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Abstract

Due to all the advantages and the role it plays in preventing future small or
catastrophic consequences, integration design in buildings is a crucial component of

any design stage in the modern building industry.

The project we decided to work on is called "BANK." The primary factor that led to
the selection of this project was its significance, particularly in light of the fact that
banks have grown to play a significant role in Palestinian society and have altered the
course of developing nations and contributed to their development. Because of their
significance, banks must be made a comfortable and secure environment for both
employees and visitors. This project presented us with a worthwhile challenge in
creating an integrated.

We found this project to be a good challenge in creating an integrated building design
that manages to combine all aspects of the environmental, architectural, and structural
design in the best possible way to achieve the highest level of energy efficiency and
the best comfort for those who will use the building. This will allow the building to be
environmentally friendly and be regarded as a green building. Along with ensuring
that the initial cost of the building and the operating costs remain within the bounds of

reason and even attempt to make it as low as we can, all these goals will be met.

By comparing, modifying, and gathering data using engineering software programs
like Revit and Design Builder as well as construction simulation programs like ETAB

and SAP, we will assess the building and the site.
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Chapter 1: introduction:

This institution is considered as administrative building in which employees work to
provide services to the concerned parties in the community.

The project we chose can provide many challenges and problems especially in the
Palestinian offices building style.

Many of these challenges came from the limited and low budget that came with these
kinds of projects which leads in most cases in delaying the project completion date,
and sometimes the delay extends to months or even years, and in other times, part of
the project is excluded, such as dispensing a floor or part of the building due to lack of
budget.

In this project, we will apply all the knowledge and theories we’ve been learning
among all 4 years in the college to come up with an optimum design in all the
disciplines of engineering which are the structural, architectural, electrical and
mechanical.

1.1 Definition of the building project:

The building lies in Nablus city specifically in Rafidia, the South facade of the
building faces the main road on Rafidia St., the Western facade faces the Tunisia St.,
the North faces a building and eastern side faces a building away 6 meter which
means the building lies at a corner.

The building consists of 5 stories including the ground floor besides another 3 stories
as basements which make the total number of floors as 8 floors.

- ground floor with an area 944 m? first floor with an area 944 m? second floor
with an area 944 m? third floor with an area 944 m? fourth floor within area
442 m? then it contains 3 floors basement as a parking, money safes and
offices, B1, B2, B3 within an area for each of them equal 1982.3 m?. The total
area of project is about 10,165 m?

There are 22 car parking outside the building on the site level.

We have 2 main entrances in the west side of the building another entrance is
on the south side, and there is an 2 emergency exit on the west and on the
north.

There are 5 elevators in the building.
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The main stairs are the same are the emergency stairs, located in the north side
of the building.

The high of the ( G.F — 4") = 4 meter

Basements = 3.5 m

1.2 Project Problems:

Weaknesses and problems in this building will be determined based on international
standards for building and codes that are followed in Palestine, the problems will be
analyzed, discussed and calculated using numbers in order to figure out the best
solution and make sure that this solution won’t make any kind of problems in the
future.

The building will also be analyzed in terms of energy consumption and environmental
aspects to ensure that there are no problems that may affect the comfort of residents
and workers in the building.

Many problems were found in this building, they are:

1- Energy effectiveness of the building

2- Thermal, lighting and acoustical comfort
3- Earthquake resistance

4- Internal distribution of spaces

5- Effective natural ventilation

1.3 objective:

The main aim of this project is to analyze the building and figure out the problems,
mistakes and weaknesses in order to provide a new premium integrated design based
on the solutions that we will chose according to the standards so we can reach a better
level of comfort for the users and employees in this building, it’s also recommended
to provide new improvements In order to improve and reduce energy consumption in
the building and make it an environmentally friendly building, all these improvements
and changes must be made along with taking into account that the initial cost of the
project and the operating cost will be within the reasonable limits and will even
decrease.
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1.4 Limitation and scope:

The main scope is analyzing the building from all aspects to reach a premium and
integrated design that can solve the problems and strengthen weaknesses of the
building.

We faced many obstacles among preparing this project, the most important of them
are:

1- Shading of other buildings and specially the one that lies next to the southern
facade which will lead to many problems especially in the environmental
aspect.

2- Lack of data on building users.

1.5 Methodology:

Similar building designs were used for evaluating our project’s current design in all
different aspects, so we can build a wide & whole picture about this type of buildings
and their function. To make our new changes and improvements based on a solid
ground which was made of other designer’s mistakes and ideas to avoid falling in the
same mistakes again.

After checking the standards, we will be able figure out some efficient solutions for
the problems that we will face when we start analyzing the building in all different
aspects.

In this project we will evaluate the building and figure out the compliance of the
building to the international codes and how much it matches the standards in all
different aspects starting from the architectural design then through the structural,
mechanical, electrical and environmental design.

After that we will point out the problems and weaknesses so we can provide the

available solution to make them right in an integrated method so we can make sure
that every solution we provide in any issue won’t make any problems neither in the
same issue nor in another to reach a premium design for the building in all aspects.

We will make sure that the improvements we will make will be within the reasonable
and available borders and that they won’t lead to any kind of damages or losses in the
future. About the energy manner, we will make some improvements to reduce the
building’s energy consumption and make it as environmentally friendly as possible.

Finally, the initial cost of the building will be improved in a way to make the
operational cost less though all the improvements that we will provide in all previous
manners so we can reach the premium comfort for users and employees in the
building.
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1.6 Codes and standards:

In Architectural design:

1. Ernst and Peter Neufert Architects' Data Forth Edition.
2. The Metric handbook for David Littlefield.

3. (IBC Code)2018 International Building Code)

4. Time saver standards for building types 2nd Edition. 5. Time savor standards for
architectural design data 7th edition.

In Structure design:
1. ACI-318 (for concrete reinforcement design).
2. UBC-97 (for Earthquakes Load).

3. ASCE (for load combinations).

In Energy and Mechanical system:

1. ASHREA 90.1 2016.

2. ASHREA 55.5
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Chapter 2: Architectural - Environmental Aspects & Analysis:

2.1 Environmental Aspects & Analysis:

2.1.1 Site analysis:

2.1.1.1 Introduction:

The Arab Bank is in Nablus, Rafidia St. the building area 10165 m?, contains offices,
waiting halls, basements and safes of the money.

It is important to analyze the site because it helps to know appropriate orientation for
the building, there are many things that affects site, the movement of the sun, shadows,
noise, entrances, exits and access to the site, as well as the humidity of the area and
rainfall, where all these things must be treated carefully to obtain comfort for the users.

Location and description & Site accessibility & Site roads:

The building is being constructed in Rafidia- Nablus in front of al Tel Al Akhdar store
and its longitude 35.31 and latitude of 31.78.

The building is in active and its crowded place due to its location next to a church and
a Shaitani center, as the movement is crowded during the expected working hours of
the institution and the movement as it is a central area in the city.

The most active sides form the building are bordered by a street from the south and
west side of the main street on the east side is a street.

As the building is located on a corner, where it borders two main streets from the
south and from the west and is expected to be a source of high nuisance and on the
west side there is a church building that will affect the wind stream negatively
partially, and from the north side there is an empty land with a residential building
also from east side there is building away 8 meters.

The building is set back from the western side, which is the main street 3 meters, and
it is set back from the north, which is adjacent to the empty land the residential
building, 3 meters, and it is set back from the eastern side, 4 meters, and it is set back
from the south side, which is the main side to the building and adjacent to the street
5 meter.
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figure 2. 1: An aerial photo showing the site, location and the surrounding lands of the project (Geomolg)
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2.1.1.2 Topography:

There is a very slight slope to the land, as the lowest point is at a height of 558 and the highest

point is at a height of 560, meaning that the land is almost flat.

figure 2. 2: topography.
2.1.1.3 Temperature:

The temperature in Palestine ranges between 10-25 degrees Celsius and may reach a
maximum of about 39 degrees Celsius in the hot summer during the day and may reach in the
cold winter to approximately -4 degrees Celsius.

Temperature - Nablus Park, West Bank

—e— Low Temp. (°C) —e— High Temp. (°C)
30.0
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22.5
20.0
17.5
15.0

12.4°C °
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10.0

7.%.2°C 6.1°C
5.0
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figure 2. 3: Average Temperatures in °C in Nablus per month (atlas Weather)

22| Page




2.1.1.4 Climate:

the climate must be studied for the city of Nablus, which is characterized by a moderate
climate as it is located at a length of 35.31 and a latitude of 31.78, and the summer season
extends for more than 5 months per year and the climate is dry and hot, and extends the
short, cold, rainy winter season that does not exceed 3 months most of the time.

precipitation: 2.7 in 0.0 in _/,r—/‘[/_
| |
d | muggy: 38%
i 0% |l I
cold cool warm warm cool
0.0 beach/pool score: 9.2 -
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

figure 2. 4: Nablus weather by month (Weather spark)

2.1.1.5 Humidity:

The relative humidity in Nablus reaches 75%, which is the average annual rate, as humidity is

generally affected by temperature and wind speed .
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figure 2. 5: The percentage of time spent at various humidity comfort levels, categorized by dew point in Nablus

(Weather spark)
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2.1.1.6 Rainfall:

The average rainfall in Nablus is 458 mm per year, with the peak occurring in January, and the
average number of days in which rain is expected per year is 54 days

rain rain
5in 5in
4in L 4in
Jan 6
3in2.7in 3in
2in 2in
. Apr 15 Oct 19 .
Tin 0.5 in Jun 30 0.5.in P 1
. 0.01in ! .
O In ......... PO Ty F TR - e e SRR R 0 In

Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Nov Dec

figure 2. 6: Average rainfall in Nablus (Weather spark)

2.1.1.7 Wind:

Wind depends on local terrain and other factors. The average hourly wind speed in Ramallah
experiences moderate seasonal variation throughout the year.

The wind is most often from the north for 1.0 months, from October 2 to November 3,
with a peak percentage of 44% on October 11. The wind is most often from

the west for 1.1 weeks, from November 3 to November 11 and for 9.4 months,

from December 22 to October 2, with a peak percentage of 33% on November 3. The
wind is most often from the east for 1.4 months, from November 11 to December 22, with
a peak percentage of 38% on November 27.

12 mph . 12 mph
10 mph 10 mph
8 mph Feb 7 8 mph

7.0 mph Oct 17

6.1 mph
6 mph 6 mph
4 mph 4 mph
2 mph 2 mph
0 mph 0 mph

Jan Fe Mar  Apr May Jun Jul Aug Sep Oct Nov Dec

figure 2. 7: The average of mean hourly wind speeds in Nablus (Weather spark)
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figure 2. 8: Wind Direction in Nablus (Weather spark)
2.1.1.8 Solar energy:

This section discusses the total daily incident shortwave solar energy reaching the
surface of the ground over a wide area, taking full account of seasonal variations in the
length of the day, the elevation of the Sun above the horizon, and absorption by clouds
and other atmospheric constituents. Shortwave radiation includes visible light and
ultraviolet radiation.

The average daily incident shortwave solar energy experiences extreme seasonal
variation over the course of the year.

The brighter period of the year lasts for 3.6 months, from May 5 to August 25, with an
average daily incident shortwave energy per square meter above 7.4 kWh.
The brightest month of the year in Nablus is June, with an average of 8.5 kWh.

The darker period of the year lasts for 3.2 months, from November 5 to February 13,
with an average daily incident shortwave energy per square meter below 4.1 kWh.
The darkest month of the year in Nablus is December, with an average of 3.0 kWh.

dark bright dark
Jun 21
9 kWh 8.6 kWh 9 kWh
8 kWh 8 kWh
7 kWh 7 kWh
6 kWh 6 kWh
5 kWh 5 kWh
4 kWh 4 kWh
3 kWh - 3 kWh
2 kWh 2 kWh
1 kWh 1 kWh
Now
0 kWh 0 kWh

Jan  Feb  Mar  Apr  May Jun Jul Aug Sep Oct Nov Dec
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Solar Energy (kWh) 32 42 56 68 78 85 83 76 66 50 37 30

figure 2. 9: Average Daily Incident Shortwave Solar Energy in Nablus (Weather spark)

2.1.1.9 Sun path and shadowing:

The sun path is different in the summer from the winter, as its path is longer in the summer
than in the winter. The sun rises in the summer from the north-east and sets in the north-
west, and its angle of elevation in the middle of the day is higher in the summer than in the
winter. The path of the sun also affects the formation and length of shadows.

The following images show the path of the sun and the resulting shadows at the exact times
for each image:

figure 2. 10: Shadow analysis in winter at 8:00 AM (Revit).
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figure 2. 13: Shadow analysis in summer at 8:00 AM (Revit).

figure 2. 14: Shadow analysis in summer at 12:00 PM (Revit).
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figure 2. 15: Shadow analysis in summer at 2:00 PM (Revit).

2.1.2 Environmental aspects:

2.1.2.1 Introduction.

It is important to make an integrated design for the building and take into account all
the environmental aspects such as the orientation of the building, the amount of natural
lighting, solar energy, and the industrial heating and cooling values that will be
required, as all these aspects will affect the initial building costs and also the operating
costs of the building and will play a key role in the comfort of users and their well-
being.

2.1.2.2 Massing of the building:

It is interested in looking at the ratio of windows and openings to the ratio of facades in
the building, which would control the amount of sun that enters the building. All of
these things would play a very important role in reducing energy consumption and
saving costs and materials, which would increase the welfare of the residents and users
of the building.
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2.1.2.3 Orientation of the building:

The orientation of the building is one of the most important things that must be focused
on strongly, because it will affect all the details and characteristics of the building that
is being designed, as well as its strong impact on the results of the environmental
analysis, such as the percentage of exposure to the sun, the amount of solar energy, the
effect of wind and other environmental matters that It plays an important role in saving
costs and giving the greatest amount of convenience to users.

2.1.2.4 Daylight:

Daylight factor analysis:

One of the things that must be taken into account when designing is to provide sufficient
daylight that is commensurate with the nature of the space and the nature of the activity
that will be done within this space to provide visual comfort for users and to make this
space an energy-saving space. It is worth mentioning here that the study of natural
lighting must be carried out in parallel with the study of the solar gain of the building
so that a solution is reached that achieves satisfactory results from both, and it is not
right to pay attention to one of them while neglecting the other.

Daylighting is the controlled admission of natural light into a space through windows
to reduce or eliminate artificial lighting.

Daylighting design is not so much how to provide enough daylight to an occupied

space, but how to do so without any undesirable side effects.

Daylight factor (DF) is defined as the ratio of the actual illuminance at a point in a room

(lux) and the illuminance available from an identical unobstructed sky.
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In this project, the sky condition will be overcast with E ext. = 9000 lux and the

Recommendations for daylight factors and illuminance are shown in Error! Reference

source not found. and Error! Reference source not found..

