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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 and their causes. High levels of noise were noticed compared to the regulations of both the Ministry of the Environment 
(MOE) and World Health Organization (WHO). Solutions were developed tackling each problem. Noise barriers were tested using 
ArcGIS (Geographic Information System) software and found effective in alleviating the problem. Additional regulatory solutions related 
to construction and transportation were also suggested. 
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I. 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 hr) 
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. This project aims at 
assessing noise pollution around the area of AUBMC, where 
the ongoing AUBMC 2020 plans have been raising questions 
related to noise [1]. In a survey done both online and in print 
on 94 random people 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. The most recurrent answers 
to a question about the sources of noise were construction 
work and transportation, specifically vehicle horns. Frequent  

 
 
 
suggestions for solving the problem were the following: using 
glass barriers, reducing site work on peak hour, re-routing, 
improving public transportation, and using new 
transportation techniques. Noise annoyance prevalence in the 
area accentuates the need for the quantification of the 
problem and finding solutions. 
 

II. METHODOLOGY 
 
A. 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 hr), afternoon (15:00 to 18:00 hr), evening 
(19:00 to 21:00 hr), and midnight (23:00 to 00:00 hr) 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. These were at point A, on Abdelaziz 
Street near Casper and Gambini’s, point B near the Childrens’ 
Cancer Center, and point C at the emergency exit at the heart 



of AUBMC. A dynamic measurement M (mobile) was taken 
also walking around the area directly surrounding AUBMC. 
Measurements were taken at ten minute durations. A total of 
80 measurements was taken, 20 measurements for each 
location A, B, C, and M. Average values of noise levels at 
each location and at each time of the day were calculated and 
tabulated. 
 
B. 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.  
 
 
C. GIS Modeling 
GIS 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. A detailed GIS modeling methodology 
is described in title III. Theories and Assumptions   

 
 

III. THEORIES AND ASSUMPTIONS 
 

A. Noise Level Definitions 
Throughout this project, the units of noise levels are 
represented in decibels (dB), which is the unit used to 
measure intensity of sound. dB(A) is a way of representing 
this intensity taking into consideration the range of 
frequencies at which the human ear is sensitive to sound. The 
“A” weighted curve is used for this purpose.  Equivalent level 
(Leq) is the continuous sound level that produces the same 
effect on the human ear as that of the actual noise during 
measurement. It’s a way of simplifying representation since 
noise level are variable over time. Leq can therefore substitute 
all these different values by a single number [3]. 
 
B. GIS Assumptions and Detailed Methodology 

i. Sound- Distance Relationship 
The equation used to find the sound intensity L2 at any 
distance r2 from the source, whether construction or 
transportation, is given below [4]: 
!" = 	 !% − 	 20. log -.

-/
  (1) 

 
Fig. 1 illustrates the relation and the parameters involved in 
it. 
 

 
 
 

 
Where: 
0%: Distance from object 1 to the source, object 1 being the 
location of the sound meter or measuring device. In this case, 
it is 3 m from vehicles and 7 m from the ACC construction 
site. 
0": Distance from object 2 from the source, that is the distance 
between any point in the area under study and the sources of 
noise 
L%: Sound intensity at a certain distance r% from source in 
dB(A). For vehicles, it was assumed to be 70 dB(A) at a 
distance of 3 m while for the construction site, it was 75 
dB(A) at 7 m. 
L": Sound intensity at a certain distance r" from source in 
dB(A) 
 

ii. Effect of the Sound Barrier  
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 [5]. 
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.  
 

iii. Effect of the Land Cover 
The area around AUBMC is completely urban with a small 
area being green. Buildings in this area are mainly built from 
concrete so the reflection caused by such structures was 
found to be 65% [6], meaning that concrete absorbs 35% of 
the sound waves that hit it while reflecting back 65%.  
This property of a certain material is defined as the Noise 
Reduction Coefficient (NRC) [7]. NRC is the percentage of 
sound that a surface absorbs. In the case of concrete, NRC is 
0.35 as previously stated. 
 

