setup used in this
scenario is as shown in Figure 7.

|

IR

BarH‘ier 1 } Barrier 2 .
height: 1.5m }height: 1.5m Receiver 1@ ?m;
Source 4@ | Source2 ® ! %:"
i | Receiver 2 @ =
Source3@® : Source 1@ } -
i 1
7m 10 m 10 m
Figure 7. Setup of barriers positions for Scenario 2.1 on the 2nd ring

road.

i Scenario 2.2: 1.5m high barriers in the central
median between opposing highway lanes, plus
7m-high barriers along the outer edges
separating the highway from adjacent
residential areas. The 7m high barriers represent
tall, dense trees, known as green acoustic
screens. The barrier setup used in this scenario
is as shown in Figure 8.

|
AT I

|
|
|
|
|
Barrie\L 2 (green screen)
height: 7.0m
|
|
|
|
|
|
|
|
|
|
|
I

height: 1.5m

3
Receiver 1@ =
Source 4@ : Source2 @ g
! Receiver 2 @ =
Source 3@ : Source 1@ =
1
7m 10 v 10 nv
Figure 8. Setup of barriers positions for Scenario 2.2 on the 2nd ring

road.

It is observed that the use of a 1.5m high barrier
affected the noise levels in front of the two buildings
measured at 1 m height, decreasing its total from 66
dB(A) when no barriers exist, to 58 dB(A) with a 1.5m
high barrier, as shown in Figure 9. However, using a 7m
high barrier helped decrease noise significantly to 43
dB(A), as would be expected, as shown in Figure 10.

Scenario 2.1

Eim ®4m ®9m ®=12m

0 || “ “ “ “ “ “ I|
63 125 250 500 1k 2k 4k 8k

Octave Frequency Band Hz

SPLAB(A)
e Y- I R ¥ B = B |
o 0O O O 0O o O

Total -
dB(A)

Figure 9. SPL calculated in Scenario 2.1.
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Scenario 2.2
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Figure 10. SPL calculated in Scenario 2.2.

The visual mapping of scenarios 2.1 and 2.2 are
demonstrated in Figures 11-14 and Figures 15-18,
respectively. Observe that these noise levels are higher at
1m above ground, as the point sources are located at 1 m
high, and lower at higher levels above ground.

Figure 11. Noise level map for Scenario 2.1: source height is 1m;
receiver height is 1m.

Figure 12. Nise level map for Scenario 2.1: source height is 1m;
receiver height is 4m.
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75688
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Figure 13. Noisé level map for Scenario 2.1: source height is 1m; Figure 16. Nise level map for Scenario 2.2: source height is 1m;
receiver height is 9m. receiver height is 4m.

Figure 14. Noise level map for Scenario 2.1: source height is 1m; Figure 17. Nise level map for Scenario 2.2: source height is 1m;
receiver height is 12m. receiver height is 9m.

Figure 15. Noise level map for Scenario 2.2: source height is 1m; Figure 18. Noise level map for Scenario 2.2: source height is 1m;
receiver height is 1m. receiver height is 12m.

Noise barriers can effectively reduce noise levels, but
their effectiveness depends not only on the horizontal
distance from the highway, but also on the receiver’s
elevation of the receiver [23,24]. This is clearly
demonstrated in Figure 19. The noise barrier tries to
block the direct line of sight between the noise source
(vehicles) and the receiver (adjacent buildings), forcing
sound to diffract at the top of the barrier. This is clearly
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observed, for example, in Scenario 2.2, where the noise
level is reduced from 66 dB(A) at the source to 43 dB(A)
at 1m-high receiver. Then it starts to increase to 45, 57,
and 61 dB(A) at a 12m high receiver. Therefore, at higher
floors of adjacent buildings, the attenuation of noise can
drop significantly, that is, to 3dB(A) at 12m high.
Scenario 2.1 shows a similar effect, but with lower
attenuation.

70 66 66 65 64
PP *s —e,
= Ss 57
© 50
a e
G 40 43 45
30
im 4m 9m 12m

Receiver Height

—@—Scenariol =®=>Scenario2.1 ==®==Scenario 2.2

Figure 19. Noise levels comparison for the three scenarios.

The case of using a 7m high barrier simulates planting
tall, dense trees along the 2" ring road highway. Previous
studies have demonstrated that tree noise attenuation can
be improved if trees are arranged in a periodic lattice
configuration, in what are called green acoustic screens
[25]. The other affecting factor is to have the foliage
dense enough for proper attenuation to occur [26]. Keep
in mind that these are simulations and accurate
measurements are necessary to conduct during noise
abatement projects using noise barriers.

V. CONCLUSIONS

This numerical study evaluated the reduction of noise
along the 2nd ring road highway in Tripoli, which was
identified in a previous research as the city’s loudest site
among other regions. The study was carried out by
simulating the installation of road noise barriers under
two height configurations. Two scenarios were analyzed,
differing only in noise barrier height. The optimal
scenario combined 1.5m-high barriers between opposing
lanes with 7m-tall dense tree planting, demonstrating
what is known as the green acoustic screens. This
scenario achieved a reduction of up to 16 dB (A) in noise
level at lower elevations. This outcome emphasizes that
the effectiveness of the barrier depends not only on the
horizontal distance from the source but also on the
elevation of the receiver. The results obtained
demonstrate that integrating green barriers with
conventional noise barriers substantially improved noise
attenuation in areas adjacent to the highway. On the other
hand, the reported findings highlight the importance of
enhancing public awareness of urban noise pollution and
its adverse effects on communities. State authorities are
advised to maintain noise pollution records, along with
GIS data, for future comparisons and to maintain the
well-being of residents.
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