Table 1: recommendation values for illuminance

Standard Maintained

Illuminance (lux) Characteristics of Activity/Interior Representative Activities/Interiors

50 Interiors used rarely with visual tasks Cable tunnels, indoor storage tanks,
confined to movement and casual walkways
seeing without perception of detail

100 Interiors used occasionally with Carridors, changing rooms, bulk
visual tasks confined to movement stores, auditoria
and casual seeing calling for only
limited perception of detail

150 Interiors used occasionally or Loading bays, medical stores, plant
with visual tasks not requiring rooms
perception of detail but involving
some risk to people, plant, or
product

200 Interiors occupied for long periods Foyers and entrances, monitoring
or for visual tasks requiring some automatic processes, casting
perception of detail concrete, turbine halls, dining

rooms

3002 Interiors occupied for long periods, or Libraries, sports and assembly halls,
when visual tasks are moderately teaching spaces, lecture theaters,
easy (i.e., large details [>10-min packing
arc]} and/or high contrast

5002 Visual tasks moderately difficult (i.e., General offices, engine assembly,
details to be seen are of moderate painting and spraying, kitchens,
size [5-10 min arc] and may be of laboratories, retail shops
low contrast); also, color judgment
may be required

7509 Visual tasks difficult (i.e., details to Drawing offices, ceramic decoration,
be seen are small [3-5 min arc] meat inspection, chain stores
and of low contrast); also, good
colar indaments or the creatinn nf

Table 2:recommendation values for daylight factor

B =
0.6

General area

Schools

Domestic

avg
Concert Halls Fovers. auditoria. 1 X
Corridors, 2 06
Stairs 2 0.6
Entrance halls 2 0.6
Classrooms 5 2
Assembly halls 1 03
Lounges 1.5 0.5
Bedrooms 1 0.3
Kitchens 2 0.6
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See Error! Reference source not found., which shows us another classification for

recommendation daylight factor according to the type of function that performs in
space.

Table 3:recommendation daylight factor according to function.

Task DF?

Ordinary seeing tasks, such as reading, 1.5-2.5%
filing, and easy office work

Moderately difficult tasks, such as 2.5-4.0%
prolonged reading, stenographic work,
normal machine tool work

Difficult, prolonged tasks, such as drafting, 4.0-8.0%
proofreading poor copy, fine machine
work, and fine inspection
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Daylight factor analysis before modifications:

e Ground floor daylight factor analysis:

See Error! Reference source not found. , which show the results of daylight factor

analysis for ground floor before modifications using design-builder.

[ 1

DF Jux

19.66 1965
14.75 1474
1
w 9.83 933

492

figure 2. 16:daylight factor anaylsis for ground floor.

From Error! Reference source not found. we note that the values have divided the
space into three levels, the first is less than the required limit, the second is within the
required limit, the third is higher than the required limit, and from here we realize the
importance of environmental modifications in order to reduce the values that exceed

the required limit.
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e First floor daylight factor analysis:

See Error! Reference source not found., which show the results of daylight factor

analysis for first floor before modifications using design-builder.

DF Jux

. 19.18 1817
14.28 1438

959 959

figure 2. 17:daylight factor analysis for first floor

From Error! Reference source not found. we note that the values have divided the
space into three levels, the first is less than the required limit, the second is within the
required limit, the third is higher than the required limit, and from here we realize the
importance of environmental modifications in order to reduce the values that exceed

the required limit.
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e Second floor daylight factor analysis:

See Error! Reference source not found., which show the results of daylight factor

analysis for second floor before modifications using design-builder.

figure 2. 18:daylight factor analysis for second floor.

From Error! Reference source not found. we note that the values have divided the
space into three levels, the first is less than the required limit, the second is within the
required limit, the third is higher than the required limit, and from here we realize the
importance of environmental modifications in order to reduce the values that exceed

the required limit.
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e Third floor daylight factor analysis:

See Error! Reference source not found., which shows the results of daylight

factor analysis for the third floor before modifications using design-builder.

DF lux

20.22 2023

15.16 1518

10.11 1013

5.08 508

figure 2. 19:daylight factor analysis for third floor.

From Error! Reference source not found. we note that the values have divided the
space into three levels, the first is less than the required limit, the second is within the
required limit, the third is higher than the required limit, and from here we realize the
importance of environmental modifications in order to reduce the values that exceed

the required limit.

36| Page




e Fourth floor daylight factor analysis:

See Error! Reference source not found., which shows the results of daylight

factor analysis for the fourth floor before modifications using design-builder.

DF Jux

2019 2020
15.14 1516
10.09 1012

508

nnn

figure 2. 20:daylight factor analysis for fourth floor.

From Error! Reference source not found. we note that the values have divided the
space into three levels, the first is less than the required limit, the second is within the
required limit, the third is higher than the required limit, and from here we realize the
importance of environmental modifications in order to reduce the values that exceed

the required limit.
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Daylight factor analysis after modifications:

e Ground floor daylight factor analysis:

See Error! Reference source not found., which show the results of daylight factor

analysis for ground floor after modifications using design-builder.

figure 2. 21:daylight factor analysis for ground floor.

After making the necessary and effective adjustments, it was noticed that the values
had improved, as different areas were included, so that the values became standard, and
this happened in particular in the areas near the windows, and thus the glare problem

was solved.
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e First floor daylight factor analysis:

See Error! Reference source not found., which show the results of daylight factor

analysis for first floor after modifications using design-builder.

figure 2. 22:daylight factor analysis for first floor.

After making the necessary and effective adjustments, it was noticed that the values
had improved, as different areas were included, so that the values became standard, and
this happened in particular in the areas near the windows, and thus the glare problem

was solved.
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e Second floor daylight factor analysis:

See, which shows the results of daylight factor analysis for the second floor after

modifications using design-builder.

3.59 359

.‘ 4.48 - 448

2.69 270

181

92

figure 2. 23:daylight factor analysis for second floor

After making the necessary and effective adjustments, it was noticed that the values
had improved, as different areas were included, so that the values became standard, and
this happened in particular in the areas near the windows, and thus the glare problem

was solved.
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e Third floor daylight factor analysis:

See Error! Reference source not found., which shows the results of daylight

factor analysis for the third floor after modifications using a design-builder.

P et e R I

DF lux

b

figure 2. 24:daylight factor analysis for third floor.

After making the necessary and effective adjustments, it was noticed that the values
had improved, as different areas were included, so that the values became standard, and
this happened in particular in the areas near the windows, and thus the glare problem

was solved.
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e Fourth floor daylight factor analysis:

See Error! Reference source not found., which shows the results of daylight factor

analysis for the fourth floor after modifications using a design-builder.

figure 2. 25:daylight factor analysis for fourth floor

After making the necessary and effective adjustments, it was noticed that the values

had improved, as different areas were included, so that the values became standard, and

this happened in particular in the areas near the windows, and thus the glare problem

was solved.
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2.1.3 case study:

2.1.3.1 Introduction:

Fujian CMB Tower is located north of Jiangbin Street, in the former area of Tea Leaves
Import and Export Trading Company. Being a rectangular plot of land in a prime
location alongside the Min River.
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figure 2. 26:CMB Tower.
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Its location from satellites:

2.1.3.2 The bank massing:

2.1.3.2.1 Brief analysis:

To get the best view, the bank is placed along the Jiang Bin Road, the views over the
river are maximized by enlarging the width of the building, and by raising the tower to
its maximum height, one hundred meters. The building will then expose the maximum
surface towards the River.

MAX.HEIGHT.
100M

MAX.LENGTH:
51.5M
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Three parts have been created: Two office interconnected towers and one lower that
accommodates all the staff facilities. The Office, being the more important spaces, have
been pushed to the southern edge of the site along Jiang Bin Road facing South and the
River, while the ancillary spaces, requiring less daylight and more level of privacy and
connectivity have been placed closer to the northern edge of the site. The VIP Banking
and the CMB Executives offices have been clubbed into the highest tower at the very
top maximizing their views while the banking hall and the business banking have been
horizontally spread across the podium to maximize their frontage and accessibility

2.1.3.2.2 Sustainability:

The cores carefully located at the east and west facade, protecting the building from the
aggressive morning and afternoon sun, and at the same time work as noise barrier,
screening off the highway. Also the top of the tower has been slightly tapered to provide
self-shading against the noon sun.

P

CITY VIEW
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2.1.3.2.3 Facade:

The alter Nance of opaque natural stone and transparent facade with louvers to
minimize the solar impact will create a vibrant building and energy savings. Energy
efficiency begins with strong fundamentals, this begins with creating a building
composition that takes advantage of the site orientation then creating an architectural
envelope that protects against heat gains whilst maximizing daylight and views. The
facades developed for the design proposal respond strongly to orientation and will
ensure minimum energy transfer takes place through the building.
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2.1.3.2.4 Facade design:

The design has been carefully considered to be energy efficient through simple passive
measures such as good orientation. The main glazed facades face south and north, with
the southern facade further protected by horizontal sunshades. This also fully
capitalizes on views over the adjacent river to the South. Unlike many office towers a
central core is not employed. Instead the cores are located to the east and west to protect
against low sun in the mornings and evenings. Opening windows permit cross
ventilation during the spring and autumn.

figure 2. 28: Fagade Design.

2.1.3.3 the most useful ideas:

It was helpful on the architectural level, the distribution of the spaces from entrance to
offices until the VIP spaces also the fagade design and how we fix our project windows
and the glass walls to make it comfortable for the humans, make it good for heating and
cooling.

A tall, perforated screen that simulates the use of a Louvers (breathing wall)
landscaping inside and out on the front facade cuts out the glare in the summer months.
This screen also prevents the use of blackout blinds on the front facade. Panels painted
in different colors stand out in the restrained concrete facade.
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2.2 Architectural Aspects:

2.2.1 Introduction:

This aspect is one of the most important means of design, which is in the first stage in
the design of any building or project, whether it is commercial, residential or
professional, as the architectural design is in the first stage to meet the needs of the
building for the purpose for which it was built, where we must find the best
architectural design in a series of steps Modeling ideas to produce a complete,
comfortable and beautiful project

In this part, we will study the functions of the building completely so that they are
within the standard standards to provide comfort to the users of the building and must
meet all the requirements for the void of the dimensions of the void and the
relationships between the spaces and the function of the void to obtain the best
architectural design.

2.2.2 Standards:

2.2.2.1 The functional relationship between the rooms:
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Figure 2. 29: functional relationship between the rooms.
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figure 2. 30:Access to daylight for rooms.
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2.2.2.2. Offices:

Offices must be given great care when designing, as it is the place where employees
will spend most of their time during their work in the building. The office should have
enough space to be comfortable for the employee and for all those around him. There
is no longer any defined minimum size for workplaces, according to the new
Workplace Regulations. However, because of the needs of accident insurers and the
fact that today's workplaces all contain computer screens, the applicable DIN EN
norms and regulations apply. There are several types of offices formations that can be
followed when designing offices for example here are the most common:
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figure 2. 31: Office’s dimension width (Neufert 4th edition, 2015)

The formation and locations of different areas that make up the workstation are
differentiated by the standards; nevertheless, they can overlap if this does not limit the
function.

The areas are:

-~ work area: table

- shelf area: plan area of the
furniture

— furniture function area: space
required for doors and drawers

- movement area at the workstation

- traffic and through-passages

Workstations are places where items like a computer screen, an alphanumeric

keyboard, and a document or sound recording device are essential for completing
tasks. Items that are regularly used during the workday should be placed in prominent

51|Page




locations where they are visible and reachable. At the workstation, there should be at
least 1.5 m2 of unrestricted mobility space.
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figure 2. 32: Workstation’s standard (Neufert 4th edition, 2015)

The furniture also plays an important role in building a good and suitable work
environment for the employees as the following standards:
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figure 2. 33 : Workstation’s furniture dimension (Neufert 4th edition, 2015)

e C(Closed offices:

Table 2.1: Max & Normal dimension for closed offices (The world of architectural manifestation).

Place Normal dimension (m) | Max dimension (m)
Room depth 3.75-17.50 9.5

Room height 2.50-4.00 5

Width of a single corridor 1.50 - 2.00 2.5

Width of a double corridor | 1.75-2.50 3.25

Middle window 1.00-3.25 6

¢ Open offices:

Table 2.2: Normal dimension for open offices (The world of architeciural manifestation).

Place Normal dimension (m)
Office employee 6.00-9.00
Secretary 10
employee in a shared office 3.80 - 4.80
employee among several employee 5

figure 2. 34: Dimensions of offices.

2.2.2.3 Stairs:
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It is preferable to be in a place close to the main entrance, and to be in a common area
of contact with the electric elevators. Stairs are selected based on the number of
people using the building. Taking care of the presence of a fixed handrail for
protection.

- 0.55 m width allows 1 person to pass.
- 1.25 m width of allows 2 people to pass.

- 1.875 m wide allowing 3 people to pass.

figure 2. 35: Stair’s dimension (Neufert 4th edition, 2015)

2.2.2.4 Elevators:

The elevator wall must be made of fire-resistant and sound-insulating materials, to
prevent the transmission of movement noise and mechanical devices to adjacent
rooms, so it must not share with the wall of any other room. It’s essential to make sure
to provide artificial lighting through both day and night and provide a good
ventilation inside. The number of elevators is determined by the number of users of
the building. Preferably near the entrance to make it easy to reach. Elevators must
have a minimum clear width of 1.10 meters and a minimum clear depth of 1.40
meters. The mobility space in front of the doors must be at least 1.50 m wide and 1.50
m deep, and it must be as large as the car's floor area.

- Large offices: 1 person /4.5 m2.

- Private offices: 1 person /7.5 m2

The speed of the elevator in administrative buildings:
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- 5 floors — 30 m/min.
- 8 floors — 40 m/min.

- 20 floors — 150 m/min.
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figure 2. 36: Elevator’s standard (Neufert 4th edition, 2015)

2.2.2.5 Emergency stairs:

The importance of the emergency staircase increases in administrative buildings,
especially those whose height is more than 40 m, and the building that can
accommodate 200 people needs a staircase emergency width of 1 m, but if the
building contains more than 200 people, it needs to be width of the staircase is 1.25
m. The emergency staircase must be made of materials that are not affected by fire.
All doors should be open to the emergency staircase and easily accessible, and it is
better for the emergency staircase to lead the people from the floor where they are
directly to the outside road without passing any other floors. Emergency corridors for
users, these must be at least 2 m wide. The door should be easy to open and close.
Therefore, side-hinged doors or swing-out doors should be used for a space with a
user load of more than 50 people. Escape routes should be provided on the same floor,
if it is possible to walk in opposite directions, leading to outdoor exits or to
emergency staircase. It should be accessible at a distance 25 meters from each point
(or 35 meters for other areas or lanes). The doors must open in the direction of the
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escape, main entrance, or corridor. It must be provided within 10 meters (linear
distance) from each point.

