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Abstract
This paper studies noise pollution in a local context and aims at finding feasible mitigation measures
taking AUBMC area as a case study. After thoroughly researching the topic to better understand the
causes and implications of noise, as well as suggested solutions to alleviate its severity, the group
moved towards applying these findings to the study area. A professional sound meter was used to
measure noise levels at different locations and at different times of the day, which allowed, after
analysis, the preliminary identification of noise patterns around AUBMC and their causes. As for
future AUBMC plans, noise levels were modeled using ArcGIS, accounting for several phases of
construction. Mitigation measures specific to each case were developed and simulated also through
ArcGIS, such as the use of noise barriers, which was found to be effective in alleviating the problem
in certain cases. Additional regulatory solutions, alternative construction methods, and solutions
related to transportation were also suggested. Noise mitigation plans were finally formed, to which a
base scenario where no mitigation measures taken were compared to.
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1 Introduction
Environmental issues facing the world nowadays often cause noise pollution to be marginalized.
However, the perception of sound and the extent to which it varies in duration and level have
considerable effects on human well-being. World Health Organization recognizes noise as a major
factor in several physical and psychological problems, the most common of which is noise-induced
hearing impairment, affecting perception of speech and communication between individuals,
especially in the presence of background noise. WHO also states that noise levels of 65 dB(A) at Leq
(24 hrs.) cause cardiovascular and hormonal disruptions including heart rate increase and changes in
blood pressure. It is also stated that if the exposure to noise is temporary, the physiological system can
over recover, which is not the case if exposure is consistent and intense (WHO,1999). This is a result
of inappropriate urban planning, among other reasons, which increases the exposure to unwanted
sounds. This study will focus on identifying primary sources of noise through experimental and
analytical procedures conducted by the group in reference to past and ongoing studies. Engineering
solutions and methods to reduce noise will be discussed.
The work to be undertaken will be an application of several engineering domains, the first of which is
the environmental aspect since noise is considered a type of pollution which affects human health and
daily activity. Transportation applications will also be tackled as transportation systems are
considered main causes of noise pollution in urban areas, and therefore improvements and policies
must be implemented to reduce their contribution to the problem. The construction and structures
domain will also have an important contribution as the proposed project will identify noise reducing
solutions related to construction sites. Systematic application of findings and management strategies
are required for the success of any development project. The AUBMC 2020 ongoing project will be
taken as a case study for experimentation and analysis purposes.
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2 Literature Review
Many international studies were carried out to assess the noise problem and the group used such
resources to launch the research study and compare the case study to other projects.

2.1 Noise Sources
Noise is any sound which at the time of reception is unwanted or disturbing. Its sources will be
categorized into four: transportation systems, construction works, industrial works, and population
activities.
The figure by Dr. Issam Srour below generally illustrates certain sources of noise with their associated
levels in dB(A).

Figure 2.1. Noise Sources and Levels (Srour, 2012)

2.1.1

Transportation

Road traffic is the main contributor to noise related to transportation in Lebanon. The four basic
sources of traffic road noise are listed below (Mahajan, 2013) (Marathe, 2012):
1.

Number of vehicles: The continuous increase in the quantity of automobiles available on
highways such as cars, trucks, buses, and motorcycles plays a major role in traffic increase,
leading to a considerable noise pollution.
2

2.

Speed of flow: Regardless of being high or low, speed has a noticeable impact on transport
noise. As the speed increases, noise pollution increases. This is due to the pavement- tire
interaction. At slow traffic speed noise is still dominant and engines are the central source of
noise. Hence, pavement-tire interaction is controlled by moderate to high speeds and engine
noise transmitters are dependent on the speed of the engine which is related to the vehicle’s
size and not speed (El Fadel, 2001).

3.

Pavement conditions: Pores on top of pavements, which are due to an upper layer of same
size aggregates, result in reduced noise levels. Smoothness and roughness of the surface also
have an effect; the smoother the surface, the less the noise and vice versa. Noise is also
dependent on the pavement workability and lifetime, where the more the structure or material
is prone to failure the more it causes noise.

4.

Neighborhood road noise: This is characterized by the noise emerging from honking the
horns, increasing the radio’s sound level in the cars, or car accidents followed by conflict.

As traffic noise is mainly related to flow of vehicles, the figure below by researchers at University of
Munich shows the expected values of noise in dB(A) in terms of vehicle flow (Gluck, 1971).

Figure 2.2. Variation of Noise Levels (dB(A)) in terms of Traffic Flow (veh/hrs.) (Gluck, 1971)

3

Although this graph was formulated based on data from Germany, the values still give an idea about
noise levels resulting from vehicles in Beirut.
2.1.2

Construction

Another source of noise is construction work. The main contributors to noise in construction sites are
the equipment used, which can have different levels of variation between one another depending on
the time and amplitude of operation (Srour, 2012). According to the Federal Highway Administration
(FHWA) there are two types of construction equipment that impact noise levels: stationary and
mobile (FHWA, 2015).
Listed below are the types of equipment followed with further discussions and examples.
1.

Stationary Equipment: have a constant operation function on site all day, which increases
noise during the working period. Such equipment generates either a constant noise level (nonimpact) such as pumps or generators or a variable noise level (impact) that varies between
different equipment and has an impulsive characteristic such as pavement breakers or pile
drivers, etc.

2.

Mobile Equipment: are the equipment that function for a specified time per day, such as
trucks that travel to and away from the site.

In addition, noise levels generated by construction activities vary according to the phases of
construction: demolition, earthworks, building construction, or finishing.
Demolition is the phase in construction projects when old structures are destroyed in order to replace
them by new ones. It requires careful planning as it may cause harm to nearby structures and lives.
Moreover, activities associated with it are very often noisy and disturbing, such as blasting and using
wrecking balls.
On average, the techniques used in demolition cause noise levels of 75 to 80 dB(A) at 30 m from the
source. (DoB, 2004) Table 2.1 illustrates some of the techniques along with their corresponding noise
levels:
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Table 2.1. Demolition Methods' Noise Levels (DOB, 2004)

Method

Principle

Noise Level Range
(dB(A)) at 30 m

Top down manual
with jack hammer
or pneumatic
hammer

Breaking away the
concrete by hand
held jack hammer or
pneumatic hammer

80+

Wrecking ball

Destruction by impact
of steel ball suspended
from a crane

75 - 80

Implosion

Use of explosives

80+

Thermal lance

Use of intense heat
by fusion of metal

75 - 80

Almost all construction projects involve earthworks by which a structure may extend below ground
level and need improvement on site such as roads. Earthworks phase is a complex one in the
construction process as it deals with soil which hugely differs in conditions and properties.
Concerning noise due to earthworks, the level emitted depends on the soil and the method used. Table
2.2 states some noise levels corresponding to different machines used for earthworks such as pile
drivers, dozers and backhoes. (Knauer & Pedersen, 2011)

Table 2.2. Earthworks Machines Noise Levels (Knauer & Pedersen, 2011)

Equipment Description

Specified Lavg
(dB(A)) at 15 m

Actual Measured Lavg
(dB(A)) at 15 m

Auger Drill Rig
Backhoe
Boring Jack Power Unit
Clam Shovel (dropping)
Compactor (ground)
Compressor (air)
Dozer
Excavator
Front End Loader
Grader
Grapple (on backhoe)

85
80
80
93
80
80
85
85
80
85
85

84
78
83
87
83
78
82
81
79
N/A
87
5

Equipment Description

Specified Lavg
(dB(A)) at 15 m

Actual Measured Lavg
(dB(A)) at 15 m

80

82

95
85
85
85
85
85

98
89
81
84
96
91

Horizontal Boring
Hydraulic Jack
Impact Pile Driver
Jackhammer
Rock Drill
Scraper
Sheers (on backhoe)
Vibratory Pile Driver

The building construction phase involves many activities starting from the foundations all the way to
the finishing. Noise level hugely varies from one activity to another and it averages between 70 and
90 dB(A). Table 2.3 lists some of these activities along their average noise levels. (Knauer &
Pedersen, 2011)
Table 2.3: Equipment Noise Levels (Knauer & Pedersen, 2011)

Equipment Description
Bar Bender
Chain Saw
Concrete Batch Plant
Concrete Mixer Truck
Concrete Pump Truck
Concrete Saw
Crane (Fixed)
Crane (Mobile)
Drum Mixer
Dump Truck
Flat Bed Truck
Generator
Man Lift
Mounted Impact
Hammer (hoe ram)
Pickup Truck
Pneumatic Tools
Pumps
Tractor
Vibratory Concrete
Mixer
Warning Horn
Welder/Torch

Specified Lavg
(dB(A)) at 15
m
80
85
83
85
82
90
85
83
80
84
84
82
85

Actual Measured
Lavg (dB(A)) at 15
m
N/A
84
N/A
79
81
90
85
83
80
76
74
81
75

90

90

65
85
77
84

75
85
81
N/A

80

80

85
73

83
74

6

2.1.3

Industry

Industrial factories are governed by high intensity sound volumes due to various types of machines
that operate constantly during the day. Although industries are commonly far from urban areas, they
still exist in many cities and affect a great number of people other than the workers, who are already
endangered if not well protected.

