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Abstract

Multifunctional building is a structure that contains at least two different destination
spaces, it allows to use the urban space in a more efficient and compact way. A
multifunctional building in Nablus was selected as our graduation project.

This project should cover architectural, structural and environmental aspects, in
addition to earthquake resistance. The project aims to assess the architectural, structural
and environmental aspects of the multifunctional building according to code
requirements and considerations. In addition to analyzing the site in terms of public
safety and emergency exits, and ensuring the readiness of the building in the event of a
fire. The structural design involves constructing a 3D model for all blocks in the project
and the seismic load will be taken into account in the design. The project is also a
quantitative survey to estimate the budget of the building.

Initially, the building was studied ecologically by analysing the site and accordingly
environmental problems in terms of ventilation, solar radiation and shadows were
addressed. Then the architectural aspect was studied and improved. An additional
parking floor for cars was added to suit the number of students in the residences, and an
emergency staircase was added, in addition to changing some room sizes based on the
criteria and adding some facilities to the building. Then the structural aspect was
studied and adjustments were made to the column sites.

The building is under construction now, but there are a lot of similar buildings available

n Palestine
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1 INTRODUCTION

1.1 Introduction
Building type and function are what give an indication of the design and requirements
in many aspects. It helps the designer orient and uses the building’s space best to serve
the building and the consumers in the long run.
Here in Palestine due to the size of cities and lands, the owners mostly tend to exploit
their lands in the best way, and from there multi-function buildings became common.
Multi-function buildings should cover all the requirements for each function. This

project is a multi-function building.

1.2 Project problem.

All type of buildings has its own standards that should be satisfied throughout the
design and construction phase. In this project some of the standards were not achieved.
And since the project is a multi-function building, each space was analyzed according
to its function. Problems that should be solved are:

e Dimension of some spaces.

e Fire safety system.

e Spaces agreement according to the bubble diagram.

e Unavailability of some facilities that should be included in a type of building.

1.3 Objectives

The project's main objective is to devise a design that simulates the development around
the world, in addition to being an eco-friendly building that fulfils the basic criteria of
these buildings.
Objectives will be divided into three categories:

e Architectural objectives:
-To conduct a literature review.
-To carry over a comprehensive redesign compared with standards.

e Environmental objectives:

-To analyse the passive environmental design.
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e Structural objectives:

-To study structural design.

1.4 Methodology

This project will be implemented based on many research methods, and standards for

the project in terms of use and evaluation of the site from architectural, environmental,

and structural aspects.

Figure 1 elaborates more on these aspects.

Architectural aspect

Environmental aspect

« Studying architectural
design.
+ Redesigning according
to standards.

 Analyzing

environmental design.

* Improving
environmental
problems.

Figure 1 Methodology of project aspects

1.5 Limitations & Constraints

The design constraints should be identified and some discussions on their realization

Structural aspect

« Studying structural
design.
* Ensure that the
structural design is
correct.

are to be included. Some realistic design constraints are shown in the following lists:

e Economies include budget limitations, the cost of similar or related products, and

maintenance costs.

e Environments - such as energy consumption, environment-friendly power sources,

and noise pollution.

e Society - such as assisted living for the disabled and elderly, privacy, and social.
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¢ Politics - such as designs that promote gender and race equality, products that help
national security, and designs that help solve common international and national
problems.

e Ethics include designs that do not violate safety and health issues, privacy issues,
honesty, and truthfulness.

e Health and Safety - such as public safety, the safety of the consumers of the product,
and the safety of workers.

¢ Manufacturability - such as designs that suit current manufacturing technology and
designs that can be physically implemented.

¢ Sustainability - such as reliability and durability of the design, designs that support
future upgrades, designs, and signs that are resilient to a range of environmental

conditions.

1.6 Codes and Standards.

It is important to have a scientific basis that can be referenced to evaluate any structure
in all respects, hence the importance of having building codes, as it represents a guide to
help the designer produce the best facility.
The following is a list of standard books and references used:

e Architects' Data (Neufert 2002).

e Time saver building types, Tsaveaver interior design.

e Metric Hand Book Planning and Design Data.

e Mechanical and electrical equipment for buildings (MEEB eleven edition).

1.7 Earlier coursework
This part is a brief overview of the coursework and how it was used in the
implementation of the project.

-Designing buildings using a computer course-10611320:

In architectural design, this course was relied upon. Two basic programs were used:

1. AutoCAD program, which had a major role in drawing all the diagrams.
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2. Revit program, which shows the three-dimensional building.

-The standards of architectural design course- 10611260:

The importance of this course is summarized by knowing the basic functions of each

space in the building and linking them together.

- The heat simulation of the course of the building- 10611531:

In environmental design, this course was relied upon, in which the thermal insulation

values, the cooling values, and the heating values for the building were calculated.

-Advanced Computer Aided Building Design course- 10611521:

Through which they si, the shadows and the solar were analyzed-

The integration of building systems-10611460:

Through this, the environmental analysis procedures of the building were understood in

a way that i1s compatible with all aspects.

1.8 Organization of the Report.

project consists of 5 chapters, and each chapter will explain its title in detail.

-The first chapter will be an introduction to the project, where a brief overview of the
project and the basic criteria used in the research and investigation will be explained.
-The second chapter, in which the building's current architectural and environmental
design will be explained, and the architectural standards will be presented and
compared.

-The third chapter, in which the structural design will be studied.

-The fourth chapter, in which a tentative cost estimate must be prepared, to identify a
tentative budget.

-The fifth chapter, contains references and an authentication paper.
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Chapter two:

Environmental - Architectural Aspects.
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2 ENVIROMANTAL- ARCHITECTURAL ASPECT

In this chapter, the architectural aspects will be discussed.

2.1 Literature review

Multi-functional buildings combine more than one type of space, and mostly it has
more than two-floor stories. In this project, there are diverse spaces, as listed below.
Self-contained (Studios).

Offices

Kitchen and cafeteria

Reception and circulation areas

Stores

Stairs

Elevators

Parking

Self-contained

Self-contained flat — a unit of accommodation behind the flat entrance door consisting
of two or more habitable rooms plus kitchen and bathroom facilities.

Self-contained studio — a self-contained unit of accommodation behind the studio
entrance door consisting of one habitable room only used for sleeping/living plus
kitchen and bathroom facilities.

Room sizes — studio flats depend on the number of beds and kitchen location.

As shown in Table 1, these are the minimum sizes of the room.

Table IMinimum size of a room.

Minimum floor area where
kitchen facilities are located
within the room

Sinale Double
9 {one household)
12m? 14m?
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Personal hygiene facilities also have minimum floor areas according to the standards

shown in Table 2.

Table 2 Personal hygiene facilities” minimum floor areas

Sanitary facilities in appropriate room Minimum floor area®
Bath only 2.3m?
Bath & WHB 2.5m®
Bath, WC & WHB 2.8m*
Shower only 1.7m?
Shower & WHB 2.0m?
Shower & WC & WHB 2.2m?
WC & WHB 1.2m?

2.1.2 Office Space
Offices are one of the most used spaces in the world, as the uses of spaces are variable
according to the type of work and the purpose. Therefore, it is essential to design them
according to the correct standards to be satisfactory for the user. As stated by the
standards there is numerous type of offices and according to their function, the

minimum size of the area was decided in Table 3.

Table 3 Space Allocation

Space Allocation

Space
Type Functional Assignment m fe

Enclosed Frequent meetings with up to two others and/or 93 100
requiring confidentiality, security, visual and
acoustical privacy. Typical assignment for position
involved with counseling, human resources
management or other sensitive situations requiring
ongoing visual and acoustical privacy.

Open Concentrated multi-source paperwork: compiling 93 100
information, reading, writing, analyzing, calculating
and referencing multiple sources of material; allows
for manual and automated drafting functions. Typical
assignment for managerial, professional or technical
staff.

The layout of the offices.

e The enclosed is shown in Figure 2.
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Figure 2 Enclosed office layout.

e The open as noticed in Figure 3.
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Figure 3 Open office layout

2.1.3 Stores

Commercial spaces are the most widespread and used, and one of the most important
goals of stores is to earn, and that cannot be done unless the space is suitable for
customers. Therefore, standards should be taken into consideration. As shown below,
the standards for the dimension (Table 4), temperature and ventilation( Table 5), and

lighting (Table 6).
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Table 4 Min area of stores

Categories Dimensions (Meters) | Total Area (Sq. Meters)
‘Convenience Shop 2.5%3.0 1.5
Demand Shop 3.0%5.0 15
Impulse Shop 3.0%7.5 22.5
Departmental Store Minimum 57.0
\Commercial Showers Minimum 70.0
Source: NRM

Table 5Thermal demands

Air infiltration  Ventilation allowance
Temperature (°C) (Changes/hour) (W/m*°C)

Small shops 18 1 0.33
Large shops 18 ¥ 0.17
Department stores 18 Ya 0.08
Fitting rooms 21 14 0.50
Store rooms 15 ¥ 0.17

Table 6 Lightings Demand

Standard service
Lighting illuminances
(lux) Notes
Conventional shops 500 Concentrated over displays
Supermarkets 500 Usually increased to
700-800 lux with three levels
of control:
100 per cent - sales,
50 per cent — stacking,
30 per cent — security
Covered shopping centres  100-200 Malls, arcades, precincts
Lifts, main circulation 150
Staffrooms 150
External covered ways 30

2.1.4 Other Services and Spaces in Students’ Houses.

2.1.4.1Kitchen-Dining Area.
In student accommodation, kitchen/dining rooms provide a key social focus for each
group of students that they serve, with opportunities for casual encounters, friendship,
and support. Kitchen/dining rooms can be arranged to overlook the common.
Areas such as entrances, stairs, and halls, provide further opportunities for interaction

and a degree of security through informal supervision. Kitchens will be heavily used
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and should allow several people to prepare food simultaneously. They must be designed
to be functional, robust, and easy to clean. As a guide, a length of the work surface of
approximately 3600 mm, including the cooker and sink, will be sufficient for five

people. Circulation space between units should be 1200 mm minimum.

2.1.4.2Reception and Circulation Areas

Entrances should be light and welcoming and avoid a mean or utilitarian character — the
design should create an identity for There may be a staffed reception or porter’s lodge
or office in larger residences lodge or office. In other schemes, provision may be
required for a temporary reception to receive students at the start of term or conference
guests in the holidays. In up-market commercial reception’s design and ‘branding’ the

reception is important and a more generous area with seating will be required.

2.1.4.3Laundry Room

A laundry serving groups of residents should be provided with washing and drying
machines of a robust commercial type. Provide a minimum of one washer for every 35
students and one dryer for every 30 students. Plus, a sink for hand-washing clothes,
facilities for ironing and folding clothes, and seats for waiting. Floor finishes shall be
durable, slip-resistant, easily cleaned materials that are resistant to water permeation.
Floor drain:

Floor drains are required in laundry facilities.

The floor drains serve to handle the occasional overflow and facilitate floor washing.
The floor must slope toward the drain.

Dimension depends on number of machines used.

2.1.4.4Internal stairs

Internal stairs come in three basic forms:

Private stairs as would be found in domestic situations.

Utility stairs that cover escape and maintenance requirements.
General access stairs that cover most of the remaining circumstances.

The width of internal stairs should not be less than 1.2 m wide.
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(There is no minimum in domestic situations but 850 mm is suggested with 600 mm
when the stair is serving only one room.).
Treads of internal stairs should be consistent throughout the flight with a rise and going

as shown in Table 7.

Table 7 Common dimensions of stairs

The range of permissible design dimensions for common stairs
Rise (mm) Golng (mm)
Minimum Maximum Minimum Maximum
Private stairs 150 220 220 300
Utility stairs 150 190 250 400
General sccess stairs 150 170 250 400

There should be no open risers (except in domestic situations where they are

constructed).

2.1.4.5Lifts
In most circumstances, a passenger lift is the most suitable method of vertical
transportation within buildings. Because they rely on a power source they should
always also have fire-protected stair access provided as well. They also come in a wide
range of sizes from a simple two-story hydraulic lift to the sophisticated operating
systems needed in 100-story skyscrapers. A lift car size of 2000 mm wide by 1400 mm
deep will provide adequate space for any wheelchair and several other users although

(Figure 4) illustrates the minimum size required.

Landing call buttons
with tactie ident#ication

Sign showing storey
with tactie identification

Range for centre ines
of it car controls

ma‘

Lift car controls with
tactile identdication

Range for centre lines ~J1pomm

of landing call buttons \

Uncbstructed
wheslchair

Figure 4 Lift Design.
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A well-designed passenger lift provision will include most, if not all, of the inclusive
design principles. Lifting platforms, like stair lifts, are not replacements for a good
passenger lift service and therefore are also not ideal. Both require continuous pressure
control devices which can be too strenuous for some users to maintain.

Lifting platforms have the same speed restriction and minimum platform size for single
wheelchair users. In addition, however, they are also restricted to a 2000 mm travel if
they are not enclosed. Where they are enclosed, the minimum. According to the

standards, there are specifications for lifts’ size as shown in Table 8.

Table 8 Lift specifications

Effective lift system design is a specialist design function but some basic assumptions can be made relating 10 car size, shaft dimensions and traffic flows.
Car size C <D Shaftsize A « B Machine room S x R Load rating (Kg) Rated Capacity (people) Design Capacity (people)
Light traffic 320 4 3.6
1100 x 950 1800 < 1600 3200 = 2500 400 s
450 6 5.0
1100 = 1400 1800 = 2100 3700 = 2500 630 8 6.3
1350 = 1400 1900 = 2300 3700 = 2500 800 10 7.6
1100 = 2100 1800 = 2600 4200 x 2500 1000 13 9.1
General purpose lifts 1600 x 1400 2400 = 2300 4900 = 3200 1000 13 9.1
1950 x 1400 2600 x 2300 4900 x 3200 1250 16
1275 16 1.0
1950 = 1750 2600 = 2600 5500 x 3200 1600 21 135
1600 = 2400 2400 x 3000 5800 x 3200 1800 24 149
1500 = 2700 2400 = 3300 5800 x 3200 2000 26 16.0
1800 = 2700 2700 = 3300 5800 = 3500 2500 33 19.0
Note: machine room sizes are for traction lifts, the size is considerably reduced for hydraulic hifts

Figure 5 below, is an example of a plan of the lobby including lifts.

1.4B (preferred)
cul de sac lobby

—r—]

2 lift machine room —

3 or 4 lift machine room

5 or 6 lift machine room

Figure 5 a Plan of lobby including lifts
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2.1.4.6Parking

Parking lots are a feature of every city and suburban area, cleared area that is intended

for parking vehicles,especially in shopping centres, sports stadiums, digital centres, and

other places. Parking requirements are shown in Figure 6 and Figure 7.

Table IV Parking and loading/unloading requirements

Type of building Car parking provision

Loading/unloading provision

Officers Staff: one space for each 25 m™ of gross floor area, or
one space for each managenal and executive staff,
plus one space per four others

Visitors: 10% of stafT parking provision

General minima:
Gross floor space nol
tm.'i.';'cllin‘u:
100'm”
S00
1000

each additional
1000 m~

Minimum space
required:
S0m’*
100
150

y
25m”

Figure 6Number and layout of parking lots

min, opening w = h = 230 = 200

max. parmissitie gadient 20%

iy |

35000 m for 5 cars

2800 against wall

— 7000—4

5800—

clear zone

37001 T 12000 against kerb

Figure 7Parking design
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2.15

2.1.6

The number of parking spaces for the student’s dormitory is 1 parking space for every 4

students.

Safety and Security.

The design should address potential risks of attack, vandalism, and theft. Personal
safety 1s a major issue in student housing and students often return home late at night.
Theft is also a common problem, as students’ own computers and other valuable
equipment. For that, security should be in lobbies to prevent any type of unfamiliar

action.

Fire Safety

Provision of a Protected Escape Route.

The protected escape route leads from the flat letting to the street exit through the
building and normally includes staircases, passageways, landings, and protected
lobbies. Protection is provided by fire doors and partitions with varying degrees of fire
resistance. The building regulations benchmark provision is 60 minutes of fire
resistance for partitions & floors. Purpose build blocks will have been designed to this
standard. However, this will not be possible in most existing conversion flat buildings
and lesser fire resistance of 30 minutes will be accepted with appropriate automatic fire
detection. A partition constructed of lath and plaster, in sound condition, with
appropriate automatic fire detection will be deemed to satisfy this requirement. The

protected escape route must be kept clear of rubbish, furniture, and other stored items.

2.2 Site analysis

Architecture site analysis 1s the process of researching and analyzing the social,
historical, climatic, geographical, legal, and infrastructural characteristics of a given
site, and synthesizing these analyses into visual information - usually in the form of site
analysis diagrams. This process is used as a starting point for developing strategies
related to the environment during the design process that will come later.

Figure 8 below shows what site analysis includes.
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— Passive enviromental design analysis.

— Surroundings buildings and streets.

Main axes and enterances.

— Topography and views.

— Site regulations.

Figure 8 Content of site analysis

2.2.1 General Information.
The project is located in Nablus City; it is mainly on the University Street. The area is
sorted as liveable where it has all the needed facilities. Figure 9 below shows the site

plan of the building.
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Figure 9 Site Plan

2.2.2 Neighborhood Context.
The buildings in the neighbourhood are diverse, as next to the building are a soap
factory, residential buildings, and a cemetery. The neighbourhood also contains shops,
schools, restaurants, supermarkets, pharmacy, schools, a church, a mosque, and most
importantly, it is close to the university. The condition of the buildings in the area is

good, they are old and new.

17|Page




W DN
N'ablus Municipality g
W' Y
Culturallchild[Centers®

-

K

! - O W A
Pk i ANTIGUAS'RUINAS
b0 " DE SIQUEM. . :
<,

vy
[ &

A padll R
Imam AlifMosque'
¥ 7 B - [ =

Figure 10 The Neighborhood and Surrounding facilities.

2.2.3 Site and Zoning.
The site area is 684.8m2, it is a multi-functional building but mostly could be sorted as
residential building. As mentioned above the building on a main street which make it

easy to find public transportation as Taxies.

2.2.4 Natural Features.
Topography of the site is as shown it could be considered as mountains. Which will be

considered in the design phase. Figure 11 shows the topography of the land.
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Figure 11The Topography of the Area.

2.2.5 Circulation.

The site is located on two streets, one main and the other a subsidiary, which means
there are several roads leading to the site as shown in Figure 12, which facilitates the
transportation process. It was also mentioned that the building is located on a main

street with easy access to public transportation.
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Figure 12 A possible options to reach the site.

2.2.6 Sensory.
The location overlooks two streets, which makes the view from the building promising.
The noise level reaches its peak at the peak that when the university near the site is open
because the main street connects two essential areas of the city. The level of pollution

may also be high due to automobile exhaust.

2.2.7 Human and Cultural.
Since the area is close to the university, most of its residents are students and
conservative Palestinian families. The area is characterized by being well-served and

safe and has no criminal history, which will serve the building and users in the future.

2.2.8 Climate.
The longer side of the building faces east and west, while all balconies face north and
south. This means, that the solar lighting in the building is distributed from all sides.
The wind in Nablus is North-West wind, and since the building is exposed on the north
side, it will be a good windway. On the other hand, both the orientation of the building
and the surrounding effect the shadow. Figure 13, Figure 14, and Figure 15 show

shadows on different times periods.
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Figure 13 Shadows at 8am
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Figure 14Shadows at 12pm




Figure 15 Shadows at 6pm
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2.3 Case study analysis

which was brought to life in the capital Ankara

Kuzu Group This Kumru Ankara project, is next

in September 2017.
Figure 17 shows the location of this project.

Figure 16 Case Study on a mixed-use project: Kumru

Kumru Ankara-shown in Figure 16- was designed in one of the most important
residential areas of Ankara, Cankaya, Yildiz neighborhood, parallel to the Turan Giines
Boulevard which is one of the main axes of the Ankara. The Kuru Ankara project,

Cankaya, 1s being constructed by the

to Bars Manco Park and was delivered
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Figure 17 Location of Kumru Ankara




Figure 18 Basic levels in the building

The building is planned according to the three basic levels as shown in Figure 18.

The first one is a public platform. The second one is the inner courtyard, which has a
close relationship with the road. And the last one is the upper platform where flats were
constructed.

The social facility created on the 11th floor provides a synergy of the housing groups
formed by the upper and lower blocks as an activity area that has a clear city view. A
fitness center, swimming pool, and playground are provided on this level which brings
people together. The location of the design has a strong potential to be able to provide a
nice city view to the users. Therefore, a 360-degree city view is provided in the houses.
In different directions, diverse scenic houses include diverse units that can address
different lifestyles. The architectural approach emphasizes the environmental and
energy sensitivity issues, and the concept of green building is adopted as a sustainable
understanding. The roof gardens built on the commercial units provide a green area
contribution to the upper town and at the same time, the gardens strengthen the view of
the houses. While Kumru Ankara presents a new public space to the city's social life
cycle, the strong relationship it establishes with the city also provides a rich living space
to its users.

The figures below(Figure 19, Figure 20, Figure 21, Figure 22, Figure 23, Figure 24,
and Figure 25) show the floor plans of the project.
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Figure 20 Ground floor plan




j%m[nrﬁ 1

T

OO |

I: H

TR
'Eu Rl vl
Lum VIIA W

—
' <k |ﬁﬁq S

26| Page




P
|
L
I‘i
|

Figure 24 Residential block exclusive floor
downstairs
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Figure 25 Residential block exclusive floor upstairs

2.4 Architectural Analysis.

24.1

3.2.1

In this section, each space in the project will be compared to the standards. Also, will

include any space that should be available in the building.

Self-contained (Studios).
As mentioned in the literature review there are two types of self-contained spaces, with
a minimum area of

e Single. »12m?

e Double. —»14m?
In this project, all single rooms (studios), met the standards by the size of the room.
On the other hand, some of the double rooms were smaller than the minimum area.
And will be crowded and uncomfortable for double. In this case, some of the double

rooms will be turned into single rooms.

Offices.
Due to what where shown in the literature review both types of offices should have a

minimum area of 9m?. Which was achieved in the project design.
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24.2

24.3

244

24.5

Retail Stores.
The stores in this project are considered demand shops. According to the standards, the

minimum area of the shops is 15m?, due to that, all shops met the standards

Parking
Parking was fit to the standards as for the size and dimension, but the number of cars

provided is less than required. Where 1 parking should available for every 4 students.

Other Facilities.

Based on the literature review, some facilities should be available:
e Laundry room

e Fire stairs

Environmental stranded values.
e Daylight factor 0.01-0.05

2.5 Modifications

2.5.1

As demonstrated by the comparison in the previous section, modifications are required
to meet the standards which will ensure the best experience for the end user. As
demonstrated by the comparison in the previous section, modifications are required to
meet the standards which will ensure the best experience for the end-user. The
modification will be shown according to each floor of the building and have been

modified.