Sales area Sales area
> 500 m? > 500 m?
[N A
-

—2.00-2.50— F—1.25—
o Width of emergency stairways

figure 2. 37: Emergency Staircase standard (Neufert 4th edition, 2015)

2.2.2.6 Meetings rooms:
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These rooms are used for the employees to gather in and do their meeting and discuss
their ideas. Meeting rooms are essential is these types of buildings because it has a
wide-open space where everybody can see and hear each other clearly. The air
volume for each person in these rooms is about 4.5 m2 and each person needs
between 1.1 — 1.25 m2 as min of area in this type of rooms.
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figure 2. 38: Meeting room’s dimension (Neufert 4th edition, 2015)

2.2.2.1 WC's:

It’s very important to have enough WCs for all employees and users in the building,
and it’s more important to have separate WCs for both men’s and ladies. It must be
within the standards so that it is not too narrow and doesn’t allow freedom of
movement, and it must preserve the privacy of users so that it is not in an
inappropriate place in the building, and it must also have adequate ventilation.

- Toilets are to be located at not more than 100 meters from each workstation or, at
the farthest, one story height (if no escalator is available).

- Separate toilets must be provided for both women and men if there are more than 5
employees, and the number of toilets depends on the number of employees as the
table below shows.

- Unless the facilities only have one toilet and no direct access to a work, social,
changing, wash, or sanitary room, toilet facilities consist of a lobby with washbasins
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(at least one washbasin per five WC’s) and a fully separate room with at least one
WC. Lockable toilet cubicles are required, and if light partitions (incompletely
separated WC cubicles) are used, the partition must have a height of at least 1.90 m
and a gap of 10-15 m at the bottom. Urinals must be positioned such that they are not
visible from the main entrance.

- There should be no more than 10 WC cubicles and 10 urinals in a toilet facility.

- At least one toilet in all sanitary facilities must be provided for wheelchair users
with a 48 cm for the seat height.

- To the right or left of the toilet, the moving space must be at least 95 cm broad and
70 m deep. There must be at least 30 centimeters between one side of the toilet and
the wall or furniture.
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figure 2. 39: WC'’s standard (Neufert 4th edition, 2015)
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figure 2. 42: Required number of WC fittings (Neufert 4th edition, 2015)
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2.2.2.8 Ramps:

The ramps are essential component in every modern building so people with
disabilities like having wheelchair can access the building with no problems and count
on themselves and make sure that the building is safe for them especially in the side
of the spaces where they will move through the facilities of the building.

- The max slope is 6% for the ramps and it’s always better for them to be straight not
curved to make it easier for them to move.

- If the ramps are longer than 6 meters, an intermediate landing with a min length of
1.50 m is necessary.

- The width must be at least 1.5 m in corridors, main routes and next to stairs up and
down.

- The doors must be with width of 0.9 m at least for clear passage. Toilets changing
rooms and showers must open outward.

- At least 1 toilet in all sanitary facilities must be provided for wheelchair users with a
48 cm for the seat height.

- Routes and corridors which are longer than 15 m must include a passing place for 2
wheelchairs with at least 1.8 m for both width & depth.

- Each dwelling must have a weather-protected car parking space or garage. Next to
the long side of the car, a moving area of 1.50 m depth should be provided.

- To the right or left of the toilet, the moving space must be at least 95 cm broad and
70 m deep. There must be at least 30 centimeters between one side of the toilet and
the wall or furniture.

- Elevators must have a min clear width of 1.10 m and a min clear depth of 1.40 m.
The mobility space in front of the doors must be at least 1.50 m wide and 1.50 m
deep, and it must be as large as the car’s floor area.
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figure 2. 43: Dimension Ramp that fit wheelchair (Neufert 4th edition, 2015)
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figure 2. 44: Movement area for different places (Neufert 4th edition, 2015)

2.2.2.9 Waiting areas:

People are naturally impatient, and this can affect any kind of business in negative

way, so it’s important to make sure that the waiting area in our building is

comfortable for people who are visiting the building. The waiting area must have
enough area so we won’t end up with people who are forced to stand or feel cramped,
on the other hand we also must overestimate and end up with unused apace that could
have been used in better ways. A good standard to use is giving each person 20 sq. ft
Waiting room should be close to the entrance of the building and visible to the
reception area, but without reducing the privacy of the people in it. Access to the
waiting area should be easy and the movement path should be free of any obstacles,
and it should contain different types of seating types like chairs with armrest for older
people so they can get in and out easily and chairs without armrest so people who use
wheelchairs can transfer to them with no problems. Another important issue is that we
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mustn’t make the waiting area too way comfortable like using some deep, plush
seating because it gives the people the impression that the waiting time will be long.

2.2.2.10 Reception:

The reception room is very important and must be taken care of, as it is the first thing
a visitor will see when entering the building. When designing the reception area, we
must be careful when deciding space, color scheme, lighting, and graphics because
they are all elements that should be considered while conveying a company's
message. It's also crucial to have enough comfy seating in the waiting area. The
receptionist should be able to see the waiting room so he can take care of all visitors.
Clear traffic flow must be maintained in this area by allocating enough space for the
reception area. A good standard to go by is 20 sq. ft. per person which is pretty like
the waiting area because both are very connected to each other, we must mention that
extra space is needed for tables, water cooler, snacks, etc.
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figure 2. 45: Standard Reception (Neufert 4th edition, 2015)

2.2.2.11 Secretary:

The secretary plays a very important role in organizing matters within each
department, as it is her responsibility to organize the manager’s appointments and
employees’ agendas and carry out all her responsibilities such as paperwork,
organizing visitors, setting appointments, agendas and visits. Therefore, the presence
of a secretary's office is necessary in every department of the institution. The
secretary's office should be adjacent to the department manager's office as much as
possible so that the visitor passes over the secretary before entering the department
manager’s office. It should also have enough space and not narrow, and it is better
that it contains some waiting chairs. The secretary's office better be in contact and
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close to the employees' offices in the department. According to Neufert’s standards
there are 2 limitations for the area of the secretary room as the following:
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figure 2. 46:Standard for Secretary (Neufert Arabic edition, 2007)

According to RKW: area must be equal or more than 10 m2. According to Research
Institute for American Life: area must be equal or more than 6.7 m2.

2.2.2.12 Corridors:

Corridors considers as a social area which work on connecting all facilities and
branches in the building with each other, it’s important for them to have good width
so the traffic movement won’t stop, and no accident would happen. Well, as Neufert’s
book mentioned "The width of the corridors is dependent on the size of office workers
and the spatial needs of various uses and takes into account the passage of two people
side by side”.
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figure 2. 47:Corridor’s dimension (Neufert 4th edition, 2015)

The minimum width for corridor is about 1.3m which is also enough for a wheelchair
to move comfortably from space to another.
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2.2.2.13 Parking:

It’s very important to have enough parking for both employees and visitors of the
building, so no one will end up parking his car far from the building or even in no-
parking area. The parking can be somewhere around the building on the site, or it can
be underground if there is not enough space on the site or if we want to make better
use of the space.
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figure 2. 48:Space requirement in parking (Neufert 4th edition, 2015)

The driving path between the parks must be wide depend on the style you use when
you arrange your parks, but it’s preferable not to be less than 5 m. The dimensions of
the standard garage are (2.5 * 5.5 m), these dimensions could be less in private
buildings and could be more like if the parking is borders by pillars, walls and
columns:

I
Il
s ||l
]
Es £ 1l
i* 5@
S .|.a
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i L Disabled
T, 285 , 250 , 260 " 3.50 , 250 140 , 2.90
I T ¥ 1 I U T 1 i "“{

o If parking spaces are bordered by pillars or walls, then the width is increased

figure 2. 49:Standard dimension for parking (Neufert 4th edition, 2015)

According to Nuefert’s book there are a variety of ramp systems for overcoming
height variations and accessing the various levels of multi-story parking garages.
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Ramps should not have a gradient of more than 15% and can be up to 20% for small
cars parks. There must be a horizontal run of at least 5 meters between public roads
and ramps with more than a 5° grade, or at least 3 m run in the case of car ramps with
up to a 10% gradient. There must be parks with suitable areas for people with
wheelchairs, so they won’t find any problem in parking their cars and getting in & out
from it. The next picture shows some important regulations about the parking
according to (Council of Ministers Resolution No. (6) of 2011 Regulating Buildings
and Organization of Local Authorities).

(28) e
S e 3 i) Bome e % (T0) IS0 Gy Bl e i ot
(31) st (%020) o "l )" B ol s Y O
(31) 5sls e (30) e b hldi sae a5 Y Sl LBl p (3.5) Tie B Al e Y O

Article No. 28 & 31 (Council of Ministers Resolution No. (6) of 2011 Regulating Buildings and
Organization of Local Authorities).

2.2.2.14 Windows:

@ office (fiing cabinet)

figure 2. 50:Window’s dimensions (Neufert 4th edition, 2015)
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Window size
20.3Ax B

Glass area= 1/10 of the floor area
Window width= 1/10 (M + N + O + P)

@ Window sizes in industrial building @ Window sizes for rooms over
3.6 m high

figure 2. 51:Window’s sizes (Neufert 4th edition, 2015)

2.2.2.15 Doors:

single-leaf doors

room doors approx. 80 cm
bath, WC approx. 70 cm
3 entrance doors
> to flats min. 90 cm
front doors up to 115 cm
double doors

room doors approx 170 cm
front doors 140-225 cm

125,

8 clear opening height of internal
-~ doors
minimum 210cm
better 210-225 cm

Ivil
Minimum dimensions for disability- 2::’:3 ic::i:sﬁg: :toe,:g;::::

friendly building and marked heights for exits, which they can block in
glass doors circumstances of danger.

figure 2. 52: Door’s standard dimension (Neufert 4th edition, 2015)
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2.2.3 Improvements:

1- To better balance the available space and the need to better provide the
following spaces in the building: a bathroom for the disabled, a small kitchen
and an electronic room, they were perfectly distributed between the floors as
shown in the plans.

2- The width of some narrow corridors has been increased to improve the
passage of people in them.

3- the emergency stair has been improved to make it better for the users. For the
basements, the B1 is added as parking for the staff, and the B2 is added as a
service story that can include some facilities like a water tank and a generator.
Finally, a safe room has been added in the headmaster office to save all the
money and important things.

4- For the basements, the B1 and B2 is added as parking for the staff, and the B3
is added as a safes story

5- Finally, a safe room has been added in the headmaster office to save all the
money and important things.

2.3 Energy Simulation of Building:

Heating and cooling calculations:

Thermal comfort is one of the basic things that must be taken into account in the design
because of its effects on the users, therefore for the space to be suitable for the purpose
for which it was designed, all human comforts must be available as thermal comfort is
one of these means. The heating and air conditioning system is a system that supplies
the building with the heat loads necessary in both summer and winter to maintain a
suitable working space temperature and it is also a system that supplies the building
with fresh air and draws polluted air. For the heating and air conditioning system to
function properly, we must make accurate calculations to know the capacity needed for
this system to work efficiently in all conditions. Some factors affect the capacity of the
system such as the type of building, type of material used, glass type, conditions

weather, and so on.
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Heating and cooling loads before modifications:

Here | will present a general picture of the status of the heating and cooling loads in the
building before any modifications, through which we can know the matters that need

to be modified and propose effective solutions to improve these values.

See Error! Reference source not found., which shows us how each element of the

building contributes to the effect on heating loads before making modifications.

Temperature and Heat Loss

Temperatine ()

300
200
103

a4 ——

-200 4

Heat Rakce #4h

figure 2. 53: heating design before modification

From Error! Reference source not found., we have noticed that there are high
contribution values for the basic elements in the building that affect the heating loads,
where the percentage of the contribution of the roof and walls has the largest share, and
then comes the percentage of the contribution of glass, and from here we realize the
importance of thermal insulation of the building and the use of a suitable type of glass
as a kind of necessary adjustments to reduce The contribution of these elements thus

reduces the necessary heating loads.

69| Page




See Error! Reference source not found., which shows us how each element of the

building contributes to the effect on cooling loads before making modifications.

—

25,74 Temperature and Heat Gains - nasser abu baker, Building 1
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figure 2. 54:cooling design before modification.

From Error! Reference source not found., we have noticed that there are high amounts of
solar gain that pass through the external windows, and this greatly affects the values of
cooling loads. Therefore, an adjustment must be made to reduce the amount of solar

gain in the summer as much as possible to reduce the necessary cooling loads.

Definitions of materials that were used:

Definitions of materials and their thermal properties that were used as a kind of

modification to improve the heating and cooling values.

To improve the overall situation in the building in terms of heating and cooling values,
| have defined the materials used in building each element of the project and what are
the layers that each of these elements consists of, determining specific thicknesses for
each layer so that satisfactory thermal properties have been achieved for each element.
It is worth noting that thermal insulation of the building was done here using insulating

materials that have certain properties.

Here I will provide a detailed explanation of some of the construction elements in the
project, what are the layers that were formed from, and what is the thickness of each

layer, which had a fundamental impact on the values of the heating and cooling loads.
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e External walls:

See Error! Reference source not found. which shows us the cross section for external

walls.

Outer surface

100.00mm Cast Concrete [Dense]
80.00mm  Foam - polyurethane

100.00mm Concrate blocksdtiles - block, h_ollow, n]ediﬁmwejght, 1

Inner surface

figure 2. 55:Cross section for external walls.

See Error! Reference source not found. which shows us the thermal properties of

external walls.

Inner surface
Convective heat transfer coefficient (AW/mz-K) 2152
Radiative heat transfer coefficient W/mz-K) 5.540
Surface resistance (m2-KAN) 0.130
Outer surface
Convective heat transfer coefficient (A/mz-K) 19.870
Fadiative heattransfer coefficient (W/m2-K) 5130
Surface resistance (m2-KM) 0.040
Mo Bridging
U-value surface to surface {Wim2-K) 0.319
RB-alue (mZ-KAw) 3.305
U-¥alue (¥¥/m2-K) 0.303
With Bridaging (BS EMN 150 6946)
Thickness [m) 0.3630
Km - Internal heat capacity (K.J/mz-K) 952224
Upper resistance limit {m2-KAA) Km - Internal heat capacity (KJ/m2-K) h305
Lower resistance limit (m2-KAW) 3.305
U-alue surface to surface W/m2-K) 0.319
F-value (m2-Kas) 3.308
U-Value (Wim2-K) 0.303

figure 2. 56:thermal properties for external walls
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The u-value for the external wall is 0.303 < 0.5 which means that the thermal insulation
in the external walls was effective.

e Flat roof:

See Error! Reference source not found. which shows us the cross section for the roof.

Outer surface
4.00mm  Roofing[&sphalt roll roofing){not to scale)

80.00mm  Concrete, Reinforced (with 2% steel)

170.00mm Cancrete Blocks/fles - block. hollow: madiumusight, 1

80.00mm  Foam - polyurethane

Inner surface

figure 2. 57:cross section for flat roof.