iv. Noise at Sources 
The two main sources of noise that were assumed are the road 
network in the region and the construction site. 
Concerning the road network, a case where 70 dB(A) at 
source was considered due to the vehicles flow and this was 
in accordance with the measured sound levels [8]. Also, since 
the area is a small one respective to noise assessment studies 

Figure 1. Sound intensity emission 



of cities, all the roads within it were assumed to have the same 
source noise level. 
On the other hand, the ACC construction site was given a 
source noise level of 75 dB(A) which was taken from site 
measurements and literature review of typical noise levels in 
similar construction sites [9]. 
 
C. GIS Methodology 
 
To assess the present problem of noise in the vicinity of 
AUBMC, a simplified model using the previously mentioned 
assumptions was implemented into ArcGIS. 
The creation of the model involved sketching of the existing 
buildings in AUBMC in 2D as sound receivers and the road 
network in the area along with the ACC construction site as 
sound sources. 
Following the sketching phase, the ArcGIS model builder 
(Fig. 2 and 3) was used to simulate how sound propagates 
with distance and how it is affected by the sound barrier and 
the land cover. Raster analysis was used throughout the 
process. 
 

 
Figure 2. Model used to simulate noise propagation around AUBMC 

 
 

 
Figure 3. Model used to simulate noise propagation around AUBMC 

(Cont'd) 
 
The first step in the model was to get the distance between 
each point in the region of AUBMC and the noise sources, 
which are the road network and the construction site. The 
Euclidean distance tool was used to do this and results were 
then used to set the sound-distance relation. 
Values in the rasters were generated according to the relation, 
starting by the source noise levels which are 75 dB(A)and 70 
dB(A)then decreasing as points are further away using the 
Raster Calculator tool. 
The following step was to account for the land cover. Since 
the area is an urban area, a concrete structure was assumed to 
exist every 10 meters and the NRC was implemented into the 
formula using the Raster Calculator tool too.  
Resulting values were averaged as to account for both noise 
emissions from transportation and construction sources. 

Finally, the results were arranged into ranges using the 
Reclassify too in order to compare with allowable ranges. 
Two cases were carried out in order to know how a barrier 
implementation along the road can affect noise levels in the 
region.  
 
 

IV. DISCUSSION 
 

A. Analysis 
Averages for noise levels collected during experimentation 
are as follows: 
 
 

TABLE I 
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 II 

AUBMC AREA AVERAGE NOISE LEVELS 
Location Noise Level dB(A)		∓	45. 678 

Noon Afternoon Evening Midnight 
A 66.7 ∓ 1.79 67.9  ∓3.05 61.9  ∓2.14 49.2  ∓1.31 
B 65.4 ∓1.75 63.5  ∓2.39 62.7  ∓2.93 47.5 ∓0.98 

C 64.8  ∓1.95 65.7  ∓3.79 63.0  ∓3.90 48.6  ∓1.00 

Mobile 66.7  ∓2.61 67.1  ∓1.73 62.8  ∓3.28 48.2  ∓1.24 
 

         
 

TABLE III 
LEBANESE AMBIENT NOISE LIMITS FOR INTENSITY IN DIFFERENT LAND ZONES 

[10] 
Land Use Noise Standard dB(A) 

Day Time 
(7:00 a.m. to 
6:00 p.m.) 

Evening Time 
(6:00 p.m. to 
10:00 p.m.) 