Repetitive-floors.
In this section the modification on the studios-floor will be shown. The floor plans are

shown below Figure 26, Figure 27.
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Figure 27Floor plan after modification.




2.5.1.1Studios
As mentioned in the previous section some of the double rooms did not achieve the
standard minimum size. And according to that some of them were changed into a single

room. The modification is shown in Figure 28, Figure 29,

=1 o] be=

Studio & .
| o [L_
[ ] |

Figure 29 Modified room

2.5.1.2Lobbies.
Since privacy is a major concern in private buildings, lobbies are one of the suggestions
used to create a type of privacy for the user, which was not achieved in the design,
where the stairs and elevator were open directly to the floor. Due to that, a lobby was
added taking into consideration the fire escape route. As shown in Figure 30, and Figure

31 these are the before and after.
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Figure 31floor after the lobby was added.

: a

2.5.2 First —second floor (Stores).

These two floors are used for stores. And since all shops are larger than the minimum
size no modification ware needed. On the other hand, the space was not used in the best
way, where it was wasted on storage areas for the small shops. Based on that, some of
the facilities that were required according to the standards were added to this floor.

Floor plans are shown in Figure 32 &Figure 33.
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Figure 33 First floor after modification




2.5.2.1Study area
Study areas in students’ buildings have no standard size, it mostly depends on the
available space. On the other hand, it is essential to locate it in a quiet place, and since it
was located on the ground floor and it is a public floor with all offices and reception and
other facilities it was not suitable for the Study area. Figure 34&Figure 35show Study

area in original plan and after modification.
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Figure 34Study Area space on the original plan
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Figure 35Study area on the first floor
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2.5.2.2Laundry room.
As discussed above, one of the facilities that should be available in the dormitory
building is laundry rooms. And since it was not available in the original plans it was
added on the current floor with all the required number of machines. Figure 32 shows

the laundry room plan.

Laundry .
Room e

Corridor

Figure 36Laundry room plan.

2.5.3 Ground Floor.

The ground floor is used for the guests, administration, and food court.

In the previous design, the study area was on the ground floor and since the floor is
mostly crowded and not quiet it was moved to the first floor as stated in the previous
section. Due to the move of the study area, the food area was expanded which will help
to serve a bigger number of users. Also, it becomes close and separated from the other
floor which was not achieved in the previous design. Also to achieve the best security a
security room was assed tot the entrance. In addition, a fire control room. as shown in

Figure 37, and Figure 38.

35|Page




©
o
]
r)
D-l
5
co

.
"

P

Ko

P

E i

-
62, - Dﬁizw—ﬁ

17
'
B
[@ = |

L ) R |

T

E0_og

Figure 38 Ground floor plan after modification

2.5.3.1Control room.
The control room was added according to the safety standards, and it is used to control

the system and organize the evacuation in case of an emergency. Figure 39 Show the

room.
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Figure 39 Control room.
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2.5.3.2Security room
As mentioned in the previous section security is one of the major concerns, especially it
1s a dormitory building. For that matter, a security room was added to make sure that
building is monitored and visitors are same. It was located in the entrance of the

building. The security room is shown in Figure 40.

/| [

security
room

Figure 40 Security room plan.

2.5.4 Parking
Based on the standards for every 4 students | parking space should be provided
And since every studio’s floor has 12 users 3 parking spaces are required for every floor
and since there are 6 floors 18 parking spaces should be provided and for the

administration, 4 spaces, in total at least 22 parking spaces should be available.
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According to this, no need for another parking floor to be added to the building since

one parking with the front parking cover the required number of spaces as Figure 41

and Figure 42 show.
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Figure 41 1-floor parking lot
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Figure 42 2-floor parking lot.




2.6 Environmental Aspects.

2.6.1

Like every other aspect of the space, the environmental part is one of the essential
things to consider while designing, as it significantly impacts the user experience. As a
result, the space was studied with daylight factor and heating and cooling values. Below
will be shown the layer of the walls, the value of cooling and heating of the spaces, and,

Daylight factor before and after the modification.

Before Modification.

Many factors can impact the heating and cooling load together with the Daylight factor.
Wall layers could play an enormous role in the cooling and heating load, on the other
hand, the glazed area impacts the daylight factor.

NOTE: For the Daylight factor results shown are for store 5

2.6.1.1Wall Layers.

As mentioned above wall layers impact the cooling and heating load, which will affect
the HVAC system. In this project there are three type of walls

e [External Walls

e Interior Walls

e Shear Walls.

Each will be shown below.

26.1.1.1 External Walls.

The external walls have 30 cm thickness. Figure 43 and Figure 44 show the components

of the wall.
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Family:

Type:

Total thickness:
Resistance (R):
Thermal Mass:

Layers

Basic Wall
External Wall

10,3000 (Default) Sample Height: 6.0960

0.3626 (m2+K),W
419,59 kI/{m2'K)

EXTERICR. 5IDE

Function

Finish 1[4]

Core Bound

Structural

Material | Thickness|Wraps Material

Brick, Eng
Layers Abo 0.0000

Variable

Structure [1]

Concrete  :0.0800

Brick, Eng :0.1000

2

3

4| Structure [1]
5|Core Bound
6

Layers Belo: 0.0000

Finish 2 [5]

Plaster 0.0200 2

Figure 43External Wall Components before modification.

26.1.1.2 Shear Wall.

Figure 44Wall Detailing.

There are two type of shear wall used in the building, External and internal both are

shown below.

e External Shear Wall.

This wall is used in the external walls of the building. Figure 45shows the components

Family:

7.

Type:
Total thidkness:
Resistance (R):

Thermal Mass:

Layers

Basic Wall

External Shear Wall

0.3000 (Default) Sample Height: 6.0960
0.3105 (m2-K)/W

479.74 kIf(m?K)

EXTERIOR SIDE

Figure 45External Shear Wall before modification.
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Function Material | Thickness| Wraps Variable I

Finish 2[3] iBrick, Eng

2| Structure [1lConcrete  0.1000 B ||

Structural
Material

Core Bound Layers Abo  0.0000

Core Bound Layers Belo: 0.0000

1

2

3

4(Structure [1]:5teel, Car  (0.0200 [ ] ]
-

6

Structure [1]: Concrete (1 0.0800 -] O




e Internal Shear Wall.

The wall is used in the stairs inside of the building.

Family: Basic Wall
Type: Shear wall
Total thickness: 0.2000 (Default) Sample Height: 6.0960
Resistance (R): 0.1926 (m2-K) /W
Thermal Mass: 338.64 k1f({m2K)
Layers

EXTERIOR. SIDE

Plaster

Function Material | Thickness| Wraps

Structure [1}Concrete  (0.0800 /] ||

Structural
Material

Variable

Core Bound Layers Abo | 0.0000

Figure 46Internal Shear Wall Before Modification.

26.1.1.3 Internal Walls.

Core Bound Layers Belo: 0.0000

2

3

A|Structure [1]: Steel, Car 10,0200 /] O
3

6

Structure [1] Concrete  :0.0800 [ ] O

INTERIOR. SIDE

There are two types of internal walls, one used inside of the rooms to spirit it

components and one that is used between studios (rooms).

o Walls used between studios.

The Figure 47 below shows the components of the wall.

e Internal Wall

Figure 48 shows walls that used to spirit room components (Kitchen, WC, etc.).

7/

Figure 47Internal Walls between Studios.
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Family:

Type:

Total thickness:
Resistance (R):
Thermal Mass:

Layers

Basic Wall

Wall Between Studios.

0.2000 (Default) Sample Height: 6.0960
0.2760 (m2-K) W

264.77 k3j(m2K)

EXTERICR. SIDE

Function

Finish 2 [3]
Core Bounda

Structural
Material

Material

Plaster
Layers Above 0.0000

Structure [1]

Brick, Engin :0.1600 a ]

Layers Below 0.0000

2

3

4 |Core Bounda
5 |Finish 2 [3]

Plaster 0.0200 a M




Figure 48 Internal Wall Components.
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Family: Basic Wall
Type: intwall
Total thickness: 0.1200 (Default) Sample Height: 6.0960
Resistance (R): 0.1627 (m2-K) /W
Thermal Mass: 160, 10 k1/{m2K)
Layers
EXTERIOR. SIDE
) . . Structural )
Function Material Thickness | Wraps ructura Wariable

Core Bounda

Plaster

Layers Above 0.0000

Material

Structure [1]

Brick, Engin  {0.1000

Layers Below : 0.0000

Finish 2 [3]

2
3
4 |Core Bounda
5

Plaster

00100 @




2.6.1.2 Daylight Factor.
Daylight factor is impact by the glazed area and by the properties of it. As mentioned

above the results shown in Figure 49 are for Store 5.

Daylight Factor
For all Rooms Included in Daylighting

Standard Day - 8% Passing
Diaylight Factor Sky
Building ADF: 0.5%
52% below threshold
(% above threshold w/o shades

Figure 49 Daylight Factor Analysis results.

2.6.2 After Modification.
As mentioned above many factors can impact the heating and cooling load together
with the Daylight factor. Due to that, a modification was done to some of the wall
layers according to the need.

NOTE: The Daylight factor results shown are for store 5.

2.6.2.1Walls Layer.
Wall layers were modified as needed to reduce the cooling and heating load, to make
sure that the building is as efficient as possible. Only external walls were modified since

had no insulation.

2.6.2.1.1 External Walls.
As shown above, external wall components had no insulation, which led to a gain in
cooling and heating loads. Also, it means that the user will not be as comfortable

throughout the year. Figure 50 shows the wall component after modification.
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Family:

Type:

Total thickness:
Resistance (R):
Thermal Mass:

Layers

Basic Wall

External wall
0.3000 {Default) Sample Height: 60960

1,3571 (m2K)W
402.52k1/(m2+K)

EXTERIOR. SIDE

Function

Material

Structural

Material Variable

Thickness| Wraps

Finish 1[4]

Brick, Eng

01000 @

Thermal/Air

Fiberglass

00200 @

Core Bound Layers Abo

0.0000

Structure [1]

Concrete

0.0600

Structure [1]

Block

0.1000

D@

Core Bound Layers Belo

0.0000

e S L

Finish 2 [5]

Plaster

0O 00 00

0.0200

Figure 50External wall after modification.

2.6.2.2 Daylight Factor.

After Modifying the glazed area and properties of the glass (Figure 51) the DF analysis

results are as shown i Figure 52 and Figure 53.
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e

Wisual Light Transmittance 0.700000
Solar Heat Gain Coefficient 0. 400000
Thermal Resistance (R) 0,5000 (k)W
Heat Transfer Coefficient (U] 2.0000 W/ m~K)

Figure 51Glass Properties.




Daylight Factor
For all Rooms Included in Dayhghting

Standard Day - 12% Passing
Diaylight Factor Sky
Building ADF: 0.59%
28% below threshold
0% above threshold wio shades

Figure 52DF Results From Revit
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Figure 53DF Results from Revit.

From the results shown above, it is noticed that even with the modification still artificial

lighting is needed in the space.
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2.7 Thermal Insulation

Through Design Builder, the building was modelled. Cooling design, heating design
and simulation results were found out. The results were not good, so some
modifications were done by adding thermal insulation for the floors, walls and ceiling,
using low emission glass in addition to add louvers. Figure 54, Figure 55 and Figure 56

shows building’s views

Figure 54Model for building showing louvers-1
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Figure 55Model for building showing louvers-2

Figure 56Model for building showing louvers-3




2.7.1 Materials

2.7.1.1External wall materials

External wall materials and U-value are shown in Figure 57 and Figure 58.

Outer surface

100.00mm Concrete, Reinforced (with 1% steel)

Z0.00mm - XPS Extruded Polpstyrene - HFC:Blowing

TSNS CB(3E2 Gl TR s DALY S E AR

Inner surface

Figure 57cross-section of the external wall

U-Value (W/im2-K)

0.355

Figure 58 U-value for external wall
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2.7.1.2Interior partitions

Interior partitions materials and U-value are shown in Figure 59 and Figure 60.

Outer surface

13.00mm  Cement/plaster/mortar - plaster, sand aggreqgate

—+08-80mm-Conciete-blocks/ies—blok-hollaw-lightweiaht.- 1505

Inner surface

Figure 59cross-section of the Interior partitions

” U-value (W/m2-K) 1.998

Figure 60U-value for interior partitions
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2.7.1.3Roof materials
Roof materials and U-value are shown in Figure 61 and Figure 62.

Outer surface

4:00mm | Asphalt Tinot

100.00mm Cast Concrete

B0.00mm  XPS Extiuded Polystyrene - HFC Blowing

90.00mm  Cast Cancrete

20.00mm  Concrete Block (Medium)

Inner surface

Figure 61cross-section of roof

U-Value (W/m2-K) 0.424

Figure 62U-value for roof

2.7.1.4 Glazing materials:

Glazing materials and U-value are shown in Figure 63 and Figure 64.

Edit glazing - Copy of SageGlass Climaplus Blue No Tint

Glazing

General
Name Double SageGlass Climaplus Blue No Tint
Description
Source ASHRAE 90.1-2010
[ Category Double ©
ﬁRegian General
Colour

Definition method

[ Pane type SAGE Electrochromics Inc. Sage

[ Flip layer

Win j8s

i Window gas type KRYPTOM Bhbd

Innermost pane

[JPane type Cardinal Glass Industries LoE 180
Flip layer
REadiance Daylighting

Figure 63Glass type.
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U-Value (W/m2-K) 1.283

Figure 64 U-value for roof

2.7.1.5 Internal floor

Internal floor materials and U-value are shown in Figure 65 and Figure 66.

Inner surface

240 00mm Concrete Block (Medium]

90.00mm Cast Concrete

E80:00mm  XPS Exlruded Po!ystyrene HFC Blownng

[ 3000mm  Limestonefhottoscale] - |
30.00mm  Cement/plaster/mortar - limestone mortar[not to scale]

8.00mm  Ceramic/porcelainfnot ta scale)

Outer surface

Figure 65cross-section of floor

|| U-value (W/m2-K)

0.364

Figure 66U-value for floor
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2.7.2 Heating and cooling design results.

The results shown for the heating and cooling designs are compared between the

building with insulation and the building before insulation.

2.7.2.1 Heating design.

After calculation the results are before insulation 1s shown in Figure 67 and after adding the
insulation as shown in Figure 69. The total heating capacity for both types are as shown in

Figure 68 and Figure 70.

23.18 Temperature and Heat Loss
EnargyPus Oupnt

N A Temperaturs (*C) B Radan Tempsrawrs (C I Cpsratve Temperas 0 I Cwtside Dry-Suln Temperatrs (*C

20
o 15
[
=
B 10
=3
=
54
-
[ Giaring (i) BN \Wals (kW) BB Colings (nf) (VW) B Floars (i) (KW Parifans (i) (kW) B Rooks (i) B Evemal inflirafion (N
I Sxienal Vet () Bl Zons Sensinia Hasing (Y
100
50

Heat Bakance g

R

Air Tempersture (*C) 23.18
Radiant Tempersture (*C) 19.45
Operative Temperature (*C) 21.32
Cutside Dry-Bulb Tempersture [(*C) 0.7
Glazing (kW) -11.54
Walls (KW) 52.66
Ceilings (int) (KA 0.40
Floors {int) (KWA) 0.40
Partitions {int) (KW} 0.00
Roofs (kW) 5.29
Extemal Infittration (KW} -12.38
Extemnal Yent. (KAW) -18.80
Zona Sensible Hasting (KW) 111.72

Figure 67Heat loss without insulation

= Building 2 Tatal Design Heating Capacity = 139,600 [kw)

Figure 68 Heating Capacity.
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2133 Temperature and Heat Loss
EnergyPlus Output

Licensed

W A Temperatra (") M Radam Temparawra("C) MM Opratve Temperatrs ('C) M Outshde Dry-Suld Temparawra (C

Termnperature (“C)
a .
L

1 H Poors (inf) (W) Parvtions 0T} (W) [ Rook (ow) [ Svamal Emiraian (K

Heat Balance (ki)
N 3
51
|

Air Temperature (*C) 21.33
Radiant Temperature (*C) 19.85
Operative Temperature (°C) 20.59
witside Dry-Bulb Temperature (*C) 0.70
Glazing (kW) -2.47
Walls (kW) -18.07
Ceilings (int) (kW) -0.09
Floars {int) (kK'W) 0.09
Partitions {int) (kW) 0.00
Roofs (kW) -2.58
External Infiltration (kW) -10.96
External Vent. (kW) -18.87
Zone Sensible Heating (kW) 54.00

Figure 69 Heat loss after Insulation

=|Building 2 Tatal Design Heating Capacity = B7.510 [kw]
Figure 70 Heating Capacity after insulation.
The temperature is very small compared to the case without insulation, due to the addition of
insulation materials in the walls and environmental modifications as changing the type of
windows and adding louvers, which leads to increase comfort for users. (Heat loss from

external walls and windows decreased)
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2.7.2.2 Cooling Design.

After calculation the results are before insulation is shown in Figure 67 and after adding

the insulation as shown in Figure 69. The total heating capacity for both types are as shown in

Figure 68 and Figure 70.
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Figure 71Temperature and heat gain without insulation.

Totals 68.86 |

Figure 72 Total design cooling capacity
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Figure 73Temperature and heat gain after Insulation.

|Tutals |43_49 |

Figure 74Total design cooling capacity after insulation.

The heat gains in case one is less than the case without insulation. For example, heat gain from
external walls and glass windows was reduced as a result of changing the type of windows,
adding louvers and adding insulation materials for walls. So the cooling system will be smaller

and result in lower annual energy consumption.
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2.7.3 Simulation results.

2.7.3.1 Results before insulation.

The energy results and time comfort before insulation are shown in Table 9 and Table

10.
Table 9 Energy result Without insulation.
Total Energy Energy Per Total Building Area Energy Per Conditioned Building Area
[kwh] [kWh/{m2] [kWh/m2]
Total Site Energy 572377.54 318.65 318.65
Met Site Energy 572377.54 318.65 318.65
Total Source
Energy 1939184.51 1079.58 1079.58
Met Source Energy 1939184.51 1079.58 1079.58

The difference between district cooling and district heating 1s not ok.

Table 10 Time comfort Without insulation

Facility [Hours]

Time Setpoint Mot Met During Occupied Heating 0.50
Time Setpoint Mot Met During Occupied Cooling 0.00
Time Mot Comfortable Based on Simple ASHRAE 55-2004 6290.50

2.7.3.2 Results after insulation.

The energy results and time comfort after insulation are shown in Table 11 and Table 12.

Table 11Energy result with insulation.

Total Energy [KWh] | Energy Per Total Building Area [KWh/m2] Energy Per Conditioned Building Area [KWh/m2]

Total Site Energy 433595.38 101.03 189.30
Net Site Energy 433595.38 101.03 189.30
Total Source Energy 1489655.23 29542 461.18
Net Site Energy 1489655.23 29542 461.18
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Table 12 Time comfort with insulation

Comfort and Setpoint Mot Met Summary

Facility [Hours ]

Time Satpaoint Mot Met During Occuipied Heating {825,483
Time Setpoint Mat Met During Dccuped Cocling 178.83
Time Mot Comfortsble Based on Simple ASHRAE 55-2004 3320.17

From the previous table, it can be seen that the number of hours’ thermal comfort in case one is

less than case without insulation, which indicates the efficiency of insulation and environmental

modifications.
Table 13End Uses.
End Uses
Electricity Natural Gas Additional Fuel District Cooling District Heating Water
[kwh] [kwh] [kwh] [kwh] [kwh] [m3]
Heating 0.00 0.00 0.00 0.00 43448.19 0.00
Cooling 0.00 0.00 0.00 38104.81 0.00 0.00

The difference between district cooling and district heating from Table 13 is batter.
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2.8 Architectural Drawings.

As shown in the previous sections, the project was modified to meet all the required

standards and requirements to make it fool proof that all end-users got the best

experience, along with a well-arranged space containing all facilities that could be

needed by the end-user.

2.8.1 Parking Floor.

Since that most of people now days have cars, parking is one of the most important

facility in a building. According to the standards for dormitory building, foe every four

students one parking space should be provided. Due to that, no additional parking floor

was added. Parking Plan and floor area are shown in Figure 75, and Figure 76.
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A1 =582 m2

Figure 76 Floor Area of the Parking




2.8.2 Ground Floor.
The ground floor is the main floor which all the visitors and students living in the
building are using, so it is a public floor that would be loud and occupied. Mainly, since
the floor has both offices and reception. In the previous design plan, the ground floor
did not meet the standards, due to the spaces included on the ground floor and the lack
of privacy for the students. As a result of that, some spaces were moved from the floor

and other required facilities that should be included in residential buildings were added.

Figure 77Ground Floor Plan.

The facilities that were added
e Security Room
e Control Room (Central Control Panel).

On the other hand, Study Area were moved from the floor.
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Figure 78Plans of both Security and Control Room.

2.8.3 Stores’ Floor.

In the original plans, the area of the floor was not used in the best way, meanwhile, the
dimension of the stores themselves are as stated in the standards. Due to that, the space
of the floor was rearranged to be used practically. Figure 79 and Figure 80 shows the

floor plan and floor area.

|
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1

Figure 79 Floor Plan
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A4 =342 m2
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Figure 80Floor Area Plan

The study area was moved to the floor since it is separate entirely from the store, which

means the floor is quieter for the student so they can focus. Also, the laundry room was

added as required in the standards. Figure 81&Figure 82 shows the floor plan .
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Figure 81 Laundry Room and WCS.

Figure 82 Study Area plan.
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2.8.4 Dormitory Floors.

These floors had minimalist changes, where most of the rooms met the standards, on the
other hand, the privacy on the floor layout was weak since there is no lobby when the
floor 1s entered which is against the standards requirements. The floor was modified to
meet the standards whit adding a lobby and adjusting some of the studios. Figure 83 and

Figure 84 show the floor plan, including the lobby, and floor area plan.

Figure 83 Floor plan.

A5 =6*342 m2
.
ol yy=e
A6 =52 m2

Figure 84Floor Area Plan
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2.8.5 Elevations.
In this section the elevation of the building will be shown
e North Elevation Figure 85.
e South Elevation Figure 86.
e East Elevation Figure 87.
e West Elevation Figure 88.
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Figure 85 North Elevation
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Figure 86 South Elevation.

Figure 87 East Elevation.




2.8.6 Sections.

In this section two sections of the building will be included. Figure 89 and Figure 90

show sections of the building.
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Figure 88West Elevation.
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Figure 90 Section B-B

2.8.7 3D-View.
An overview of the building as 3D View are shown below Figure 91, Figure 92, Figure

93, and, Figure 94.

