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Abstract

The acoustic level in the building is one of the critical design criteria for the privacy and comfort of occupants
in the approach of salutogenic design. This attempt to study noise levels in Erbil residential high-rises is
hardly described in the literature. This study focuses on the noise level in high-rise residential buildings in
Erbil, Irag. A comparison between two famous residential towers in Erbil has been achieved to evaluate the
noise level and find the acoustical advantages and disadvantages of those buildings. Analysis of the plans,
direct measurement of sound level, and questionnaire, have been applied as primary sources, for this
purpose through five channels (outer and inner noise sources analysis, identifying direct sound
transmission, indirect flanking sound transmission, perception of the occupants' noise level, and empirical
noise level finding). Secondary sources such as books, magazines, and credible internet sources, have
been used too. The results demonstrated that commonly, the occupants in both buildings are suffering from
acoustical discomfort. However, the shape and form of the building, its location, and construction material
can create advantages for one building over another in terms of acoustic results. the result of the current
paper can help the designers to take good design decisions in the future in the region of the study.
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1. Introduction

The Kurdistan Region of Iraq has withessed a gigantic development in terms of building construction (Muhy
Al-Din, et al., 2017; Shawkat, et al., 2018). Multi-story residential buildings have been remarkably observed
in the city fabric and invaded the residential sector in the last decade. Consequently, residential buildings
started to change from houses to apartments progressively, as a result of the increment in land price and
population. People in Kurdistan of Iraq are newly experienced in living in apartments. The noise level of
acoustic performance in the apartments is crucial for the implementation of privacy and comfort. Since, the
salutogenic approach goes beyond the more conventional, pathogenic concern of risk and issues to place
greater emphasis on elements that promote a healthy lifestyle. This approach is generally employed
worldwide, including in the fields of health, education, workspaces, and architectural design,
(Golembiewski, 2022). To approach salutogenic architecture to achieve health and well-being through the
design, Architects and interior architects have a significant role in achieving better acoustic performance or
reducing the level of noise, through the management of interior spaces as well as materials. The
development of new design strategies and construction techniques can result in improvements in the total
building quality, and comfort for occupants to achieve Salutogenic design. Acoustic performance is a
substantial aspect is one of the important approaches to be implemented in architectural design to control
noise (Braganca and Patricio, 2004). Highly developed countries use a combination of both technological
and legal approaches to reduce noise pollution that emanates from different sources by applying different
mechanisms such as maintenance of automobiles; low voice speaking; reducing noise levels from domestic
sources; prohibition on the usage of loudspeakers; selection of types of machinery and maintenance of
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existing machines. Whereas awareness about the design for acoustic performance is lacking in our country,
and still, there seems to be a great reluctance from the responsible authority side to implement the acted
rule and regulations. It is worth mentioning the high annoyance of 6.5% of the population by the noise of
neighbors. Neighbor's annoyance apart from other types of noise, such as traffic, industry, airplane,
railways, etc., is considered one of the most annoying. Where the research, addressed that 80% of people
are suffering from neighbor noise annoyance (Thaden, 2005). The paper aims to reach a comprehensive
understanding of the acoustic performance and noise level in the apartments in Erbil, the capital of the
Kurdistan region of Irag.

Furthermore, tries to come out with specific findings that may contribute to improving the current building
regulations and suggest new criteria in terms of acoustic performance in apartments. The paper assigns
the following questions; how much acoustic performance in multi-story residential buildings in Erbil is
comfortable? To what extent, do the designers follow the acoustic performance criteria and regulations in
the design of Residential multi-story buildings in the Kurdistan region of Iraq? The paper's objective is to
evaluate the acoustic performance and acoustic comfort of multi-story residential buildings in Erbil, the
capital of Iragi Kurdistan. To determine the primary objective, the following specific secondary objectives
were to; 1) Investigate noise levels in different apartments within the city of Erbil; 2) Examine the interior
space division in the design of these apartments and their effect on Noise level; 3) Determine the
surrounding built environment on the noise level in the apartments; 4) Evaluate the effectiveness of building
construction material of the apartment buildings on the acoustic performance. For this purpose, several
multi-story residential buildings have been selected from two dwelling projects in Erbil as case studies (Park
View & MRF Towers). These buildings have been analyzed acoustically, and comparative analysis among
them will be carried out in order to answer the questions assigned in this paper.