See Error! Reference source not found. which shows us the thermal properties of the
roof.
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Inner surface

Corevective heat transfer coefficient (A m2-K) 4,460
Fadiative heat transfer coefficient (Am2-k) 5540
Surface resistance (ma-kih) n.oo
Outer surface
Corevective heat transfer coefficient (Wm2-K) 139.870
FRadiative heat transfer coefficient (A m2-K) 5130
Surface resistance M-k 0.040
Mo Bridging
L-value surface to surface (Wim2-K) 0310
F-value (m2-K i 3.370
U-Value (W/m2-K) 0.297
With Bridging (BS EM 1S0 6946)
Thickness (m) 0.3440
krm - Internal heat capacity (KJ/m2-K) 373520
Upper resistance limit (m2-K ) Krm - Intemal heat capacity (KJ/m2-K) |
Lower resistance limit (m2-KAA) j.2zn
U-value surface to surface (Wim2-K) 0.321
F-value (m2-k o 3252
U-value (W/m2-K) 0.307

figure 2. 58:thermal properties for the roof.

The u-value for the roof is 0.307 < 0.39 which means that the thermal insulation in the

roof was effective.

e Internal walls (partitions):

See Error! Reference source not found. which shows us the cross section for

partitions.

Outer surface

200 00mm Cancrete blockstles - block, hollow, mediumsight,

B0.00mm  Foam - polyurethane

Inner surface

figure 2. 59:Cross section for partitions

e Internal floors:
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See Error! Reference source not found. which shows us the cross-section of the internal
floors.

Inner surface

8.00rm  Ceramic/clay tiles - clay tiles[nhot ta scale]

80.00mm Concrete, Reinforced (with 2% steel)

A7 Gt Cangrete Blocks?tiles - block, Rillow, melqmweltg_t’, 1

60.00mm Foam - polyurethane

Outer surface

figure 2. 60:Cross section for the internal floor.

e Glazing:

See Error! Reference source not found. which shows us very important values for
glazing that we used in the project.

Table 4:properties for glazing

Calculated

Total solar transmizsion (SHGC) 0.26e
Direct solartransmissian 0.208
Light transmission 0.408
U-value (IS0 102527 EM B73) (WimZ-K) 1.143
U-Value {W/m2-K) 1.338

u-value for glazing = 1.338 and this value is considered an acceptable value.
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Heating and cooling loads after modifications:

Heating load:
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See Error! Reference source not found., which shows us how each building element

contributes an impact to the heating load after modifications have been made.

Temperature and Heat Loss

Temperatie ()

Heat Batance A
B &
1 1

[=]
Il

B
1

figure 2. 61:heating design after modifications.

From Error! Reference source not found. we can notice the clear difference in the
amount of the contribution of each element of the building in affecting the heating loads
if there is a significant decrease in the values in which these elements participate, due
to the modifications that have been implemented to convert the building into a thermally
insulated building, and therefore this thing will reduce the loads, The necessary heating

in the building and provides a comfortable thermal environment.

It is also worth mentioning here that the thermal insulation process of the building
reduced the amount of difference between each the air temperature and the radiant
temperature, and this improves the performance of the heating and cooling system,
which helps in providing a good operative temperature and thus creating a thermally
comfortable environment. It also reduces the energy consumption used in running the

system.

See Error! Reference source not found., which shows us some important values in

heating design for the building.
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Table 5:heating load for each space

G F E D C B A
Design Capacity (\W/m2) Design Capacity (kW) Steady-State Heat Loss (kW)  Comfort Temperature (°C) Zone Block Building
16.5302 29 232 22 archieve2 basement 3  Buildipg 1
15.2555 2.54 203 22 archieve3 basement 3  Buildipg 1
18.0494 287 229 22 meeting basement 3 Buildipg 1
15.3853 06 0.48 22 lobby2 basement3 Buildipg 1
253574 0.39 0.31 22 office? basement 3  Buildipg 1
18.9046 0.68 0.54 22 archievel basement 3 Buildipg 1
13.7176 0.39 0.32 22 officed basement 3  Buildipg 1
19.7832 0.53 042 22 office3 basement 3  Buildipg 1
50.9913 0.87 0.69 22 lobby1 basement 3  Buildipg 1
4287 0271 022 22 kitchen1 basement 3 Buildipg 1
12.536 0.88 0.7 22 officet basement3 Buildipg 1
26.5603 0.69 0.55 22 office2 basement 3  Buildipg 1
21.8221 0.63 0.51 22 officet basement 3 Buildipg 1
24 7011 0.75 06 22 officed basement 3  Buildipg 1
18.1861 0.58 0.46 22 office8 basement 3  Buildipg 1
17.2842 0.27 0.21 22 officel basement2 Buildipg 1
36.402 0.21 017 22 office2 basement2 Buildipg 1
17.3177 0.2r 0.22 22 officet basement 1  Buildipg 1
38.5437 02 0.16 22 office2 basement 1 Buildipg 1
12.5803 1.72 1.37 22 waorking area ground floor  Buildipg 1
48.4451 0.35 0.28 22 kitchen1 ground floor  Buildipg 1
102.9699 0.93 0.74 22 lobby2 ground floor  Buildipg 1
59.3502 0.42 0.34 22 office2 ground floor  Buildipg 1
205214 0.15 012 22 office1 around floor  Buildipg 1

G F E D C B A
20.5214 0.15 012 22 office ground floor  Building 1
19.0889 972 777 22 waiting area ground floor  Building 1
223319 0.52 0.42 22 lobby1 ground floor  Building 1
1215635 017 0.14 22 office3 ground floor  Building 1
3067 1.2 0.96 22 officed ground floor  Building 1
42 5961 0.37 03 22 officed ground floor  Building 1
19.1735 55 4.4 22 lobby1 first floor Building 1
23.5628 1.99 1.59 22 lobby2 first floor Building 1
48.9223 0.74 0.59 22 office10 first floor Building 1
27.9544 065 0.52 22 office8 first floor Building 1
488217 075 06 22 office11 first floor Building 1
73.6986 1.1 0.88 22 officed first floor Building 1
48.9043 0.74 0.59 22 office12 first floor Building 1
24 9444 0.14 011 22 kitchen2 first floor Building 1
12.9476 0.33 0.27 22 officed first floor Building 1
19.8586 05 0.4 22 officeb first floor Building 1
32.6798 0.86 0.69 22 officef first floor Building 1
32.7449 0.86 0.69 22 office? first floor Building 1
13.8921 0.54 0.43 22 office3 first floor Building 1
14.7535 0.54 0.43 22 office? first floor Building 1
48 4606 036 028 22 kitchen1 first floor Building 1
40.9317 062 0.5 22 archevie first floor Building 1
12 6689 033 026 22 office1 first floor Building 1
202754 6.52 521 22 lobby2 second floor  Building 1
50.4988 0.36 0.29 22 kitchen1 second floor | Building 1
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G
50.4988
21.1802

21.149
20.3812
48.5316
12.2941
27.7804
34.1628
33.5662
48.5155
19.7294
20.2895
20.4028
15.9365
31.8257

48.657
13.2715
47.0036
23.4899
20.2457
51.7237
436777
73.4584

13.697
50.3769

G
50.3769
22.2492
21.5752

13.795
20,6736
46.2399
23.3054
20.8383
21.5561
19.7411
21.0286
20.7789
48.8753
20.7332

16.591
48.7795
32.2591
48.8846
51.8286

43.649
49.1467

26.455
62.4643
50.4518
33.9358

26.455
62.4643
50.4518
33.9358
24.2315
25.0657
19.2613
44.0239
30.2882
39.4618

0.36
1.54
0.44
0.32
0.28

0.54
0.28
0.44
0.52
0.28
0.42
0.74

0.67
0.75
1.07
0.74
1.67
0.26
1.47
3.64
0.44
0.58
0.41

3.64
0.44
0.58
0.41
0.28
0.27
0.78
3.92
1.44
0.68

0.28
1.23
0.35
0.26
0.23
0.48
0.43
0.23
0.35
0.42
0.23
0.34

472
0.54

0.85
0.59
1.33
0.21
117
2.91
0.35
0.47
0.33

2.9
0.35
0.47
0.33
0.23
022
0.62
3.13
1.16
0.54

D C
22 kitchen1
22 office10
22 office11
22 office12
22 office20
22 office13
22 office14
22 office15
22 office16
22 office19
22 office4
22 office3
22 office2
22 office1
22 officeB
22 office18
22 lobby1
22 offices
22 office6
22 office’
22 office9
22 kitchen2
22 office1?
22 LOBBY2
22 KITCHEN 3
(£ 2]
D C
22 KITCHEN 3
22 LOBBY1
22 OFFICET
22 LOBBY3
22 OFFICE
22 OFFICE8
22 OFFICES
22 OFFICE13
22 OFFICEB
22 OFFICE10
22 OFFICE12
22 OFFICES
22 OFFICE4
22 lobby4
22 OFFICE14
22 OFFICE2
22 OFFICE16
22 OFFICE1
22 OFFICE15
22 KITCHEN2
22 OFFICE2
22 MEETING
22 KITCHEN
22 OFFICEG
22 CIRCULATION
D C
22 MEETING
22 KITCHEN
22 OFFICES
22 CIRCULATION
22 OFFICES
22 OFFICE4
22 OFFICE3
22 OFFICE2
22 ARCHIEVE
22 OFFICE1
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second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor

third floor
third floor

naeear

B
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
fourth floor
fourth floor
fourth floor
fourth floor

B
fourth floor
fourth floor
fourth floor
fourth floor
fourth floor
fourth floor
fourth floor
fourth floor
fourth floor
fourth floor

A
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1

DD ODODODOODODODODODOoDODDOODODDoOOEODommom

A

Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1

Buil
Buil
Buil

MDD oOODmDommmom

ding 1
ding 1
ding 1

A
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1
ilding 1




Some comments on the values in Error! Reference source not

found.:

e The temperature in all spaces has been set at 22 Celcius, provided that it is the
operative temperature, and this helps in achieving a thermally comfortable
environment.

e |It's easy to see the impact of the modifications that were made since all the
values are logical and acceptable.

e Design capacity(w/m”2) in all spaces < 80 which means the building is

considered energy efficient.

Cooling load:

See Error! Reference source not found., which shows us how each building element

contributes an impact to the cooling load after modifications have been made.

2512 Temperature and Heat Gains - nasser abu baker, Building 1
EnangyPius Oulpul 15 Jul, Sub-hourly

figure 2. 62:cooling design after modifications

From Error! Reference source not found. we can notice the improvement in the
values, especially the value of solar gain through the windows. In general, these values
have become acceptable, and this is all as a result of the modifications that have been
implemented, which in turn also caused a reduction in the necessary cooling loads and
made the different temperatures as close to each other as possible, which contributes to

saving the Thermally comfortable environment and reduces energy consumption.
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See Error! Reference source not found., which shows us some important values in

cooling design for the building.

Table 6:cooling load for each space

Design Cooling Load Per Floor Area(VWW/m2) Total Cooling Load (kW Design Flow Rate (m3/s) Design Capacity (kW)

268 4086 03222
257 373 0.291
26.4 364 0.2833
13.2 0.44 0.03
39 0.52 0.0391
271 0.84 0.0693
26 065 0.0487
28 0.65 0.0521
378 0.56 0.0431
639 0.35 0.0253
19.7 1.2 0.1001
31.8 0.72 0.0585
30.2 0.76 0.0595
331 0.88 0.0708
28.9 0.8 0.0624
4.7 0.47 0.0395
61.3 0.31 0.0242
354 0.48 0.0404
64.8 0.3 0.0232
17 2.01 0.1604
7.7 0.46 0.0366
122.8 0.96 0.0972
151 0.93 0.0961
46.8 0.3 0.023
46.8 0.3 0.023
26.1 11.55 1.0377
21.7 0.57 0.0435
326 0.4 0.0317
65.4 2.23 0.227
551 0.42 0.0345
27 6.73 0.57
26.6 1.96 0.163
94.3 1.24 0.1263
47 0.95 0.0825
92 1.22 0.124
1107 1.44 0.147
925 1.22 01238
705 0.35 0.0248
339 0.76 0.0598
38.3 0.84 0.068
49.8 1.14 0.1026
50.4 1.15 0.1038
29.9 1.02 0.0823
313 1 0.0848
933 08 0.0442
947 1.25 0.118
335 0.75 0.0592
26.9 7.52 0.6098
741 0.46 0.0366

4.66

Zone
Basement3:Archieve?
Basement3:Archieve3

Basement3:Meeting
Basement3:Lobby2
Basement3:Office7
Basement3:Archieve1
Basement3:Office4
Basement3:Office3
Basement3:Lobby1
Basement3:Kitchen1
Basement3:Office1
Basement3:Office2
Basement3:Officet
Basement3:Office5
Basement3:Office8
Basement2:Office1
Basement2:Office2
Basement1:Office1
Basement1:Office2

Block

basement 3
basement 3
basement 3
basement 3
basement 3
basement 3
basement 3
basement 3
basement 3
basement 3
basement 3
basement 3
basement 3
basement 3
basement 3
basement 2
basement 2
basement 1
basement 1

GroundFloor:WorkingArea ground floor
GroundFloor:Kitchen1 ground floor
GroundFloor:Lobby2 ground floor
GroundFloor:Office2 ground floor
GroundFloor:Office1 ground floor
[ GroundFloor:Office 1 |gr0und floor
GroundFloor:WaitingArea  ground floor
GroundFloor:Lobby1 ground floor
GroundFloor:Office3 ground floor
GroundFloor:Officed ground floor
GroundFloor-Office4 ground floor
FirstFloor-Lobby1 first floor
FirstFloor:Lobby2 first floor
FirstFloor:Office10 first floor
FirstFloor:Office8 first floor
FirstFloor:Office11 first floor
FirstFloor:QOfficed first floor
FirstFloor-Office12 first floor
FirstFloorKitchen2 first floor
FirstFloor:Office4 first floor
FirstFloor:Office5 first floor
FirstFloor:Office6 first floor
FirstFloor:Officer first floor
FirstFloor:Office3 first floor
FirstFloor:Office2 first floor
FirstFloorKitchen1 first floor
FirstFloor-Archeviel first floor
FirstFloor:Office1 first floor
SecondFloor:Lobby2 second floor

SecondFloor:Kitchen1

second floor
) 1480
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Building

Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1 |
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1

Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1




741
277
42.4

45.5
105.9
40.5

42.4
382
46.6
413
92.7
269
436
925
56.8
921
90.5
772
727

93.6
109.6
52.5

0.0366
0.1419
0.0594
0.0356
0.0409
0.1136
0.0688
0.0407
0.0593
0.0716
0.0414
0.0601
0.1245
05976
0.1345
0.1248
0.1523
01231
0.2698
0.0293
0.1873
0.5059
0.0485
0.1114
0.041

0.041
0.0426
0.0402
0.1273
0.6124
0.1915
0.0814

0.52
1.92
0.86
058
0.62
1.38
0.94
062
0.86
1.01
0.63
083
1.41
7.66
1.77
141
1.88

291
0.46
217
6.33
0.66
1.27
0.64

064
0.57
0.54
1.61

241
1.05

SecondFloor:Kitchen1
SecondFloor:Office10
SecondFloor:Office11
SecondFloor:Office12
SecondFloor:Office20
SecondFloor:Office13
SecondFloor:Office14
SecondFloor:Office15
SecondFloor-Office16
SecondFloor-Office19
SecondFloorOfficed
SecondFloor:Cffice3
SecondFloor:Cffice2
SecondFloor:Office1
SecondFloor:Office8
SecondFloor:Office18
SecondFloor:Lobby1
SecondFloor:Office5
SecondFloor:Officef
SecondFloor-OfficeT
SecondFloor-Office8
SecondFloor Kitchen?
SecondFloor.Office7
ThirdFloor.LOBBY2
ThirdFloor:KITCHEN3

ThirdFloor:KITCHEN3
ThirdFloor:LOBBY1
ThirdFloor:OFFICE7Y
ThirdFloor:LOBBY3
ThirdFloor:OFFICE11
ThirdFloor:OFFICES
ThirdFloorzOFFICES
ThirdFloor:OFFICE13
ThirdFloor:OFFICEG
ThirdFloor:OFFICE10
ThirdFloor:OFFICE12
ThirdFloor:OFFICES
ThirdFloor:OFFICE4
ThirdFloor:Lobby4
ThirdFloor:OFFICE14
ThirdFloor:OFFICE3
ThirdFloor:OFFICE16
ThirdFloor:OFFICE1
ThirdFloor:OFFICE1S
ThirdFloor:KITCHEN2
ThirdFloor:OFFICE2
FourthFloor:MEETING
FourthFloor:KITCHEN
FourthFloor:OFFICEG

second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
second floor
third floor

third floor

third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
third floor
fourth floor
fourth floor
fourth floor

FourthFloor-=CIRCULATION _fourth floor

FourthFloor:OFFICES
FourthFloor:OFFICE4
FourthFloor-OFFICE3
FourthFloor-OFFICE2

FourthFloorARCHIEVE

FourthFloor:OFFICE1

FourthFloor:CIRCULATION  fourth floor

fourth floor
fourth floor
fourth floor
fourth floor
fourth floor
fourth floor

Some comments on the values in Error! Reference source not

found.:

e The temperature in all spaces has been set at 24 Celcius, provided that it is the

operative temperature, and this helps in achieving a thermally comfortable

environment.

e It's easy to see the impact of the modifications that were made since all the

values are logical and acceptable.