Figure 913D view of the building-1
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Figure 92 3D view of the building -2

Figure 93 3D view of the building- 3
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Figure 94-3D view of the building -4




Chapter Three:

Structural Aspects.
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3 STRUCTURAL ASPECT

In this chapter the structural aspects will be discussed.

3.1 Introduction
In construction, design is the process of creating a solution to a project brief and then
preparing instructions allowing that solution to be constructed. It is a process of creating
the description of a new facility, usually represented by detailed plans and

specifications.

3.2 Distribution of column centers and shear walls:
At this stage, a proposal will be made for the columns ad their places will be
distributed, then the slabs and beams will be drawn, and the ways of distributing the
loads will be determined according to the shape of the slab. Figure 95 and Figure 96

show the centrelines of columns.

Figure 95Columns centerlines before Modification.

70|Page




®

®

®

0.0, 919G, 9,

88 &84 Ol @

71|Page

Figure 96Coulmns Centerlines After Modification.




3.3 Design Code.

-ACI 319
- ASCE.
- UBC 97.

3.4 Loads:
> Dead load:
For ribbed slab 33cm
weight = ((total volume of rib) — (volume of block)) x density
concretet volume of block x density of block
((0.55 x 0.55 x 0.330) — (0.40 x 0.40 x 0.24) x 25 +
(0.4 x 0.4 X 0.24) x 12 = 2 KN/Rib*

weight = = 6.62 KN /m?

0.552
For solid slab 33 cm

Wt = 1.00 x 1.00 x 0.33 x 25
Wt = 825KN/SM.
For solid slab 20 cm
Wt = 1.00 x 1.00 x 0.2 x 25
Wt = 5KN/SM.
> Superimposed dead load (SID):
SID used = 4 KN/m?
> Live load (L.L):
L.L used for residential =3 KN/m?
L.L used for parking =5 KN/m?
L.L used for store =5 KN/m?
L.L used for staircase slab =20 KN/m?
L.L used for front store =20 KN/m?

The following pictures show the distribution of live loads on the floors
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Figure 99live loads in residential story.




> External wall load.

Height wall=3.1 m
Wall load (KN/M) = Thickness x density x height of wall.

Name Thickness (M) Density(KN/CM) Th*Den*Height
(KN/M)

Stone 0.05 25 3.875

Plane concrete 0.15 2 10.695

Block 0.1 12 3.72

Plaster 0.02 23 1.426

Weight of external wall (KN/M) 19.716

Use wall load = 19.5 KN/m.

Reducing the load due to window and door openings.

3.5 Load Combinations.
The basic ultimate load combinations used for the design according to ACI, and UBC97
are:
1. 1.4D.
2. 1.2D+ 1.6L.
3. Service load.

4. Envelope.

3.6 Materials.
The material used is defined as:
» Concrete:
e Compressive strength for column (f'c) = 28 MPa
e Compressive strength for the rest of the structural elements (beams, slabs,
and shear walls) (f'c)= 28 MPa.
» Steel reinforcement:

e Yielding strength of steel fy = 420 MPa.

75|Page




3.7 Structural Checks.

In this section the structural checks will be shown
e Compatibility.
e  Equilibrium.

e Stress-strain.

3.7.1 Compatibility Check.
The result of the compatibility check is shown in Figure 100.

Figure 100 Compatibility check result.
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3.7.2 Equilibrium Check.

The following Table 14 shows the weight of slabs and beams.

Table 14 Weight of slabs and beams.

The following Table 15 shows the weight of shear walls and column.

Table 15 Weight of shear walls and column.

storyl| 57017 202.79 6.62 1.63 3774.5254  330.5477  4105.0731
story2 359.8 104.94 6.62 1.63 2381.876  171.0522  2552.9282
. 132.67 0 8.25 0 1094.5275 0  1094.5275
- 342.09 110.07 6.62 1.63 2264.6358  179.4141  2444.0499
- 50.42 0 5 252.1 0 252.1

22668.9282

3 251 25 4513
4 25.1 25 12048
1 251 25 47659
35.02 27.6 25 4832.76
103.39 2.5 25 1292.375
44,42 3.1 25 688.51
12.66 2.5 25 158.25
283006.895

The following Table 16 shows the equilibrium check.

Table 16 Equilibrium check

16500 16475.99 0.0864 Error <5 %
13365.832 13357.3948 0.063167 Error<3%
9739.0647 9910.485  -1.7296% Error <5 %
50361.702 50975.82  -1.20472 Error <5 %

The building is equilibrium.
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3.7.3 Internal Force check.

b ot
-
5 ;

Table 17 explains internal force check for columns

Table 17Internal Forces Check.

- 9752 9741.845 0.104132

Accepted Error within 10 %.

[3 biagram for Column €9 at Story Story (CO 100 * 85)
Load Case/Load Combination End Offget Location
() Load Case (® Load Combination () Modal Case HEnd | 0.0000 m
[12D+15L ~|l | JEnd | [24700 m
Length | 2.5000 m
Compaonent Display Lecation
|Puia| (Pand T) ~ | (@ Show Max (O scroll for Values
Axial Force P
-9752.3105 kN
at 0.0000 m
Torsion T
-2.5968 kN-m
| at2.1700 m

Figure 101Results from Etabs.
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3.8 Slab Thickness.
According to the ACI code, the thickness of a two-way ribbed slab can be calculated

due to deflection.

Solid slab thickness
Table 8.3.1.1—Minimum thickness of nonprestressed two-way slabs without interior beams (in.)"

Without drop panels® With drop panels™
Exterior panels Exterior panels
(n: ;a) Without edge beams | With edge beams' | Interior panels | Without edge beams | With edge beams™ | Interior panels
280 633 636 636 {36 {40 (40

&30 3 33

560 2 30 30 {30 &3 33

(), 1s the clear span i the long direction, measured face-to-face of supports (1n.)

Inmax = 8150 mm
8150

hsolid = — = 247 mm
33

hreq.of solid slab = 270 mm.
I solid = I ribbed

1000%270% _ 550+h>

12 12

3(1000+270°

0 329 mm thenuse h=33 cm.

heq=

Figure 102 shows a section in the slab with dimension.

AU 00—

A—0.33—

I N
Q
-

<

U

D)

0

0,154

Figure 102 Section In the tow way ribbed slab (cm).
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When the live load is high, we use a solid slab, thus the thickness of the slab in front of the
store = 33 cm (Two way solid)

Thickness of slab stair = 20 cm (two ways solid)

3.9 Deflection check:

This table shows the maximum deformation allowed.

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflecton to b conseered Defiection imaton
e D g ucural emerts. | et dafloction v o o load L tneo
e e Cral SMS | immedae deflection de o e load L 11360
e
POt o oor ok gt o e | ek b oy sara o) | L
Ui oo, e e e O o

deflection shall be determined in accordance with 9 5.2 5 or 9543, but may be reduced by amount of deflection calouatd 1o ocour bafore
mulm This amount shall be determined on basis of accepted engineening data refating to fime-deflection charactenstics of members simdlar

fLimit may be exceeded if adequate measures are taken fo prevent damage %o supported or attached elements,

&mumummmmuwmmmuwcmwmnuwmm
does not axceed k.

Figure 103maximum deformation allowed.

the maximum deformation from live load = 20 KN/m"2

L 6000
— =——=16.67 mm
360 360

The following figure shows the max deflection from live load by ETABS:

Figure 104maximum deformation from live load (Etabs)
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Maximum deformation = 8§ mm < 16.67 mm

. . . L 8150
The maximum deformation from service load = 710 = 210 33.96 mm

The following figure shows the max deflection from service load by ETABS:

Figure 105 maximum deformation from service load (Etabs)

Maximum deformation = 32.5 mm < 33.96 mm

3.10  Seismic design:
Seismic load analysis: The seismic analysis will be done on this model according to
UBC-97 code.

There are some parameters that should be defined during the seismic analysis as follows:
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3.10.1 SEISMIC ZONE FACTOR (2):

Seismic Zone Factor,Z

(2 ot o7 T

Figure 106Seismic hazard map

The building is located in Nablus city which mean the seismic zone is 2B and from the,
map above the seismic zone factor = 0.2.

3.10.2 Soil profile type.

The soil under the building with bearing capacity =200 KN/m2. Its mean that the soil
profile is SD.
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TABLE 16-J—SOIL PROFILE TYPES

AVERAGE SO PROPERTIES FOR TOP 100 FEET (30 450 mm) OF SOIL PROFILE
PROFILE ROFIL ME GENERIC Shear Wave Vi L ¥, Standard Penetration Test, N jor 10r | Undrained Shear Strength, ¥,
o voe SOk PR e scRiPTION eetracend (o) ? cobesioniess sod layers) (blowe Too) ) e
Sa Hard Rock > 5.000
(1.500)
Sa Rock 2.500 1o 5,000 - -
(760 10 1 .500)
S Very Dense Soil and Soft Rock 1,200 w0 2,500 >350 > 2,000
(360 10 760) (100)
So St Soil Profile 600 10 1.200 151050 1.000 10 2000
(180 10 360) (50 to 100)
5! Soft Soil Profile < 600 <|5 < 1,000
(1%0) (S0
A Soil Requinng Site-specific Evaluation. See Section 1629.3.1.

'Soil Profile Type S¢ also includes any soil profile with more than 10 feet (3048 mm) of solt clay defined as a soil with a plasticity index, 1 > 20, wj, = 40 percent
and 5, < 500 psf (24 kPa). The Plasticity Index. Pf, and the momsture content, w,, . shall be determined in accordance with approved national standards.

Figure 107 Soil p

rofile type.

3.10.3 Acceleration-Dependent Seismic Coefficient (CA)

The sesmic cofficant (ca) can be obtained from the following Figure 108. (at soil profile

scand z= 0.2 CA=0.28)

TABLE 16-Q—SEISMIC COEFFICIENT &
SEISMIC ZONE FACTOR, 2

S0IL FRAFILE TYPE Z= 0.076 Za 018 Zu 0.2 Zu i Fulld
3 (Ll 1z (.16 0.24 0L32N,
Sn LEL I3 020 0.30 040N,
S 0 0% 0.4 033 0.40M,
S iz .22 .28 0.36 [UEET S
Se 19 0.30 0.4 034 036N,
Sr See Footnote 1

ISite-specific geotechnical investigation and dynamic site response analysis shall be performed to delerming seismic eoelficients for Soil Profile Type Sr.
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3.10.4 Velocity-Dependent Seismic Coefficient (Cv).

The seismic coefficient from Figure 109 is 0.4 from table at z = 0.2, and soil profile =Sd

TABLE 16-R—SEISMIC COEFFICIENT &,
SEISMIC ZONE FACTOR, Z

SOIL PROFILE TYPE Z= 0075 Z=0.13 Z=E Z=103 Z=04
84 D06 .12 0,14 0.24 L3I,
S 0.08 015 0.20 0.30 0400,
Se- 013 .25 0.52 0.45 (.56M,
Sp 018 {132 .44 0.54 164N,
Sg .26 .5 .64 0.84 (LGN,
SF See Footnote |

I8ile-specilic seotechnical investisation and dynamic site response analysis shall be performed 1o determine seismic coefficients for Soil Profile Tepe Sk

Figure 109 Seismic coefficient Cv.

3.10.5 important factor:
The building important factor = 1 from Figure 110

TABLE 16-K—OCCUPANCY CATEGORY
SEISWI SEISMIL wWiND |
IMPORTANCE | IMPORTANCE! | IMPORTANCE
OCCUPANCY CATEGORY OCCUPANCY OR FUNCTIONS OF STRUCTURE FACTOR, / FACTOR. §, FACTOR, { J
1. Essennal Group 1. Drason 1 Occupancies having surgery and emergency treatment 125 150 115 |
facilines? areas
Fue and police stations
Garages and shelters for emergency vehicles and emergency awrcraft
Structures and shelters i emergeoncy preparcdness centers
Aviation control towers
Structires and squipment m government commumcation centers and other
facailites requured for emergency response
Standby power-generating equipment for Category | facalies
Tanks or other structures contammng housing or supporting water or other
fire-suppression matenal or equupment requared for the protection of Category
1, 2 or 3 structures ‘
2 Hazardous Group H. Drvisions 1. 2, 6 and 7 Occupancies and structures theremn housing or 125 150 1.15 |
facalities supporung toxic or explosive chenucals or substances
Nonbuilding structwres housing. supporting or ¢ g q s of Joxic or
explosive substances that, of contaned withun a building. would cause that
bualding to be classified as a Group H, Divisson 1, 2 or 7 Occupancy |
3 Specaal Group A, Divisions 1, 2 and 2.1 Occupancies 100 1.00 1.00 1
occupancy Buildings housing Group E. Divisions | and 3 Occupancies with a capacaty
structures? greater than 300 students
Buildings housing Croup B Occupancies used for college or adult education
with a capacity greater than 500 students
Group |, Drvisions | and 2 Occupancies with 50 or more ressdent mcapacitated
patients, but not inchuded m Category 1
Group 1. Divimion 3 Occupancies
All structures with an occupancy greater than 5,000 persons
Structures and equipment m power generating stations, and other public utilaty
facalities not mcluded m Category 1 or Category 2 above, and requared for
contnued operation |
1 Standard All structures housing occupancies or having functions not histed in Category 1.00 1.00 1.00 |
occupancy 1, 2 or 3 and Group U Occupancy towers
structures? |
5 Miscellancous Group U Occupancies except for towers 1.00 1.00 1.00 |
structures

Figure 110important factor I.
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3.10.6 Over strength factor:
Over strength (R): The used structural system in the building from Figure 111 is #2-3-a

which is Building frame system with concrete shear walls. Factor R =5.5.

TABLE 16-N—STRUCTURAL SYSTEMS!
HEIGHT LINIT FOR
SEISMIC ZOMNES 3
AND 4 [sel)
BASIS STRUCTURAL SYSTEME LATERAL-FORCE-RAESISTIMNG SYSTEM DEGCRIPTION A ™ = 304.4 for mm
1. Bearing wall systcm 1. Light-framed walls with shear panels
i Wood sirvenaral ]:ul)rl walls lor structares three stofics or bess 55 28 55
. All other lighe-framed walls 4.5 1R 65
2, Shear walls
n. Concrese 4.5 28 160y
h. Masonry 4.5 18 160
1. Light steel-framed bearing walls with iension-only bracing 18 2 55
4. Braced framcs where bracing carvics graviey load
o Sieel 4.4 11 160
b Conerete? 18 22 —_—
. Heawy timber 2.8 2.2 65
2. Buikling frame system 1. Sweel eccenirically braced frame (EBF) 7.0 28 40
2. Light-framec walls with shear pane|s
o Wood structiaral pancl walls for structures three storics or bess 6.5 28 65
T Al other lighe-lromed walls 5.0 18 65
3. Shear walls
i Concrese 55 28 240
To. Masomry 55 28 ]
4, Ordinary braced frames
i Sweel 56 2.2 160
T Concrese? 56 2.2 —
€. Heavy timber 5.8 & 55
5. Special concentrically braced Tranwos
n Seel fid 1.1 0
3. Moment-resisung (rame 1. Special momenl-feslsbng rame (SMBF)
sysiem i Stesl 85 18 M.
I Concrened 8.5 28 ML
2. Masonry moment-resstng wall frame (MMEWE) 6.5 X} Lac
1. Conerete imermediale moment-nesisting frame (IMREF)Y 55 18 -
4. Ordinary moment-resisting lrame (OMRF)
o Stee 4.5 ek} 1]
b Concrete? 15 28 —
5. Special bruss moment Mranses of sicel (STMF) 6.5 1K 40
4, Dual sysiems 1. Shear walls
i Conorele with SMEF 8.5 1 ML
b, Concrese with steel OMRF 4.2 28 160
¢. Concrese with concrete [MREF 6.5 18 ]
d. Masoary with SMRF 55 28 160
€. Masomry with sieel OMRF 4.1 18 160
[ Masonry with concrete INRF? 42 28 _
{. Masonry with masoary MMRWEF 6.0 28 160
2 Swcl ERF
&L Wah steel SMRF 5.5 1% ML
b Wath steel OMRF 4.2 28 160y
A Owdinary braced frames
i Sieel with steel SMRF 6.5 k| N.L
b Sresl with sieel OMRF 4.1 1H lacy
¢. Concrese with concrele SMRF? 6.5 18 —
d. Concrese with conerete IMRF® 4.2 28 —_
4, S[u.':iaﬂ L'nrh.'l.'n:rn:'.llly biaced Transes
i Steel with sieel SMRF 1.5 15 ML
b Sieel with steel OMRF 4.1 18 1600
5. Cantibevered column bulding | 1. Cantilevered column elements 12 0 357
SIS
6. Shear wall-frame interuction | 1. Concreic® 55 18 160
n,!lnn“
7. Unibefimed systems See Seciiom 161967 and 162993 — — —
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3.10.7 load combination:
According to UBC -97 , there are two group of combination :
Ultimate combination:
* 14D
«12D+1.6 L
*1.2D+L+E
* 9D+E WhichE=pEh+Ev
p: Redundancy factor and it shall be taken (1) because the structure is located in seismic
zone 2 .
Eh=EQx + 0.3 EQy OR EQY+ .3 EQX
Ev=0.5028 1D, EV =0.14D.

Table 18 shows the ultimate load combination

Table 18Ultimate load combinations.

ultimate load
U1 1.40
u2 1.2D+1.6L
u3 1.34D+L+EQx+0.3EQyY
U4 1.34D+L-EQx-0.3EQy
us 1.24D+L+0.3EQx+Eqy
U6 1.340+L-0.3EQx-EQy
u7 0.76D+EQx +0.3EQy
U3 0.76D-EQx -0.2EQy
ug 0.760+0.3EQx +EQy
uU10 0.76D-0.3EQx -EQy
Envelope Max(UL1,U2,U3,U4,U5,U6,U7,U8,U5,U10)

Service load combination:
*D

* D+L

* D+E/1.4

*c9D=XE/14

«D+.75 (L+E/1.4)
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Table 19 shows the service load combination.

Table 19Service load combination

)

D+L

D+0.71EQx+0.21EQY
D-0.71EQx-0.21EQy
D+0.21EQx+0.71EQY
DH0.21EQx+0.71EQY
D+0.750L+0.54EQx+0.16EQy
D+0.750-0.54ECx-0.16EQy
D+0.750L+0.16EQx+0.24EQy
D+0.750L-0.16ECx-0.54EQy
0.90+0.71EQx+0.21EQy
0.90-0.71EQx-0.21EQy
0.90+0.21EQx+0.71EQy
0.90+0.21EQx+0.71EQy

Max(51,52,53,53,54,55,56,57,58,59,510,511,512,513,514

3.10.8 mass source definition:

Figure 112 show mass source in seismic design:

3 Mass Source Definition

File  Edit Format-Filter-5ort

Select  Options

Units: As Noted Hidden Columns: No Sort: None
Fitter: None
Include Include Source
Name Is Default Lateral Vertical  Lump Mass? 5":;:5?" Added 5‘;:2:#:‘:" “'c"’e'n‘:r‘:i":: Load Pattern  Multiplier
Mass? Mass? ) Mass? ) )
MsSrct Yes Yes Mo Yes Mo Mo Yes Mo sD 1
» M=Sret Dead 1
MaSrcl WALL 1
MaSret Live 0.25
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3.10.9 Seismic checks:

3.10.9.1 Period check:

T =Ctx hn%
Ct is a factor given by UBC 97 code:
e Ct=0.0853 for steel moment-resisting frames
e Ct =0.0731 for reinforced concrete moment-resisting frames and eccentrically braced
frames.
e Ct=0.0488 for all other buildings.
hn: building height = 27.6m
The building was considered as a bearing shear wall system.
Ct=0.0488.

3
T = 0.0488 x 27.64 = (0.58763 sec.
Tetabs<=14T
Tetabs,x =2.229 sec.

_[ 3-D View Mode Shape (Modal) - Mode 2 - Period 2.22914024719879 ]_

Tetabs,y = 2.328 sec.

_[ 3-D View Mode Shape (Modal) - Mode 1 - Period 2.32843520800824 ]_

ThenuseT = 14T = 1.4 x0.58763 = 0.822682 sec.

3.10.9.2 Drift check:

- 2500 14.2 21.2 1.2 3.7 4.62 14.245 50
- 3100 20.3 24.2 6.1 3 23.485  11.55 62
Pa 4000 225 23.3 2.2 0.9 847  -3.465 80
- 3100 28.6 25.5 6.1 22 23.485  R2.47 62
- 3100 35 27.8 6.4 2.3 24.64  B.855 62
6| 300 a7 30.1 6.7 23 25795  8.855 62
- 3100 48.6 32.2 6.9 2.1 26.565  8.085 62
.8 3100 55.4 34.7 6.8 2.5 26.18  9.525 62
e 2500 61 32.4 5.6 23 2156  -8.855 50

Figure 113Drift check
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Drift check is ok

3.10.9.3

Maximum story displacement from response story:

ETABS 20.3.0

License £ 1JUPW4HBZYXTEEY

Story Response - Maximum Story Displacement
Summary Description
This is story response output for 2 specified rangs of stories and 3 selected load cas= or losd combnsion.
Input Data
Mams StoryRespt
Story Rangs Al Stories

Display Typs Max story disgl

Losd Combo ENWULT Top Story Storyd

Owtput Type MaxMin Boitom Stony Base

Plot

Maximum Story Displacement

Sloryd —

Sloryd - p

Elory? -

Slorys -

Storys -

Sloryd -

Slory3 - 3

Slory2 —

Slary1 -

Bm T T T T T T T T
=160 =120 =B =40 a 40 a0 120 160

Displacement, mm

ppd.EDB Fags 1of 1

T
200

1
240

1202024

Figure 114maximum story displacement from response story
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3.10.9.4 Base shear check:
¢ FEQ max from ETABS = 5174
o V=min (2.5«Ca/T) *W=x (I/ R)

e CV=0.28
e [=]

e R=55

e T=0.823

V = min (0.625,0.486) x 50976 x (1/5.5) = 4955 KN
Error = ((4955—5174)/5174) x 100% = 4.24% < 5%

3.11 Required Design elements:

3.11.1 Column Design:

Check column design shown in Figure 115 from Etabs

"l‘:; "ll% H E—‘(‘ ;:51'!"
g
e ¢ T
\& #
p P
st
\. ¢ |t
Sl

Figure 115check column
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3.11.1.1 Column layout:

Column layout shown in Figure 116.

S

i

e

L

R

IR,
I

R

L,

Figure 116column layout.
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3.11.1.2 Column detailing:
Column detailing 1s shown in Figure 117, Figure 118, Figure 119, and Figure 120.

=
=

a0

’a
Va
1

H
1
—j_;t—«mps SPACING @ 15 m—t—t—m
VAR
b H
g
E—100 :n—»f
1

Fooling 4

i"yp. Yerticol Section Through Internal Column!