2. Literature Review

2.1 Salutogenesis theory in Architecture

Salutogenesis is a scientific approach that focuses on the study of the origins of health and resources for
health, rather than studying the causes of disease and risk factors, (Mittelmark and Bauer, 2016). The term
was first used in Health, Stress, and Coping by American medical sociologist Aaron Antonovsky,
(Golembiewski, 2022). It can be defined as a method of studying human health that focuses on elements
that promote and maintain physical and mental well-being rather than the disease, with a focus on how
people cope with stressful situations in order to maintain their health (Antonovsky, 1996). The word
"salutogenic" has permeated hospital design and it is entering the fields of elderly care, education institutes,
and workplaces. The phrase was created to explain Antonovsky's theory on the effects of society and the
environment on health. However, in the hyperbole of most designers, providing views that represent
nature—whether they be vegetation (designed public parks, open fields, plants, etc.), views of the sky, or
even picture representations of these things—means little more than vague motivations to generate
reparative environments. As a result, the theory is frequently stripped of all of its potentials. Salutogenic
theory has far more to offer the architectural design field than it now does (Golembiewski, 2022). Therefore,
human comfort inside the buildings is one of the essential factors to achieve salutogenic architecture. The
comfort inside the building is related to many factors, like thermal, visual, and acoustic. Hence, acoustic
design is one of the main factors to approach salutogenic design in buildings.

2.2 Noise

Noise is defined as “a sound or sounds, especially when it is unwanted, unpleasant, or loud” (Cambridge
Dictionary, 2018). Moreover, noise is a disturbing wave that impacts negatively health. It has become an
obvious stress factor in the human beings' environment due to the development of technologies and
industries. The best distinction between “Sound” and “Noise” is sound is desirable and noise is not. This
definition does not consider the content of the sound. Regardless of the irritation and discomfort, noise
pollution can cause harm based on its concentration, duration, and frequency. The problem of noise is
growing and coincides with an increase in people’s complaints about their suffering from noise. Several
organizations such as World Health Organization, International Labor Organization (ILO), and Occupational
Safety and Health Administration (OSHA) have put new regulations and standards to control noise, and the
required actions against the sources of noise (Komla, 2012). See Table ‘1’.
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Table 1. Some noise standards by World Health Organization (WHO, 1999).

Area Code Category of Limits of L., dB(A)
Area/Zone Day Time  Night Time

A Industrial area 75 70

B Commercial area 65 55

C Residential area 55 45

D Silence Zone 50 40

Note. L.: The equivalent continuous sound level

Many sources have identified the space's comfortable acoustic level standards, as per the functionality of
the space, as seen in Table ‘2’.

Table 2. Room and spaces acoustic comfortable standards. (Hansen, 2000).

ROOM/SPACE m C/NCB i:igi :!gia

Theaters, Concert Halls, Recording Studios 25-30 20 10-20
Bedrooms, Libraries, Religious Prayer Rooms 25-30 - 20-25 -
Living Rooms, Classrooms, Lecture Halls, Conference Rooms 30-35 30 30-40
Offices, Courtrooms, Private Work Rooms 40-45 35 30-40 35
Corridors, Open Offices, Bathrooms, T0|Iet Rooms, Reception, Lobbies, e o o B
Shopping
Kitch Sh G ) D Halls, C ter R
itchens, Shopping, Common Spaces, Dining Halls, Computer Rooms, . .o | 4o 40-50 45