2.1.4

Population

Noise increases with the increase in population. A high population density is an indicator of higher
noise levels as activities increase with each individual. For example, Lebanon ranked 27th in the world
in this category with a density of 404 persons per km2 back in 2008 (World Population Prospects,
2009), which has been increasing especially with the refugees fleeing the Syrian civil war in 2012.
The World Bank stated in 2014 that the Lebanese population density has become 444.45 persons per
km2, making this country more susceptible to noise pollution.

2.2 Noise Pollution Implications
Noise is traditionally defined as ‘unwanted sound’. It has several effects on humans and other
creatures, thus studying and analyzing it is necessary for a better quality of life.
2.2.1

Hearing Loss

Effects on humans can be categorized as long-term and short-term. Hearing damage is the most
popular type of harm caused by noise pollution. The question that arises here is: what is the level of
noise beyond which hearing abilities are affected? An average person is exposed to different types of
sounds, ranging from rustle of leaves to amplified rock music. The only proved organ damage caused
by noise is that to the inner ear, resulting in defective hearing which may occur after years of
exposure to noise at levels above 80 dB(A) (Ising, 1980). World Health Organization (WHO)
recommends a maximum value of Leq (24), equivalent to 55dB(A), beyond which there is “serious to
moderate annoyance” and a value of Leq (24), equivalent to 70 dB(A) beyond which there is risk of an
irreversible hearing impairment (WHO, 1999).
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This damage is known for the US National Institutes of Health (NIH) as “noise-induced hearing
loss”. Hearing loss does not always require a long exposure to noise; a one-time exposure to a
powerful sound may be enough to cause permanent hearing loss. An example from everyday life is
when an mp3 device or a mobile phone gives a message such as: “high volumes may cause hearing
damage”. It is reported by the US National Institute of Health that activities of the type of high
volumes in earplugs, playing in bands, attending loud concerts, and even hunting and snow riding can
increase the risk of being a target of hearing loss (NIHL, 2016).

2.2.2

Physiological Effects

In addition to hearing loss risks, noise can affect the physiological state as pulse and respiratory rates
will increase. It is medically proven that heart attacks in individuals with existing cardiac injury can
be caused by noise, and that continued exposure to loud noises could cause chronic conditions such as
hypertension or ulcers (Davis & King, 2003). Moreover, medical studies report that the risk on the
cardiovascular system increases with sound pressure levels above 65 dB(A). It is also reported that
noise increases the occurrence of or worsens “stress related disorders like migraine headaches,
coronary artery disease, peptic ulcer disease and irritable bowel syndrome (Korfali & Massoud,
2003). Some research seems to indicate a link to low birth weight babies, birth defects, and an
increased susceptibility to viral infections, but in a recent review, many of these effects were
attributed to poor study design or exhibited only a weak association with noise (Stansdeld, 2000).
For a long time, research and experiments studying noise have considered it as a minor factor of
stress. Relatively recent experiments were conducted in a natural situation with several stress
components. Effects of noise were studied compared to other environments where noise levels are
moderate.
An experiment published in the International Archives of Occupational and Environmental Health on
a sample of people gave the results shown in figure 2.
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Figure 2.3. Changes of Specified Parameters in 57 Test Persons during 7 Working Hours under Traffic Noise (Leq = 85 dB(A)
as compared with work without Noise (Leq < 50 dB(A)) (Ising, 1980)

In light of the above, noise exposure has a clear effect on the fields of interest (psychological,
performance, blood circulation, and biochemical parameters).
The study’s most significant outcome is the correlation between noise exposure and blood pressure.
However, it was deduced that a difference is present in the biochemical reactions between familiar
and unfamiliar noise (Ising, 1980).
2.2.3

Psychological Effects

Noise can affect the quality of sleep tragically even if it does not wake up the person exposed, as the
sleep pattern can be bothered, “resulting in a reduced feeling of well-being the next day. External
noise measuring up to 30 dB(A) in a bedroom is appropriate for sleep.” (Marathe, 2012)
The major problems that arise as a result of this sleep disturbance are fatigue, depression, and pain felt
by people with sleeping problems. This may also lead to the intake of sleeping pills and relaxing
drugs with all their negative impacts.
It is also reported that if the background noise is 50 dB(A) or less, conversations can be held normally
with a person far up to 1 m. Any noise level higher than that will result in questions of “What?”,
“Sorry?”, and “I couldn’t hear you!” to arise. This will cause the speaker and listener to feel
additional stress to raise their voice or to interpret the words said. In addition, habituation to noise
9

poses serious threats since affected individuals do not realize they are being hurt. Although they
adjust to it, the ear is “operative by transmitting signals to our nervous system which stimulates
reactions from our bodies”. This could cause stress build up that has adverse negative health effects
(Ouis, 2001).
2.2.4

Economic Effects

Economic effects of noise pollution may be somehow difficult to measure because of the various
contributors to the economy which are affected by noise. All the effects mentioned above have an
influence on the economy; hearing loss, physiological, and psychological effects. In figure 2.3, it is
shown how noise affects the quality of job achievements negatively and causes higher risk of failure if
compared to jobs where no high levels of noise are present.
Sleep deficiency can affect the economy too. Low efficiency is to be expected from employees or
laborers facing sleeping difficulties. Psychological conditions also affect overall performance.
Other economic effects can be observed and measured. For instance, many countries that depend
majorly on tourism may detect the decrease of revenues from this field as a result of increase in noise
levels.
2.2.5

Effects on Wild Life

Just as humans face problems because of noise pollution, animals also suffer. It is reported that
animals may face hearing loss if exposed to 85 dB(A) or greater. Also, wildlife population may be
unable to hear some environmental cues and signals from other animals, the thing that may be lethal
and is called masking. Also, loss of production for some species is related to being exposed to high
noise levels.
It was stated that “Exposure of Desert Kangaroo Rats to dune buggy sounds (95 dB(A) at 4 m, on and
off for 500 seconds) caused a major reduction on detection distance for its principal predator the
Sidewinder (Rattlesnake). In fact, the distance for the normal sand kicking response to the snake's
presence was reduced from 40 cm to 2 cm, and it took three weeks for the rat to recover. Surely in the
field, this nocturnal rodent could not have survived at such a disadvantage. (Cornman, 2003)
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2.3 Noise Level Regulations
As noise represents a major threat to both the human health and wild life, certain regulations were set
by international agencies and local ones to control it.
Internationally, WHO and USEPA had set acceptable levels for noise levels to secure a safe
environment. These levels are presented in Figure 3. (USEPA, 1974) (WHO, 1999)

Table 2.4. Summary of USEPA and WHO Recommended Sound Levels for Community Noise (USEPA, 1974) (WHO, 1999)

Level

Effect

Area

Leq(24)< 70 dB(A)

Hearing

All areas (at the ear)

Ldn< 55 dB(A)

Outdoor activity

Outdoors in residential areas and farms and other outdoor

interference and

areas where people spend widely varying amounts of time

annoyance

and other places in which quiet is a basis for use

Outdoor activity

Outdoor areas where people spend limited amounts of

interference and

time, such as school yards, play grounds, etc.

USEPA

Leq(24)< 55 dB(A)

annoyance
WHO
Leq(24)= 55 dB(A)

Serious to moderate

Outdoor living area

annoyance
Leq(24)= 70 dB(A)

Hearing impairment

Industrial, commercial shopping and traffic area, indoors
and outdoors

Locally, the Lebanese Ministry of Environment (MOE) had also set the acceptable sound levels,
represented in Figure 4. (MOE, 1996)
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Table 2.5. Lebanese Ambient Noise Limits for Intensity in Different Land Zones (MOE, 1996)

Land Use

Noise Standard Level (dB(A))
Day Time (7:00 a.m. to

Evening Time (6:00 p.m. to

6:00 p.m.)