8l|Page

Building
Building
Building
Building
Building
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Building
Building
Building
Building
Building
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Building
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Building
Building
Building
Building
Building
Building
Building
Building
Building
Building
Building
Building
Building
Building
Building
Building
Building
Building

Building 1
Building 1
Building 1
Building 1
Building 1
Building 1
Building 1




e Design capacity(w/m”2) in all spaces < 80 which means the building is

considered energy efficient.

Annual building utility performance summary:

e The site and source of energy:

See Error! Reference source not found. which shows us the annual energy consumed

at the site, and the amount of energy consumed per square meter.

Table 7:site and source energy.

Total Energy Energy Per Total Building Area Energy Per Conditioned Building Area

[kwh] [kwh/m2] [kwh/m2]

Total Site Energy 366652.62 B4.27 B4.27
Met Site Energy 366652.62 B4.27 B4.27
Total Eﬁﬂ:;p 807179.19 185.53 185.53

Met Source Energy 807179.19 185.53 185.53

Based on the values given in Error! Reference source not found., the general
condition can be assessed in general as acceptable, but a comparison must be made with

another similar building to accurately assess and reach the best possible condition.

e End uses:

See Error! Reference source not found. which shows us the distributions of energy

consumed at the site.
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Table 8:end uses.

District Heating Water
[kWh] [m3]
11283.49 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
12634.57 197.84
0.00 0.00
0.00 0.00
23918.07 197.84

Electricity Natural Gas Additional Fuel District Cooling

[kwh] [kwh] [kwh] [kwh]

Heating 0.00 0.00 0.00 0.00

Cooling 0.00 0.00 0.00 172727.38

Interior Lighting 106058.00 0.00 0.00 0.00

Exterior Lighting 0.00 0.00 0.00 0.00

Equligﬁf;‘ﬁ{ 63949.17 0.00 0.00 0.00

Emﬁ;ﬁiiﬁ{ 0.00 0.00 0.00 0.00

Fans 0.00 0.00 0.00 0.00

Pumps 0.00 0.00 0.00 0.00

Heat Rejection 0.00 0.00 0.00 0.00

Humidification 0.00 0.00 0.00 0.00

Heat Recovery 0.00 0.00 0.00 0.00

Water Systems 0.00 0.00 0.00 0.00

Refrigeration 0.00 0.00 0.00 0.00

Generators 0.00 0.00 0.00 0.00

Total End Uses 170007.17 0.00 0.00 172727.38
Note: District heat appears to be the prinaipal heating source based on ensrgy usage.

From Error! Reference source not found. we can realize the logical extent of the

values, and this makes us conclude that the work has been done correctly.

Thermal comfort:

It is very important to evaluate the situation of the building in terms of its ability to

achieve comfort for the users, and there is no value for the building if people do not feel

comfortable while they are inside it. Therefore, this examination is considered one of

the very important examinations, and it must be dealt with smoothly and try to make it

the best possible to achieve a thermally comfortable environment for all building users.

PMW index: It is an indicator that expresses the thermal comfort that people feel while

they are in the building.

See Error! Reference source not found. which shows us the index values throughout

the year.
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figure 2. 63:PMV index for users in building

From Error! Reference source not found. we have noticed that the values were
acceptable throughout the year, and this means that people feel thermal comfort well
while they are inside the building, except for short periods, which are when there are

high climatic fluctuations, which occur when switching from one season to another.

2.4 Acoustic system:

The acoustic design is an important part no less than any other design part in the
building, because of its psychological and health impact on the comfort of the users.
There are some criteria that should be take into account during design. Things will
calculate is:

1- Reverberation time (RT 60)
2- Articulation loss (AL)

3- Sound Transmission Class (STC)

2.4.1 Reverberation time (RT60):

The time required to reduce the sound to the level of sound that a person can clearly
hear, equal to 60 (dB). Use ease software to evaluate RT60 for spaces.
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figure 2. 64:Maximum recommended reverberation time for speech in office (Grondzik, & Kwok, 2015, P.1059).
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figure 2. 65:0ptimum reverberation times at midfrequency (500—1000 Hz) for various types of facilities (Grondzik,
& Kwok, 2015, P.1060).
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TABLE 19.8 Suggested Noise Criteria Ranges for Steady Background Noise

Type of Spoce (and Acoustical Requirements) NC Curve

Concert halls, opera houses, and reatal halls (for kstening to faint musical souncs) 10-20

Broadcast and recording studios (dhtant microphaone pickup wsed) 15-20

Large auditonums, large drama thestres, and houses of worship (for excelient listening 20-25
conditions)

Broadcast television, and recording studios (clocse microphone pickup only) 20.2%

Somall audronums, small theatres, small churches musc rehearsal rooms, Large mesting 25-30

and conference rooms (for good kstening), or executive offices and conference
rooms for SO people (no amplification)

Bedrooms sleeping guarters, hocpitals residences, apartments, hotels, motels, and so 2535
forth (for deeping. resting. relasing)

Provate or wmiprivate offices, amall conference rooms, claseoorma, ibvares aned s A5
forth (for good listening conditions)

Living rooms and smilar spaces in dwsllings (for conversing o istening 10 racko a5
andd TV)

Large office< receptonr areas, retall shops and stores, caletenas, restarants, and o 3550
farth (for moderately good Istening conditions)

Lobines, laboratory work spaces, deafting and saginesting rooms, peneeal secretanal 40-45
arean (for Law listening conditionrs)

Light maintesance shops. offices and computer eguiament rmooms, ktchens, and 44560

sundries Tor mooerately Talr Intening conditions)

Shops, parages power-plant control rooms. and 3o forth (for just acceptable speech —
and telephone commumication) Lavels above PNC -60 are not recommended for any
office o communcation Stuation

For work spaces where speech of telephone communication s not reauked, but where —
there must be no nsk of hearing damage

figure 2. 66: suggested noise criteria ranges

RT60 is defined as the measure of the time after the sound source ceases that it takes
for the sound pressure level to reduce by 60 db.

Using EASE software to find RT60 for spaces:

Design Meeting Room:
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figure 2. 67: pic. for meeting room

RT 60:

Recommended reverberation time is approximately 1 second.
NRC:

NRC of at least 0.50, ideally at least 0.80.

NC:

NC 25-30.

STC:

UBC requirements for walls: STC rating of 50 (if tested in a laboratory) or 45 (if
tested in the field*).

UBC requirements for floor/ceiling assemblies: STC ratings of 50 (if tested in a
laboratory) or 45 (if tested in the field*)

ne:

UBC requirements for floor/ceiling assemblies: 11C ratings of 50 (if tested in a
laboratory) or 45 (if tested in the field*).

* The field test evaluates the dwelling’s actual construction and includes all sound
paths*.
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figure 2. 68 dB & NC values
Using EASE software:

Edit Room Data ', mazen 2 - EASE 4.3

= X

Data Room RT T Moize T tapping T Settings
Reverh. Time Rev. Time | &bsarp. Coef|
S 100 Hz 027 078

: 125 Hz 0.27 0.78

Sabine x 160 Hz 0.29 0.73

 Locked 200 Hz 0.31 068

250 Hz 0.34 062

Interpolate | 315 Hz 0.3 0.54

: [ m 400 Hz 0.46 0.46

Dested[s] 0.00 E00 Hz 0.55 0.38

B30 Hz 060 0.35

G m 200 Hz 06 032

1000 Hz 0.73 0.24

1250 Hz 073 024

2ir Parameters 1600 Hz 0.74 0.29

. 2000 Hz 0.74 028

il - , 2500 Hz 0.75 028

B0 7 3150 Hz 075 027

Temperature ; 4000 Hz 074 0.26

T aw T 5000 Hz 0.72 0.26

300 Hz 068 0.25

Plissuie: 5000 Hz 0E2 025
1m3 hPa 10000 He

Apply |

Ok | Cancel ‘

figure 2. 69: ease system RT

RT60 IN THE RANG << 1 SECOND ITS OK

Design waiting room:

Room type dB (A) | NC value
Meeting rooms 38-42 30-35
Management offices/ administration offices | 38-47 35-40
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Muaoize Level [dB]

Fev. Time |

100 H=
125 H=
160 H=
200 H=
250 H=
315 H=
400 H=
500 H=z
E30H=
g00H=
1000 H=
1250 H=
1600 H=
2000 H=
2500 H=
F150H=
4000 H=
5000 H=
E200H=
2000 H=
10000 Hz

figure 2. 70:waiting room on ease

RT60 <1 sec its ok

We used :

1. panel gypsym board in the ceiling.

35.00
25.00
35.00
35.00
25.00
35.00
35.00
25.00
35.00
35.00
25.00
35.00
35.00
25.00
35.00
35.00
25.00
35.00
35.00
25.00

100 Hz

125 Hz

160 Hz
200 Hz

250 Hz

5 Hz
400 Hz

500 Hz

630 Hz

800 Hz

1000 Hz
1250 Hz
1600 Hz

2000 Hz

2500 Hz
50 Hz

4000 Hz

5000 Hz
6300 Hz

8000 Hz

0.27
0.27
0.29
0.3
0.34
0.339
0.46
0.55
0.60
0.66
0.73
0.73
0.74
0.74
0.75
0.75
0.74
0.72
0.65
0.62
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2.wood panel in the wall

figure 2. 71: materials

Mater... %

1 Magimum

1

Material Alpha
Max 1

9 T 1 (Temporary] ~| [0/ Ratio =] <] E00He > | [ThidOctave =] [Nolweigh ~ ]
Frequency T Echogram T File Info T Drigtribution T Options
) ) _ D/R Ratio | Value
. O/RRaoal] B 200100 100 Hz 122
125 Hz 1.22
160 Hz 0.47
e R e e ] 200 Hz 028
— 280 Hz -1.05
Ob--:-- (s SR PR JRUOR JAN EPSR SR ) INUPR ISR S IS SO S 316 Hz 225
400 Hz -3.54
3 500 Hz -4.98
B R I // """"""""""" B30 Hz 507
800 Hz H12
b 50z TRHz Tz 1000 He 5.14
1250 Hz -4 48
1600 Hz 3.8
Wi Scal 2000 H -3.08
e Send Picture To | cae z
2800 Hz 2.3
" Graph [ Lock
SendYalues To | 50 Hz -1.44
i Tahle : 4000 Hz -0.45
T Max: g 5000 Ha 0.70
pmbing Cursar Min: [5 £300 Hz 1.99
8000 Hz 3.40
&I 10000 Hz ; -4.22 dB 10000 Ha iE5]
figure 2. 72: frequancy values
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5 |T 1 [Temparary) ﬂ |Direct SPL j ¢ | B00Hz ﬂ |Thin:| Octave j |N|:| [£] 'W'eighﬂ
Frequency T Echogramn T File: Irifia T Digtributicn T Optiohs
) ) . Direct SPL | alue
® ] Diect SPLZ)at 181 [2.00: 1500100 100Hz 53,26
125 Hz 84.59
180 Hz 89.69
N e e R | Y Ll bk el i il et aiiel Il Sl el Rl 200 Hz 86.65
/\/v_.,__..-—-..____ 250 Hz §9.35
P27 NS N O SO R SO SR U SIS S SR AN SURY S N P NEHz 8835
400 Hz £6.32
500 Hz 87.51
e il Hl sl et thithel et S Sl RSt Wity B30 Hz 56,70
800 Hz 82.05
B I TRHz TRz IATAL, 86,53
1250 Hz 82.03
1600 Hz 83.43
Wigw - Scale 2000Hz ge.14
Send Picture To | 500 Hz aa.30
™ Graph [ Lock
SendYalues To | 3150 Hz 898.33
" Table _ 4000 Hz 82,23
e Max: a1 5000 Hz 8518
mmoine Cursar Min:  [ag 5300 Hz 82.08
5000 Hz 8a.01
Redraw 10000 Hz ; 89.73 dB TS e
5 [T 1 [Temparary] | [Diect SPL | <] S0Hz | [Thid Octave =] [No @)weigh ~]
Frequency T Echogram T File: Info T Digtribution T Options
_ _ . Direct SPL | alue
] Direct SPL 2} ot 181 [.00: 1300100 100Hz 53,26
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= Send Picture To | e Z
2500 Hz 82.30
{~ Graph [~ Lock
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& Compied Max: [t 5000 Hz 88,18
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8000 Hz 88.01
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E |T 1 [Temporary] ﬂ |.-’-'miva| Time ﬂ j - j | j |N0 [£] Weighﬂ

Frequency T Echogram T File Info T Diztribution T Options

) ) . . Arrival Time | %alue
e Arval Time at 11 (50045010 100 Hz 8.3
125 Hz 234
160 Hz 834
R it et ettty el aiets il Attt el I feiet S et ek I 200 Hz B34
280 Hz 234
A T g Oy S ey e (s gt PR Mo Hz 234
400 Hz 234
75 500 Hz 834
el T R N R N N N B30 Hz g4
a0l Hz B34
! Broadband 1000 Hz 5.34
1250 Hz 234
1600 Hz 034
Wi Send Picture To | Scale 2000 Hz g34
2500 Hz B34

™ Graph [ Lock

Send Values To | 50 Hz 834
" Tahble 4000 Hz 234
e Max: |3 5000 Hz 5.34
nmaine Cursar Min: [7 5300 Hz B.34
2000 Hz B34
&I Broadband ; 9.01 ms 10000 Bz B

Design office room:

Fev. Time | Ahsorp. Cos

Reverb. Time

Farmula : ::gg :2
|Sal:uine j 150 H:
[~ Locked 200 Hz
20 Hz
Interpolate | 15 Hz
Desired [5] : w 400 Hz
i A00Hz
B30 Hz
@ m 300 Hz
1000 Hz
1280 Hz
Air Pararmeters 1600 Hz

2000 H
Hurnidity : =500 Hz
| B0 3150 Hz
Temperature : 4000 Hz
| 20 °C 5000 Hz
B300Hz
Preszzure : 2000 Hz
1013 hPa 10000 Hz

0.43
0.43
0.54
0.58
0.64
0.75
0.9
1.15
1.18
1.20
1.22
1.1
1.0
0.93
0.86
0.73
072
0.65
0.58
0.5
0.45

0.47
0.47
0.43
0.33
0.36
0.3
0.25
0.20
0.20
013
013
0.21
022
0.24
0.26
0.2g
0.23
0.3
0.33
0.35

figure 2. 73 office room on ease

92 |Page




Frequency T Echogram T File Info T Diztribution T Optiohz
Total SFL Walue
d8 Total SPL [Z) at A1 #1 (7.00;0.00;1.20) i T
R e e e S A R A 125 Hz 89.35
P 160 Hz 80 51
BB T it ol AR Rt it 200Hz 90,27
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=Tu 7 e . O S U U ) A S S S S 315 Hz 31.45
_/ 400 Hz 92.24
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L] Rl AR RRE SRS R Rt it R EI0Hz 9335
800 Hz 9354
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o Send Picture To | sEe g
2500 Hz 9316
 Graph [ Lock
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_ Rediaw | ( 10000 Hz ; 84.79 dB T e

figure 2. 74: office room on ease freq.