Commercial, administrative, or 
downtown 

55-65 50-60 

Residential/commercial 
centers on highways 

50-60 45-55 

City Residential areas 45-55 40-50 
Suburbs with light traffic 40-50 35-45 
Country residential areas, 

hospitals, parks 
35-45 30-40 

Heavy industries 60-70 55-65 
 

 
 
 
 
 
 
 
 

 



 
TABLE IV 

SUMMARY OF USEPA AND WHO RECOMMENDED SOUND LEVELS FOR 
COMMUNITY NOISE [11] [12] 

Level Effect Area 
USEPA 
Leq(24)< 70 dB(A) Hearing All areas (at the 

ear) 
Ldn< 55 dB(A) Outdoor activity 

interference and 
annoyance 

Outdoors in 
residential areas 

and farms and other 
outdoor areas 

where people spend 
widely varying 
amounts of time 

and other places in 
which quiet is a 

basis for use 
Leq(24)< 55 dB(A) Outdoor activity 

interference and 
annoyance 

Outdoor areas 
where people spend 
limited amounts of 

time, such as 
school yards, play 

grounds, etc. 
WHO 
Leq(24)= 55 dB(A) Serious to moderate 

annoyance 
Outdoor living area 

Leq(24)= 70 dB(A) Hearing impairment Industrial, 
commercial 

shopping and 
traffic area, indoors 

and outdoors 
 
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 table III, 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. The difference between the required levels and those 
present clearly show a noise pollution problem. Table IV 
shows that present levels cause activity interference and 
annoyance and could cause problems to the hearing system.  
 
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). Fig. 1 below better relates spatial and 
temporal variation of measurements. 
 

 
Figure 1. Variation of Average Noise Levels with Time and Place 

 
 
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 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. 
As for traffic calculations, the table below shows values flow 
and velocity at points A, B, and C: 
 

TABLE V 
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/hr and velocity in km/hr 
 
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 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. 
 
B. Suggestions 
Since construction is the main contributor to high noise 
levels, regulations related to site work should be 
implemented. 
Table IV presents conventional working hours at different 
days of the week: 
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TABLE VI 
RECOMMENDED WORKING HOURS 

Days Hours 
Monday to Friday 8:00 to 18:00 
Saturday 8:00 to 13:00 
Sunday and holidays No work allowed 

 
Failure to work within the given working hours should result 
in a warning followed by a written request for the closure of 
the site for a couple of days. 
In addition to that, regulations must be followed within the 
site to reduce the nuisance resulting from machinery and 
equipment by regular (monthly) examination of the machines 
and trucks used, due to the fact that the more they are 
maintained the less nuisance they produce, in addition to 
implementation of noise reducing devices that act as barriers 
in equipment. 
In addition, ArcGIS was used to test the implementation of 
barriers around the construction site and the roads.  
In the first case, no barrier was implemented and the run gave 
values that are in accordance with values measured during 
experimentation, as shown in fig. 2 below. 

 
Figure 2. ArcGIS Output with no Barriers 

In the second case, upon the implementation of the barriers, 
noise levels decreased to more acceptable ranges, as shown 
in fig.3 

 
Figure 3. ArcGIS Output with Barriers 

 
The figures show significant decrease in noise levels after 
the implementation of barriers, where acceptable ranges are 
achieved in comparison to those without implementation. 
The basis on which the characteristics of noise barriers were 
used and the extent to which they decrease noise was taken 
from general specifications of barriers. 
Further studies are to be performed on the design and the 
implementation of these barriers, as in the materials used 
and the dimensions and specific locations. 
 
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 fig. 4 below (Road at point B, Cairo Street from Souraty 
to Maamari intersections). 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. 
 
 
 
 
 



 
Figure 4. AUBMC Area Map 

 
 

V. CONCLUSION 
 
Work done enabled the quantification of noise levels around 
the AUBMC area and identification of their major sources. 
This was necessary to better understand the magnitude of 
problem. Noise levels are beyond the minimum levels 
recommended by health officials, which requires definitive 
action measures. The theoretical implementation of noise 
barriers reduced noise levels a between 5dB(A) and 10 dB(A) 
depending on the location of the point of study. 
Pedestrianizing the road next to the main entrance can 
drastically decrease annoyance in the area. Implementing 
these measures and others needs coordination between the 
construction and transportation fields as well as urban policy 
enforcement. To better serve the AUBMC 2020 area, future 
plans should take into consideration the problem on hand to 
ensure sustainability.  
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