Workshops

2.3 Decibel and dB Level

The international unit of sound measurement is ‘The decibel (dB)'. It is a measure of sound pressure
measured by a meter that registers and displays these readings on a sound level scale. Decibel units are
logarithmic, the difference between values increases with increasing the values, which means a noise
measuring 20 decibels is actually 10 times louder than a noise registering at 10 decibels. The decibel is an
important parameter related to noise, acoustics, and hearing. It is a unit of characterizing sound pressures,
which is based on a logarithmic gauge. It prevails in use as the fundamental measurement in acoustics,
and the reason behind that is that the ear itself 'hears' logarithmically and human beings judge the relative
loudness of two sounds by the ratio of their intensities, a logarithmic behavior. The ear also has an
extraordinary range and using a logarithmic decibel standard assists to keep these massive numbers under
dominance. The logarithmic measure is used for the comparison between the reference value and the
guantity of interest; a prevalent example is the threshold of hearing, which refers to a 20 Pascal micro sound
pressure level or a sound power of 1 pico-watt (Katz, 2010). For an obvious understanding of the method
that logarithmic signals work, consider two uncorrelated sounds in one room. If both separately have the
same level of noise, then the summation of these two would give a total noise level that is 3dB greater. The
sound levels in the city depend on the distance from the noise source. Some frequently heard sounds and
their approximate decibel levels at common distances from the noise source mentioned below (A Guide to
New York City’s Noise Code, 2007).

WRISPET oo 30dB

Normal Conversation/Laughter ..................... 50 — 65 dB
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Vacuum Cleaner at 10 feet.......cccoeeevevrrvvvnnnnnn. 70 dB
Washing Machine/Dishwasher...................... 78 dB
Midtown Manhattan Traffic Noise.............. 70 -85 dB
Motorcycle.......cccviiiiieieeeee e, 88 dB
LAWNMOWET ....ccevvviiieeeeeeeee e 85-90dB
B 1= UL T 100 dB
Jackhammer/Power Saw..........ccccoeveeeeevnnnnes 110 dB
Thunderclap ......cccoovvieeieiie e 120 dB
Stereo/Boom BOX......occvveeeeiiiiiiiiiiieeeiiee 110 -120dB
Nearby jet takes off..........ccccoviiiiiiiiiiinnnns 130 dB

The louder the noise means the higher the number of decibels. The louder the noise, the greater the risk
of hearing loss occurs. Hearing loss can occur if the human exposure for longer than’ one minute’ to noise
levels of 110 decibels or more. No more than 15 minutes of unprotected exposure to 100 decibels is
recommended. Long-term exposure to 80-85 decibels or over can cause hearing loss (Claridge, 2007).
Figure “1’, demonstrates the common sound sources plotted at their dominant frequencies and levels as
typically heard by observers.

Avoid exposure at all times

— +120
1 min. firmit
— +110
min. kmit ]
—f + 100
1 howur limit ——
— +90
8 houwr limit
& — +80
2
=4
g'—
=
-g_
i
—
—
[ RN | N s a1l gl 1 1 |]|11:I
20 S0 100 500 1000 5000 10,000 20,000
Frequency (Hz)

Figure 1. Common sound sources with their dB level and Frequency (Berendt, et al., 1978).

2.4 Building’s Acoustic Performance

Sound is defined by the Oxford dictionary as “Vibrations that travel through the air or another medium and
can be heard when they reach a person's or animal's ear.” (Oxford Dictionary, 2018). According to Meisser
(1978), “Sound” is, the prevalence of pressure and depression waves, which can be detected by the human
ear. Ifawallis introduced to pressure and depression waves it will vibrate sending a sound with a frequency
equal to that sent by the source. This transmission of sound depends on the energy of the acoustic waves
that hit the wall and on the interior structure of the building. In building acoustics there are two main types
of sound prevalence that can be recognized, namely; the airborne sound and the structure-borne sound or
(impact sound). There are three main transmission ways among adjacent rooms as seen in Figure 2-a’;
1) Transmission, directly through joints, discontinuities, and cracks; 2) Transmission, directly because of
the vibration of the partition itself; 3) Flanking transmission, (indirectly).
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The decrement in the transmission of airborne sound between the source room and the receiving room is
known as airborne sound insulation. The structure-borne sound, which happens by steps sound of walking
people, the movement of chairs on the ground, the falling of objects on the ground, etc., i.e., the sound
energy that reaches the receiving room due to an impact hit. See Figure 2-b’.

fa)
ey o ,::‘: R
o R

!t"’\’.‘:’/

(b)

Figure 2. (a) sound of transmission ways between adjacent rooms (Braganca and Patriciol, 2004); (b)
common indoor sources of noise (Berendt, et al., 1978).