Normal office; normal privacy Office Adjacent offices STC 40 STC 38
requirements, any occupancy Corridor, lobby, extenor STC 40 STC 38
using rooms for group Washrooms, kitchen, dining STC 42 STC 40
meetings

Conference rooms Other conference rooms STC 45 STC 42
Adjacent offices STC 45 STC 42
Corridor or lobby TC 42 STC 40
Exterior of building STC 40 STC 38

Large offices, drafting areas, Large general Corridors, lobby, exterior STC 38 STC 35

banking floors, etc. office areas Data-processing area STC 40 STC 38
Kitchen and dining areas STC 40 STC 38
Hospitals and dormitories Bathroom? STC 50 STC 45
Living rooms® STC 45 STC 42
Dining areas STC 45 STC 42
Corridor, lobby, or public STC 45 STC 42

spaces

figure 2. 75: STC schedual
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2.4.2 Sound transmission class (STC):

The ability of wall layers to absorb sound and provide room privacy.

TABLE 24.13 Recommended STC for Partitions; Specific Occupancies

Room Being
Type of Occupancy Considered and Adjacent Area Quiet Normal
Normal school buildings without  Classrooms Adjacent classrooms STC 42 STC 40
extraordinary or unusual Corridor or public areas STC 40 STC 38
activities or requirements Kitchen and dining areas STC 50 STC 47
Shops STC S0 STC 47
Recreation areas STC 45 STC 42
Music rooms STC 55 STC 50
Mechanical equipment STC S0 STC 45
rooms
Tollet areas STC 45 STC 42
Music practice Adjacent practice rooms STC 55 STC 50
rooms Corridor and public areas STC 45 STC 42
Executive areas, doctors’ Office Adjacent offices STC 50 STC 45
suites; confidential privacy General office areas STC 48 STC 45
requirements Corridor or lobby STC 45 STC 42
Washrooms and toilet areas STC 50 STC 47
Normal office; normal privacy Office Adjacent offices STC 40 STC 38
requirements, any occupancy Corridor, lobby, exterior STC 40 STC 38
using rooms for group Washrooms, kitchen, dining STC 42 STC 40
meetings
Conference rooms Other conference rooms STC 45 STC 42
Adjacent offices STC 45 STC 42
Corridor or lobby STC 42 STC 40
Exterior of building STC 40 STC 38
Kitchen and dining areas STC 45 STC 42
Large offices, drafting areas, Large general Corridors, lobby, exterior STC 38 STC 35
banking floors, etc. office areas Data-processing area STC 40 STC 38
Kitchen and dining areas STC 40 STC 38
Motels and urban hotels, Bedrooms Adjacent bedrooms® STC 52 STC 50
Hospitals and dormitories Bathroom? STC S0 STC 45
Living rooms® STC 45 STC 42
Dining areas STC 45 STC 42
Corridor, lobby, or public STC 45 STC 42
spaces

figure 2. 76:Recommended STC for partitions (Grondzik, & Kwok, 2015, P.1129)

TABLE 24.4 Typical STC Values for Windows

Window Construction

STC

unsealed
unsealed

gasketed

gasketed

Operable wood sash, J-in. (3.2-mm) glass,
Operable wood sash, Y-in. {(6.4-mm) glass,
Operable wood sash, Ya-in, (6.4-mm) glass,

Operable wood sash, laminated glass, unsealed
Operable wood sash, double-glazed, ¥-in.
(3.2-mm) panes, ¥-in, (9.5-mm) air space,

Fixed sash, double ¥%-in. (3.2-mm) panes, 3-in.
(76-mm) air space, gasketed

Fixed sash, double ¥%-in, (3.2-mm) panes, 4-in.
(102-mm) air space, gasketed

23
25
30

28
29

figure 2. 77:Typical STC values for windows (Grondzik, & Kwok, 2015, P.1098,).
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TABLE 24.3 Typical STC Values for Doors

Door Construction STC

Louvered door 15

Any door, 2-in. (51-mm) undercut 17

1Y2-in. (38-mm) hoflow core door, no gasketing 22

1¥2+in. (38-mm) hollow core door, gaskets and 25
drop closure

13%-in. (45-mm) solid wood door, no gasketing 30

13%-in. (45-mm) solid wood door, gaskets and 35
drop closure

Two hollow core doors, gasketed all around, with 45
sound lock

Two solid core doors, gasketed all around, with 55
sound lock

Special commercal construction, with lead lining  45-65
and full sealing

figure 2. 78:Typical STC values for doors (Grondzik, & Kwok, 2015, P.10950).

By using INSUL software to find STC:

Between offices (Internal partition):

Between the office and the office there is a wall consisting of 13 mm plaster, 200 mm

concrete hollow block, 60 mm foam & 10mm plaster as picture shown.

et sulace

figure 2. 79: cross section in internal partion
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figure 2. 80:STC for internal partion

The recommendation STC is 38.

The STC for partition wall is 81 >>>> 35, its ok.
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Wall
Ceiling
Floor
Roof
Porous
Opacity

:o
o

B

63 125 250 500 1k

™1 STC 38

° Descnption

fo: 154Hz

4

Total Mass: 28.9 kg/m®version 9.0.22

The STC for partition wall is 38 >>>> 35, its ok.

97 |Page




At external wall:

This wall consisting of 70 mm stone , 100 mm concrete , 80 mm foam , 100mm hollow

block & 13 mm plaster as picture shown.

Cross Section

100,00mm Cast Concrete (Denze)

80.00mm Foam - polyurethane

100, 00rom Copctete blacks/tilas - block, hollow, medilmweight, 1

Inner surface

figure 2. 81: external wall partions

pEooonn STC 64 or

363 mm

~ 7

Ceiling
Floor
Roof

Glazing

Porous

Opacity

a0 M Jo

L a

(Ii<<

Panel 2: fo: 406Hz Surface Mass 150.6 kg/m® Version 9.0.2;
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figure 2. 82: external in STC

The recommendation STC is 38.

The STC for partition wall is 39 > 38, its ok.

Transmission loss (dB)

"
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2.4.3 Impact insulation class (11C):

Impact Insulation Class". This isfa unit of measurement that determines the degree of
soundproofing of the impact noise of a floor/ceiling assembly on site rather than in a

laboratory. The higher the II1C, the better the acoustic insulation.

FLOOR:

Consisting of 8 mm ceramic, 30 mm cement plaster, 50 mm sand and gravel, 80 mm concrete

&170 mm block, 30 mm foam and 10 mm plaster as picture shown.

Inner suiface
B8.00mm  Ceramic/clay ties - clay ties(not to scale]

1 80.00mm Concrete, Reinforced (with 2% steal)
[P e I LSEESTRY T

7 70,00 Cangiate blocks7ties - block. Pallow, mediamwesght, 1

60.00mm Foam - polyurethane

Outer swface

figure 2. 83: cross section in floor

I I B EI IIC 71

Ceiling

Floor

Roof

Glazing

Porous

Panel 2: fo 1349Hz Surface Mass 50.6 kg/m” Version 9.0.22]
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Recommended 11C between (34-55) db.

lnc=r71

Roof:

>>>>55 | TS ok.

Details shown in the picture.

80.00mm Concrete, Remforced (with 2% stesl)

80.00mm Foam - polyurethane

170.00me Concrate block s/tiles - block, hollow, mediumweicht, 1

Inner surface

Wall
Ceiling
Floor
Glazing
Porous

ol o
=

o [

[

e LpA16dB

fo: 4THz Total Mass: 433.1 kg/m’ Version 9.0.22

figure 2. 84: cross section in roof

LPA =16

dB that’s ok in the rang (15-20).
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Chapter 3: Structure:
3.1 Structure Aspect:

3.1.1 Introduction:

The structural structure of the building is the skeleton on which the building rests and
keeps it from collapsing and falling. There are many construction systems as they
differ according to the materials that make up them, such as concrete, steel and wood.
In the building that we have chosen as a graduation project, the structural system is
based on concrete. There are many elements that work with each other to form this
system such as the slabs, beams, columns and the footings, which must be designed
according to the correct specifications and standards so that it can carry the building
and all the loads loaded on it and be safe for all users of this building.

3.1.2 Loads:

The loads are all the weights that the structure will carry, and they differ according to
the nature of the building and its function. Live load is considered one of the most
important of these loads, as it comes from all things whose weight cannot be
identified precisely like people. As for things whose weight can be determined, such
as furniture, they are dead loads. The super imposed loads come from filling material
which are used in the building. To achieve balance and stability in the building, all
these loads must be taken into consideration when designing the building. The dead
load can be founded by calculating and the live load is from the code of the American
concrete institute (ACI).

Occupancy or Use Uniform psf (kN/m?)
Office buildings
File and computer rooms shall be designed for heavier loads based
on anticipated occupancy
Lobbies and first-floor corridors 100 (4.79)
Offices 50 (2.40)
Corridors above first floor 80 (3.83)

Figure 3. 1: Live load in office building (Table 4.3-1 in ASCE 7-16).
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3.1.3 Materials:
3.1.3.1 Concrete:

Concrete is one of the most important components of the structural elements in the
modern industry. Concrete is a construction material that produced from mixing
cement, fine aggregates and coarse aggregates with water until a mixture is formed
that can be poured to harden over time. Concrete is one of the strongest materials in
bearing pressure, as it can withstand very enormous pressure, but when looking at the
other side, it is a bad material in its ability to withstand tensile strength, so the
strength of concrete is measured by its ability to withstand pressure (compressive
strength).

3.1.3.2 Reinforcement Steel:

To solve the problem of concrete in its inability to bear tensile forces, reinforcement
steel was used, which is an excellent material in its tensile resistance, and the two
components were combined in many uses to form together what is called reinforced
concrete.

3.1.4 Codes and Specifications:
ASCE-7 (loads and combinations).
The American Concrete Institute code (ACI 318-14).

Uniform Building Code (UBC 97) for the seismic design

3.1.5 Structure elements:

3.1.5.1 Slabs:

Slabs are the structural elements that provide a working and moving surface for
people in the building. There are many types of slabs that are used, which differ
according to their components and the way they distribute the loads on them, the most
famous of these types are the one way ribbed slab, two way ribbed slab, voided and
Solid Slab. Rapid slab is considered one of the most widespread types as it uses bricks
to use less amount of concrete and also relies on the use of steel reinforcement as a
main component.

In this project, we used 3 types of slabs, which are the one-way ribbed slab, two way
ribbed slab and solid slab, where the one way and two way were used in the regular
floors of the building, and solid slab was used in the rebound ceiling located in the
first basement in the building, as it will be clarified Later.
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345-‘ 45:(

One way spanning slab Two way spanning slab

Figure 3. 2: Distribution of load on One way & Two way slab (Basic Civil Engineering).
3.1.5.2 Beams:

Beams are one of the most important structural elements in the building that connect
the columns to each other, as they transfer the loads from the slab and pass them to
the columns. There are many types of beams, such as the hidden beams, where the
beam thickness is like the thickness of the slab, and there are also the drop beams,
where the beam thickness is larger than the Slab thickness. In this project, beam tracks
were used mainly because they have more stiffness and suitable for spans and
function of the building.

3.1.5.3 Columns:

Columns are also within the important structural elements in the building, as they take
the loads coming from the slab to the beams and then to the columns to pass them to
the building footings. The columns are designed carefully so that their sections and
lengths are sufficient, as they are what give the building its real height.

3.1.5.4 Footings:

The footings play an essential role in transferring all coming loads from the building
and its structural and non-structural elements through them to the soil. Therefore, the
design of the footings depends largely on the type of soil and its durability, as it is
designed with appropriate dimensions to perfectly distribute the loads on the soil.

3.1.5.5 Shear walls:

Shear walls are considered one of the structural elements that have very high stiffness
and act like columns in transferring loads. They are also used when there are
horizontal loads, especially in the underground floors, where they are called retaining
walls.
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3.2 Structure Design:

The design simulation was done using the ETABS Software, and to make sure that the

model design is correct the following calculations and checks was done:

3.2.1 Selected Materials:
- B350 Concrete with f ¢ =28 MPa for columns.

- B300 Concrete with f ¢ =24 MPa for slabs and beams.

- Steel yield strength Fy = 420 MPa for reinforcement steel.

- y for concrete = 25 KN/m3 - y for steel = 78 KN/m3

3.2.2 Selected Systems:

The system will be used flat plate voided slab.