10:00 p.m.)

55-65

50-60

50-60

45-55

City Residential areas

45-55

40-50

Suburbs with light traffic

40-50

35-45

Country residential areas, hospitals,

35-45

30-40

60-70

55-65

Commercial, administrative, or
downtown
Residential/commercial centers on
highways

parks
Heavy industries

The above tables will be referred to in subsequent sections of this report.

2.4 Noise Collection and Noise Data Analysis
Sawt wa Samt is a research group working under the AUB Neighborhood initiative, founded by
faculty, staff and students interested in conducting research on noise, creating events regarding the
impact of noise pollution on humans, and finally studying policies’ implementation to analyze their
results. In one of their studies, they were able to map noise levels around the AUB community using
noise meters. Concerning these meters, studies have been conducted to assess the efficiency of
smartphone applications versus professional sound meters. (Dawy, 2014) Both types of noise
measurements were used at random times of the day and results were graphed and compared. It was
found out that smartphone applications could be calibrated to be as reliable as professional sound
meters. This allows the formulation of a relationship between noise and participants’ hearing,
attachment to city, annoyance, mood, anxiety, sleeping patterns, and work productivity.
The figures below show the mapping of results by Sawt wa Samt as well as times of day during which
they are prevalent.
12

Figure 2.4. Noise Map by Sawt wa Samt, Friday, April 19, 2013 (AUB Main Gate Magazine, Spring 2014)
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Figure 2.5. Noise Map by Sawt wa Samt, Tuesday, April 16, 2013 (AUB Main Gate Magazine, Spring 2014)
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2.5 Mitigation Procedures
2.5.1

General

Mitigation procedures for noise pollution are related to sources of noise. Suggestions for the
alleviation of noise pollution include synchronizing the timing of noisy operations, using modern
equipment with better engine insulation and mufflers, maintaining construction equipment, and
carefully selecting construction methods in areas sensitive to noise (Srour, 2012). Results from one
interesting study related to construction correlates the loss of transmission of noise to the type of
material used for isolation are shown in the figure below (Collen and Goelzer, 2005).

Figure 2.6. Noise Absorption Intensity for Different Materials (Collen and Goelzer, 2005)

Noisy equipment can be restricted to daytime and stored away from sensitive areas, and vehicle
backup alarms can be replaced with a dedicated observer at night time. In the research and project
planning fields, Dr. Srour mentions relevant methods to be implemented to better serve the
implementation of these projects (Srour, 2012) such as:
1.

The use of simulation techniques to predict the magnitude and frequency of noise levels
generated by construction equipment at receptor locations around sites

2.

The use of statistical tools to estimate PDF (probability distribution functions) and CDF
(cumulative distribution functions) for anticipated noise levels at each receiving node, based
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on type of equipment, distance of various work zones to noise receptors and construction
schedules
3.

Optimization of geometry, composition, and location of noise barriers around sites

Also on the local scale, Korfali and Massoud came up with recommendations to reduce noise
pollution in Lebanon, one of which is to monitor, analyze the sources of noise continuously, and
preserve an appropriate noise environment for different land uses such as building design and
orientation, site planning, physical barriers, interior layout, and landscaping. It is shown that future
projects that relate to transportation must include noise mitigation considerations in order to be
approved. Finally, Korfali and Massoud point out the importance of enforcing noise policies to
prevent existing and new policies from exceeding the acceptable standards. They also state that the
national integrated noise management plan cannot be maintained without adequate policy and a wellintegrated framework. This framework should be related to energy, transport, and land-use planning
and it can be achieved through collaboration of several governmental and municipal bodies (Korfali &
Massoud, 2002).
Some other strategies are included in different phases of London’s governmental plans, the first of
which is indicating the number of people affected by high level of noise, effects on these people,
techniques available to improve the situation, and methodologies to undertake an economic analysis.
The second phase is evaluating the courses of action taken in the first step in terms of cost and benefit
and coming up with relationships related to economic, environmental, and social issues. The study
published by London authorities could provide ideas that could be applied to any case at hand (GLA,
2004).
As for the mechanical field, a document produced by the World Health Organization in collaboration
with the department of mechanical engineering at University of Adelaide recommends maintenance
and substitution of equipment, processes, and mechanical power generators to decrease noise resulting
from them.
A noise impact assessment by Professor Mutasem El Fadel was conducted for two typical urban
intersections with different traffic levels. The goal was to evaluate the effects of several contributing
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parameters on noise levels through simulation models. Four parameters were varied to assess noise
levels at several receptor locations, which are: type of grade separation, vehicle mix, pavement type,
and Level of Service (LOS). Grade separations, which could include an overpass (bridge) or an
underpass (tunnel), help in minimizing traffic delays at intersections, but they are also significant in
reducing noise levels, especially underpasses. A tunnel confines sound waves thus decreasing their
effects on outside receptors. An overpass creates a “shadow zone” to which noise waves above do not
reach. Decreasing traffic delay increases vehicle speed, which in turn increases noise levels.
Therefore, there is a re-balancing effect that goes, but still there is a net total decrease in noise levels.
The study tests the effects of creating an underpass and an overpass at each of two intersections in the
Greater Beirut Area (GBA). Effects of increase in speed on noise levels against fixing the speed are
graphed as shown below (El Fadel, 2001).

Figure 2.7. Effect of Grade Separation on Noise Level (El Fadel, 2001)

As for the vehicle mix, the reduction in the number of passenger cars in favor of public transport
busses results in significant reduction in acoustic energy only in case of fixing travel speed. In cases
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where net volume of vehicles decreases and vehicle speed increases, noise levels stay relatively
constant and may even increase. Pavement type affects traffic noise emissions through tire-pavement
interaction. At relatively high speeds (>40 km/h), noise from tire-pavement interaction overpowers
that resulting from engine exhaust. The use of an open-graded asphalt pavement can result in a 2-4
dB(A) reduction in noise levels in comparison to normal pavements. However, this reduction is shorttermed due to filling up of voids and polishing of aggregates. Varying the Level of Service (LOS)
does not necessarily reduce noise levels as shown by the previous study. There is always a tradeoff
going on whenever traffic operation is improved. Therefore, implementation of several procedures
with one another, rather than separately, produces the most efficient results. Techniques include
elevating or depressing the highway, reducing traffic volume, decreasing the traffic speed, using noise
barriers, insulating the nearby buildings, vegetating the nearby terrain, acquisition of buffer zones,
using specific pavements, and managing traffic operations.

In another study by Professor El Fadel, reduction in noise exposure through construction of noise
barriers was evaluated and the feasibility of implementing relevant abatement measures was discussed
within site-specific constraints. Noise barriers cannot be built on existing highways due to geometric
constraints, but they can be implemented for buildings, thus reducing noise levels felt by their
residents. Planting dense vegetation reduces noise impacts of traffic on surroundings since they act as
insulators. Partial mitigation can be achieved by routing heavy traffic or setting time restrictions on its
circulation. All in all, it is essential to decrease the number of vehicles and their effects without
increasing car speed. Mitigation measures should be implemented in a way that reduction in noise
levels outweighs noise increase caused by these procedures separately (El Fadel, 2002).
2.5.2
2.5.2.1

Construction Activities
General Mitigation Procedures of Construction Noise

General mitigation procedures apply to all phases of construction and they are divided into the three
following categories:
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2.5.2.1.1




Use temporary enclosures around noisy activities (other than the site barrier). For example,
shields can be used on pavement breakers and loaded vinyl curtains can be dropped under
elevated structures.
Place equipment on the construction site as far away from noise-sensitive sites as possible.

2.5.2.1.2



Sequence of Operations

Perform noisy operations simultaneously. The total noise level produced will not be
significantly greater than the level produced if the operations were done separately
Avoid nighttime activities.

2.5.2.1.3



Design considerations and project layout:

Alternative Construction Methods

Use quieted equipment, such as enclosed air compressors and engines with mufflers.
Use quieter methods of operation, such as replacing implosion of a building to destroy it by
sawing it into small sections loadable on trucks.

2.5.2.2

Phase – Specific Mitigation Procedures of Construction Noise

Some mitigation procedures are specific to each phase of a construction project, which are the
demolition, earthworks and construction works.