However, the reduction of the propagation process in the receiving room, related to impact sound, is called
impact sound insulation. The flanking transmission is identified by the type of element and edge conditions.
The sound insulation between two adjacent rooms can be lower than expected with the presence of high-
flanking transmission. The resilience of the walls to the sound is depending on the type of walls as follows:
A. Massive walls
Massive walls, such as brick or concrete block masonry walls, are not usually used in buildings because
they are very heavy. The sound insulation of this type of partition is almost entirely influenced by its mass
per unit area. Other factors with less influence are the loss factor, the stiffness, and the bending conditions.
In the case of the use of these types of walls in steel construction, it's important to insulate the steel profiles
from the walls and enclose them with a resilient separating lining in order to avoid vibration propagation to
the steel structure.

B. Lightweight board walls

Lightweight board walls are the most commonly used solutions to make partitions and separate walls in
buildings. This type of wall can be made with a single frame or a double frame supporting single-leaf or
double-leaf boards.

For lightweight board walls, normally, less mass is required to achieve the same sound insulation as in the
case of massive walls. But the elastic characteristics of the board leaves have to be carefully chosen to
locate the coincidence frequency below the 100 Hz frequency band. The sound insulation of lightweight
board walls is not influenced by the steel supporting frames provided the boards are effectively separated
from the construction (Cremer and Heckl, 1973). See Figure ‘3.
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/ . 1 — 50 x 60 mm steel support
7 ] 2 — Z-shaped steel sheet support
JLLTy 3 —13.5 gypsum board with plastic
4 1 coating
i / \ 2 4 — Omega profile and rubber

profile
[ 5 — Metal sheet profile
6 — Intermediate layer of foamed
: plastic strips
i 7 — 73 mm mineral wood matting

Figure 3. Some materials used to attenuate noise level in Lightweight board walls
(Braganca and Patricio ,2004).

2.5 Noise control and attenuation
In residential areas, noise may stem from mechanical devices, like heat pumps, ventilation systems, and
traffic. Moreover, voices, music, and other kinds of sounds are generated by neighbors, such as
lawnmowers, vacuum cleaners, and other household equipment (TV, washing machines, etc. Aberrant
social behavior is a well-recognized noise problem in multi-family dwellings (Doda, 2017).
A noise problem starts with a noise source such as a loudspeaker or live music. The noise is transmitted
through a path and then arrives at the receiver. The noise will be perceived as a problem when the noise
is as high as to be a nuisance to the receiver. To reduce environmental noise, there are three methods:
A. Control at noise sources: It is often a primary consideration to reduce noise at its source, by creating
quieter working methods or technology. For example, noise from motor vehicles including motorcycles is
under control and should meet internationally recognized noise emission standards. A noise enclosure for
reducing loudspeaker and live music levels in residential areas by creating a legally binding situation just
the noise has not gone over limited standards.
B. Noise reduction at the transmission path: An obvious way of reducing noise is to separate the sources
of noise from noise-sensitive uses. This is however often not practical in a compact and high-rise city to
rely only on distance attenuation to cut down the noise such as in the case of tackling road traffic noise.
Proper land use planning to avoid busy highways cutting across residential developments or coming too
close to sensitive uses; locating noise tolerant uses to screen noise-sensitive developments and a
combination of the different noise attenuation means can often pre-empt noise problems at the design
stage. Options to avoid or minimize noise, say, through adopting alternative transport such as railway,
pedestrian links, cycling paths, and underground roads can also be considered at the early planning stage.
C. Protection at the receiver end: By arranging noise-sensitive uses such as bedrooms facing away from
the noise sources, the impact of noise on the receiver can be reduced. While acoustic insulation by good
glazing can cut down noise, its application for residential buildings practically deprives the receiver of an
"open-window" lifestyle and requires the provision of air conditioning due to the warm and humid climate.
As such, it is often used as a last resort only, (Cunniff, 1977).

3. Methodology

Two multi-story residential buildings will be selected from different dwelling projects in Erbil MRF Towers &
Park View), as the two most famous residential towers in the city. Three apartments from each community
will be selected as case studies representing the common condition in the majority of the residential units
for each tower and should be in both communities with similar sizes or categories. The acoustic analysis
will be carried out, and the comparison between them will be approached to find the advantages and
disadvantages in each of them in terms of building acoustic performance. The literature will be reviewed
and the theoretical analyses will be carried out based on similar studies related to the subject of the current
study in order to formulate initial indicators regarding the current study.