Foating \

f— ﬁ%"—HIIIFS SPACING B 15 cn—i%tms SPACING @ 10
k AR -

HOOPS SPACING @ 10 cm

A—
K
-
=
@

HODPS SPACING € 10 cm

Typ. Vertical Seclion Through edge Columns

Figure 117column detailing.

</
column d 16 16 mm
c1 C4 C5 ==
5 1
d 7
:

] 3;5 10mm

ijOmm

Figure 118section in column 1, 4, 5.
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o 32 gf 20 mm
—ae - 100
0 S
™~ | < L J|
0 5 , o>
} e bl a
9o ii;ﬁ 70mm
| column
i C7
Figure 119section in column 7.
"84"
.L column
I C2 C3 C6 C8
Qfﬂmm
| <4 Q_ﬁf& mm
ﬁfﬂmm E; B_OJ .
I iy
Fromm| 3@ 10mm
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3.11.2 Slab and beams design:

3.11.2.1 Layout beam and slab.
Beams layout are shown in Figure 121, Figure 122 and Figure 123.

B3
y B.
ct F7
1
e F8
Fi
3 F3
F
4 2]
Fi B K 2 Bi

Figure 121layout beams in parking story.
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Figure 122layout beams in basement story.




F23
rel ps
c2 F24
F21 B
C3 F25
2l | Bs
F26

Figure 123layout beams in store and residential story.
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3.11.2.2 Check shear in slab.

Solid slab 33 cm

®Vc =(0.75/6) * Nfc * b * d = (0.75/ 6) * V28 * 1000 300 =198.43 KN
@Vec>Vu=160 KN

Ribbed slab 33 cm

@V = (0.75/ 6) * Nfc * b * d = (0.75/ 6) * V28 * 150 *300 =29.77 KN
@Vec <Vu=110 KN

(Vu/Fy*d)=As/S

(80*1000)/(420*300)=100/S

S=157.5 mm

Use Smin=d/2 .... Theuse 1 @ 8 mm @ 150 mm.

3.11.2.3 Detailing slab.
Slab detailing is shown in Figure 124.

2016 /TOP
198/15cm closed stirup
\ 568/m BOTH WAY
: \
V) -
s At ( (
L VA ey . //4 R =—oum
U
I / ﬂ v
m c v 1 g
g v v 4
“ A A /|
/) /1 v
f /) (ol
40cm 15CM 40cm

Block (40x24X20)

Figure 124detailing slab.
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3.11.3 Footing design:

3.11.3.1 Footing stresses

Soil allowable bearing capacity = 200 KN/m”2.

Footing type: Mat footing

Weight building = D.L+L.L+ S.D + WALL + MAT FOOTING

16475.99
13357.3948
9910.485
50975.82
17106.75
107826.44

Bearing capacity mat footing = Area X q
= 684.27 x 200 = 136845 KN > 107827 KN

Footing stresses < allowable bearing capacity ....is ok
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3.11.3.2 Punching shear check:

Figure 125punching shear check.

As shown, all rations<I Except for column number 7
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ACI 318-19 Punching Shear Check & Design

Geometric Properties
Combination = DSIBS3
Story = Base
Point Label = 82
Column Shape = Rectangular
Column Location = Interior
Global ¥-Coordinate = 15.44%6 m
Global Y-Coordinate = 59342 m

Column Punching Check
Avg. Eff. Slab Thickness =0.916 m
Eff. Punching Perimeter = 7.564 m
Cover=0.084 m
Conc. Comp. Strength = 28000 kMN/m*
Reinforcement Ratio =0
Section Inertia 122 = 4285486 m*
Section Inertia 133 = 4. 455637 m*
Section Inertia 123 =0 m*
Gamma 2= 0.395831
Gamma ;= 0403177
Moment Mu2 = 448.018 kMN-m
Moment Mu3= 1231.9854 kMN-m
Shear Force =-2124.7175 kM
Unbalanced Moment Mu2 = 176.9838 kM-m
Unbalanced Moment Mu3= 4557085 kM-m
Max Design Shear Stress = 1462.26 kN/m*
Conc. Shear Stress Capacity = 1318.13 kN/m*
Punching Shear Ratio =1.11
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Vdesign = max shear — concrete shear stress capacity

=1462.26 -1318.13 = 144.13KN

v <As>
Fysd \S
144.13 100
22 = (%) s=271mm
420%930 S

Use 1 phi 8 mm @ 25 cm

1. Shear check:
Vu = g* (Fy)%5*d

2
Vu = 3 (420)%° x 930 = 3280 KN

Max shear in footing < V concrete

[EOEEEAEES i
00000080 DDS}%H
INO0000000: st
00000000 g
DooooooogoD
ooooogoc

Ooogog
=) u@%
o
[s]

[}

Ol
o/ -rUHEIDEEEQE :

.

Figure 127Shear in footing.
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3.11.3.3 Detailing footing.

Footing detailing is shown in Figure 128.

c8
c?7
_(]*.a —053——
aapis [Tl ses20 [JH[closed stirups
198 @ 25cm
1216 @ 1lcm 1916 @ 1lcm 1816 @ 1lcm
.............................. AR R AR AR T ........ |
4II;: ..... Io..- AR Y -.ooo.o.oonufo.con{o.foo‘-o-..-rlu-oo\o-cn--..buqo.c. ."?EC% - ]l
1816 @ 1lcm \ 1816 @ 1lcm 1®8| € 2sem
section B-B in Vertical Str D
Scale 1-30
P:\_«

Figure 128detailing footing.
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Chapter Four:

Electro - Mechanical Design.
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4 ELECTRO - MECHANICAL DESIGN.

4.1 Lighting.

4.1.1 Introduction.
Lighting is one of the most essential elements of space comfort, it can affect people's
experience. Lighting’s shape, color, focus, type of luminaire, efficiency, power, and flux
depend on the space function. Also, the layout of lighting plays a big role in the space's

comfort. Since the project has different spaces each space was designed to achieve the
needed values to provide a comfortable space.

4.1.2 Lux Level.

Table 20Recomended lux level

LIGHT LEVEL (FOOT LIGHT LEVEL IECC 2021 LIGHTING POWER DEMEITY
ROOM TYPE CANDLES) [[RTEA] [WATTS PER 5F)

Cafelena - Eating A0 FC 200300 huox 040
Corridor - General 510 FC 50-100 ux 041
Office - Privabe | Closed 30-50 FC 300-500 ks 074
Parking - Intenor 510 FC 30-100 lux 013
Dormitory - Living Quarters 2030 FC 200-300 hex 0.50
Restroom / Toilet 10-30 FC 100300 o 0.63
Lobby - Office/Ganeral 20:30 FC 200-300 Iux 0.84

Table 20 shows the recommended lux level according to the space function. All

recommended lux levels were taken into consideration while designing.
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4.1.3 Artificial lightings design.

In this section, the artificial lighting will be designed with the best-fitted luminaire that will
achieve the targeted lux with suitable lighting temperature and color, Using DiaLUX
software while taking energy consumption into consideration.

The reflection factors used according to the DiaLUX software are the following:

Ceiling: 75

Floor: 60

Wall: 30

One room of each category will be designed using DiaLUX, taking into account the
function of space. The luminaires were chosen with specifications that fit the space
standards, the luminaires were distributed uniformly in the space until uniformity was

achieved.

4.1.3.1 Ground Floor.

The spaces that will be covered are.

e Lobby

e Entrance

e (afeteria

e Offices.

e Corridors

e Security room
e Control room

e WC
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41311  Lobby.

Properties E Emin Emax Us (o) gz Index
(Target) (Target)

Waorking plane {Lobby) 427 Ix 174 Ix 550 Ix 041 032 WP10

Perpendicular illuminance (adaptive) (2 300 1x) [z 0.40)

Height: 0.000 m, Wall zone: 0.000 m o Vy

Figure 129 View of the Lobby after design.

The type of luminaire was chosen according to their specification and its lux level.

Figure 130 shows the luminaire model used.

Luminaire layout plan
LIGHTING.,
Manufacturer Opple P 40w
Article No. 542003116100 Pemergency lighting 37TW
Article name LEDPanel5-P6 5q595- D minsire 4080 Im
34W-BLE2-940-U19-
WL Dermergency lighting 449 Im
Fitting 1x LEDPanelS-Pé& ELF 1%
50595-34W-BLE2-
940-U19-WL

Figure 130 Luminaire model specification
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Figure 131 Shows the layout of luminaires
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Figure 131 Lobby’s Luminaires layout.

After calculation the results came as shown in Table 21 and .

Table 21 Results summery for lobby.

KWhia

Symbol Calculated Target Check Index
Working plane E perpendliciar 427 Ix 2300 I v
Us (g1) 0.41 2040 v
Glare valuation™ R ma 18 522 v
Energy estimation™ Consumption [1469.04 - 2203.20] max. 3900 kWh/a '

Room

Lighting power density

5.56 W/m

1.30'W/m3100 Ix
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Figure 132 Results on plan.

the space’s artificial lighting design achieves all the requirements and specifications, the light is

distributed well and the glare is within the right range and not annoying.
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41.3.1.2 Entrance.

Properties £ Eenin Ermax Us () ga Index
(Target) (Target)

Working plane (Entrance) 155 Ix 25.0 Ix 242 Ix 0.16 010

Perpendicular illuminance (adaptive) 2 100 Ix) (2 0.15)

Height: 0.000 m, Wall zone: 0.000 m vy vy

Figure 133View of the Entrance.

The type of luminaire was chosen according to their specification and its lux level.

Figure 134 shows the luminaire model used.
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Luminaire layout plan
LIGHTING.
Manufacturer Opple P 40w
Article No. 542003116100 Pernerganey lighting 37W
Article name LEDPanel5-Pé 5g595- D minaire A080 Im
34W-BLE2-940-U19-
WL Demergency lighting 449 Im
Fitting 1x LEDPanels-P& ELF 1%
S6595-34W-BLE2-
940-U19-WL

Figure 134Luminaire model specification

Figure 135 Shows the layout of luminaires

83

Figure 135Entrance s Luminaires layout.

After calculation the results came as shown in Table 22 and Figure 136.
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Table 22Results summery for Entrance.

Results

Symbaol Calculated Target Check Index
Working plane Eperpendieviar 155 Ix =100 Ix Ve

Us (g1) 016 2015 v
Glare valuation!" Rt mae 16 £22 W
Energy estimation™ Consumption [41.24 - 65.45] kWh/a max. 650 kWh/a v
Room Lighting power density 1.92 Wim?# -

1.25 W/m4100 Ix -

35 ]

Figure 136Results on Entrance's plan.

the space’s artificial lighting design achieves all the requirements and specifications, the light is

distributed well and the glare is within the right range and not annoying.
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4.1.3.1.3 Cafeteria.

Properties E Ermin Emax U () Qz Index
(Target) (Target)

Working plane (Cafeteria) 282 Ix 121 Ix 368 Ix 043 033

Perpendicular illuminance (adaptive) (2500 |x) (2 0.010)

Height: 0.800 m, Wall zone: 0.000m v v

Figure 137View of the Cafeteria.
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The type of luminaire was chosen according to their specification and its lux level

shows the luminaire model used.

. Figure 138

PHILIPS

Manufacturer Philips P 285W
Article name RC461B PSDW60L60  Pemergency lighting 285W
ELD3 1 xLED405/940

Dyumnaire 4000 Im
Fitting 1x Deemergency ighting 4000 Im

ELF 100 %

Figure 138 Luminaire model's specification.
Luminaire layout plan shown in Figure 139.
_IwEn

Figure 139Cafeteria’s luminaire layout plan
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After calculation the results came as shown in Table 23 and Figure 140.

Table 23Results summery for Cafeteria,

Results

Symbal Calculated Target Check Index
Warking plane Eperpendicular 282 Ix 2500lx v

Us {gn) 0.43 20010 v
Glare valuation™ R max 16 £22 v
Energy estimation™ Consumption [921.19-122265] kWh/a max 4250 kWh/a v
Room Lighting power density 2.61 Wim?

0.92 W/mZ100 |«

Figure 140 Results on Cafeteria's plan.

the space’s artificial lighting design achieves all the requirements and specifications, the light is

distributed well and the glare is within the right range and not annoying.
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4.1.3.14 Administration room.

Properties E Ermin Emax Ua () g0z Index
(Target) (Target)

Waorking plane (Administration) 654 Ix 403 Ix B0 Ix 0.61 0.50

Perpendicular illuminance (adaptive) (2 500 1x) (2 0.60)

Height= 0.700 m, Wall zone: 0.000 m vy vy

Figure 141View of the Administration room.

The type of luminaire was chosen according to their specification and its lux level. Figure 142

shows the luminaire model used.

Manufacturer Philips P 285W

Article name RC461B PSD W60L60 Dyuminaire 4000 Im
ELD3 1 xLED40S/940

Fitting 1x

Figure 142 Luminaire model's specification.
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Luminaire layout plan shown in Figure 143

O O O

Figure 143Administration’s luminaire layout plan.

After calculation the results came as shown in Table 24 Figure 144

Table 24Results summery for Administration.

Symbal Calculated Target Check Index
Waorking plane Eperpendicular 659 Ix = 500 Ix v
Us (g1 061 2060 v
Glare valuation!™ R, max 16 <19 v
Energy estimation™ Consumption 494 kwh/a max. 1400 kWh/a v
Room Lighting power density 6.49 Wim?
0.99 W/m#100 Ix
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Figure 144Results on Administrations plan.

the space’s artificial lighting design achieves all the requirements and specifications, the light is

distributed well and the glare is within the right range and not annoying.
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41.3.15 Accountant room.

Properties E Exmin Evnan Ua (g1} qz Index
(Target) (Target)

Working plane (Accountants) 537 Ix 252 Ix 677 Ix 0.47 037

Perpendicular illuminance [adaptive) (= 500 kx) (= 0.40)

Height: 0.750 m, Wall zone: 0.000 m V4 v

Utilisation profile: Offices (5.26.2 Writing, typewriting. reading, data processing)

Notes on planning:
The results were caloulated without consideration of objects and furniture. Mo results were determined on their surfaces.

Figure 145View of the Accountant room

The type of luminaire was chosen according to their specification and its lux level. Figure 146

and Figure 147shows the luminaires model used.
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Manufacturer RZB P 420W

Article No. 312383.0031.2.730 Pernergeancy lighting 420W
Article name TRIONA round A D yminaire 3251 Im
Fitting Ix LE Dirmergary lighting 32517 Im

TuneableWhite 865
ELF 100 %
Figure 146Luminaire model's specification 1
Manufacturer Philips P 25.0W
Article name RC342B LED365/940 P Ermesgency lighting 25.0W
PCS Wa2ZLG2
DLuminaire 3538 Im
Fitting Tx

qJEnmgemy lighting 3558 Im

ELF 100 %

Figure 147Luminaire model's specification2.

Luminaire layout plan shown in Figure 148.
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After calculation the results came as shown in Table 25 and Figure 149.

Figure 148Accountant’s luminaire layout plan.

Table 25Results summery for Accountant.

Symbol Calculated Target Check Index
Waorking plane Eperpenticy 537 Ix > 500 Ix "

Us (g 0.47 = 0.40 v
Glare valuation™ Rug 18 <19 v
Energy estimation™ Consumption 351 kWhia max. 850 kWh/a v

Room

Lighting power density

6.19 Wim?

1.15 W/m100 Ix
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4.13.1.6 Secretary’s room.

Properties E Emin Emax Ua () 0z Index
(Target) (Target)

Working plane (Secetary) 426 Ix 2251x 626 Ix 0.53 0.36

Perpendicular illuminance (adaptive) (2 300 1x) (2 0.40)

Height: 0.B00 m, Wall zone: 0.000 m vy 4

Figure 150 View of the Secretary room

The type of luminaire was chosen according to their specification and its lux level. Figure 151

shows the luminaires model used.

PHILIPS

Manufacturer Philips P 285w

Article name RC461B PSD W60L60 Diuminaire 4000 Im
ELD3 1 xLED40S/940

Fitting x

Figure 151Luminaire model's specification.
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Luminaire layout plan shown in Figure 152,

[l
O]

0O O

Figure 152 Secretary’s luminaire layout plan.

After calculation the results came as shown in Table 26 and Figure 153.

Table 26Results summery for Secretary.

Symbol Calculated Target Check Index
Waorking plane E perpendicular 426 Ix =300 Ix vy
Us (g1) 053 2040 v
Glare valuation™ Rue, mas 16 =19 (v
Energy estimation™ Consumption 154 kWhia ma. 1000 kWh/a v
Room Lighting power density 419 Wim?
0.98 Wim100 lx
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Figure 153Results on Secretary plan.

the space’s artificial lighting design achieves all the requirements and specifications, the light is

distributed well and the glare is within the right range and not annoying.
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4.1.3.1.7 Security room.

Properties E Eenin Emax Us () Q: Index
(Target) (Target)

Working plane (Security Room) 302 Ix 207 Ix 373 x 069 055

Perpendicular illuminance (adaptive) (= 300 Ix) (= 0.60)

Height: 0.E00 m, Wall zone: 0.000 m o o

Figure 154View of the Security room.

The type of luminaire was chosen according to their specification and its lux level.

Figure 155 shows the luminaires model used.
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PHILIPS

Manufacturer Philips P

285W

Article name RC461B PSD We0L&0 Druminaire

4000 Im

ELD3 1 xLED405/940

Fitting 1x

Figure 155Luminaire model's specification.

Luminaire layout plan shown in Figure 152.
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After calculation the results came as shown in Table 27 and Figure 157.

Table 27Results summery for Security.

Symbal Calculated Target Check Index
Working plane Eperpendicular 302 Ix 2300 I v
U {gr) 0.69 2060 v
Glare valuation™ Ruc, max 16 <19 v
Energy estimation Consumption [34.57 - 54.86] kWwh/a max. 300 kWh/a v
Room Lighting power density 3.93 Wim?
1.30 Wim“ 100 Ix

Figure 157Results on Security plan

the space’s artificial lighting design achieves all the requirements and specifications, the

light is distributed well and the glare is within the right range and not annoying.
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41.3.1.8 Control room.

Properties E Ermin Ermax U (gr) gz Index
(Target) (Target)

Working plane {Control room) 564 Ix 334 Ix 734 Ix 0.59 0.485

Perpendicular illuminance (adaptive) (2 500 1x) (2 0.50)

Height- 0.800 m, Wall zone: 0.000 m Vel Vi

Figure 158 View of the Control room.

The type of luminaire was chosen according to their specification and its lux level.

Figure 159 shows the luminaires model used.
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PHILIPS

Manufacturer Fhilips P 250w
Article name RC342B LED365/940 Piemergncy ighting 250W
PCS WEILE2
P ymunaire 3598 Im
Fitting 1x
m‘urmg:ncylgh:lng 3598 Im
ELF 100 %
Figure 159Luminaire model's specification.
Luminaire layout plan shown in Figure 160.
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Figure 160Control rooms’ luminaire layout plan.
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After calculation the results came as shown in Table 28 and Figure 161.

Table 28Results summery for Control room..

Symbol Calculated Target Check Index
Werking plane Epespendicular 364 Ix 2500 Ix v
Us (g0) 0.59 2050 v
Glare valuation™ Rus mx 17 219 v
Energy estimation™ Consumption [11696 - 185.63) kWh/a  max 450 kWh/a v
Room Lighting power density 6.08 W/m? -

1.08 W/mZ 100 Ix -

e (EER 408 G . I 82 3
NEPZA A ST

Figure 161Results on Control room plan

the space’s artificial lighting design achieves all the requirements and specifications, the light

1s distributed well and the glare is within the right range and not annoying.
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4.1.3.1.9 Wec.

Properties £ Emin Emax Ua () gz Index
(Target) [Target)

Warking plane (Corridor) 309 Ix 162 Ix 459 Ix 052 035

Perpendicular illuminance (adaptive) (= 100 Ix) (= 0.40)

Height- 0.000 m, Wall zone: 0.000 m vy vy

Figure 162View of the Corridor.

The type of luminaire was chosen according to their specification and its lux level.

Figure 163 shows the luminaires model used.
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PHILIPS

Manufacturer Fhilips P 250w
Article name RC342B LED365/940 Pemergency bighting BOwW
FCS We2LeZ
Prumanaire 3598 Im
Fitting 1x
m‘unﬂgznq-lgh:lng 3598 Im
ELF 100 %

Figure 163Luminaire model's specification

Luminaire layout plan shown in Figure 164.

| |

| |

Figure 164Corridors’ luminaire layout plan.
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After calculation the results came as shown in Table 29 and Figure 165.

Table 29Results summery for Corridor.

,353 L3445

/L.L.

Symbaol Calculated Target Check Index
Working plane Eoermendicular 309 Ix 100 Ix v
Us (g 052 2040
Glare valuation™ R man 16 <28 v
Energy estimation™ Consumption 94.0 kWh/a max. 1000 kWh/a v
Room Lighting power density 3.13 Wim?#
1.01 Wim@100 Ix
/
% 24 251 225\
// \5\ *335,\
: 28

-y fég
"'\-\.\

4279 . . 293
D

L343 335 +§§|9
\

\

_ Y

4345 4338 319\

Figure 165Results on Corridor plan

the space’s artificial lighting design achieves all the requirements and specifications, the light

1s distributed well and the glare is within the right range and not annoying.
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Properties E Emin Eman Us () 0z Index
(Target) (Target)

Waorking plane (WC) 395 Ix 263 Ix 763 Ix 067 034

Perpendicular illuminance (adaptive) (= 200 Ix) [z 0.40)

Height: 0.800 m, Wall zone: 0.000 m i vy

Figure 166View of the WC.

The type of luminaire was chosen according to their specification and its lux level.

Figure 167 shows the luminaires model used.

siv flp <>

Manufacturer SLV P BSW
Article No. 1006307 Drumnaire 572 Im
Article name OCULUS WL

Fitting 1x LED dim-to-warm

3000K Standard

OPPLE

LIGHTING

Manufacturer Opple P 340W
Article No. 542003116100 Pémergency ighting 37W
Article name LEDPanelS-P6 Sq595 Drumnaice 4080 Im
34W-BLE2-940-U19
WL Demergency ighting 449 Im
Fitting 1x LEDPanelS-P6 ELF 1%

5q595-34W-BLE2
940-U19-WL

Figure 167Luminaire model's specification
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Luminaire layout plan shown in Figure 168.

Figure 168WCs’ luminaire layout plan

After calculation the results came as shown Table 30 in and Figure 169.

Table 30Results summery for WC..