2.5.2.2.1

Demolition

In practice, there is no quiet mode of demolishing structures except one that will take months and
even years to complete the job. Usually, destroying structures such as small to medium seized
buildings does not exceed in duration more than a couple of hours or even seconds if implosion if
used, while it may take about a year if cutting down technique is used, which is breaking down the
structures into small pieces and transport them to a dump site. For that, time, money, environment and
restrictions control the method to be chosen.
Some demolition equipment and methods are presented in figure 2.8 showing some quieter methods
that can replace traditional ones.
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Figure 2.8: Sample Traditional and Quieter Demolition Equipment/Methods (EPD, 2016)

Moreover, some mitigation procedures can be done at a certain distance from the source, such as
building noise barriers or noise enclosures or using the top-down demolition method with a movable
enclosure, which is a reverse construction method involving cutting down the building floor by floor
but with an enclosure surrounding the floor under deconstruction. Results for noise level reduction are
presented for each method in figure 2.9 (EPD, 2016).

Figure 2.9: Demolition Mitigation processes away from source (EPD, 2016)

2.5.2.2.2

Earthworks

Earthworks usually involve operations done using noisy machines such as those stated previously. To
decrease noise levels caused by them, the engineer should consider buying newer equipment with
better noise reducers or finding alternatives to the machine in use that cause less noise. Moreover,
enclosures, other than the site barrier, should be also applied if very high noise levels are emitted. For
example, one can replace impact pile driving by pile drilling or vibrating, but this is bound to the soil
and site conditions.
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Some earthwork equipment and methods are presented in figure 2.10 showing some quieter methods
that can replace traditional ones.

Figure 2.10: Sample Traditional and Quieter Earthwork Equipment/Methods (EPD, 2016)

Note that according to EPD (2016), “QPME” is defined as “Quality Powered Mechanical Equipment
items, are construction equipment items that are new, notably quieter, more environmentally friendly
and efficient.” By this, EPD is stating that the same excavator can be 10 dB(A) quieter if it is properly
used within its life span with required maintenance.
Similar to the demolition phase, barriers and enclosures can be installed on site or at a distance in
order to control noise propagating from its source to noise sensitive receptors. (NSR) Noise level
reduction values for such structures are presented in figure 2.11 (EPD, 2016).

Figure 2.11: Earthwork Mitigation processes away from source (EPD, 2016)
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2.5.2.2.3

Construction

Similar to earthworks, construction works can be noise controlled through choosing the quietest
equipment and providing enclosures for noisy ones along with barriers. Sample quieter equipment
used in this phase are presented in figure 2.12 showing how much noise can be reduced by choosing
the right equipment (EPD, 2016).

Figure 2.12: Sample Traditional and Quieter Construction Equipment/Methods (EPD, 2016)

Concerning barrier and enclosures, such structures and layers can be also used in this phase of
construction. Values of noise level reduction are presented in figure 2.13 and are equivalent to those
of earthworks phase (EPD, 2016).

Figure 2.13: Construction Mitigation processes away from source(EPD, 2016)

2.5.3

Noise Barriers

Barriers are the main acoustical structures whose central function is to reduce nuisance through
absorption, reflection, transmission, and/or diffraction of sound energy. Depending on the material
provided.
The figure below (2.14) represents the mentioned paths of sound waves. (US Department of
Transportation, 2000)
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Figure 2.14. Sound Waves Pathways(US Department of Transportation, 2000)



Diffraction:

Diffraction is the process of elongating the transmission path of sound waves, which occurs at both
the top and different ends of the barrier. Alternating frequencies are diffracted into various positions,
where sound waves with high frequencies are bent with a flatter slope than that of lower frequencies.
Hence, barriers are efficient in reducing sounds with high frequencies rather than low values.
The figure below (2.15) illustrates the difference in the diffracted paths of sound waves with high and
low frequency.

Figure 2.15. Diffraction Paths(US Department of Transportation, 2000)



Absorption and Reflection:

Absorption and reflection are correlated, in which the part of the energy that is not absorbed will be
reflected. Absorption is actually the quantity of energy that hits the barrier material without being
reflected and it is represented by a sound absorption coefficient.
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Sound absorption coefficient is a decimal portion of the energy being absorbed. For instance, if a
material is characterized by a 0.7 absorption coefficient then 70% of sound energy is absorbed and
30% is reflected. It must be mentioned that the energy of the reflected sound is less than the incident.
Since energy absorption depends on frequencies, Noise Reduction Coefficient (NRC) is introduced
and widely used in literature. It represents the average sound absorption at different frequencies (250,
500, 1000, and 2000 Hz) The table in figure 2.16 represents the absorption coefficient of various
barrier materials. (Owens, 2004)

Figure 2.16. Sound Absorption and NRC for Several Materials at Different Frequencies (Owens, 2004)
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To identify the exact decrease in sound level (dB(A)) due to material absorption, one must first
calculate the total sound absorption Sabins followed by the Sound Pressure Levels (SPL) using the
below equations.
Total absorption Sabins (S) = (Σ sound absorption coefficient x area exposed) of each material
provided.
Hence, by calculating the total absorption Sabins before (SB) and after (SA) the insertion of barriers,
the exact attenuation of noise is deduced using the following equation. (Owens, 2004)
SPL = 10 log SA/SB

2.5.3.1

Barrier Design

Noise barriers were studied as for the structure and the material considered.
2.5.3.1.1


General Barrier Basics

Insertion Loss:

The design of a barrier is based on the Insertion Loss (IL) aimed to achieve at the receiver. IL is the
difference between sound levels at a fixed receiver before and after barrier construction. An initial value of
5 dB(A) IL is achieved by simply blocking the sight of vision between the source and the receiver. Any
extra 1m in the barrier’s height sums an additional 1.5 dB(A) (to the 5 dB(A)) reduction. (US Department
of Transportation, 2000)
The figure below (2.17) explains the decrease in nuisance with respect to height elevation
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Figure 2.17. Relation between Noise and Barrier Height (Owens, 2004)

The table below links the insertion loss reached to the height designed
Table 2.6. Design Feasibility based on Insertion Loss Values. (US Department of Transportation, 2000)

Insertion Loss dB(A)

Feasibility

5

Simple

10

Attainable

15

Very difficult

The barrier insertion loss varies between 5 and 20 dB(A), in which an attainable, typical value is 10
dB(A) beyond which a difficulty intervenes in aiming to reach a maximum limit of 15 dB(A).



Length:

Achievement of a minimum diffraction is an essential step to reduce nuisance. A major principle/rule
that must be applied is setting the barrier height (H) equivalent to one fourth (1/4) the perpendicular
distance between the receiver and the barrier (L) as clarified in the figure below (2.18).
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Figure 2.18. Height of Barrier VS. Receiver - Barrier Distance

Failure to apply this rule will result in a reduction in the performance of the designed barrier by a
value that could reach 5 dB(A).



Parallel Barriers:

As mentioned above if the sound energy is not absorbed then it is reflected, which increases the noise
level by about a 2 dB(A). In the case of parallel barriers, repetitive reflections are generated which
degrades the barrier performance from 10 dB(A) attenuation to a range of 4-8 dB(A) decrease in noise
levels.
To prevent the 2-6 dB(A) decrease in barrier effectiveness:


Make sure that the clearance distance (w) between both barriers is minimum 10 times the
barrier’s height (H). In other words, one must achieve a w/h ratio of 10.



Insert absorptive material on one or both barriers at opposite sides.



Tilt the barrier backward

The figure below (2.19) provides the maximum insertion loss reached based on three different w/h
ratios. (US Department of Transportation, 2000)

Figure 2.19. Insertion Loss Achieved according to w/h Ratio. (US Department of Transportation, 2000)
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Barrier Tops:

For the aim of not blocking the view, the height of the barrier could be reduced. This reduction must
be replaced by a specific barrier top where a short barrier with a certain top has an equivalent function
as a tall barrier. Available are numerous different types of barriers’ tops but illustrated below (2.20)
are the commonly used tops along with their typical design form.

Figure 2.20. Tops of Barriers (US Department of Transportation, 2000)

Researches proved that a T-shape barrier increases the insertion loss with about 2.5 dB(A) compared
to a typical barrier with no top shape, given that the height of the wall barrier with the added top is
equivalent to the conventional one.
Moreover, the Arrow, cylinder, and Y shapes reduces noise but with a lower efficiency compared to
the T-shape.
Regardless of the efficiency and advantages accompanied by different tops, the cost of building such
shapes exceeds the action of increasing the barrier’s height.