The quantitative approach will be conducted through direct observation of the case studies, and getting
direct measurements of the dB level inside and outside the buildings. Inside the building will include; 1) The
sound from corridors or neighboring spaces; 2) the sound from people and their activities inside the
apartment; Outside the building will include the measurement of the sound of cars, machines, etc. In
addition to this, analysis of the documentary and cad files will be approached in order to evaluate the
apartments acoustically, by; analyzing the organization of the spaces in the buildings; the availability of
noise sources like roads, factories, schools, etc. The availability of noise attenuation sources will be
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investigated too, such as waterfalls, fountains, trees, walls, and building construction materials. The results

will be analyzed according to the obtained data.

On another side, the qualitative approach will be conducted through a questionnaire to the occupants,
asking them about their evaluation of the acoustic comfort. Likert's scale will be conducted to evaluate
acoustic comfort, ranging from; Very Noisy (1), Noisy (2), average (3), Quiet (4), and Very Quiet (5), and
the result will be extrapolated. A comparative analysis between the quantitative and qualitative results will

be carried out, and the results will be extrapolated. See Figure ‘4’.

2

Literature Review + Theoretical Analysis

Ohbservation + Direct Measurement

‘ Qualitative ‘ Quantitative |
- - 1. Design Evaluation by
Interview with the occupants R alvzing architectural bl
to evaluate their acoustic e Case Study Bulld]]:!g_s :d ﬁij':g fary. plans
feeling and the degres of from Two Communities Hmeary-
annoyance for them in their (MRF & Park View) in 9 Collecting data ahout
apartments. Erbit | su.lToundj.ugunoise source
| || evaluation, through
| Thr | || observation of building site
ee Three || and surrounding bkt
| Apartments as _ﬁ Apartments as || _poioneent
| Case study from | | Case study from |
| (MREF) | (Park View) || 3.Collecting data about
Sl .|| bulding construction materials
l Direct noise level
measurement through Decibel
Comparative analysis X application to measure dB
level inside the buildings
Finding & Discussion

Figure 4. Methodology Framework.

3.1 Case Studies

3.1.1 MRF Towers Community in Erbil

The project is located in Erbil city, in the Kurdistan region of Iraq. MRF Towers are positioned between two
main streets, 100m, and 40 m, between Empire towers and English Village. The project contains eleven
towers, with 20 floors for each tower. See Figure 5-a’. Tower (5) has been selected, each floor consisting
of four flats, and three flats (1, 2, 3), have been chosen on the 9th floor to be analyzed, as seen in Figure

‘5-b’.
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(a). MRF Towers in Erbil.

(b). The location of the selected tower, and the flats.

Figure 5. MRF Towers.
The total area of each flat is 165 m?, and contains one guest room and two Bath and toilets, one master
bedroom, and two other smaller bedrooms, as seen in Figure ‘6’.
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Figure 6. Plan of the flats in MRF Towers.

3.1.2 Park View Community in Erbil

Park View in Erbil contains high rises with 18-story considers one of the most prestigious residential

projects. See Figure ‘7’

Figure 7. Park View Communit Buildigs in Erbil.

The 50,000 square meters gated community is part of the Salahaddin Holdings’ venture, which offers mid-
size to extra-large apartments, ranging from 135 to 310 m2. Type -5 flats have been selected with 158 m2,
without balconies area, and 183 m2 with balconies. Each floor contains 4 flats. Three flats on floor 10, have
been selected and all of them were type-5. The flat consist of a guest room plus other three rooms, one
master bedroom, and a small bedroom, as well as a living room, which some flats used as a bedroom. The

flats' inner spaces area is illustrated in Table ‘3’.
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Table 3. The area of the rooms and interior space for selected flats Type-5.