3.3 Important first calculations:

3.3.1 Slab Thickness Calculations:
After calculation slab thickness is 500mm

Slab wight /m2 = 8.29 KN/m2

3.3.2 Load Calculations:

TABLE 1-4 + Minimum Live Loads*

Live Load

Occupancy or Use pst kN/m? Occupancy or Use
Assembly areas and theaters Residential
Fixed scats 60 2.87 Dwellings (one- and two-family)
Movable seats 100 4.79 Hotels and multifamily houscs
Dance halls and ballrooms 100 4.79 Private rooms and corridors
Garages (passenger cars only) 50 2.40 Public rooms and corridors
Office buildings Schools
Lobbies 100 4.79 Classrooms
Offices 50 2.40 Corridors above first floor
Storage warchouse
Light 125 6.00
Heavy 250 11.97

Reproduced with permission from Misimum Design Loads for Buildings and Other Structures, ASCE 708

Figure 3. 3Minimum live loads (Table 1-4 in ASCE 7-05).

Live Load

pst kKN/m
40 1.92
40 1.92
100 .79
40 1.92
5O 383
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1. Live load= 3 KN/m?
2. Assume super imposed load= 4 KN/m?

3. Wall load = 20 KN/m

3.4 Checks required:
3.4.1 Model checks:
3.4.1.1 Compatibility check:

Figure 3. 4: compatability check
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3.4.1.2 Equilibrium check:

Table 9: equilibrium check

Load type Etabs Manual %Error Case
Live 28903 29277 -1.20% <5%--=ok
SID 38538 39036 -1.20% <5%--=0k
columns 11585.40
Dead 130738 Slabs 96614.10
Shear walls 17162.50
<5%--=o0k
Total manual dead load 125362
ETABS dead load 130738
%Error -4.11%
3.4.1.3 Stress Strain check:
Check columns:
From Live loads:
Table 10: stress strain check: column
Column Type Etabs Manual %Error check
Interior 1959 1992 -1.68% Ok
Corner 948 906 4.43% Ok
Edge 1070 1033 3.46% Ok
Slab check:
From live load:
Table 11: stress strain chebk: slab
Panel type Etabs Manual %Error Ok/Not ok
Exterior 20.7 21.52 -3.96% Ok
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3.4.1.4 Deflection check:
From live load:

Limit =12.64 /360 =35.11 mm

Figure 3. 5: deflection check

Etabs deflection = 5.70 mm<<35.11mm
From service loads:

Limit =12.64/240=52.66mm........................ is ok
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Figure 3. 6: deflection check

Etabs deflection =27.25 mm<<52.66mm..........ccccceeeee.... is ok.
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3.4.1.5 Design check:

Figure 3. 7:Design check

3.4.1.6 Punching shear check:

0.185

0529
|
e 0514
L]
0.765
B
0.642 078 0.544
o281 i 0.721 = [ | |
[ |
v e
0777 0686
[ | ||
0364, -0
081 0.648
|| |

Figure 3. 8:Punching shear check

Punching shear is ok.
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3.4.1.7 Period check:

233-D View Mode Shape (Modal) - Mode 1- Period 0.919 |

Figure 3. 9:Period check.

Period less than 1 which is ok.
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3.4.1.8 Slab shear check:

OVe =2 [fexbxd = 22 %+/28 + 1000 * 330/1000 =218.21 KN

Figure 3. 10:Slab shear check

Vu< @V ok
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3.5 Seismic design:

3.5.1 Seismic load analysis:

The used code is UBC 97 and by using the Model Response Spectrum or the dynamic
seismic method.

3.5.1.1 Seismic zone factor (2):

SEISMIC HAZARD MAP FOR BUILDING COD

1: ZONE FACTOR

Israel

20NE 2A
1=0.15

Figure 3. 11: seismic zone

Zone: Nablus------ >7=0.20
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3.5.1.2 Soil profile types:

Table 12: soil types profile

TABLE 16-J—S0IL PROFILE TYPES

AVERAGE SOIL PROPERTIES FOR TOP 100 FEET (30 430 mm) OF SOIL PROFILE
Standard Penslration Test, Nlor Moy for | Undrained Shear St Ty psd
suLti;%gM <olL Png;lé&:fnmim Shear Wave V. oc! AN rnetral O P‘""I'I' rength, Xg p:
Sy Hard Rock > 5,000
(1.500)
S Rock 2.500 10 5,000 - -
(760 10 1.500)
Very Dense Soil and Soft Reck 1.200 10 2,500 >50 = 2,000
(360 10 T60) (100)
5o Suifl Soil Profile 600 10 1.200 15 150 1000 10 2000
(180 10 360) (50 to 100)
5! Saft Soil Profile < 600 <l5 < 1,000
(L&0y (50
b Saoil Reguinng Site-specific Evaluation. Sec Section 1629.3.1.

1S0il Profile Type Sg also includes any soil profile with more than 10 feet (3048 mm) of soll clay defined as a soil with a plasticity index, P > 20, wj,. = 40 percent
and s, < S00 psf {24 kPa). The Plasticily Index. P, and the momsture content, w . shall be determined m accordance with approved natiomal standands,

Soil profile SC

3.5.1.3 Seismic coefficient (Ca):

Table 13: Ca Coefficent

TABLE 16-Q—SEISMIC COEFFICIENT G,

SEISMIC ZONE FACTOR, 2
SOIL PROFILE TYPE Zw=0.078 Tw 018 Zui2 ZuD3 Zuld
Sy Ll 1z 0.16 0.24 032N,
Sn 0.08 [N 020 0.30 0.40N,
o [ 0.13 0.24 0.33 040N,
Sp 12 022 0.28 0.36 044N,
Sk 0.19 0130 0,34 036 0.36N,
5S¢ See Footnote |
Sine-specific g hnical igation and dynamic site response analysis shall be performed 1o & seismic coelTici for Saoil Profile Type Sg.
3.5.1.4 Seismic coefficient (Cv):
Table 14:Seismic coefficient (Cv):
TABLE 16-R—SEISMIC COEFFICIENT G,
SEISMIC ZONE FACTOR, Z
SOIL PROFILE TYPE = DTS Zm 1§ Zul2 Zud ZuOd
51 0.06 0.12 0.16 0.24 0320,
Sa 0,08 0.15 0.20 0.30 040N,
Sc .13 0.25 0.32 045 0.56N,
So 0.18 11.32 0.40 0.54 064N,
g 0,26 1050 0.64 0,84 0,96,
¢ See Footnote |

1Sile-specilic gevlechnical invesligation and dynamic sile response analysis shall be performed 10 delermine seismic coellicients [or Soil Profile Type Sg
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3.5.1.5 Structural system:

Table 15: structural system

TABLE 16-N—STRUCTURAL SYSTEMS!

HEIGHT LIMIT FOR
SEASMIC ZONES 3
AND 4 (feot)
BASIC STRUCTURAL SYSTEM? LATERAL.FORCE-AESISTING SYSTEM DESCRIPTION R ° * 3044 for mm
1. Beaning wall system 1 Lmhl -framed walls with shear pancls
Wood structural pancl walls (or structures three stories or less S5 238 65
h All other light-framed walls 4.5 28 65
2. Shear walls
a, Concrete 45 28 160
b. Masonry 4.5 28 160
3. Light stecl-framed beaning walls with tension-only bracing 28 22 65
4. Braced frames where bracing carries gravity load
a Steel 44 22 160
b. Concrete® 28 22 —
¢. Heavy timber 28 22 65
2. Building frame system 1. Steel eccentncally braced frame (EBF) 70 238 240
2. Light-framed walls with shear
a. Wood structural panel walls (or structures three stories or less 65 28 65
b, Al other light-framed walls 50 28 65
3. Shear walls
a. Concrete 55 28 240
b, Masonry 55 28 160
4 braced frames
a, Ste 5.6 22 160
b, Concrese? 56 22 —
€. Heavy timber 56 22 65
5. Special concentrically braced frames
a. Sweel 64 22 240
3. Moment-resisting frame 1. Special moment-resisting frame (SMRF)
system & Steel BS 23 N.L.
b. Concrere? 85 28 N.L,
l Masonry moment- mg wall frume (MMR\\B 65 28 160
3.C frame (IMRF)* 55 28 .
4 Ordinary moment-resisting frame (OMRF)
a. Steel® 45 28 160
b. Concrete? 15 28 —
5. Special truss moment frames of steel (STMF) 65 28 240
4. Dual systems 1. Shear walls
a. Concrete with SMRF RS 28 NL
b. Concrete with steel OMRF 42 28 160
€. Concrete with concrete IMRFS 6.5 28 160
d. Masoary with SMRF 55 28 160
¢, Masonry with steel OMRF 42 28 160
f. Masonry with concrete IMRFY 42 28 —
. Masonry with masonry MMRWF 6.0 28 160
2. Steel EBF
a. With steel SMRF RS 28 NL.
b, With steel OMRF 42 28 160
3. Ordinary braced frames
a. Swcel with steel SMRF 6.5 28 N.L.
b, Steel with steel OMRF 42 28 160
. Concrete with concrete SMRF? 65 28 —
d. Concrete with concrete IMRFY 42 28 —_
4. Special conce braced frames
4. Steel with steel SMRF 75 28 N.L.
b. Sicel with steel OMRF 42 28 160
§. Cantilevered column building | 1. Cuntilevered column elements 22 20 387
systems
6. Shear wall-frame mieraction | 1. Concrewe® SS 28 160
systems

7. Undefined systems

See Sections 1629.6.7 and 1629.9.2
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3.5.1.6 Importance factor (I):

Table 16: importance factor

TABLE 16-K—OCCUPANCY CATEGORY

OCCUPANCY CATEGORY

OCCUPANCY OR FUNCTIONS OF STRUCTURE

SEISMIC
IMPORTANCE
FACTOR, /

e E
FACTOR, § FACTOR, L

1. Essentral
facilities?

Group L. Division 1 Occupancies having surgery and emergency treatment
arcas
Fire and police stations
Guarages and shelters [or gency vehicles and gency aircralt
Structures and sheliers in emergency-preparedness centers
Aviation control 1owers
Si and equi in g ication centers and other
fnulmv:s n:quued for emergency response

dby power-g 8 €quip l'ot Calcgnry I facilities
Tanks or other structures i 8 pporting water or other
fi i | or equip qui 'futln ion of Category

1,2 or 3 structures

1.25

1.50 115

2. Hazardous
facilities

Group H Davisions 1, 2. 6 and 7 Ocnpancns and structures therem housing or
£ loxic or ¢ ,' i or
Nonbuildis stri ining quantities of toxic or

b that, if contained Mlhlnn‘ Iding, would cause that

buddmg 10 be classified as a Group H, Division 1, 2 or 7 Occupancy

1.50 1.15

3. Specil

Group A, l.)muom 1,2 und 2.1 Occupuncies

L4
struclures

Buildings h g Group E, Divisions 1 and 3 Occupancies with 4 capacity
greater than 300 students

Buildings housing Group B Occupancics used for college or adult education
with a capacity greater than 500 students

Group I, Divisions 1 and 2 Occupancies with 50 or more resident incapacitated
patients, but not included in Category 1

Group T, Division 3 Occupancies

All structures with an occupmcy greater lhzn 5,000 persons

Struclures and cqui i and other public utility
facilities not included in Calcgory lor Cucgory 2 above, and required for
conlinued operation

4. Swndard
occupancy
structures

All structures housing occupancies or having functions not listed in Category
1, 2 or 3 and Group U Occupancy towers

5, Miscellancous
structures

Group U Occupancies except for towers

SOIL PROFILE TYPE

5.5

1 0.2 Sc

Figure 3. 12: seismic factors

0.24

0.32
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3.5.2 Seismic checks:
3.5.2.1 Period check:
T (method A)= Ct*(hn"/4)
Ct=0.0731, hn=30.9 m

T (method A)=1.02

1.4* T (method A)= 1.43 > T period from etabs =0.875 ............. Is ok.

Figure 3. 13: Period from etabs model
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3.5.2.3 Draft check:

Table 17: draft check

G 0 0
B 3700 0068 042 0086 0068 02541  0.2541 92.5
B2 3700 o0p48 045 -0.018 0.03 -0.0693  0.1155 925
S 300 024 05 0.192 005 07392 0.1925 925
PE 000 108 213 084 163 3234 62755 150
s 4200 18 362 072 149 2772 57365 105
e 4200 27 515 0.9 153 3465 58905 105
PBE 4200 528 627 256 112 9856  4.312 105
P 4200 723 817 197 19 75845 7315 105
Check is ok
3.5.2.3 Model participant mass ratio check:
Table 18: Model participant mass ratio check.
| [+43 Modal Participating Mass Ratios |
] 1 of 40 | b bl | Reload Apply
Case Mode Period U Uy uz Sum UX Sum UY

Modal 17 0.099 0.0024 0.0001 0 0.5622 0.9149

Modal 18 0.097 0.0003 0.0053 0 0.5625 0.9202

Modal 19 0.095 0.2306 4 09E-05 0 0.7932 0.9202

Modal 20 0.054 0.0651 0.0041 0 0.8533 0.9243

Modal 21 0.087 0.0396 0.003 0 0.8579 0.9273

Modal 2 0.084 1.924E-06 2.153E-06 0 0.8579 0.9273

Modal 23 0.082 1.081E-05 0.0001 0 0.8579 0.9274

Modal 24 0.079 0.0001 0.0001 0 0.833 0.9275

Modal 25 0.075 0.013 0.0004 0 0911 0.9279

Modal 26 0.074 0.0002 0.0011 0 09113 0.9291

Modal 27 0.07 0.0022 0 0 09135 0.9291

Modal 23 0.069 0.0014 4 117E-06 0 0.9145 0.9291

Modal 2 0.065 2 454E05 1.281E05 0 0.9145 0.9291

Modal 30 0.062 0.0004 0.0331 0 09153 0.9621

Modal K] 0.06 0.0001 0.0003 0 09154 0.9624

Modal 32 0.06 0.0017 3.74E05 0 0917 0.9625

Modal 13 0.053 0.0157 0.0022 0 09327 0.9647

Modal M 0.057 0.0002 0.0007 0 0.9329 0.9654

Modal 35 0.057 0.0001 5.943E-06 0 0.933 0.9654

Modal 36 0.056 2627E05 4.783E-05 0 0.933 0.9654

Modal 37 0.054 0.0105 0.0019 1] 0.9435 0.9673

Modal a8 0.053 0.0021 2 618E05 0 0.9456 0.9673

Modal K] 0.052 0.0024 0.0006 0 0.543 0.963

Modal 40 0.051 0.0075 0.0002 0 0.9555 0.9632

] L]

Sum UX and Sum UY> 0.9---->0k
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3.5.2.4 Base shear check:
EQ max from ETABS = 13202

W =D.L+SID +0.3 *L.L =208288.9 KN

2.5xCaxWxI Cv*W*I)
R ’ R«T

V = min (
CV =0.32
=1

R=5.5
T=0.875

SOV =13849 KN

13849-13202

Error =——— % 100% = 4.6% < 5% ... ... ... ....