2.5.3.1.2

Materials

Different materials can be used for the noise barriers. This section will give an overview on all the
different material options and describe their characteristics, convenience, and concerns,


Portland Cement Concrete

First, concrete which is a mixture of Portland cement, aggregates and water can be used for the noise
barriers as cast in place or precast. It is known that it can withstand fluctuations of temperature,
moisture, and sunlight. It can be modeled to the shape and size of the panels and the technique
desired. Cast in place concrete walls have been used in retaining walls and bridges due to their
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flexibility, structural strength, and resistance to vehicle accidents. There are two types of concrete
mixtures being produced, the dry cast and wet cast. The main difference between the two is that wet
cast concrete needs time to set typically eight hours before the mold can be removed while the dry
cast the mold can be removed instantly. Moreover, there are size limitations for the precast elements
and cast in place where the precast panel sizes are restricted to 4.5m due to shipping limitations and
the cranes needed for assembly. On the other hand, cast in place has a minimum wall thickness of
150mm to 200mm according to the space and the vibration of concrete (US DoT, 2000). The
transmission loss of sound for a 100mm thick barrier having a density of 244kg/m3 is 40 dB(A) (EPA,
2003).



Brick and Masonry

Brick and Masonry blocks is another type of barrier materials. Blocks having 70x95x200mm
dimensions are typically used. This method can be installed using machines or hand laid by workers,
depending on how fast the installed process is preferred to be. It requires continuous concrete
foundation where the wall must be anchored with reinforcing bars to the foundation. In addition,
scaffolding is needed for its installation (US DoT, 2000). For a thickness of 150mm and surface
density 288 transmission loss is estimated to be 40 dB(A) (EPA, 2003).


Metals

Metals is the third type, and the types most commonly used are steel, aluminum, and stainless. They
are lightweight which allows them to be constructed over existing sound walls. They can be used
anywhere but mostly used on bridges and retaining walls. Some considerations for the usage of metals
must be taken into account such as the weathering of steel, not meeting the minimum panel weight,
their undesirable appearance, their conductivity where when the accidental contact with power lines
can cause electrical accidents, and finally in most cases the need for scaffolding and cranes to install
prefabricated panels similar to that of concrete. In addition, they are easily damaged unlike concrete
barriers from vehicles and heavy weights (US DoT, 2000). The average transmission loss for 2mm
and density 7 is 22 dB(A). (EPA, 2003).
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Wood

The fourth type is wood installed from pressurized lumber or plywood. Wood can be installed and
dismantled easily if highway changes take place. The considerations to be noted are the fear of
burning which may release toxicity to the surrounding, their instability, and the wood’s decay (US
DoT, 2000). For 20mm thickness and surface density 14kg/m2, the transmission loss is 22 dB(A).


Glass

Transparent panels are made of glass and used to reduce the visual impact of the barrier. It costs 20
times more than the common concrete barrier and needs to be continuously cleaned. So the decision
whether to implement them or not must be well studied. For thickness 50 mm, 45 dB(A) is reduced.
(EPA, 2003).


Plastics

Plastics which are known for their ease of handling is the sixth type of noise barriers. Not only they
can be recycled, they are also lightweight which allows their constructability over structure mounted
applications. But they tend to be flammable and their emissions toxic. Last but not least is the
recycled rubber from ties or rubber product manufacturers. Yet, its high flammability may be a
disadvantage since the smoke may cause safety and environmental issues. For maintaining their
structural strength, bonding agents must be provided. Its transmission loss is similar to that of metals
(US DoT, 2000).

2.5.3.2

LEED Requirements

LEED provides design requirements in which points are awarded, during the end stage of
construction, for addressing LEED targets and concerns. Acoustics is the fundamental step toward
sustainability, where every particular building has a specific acoustical behavior that is characterized
by the ability to reflect, absorb, and divert sound energy resulting from traffic and construction noise.
LEED aims to minimize the effects of noise pollution resulting from construction site works in order
to attenuate annoyance. Listed below are the general requirements to control noise.
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Table 2.7: Average and Maximum Allowable Noise Levels (US Department of Transportation, 2000)

Average dB(A) (8 hrs.)

Maximum dB(A)

Residential
buildings

45

60

Nonresidential
buildings

60

60

Barriers location

For gaining more credits and LEED points, proper acoustics must be well-used. Through noise
control, points can be earned under both the “Material and Resources” and ‘Environmental Quality”
sections.



Material and Resources:

Material and resources points are earned through reaching sustained buildings and minimum wastes.
For that, extra credits are gained by constructing barriers made up of recycled/ recyclable material,
hence reducing the quantity of wastes to be dumped in landfills.


Environmental Quality:

Noise is an essential environmental aspect that influence human’s health and requires treatment.
Acoustical structures reduce annoyance and disturbing sounds and provides comfort in
communication.

2.5.3.3

Other Considerations

Concerning indoor noise which will be briefly discussed in this section, the walls surrounding
AUBMC are known to be relatively good regarding preventing noise from disturbing the patients.
However, they can be improved by the following (US DoT, 2000):
1.

The mass and the stiffness of the wall can be increased: The denser the wall, the more it can reduce
noise. Doubling the thickness of a partition can result in as much as a 6 dB(A) reduction in sound. But
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taking cost considerations, increasing the wall thickness limits its feasibility.

Figure 2.21. Mass of Wall (US DoT, 2000)

Increasing the mass of the wall can be attained by replacing light with heavier material. For example,
another layer of gypsum provides an increase in sound transmission loss.

Figure 2.22. Layer of Gypsum Board (US DoT, 2000)

2.

Cavity partitions between two or more layers: The airspace between the walls serve as a sound
insulator and at the same time cost efficient.

Figure 2.23. Use of Air Space (US DoT, 2000)

3.

Width of the airspace can be increased: As the airspace increases, sound attenuation can increase.

Figure 2.24. Increased Width of Air Space (US DoT, 2000)

4.

The usage of acoustical blankets also known as isolation blankets: They are made of noise absorbing
materials such as mineral, rock wool, fiberglass, and wood fibers and can reduce noise as much as 10
dB(A). They are effective in lightweight construction.

Figure 2.25. Sound Absorbing Blanket (US DoT, 2000)

5.

Sealing the edges and crack: increase the wall’s function in insulating noise.
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2.5.4

Greenery

Benefits of urban forests vary from being basic survival needs for humans, improving urban climate,
declining air pollution, to having psychological and aesthetic influences. Economically, urban trees’
contribution to the nature-oriented image of a city can enhance tourism and lift the economy of that
urban area. On the other hand, trees improve the quality of housing and working environments for the
locals, increasing the property values and improving residential areas’ landscape. Woodland’s
contribution to noise level mitigation is not the least of urban forests’ benefits.
The figure below (2.26) showcases the importance of urban forests.

Figure 2.26. Urban Areas' Importance (Konijnendijk, 2005)



Urban Forests Acoustics

The properties of the source and the surrounding nature of sound affect the phenomenon of sound
propagation significantly, for that, to understand the propagation of sound with plants one must study
the plant community acoustics. Plants attenuate sound “by reflecting and absorbing energy in the
viscous and thermal boundary layers near the plant surface, or by internal damping of sound-driven
oscillations of branches or stems” (Bucur, 2006).
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Normal and excess attenuation are the two ways that can decrease noise. The first is a result of the
spherical discrepancy when the sound propagates, which is also called “distance effect”; sound
attenuation increases with the increase of distance. Excess attenuation is due to reflection, refraction,
scattering, and absorption caused by obstacle or barriers found between the source of noise and the
receiver (Fang, 2003).
Concerning tree belts, factors affecting level of noise absorption are (Bucur, 2006):
1. the scattering and absorbing cross-section of individual trees
2. density of the tree belt (number of trees per square meter)
3. The insertion loss, which is affected by the soil type

The several factors contributing into noise attenuation are illustrated in the flow chart below (2.27).