No. Space function Area (m?)
1 Living Room 39.00
2 Kitchen 16.00
3 Living room or (Bedroom) 14.00
4 Bath room 5.50

5 Master Bed Room 20.00
6 Bath room 6.00

7 Walk in. Closet 4.00

8 Bed Room 17.00
9 Balconyl 19.00
10 Balcony 2 6.00
11 W.C. 3.00
12 Entrance hall 9.50
13 Corridor 7.50

Total Area of the Flat Type-5 183.00

Figure ‘8’, shows the plan of the Type-5 flats, and the spatial distribution, as well as the distribution of each
flat within the floor.

Figure 8. Park view flat “Type-5" plan.

4. ANALYSIS & DISCUSSION
This part will demonstrate the noise measurements, observation, and documentary analysis, starting with
identifying the main outer source for each case study.

4.1 Analysis of the First Case study MRF Towers.

The analysis of the case study has been arranged as follows:

A. Site analysis: The analysis of the site for the first case study demonstrated that the outer noise sources
are from, traffic, and cars, because the buildings are surrounded by roads and streets. See Figure ‘9’.

10
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Figure 9. Outer noise source for MRF Towers.

B. Outer and Inner sound sources (Direct sound Transmission): The noisy zones inside the building plus
the outer noise sources' effects on the building have been identified and their effects on the quiet zones are
shown. The noise from the kitchen, entrance, and bathrooms, are inner noise sources inside the flat. See

Figure ‘“10'.

. Enirance
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3
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Figure 10. Noise sources (outer and inner) effects on the noise level in the inner spaces.

11



Journal of Salutogenic Architecture, 2022, 1(1), 1-18. www.jsalutogenic.com

Figure 10, above demonstrates the analysis of direct sound transmission through the joints or openings or
through the walls and windows. The quiet zones like bedrooms have been affected by outer noise sources
by facing outside traffic and car sounds, and inner noise sources like bathroom and kitchen.

C. Indirect flanking transmission or structure airborne: It investigates the effects of the neighbors through
knocking, vibration, on adjacent walls (like in guest room), or falling objects on the ground on upper
neighbors. Moreover, outside the staircase, and adjacent rooms, in addition to mechanical or electrical
devices inside the home itself will create indirect flanking transmission of noise. The most place affected by
indirect sound transmission or structure airborne is guest rooms and Master bedrooms, as well as the
kitchen, as shown in Figure ‘11’.

Indirect flanking
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structure airbonrn, by
neighbors activities like
knoking on wall, and
moving furniture on the
ground, walking or steps
sounds, and falling the
objects.

b [

§
- Entrance w lking vibration

200.0000
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Guest Room

000000 g 1700000 ~=

Indirect flan kiig

transmission lin

direction Store
& W.C
- e .y
Structure vibration duk to above neighbor LT K
airborn zone Master Bed room SOES

walking

Pl
on stairs

cause
vibtation
and
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il
200,
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il me:l\ani(lljevi:esin)(il:llen
=

0:0
%
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2
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71,2968 |

340.0000 260.0000

Figure 11. The in-direction flanking transmission of noise or structure airborne by vibration.
D. Direct measurement of dB level inside the apartments: It has been carried out in order to evaluate the
noise level. The iPhone application (Decibel X) has been employed for this purpose, and all the
measurements have been taken during day time. The measurements have been taken in day times. See
Figure 12",

Figure 12. IPhone application “Decibel X”, for measuring of dB level.

Noise level through dB measurement inside three apartments has been carried out in bedrooms, guest
rooms, and kitchens, in addition to the corridors and outside of the buildings from four directions. See Figure
13

12
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Figure 13. The dB level inside and outside of the First case study buildings- MRF Towers.

The dB level measurement demonstrated that the rooms that face the 100-meter street, are getting more
noise than other parts. While the measurements demonstrated that the master bedrooms are the quietest
rooms in all the buildings, and the reason is that they are not containing many devices such as a TV, and
have fewer activities than other parts. Other small bedrooms are noisier than the master bedroom because
they are adjacent to Kitchen. The results demonstrate that the noise level, is high inside bedrooms, and
guest rooms, and acceptable for kitchens inside residential buildings dB which is acceptable up to 55 dB
as per international standards, (WHO, 1999). See Table ‘4’.

Table 4. dB level inside the flats in MRF Towers, measured by Decibel X application.