Symbol Caloulated Target Check Index
Working plane E perpendicular 395 I 2200 Ix v
Us (g1) 0.67 2040 v
Glare valuation™ Rue mas 25 £125 v
Energy estimation™ Consumption 56.1 kWh/a max. 350 kiWh/a v
Room Lighting power density 6.93 Wim# -
1.75 Wim#1.00 Ix -
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L334 376 379
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343

352

Figure 169Results on WCS plan

the space’s artificial lighting design achieves all the requirements and specifications, the light is

distributed well and the glare is within the right range and not annoying.
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4.1.3.2 First floor.
The spaces that will be covered are.

e Study Area.
e Laundry.

¢ Store.

41321 Study Area.

Properties E Emiin Erriax Ua t_g1} gz Index
(Target) [Target)

Working plane (Study Area) 566 Ix 285 Ix T2T Ix 0.50 0.39 WP3

Perpendicular illuminance (adaptive) (= 500 k) (= 0.50)

Height: 0.800 m, Wall zone: 0.000 m o v

Figure 170View of the Study Area.
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The type of luminaire was chosen according to their specification and its lux level. Figure 167

shows the luminaires model used.

PHILIPS

LTS | \ / B

Manufacturer LTS Licht & Lewchien P 15.1W

Article Mo. LK-L Pruminaire 2270 1Im Manufacturer Philips P 2B5W
060.10840.1406.U15/
DLW cher

Article name P 2ESW
nanoplix Emergenty lignting = w
Article name LK-L Pruminaire 4000 Im
060.10840.7406.U715/7 .
DALl Fitting Tx Bemergensy Ighong ADDO I
Fitting 1% LED ELF 100 %

Figure 171Luminaire model's specification

Luminaire layout plan shown in Figure 172

W IR |

I—l -

Figure 172 Study Areas’ luminaire layout plan
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After calculation the results came as shown Table 31 in and Figure 173

Table 31Results Summery for Study room.

Symbaol Caleulated Target Check Index
Warking plane Erermenaicuiar 566 Ix = 500 bk L
U {tn) 0.50 = 0.50 W
Glare valuation™ Rus, ma 16 <19 v
Energy estimation® Cornsumption [594.01 - 14%0.76) kWhia  max 2250 kWhia o
Roorm Lighing posver density B.53 Wi -
115 Wt/ 100 Ix -

Figure 173Results on study area plan

The space’s artificial lighting design achieves all the requirements and specifications, the light

1s distributed well and the glare is within the right range and not annoying.
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4.1.3.2.2 Laundry.

Properties E Exiin Einax Ua (g1) Q2 Index
(Target) (Target)

Working plane (Laundry ) 335 Ix 2211x 409 Ix 0.68 0.54

Perpendicular illuminance (adaptive) (= 300 1x) (= 0.60)

Height: 0.800 m, Wall zone: 0.000 m v o

Figure 174View of the Laundry.

The type of luminaire was chosen according to their specification and its lux level. Figure

175shows the luminaires model used.
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PHILIPS

Manufacturer Philips P 2B5W
Article name RC461B PSD WEOLED Pemergency lighting 285w
ELDS 1 xLED405/940
D puminaire 4000 Im
FILLII‘IQ 1x m[n'e';eu:yligl Wi 4000 Im
ELF 100 %

Figure 175 Luminaire model's specification.

Luminaire layout plan shown in Figure 176.

Figure 176 Laundry luminaire layout plan.
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After calculation the results came as shown in and Figure 177

Table 32Results Summery for Laundry.

Symbaol Calculated Target Check Index
Working plane E firl 325 Ix = 300 Ix v WpP4
Uz (g 0.68 = (.60 v WP4
Glare valuation!™ RuG, e 17 <25 v
Energy estimation™ Consumption [117.41 -192.38] kWh/a  max. 600 kWh/a v
Room Lighting power density 5.16 W/m?
1.59 W/m?/100 Ix

Figure 177Results on plan

The space’s artificial lighting design achieves all the requirements and specifications, the light is

distributed well and the glare is within the right range and not annoying.
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4.1.3.2.3 Store.

Properties E Emin Emax Ue (qn) q:z Index
(Target) (Target)

Waorking plane (5tore) 483 Ix 259 Ix 559 Ix 0.56 046 WPE

Perpendicular illuminance (adaptive) (= 300 Ix) (= 0.40)

Height: 0.800 m, Wall zane: 0.000 m o o

Figure 178View of the Store

The type of luminaire was chosen according to their specification and its lux level. Figure 179

shows the luminaires model used.
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PHILIPS

Manufacturer Philips P 285W

Article name RC461E PSD WeOLED D yminaiee 4000 Im
ELD3 1 xLED40S/940

Fitting

Figure 179Luminaire model's specification.

Luminaire layout plan shown in Figure 180

TG

|

The space’s artificial lighting design achieves all the requirements and specifications, the light is

Figure 180Store luminaire layout plan

distributed well and the glare is within the right range and not annoying.
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After calculation the results came as shown Table 33 in and Figure 181.

Table 33Results Summery for Store..

Symbol Calculated Target Check Index
Warking plane Eperpendicutar 463 Ix =300 Ix ' WPg
Ue (1) 0.56 =040 v WPE
Glare valuation™ R, max 16 %232 v
Energy estimation™ Consumption [376.25-513.00] kWhia  max. 850 kWh/a W
Room Lighting power density 6.14 W/m?

1.33 W/m*100 b

EHT— M4E S TEM =2
e

™, j

T N _ - — - 7 {,
274 MO T =1 M 52 . 7

1 L \: I ‘z. e
i 2

%\ AT
534 o S -

i ; - —
_ _ ] s
., P
213 eCEl ,f "NE\ 451 /;-"_.—39 ___,454 - ‘wmx\w—sa MEE—— 435 MHE
) | N R P

Figure 181Results on store plan.

The space’s artificial lighting design achieves all the requirements and specifications, the light is

distributed well and the glare is within the right range and not annoying.
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4.1.3.3Repetitive floor.
The spaces that will be covered are.

e Dorm.
e Privet We.
4.133.1 Dorm.
Properties E Emin Emax Us (g) gz Index
(Target) (Target)
Warking plane (DOORM1) 572 Ix 382 Ix 733 I 0.67 0.52
Perpendicular illuminance (adaptive) (2 500 Ix) {2 0.50)
Height: 0.800 m, Wall zone: 0.000 m W 4
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Figure 182View of the Dorm.




The type of luminaire was chosen according to their specification and its lux level. Figure 183

shows the luminaires model used.

LiGRAN

Manufacturer LIGMAN P 488 W
Article Mo. ARD-80237-0-W40 PLuminaire 6647 Im
Article name Arden 3 surface

ceiling luminaires

Fitting 1x ARD-B0Z37-0-W4d

Figure 183Luminaire model's specification.

Luminaire layout plan shown in Figure 184

167 1 W

- 3.10

Figure 184 Dorm luminaire layout plan
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After calculation the results came as shown Table 34 in and Figure 185.

Table 34Results Summery for Dorm,.

Symbaol Calculated Target Check Index
Working plane Eperpendicuar 5721x =500 |x v
Ua (g1) 0.67 2050 N4
Energy estimation® Consumption (22831 -3262.34] kWh/a  max. 650 kWh/a v
Room Lighting power density 8.24 wWim? -

1.44 W/m#100 Ix -

|__[.=h PN —
5G7 ;BLJ_
L
-
[Etwii]
R (50
a5 7

i IJ‘
r —y J | /
JCF I BECT /__.35'/-?:'_5;‘?:—.—/-54?_ [ R R = R 2 o= E N = I };y SHE 3 .Ez;ﬁ'- .427/
{" L\\ﬂ_ . @
sea e | sam | || BEm LEEd \}55\_/ F2 &2 48 BIT A /ﬁ 572 Tas uzh
| —
\ B
1 —
=t . JEE RSE JE43 520 31; S0 Eg__ﬂ,._&q? 537 _ﬁi uE7 e i)
. e i I o

Figure 185Results on Dorm plan.

The space’s artificial lighting design achieves all the requirements and specifications, the light is

distributed well and the glare is within the right range and not annoying.
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4,1.3.3.2 Privet Wec.
Properties E Enmin Emax Us () 9z Index
(Target) (Target)
Working plane (WC) 262 I 139 Ix 361 Ix 0.53 0.39
Perpendicular illuminance (adaptive) (2200 1x) (2 0.40)
Height: 0.800 m, Wall zone: 0.000 m N N

The type of luminaire was chosen according to their specification and its lux level. Figure 186

shows the luminaires model used.

SLV

Fitting

1x LED QPAR1T11
GU10 17,5W 950Im
A000K 1407, 1% LED
QPART11 GU10
17,5W 950Im 4000K
140° 1x LED
QPART11 GU10
17,5W 950Im 4000K
140° 1x LED
QPART11 GU10
17.5W 850Im 4000K
140°

Manufacturer SLV P 720W
Article No. 1002025 Pruminaire 3800 Im
Article name KALU
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Figure 186Luminaire model's specification.




Luminaire layout plan shown in Figure 187.

mmmm{

il

After calculation the results came as shown Table 35 in and Figure 188

Figure 187WC luminaire layout plan

Table 35Results Summery for WC.

Symboal Calculated Target Check Index
Working plane Eperpendicular 262 Ix =200 Ix v
Ua (g1) 0.53 2040 Vv
Glare valuationt! Hc, e 20 £25 v
Energy estimation'® Consumption [52.50 - 83.32] kwh/a max. 150 kwhia v

Room

Lighting power density

34.84 W/m?

13.28 W/m?2/100 Ix
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Figure 188 Results on WC plan.

The space’s artificial lighting design achieves all the requirements and specifications, the light is

distributed well and the glare is within the right range and not annoying.
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4.2 Power.

4.2.1 Introduction.
In this section, the power is designed, from the sockets to the cables. where power is

essential to achieve human comfort in space. all the elements were designed according

to the standards.

4.2.2 Lighting and Socket Power.

In this section the lighting power and socket power will be calculated for each floor.

e GF floor

e |-floor

e Repetitive floor.

4.2.2.1 GF Floor.
42211

Lighting Power,

Table 36 below shows the total power used for lighting the ground floor.

Table 36GF Lighting Power.

Demand factor for light = 0.8

Total power for light = power of light X demand factor
Total power for light = (1873) x (0.8) = 1498.4W
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GF FLOOR-Lightings

SPACE P ILOOD ICB ICABE #CB #CB | Amm2 | #CB
ENTRANCE 34 | 0.17171717 | 0.206060606 | 0.247273 | 0.020606 1 1 2
SECURITY 28.5 | 0.14393939 | 0.172727273 | 0.207273 | 0.017273 1 1 2
CONTROL ROOM 75 0.37878788 | 0.454545455 | 0.545455 | 0.045455 1 1 2
LOBBY-RECEPTION | 688.5 | 3.47727273 | 4.172727273 |5.007273 | 0.417273 1 1 2
CORRIDOR 85.5 |0.43181818 | 0.518181818 |0.621818 |0.051818 1 1 2
CORRIDOR 1 114 | 0.57575758 | 0.690909091 | 0.829091 | 0.069091 1 1 2
CAFETERIA 285 | 1.43939384 | 1727272727 | 2.072727 |0.172727 1 1 2
ACCOUNTANTS 192 | 0.96969657 | 1.163636364 | 1.396364 |0.116364 1 1 2
SECRETARY 114 | 0.57575758 | 0.690909091 | 0.829091 | 0.069091 1 1 2
ADMINISTRATION | 256.5 | 1.29545455 | 1.554545455 |1.865455 |0.155455 1 1 2

TOTAL POWER 1873 | D-POWER 1498.4




Cable size:

To find the electricity cable diameter for lighting switches the following formula is used:

I cable = 1.2 x [ circuit breaker 2 1.2 X

Ampere According to Table 37.

10 = 12

Table 37Cross-Sectional table

MNominal cross

Current

sectional Area (mm2) | [ampere)

11

1.5 13
25 18
4 24
(i) 31
10 42
16 56
25 T3
36 ]
50 131

I cable = 1.5mm?2.

42.2.1.2 Socket Power.

Since each four socket are Putin on 1 CB the power for each socket was calculated as

following Table 38

Table 38Power for each socket.

GF FLOOR
# OF OUTLETS A ILOOD |ILoad/SOCKET P ILOOD
4 16 13.33333 | 3.333333333 660 3.333333

Table 39 shows the total power used in the ground floor.

Table 39 Shows the total socket number and power used in each space
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Table 39 shows the total power used in the ground floor.

Table 39Sum of Power in each space.

GF FLOOR
SPACE P ILOOD ICB ICABE #CB #CB
ENTRAMNCE 0 0 0 0 0 0
SECURITY 2640 13.33333333 16 19.2 1 1
CONTROLROOM 5280 26.06600667 32 384 2 2
LOBBY-RECEPTION 7920 40 45 57.6 3 3
CAFETERIA 13200 06.666660607 80 96 3 3
ACCOUNTANTS 2640 13.33333333 16 19.2 1 1
SECRETARY 5280 26.066660667 32 35.4 2 2
ADMINISTRATION 5280 26.66600667 32 384 2 2
TOTAL POWER 42240 D-POWER 12672

Demand factor for power = 0.3
Total power for power = power of light X demand factor

Total power for power = (42240) x (0.3) = 12672W

42213 Total Power.
Total power = power light + power socket
12672 + 14984 = 14170 W
Power factor = 0.9 for residential.
I rated = 14170/ (220 x 0.9) =71.64
Idesign = 122 x 71.6 A=103.1A

Cable size 36 mm~*2
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4.2.2.2 First-floor.
4.2.2.2.1 Lighting Power.
The flowing Table 40 shows the total power needed for the first floor.

Table 40First Lighting Power.

LIGHTING 1- FLOOR

SPACE P 1LO0OD ICB ICABE #CB #CB
STORE1 +WC1 144 0.727272727 | 0.872727 | 1.047273 | 0.087273 1
STOREZ +WC2 144 0.727272727 | 0.872727 | 1.047273 | 0.087273 1
STORE3 +WC3 144 0.727272727 | 0.872727 | 1.047273 | 0.087273 1
STORE4 +WC4 1725 | 0.871212121 | 1.045455 | 1.254545 | 0.104545 1
STORES +WC5 172.5 | 0.871212121 | 1.045455 | 1.254545 | 0.104545 1
CORRIDOR 171 0.263636364 | 1.036364 | 1.243636 | 0.103636 1
5TUDY AREA 456 2.303030303 | 2.763636 | 3.316364 | 0.276364 1
LUNDARY 85.5 0.431818182 | 0.518182 | 0.621818 | 0.051818 1
WC 114 0.575757576 | 0.690905 | 0.829091 | 0.065051 1
LOBBY 28.5 0.14353593%4 | 0.172727 | 0.207273 | 0.017273 1

TOTAL POWER 1632 D-POWER 1305.6

Demand factor for light = 0.8
Total power for light = power of light X demand factor
Total power for light = (1632) x (0.8) = 1305.6W
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Cable size:
To find the electricity cable diameter for lighting switches the following formula is used:
I cable = 1.2 X [ circuit breaker 1.2 X 10 = 12

Ampere According to Table 37.

Table 41Cross-Sectional table

Mominal cross Current
sectional Area (mm2) | [ampere)

1 11

1.5 13

Z25 18

4 24

[:] 31

10 42

16 56

25 EE]

36 a0

50 131

I cable = 1.5mm?2.

42222 Socket Power.
In this floor there are special loads, four sockets connected on circuit breaker and three

sockets connected on one circuit breaker power for each socket was calculated as

following Table 42.
Table 42Power for each socket.
1- FLOOR
# OF OUTLETS A ILOOD ILoad/SOCKET P ILOOD ICB ICABE #CB #CB
4 16 13.33333| 3.333333333 660 3.333333 4 4.8 0.25 1
3 16 13.33333 | 4.444444444 280 4,444444 | 5,333333 6.4 0.333333 2
1 16 13.33333| 13.33333333 2640 13.33333 16 15.2 1 3

Table 43 Shows the total socket number and power used in each space
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Table 43Sum of Power in each space.

TOTAL POWER
SPACE P ILo0D ICB ICABE #CB

STORE1 +WC1 5280 26.660666067 32 38.4 2
STOREZ +WC2 2280 26.66066067 32 38.4 2
STORE3 +WC3 5280 26.660666067 32 38.4 2
STORE4 +WC4 5280 26.66066667 32 38.4 2
STORES +WC5S 2280 26.66066067 32 38.4 2
CORRIDOR 2640 13.33333333 16 15.2 1
STUDY AREA 10560 | 53.33333333 o4 76.8 4
LUNDARY 13200 | 66.66666667 80 56 3

TOTAL POWER 22800 D-POWER 15840

Demand factor for power = 0.3
Total power for power = power of light X demand factor

Total power for power = (52800) x (0.3) = 15840W

4.2.2.2.3 Total Power.
Total power = power light + power socket
15840 + 1305.6 =17145.6 W
Power factor = 0.9 for residential.
I rated = 15840/ (220 x 0.9) =804
I design = 1.22% x 804 = 115.24

Cable size 36 mm~*2
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4.2.2.3 Repetitive floor.

42231

Table 44 below shows the total power used by lightings.

Lighting Power.

Table 44 Repetitive floor Lighting Power.

2-6 FLOOR
SPACE P 1LOOD ICB ICABE #CB
STUDIO+WC1 153 0.97474747 | 1.169697 | 1.403636 | 0.11697
STUDIOHWC2 193 0.97474747 | 1.169697 | 1.403636 | 0.11697
STUDIO+W(C3 153 0.97474747 | 1.169697 | 1.403636 | 0.11697
STUDIOHWCA 193 0.97474747 | 1.169697 | 1.403636 | 0.11697
STUDIO+WCS 153 0.97474747 | 1.169697 | 1.403636 | 0.11697
STUDIOHWCEH 193 0.97474747 | 1.169697 | 1.403636 | 0.11697
STUDIO+WCT 153 0.97474747 | 1.169697 | 1.403636 | 0.11697
STUDIOHWCE 193 0.97474747 | 1.169697 | 1.403636 | 0.11697
STUDIO+WCS 153 0.97474747 | 1.169697 | 1.403636 | 0.11697
LOBBY 28.5 0.14393939 | 0.172727 | 0.207273 | 0.017273
CORRIDOR 1 142.5 | 0.71969697 | 0.8636360 | 1.036364 | 0.086364
CORRIDOR 2 28.5 0.14393939 | 0.172727 | 0.207273 | 0.017273
TOTAL POWER 1550.5 | D-POWER | 1240.4

Demand factor for light = 0.8

Total power for light = power of light X demand factor
Total power for light = (1550.5) x (0.8) = 12404W
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Cable size:
To find the electricity cable diameter for lighting switches the following formula is used:
I cable = 1.2 X [ circuit breaker 1.2 X 10 = 12

Ampere According to Table 45

Table 45Cross-Sectional table

Mominal cross Current
sectional Area (mm2) | [ampere)

1 11

1.5 13

Z25 18

4 24

[:] 31

10 42

16 56

25 EE]

36 a0

50 131

I cable = 1.5mm?2.

42232 Socket Power.

Since each four socket are Putin on 1 CB the power for each socket was calculated as

following Table 46.

The furniture of the rooms ware taking into consideration while distributing the sockets.

Table 46Power for each socket.

2-6 FLOOR
# OF OUTLETS A ILOOD | ILoad/SOCKET P ILOOD ICB ICABE HCB #CB
4 16 13.33333 | 3.333333333 | 733.3333 | 3.703704 | 4.444444 | 5,333333 | 0.277778 1

Table 47 Shows the total socket number and power used in each space
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Table 47Sum of Power in each space.

2-6 FLOOR
SPACE P ILOOD ICB ICABE #CB
STUDIO+HWC1 5280 | 26.6666667 32 38.4 2
STUDIOHWC2 5280 | 26.66606667 32 35.4 2
STUDIO+WC3 5280 | 26.66606667 32 38.4 2
STUDIOHWCA 5280 | 26.6666667 32 38.4 2
STUDIOHWCS 5280 | 26.66606667 32 35.4 2
STUDIO+WCE 3280 | 26.6660667 32 354 2
STUDIOHWCT 5280 | 26.6666667 32 38.4 2
STUDIOHWCE 5280 | 26.66606667 32 35.4 2
STUDIO+WCS 3280 | 26.6666667 32 384 2
TOTAL POWER 47520 D-POWER | 14256

Demand factor for power = 0.3
Total power for power = power X demand factor

Total power for power (47520) x (0.3) = 114256W

42.2.3.3 Total Power.
Total power = power light + power socket
1240.4 + 114256 = 154964 W
Power factor = 0.9 for residential.
I rated = 17080/ (220 x 0.9) =86.34
Idesign = 1.22% x 86.34 = 124.2A

Cable size 36 mm~*2
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4.2.3 Main Distribution Board (MDB).

Total power = z Total power of each floor

Results are shown in Table 48

Table 48Total power for main distribution board.

GF 14170.4

1-FLOOR 17145.6

& FLOORS 92978.4
CHILLIER 120000

TOTAL POWER 2442944

Irated = 244294.4/ (N3 x 220 x 0.9) = 712.34 A

ITc.b= 115 x 71234 = 819.24
Hence, the circuit breaker needed 1000 Amb.

Icable = 1.15x819.2 = 942 Amb.
The cross-sectional area needed for cable = 3 * 240 mm?2
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Figure 189Main Board
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4.3 Mechanical Design.

4.3.1 Water supply system.

The water supply system is a crucial part of any building, it's essential to supply the building
with the proper amount of water mainly since water is a significant key to people's daily. in this
section, the water supply will be designed with the diameters of the pipes and the pressure
required for water on the floors.

TABLE 207 Planning Gubde lor Water Supply”

Pav Capita fan Listwal)
Dty Ui

Bty Lnsger Gallers  Liters

Figure 190 water supply (Grondzik, Kwok, Stein, & Reynolds, 2010, P.872)
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The daily usage was calculated from Figure 190 according to the space function and the

number of users per day the results are as shown in Table 49.

Table 49Water Usage.