Figure 2.27. Contribution of Several Factors to Noise Attenuation (Bucur, 2006)

The National Taiwan University conducted a study titled “Investigation of the noise reduction
provided by tree belts”, done on thirty-five plantations of different types and classified into 3 groups
showed the diverse effect of several tree and plant kinds with different densities. Visibility is the
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“distance that an object is obscured by the vegetation”, meaning that the higher the visibility, the
lower the density. Also, the results of the study have shown that group 1 consisting of large shrubs
with a visibility of less than 5m was able to reduce more than 6 dB(A) of noise. The second group,
consisting of trees and shrubs, with visibility ranging between 6 and 19 m, was able to reduce around
3 to 5.9 dB(A). Finally, the group made up of sparsely spread trees and shrubs, whose visibility
exceeded 20 m, showed no significant noise reduction. The excess noise attenuation values reduced
by the 35 different tree belts, classified into 3 groups, are shown in figure 2.28 (Fang, 2003). Figure
2.29 below represents a graph showing the variation of excess attenuation as a function of visibility
ranges.

Figure 2.28: Excess Attenuation in 35 Tree Belts (Fang, 2003)
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Figure 2.29: Variation of Excess Attenuation as a function of Visibility Ranges (Fang, 2003)

3 Scope
The project tackles noise attenuation caused mainly by construction activities and the transportation
sector, applying findings to AUBMC. Two cases will be studied: the existing ACC project and future
AUBMC plans (New Medical Center). The former requires field noise measurements, while the latter
needs simulation techniques. Below are figures (3.1 & 3.2) showing current and future AUBMC
plans.
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Figure 3.1. Current AUBMC Plan (AUB Website)
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Figure 3.2. Future AUBMC Plan (AUB Website)
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4 Methodology
To assess the noise pollution problem for any project, one can follow the following methodology
(figure 4.1). This was created by the group and applied to the AUBMC case study.

Figure 4.1: General Methodology for Noise Assessment

For the AUBMC case, a survey was done both online and in print on 94 random people. They were
questioned about noise pollution in that area, over 88% were AUB/AUBMC students or employees,
the majority of those passing around the AUBMC area almost daily. Over 90% of survey takers
answered “yes” to a question asking about whether or not there is a noise problem in the area. For
those survey takers, the number representing the severity of the problem on a scale from 1 to 5, 5
being the most severe was an average of 3.8/5. This shows that the problem at study is significant.
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The flowchart below (4.2) summarizes the methodology specific to AUBMC:

Figure 4.2. Methodology for AUBMC Case Study

4.1 Noise Measurements
A noise meter (B&K 732A) along with an iPhone app (NoiseTube) were used to record noise levels in
dB(A), after calibration for consistency between devices and another calibration with white noise in
the AUB mechanical engineering labs for accuracy. The reliability of the noise app was validated
during a study between the AUB Neighborhood Initiative and Dr. Zaher Dawy from the AUB
electrical engineering department [2]. Noise measurements were carried three times a day on a span of
several days. Noon (11:00 to 13:00 hrs.), afternoon (15:00 to 18:00 hrs.), evening (19:00 to 21:00
hrs.), and midnight (23:00 to 00:00 hrs.) readings allowed the identification of noise levels at different
times of the day to allow the identification of noise levels at peak hours. The times chosen were
representative of rush hour noise levels, which proved the presence of a noise pollution problem as
will be discussed later. Other than temporal variation, spatial variation was accounted for by
representing the space surrounding AUBMC by taking measurements at different locations. Average
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values of noise levels at each location and at each time of the day were calculated and tabulated. A
detailed noise measurement methodology is described in the Theories and Assumptions section.

4.2 Traffic Counts
Aiming at relating noise levels measured to traffic conditions, spot speed measurements and
calculations of traffic flow at each of the three static points was performed. A specific trap length was
considered on every road, and the time taken by the vehicle to cover the determined distance was
measured and therefore the speed was calculated. Moreover, the number of vehicles passing by a
fixed position at the three locations was recorded every 30 seconds 100 times. The flow and speed
were measured on several days at different time intervals.

4.3 ArcGIS Modeling
ArcGIS was used to map noise levels resulting from the ACC construction site and roads in the area
as a base case, followed by introducing noise barriers shielding from both sources by 8 dB(A) at the
barrier.
To account for future AUBMC plans, noise modeling was also carried out simulating noise during
and after the demolition of building 56 and Dale Home, accounting for different phases of
construction: demolition, earthworks, building construction, and finishing. A detailed ArcGIS
modeling methodology is described in the Theories and Assumptions section.

4.4 Barrier Design
After presenting all the different types of materials in the literature review and taking AUBMC’s case,
it was found that the best materials to be used are precast concrete and steel for having the least effect
on safety and on the environment. Since steel is considered expensive in this area and cannot be
relocated to another site unlike precast concrete, the latter is considered to be the most economical on
the long run and appropriate to AUBMC’s surrounding streets and construction sites.
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5 Theories and Assumptions
Throughout the SPL measurements and simulation process, different theories and assumptions were
considered as stated in the following sections.

5.1 Sound Pressure Level Measurements
When assessing a noise pollution problem, the first step involves measuring any existing noise
through the Sound Pressure Levels (SPL) in the area under study. For this purpose, Sound Level
Meters (SLM) are usually used to carry out the measurements at different locations and times.
Different models exist but the controlling factor in this case is accuracy which is directly related to the
meter’s calibration done by the person taking the measurements. To precisely calibrate a meter, one
should consider the manufacturer recommendations as procedures differ.
In addition to SLM’s, mobile phones are being used to measure SPL. A variety of applications are
available online for any user to do SPL measurements but at the cost of accuracy. To solve this, one
can calibrate the application with a professional SLM in order to ensure maximum accuracy.

5.1.1

AUBMC Measurements

For the case of AUBMC, sound level measurements were carried out to assess the existing noise
pollution problem. Two tools were used to do this task; the first is a B&K 732A professional SLM
and the second is NoiseTube, which is a smart phone application.
5.1.1.1 Calibration of Measuring Devices
Concerning the SLM, its was bought at the time of the study so it was already calibrated by B&K. To
make sure this is the case, the SLM was checked using a 94 dB(A) SPL at the sound lab at the AUB
mechanical engineering labs and results were accurate. One setback of this SLM is its inability to
easily record data and transfer it to a computer to be analyzed later, so NoiseTube was used to solve
this issue.
NoiseTube is a simple mobile phone application that records SPL and uploads it to a virtual cloud
providing important information such as average, minimum and maximum values making the analysis
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easier. It also links measurements to their specific location allowing advanced data analysis as will be
presented later in the report. Yet, the problem was with calibrating the application records for each
phone used.
During the study, 3 types of phones were used so to make sure all of them are calibrated, multiple
measurements were done simultaneously with the SLM and records were corrected accordingly.
Table 5.1 shows the phone models along with the corresponding correction factor.
Table 5.1: NoiseTube Correction Factors

Phone Model

Correction

Range

Correction Factor

Range 2

Factor (dB(A))

(dB(A))

2 (dB(A))

(dB(A))

LG G3

-3

45 - 70

-2

70 - 95

iPhone 5s

+1

45 - 70

+2

70 - 95

iPhone 6s

+1

45 - 70

+2

70 - 95

5.1.1.2 Measurements
After making sure that all used instruments are calibrated, measurements were done at 3 static points
and 1 dynamic one at 4 different times of the day. Point A is located next to the Medical Cafeteria,
point B is at the main emergency entrance, point C is between Building 56 and Sawwaf Building and
point M (Purple Line) is the mobile point by which measurements were done while walking around
AUBMC as illustrated is Figure 5.1.
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Figure 5.1. Measurements Locations

As for the times when measurements were done, 4 intervals were considered. Measurements were
taken at ten minute durations.
The first time interval was at noon between 11:00 and 13:00 hrs., during the afternoon between 15:00
and 18:00 hrs., the evening between 19:00 and 21:00 hrs., and finally at midnight between 23:00 and
00:00 hrs. These time slots are unique as they indicate how much of the noise pollution is due to each
of the construction works and the transportation activities. A total of 80 measurements was taken, 20
measurements for each location A, B, C, and M. These were selected to demonstrate the effects of
transportation activities and construction works on the noise level.