No. Flat no. dB level in dB level in dB level in B. dB level in
Guest room Master Bed room 1&2 Kitchen
room
1 Flat 1 53.4 53.1 53.3 53.8
2 Flat 2 53.2 52.3 52.3 53.5
3 Flat 3 53.0 52.1 52.2 53.1

The noise level in flat no.1 is higher compared with the other two flats and the lower noise level is in flat no.
3, and the reason is returning to the relationship between these flats' location with the main roads, where
flat no. (1), is located on the corner of two roads, while flat no. (2), is located on the (100-meter street), and
flat no. (3), is located back of the 100-meter street, on the lateral road. Therefore, this flat is recording lower
noise levels. The kitchen was recorded as the noisiest place in all the flats, and guest rooms came second,
while master bedrooms were always quieter than other parts. Bedrooms 1 &2 demonstrated higher noise
levels than the master bedroom. The reason behind this was the adjacent of these rooms to the kitchen,
which let airborne and structure-borne sounds, through direct transmission and indirect flanking
transmission occur between the kitchen and these bedrooms. Furthermore, the corridor among the flats
recorded 54.4 dB, which is higher than the noise level inside the flats, because it contained services like
lifts and staircases, and more movement as a transmission part in the building, and all of that increased the
noise level. See Figure “12’.
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4.2 Analysis of the second Case study Park View

A. Site analysis: the site analysis for the place of Park view showed that it is located close to a 100-meter
street, which causes traffic and car noise, on another side the case study building is close to the park and
kids' entertainment place. See Figure ‘14’.

e Point Source of Noise

I Linear Source of Noise

Figure 14. Outer noise source for Park View towers.

B. Outer and Inner sound sources (Direct sound Transmission): The noise outside and inside the building
has been analyzed, the noise from the kitchen, entrance, and bathrooms, are inner noise sources inside
the flat. While, traffic, cars, car parking, streets, and entertainment area for kind in the parking area are
outer sound sources and their effects through (direct sound transmission) on the quiet zones shown in

Figure ‘15",
e Inner Noise source

Direct Sound Transmission

Source

Figure 15. Noise sources (outer and inner) effects on the noise level in the inner spaces.

C. Indirect flanking transmission or structure airborne: the indirect flanking sound transmission results from
the adjacent or above neighbors through walking on the floor, knocking on the ground by the upper
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neighbors, or adjacent neighbor activity by vibrating the walls because of human activities or electrical or
mechanical instruments usage. Moreover, outside services like (staircases and lifts) adjacent rooms. In
addition to this, the mechanical or electrical devices inside the home itself will create indirect flanking
transmission of noise, especially from the kitchen and bathrooms. The most place affected by indirect sound

transmission or structure airborne is guest rooms and Master bedrooms, as well as the kitchen, as shown
in Figure ‘16’

Indirect flanking sound
transmission or Structure
aireborne
indirect flanking sound
transission, because of

- Indirect Flanking

transmission zone

’:‘adjucent nieghbor guest room, could
. create,vibration or knoking

above floor activities . / on the walls, and steps
and out corridor on the floor from
activities or services as / adjucent or above

lifts and staircases nieghbor, as well as

furniture movement
on the floor.

vibration or structure airborne
because of activities in above floor
bathroom

Above neighbore
activities causes
vibration

vibration because of devices and o>
mechanical tools in the kitchen , as we as above kitchen

Figure 16. The in direction flanking transmission of noise or structure airborne by vibration in Park View
buildings.

D. Direct measurement of dB level inside the apartments: the measurements of dB level inside and outside

the buildings in three flats and outer corridors have been carried out in the same way, explained for MRF
Tower in the first case study. See Figure ‘17’
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69.2
dB

Figure 17. (dB) level inside and outside of the Second case study buildings- Park View.
The measurement of the dB level in the three flats at Park View buildings showed that the outside noise
level is high and reaches almost 76 dB. The corridor area inside the building demonstrated a 63.8 dB level,
which is relatively high. While the noise level inside the flats dropped more than 20 dB in some spaces.
This indicates that the insulation material of walls and roofs is good. However, flat number (1) was noisier
than the other two flats because it is closer to the street than the other two. The second flat demonstrated
a slightly lower noise level than the first flat because it is not very close to the street. The third flat which is
facing the inner part of the Park View community, and the kids’ entertainment park, hence it demonstrated
lower noise spaces. Commonly, master bedrooms did not achieve acoustic comfort level according to the
standards, which registered 44.5, 41.8, and 39.9 dB for flats 1, 2, and 3, respectively, and the same thing
for the smaller bedrooms. Guests and living rooms did not meet the acoustic comfort as per the standards,
which registered above 35 dB, and only kitchens were as per the standards, where they registered below
55 dB. See Table ‘5’.
Table 5. dB level inside the flats in Park View Buildings, measured by Decibel X application.