Water Supply
Space | Number | Per Capita Daily Usage | L/day m3/L
studios 72 151 10872 10.872
Lundary 2 1000 2000 2
Cafetera 28 75 2100 2.1
office 5 a7 285 0.285
Total 15257 15.257
4.3.1.1Domestic hot water consumption.
TABLE 21.10 Domestic Hot Water, Commercial/Institutional
Type of Building Maximum Hour Maximum Day Average Day

Men's dormitories
Women's dormitories

3.8 gal (14.4 L)/student
5.0 gal (19 Lystudent

22.0 gal (83 .4 Li/student
26.5 gal (100 Lystudent

13.1 gal (49.7 L/student
12 3 gal (46.6 L/student

Motels: no. of units®

20 or less 6.0 gal (23 Lyunit 35.0 gal (132.6 LVunit 20.0 gal (75.8 L/unit
60 5.0 gal (20 LVunit 25.0 gal (94.8 L/unit 14.0 gal (53.1 /unit
100 or more 4.0 gal (15 LVunit 15.0 gal (56.8 L/unit 10.0 gal (37.9 LVunit

Nursing homes

4.5 gal (17 Lybed

30.0 (114 Lbed

18.4 gal (69.7 Lvbed

Office buildings

0.4 gal (1.5 L/person

2.0 gal (7.6 Lyperson

1.0 gal (3.8 Lyperson

Food service establishments

snack shops

Type A—full meal restaurants and 1.5 gal (5.7 L/max 11.0 gal (41.7 L/max 2.4 gal (9.1 LVavg
cafeterias meals/h meals/h meals/day®

Type B—drive-ins, grilles, 0.7 gal (2.6 Ly/max 6.0 gal (22.7 Li/max 0.7 gal (2.6 Lyavg
luncheonettes, sandwich and mealks/h mealvh meals/day®

Apartment houses: no. of apartments

200 or more

5.0gal(19L)

50.0 gal (195 Lyapt

20 or less 12.0 gal (45.5 Lyapt 80.0 gal (303.2 Lyapt 42.0 gal (159.2 L/apt
50 10.0 gal (37.9 Lyapt 73.0 gal (276.7 Lyapt 40.0 gal (151.6 L/apt
75 8.5 gal (32.2 Lyapt 66.0 gal (250 Lyapt 38.0 gal (144 Lyapt

100 7.0 gal (26.5 Lvapt 60.0 gal (227 4 Lyapt 37.0 gal (140.2 L/apt

35.0 gal (132.7 L/apt

Elementary schools

0.6 gal (2.3 L/student

1.5 gal (5.7 Lystudent

0.6 gal (2.3 Lystudent®

Junior and senior high schools

1.0 gal (3.8 Listudent

3.6 gal (13.6 Li/student

1.8 gal (6.8 Lystudent?

Figure 191 Domestic hot water consumption (Grondzik, Kwok, Stein,& Reynolds, 2010, P.944).

In a building, 3.8 liters per student 1s needed for water supply in a day. The largest number of

users of the building per day is about 90 users, the total daily water needed is 342 liters/day,

which equal 0.35 m3 /day.
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4.3.1.2Diameter Calculations.

43121 Water Pressure.
In this building, roof tanks will be used, the water pressure will be 0.433h, where h is the
distance between the lavatory and the middle of the tank.

The pressure of each floor was calculated as shown in Table 50.

Table 50Pressure/ floor.

FLOOR GF 1 2 3 4 5 ] 7
Psl 41.19751 36.5805458 31.96358 27.34662 22.7296595 18,1127 13.4957353 8.878773

4.3.1.2.2 Water Supply Fixture.

Load Values in WSFU
Fixture Occupancy Type of Supply Control Cold Hot  Total
Bathroom group Private Flush tank 27 1.5 36
Bathroom group Private Flush valve 6 3 8
Bathtub Private Faucet 1 1 14
Bathtub Public Faucet 3 3 4
Bidet Private Faucet 15 1.5 2
Combination fixture Private Faucet 225 2.25 3
Dishwashing machine Private Automatic 14 14
Drinking fountain Offices, etc. % in. (9.5 mm) vaive 0.25 0.25
Kitchen sink Private Faucet 1 1 14
Kitchen sink Hotel, restaurant Faucet 3 3 4
Laundry trays (1 to 3) Private Faucet 1 1 14
Lavatory Private Faucet 05 05 0.7
Lavatory Public Faucet 15 1.5 2
Service sink Offices, etc Faucet 225 2.25 3
Shower head Public Mixing valve 3 3 4
Shower head Private Mixing valve 1 1 14
Urinal Publi 1in, (25 mm) flush valve 10 10
Urinal Public % in. (19 mm) flush valve 5 5
Urinal Public Flush tank 3 3
Washing machine, 8 Ib (3.6 kg) Private Automatic 1 1 14
Washing machine, 8 Ib (3.6 kg) Public Automatic 225 2.25 3
Washing machine, 15 Ib (6.8 kg) Public Automatic 3 3 -
Water closet Private Flush valve 6 6
Water closet Private Flush tank 22 2.2
Water closet Public Flush valve 10 10
Water closet Public Flush tank 5 5
Water closet Public or private Flushometer tank 2 2

Figure 192 Water Supply Fixture Units (Grondzik, Kwok, Stein, & Reynolds, 2010, P.991)

Using Figure 192 above the WFUs were found to be as shown in Table 51
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Table 51Total FU s for each Zone.

Zone FUS
ZOMNEL 51
ZOMEZ2 78
ZOMES 34
ZIOMEA B2
43.1.2.3 Water Flow rates.
100 6.0
5 80 _ ’-d( _ 48
§ 60 / — 36 3
—— = e
g 40 H- 7// = 24%
S0 )
. a
20 / 1.2
§ 0 20 40 60 80 100 120 140 1680 180 200 220 240
FIXTURE UNITS

Figure 193 Water flow rate (Grondzik, & Kwok, 2015, P.919)

From Figure 193 above the flow rate was found to be as shown in Table 52
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Table 52Water flow rate for zones

ZOMNES PIPE FU's water flow
Virtical 51 29
ZOMNELl | horizantal 17.1 14
Branch 2.2 3
Virtical 78 39
ZOMNE2 | horizantal 30 20
Branch 4 4.5
Wirtical 34 22
ZOMNE32 | horizantal 11.4 10
Branch 2.2 3
Wirtical a2 35
ZOMNE4 | horizantal 28 15
Branch 4 4.5
4.3.1.2.4 Determined diameter pipe & pressure drop.
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Figure 194 Diameter & pressure drop per 100 ft(psi) for steel pipe
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Figure 195Diameter & pressure drop per 100 ft(psi) for plastic pipe




Friction Pressure Loss in Water Meters
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Fig. 21.63 Pressure losses i disk-type water meters. @ 1P uts. () S1unts. Reprinted by permession from the 1997 Uniform

To find the diameters and losses the effective length was calculated for each water line

that serve a different zone as shown in Table 53
From figures above the possible diameters and losses for vertical, meter, horizontal &

branches were determined as shown in Table 54, Table 55, Table 56 and Table 57.

Table 53Effective Lengths
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ZONES PIPE L E.L
Wirtical B83.36 125.04
ZONE1 | horizantal 11.5 13.8
Branch 13.12 15.744
Wirtical 104.7 157.05
ZONE2 | horizantal 11.5 13.8
Branch 32 38.4
Wirtical 83.36 125.04
ZONE3 | horizantal 18.7 22.44
Branch 20 24
Wirtical 115 172.5
ZONE4 | horizantal 13.12 15.744
Branch 40 48
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Table 54Possible Diameters and losses for Zonel

ZOMEL
virtical
daiminsion 5 4' 3 2.5'
loss/100 0.3 0.9 3.5 9
loss/125 0.375 1.125 4.375 11.25
horizantal
daiminsion 21/2 2 11/2 11/4'
loss/100 0.15 0.4 1.2 2.7
loss/13.8 0.0207 0.0552 0.1656 0.3726
meter
daiminsion 11/4 1 3fa 5/8'
loss/100 0.5 1.3 3.5 a8
BRAMNCH
daiminsion 2172 2 1172 11/4"
loss/100 0.2 0.4 1.6 3
lossf15.7 0.0314 0.0628 0.2512 0.471
Table 55Possible Diameters and losses for Zonez2.
FOMEZ2
virtical
daiminsion g' 5 4' 3
loss/100 0.12 0.2 1.5 3
loss/157 0.1884 0.214 2.355 7.85
horizantal
daiminsion 3 2 11/2' 11/4'
loss/100 0.15 0.4 1.2 2.7
lossf13.8 0.0207 0.0552 0.1656 0.32726
meter
daiminsion 11/2 11/4 1 3/a
loss/100 0.7 1.2 2.7 4.5
BRAMNCH
daiminsion 2172 2172 2 11/2
loss/100 0.4 1 3 3
loss/38 0.152 0.38 1.14 3.42
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Table 56Possible Diameters and losses for Zone3

ZONE3
virtical
daiminsion 5 4' 3 2.5
loss/100 0.3 0.9 3.5 9
loss/125 0.375 1.125 4.375 11.25
horizantal
daiminsion 3 2 11/2 11/4'
loss/100 0.4 1 a4 8
lossf22.4 0.0896 0.224 0.896 1.792
meter
daiminsion 11/4 1 3/4' 5/6'
loss/100 0.3 0.7 1.7 4
BRAMNCH
daiminsion 3 2 1/2 2 1172
loss/100 0.4 1 3 9
loss/38 0.152 0.38 1.14 3.42
Table 57Possible Diameters and losses for Zone4
ZOMEA
virtical
daiminsion g' 5 4' 3
loss/100 0.23 0.5 1.2 ]
lossf172.5 | 0.39675 0.8625 2.07 10.35
horizantal
daiminsion | 21/2' 2 11/ 11/4
loss/100 0.2 0.4 14 2
loss/15.74 | 0.03148 0.06296 0.22036 0.2148
meter
daiminsion| 21/2' 2 11/2 11/4'
loss/100 0.6 1.5 3.8 5.5
BRANMNCH
daiminsion 4 3 212 2
loss/100 0.18 0.7 2.1 4
lossfa8 0.0864 0.336 1.008 1.92




The diameters of the pipes were chosen according to the least losses, Table 58 shows

the diameters chosen.

Table 58Chosen Diameter and total losses.

W51
LINE VERTICAL METER HORIZINTAL BRANCH | Total Loss
daiminsion 4 1 1/4 1 1/4 1 14 5 466
loss/100 1125 05 0.37 0.471 )
W52
LINE VERTICAL METER HORIZINTAL BRANCH | Total Loss
daiminsion 4' 1y 1y 2y 361
loss/100 2.36 0.7 0.17 0.38 ’
W53
LINE VERTICAL METER HORIZINTAL BRANCH | Total Loss
daiminsion 4' 1 18 1 18 2y 3 605
loss/100 1125 0.3 18 0.38 ’
W54
LINE VERTICAL METER HORIZINTAL BRANCH | Total Loss
daiminsion 4' 2 2 2 5553
loss/100 207 15 0.063 192 ’
The need of pumps and limiters ware determined in Table 59.
Table 59Losses in floors and pump Calculations.
# FLOOR W5 Available pressure Critical pressure Maximum Allowable |Total loss | Max-tot.loss| limeter capcity | pump capacity
W51 319635837 12 188635837 2.466 174975837 22 Psi =
2-FLOOR W52 31.9635837 12 19.9635837 3.61 16.3535837 21Psi
WS3 31.9635837 12 19.9635837 3.605 16.3585837 21 Psi
WS4 319635837 12 188635837 5.553 14 4105837 20 Psi
W51 27.34662161 12 15.34662161 2.466 12.88062161 17 Psi
3 FLOOR W52 27.34662161 12 15.34662161 3.61 11.73662161 16Psi
WS3 27.34662161 12 15.34662161 3.605 11.74162161 16Psi
W54 27.34662161 12 15.34662161 5.553 9.79362161 14Psi
W51 22.72965952 12 10.72965952 2.466 B.26365952 B Psi
4-FLOOR W52 22.72965952 12 10.72965952 3.61 7.11965952 7 Psi
WS3 22.72865952 12 10.728965952 3.605 7.12465952 7 Psi
WS4 22.72965952 12 10.72965952 5.553 5.17665952 =
W51 18.11269743 12 6.11269743 2.466 3.64669743
5-FLOOR Ws2 18.11269743 12 6.11269743 3.61 2.50269743
W53 18.11269743 12 6.11269743 3.605 2.50769743
WS4 18.11269743 12 6.11269743 5.553 0.55969743 =
W51 13.49573534 12 1.49573534 2.466 -0.97026466 5 psi
6-FLOOR W52 13.49573534 12 1.49573534 3.61 -2.11426466 5 psi
W53 13.48573534 12 1409573534 53.605 -2.10026466 5 psi
W54 13.49573534 12 1.49573534 5.553 -4.05726466 5 psi
WS1 B.87877325 12 -3.12122675 2.466 -5.58722675 5 psi
7-FLOOR W52 B.B7877325 12 -3.12122675 3.61 -6.73122675 7 psi
WS3 B.B7877325 12 -3.12122675 3.605 -6.72622675 Tpsi
WS4 B.87877325 12 -3.12122675 5.553 -B.67422675 9 psi
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4.3.2 Drainage System.
Like the water supply system, the Drainage system is another essential part of buildings.
it is crucial to design a system that serves the building and also could be good for the
environment, for that the system designed in this building, considered grey water and
was separated from black water.

TABLE 20.2 Drainage Fixture Units (dfu)

PART A_ BY TYPE OF AXTURE
Drainage Fixture

Fixture(s) Units (dfu) in. mm*
Automatic dothes washers: Commercial® 3 2

Residential 2 2
Bathroom group: Water closet (1.6 gpf [6 Lpf]), lavatory, and bathtub S — —

or shower, with or without a bidet and emergency floor drain
Bathroom group: Water closet (>1.6 gpf [6 Lpf]), lavatory, and bathtub 6 — —
or shower, with or without a bidet and emergency floor drain
Bathtub® {(with or without overhead shower or whirlpool) 2 1% 38
Bidet 1 1% 32
Combination sink and tray 2 1% 38
Dental lavatory 1 1% 32
Dental unit or cuspedor 1 1% 32
Dsshwashing machine?, domestic 2 1% 38
Drinking fountain 05 1% 32
Emergency floor drain 0 2 sS1
Floor drains 2 2 51
Kitchen sink, domestic 2 1% 38
Kitchen sink, domestic, with food waste grinder and/or dishwasher 2 1% 38
Laundry tray (1 or 2 compartments) 2 1% 38
Lavatory 1 1% 32
Shower 2 1% 38
Service sink 2 1% 38
Sink 2 1% 38
Urinal 4 ¢
Urinal, 1 gal (3.8 L) per flush or less 2 »
Urninal, nonwater supplied 0S e
Wash sink (circular or multiple) each set of faucets 2 1% 38
Water closet, flushometer tank, public or private &4 ¢
Water closet, private (1.6 gpf [6 Lpf)) 3 ¢
Water closet, private (>1.6 gpf [6 Lpf]) 4 ¢
Water closet, public (1.6 gpf [6 Lpf)), 4 e
Water closet, public (flushing >1.6 gpf [6 LpfD & .
PART B. BY SIZE OF TRAP

in mm* Drainage Fixtura Unit (dfu) Value
1% 32 1
1% 38 2
2 st 3
2% 64 4
3 76 5
4 102 6

Figure 196Drainage fixture units (Grondzik& Kwok, 2015, P.945).
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From Figure 196 the total drainage fixture units in the building were calculated as shown in

Table 60

Table 60Number of drainage fixture units in each floor.

FLOOR TYPE MNO. FIXTURE FU TOTAL
WC 4 4 16
GF Lavatory 4 1 4
Sink 1 2 2
WC 2 4 32
1-floor
Lavatory T 1 7
WC 9 4 36
Lavato 9 1 9
2-6 floors v
Shower 9 2 18
Sink 9 2 18
Total FU 142
TABLE 20.3 Horizontal Fixture Branches and Stacks”
Maximum Total Number of dfu Allowable
Diameter of Pipe Stacks®
Horizontal One Branch Three Branch Greater than Three
in. mm¢ Branch Interval Intervals or Less Branch Intervals
1% 38 3 2 4 -
2 51 6 6 10 24
2% 64 12 9 20 42
3 76 20 20 48 72
4 102 160 90 240 500
B 127 360 200 540 1100
6 152 620 350 960 1900
8 203 1400 600 2200 3600
10 254 2500 1000 3800 5600
12 305 3900 1500 6000 8400
15 381 7000 ! d /

Figure 197Horizontal Fixture Branches and Stacks (Grondzik& Kwok, 2015, P.946)

TABLE 20.5 Building Drains and Sewers

Maximum Number of dfu Connected to Any Portion of the Building
Drain or Building Sewer, Branches of the Building Drain®
Diameter of Pipe Fall, in. per ft (% slope)

Yae % % %
(in.) (mm)® (0.5%) (1.04%) 2.1%) (4.2%)
2 51 21 26
2Y: 64 24 N
3 76 36 42 S0
B 102 180 216 250
5 127 390 480 575
6 152 700 840 1000
8 203 1400 1600 1920 2300
10 254 2500 2900 3500 4200
12 305 3900 4600 5600 6700
15 £ J000 B300 10,000 12,000

Figure 198Building Drains and Sewers (Grondzik& Kwok, 2015, P.948)
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Figure 199Size and Developed Length of Stack Vents and Vent Stacks (Grondzik & Kwok, 2015, P.947)

Using Figures above both diameters and slope were calculated as shown in Table 61.

Table 61 Diameters and slope of the drainage system.

Type Dim Slope%
vent 4

drainge
sewer
between manhole
Vertical stack

PETRR = TR N I
= T VR I = |
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4.4 HVAC system design.

4.4.1 Introduction
The acronym HVAC stands for heating, ventilation, and air conditioning. It’s a collective term
for all the different types of cooling and heating systems homeowners use to change the
temperature and humidity indoors. HVAC systems also improve indoor air quality through
mechanical ventilation and filtration. Some common HVAC systems include central air
conditioning units, ductless mini-splits, furnaces, and boilers. HVAC also encompasses large-
scale refrigeration in commercial buildings.

The Result from (Design builder) simulation for heating and cooling as follow:

Total design heating load = 66.66 KW.

Total design cooling load= 43.44 KW.

4.4.2 Values of heating and cooling from Design Builder for all spaces:

Building Block Zone Design Capacity (kW)  Design Flow Rate (m3/s] Total Cooling Load (kW)

Building 2 Main.F  MainXF:Corridorl 061 00371 053
Building 2 Main.F  MainXF:Cafeteria 6.2 0.3945 5.39
Building 2 Main.F  MainXF:Corridor .89 0.0533 077
Building 2 Main.F  MainXF:ContrlRoon 0.62 0.042 054
Building 2 Main.F  MainXF:SecretoryR 1.11 0.0708 047
Building 2 Main.F  MainXF:Administra 1.85 0119 161
Building 2 Main.F  MainXF:Accontants 1.08 0.0697 094
Building 2 Main.F  MainXF:Reception 1.17 0.0735 1.02
Building 2 Main.F  MainXF:Lobby 513 0314 4. 46
Building 2 Main.F Main¥XFSecurityRo 054 00368 047
Building 2 Main.F  MainXF:Entrance 0.82 0.05349 071
Building 2 Stores Stores:Laundry 15 0.0933 1.3
Building 2 Stores Stores:Study area 481 0.3166 418
Building 2 Stores Stores:corridor 1.15 0.0703 1
Building 2 Stores Stores:shop area 076 0.0496 0.66
Building 2 Stores Stores:shop area 0.84 0.0551 073
Building 2 Stores Stores:shop area 078 0.0488 0.68
Building 2 Stores Stores:shop area 078 0.0489 0.68
Building 2 Stores Stores:shop area 09 00573 078
Building 25.F 6 SKFe:Bedroom 0.37 0.026 0.32
Building 25.F 6 SKFe:Bedroom 0.33 0.023 0.28
Building 25.F 6 SKFe:Bedroom 0.37 00275 032
Building 25.F 6 SKFe:corridor 1.04 0.0626 09
Building 25.F 6 SKFe:Bedroom 03 00211 0.26
Building 25.F 6 SKFe:Bedroom 0.46 0.0305 04
Building 25.F 6 SKFe:Bedroom 031 00222 0.27
Building 25.F 6 SKFe:Bedroom 03 00211 0.26

174|Page




Building25.F 6
Building25.F B
Building 25 F 6
Building25.F 4
Building25.F 4
Building25.F 4
Building25.F 4
Building25.F 4
Building25.F 4
Building25.F 4
Building25.F 4
Building25.F 4
Building25.F4
Building25F 4
Building25.F 3
Building25.F 3
Building 25.F 3
Building 25.F 3
Building25.F 3
Building25.F 3
Building 25.F 3
Building25.F 3
Building25.F 3
Building25.F3
Building 25F 3
Building 25.F 2
Building 25.F 2
Building 25.F 2
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SXF6:Bedroom
SKFB:corridor
SXFB:Bedroom
SXFd4:Bedroom
SXFd4:Bedroom
SXF4:Bedroom
SXFd:corridor
SXFd4:Bedroom
SXFd4:Bedroom
SXF4:Bedroom
SXFd4:Bedroom
SXFd4:Bedroom
SKF4:corridor
SXF4:Bedroom
SXF3:Bedroom
SXF3:Bedroom
SXF3:Bedroom
SXF3:corridor
SXF3:Bedroom
SXF3:Bedroom
SXF3:Bedroom
SXF3:Bedroom
SXF3:Bedroom
SKF3:corridor
SXF3:Bedroom
SXF2:Bedroom
SXF2:Bedroom
SXF2:Bedroom

.29
011

0.4
.18
014
.23
1.07
0.12
.23
.12
.15
.16
0.13
021
.19
014
024
1.07
0.12
.23
.13
.16
.16
0.13
022
.18
014
.23

00204
0.007161
0.0296
00124
0008777
00162
0.0709
0.0075849
00128
0.007913
0.0105
0.0108
0.009077
0014
00127
0.003075
0.01865
0.0707
0.006904
00133
0008214
0.011
00112
0.0091
0.0143
00124
0.008793
00162

.25

01
.35
.16
012

0.2
093

01

0.2
011
013
014
012
.18
.16
012
.21
093
011

0.2
011
014
014
012
019
.16
012
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Building 25F 2 SXFZ:corridor 1.07 0071 043
Building 25.F 2 SXF2:Bedroom 012 0.00768 01
Building 25.F 2 SXF2:Bedroom 0.23 0.0133 0.2
Building 25.F 2 SXF2:Bedroom 012 0007962 011
Building 25.F 2 SXF2:Bedroom 0.15 0.0102 013
Building 25.F 2 SXF2:Bedroom 0.16 0.0108 0.13
Building 25.F 2 SKFZ:corridor 013 0.00909 [
Building 25.F 2 SXF2:Bedroom 021 00143 013
Building 25F 1 SXF1i:Bedroom 0.24 0.0169 0.21
Building 25F 1 S¥F1:Bedroom 0.2 0.0138 017
Building 25F 1 S¥F1:Bedroom 0.29 00217 0.25
Building 25F 1 SXFl:corridor 0.84 0.0505 073
Building 25F 1 S¥F1:Bedroom 0.2 00124 017
Building 25F 1 S¥F1:Bedroom 0.25 00146 0.22
Building 25F 1 SXFi:Bedroom 0.19 0.01138 0.16
Building 25F 1 S¥F1:Bedroom 021 0.0155 013
Building 25F 1 S¥F1:Bedroom 021 0.0157 013
Building 25F 1 SKFil:corridor .09 0.005154 0.07
Building 25F 1 S¥F1:Bedroom 0.27 0.0201 0.24
Building 25F 5 SXF5:Bedroom 0.24 00165 021
Building 25F 5 SKFS:Bedroom 0.19 0.0135 0.17
Building 25F 5 SXF5:Bedroom 0.29 00215 0.25
Building 25F 5 SXFS:corridor 0.82 0.0495 071
Building 25F 5 SXFS:Bedroom 0.17 0.0108 0.15
Building 25F 5 SXF5:Bedroom 0.29 00181 0.25
Building 25F 5 SXF5:Bedroom 018 00114 016
Building 25F 5 SXFS:Bedroom 0.21 0.0155 0.18
Building 25F 5 SXF5:Bedroom 021 0.0157 013
Building 25.F 5 SXFS:corridor 0.08 0.005045 0.07
Building 25.F 5 SXF5:Bedroom 0.29 00212 0.25
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4.4.3 VRF system:
VREF (Variable Refrigerant Flow) stands for variable refrigerant flow, which goes a
surprisingly long way toward describing how this system uses refrigerant for both air
conditioning and heating. In a nutshell, VRF is a ductless, large-scale system for HVAC
that performs at a high capacity.
It consists of an outdoor unit that supplies the fan coils with air, which is connected to

diffusers. The number of diffusers is determined based on the airflow.