5.2 SPL Simulation
When SPL’s of future projects are to be analyzed, no SLM’s can be used as the source does not exist
already so simulation is the solution. Different programs such as SoundPLAN, Predictor LimA and
ArcGIS are used to simulate sound waves propagation in the space in order to assess future or present
noise problems and analyze them. Moreover, SPL simulation can be used to find the optimal method
of construction, for example, among many alternatives in the future.
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5.2.1

AUBMC SPL Simulation

For the AUBMC case study, SPL simulation was a must as the 2020 plan involved the demolition and
construction of many buildings few years after the completion of this report, so it was needed in order
to estimate the noise problem in the upcoming years for different cases.
For this purpose, ArcGIS was used and a tool was created to simulate SPL. The tool named “Noise
Model” involves the usage of SPL’s at the construction site under study and at the road network
around AUBMC by which ArcGIS calculates how would levels decrease with distance, land use and
if any sound barriers exist.
5.2.1.1 Input Data
Figure 5.2 shows the following input values for the tool:









Site shapefile: takes a polygon file of the site to be considered
Road shapefile: takes a polyline of the road network
Site noise level (dB(A)): takes the SPL measured at the boundaries of the site and this is
known from a SLM if the site is existing or estimated if the project is still in the planning
phase
Site Barrier Reduction (dB(A)): takes the value reduced by a noise barrier installed at the
construction site, if any
Road noise level (dB(A)); takes the SPL at the boundaries of the road network and this is
known from a SLM if the site is existing or estimated if the project is still in the planning
phase
Road Barrier Reduction (dB(A)): takes the value reduced by a noise barrier installed along the
road, if any
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Figure 5.2: ArcGIS "Noise Model" Tool

5.2.1.2 Formulas and Assumptions
As for the way this tool calculates SPL distribution, some formulas and assumptions were used.
5.2.1.2.1 SPL – Distance Relationship
The first and most important is the SPL-distance relationship which calculates the SPL (L2) at a
distance (r2) from the source using a known or estimated SPL (L1) at a distance (r1) from the source
according to equation 1 and figure 5.3. (Sengpiel, 2014)
𝑟1
𝐿2 = 𝐿1 − |20 . 𝑙𝑜𝑔 ( )| … … … … … … … … . (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1)
𝑟2

Figure 5.3: SPL - distance relationship (Sengpiel, 2014)
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Where:


𝑟1 : Distance from object 1 to the source, object 1 being the location of the known SPL.



𝑟2 : Distance from object 2 to the source, that is the distance between any point in the area
under study where SPL is to be calculated and the sources of noise



L1 : Sound intensity at a certain distance r1 from source in dB(A).



L2 : Sound intensity at a certain distance r2 from source in dB(A)

5.2.1.2.2 Land Use Assumption
Concerning the land use, the area around AUBMC is completely urban with a small area being green.
Buildings in this area are mainly built from Portland cement concrete so the reflection caused by such
structures was found to be 95% (Owens, 2004), meaning that the layer absorbs 5% of the sound
waves that hit it while reflecting back 95%.
This property of a certain material is defined as the Noise Reduction Coefficient (NRC). (ASTM,
2009) NRC is the percentage of sound that a surface absorbs. In the case of painted Portland concrete
layer, NRC is 0.05 as previously stated.

5.2.1.2.3 Noise Barrier Assumption
A noise barrier is an obstacle implemented between a noise source and a receiver to control sound
waves propagation and to limit noise levels. A typical improvement caused by these structures is to
decrease noise levels by 5 to 10 dB(A) depending on the materials used and the design executed
(VICroads,2003), In this case, a green barrier was assumed to be decreasing the noise caused by the
road network around AUBMC by 8 dB(A) on average at the source, so the noise reduction in the total
area is a function of this 8dB(A) and the distance from the noise sources.

5.2.1.3 Model and Tools
The ArcGIS model shown in the figures below (5.4 & 5.5) was used to simulate the sound waves
propagation according to the previously mentioned formulas and assumptions and using the following
tools:
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Euclidean Distance: calculates the distance from the sources of noise to each point within the
area under study, creating a 1m x 1m raster for each source
Raster Calculators: implement SPL – distance relationship in addition to noise barriers and
landuse reduction factors then averages SPL’s generated
Reclassify: reclassifies the SPL’s generated into SPL ranges of 5 dB(A) each
Raster to polygon: converts the layer type from raster into polygon in order to give every
range a specific color as this feature is not available for rasters

Figure 5.4: ArcGIS Model

Figure 5.5: ArcGIS Model (Cont'd)
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5.2.1.4 Output
After running the model, a map showing SPL contours is generated such as the following one in
figure 5.6. The maps show how SPL varies according to the considered parameters; distance, landuse
and barrier implementation, and the yellow colored zone is the limiting one with a SPL ranging
between 55 and 60 dB(A).

Figure 5.6: Sample map generated from the Noise Model
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6 Constraints
During the SPL measurements and simulation processes, the group faced different types of
constraints.

6.1 SPL Measurements Constraints
When SPL measurements were carried out in the area around AUBMC, there was a problem with the
best tool to be used. As discussed before, NoiseTube was used in addition to the SLM but the problem
was in the accuracy of the application’s results as it is affected by many factors such as the phone’s
orientation, the weather conditions and maximum distance of perception. Also, calibration was done
for 2 ranges; below and above 70 dB(A). So for better numbers, more calibration should have been
done and correction factors should have been considered to correct for weather conditions and other
factors.

6.2 SPL Simulation Constraints
Amongst the different programs that model sound waves propagation, the group used ArcGIS. Some
other programs were more advanced but required complicated input and specialized training while
others which are user friendly required licenses that are too expensive.
In ArcGIS, the created model was limited to 2D sound waves propagation as it did not account for
building height factors and this was due to the complexity of the model if it was 3D based. To correct
for this assumption, the model was checked for the existing site, ACC, and the numbers obtained from
simulation were compared to the numbers measured by the SLM and the NoiseTube application.
Minimal difference was noticed and this could be contributed to the size of the area under study
which is relatively small.
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7 Results
After running the ArcGIS models for different cases, the following results were obtained for present
and future plans.

7.1 Present AUBMC Plan
AUBMC is being developed to increase its capacity and improve the quality of its services, and yet
the construction works taking place are causing unacceptable noise level increase in such a sensitive
area. The first site analyzed was the ACC during the final quarter of 2015 and the first quarter of
2016. It was a major source of noise for the region around it shown through SLM measurements
tabulated below (7.1 & 7.2).
Table 7.1. AUBMC Area Maximum Noise Levels

Location

Noise Level dB(A)
Noon

Afternoon

Evening

Midnight

A

69.4

73.3

64.3

53.5

B

67.9

67.8

66.4

51.8

C

67.9

73.0

67.5

54.1

Mobile

70.4

70.3

67.1

51.0

Table 7.2. AUBMC Area Average Noise Levels

Location

Noise Level dB(A)
Noon

Afternoon

Evening

Midnight

A

66.7

67.9

61.9

49.2

B

65.4

63.5

62.7

47.5

C

64.8

65.7

63.0

48.6

Mobile

66.7

67.1

62.8

48.2
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The area under study can be considered as a city residential area and a hospital area. For ease of
comparison, points A and B will be taken as residential and C as a hospital area. According to the
Lebanese MOE standards table in the literature review, noise levels should range between 45 and 55
dB(A), and those at C between 35 and 45 dB(A) during daytime, with values of 5 dB(A) lower during
the evening (MOE, 1996). The difference between the required levels and those present clearly show
a noise pollution problem. Table by WHO and USEPA shows that present levels cause activity
interference and annoyance and could cause problems to the hearing system (WHO, 1999)

The results show maximum levels of noise varying between 65 and 75 dB(A), with total noise levels
averaging at values around 65 dB(A). The figure below (7.1) better relates spatial and temporal

Sound Level (dB(A))

variation of measurements.
A
C

70
69
68
67
66
65
64
63
62
61
60

B
Mobile

Noon (11:00- AfterNoon
Evening
13:00)
(15:00-18:00) (19:00-21:00)
Time

Figure 7.1: AUBMC Sound Level Variation

The graph shows peak hours during the afternoon, with graduate decline until the evening.
Note that measurements during midnight were performed to obtain base values of noise to which
noise levels at other times are compared. Levels at midnight are all around 48 dB(A). Points A and B
maximum values exceed those of midnight by around 19 dB(A) and those of C by around 17 dB(A).
Values also show that during the daytime, noise is most prominent at point A, B then C, while during
the evening C becomes the most affected by noise and A the least. This could be due to the fact that
during daytime, all areas are subject to construction and traffic noise, with point A the most affected
by the AUBMC 2020 site and B by traffic on the road, especially that both points lie on two heavily
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used roads. Point C on the other hand is only affected by hospital activity and traffic. However, noise
levels during the evening are present only due to hospital activities, where traffic and construction
work are diminished. This shows that the two main constituents of additional noise are traffic and
construction work.
Between the fourth quarter of 2015 and till 2016, ACC was under the phase of building construction
and finishing. In these phases, some of the major activities are laying reinforcement, pouring concrete,
inserting pipes and conduits, laying mechanical and electrical appliances, placing façade and painting.
To model such complex activities, the aggregate noise level was considered in the ArcGIS model. A
noise level of 86 dB(A) was assumed which is the average of 84 dB(A) for building construction and
88 dB(A) for finishing according to the Environmental Protection Agency as presented in table 7.4
(EPA, 1971)
Table 7.3: Standard Construction Equipment Aggregate Noise Emission Values (EPA, 1971)