No. Flat no. dB level in dB level in dBlevelinB. dB level in dB level in
Guestroom  Master Bed room 1 Living Kitchen
room room
1 Flat 1 495 445 45.1 50.1 51.2
2 Flat 2 49.0 41.8 43.2 49.1 51.0
3 Flat 3 42.6 39.3 40.2 44.0 48.9

The questionnaire applied in both case studies and the occupants of the flats were asked about, how much
are they bothered by the noise sources. The questionnaire forms were distributed among 16 occupants
(nine in Park View, and nine in MRF Towers), as the occupants of the three flats in each building. The
guestionnaire demonstrated that 100% of the occupants are living in the flats between 1 to 5 years, and flat
members were 100% between 3-5 people. The results have been manipulated by Likert’s scale and the
results demonstrated that the occupants are suffering from noise sources but with fewer condition in the
flats at Park View Building, as seen in Table ‘6.
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Table 6. The results of the questionnaire after evaluating the occupants’ answers by Likert's method.

No. Item Park View  MRF
Towers

1 How much are bothering: Neighbors; daily living, e.g., people Quiet Average
talking, audio, TV through the walls.

2 How much are bothering: Neighbors; footstep noise, i.e., you hear Average Noisy
when they walk on the floor.

3 How much are bothering: Neighbors; rattling or tinkling noise from Noisy Very Noisy
your own furniture when neighbors move on the floor above you.

4 How much are bothering: Staircases, access balconies etc.; Quiet Average

people talking, doors being closed.

5 How much are bothering: Water installations; plumbing, using or  Quiet Average
flushing WC, shower.

6 How much are bothering: Traffic (cars, buses, trucks, trains or Noisy Very Noisy
aircraft); heard indoors with windows closed.

The results show that the occupants in Park View buildings are more comfortable acoustically than in
MRF Towers buildings, and this is because of the quality of building materials that are used in Park View,
compared with the MRF Tower. However, both buildings did not achieve acoustical comfort as per
standards inside the flats.

5. Conclusion

According to the analysis of the obtained data through; direct measurement, document and plans analysis,
and questionnaire, the study found the following; the study shows highly indicates that there are serious
noise problems in multi-story residential buildings in Erbil, which affect acoustic comfort of occupants. There
exist particular problems with impact noise types from neighbors, which include a high degree of low-
frequency content. The measurement results demonstrated that the Park View buildings are more
comfortable than MRF Towers, where despite the noise level outside of the flats registered higher in the
site of Park View, the noise level in the majority, of spaces is lower and, in some places, reaches 10 dB, as
seen in Tables ‘4 &5’. This indicates that the insulation materials in the construction of Park View are better
than what has been applied in MRF Towers. The results demonstrated that the occupants in Park View
buildings, are more comfortable acoustically than in MRF Towers buildings, and this is because of the
quality of building materials that are used in Park View, compared with the MRF Tower. This is indicating
that the salutogenic design was approached more successfully in Park View than in MRF Tower. The
location of the Kitchen in the Park View flats is more successful than the one in MRF Tower because
kitchens are the source of noise inside the residential buildings. See Figures 6 & 8. Therefore, in Park view
flats it is between the living room and guest room, while in MRF Towers it is between the guest room and
bedroom, and this will increase direct and indirect sound transmission to the bedroom which should be in
a quiet zone. Moreover, the cylindrical form of Park View Tower is helping to mitigate the noise level
comparing it with the rectangular shape of the MRF Towers. Finally, the study concluded that the materials
of the building construction is a key role in the attenuation of the noise levels in multi-story residential
buildings, in addition to space organization, and buildings form.
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