Figure 200 Outdoor unit
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Wired control panel

Outdoor Unit

Communication wiring

.
.......... ¢
Indoor Units IR Remote control
o
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Figure 201VRF system




4.4 .3.1Diffuser

Diffuser from catalogue:
DF / DE
Core 21 >
= |
Total pressure 150 225 300 375 450 525 600
df'op (pa) x x x x x x x
150 225 300 375 450 525 600
/s 34 76 135 211 304 413 540
9 | Min Max (m) | 1.0-2.0 | 1.5-2.5 ]| 2.0-3.5 | 2.5-45 2.5-6.0 | 3.0-65 | 3570
™ - - - 23 24 26 28
s 45 101 180 282 405 551 720
15 | Min Max (m) | 1.0-2.5 | 2.0-3.5 | 2.5-5.0 | 3.0-6.0 3.5-72.5 4.0-80 | 4585
™ - 25 28 30 31 33 35
I/s 56 127 225 352 506 689 900
23 | Min Max (m) | 1.5-3.0 | 2.5-5.0 | 3.0-6.0 | 4.0-75 4.5-9.0 | 5.0-10.0 | 5.5-10.5
™ 27 3 34 36 37 39 a1
/s 68 152 270 422 608 827 1080
33 | MinMax (m) | 2.0-35 | 2.5-5.5| 3.5-725 | 5.0-95 | 55-11.0 | 6.5-13.0 | 6.5-13.0
L 32 36 39 41 4z 43 45
s 79 177 315 492 709 964 1260
43 | Min Max (m) | 2.0-4.5 | 3.0-6.0 | 4.5-8.5 | 5.5-11.0 | 6.5-13.0 | 7.5-15.0 | 7.5-15.0
- 36 40 43 45 45 48 49
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The first chosen diffuser with handles 45 L/S airflow, and the dimension of the diffuser is
(150x150) mm.
The second chosen diffuser with, handle 68 L/S airflow, and the dimension of the diffuser is
(150x150) mm.
The third chosen diffuser with, handle 152 L/S airflow, and the dimension of the diffuser is
(225x225) mm.

4.4.3.2Fan coil:

Fan coils were chosen from the next catalogue.

FANO1-10C* 2pipe (*=Ner V) e (*=FN orFY
o f o | o [o [ o [ [ oo e [w]w|w]n
Fowtt pul "R | wm || n|alw] ® [wm|m
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Requied gowe supgly Villka B
e Coding b | ms [ | s [ [ oo Tus o] s [or e [ w [uelus
- W | x| b | ms | a0 | s || o | e | o | 6 | s | e | 86
(ol Water vekme besing || . s |t 4 |
Masimam abso cont wo Lo TomT o TosTow Tom ] onlon omw]on ow os on]

1. Fan coil 2 pipe with capacity 6.71 KW= 6710 W, and Dim (564 x1404 x226).

Figure 203Fan coil catalogue

2. Fan coil 2 pipe with capacity 2.09 KW=2090 W, Dim (564 x774 x226).
3. Fan coil 2 pipe with capacity 2.93 KW=2930 W, Dim (564 x984 x226).

The number of fan coils needed = The Design Cooling load for the space/ Cooling

capacity for the unit
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Table 62Fan load for ground floor

Ground floor Cooling load Fan load
Space Air flow (L/S) | Daffuser Number (W) (W)
Corridorl 37.1 45 | 530
Cafeteria 394 5 152 2 5390
Corridor 533 68 1 770
Control room 42 45 1 540
Secretory room 70.8 68 1 970
Administration 119 152 1 1610
Accountant 69.7 68 1 940 6710
Reception 73.5 68 1 1020 n=3
Lobby 314 152 2 4450
Security room 36.8 45 1 470
Entrance 539 68 1 710
m3/S =1000L/S
Table 63Fan load for store floor
Store floor Cooling load | Fan load
Space Aar flow (L/S) | Diffuser Number (W) (W)
Laundry 933 152 1 1300
Study area 3le 152 2 4130
Corridor 703 68 1 1000
Shop area 49 6 45 1 650
Shop area2 551 68 1 730
Shop area3 48 8 68 1 630 6?_1?
Shop aread 480 68 1 630 o
Shop area3 573 68 1 730
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Table 64Fan load for first floor

First Floor. Cooling load | Fan load

Space Air flow (L/S) | Diffuser Number (W) (W)
Bedrooml 16.9 45 1 210
Bedroom?2 13.8 45 1 170
Bedroom3 217 45 1 250
Corridorl 50.5 68 1 730
Bedroom4 12.4 45 1 170
Bedroom5 14.6 45 1 220

2090

Bedroom6 11.8 45 1 160 X

Bedroom?7 15.5 45 1 180 -
Bedroom8 157 45 1 180
Corridor2 5.15 45 1 70
Bedroom9 20.1 45 1 240

Table 65 Fan load for second floor

Second floor Cooling load Fan load

Space Air flow (L/S) Diffuser Number (W) (W)
Bedrooml 124 45 1 160
Bedroom?2 87 45 2 120
Bedroom3 162 45 1 200
Corridorl 71 68 1 930
Bedroomd 76 45 1 100
Bedroom5 133 45 1 200

2090
Bedroom6 79 45 1 110

n=2
Bedroom7 10.2 45 1 130
BedroomS8 10.8 45 1 130
Corridor2 909 45 1 120
Bedroom? 143 45 1 180
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Table 66 Fan load for third floor

Third floor Cooling load Fan load
Space Air flow (L/S) Diffuser Number (W) (W)
Bedrooml 12.7 45 1 160
Bedroom?2 907 45 1 120
Bedroom3 16.5 45 1 210
Corridorl 707 68 1 930
Bedroom4 6.9 45 1 110
Bedroom35 133 45 1 200
2090
Bedroom6 82 45 1 110
n=2
Bedroom?7 11 45 1 140
Bedroom3 112 45 1 140
Corridor2 91 45 1 120
Bedroom?9 148 45 1 190
Table 67Fan load for fourth floor
Fourth floor Cooling load Fan load
Space Air flow (L/S) Diffuser Number (W) (W)
Bedrooml 124 45 1 150
Bedroom?2 87 45 1 120
Bedroom3 162 45 1 200
Corridorl 709 68 1 930
Bedroom4 75 45 1 100
Bedroom5 128 45 1 200
2090
Bedroom6 79 45 1 110
n=2
Bedroom7 105 45 1 130
Bedroom3 108 45 1 140
Corridor2 907 45 1 120
Bedroom9 14 45 1 130
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Table 68Fan load for fifth floor

Fifth floor Cooling load Fan load

Space Air flow (L/S) Diffuser Number (W) (W)
Bedrooml 16.5 45 1 210
Bedroom2 135 45 1 170
Bedroom3 215 45 1 250
Corridorl 495 68 1 710
Bedroom4 108 45 1 150
Bedroom5 181 45 1 250

2090
Bedroom6 114 45 1 160

n=2
Bedroom?7 155 45 1 180
BedroomS$S 15.7 45 1 180
Corridor2 5.04 45 1 70
Bedroom?9 212 45 1 250

Table 69Fan load for sixth floor

Sixth floor Cooling load Fan load

Space Aar flow (L/S) Diffuser Number (W) (W)
Bedrooml 26 45 1 320
Bedroom2 23 45 2 230
Bedroom3 275 45 1 320
Corridorl 626 68 1 900
Bedroom4 211 45 1 250
Bedroom5 305 45 1 400

2090
Bedroomo6 222 45 1 270

n=2
Bedroom?7 211 45 1 250
Bedrooms$ 204 45 1 250
Corridor2 7.16 45 1 100
Bedroom9 296 68 1 350
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4.4.4 VRF (Variable Refrigerant Flow) Air Handling Unit Selection:
VREF stands for variable refrigerant flow, which goes a surprisingly long way toward
describing how this system uses refrigerant for both air conditioning and heating. In a
nutshell, VRF is a ductless, large-scale system for HVAC that performs at a high
capacity. VRF allows multiple indoor units to run on the same system, which is
designed differently depending on the application. VRF systems are considered either a

heat pump system or a heat recovery system, which can heat and cool simultaneously.

Monitoring
System

Outdoor Unit

\f,_f\—_r
P
j

=
o

Indoor Units

Figure 204 VRF system

The cooling load equals 43.44 KW
VRF units will be used with a capacity of 13 Tons (45.5 KW)
[ ton=35KW
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4.4.4.1Duct size:
Depending on the required airflow in each area, we will choose the volume. The
DUCTULATOR program was used with the channel depth = 300 mm under the drop
beams and the Velocity = 5 m/s.
This formula is used for calculate the diameter of duct:
o V="xd?xV
e V:volmetric flow rate

e d: duct diameter

e V:velocity
Table 70Diameter of duct for ground floor
Ground floor

Space Air flow (m3/S) | Diameter of duct(m)
Corridorl 0.0371 0.097222576
Cafeteria 0.3945 0317032418
Corridor 0.00533 0.036850533
Control room 0.042 0.103443883
Secretory room 0.070 0.133545479
Administration 0.119 0.174122001
Accountant 0.069 0.132588151
Reception 0.073 0.136377147
Lobby 0.314 0.282842712
Security room 0.036 0.095770426
Entrance 0.053 0.116203204
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Table 71Diameter of duct for store floor

Store floor
Space Air flow (m*/S) | Diameter of duct(m)
Laundry 0.0933 0.154177497
Study area 0316 0.283742056
Corridor 0.0703 0.133831342
Shop area 0.0496 0.112414157
Shop area2 0.0551 011848298
Shop area3 0.0488 0.111503906
Shop aread 0.0489 0.111618093
Shop area5 0.0573 0.120825188
Laundry 0.0933 0.154177497
Study area 0316 0.283742056
Corridor 0.0703 0.133831342

Table 72 Diameter of duct for first floor

First floor
Space Air flow (m3/8) Dhiameter of duct(m)

Bedrooml 0.0169 0.06361808

Bedroom2 0.0138 0.059295224
Bedroom3 0.0217 0.074354976
Corridorl 0.0505 0.113429458
Bedroomd 0.0124 0.056207078
Bedroom35 0.0146 0.060989714
Bedroomé 0.0118 0.05483037

Bedroom?7 0.0155 0.062841424
Bedroom$ 0.0157 0.063245553
Corridor2 0.00515 0.036222947
Bedroom?9 0.0201 0.071561296
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Table 73Diameter of duct for second floor

Second floor
Space Air flow (m®/S) | Diameter of duct(m)
Bedrooml 0.0124 0.056207078
Bedroom?2 0.0087 0.047080362
Bedroom3 0.0162 0.064244755
Corridorl 0.071 0.134495992
Bedroomd 0.0076 0.044003474
Bedroom5 0.0133 0.058211125
Bedroom6 0.0079 0.044863558
Bedroom7 0.0102 0.050977702
Bedroom$ 0.0108 0.052455623
Corridor2 0.00909 0.048124044
Bedroom9 0.0143 0.060359855
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Table 74Diameter of duct for third floor

Third floor
Space Air flow (m?/8) Diameter of duct(m)
Bedrooml 0.0127 0.056882939
Bedroom2 0.00907 0.048071073
Bedroom3 0.0165 0.064836885
Corridorl 0.0707 0.134211545
Bedroom4 0.0069 0.041928055
Bedroom5 0.0133 0058211125
Bedroom6 0.0082 0.045707461
Bedroom?7 0.011 0.052939095
Bedroom$ 0.0112 0.053418192
Corridor2 0.0091 0.048150507
Bedroom9 0.0148 0.061406031

Table 75Diameter of duct for fourth floor

Fourth floor
Space Aar flow (mg.-"S} Diameter of duct{m)
Bedrooml 0.0124 0.056207078
Bedroom2 0.0087 0.047080362
Bedroom3 0.0162 0.064244755
Corridorl 0.0709 0.134401244
Bedroomd 0.0073 0.043713019
BedroomS3 00128 0.057106449
Bedroom6 0.0079 0.044863538
Bedroom?7 0.0105 0.051721942
Bedroom3 0.0108 0.052455623
Corridor2 0.00907 0.048071073
Bedroom9 0014 0.059723354

189 |Page




190|Page

Table 76 Diameter of duct for fifth floor

Fifth floor

Space Air flow (m3/8) | Diameter of duct(m)
Bedrooml 0.0163 0.064836883
Bedroom?2 0.0135 0.058647169
Bedroom3 0.0215 0.074011533
Corridorl 0.0495 0.112300779
Bedroom4 0.0108 0.052455623
Bedroom5 0.0181 0.067907768
Bedroomé 00114 0.053893029
Bedroom7 0.0153 0.062841424
Bedroom$ 0.0157 0.063245553
Corridor2 0.00504 0.035834012
Bedroom? 00212 0.073493359

Table 77Diameter of duct for sixth floor

Sixth floor
Space Air flow (m3/8) Diameter of duct(m)
Bedrooml 0.026 0.081389212
Bedroom?2 0.023 0.076549805
Bedroom3 0.0275 0.083704059
Corridorl 0.0626 0.126289527
Bedroomd 0.0211 0.073319821
Bedroom5 0.0305 0.088151578
Bedroom6 0.0222 0.075206721
Bedroom7 0.0211 0.073319821
Bedroom$ 0.0204 0.072093358
Corridor2 0.00716 0.042710699
Bedroom9 0.0296 0.086841242
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Figure 205VRF System for building from Design Builder program

4.4.5 HVAC plans from AutoCAD:

T
| nass

Figure 206Ground floor HVAC plan
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Figure 207Store floor HVAC plan
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Figure 208Residential floor HVAC plan




4.5 Fire System

451

452

Introduction.

it's necessary to protect human safety and prevent any hazards humans could be
exposed to. therefore, fire protection systems are much needed in buildings to ensure
that humans are safe. In this section, fire systems will be designed. both parking and

ground floor are designed using sprinklers while the rest of the building is designed

using a water hose system.

Requirements for fire system.

According to the Palestinian code for fire protection the fire system required in

dormitory are as shown in Figure 209
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Figure 209Fire fighting systems required in dormitory.

193|Page




4.5.3 Fire System.

4.5.3.1Sprinkler firefighting system.

It is a nozzle that converts potential energy (static pressure) to kinetic energy (dynamic
pressure) by reducing The cross-sectional area of the pipe to obtain a relationship
between flow and pressure. Only new sprinkler heads are used. The performance of the
sprinkler head is controlled by five important factors: orifice size, reflector direction,
coverage area, melting temperature the sprinkler head explodes, and the rapid response
to the fire.

The sprinkler system was considered to be used on a floor according to the spaces on
the floor

e Ground floor

e Parking
The building spaces are classified as low hazard according to the Palestinian Code for
Fire Prevention and Protection. Each sprinkler covers an area of 12 m2 and Max.

Distance 4.6 m.

Pendent & Recessed Pendent ,

* Light hazard KFACTOR K=8.0(1152)
* 3 mm bulb THREAD S2¢ WINPT
* Covers areas as large as APPROVALS UL C-UL FM. NYC
20"x 20' (6,1 m x 6,1 m) TEMPERATURE 135°F/67°C, 166°F/68°C

* The Serles EC-8 Extended Coverage
Pendent Sprinklers are decorative glass bulb
sprinklers designed for use in light hazard
occupancies.

ESCUTCHION Style 30 » Style 40
ESCUTCHEON FiNisw Natural Brass, Signal
White, Chrome Plated

SPRINKLER FNisk  Natural Brass, Signal White
* The recessed version of the EC-8, intended Polyester, Chrome Plated

for use in areas with a finished ceiling, uses
either the two-plece Recessed Escutcheon

SIN TY4232
TECH DATA TFP223

FIRE PROTECTION General Products Catalog TYCO FIRE PROTECTION PRODUCTS

Figure 210 Sprinkler proprieties

The diameters of all steel pipe that connect the sprinklers together and connect them

with supplier was chosen according to Table 78 and Table 79.
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Table 78Pipes diameter.

Steel Copper

I in. 2 sprinklers 1 in. 2 sprinklers
14 in. 3 sprinklers 14 in. 3 sprinklers
1% in. 5 sprinklers 1Y% in. 5 sprinklers

2 in. 10 sprinklers 2 in. 12 sprinklers
25 in. 30 sprinklers 2Vein. 40 sprinklers

3in. 60 sprinklers 3in. 65 sprinklers
3% in, 100 sprinklers 3% in, 115 sprinklers

4 in. See Section 8.2 4 in. See Section

8.2

Table 79 Sprinklers design and distribution in GF floor and both zones in the parking

ROOM W Max. Distiance ¥ of sparks # of sparks x Xz AS Y iz
GF 2d.1 4.6 5239130435 g 40167 | 2.008333 21 .2zgz| 2611

ZOMET 13.85 4.6 3010863565 3 4 6167 | 2.308333 21 4 5487 | 2.27dd

ZOMNEZ 10.3 4.6 2.2331304:35 3 3.4333] 1TIEEET 21 E.1165 | 3.0583

4.5.3.2DETECTORS DISTRIBUTION.

smoke detectors are devices used to detect and sense smoke which will help detect the
fire before getting spreads in other spaces.
there are many types of detectors but according to the building's function smoke

detector was used.

SMART4 - intelligent multl criteria detector

. \\
“atd

’

Specifications
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195|Page




4.5.3.3EXTINGUISHER

extinguisher is used to stop small fires, it's easy to use and very efficient. there are many

types of extinguishers, according to the building and space CO2 Extinguishers it is used

in spaces where there are papers and computers.

- SAFERZONE FIRE SAFETY EQUIPMENTS

KANEX [ o VTR SRR qrETEGH

Carbon-di-oxide (Co-2) type fire extinguisher

Specifications:
*BRAND: KANEX

* Fire class 8 & C Class fwe
*Capacity: 2hg

*Design: Bend and heen
*Reflllable: Yes

*Average discharge time: 6tol0sec.
*Average Range of theow: 2m
*Usage: Commercial

*Fire rating: 21-8
*Open/Close: Wheel type
*Certfication: BIS
*Pressure: 205 Bar
*Temperature. 60 ¢

Key Features

*99.95% Pure Col gas
*Bodies CCOE/NPESO approved
*High quality enamel paint
*Brass valve

2 Kg Capacity s SO
Rs.3,900/ Unit “Wgh preseure wie benkled hone

No thermal or static shock

Figure 211CO2 Extinguisher

4.5.3.4ALARM SYSTEM.

fire alarms are used to notice people and warn them to take safety precautions
there are two types of fire alarms

- Manual fire alarm (Figure 212)

2- automatic fire alarm. (Figure 213)
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M. Mircom'

FIRE ALARM MANUAL STATIONS MS-400MP(U) SERIES

Features
« High quality, extruded aluminum.

« Attractive, Low Profile Design

Built-in intelligent addressable module with Mircom
Protocol.

Pulling the handle initiates the operation of the intelligent
module.

* Address is set by the MIX-4090 hand-held device
programmer.

Key switch provided for two (2) stage version.

Standard Single Gang Mount
« Plastic Rod or Break glass Optional

Figure 212manual alarm system

Q‘. ‘Q. WORY FRE & SECURITY EQUIPMENT CO. LTD
7 WMERE 1S THE FIRE WHIRE 15 WOFL

WOFU FIRE

Audible and
Visual Alarm

10 (€ msos SGS.

PURPOSE

The Sound-fight Fire Alam appers-
tus are one kind termvnal device for

alaem, it s fit for the sound & hight
strobe “gh( alarm when the fire happen

Figure 213 Sound & Light Alarm System
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4.5.3.5 FIRE HOSE CABINET DISTRIBUTION.
An elevated-pressure tube designed for transporting water or fire-suppressant
substances, including foam, for extinguishing fires. Externally, it establishes a
connection with either a fire engine or a fire hydrant, while internally it can be
permanently affixed to a building's vertical pipe or plumbing system. These hoses were
strategically positioned in proximity to emergency exits, with each one covering an

approximate distance of 25 meters.

===

CRADDLE

SFSJ40R-UL Single Jackst 1% 15m, 30m 200 psi 600 psi

Figure 214 Fire-Hose.
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4.6 Acoustical design

4.6.1 Introduction

Acoustical engineering is the branch of engineering dealing with sound and vibration. It
includes the application of acoustics, the science of sound and vibration, in technology.

Acoustical engineers are typically concerned with the design, analysis and control of

sound.

Measures of
acoustic quality
in restaurants
hased on surveys of how e e based on calculations
o &iTuaton is ¢5|.Fn..'ri¢n|.:|'.bd suh_]ﬁ:u‘ﬂ: Dh_lﬂ:tl\w and messurements
Ease of Quality of
Verbal Verbal
Communication Communication wrt'wr=1 af -rwrhm
comectly underst
the vocal effort neccssary by the listencr
against the competing
ambicnt noise
Recommended Sneech fonote Speech Speech
standards in —r Intelligibility Transmission
1509921 N Index Index
N0 (sm (ST

Figure 215Literature Review.

Software is used for analysis and design.
INSUL: Insulation from sound.

EASE 4.3.
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4.6.1.1 Acoustical Design

Convenience in buildings integrates many factors that have to be considered in the pre-

design phase of the project to ensure good interaction, minimal conflicts, the overlap

between these aspects, and good build performance in the O&M phase. One of these

important is the acoustic aspect, which is an essential part of the user's comfort in the

facility. Especially with regard to architectural design, it plays an essential role in

acoustic performance.

4.6.1.2 Reverberation time:

Reverberation Time in Seconds
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Figure 216Reverberation time standards




4.6.1.3Sound transmission index (STI).