Construction
Phase
Site clearing
Excavation

Aggregate Equipment
Noise Level (dB(A)) at 15
m
84
89

Foundations
Building
Construction

77
84

Finishing

88

Figure 7.2 shows the result generated by ArcGIS and it shows high noise levels around the
construction site, that are above the 60 dB(A) limit set by the Lebanese ministry of environment.
(MOE, 1996) Yet upon the installation of the noise barrier, noise level can be reduced by 8 dB(A).
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Figure 7.2 ArcGIS models for ACC (8 dB(A) barrier on the left – no barrier on the right)

For the phase of building construction and finishing in ACC, noise levels can be mitigated through
ensuring that all machines especially saws, cranes and trucks are provided with the right maintenance,
that all workers abide by the regulations that shouting is prohibited except in emergency cases and
that methods used are as quiet as possible. For example, replacing the traditional vibratory poker with
a rubber head one will reduce noise level by up to 11 dB(A). (EPD, 2016)

As for traffic calculations, the table below (7.5) shows values flow and velocity at points A, B, and C:
Table 7.4. Average Vehicle Flow and Velocity at Three Study Points

Location

A

B

C

Parameter

Flow

Vel.

Flow

Vel.

Flow

Vel.

Noon

486

28

365

26

103

35

Afternoon

598

20

424

21

172

29

Evening

389

31

297

33

87

37

Flow in veh/hrs. and velocity in km/hrs.

All the results showed a peak flow of vehicles and a relatively low speed in the afternoon interval
with respect to the other intervals which can be attributed to the fact that, at this time of the day, the
traffic flow is concentrated because of employees daily leave time. This leads to the increase in the
density, resulting in decrease of vehicle speed. Comparing the obtained results with the previously
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mentioned noise levels, it can be observed that as flow increases and velocity decreases, noise levels
increase. It is important to note that noise due to traffic is not directly related to these factors through
tire pavement-interaction, since this is usually applicable at highways and freeways. Rather it is due to
the car horns and vehicle engines.
To expand on the transportation sector, public transportation should be improved to pave the way for
decreasing the usage of individual cars along with their associated negative implications. Regulations
related to excessive use of vehicle horns should be enforced since the resulting sound is the highest
contributor to noise from traffic.
For decreasing noise annoyance specifically at point C, where AUBMC employees and medicals
complained the most about car horns, a logical suggestion would be pedestrianizing the road right
next to the ER door, as shown in figure 7.3 below (Road at point B, Cairo Street). Vehicles heading
towards Abdelaziz street are forced to avoid this area, which could result in a better hospital
environment especially that this road is at the main door of AUBMC. Patients cannot access the ER or
the entrance on foot can be provided with a drop of area where they can be carried using a wheelchair
or an ambulance car. This would definitely increase traffic flow at the entrance of Abdelaziz street,
but it will ultimately become the same as that before pedestrianizing the ER road, because the number
of cars would still be the same, i.e. there is only dislocation of vehicles from the ER road to the
entrance of Abdelaziz street. This scenario will also be problematic for some users (**) heading
towards bliss street where they have to take a longer route to reach their destination.
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Figure 7.3. AUBMC Road Network

7.2 Future AUBMC Plan
In the upcoming months, AUBMC’s Building 56 and Dale house will be demolished along with the
parking between them in order to construct the New Medical Center (NMC). To estimate the noise
levels from this process, ArcGIS was used to estimate the future noise levels caused by the
demolition, earthworks and construction of the NMC.
7.2.1

Demolition

Building 56 and Dale house are to be destroyed in 2016 in order to clear the site for the construction
of the NMC. Taking into consideration the sensitivity of the area at and around AUBMC, implosion
sounds impossible. The possible options will be to use excavator-mounted breaker or chain saws
which will cause a 90 dB(A) noise level. In figure 7.4, three cases were modeled; the first shows a 90
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dB(A) noise source at NMC with no barriers, the second includes an 8 dB(A) barriers and the third
uses the top-bottom method with movable enclosure reducing noise level by 20 dB(A). (EPD, 2016)

Figure 7.4: NMC Demolition phase models (left to right: without barrier – with 8dB(A) barrier - top-down method with
enclosure)

7.2.2

Earthworks

AUBMC lies on a rocky soil and NMC will need piles to be installed as it contains floors below
ground level, so excavation works are estimated to cause a noise of 85 dB(A) for normal percussive
piling while only 70 dB(A) for piling by press-in method.
Figures 7.5 and 7.6 illustrate the following four cases; percussive piling with and without an 8 dB(A)
barrier and press-in method cases also. The use of the latter method with barriers caused a decrease of
around 20 dB(A) in total.
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Figure 7.5: Percussive piling representing traditional earthworks phase (without barrier – 8 dB(A) barrier)

Figure 7.6: Press-in piling model representing quieter earthworks phase (without barrier – with 8 dB(A) barrier)

7.2.3

Building Construction (Without Finishing)

General building construction such as concrete pouring and laying reinforcement have an aggregate
noise level of around 80 dB(A). This number was entered into the GIS model in order to assess it
effect on the surrounding structures and their users.
Figure 7.7 shows the model with and without an 8 dB(A) barrier to study its importance later on.
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Figure 7.7: Building construction phase model (without barrier - with 8 dB(A) barrier)

7.2.4

Finishing

Finishing is a complicated phase of construction as it includes the final touch of the workers on a
certain structure, so it involves more accurate work than any other phase. It is also unique by the high
noise level it causes which Is almost equivalent to that of the excavation phase.
A model with an 85 dB(A) noise level was entered into ArcGIS along with assessing the importance
of the installation of an 8 dB(A) barrier at this phase. Results are shown in figure 7.8.
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Figure 7.8: Finishing phase model ( without barrier - with 8dB(A) barrier)

7.2.5

Barrier Recommendation

It is recommended to install a noise barrier around the NMC site, especially during earthworks and
early stages of construction. For that purpose, the cost of installing a barrier was calculated for
different materials. The most feasible was found to be pre-cast concrete as it is easily transported and
relatively economical. The perimeter of the site was measured to be 450 m. Barrier height and width
were taken as 4.5 m and 0.4 m respectively. The graph below (figure 7.9) shows cost comparison for
barriers according to material.

COST (1000 $)
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72

TRANSPARENT
GLASS

70

CONCRETE

45

65

800

Cost ($)

BRICK AND
MASONRY

WOOD

METAL

PLASTIC

Figure 7.9. Barrier Cost Comparison
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8 Conclusion
Noise pollution is often an overlooked problem that is on the rise with increase in urbanization. It is a
real threat to the health of humans and to the ecosystem, and it is the responsibility of decision makers
to prevent it as much as possible and treat its implications.
In general, noise is directly related to transportation and construction in addition to other sources,
which is why civil engineers are the best equipped to deal with it. Like CO2 emissions, dust and other
wastes, noise should be dealt with as a pollutant and considered while planning for new roads, new
construction sites and any noise-emitting source. Eventually, it should become a norm to assess noise
pollution from projects in order to mitigate it.
Barriers, regulations, alternative methods, greenery and many others are possible solutions for the
noise problem so these should be considered and used in noise activities especially when dealing with
very sensitive areas such as a hospital. AUBMC was considered as an example in this report since it is
undergoing a development plan that is extending till 2020 and is causing a noise problem in the area.
It was shown that solutions are available and can mitigate the noise pollution problem, but they still
need consideration and approval from hospital planning officials.
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11 Notation List
Equivalent level (Leq): the continuous sound level that produces the same effect on the human ear as
that of the actual noise during measurement

Decibel (dB): a dimensionless unit used to express logarithmically the ratio of one sound power or
pressure to a reference value

A-weighted decibel (dB(A)): a commonly used unit for measuring environmental noise taking into
account the way human ear responds to noise.
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