STI value

Quality according to IEC 60268-16

0-03
03~

0.45

0.6 -

-06

bad
0.45 | poor
fair

0.75 | good

0.75 -1

excellent

4.6.1.4 Articulation index

Figure 217 STI standards

Articulation Signal to % Sentences Intelligibility Privacy
Index Noise Understood
> 0.4 >0dB > 9% Very Good None
0.3 -3 dB 80 Good Poor
0.2 -6 dB 50 Fair Transitional
0.1 -9dB 20 Poor Normal
< 0.05 -~12dB 0 Very Poor Confidential
Figure 218Articulation index standards
4.6.1.5Articulation loss
%AL 100-33% 33-15% 15-7% 7-3% 3-0%
APPRECIATION unacceptable problem acceptable good Excellent

201 |Page

Figure 219Articulation loss standards




4.6.1.6 Sound pressure level (SPL):

Sound Pressure
Level (dBA) Typical Sound Subjective Impression
150 (Short exposure can cause hearing lass)
140 let plans takeoff
120 Artillery fire, riveting, machire gun (Threshold of pain}
120 Siren at 100 ft (30 m), jet plane (passenger ramp), Deafening
thundsr, sonic boom
110 Woodworking shap, hard-rack band, accelerating Sound can be Telt (threshold of discamiart)
matercycle
100 Subway (steel wheels), loud street noise, power
lawnmower, cutboard motar
an Moisy factory, unmuffled truck, train whistle, machine  Very loud, corwersation difficult; ear protection
shap, kitchen blender, pneumatic jackhammer required for sustained oocupancy
80 Printing press, subway frubber wheels), nomsy affice, {Imalerable for phons use)
supermarket, average factory
70 Average street noise, quiet typewriter, freight train at Loud, noisy; voice must be raised 1o be
100 ft (30 m}), average radio, department store understaad
a0 Moisy home, hotel lobby, average office, restaurant,
normal conversation
5a General office, hospital, quiet radio, average home, Usual background; normal conversation easily
bank, quiet street understood
40 Frivate office, guiet hame
30 Cruiet conversation, broadeast studio Moticeably quiet
20 Empty auditorium, whisper
10 Rustling leaves, soundproof room, human breathing Wery quiet
a Intolerably quiet
Threshold of audibility

Figure 220 SPL standards

4.6.1.7 Noise criteria:

TABLE 19.8 Suggested Noise Criteria Ranges for Steady Background Noise

Type of Space (and Acoustical Requirements) NCCurve  Equivalent” dBA

Concert halls, opera houses, and recital halls (for listening to faint musical sounds). 10-20 20-30

Broadcast and recording studios (distant microphone pickup used). 15-20 25-30

Large auditoriums, large drama theatres, and houses of warship (for excellent listening 20-25 30-35
conditions).

Broadcast, television, and recording studios (close microphone pickup only). 20-25 30-35

Small auditoriums, small theatres, small churches, music rehearsal rooms, large meeting 25-30 35-40

and conference rooms (for good listening), of executive cffices and cenference
rocms for 50 pecple {no amplification).

Bedrooms, sleeping gquarters, hospitals, residences, apartments, hotels, motels, and so 25-35 35-45
forth {for sleeping, resting, relaxing).

Private or semiprivate offices, small conference rooms, classrooms, libraries, and so 30-35 40-45
forth {for goed listening conditions)

Living rooms and similar spaces in dwellings (for conversing or listening to radio 35-45 45-55
and TV),

Large offices, reception areas, reta:l shops and stores, cafeterias, restaurants, and so 35-50 45-60
forth {for moderately good listening conditions).

Lobbies, laboratory work spaces, drafting and engineering rcoms, general secretarial 40-45 50-55
areas {for fair listening conditions).

Light maintenance shops, office and computer equipment roams, kitchens, and 45-60 55-70

laundries {for moderately fair listening conditions).

Shops, garages, power-plant control rooms, and so forth (for just acceptable speech — —
and telephene communication). Levels above PNC-60 are not recommended for any
office or communication situation.

For work spaces where speech or telephane communication is not required, but where — —
there must be no risk of hearing damage.

Figure 221 NC standards
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4.6.1.8Sound transmission class (STC)

The following Figure 222 shows the standards for sound transmission class for partitions

between varies spaces:
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TABLE 19.13 Recommended STC for Partitions; Specific Occupancies

SPACES

Sound Insulation Requirement:
Background Level In Room
Wall, Partition, or Panel Between Being Considered

Room Being
Type of Occupancy Considered and Adjacent Area Quiet Normal
Marmal schaol buildings without  Classraams Adjacent classrooms STC a2 STC 40
extracrdinary ar unusual Corridor or public areas STC 40 STC 38
activities or requirements Kitchen and dining areas 5TC 50 STC 47
Shops STC S0 STC 47
Recreation areas STC 45 STC 42
Music rooms STC 55 STC 50
Mechanical equipment reams STC 50 STC 45
Toilet areas STC 45 STC 42
Music practice Adjacent practice rooms STC 55 STC 50
raoms Corridor and public areas STC 45 STC 42
Executive areas, doctars’ suites; Office Adjacent offices STC 50 STC 45
confidential privacy General office areas 5TC 48 5TC 45
requirements Corrider or labby STC 45 STC 42
Washraoms and toilet arsas STC 50 STC 47
Harmal office; normal privacy Oifice Adjacent offices STC 4D STC 38
requirements; any oCCURanNCy Corrider, lobby, exterior STC 40 STC 38
wsing rooms for group Washrooms, kitchen, dining STC 42 STC 40

meetings

Canference roams Other conference rooms STC 45 STC 42
Adjacent oifices STC 45 STC 42
Corridor or lobby STC 42 STC 40
Exterior of building STC 40 STC 38
Kitchen and dining areas 5TC 45 STC 42
Large offices, drafting areas, Large general Corridors, labby, exterior S5TC 38 STC 35
banking floars, etc. office areas Data-processing area STC 40 STC 38
Eitchen and dining arcas STC 40 STC 38
hdotels and urban hatels Bedrocoms Adjacent bedrooms® STC 52 STC 50
Haospitals and dormitories Bathroam® STC 50 STC 45
Living rooms® STC 45 STC 42
Dining areas 5TC 45 STC 42
Corridor, lobly, or public 5TC 45 5TC 42

Figure 222 STC standards




4.6.2 Acoustical software results.

4.6.2.1 EASE program.

Table 80 Suggested material:

Name Material

Floor Parquet conc

Ceiling Gypsum 12.5MM

Walls Plaster/LTHS ,PLYWD 1/2
Windows Double Glass 6mm

4.6.2.1.1 Lobby (waiting room) acoustical design.
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Figure 224 Lobby from EASE

H Edit Room Data '\ Project? - EASE 4.3 - O x

Data T F|cu:umF|TT Maoige T MappingT Settings

—FRoom Data

Hall :

Project Werzion : |

| Projectz  Town: | EASE Tawn

Wolume [e]

— Room Geometry

Effective Surface [ré] : I “E025 | Room symmetric
Total Surface [rf] : 372 ST E B ES S

: I 7514 | Foomopen

I 0.oo m

tean free path length 3E0m
tean free path time : 00 =
—Femarks

Apply Ok Cancel

Figure 225Room volume from EASE




m Edit Room Data \ Project? - EASE 4.3 — -
Data | T Moize T apping T Settingz
Reverb. Time——————— Fev. Time |&bsorp. Coe
S, 100He 018 056
- 125 Hz 018 056
[Eyring | 160 He 0.20 051
I Locked 200 He 023 047
250 Hz 0.27 0.42
Interpolate I 35 Hz 0.33 0.36
Desied [5]- 400 Hz 0.41 030
B00Hz 0.55 024
B30 Hz 0.61 0.1
200 Hz 0E8 0149
1000 Hz 077 017
1260 Hz 078 017
—&ir Parameters ———————— 1600 Hz 0.78 017
- 2000 Hz 073 017
et i 500 Hz 081 016
B0 % 350 Hz 0.83 015
Temperature : 4000 Hz 0.84 015
l—zg T 5000 Hz 081 014
E300Hz 076 014
Pressure : 8000 Hz 063 o4
[ 1013 hPa 10000 He 058
Recompute | Apply | Ok | Cancel |

Figure 226 RT from EASE:

RT values are good, less than 1.2 second .

Sound pressure level (SPL):

'i w Calculation #1 (Temporan,

J _l_l J ﬂﬁﬂ IAiml [5<.nu|;3.<n<n;'u%]_ N |_£J

5 [Catcutation #1 (Temparan) =] [TetalspL =] <[ 1000z > | [Thid Octave ] [NoZlweigh v

Frequency T Echogram T File Infa T Diiztribution T Optionz
— Compute
dE Taotal SPL ) at A3 #1 [5.00; 3.00; 0.00)
108 [~ Awverage
—
105 ™ Mawirmum
[~ Minimurn

102

39

[~ Hide

% 25z TiHe e
—Vie Scal
Send Picture To | wae
9 B Send Walues To | T Lock
" Tahl
e Mau: |103
& Comlinze Curgor————— hin : Igs
Redraw | ’7 10000 Hz ; 97.78 dB
Figure 227 SPL graph
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m View Calculation #1 (Temporary) - H
N = | &5 |43 1 (5.00; 3.00; 0.00
- Ii'| H| |I@| dﬁg k| < | <« [in > | s ] ]
; [Caleulation #1 (Temporan] | [TotalsrL =] <[ 1000H > | [Thid Octave +| [Noz)weigh ~
Frequency T Echogram T File Info T Diztribution T Optionz
o Distribution of Walues for Tatal SPL [£] - 1000 Hz [Third Octave)
BO0.0 Considered: 100.0%
i;g 0.0% < 1053008
) % )
420 0.0% » 1081048
360
300
24.0 Avg=106.90d8
180 tin = 108.72dB
171 Max =107.11dB
0 Data points : 60
00 106 1062 1064 10B6 10B8 107 1072 1074 1076 1078 103 dB
— e Send Picture To | Options Diistribution
(¥ Colored Graph [~ Lock Max: From : |1DE.DD
Send Values To | . Ta: I—
= Simple Graph IED-DD % : 108.00
P Spacing : IW
S Cursor [~ War. Width : [~ Lock
Redraw I ’7 108.72 dB ; 55.52% IU-2U Align : ICenter 'I

Figure 228 SPL distribution

Sound transmission index (STI):

m View Calculation #1 (Temporary) — X
= & |43 #1 (5.00; 3.00; 0.00
—| =8 B% R TR
FE [Covuaton b1 (Temporan) ] [5TI = < = ~| [No@1weigh =]
Frequency T Echaogram T File: Info T Distribution T Options
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STl at A3 #1 [5.00; 3.00; 0.00)
e [~ &verage
—
- .
0al-- ~ v Mawinum
¥ Minimum
P15 U O OO OO N N IS U N SR S SN S SO SN SRS ——
[~ M1l
) 'S [ A AN P ——
™ Hide
01 Eroadband
[ View Send Picture To | Seale
9 B Send Values To | Lz
= Table M- I—D.S
‘@ Cnffie Cursar Mirn 2 ID.1
Bedraw I ’7 Broadband ; 0.299
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Figure 229 STI graph




m View stion #1 (Temporan — b
| ’b-l | """ | &8 143 #1 (5.00; 3.00; 0.00
— E"H @ dﬂ% lk | < | « [ » | s | ol
5 | Calculation #1 [Temporary] x| |51 | j j f- >| |No@lweigh ~|
Frequency T Echogram T File Infa T Distribution T Options
% Distribution of Walues far STI - - -]

ggg Considered: 100.0%
24'0 00 <019
10 0.0% >0
18.0

::Sg Aoeg = 0326

9:0 bin = 0.243

g0 baw =0.399

10 Data points ; 60

0o 024 026 020 03 032 034 0.3

—Wie Opti Driztribwti
Send Picture Ta | [FHLEES tetibutien

& Colored Graph Sard Values To I [ Lock bax: From : ID- 20

" Simple Graph = [3000 % To: [o4n

o Tl Spacing : IU,U2
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Figure 230 STI distribution

4.6.2.1.2 Cafeteria acoustical design:

B

 mm— e

Figure 231Cafeteria Plan
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Figure 232Cafeteria From EASE:

m Edit Room Data % Project2 - EASE 4.3 - O >

Data T F!cu:umFlTT Moize T MappingT Settings

—FRoom Data
Hall: [ Projectz  Town: | EASE Town
Project Wersion ; |

— Foom Geometry

Yalurme [r] : I gego5 | Room open
Effective Surface [ré] : I 76510 | Room syrmmetric

Total Surface [rf] : I TEA.BE Smmel et s

I 0.og m
tean free path length 4.56 m
tean free path tirme : 00 s
—Remarks
Apply Ok Cancel

Figure 233Volume from Ease




Im Edit Room Data’, Project? - EASE 4.3

X

Data T

Moise T Mapping T Settings

Reverb. Time Fev. Time |Absorp. Cos
B 100 Hz 0.45 033
: 125 Hz 0.45 0.33
Eyring = 180Hz 050 031
 Locked 200 Hz 0.55 0.28
250 Hz 0.61 0.25
Interpolate | 315 Hz 0r2 0.22
R 400 Hz 0.8 0.19
= 0.0 500 Hz 111 015
£30 Hz 1.14 0.15
@ m 800 Hz 116 015
1000 Hz 1.19 014
1250 Hz 1.08 016
Air Parameters 1600 Hz 095 017
L 2000 Hz 0.90 018
IR i 2500 Hz D82 0.20
B0 % 3150 Hz 0.75 0.21
Temperature ; 4000 Hz 068 022
[ T 5000 Hz 0.61 0.24
Prosauro. 5300 Hz 0.54 0.25
: B000 Hz 0.47 0.27

1013 hPa 10000 Hz o.¢2 S|

Fecompute | Apply Ok | Cancel

Figure 234 RT from EASE

RT values are good, less than 1.2 second

210|Page




Sound pressure level (SPL):
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Figure 235 SPL graph
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Figure 236 SPL distribution




Sound transmission index (STI):
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Figure 237 STI distribution
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Figure 238STI graph




46.2.1.3
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Study area acoustical design.
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Figure 239 Study area plan
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Figure 240 Study area from EASE:

§1 Edit Room Data \ Projectl - EASE4.3 - O X
Data T Room BT T Moize T M apping T Settings
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Hall: I—F‘roiect'l Town : Im
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Figure 241Volume from EASE




B8 Edit Room Data \ Project! - EASE 43

*

Data | 1 T

Moize T

Mapping T Settings

Reverb. Time Fiev. Time | Absorp. Cos
—— 100Hz 013 0.5
: 125Hz 0.13 055
Eyring Z TE0Hz 022 051
B Lasbed 200Hz 0.25 0.45
50 Hz 0.2 0.42
Interpolate | 315 Hz 035 035
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1000 Hz 0.9 0.15
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Fecompute | Apply | Ok | Cancel

Figure 242 RT from EASE

RT values are good, less than 1.2 second.
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Sound pressure level (SPL):
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Figure 243 SPL graph
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Articulation index:
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Figure 245Articulation index distribution

Articulation index is good; it is around 1.

Sound transmission index (STI):

'.'i w Calculation #1 (Temporary) —

ag & |81 #1 (8.00;-2.00; 0.00
k| < | « [10 sy | s | sl |

g [Caleciation #1 (Temperary) =] [si N I | [He@rweigh =]

Frequency T Echogram T File: Info T Dristribution T Options
— Compute
STl and MTI at &1 #1 (8.00; -2.00; 0.00]
OFf--t-=T-=a==9-=]=="-=a=-= === =m==F==Fe=pe-fe=-pe-f=-[=-=f==q-=q-=n-=--= [~ Average
L B I Masimum
_\_ [ Minimum
[T O S e e N AR SRR N ——
\_ / I MTI
1oL A SRR B A S Iy o SR UL PP —
. ™ Hide
) Broadband
Yiew Scal
e Send Picture Ta | cae
0 Lock
9 Ee SendYalues To | mfllc:
" Table Max - I—U-?
& Lomirse Curgor——————————————— Mir : Im
Bedaw | ’7 Broadband ; 0.347

Figure 246 STI graph
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Figure 247 STI distribution
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Figure 249 Shop area From EASE.
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Figure 250 Shop area volume
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Figure 251 RT from EASE

RT values are good, less than 1.2 second.

Sound pressure level (SPL):

'i w Calculation #1 (Temporar, —

""" S 28 |41 #1 [0.50; -2.30;0.00
lk | < | <« [0 SRR

F [Colcuistion 1 (Temporay) ] [TotalSPL | [<J 000Kz > | [Thid Octave | [No @) weigh ~ |

Frequency T Echogram T File: Info T Distribution T Options
— Compute
dh Total SPL (£ at A1 #1 [0.50; -2.30; 0.00)
AT [ oo T m = e e oLl il I Average
il \ —
104.3 .._....-.-{r ................................................ I_ Maximum

[~ Minimum
DT %3 ' O O O N O O A S N U . SN S I S —
R R B R Rt EEE TR e R R e BT \ ——————

@ ™ I Hide
ZE0Hz TkHz #kHz E—
Y Scal
= Send Picture To | sae
0 Lock
9 S Send Yalues To | s
" Tabl
e Max |-| 07

® Canldiad Cursor————— i : Igg—

__ Bedaw | { JN50Hz; 95.32 dB

Figure 252 SPL graph
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Figure 253 SPL distribution

Sound transmission index (STI):
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Figure 255 STI distribution

4.6.2.2 INSUL program
46.2.2.1 Sound transmission class

STC What can be heard

25 | Normal speech can be understood

<0 | Loud speech can be understood

35 | Loud speech audible but not intelligible

40 | Loud speech audible as a murmur

45 | Loud speech heard but not audible

50 | Loud sounds faintly heard

60+ Good soundproofing; most sounds do not disturb neighboring residents.[®]

Figure 256 STC standards
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External wall.

Figure 257 shows section in external wall.
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Figure 257 Section in external wall
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Figure 258 STC For external wall.

From Figure 258, STC is very good, it is more than 60.
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Internal Partitions.

Figure 259 shows section in internal partitions.

® om0 s kx4 STC 62 oITc 44

fo: 81Hz Total Mass: 168.6 kg/m” Version 9.0.22

Figure 259 section in internal partitions
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Figure 260 STC For internal partitions

From Figure 260, STC is very good, it is more than 60.
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External Glazing.

Figure 261 shows section in Glass.
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Figure 261 External glazing

4 un
[=] o

Sound Transmission Loss (dB)
w
=3

20

10

0 1
63

125 250 500 1000 2000 4000
Frequency (Hz)

@ Transmission Loss (dB)
STC 40
Flanking Limit

B b K

E Auto Scale
ll Show Flanking Limit

Figure 262 External glazing STC

Figure 262 STC for glass is good, it 1s in range (35-40).
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Chapter Five:

Quantity Surveying and Cost Estimation.

226 |Page




5 QUANTITY SURVEYING COST ESTIMATION.

In this chapter the quantity and cost estimation is shown.

5.1 Introduction
Estimating costs is one of the most important and accurate things that are prepared
before the implementation of any project, especially in construction projects. The work
of a quantity surveyor is critical to ensuring that the construction project budget is used
in the most practical and cost-effective way. The quantity surveyor ensures that the
planned work is feasible and that the client's funds are wisely invested to achieve a
high-level structure that reflects their original plans. This is why one of the key aspects
of a quantity surveyor's work is to balance the budget with quality, and make sure they
mvest in the best people and materials needed for the job. They need to make sure that
the budget they allocate to materials is invested wisely, as this literally forms the

foundations of any building, big or small.

5.2 Methodology
In this project, after the completion of the architectural, environmental and structural
section, it is required to prepare a tentative cost estimate in order to identify a tentative

budget requirement based on the project information available at hand.

5.3 Budget development and cost estimate
The cost of 1 SM for the multifunctional building =(3000 — 3500) Shekel Table 81

shows the bill of quantity and costs:
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Table 81BOQ.

Activity ID Activity name Unit I Duantih.rl Unit cost Total cost
1 Structural Work
Structural System
11 Steel kg 230500 35 206750
11.1 Concrete 10cm Cube 2440 330 805200
112 Brick 10cm CM 24000 15 36000
113 Brick rib 24cm Cr 13200 3.5 46200
114 Brick 20cm M 11200 25 28000
115 stone SM 2100 130 273000
116 Cntractor cost FO0000
117 Indirect cost & other 120000
Exavation andsoil improvement 150000
2 Finizhing
2.1 Plastering
211 ceiling plaster 50 5082 30 179460
212 wall plaster S 4275 a0 128250
2.2 Painting
221 ceiling painting SM 5982 20 119640
2212 wall painting S 4375 a0 171000
23 Tiles
2321 wall tile SM 387 150 58050
232 floor tile S 5992 200 1195400
24 Windows
241 Aluminum window 50 205 500 102500
25 Doors
251 cingle wooden door Unit 152 2000 304000
25.2 single glass door Unit 54 3000 162000
2.5.3 double wooden door Unit 5 2700 13500
254 Entrance door Unit 3 6700 20100
255 Emergency door Unit 9 3000 27000
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Electrical work

3 Socket
3.1 Socket unit 438 22 9536
311 Lighting unit
32 Square lighting unit Unit 150 150 22500
321 Lamp Unit 128 12 1536
322 Copper wire roll Unit 250 100 25000
323 Flastic electricity tube Unit 144 70 10080
3.2.4 soB Unit 19 1200 22800
3.25 MDB Unit 1 7000 7000
326 Electrical contractor 50000
327 Indirect cost & other 20000
4 Mechanical work
41 HWALC
411 Chiller Unit & 10000 50000
4132 Diffuser Unit 90 300 27000
413 Fan coil Unit 3 2000 16000
414 Duct Unit 77 &0 4620
4.2 Water supply and Drainage system
421 Steel pipe 4" Unit F00 14 9800
422 Steel pipe 8" Unit 130 25 3250
423 Pvc 16 mm Unit S000 5 25000
424 Pvc 25 mm Unit 100 15 1500
425 Pvc 50 mm Unit o0 30 1800
426 Collector Unit 33 a00 19800
427 Bathroom carpentry Unit oG 1100 72600
428 Washing Sink Unit 55 a00 33000
429 Shower Sink Unit 54 400 21600
4210 Washing Tap Unit 55 250 13750
4211 Shower tap Unit 54 170 9180
Fiting 10000
4212 Manhole Unit 16 300 4800
4213 Iron water drain Unit 1 1500 1500
Contractor 130000
5 Elevator
5.1 Elevator System
511 Elevetor Unit 1 130000 130000
Total 6142802

Unit cost = total /cost total area

Unit cost = 6142802 /3207 = 1916 NIS/m"2
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