13849

ok
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3.6 Required Design elements:

3.6.1 Column Design:

Figure 3. 14: Etabs model column

FSectb
Y recte 3

FSactf *
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:
3
by
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Figure 3. 15: Etabs model column2

Column layout:

c1
4]
(4]
&
o1 cl
B3 et cl
cl

c1 ¢1

Figure 3. 16: column layout
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Column detailing:

r— 0.80 ——~ 16018

AN

1210@100mm
//

~— 0.50

section: c1

Figure 3. 17: column detailing

2
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80

L slab
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HI3

HOOPS SPACIN

Hi G 815 c OPS SPACING @ 10
0
,]b H/3
—100 CMﬁI’
|

!
H/ 3

L

kg

é Footing

HOOPS SPACING @ 10 cm

Figure 3. 18: column detailing

Typ. Vertical Section Through edge Columns

a

80

l slab

slab l

00PS SPACING @ 10 cm

VAR
VAR
H

/3

O0PS SPACING € 15 ¢

L

!
/3

k—100 cm—;"

2

Footing

Footing é

HOOPS SPACING € 10 cm
—
ke

Typ. Vertical Ssction Through Internal Columns
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3.6.2: Slab design:

Slab layout:
Slab layout B3:
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Figure 3. 20: slab layout B2




Slab layout B1:

Figure 3. 21: SLAB LAYOUT B1

Slab layout G.F:

Figure 3. 22: slab layout G.F
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Slab layout F1:

L

Figure 3. 23: slab layout F1

Slab layout F2:

l

Figure 3. 24: slab layout F2

Slab layout F3:
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Figure 3. 25: slab layout F3

Slab layout F4:
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Figure 3. 26: slab layout F4




Slab detailing:

Figure 3. 27: slab detailing

U-Boot Units Arrangement

Figure 3. 28: slab detailing
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GENERAL SECTION IN COLUMN CAP (THK=50cm)

SCALE 1:20

Link details
GENERAL SECTION U-Boot Slab(THK=50cm)

ALE 1:20
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Slab detailing for b3:
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Figure 3. 30:Slab detailing b2
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Slab detailing for bl:
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Figure 3. 32:Slab detailing G.F
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Slab detailing for f1:
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Figure 3. 34:Slab detailing f2
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Slab detailing for f3:
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Figure 3. 35:Slab detailing f3

Slab detailing for f4:
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Figure 3. 36:Slab detailing f4
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3.6.3 Footing design:

Soil allowable bearing capacity = 250 KN/m?,

Footing type: Mat footing

In this type, the reinforcement will be a mush at the top and a mush at the bottom.

KEEP 3 IN. OR MORE

MIN. TOP STEEL FOR TEMPERATURE & SHRINKAGE " FOR CONCRETE PLA CEMENT

—— ALIGN BARS AS MUCH AS POSSIBLE (- CONCRETE COVER
e e e e e e e e e e e
! :1 © ADDITIONAL STEEL LJ T
o
| ! a
. L =
i L
i

L CONCRETE COVER

- MIN. BOTTOM STEEL FOR TEMPERATURE & SHRINKAGE

L STANDEES FOR SUPPORT OF TOP STEEL

Figure 3. 37: reinforcement of mat footing

Software used: Safe 2016
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Figure 3. 38: footing design

Thickness was calculated equal =900 mm

Model checks:

Bearing capacity check from service load:

Figure 3. 39:Bearing capacity check from service load

Footing stresses < allowable bearing capacity ....is ok
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Punching shear check:
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Figure 3. 40:Punching shear check

As shown, all rations<1but at the shear walls N/C which ok.

Footing detailing:

218mm/lm top
A/—6@18mm/1m top

- —6032mm,/1m bottom

\xﬁ p32mm/1lm bottom

mat footing

Figure 3. 41:Footing detailing
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Figure 3. 42:Footing detailing

3.6.4 Stairs design:

The stairs is designed in Etabs program to make sure compatible and design .

Live lead =3.50 KN/m2

SID=4.50 KN/m2

Figure 3. 43:stairs plan.
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Modal ETABS:

Figure 3. 44:Modal etabs stairs

Compatibly check:

Figure 3. 45:Compatibly check stairs

The stair is compatible

136 |Page




Shear check in stairs:

105 KN

1000 * 160/1000

/28 *

0.75

*d:
6

Figure 3. 46:Shear check in stairs

ok

DdVe > Vuan....
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Moment results from ETABS:

Figure 3. 47:Moment results from etabs

Max moment from ETABS =6.1 kn.m .

_ 0.85xfc 1 1— (2.61*106*Mu)
p Fy fcxbxd?2

=0.000695
p min = 1.4/ fy = 1.4 /420 = 0.003
so, use AS min

As min =0.003 * 1000 * 200 = 600 mm? use 6 @12/ m
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Stairs detailing:

OT-4014

T-4014

beam 40725

6@1211m

T-4014

T-4014

B@12Mm:

scale 1:25 scale 1:25

Figure 3. 48:Stairs detailing Stairs detailing

3.6.5 Shear wall design:

6@121m

40

01211m

=L

6@12/1m

B@12(1m

Figure 3. 49:Shear wall design
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Table 19:Shear wall design

Shear Design

Station 1D Rebar | Shear Combo Pu M. Vy oV, L AT
Location mmm kN kN-m kM kN kN
Top Leg 1 825 D'Wal3 20582473 | 4758136 | 188.8028 | 514.0237 | 9180348
Tap Leg2 | 83477 D'Wal& 11877877 | -4B1.1604 | 2158282 | 36856781 | 7074821
Tap Leg 3 625 DWals 12146788 | 17B6714 B5.3088 514.151 817.556
Tap Leg 4 825 D'Wal& 14332382 | -T7E.1675 | 334.030 | 3820070 | 608.607
Tap Leg & 825 D'Wal4 17060783 | -17.7028 45,300 53,2012 | 0824212
Tap Legd 634,77 DWalé 1163 8865 -497 5526 224,028 388,578 707 4821
Tap Leg 7 825 D'Wal& 11862062 | -43.3325 342154 | TET.3147 | 1180.8335
Tap Leg & 825 D'Wal& 10484336 | -1027.8123 | 5268431 | 3620070 | 608607
Tap Leg 8 B25 Dal4 2923422 B7E.E2T1 92,3836 | 11885281 | 2188,0434
Tap Leg 10 625 D'Wal5 20886008 | -101.5894 | 191.8731 | 1718.80942 | 2720.4085
Tap Leg 11 | 834.77 D'Wald 11280050 | -204.4563 | 638801 | 4200744 | B54.262
Tap Leg 12 B25 DiWald 10830743 -284.7382 | 1832177 T80.571 1187, 1888
Tap Leg 13 | 62554 OWalG 5308288 | 5846.3835 | 734.4021 | 1421.0822 | 25360688
Tap Leg 14 | 625.54 O'Wald 30470768 | 51131062 | B14.4023 | 14210822 | 2638.0620
Tap Leg 16 | 62223 DWalé 37208707 | 3289517 | 200081 | BE5.4883 | 10481824
Tap Leg 16 625 OWalG 1482.2213 | -409.3836 | 1901756 | 3324602 | 654.2145
All shear wall in building Vu< @ VC ............. shear check in shear wall is ok

Design for shear wall:

Table 20:Shear wall design1

Flexural Design for P, M and M,

Station Required Required Current | Flexural P, M.z M.z Pier Ag
Location | Rebar Area (mm?®) | Reinf Ratio | Reinf Ratio | Combo kM KN-m KN-m mm*

Top 168641 0.0025 0.0124 DWal10 | 44404.3418 | 162802.2133 | -73020.8092 | 97458267

Bottom 158841 0.0025 0.0124 CWallD | 49303.4177 | 180861.1512 | -72752.0823 | 67458287

The ratio reinforcement in all shear wall in building is 0.0025.

Area of streel on 1m = 0.0025*1000*300 =750mm ----so use 7 @12 /1m.
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Shear wall detailing:

L’/—Tﬁlzmm/lm
ﬁ'?ﬂl 2mm,/1m

. /—'mizmm/lm
L4

N\

/TEJIEmm/lm
P

wal

Figure 3. 50:Shear wall detailing.
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Figure 3. 51:Shear wall detailing
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3.6.6 Sheet piles design:

Sheet pile design is concrete used to provide temporary or permanent earth retention
solutions in various construction projects. They are commonly used in applications

such as retaining walls, cofferdams, bulkheads, and deep excavations.

We used geo5 2020 for design concrete sheet pile.

Soil:
Table 21: soil sheet piles

Unit weight 18 KN/m?
Angle of internal fraction 30°
Cohesion of soil 0.00 Kpa
Angle of fraction soil 30°
Saturated untie weight 25KN
Height of water 3 m from bottom
Stress state effective

Sheet pile dimension:

Material of pile: concrete -

:

nn
1.00

L 1.00 L 1.00 L 1.00 N
A A

Figure 3. 52:Sheet pile dimension:
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Sheet pile geometry, Bending moment and shear force:

Bending moment Shear forc
Max. M = 2110.14 Kby M. Q= 1488
00 | om0
200
\ 400
?\Ma s
200
1000
— L 1200
‘ 4.76 1900
g 1600
o4 i
S L T e S T T e e T e TV L e T e T e S N

Wl kbl [ehrm]

Figure 3. 53: Sheet pile geometry, Bending moment and shear force.

Results from geo5 2020 program:

Reinforcement Results

Mo. of bars : 18,00 | [pes] || Shear reinforcement SHEAR: SATISFACTORY (99.6%)

Bar N defined BENDING : SATISFACTORY (97.2%)
ar Mo.: |user define -

Cover: 20.0 | [mm] DESIGN PRINCIPLES : SATISFACTORY (40.7%)

Bar Mo. : user defined Profile: 14.0 ] [mm]

Profile: 320 | [mm] SPacing: 390 | [mm]

Additional reinf. : user defined -

Additional reinf. profile: 0.0 | [mm]

Figure 3. 54: Results from geo5 2020 program

Sheet pile detailing:

Cover = 20.0 mm

Figure 3. 55:Sheet pile detailing.
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Chapter 4: Electro - Mechanical Design:

4.1 Lighting:
4.1.1 Introduction:

Lighting has always been a fundamental element in the conception of architectural
spaces, for it is capable of playing with volumes, distorting the perception of space
and even dramatizing the shapes and textures of the materials, enhancing their
aesthetic features dramatically. However, light does not only play a major role at a
decorative level. The quality of illumination makes all the difference when it comes
to the comfort -even the health- of those who experience living in these space

4.1.2 Artificial lighting design:

In this section, much attention should be paid to artificial lighting in the building
because it played a major role in the comfort of users. Where attention must be paid to
the amount of lux, color, direction, color temperature and the method of distributing
them within the spaces without neglecting to look at the amount of energy consumed
by the lighting units used.

The reflection factors used according to the DiaLUX software are the following:
* Ceiling: 75

* Floor: 60

» Wall: 30

Calculations and design will be using the DiaLUX software and according to the
required standards and specifications of each space, where one space of each category
will be designed and all the required luminaires will be given with a plan of their
distribution in the space along with a plan of the lux map contour in the space, the
glare will also be checked by making some calculation object surfaces in the
important areas, as the following:
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Ground floor rooms:

1-waitng hall:
The standard lux value in this type of spaces is 200Ix with 3500 - 4000 K lighting temperature

as the next calculations which is done all by the DiaLUX software shows:

Properties E Emin Emax ar g: Index
(Target)

Wailing room 208 Ix 13.91x 243 Ix 0.067 0.057

Perpendicular illuminance (adaptive) (= 200 k)

Height: 0.800 m, Wall zone: 0.000 m vy

Figure 4. 1: Artificial lighting calculation for waiting room.

Figure 4. 2: Waiting room from DiaLUX
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A%

Figure 4. 3:Light scene of lux values for artificial lighting in waiting room with plan of luminaires.

]
@) COQPER G

LAMP

Worktitude for light
Manufacturer AMP P 1W Manufacturer i _ P
Article No F112000C830N Qiminane Article No D BZ Pemarge

@
Article name FIL35 SUR 112016

WH Article name @

ELF

Fitting Tx LEC
Fitting

Figure 4. 4:Used type of luminaires in waiting room.

Results: the space’s artificial lighting design achieve all the requirement and specifications,
the light is distributed well and the glare is within the right range and not annoying
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2-Reception area:

The standard lux value in this type of spaces is 300Ix with 3500 - 4000 K lighting temperature
as the next calculations which is done all by the DiaLUX software shows:

Figure 4. 5:Reception room from DialUX.

Properties E Exin Ermax a, a: Index
(Target)
Workplane (reception) 309 Ix 26.3 Ix 572 Ix 0.085 0.046 WP30
Perpendicular illuminance (adaptive) (2 300 Ix)
Height: 0.800 m, Wall zone: 0.000 m \/

Figure 4. 6:Artificial lighting calculation for reception room.
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Figure 4. 7:Used type of luminaires in reception room.

ES-SYSTEM .

A CLAMOX COMPANY

Manufacturer ES-SYSTEM P 19.0W
Article No. FO630-00146RANODL ®riminare 3000 In
Article name FX65 OP 2023 LED
10 ¢ ) 19W
[P20 ANODA DR
Lot
Fitting 1x LEL

Figure 4. 8:Used type of luminaires in reception room.

Results: the space’s artificial lighting design achieve all the requirement and specifications,
the light is distributed well and the glare is within the right range and not annoying.
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3- Security room:

The standard lux value in this type of spaces is 300Ix with 3500 - 4000 K lighting temperature
as the next calculations which is done all by the DiaLUX software shows:

Properties 3 Er Eonas o as [ndex
(Target)

n

Z ~

9
SN T~

1A
(

S

Figure 4. 10:Light scene of lux values for artificial lighting in secretary room with plan of luminaires
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1% floor rooms:

1- Offices:
The standard lux value in this type of spaces is 500Ix with 3500 - 4000 K lighting temperature

as the next calculations which is done all by the DiaLUX software shows:

Figure 4. 11:Employees office from DiaLUX
Properties E Emin Emas g1 g: Index
(Target)
Workplane (employees office) 511 Ix 0.80 Ix 654 Ix 0.002 0.001
Perpendicular illuminance (adaptive) (2 500 Ix)
Height: 0.855 m, Wall zone: 0.000 m s

Figure 4. 12:Artificial lighting calculation for employee’s office
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Figure 4. 13:Light scene of lux values for artificial lighting in employee’s office with plan of luminaires.

—— =
[y Thortux

Manufacturer Thorlux Lighting P 230W
Article No. PU17713 Pemergency g
Article name Plateau LED 625 x Dpminake 2850 by
Divery
Fitting x PLATEAU LED
‘ ELF

Figure 4. 14:Used type of luminaires in employee’s office
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Glare check:
Desk 1 (UGR)

Strongest glare at

max

Target

<10 Viewing sector

Step width

Height

Index

Figure 4. 15:Glare results in employee’s office.

Desk 2 (UGR)

Strongest glare at

max

Target

Viewing sector

Step width

Height

Index

Desk 3 (UGR)

Strongest glare at
max

Target

Viewing sector
Step width
Hexght

Index

Results: the space’s artificial lighting design achieve all the requirement and
specifications; the light is distributed well and the glare is within the right range and

not annoying

Bathroom:

The standard lux value in this type of spaces is 100Ix with 2700 - 3000 K lighting
temperature as the next calculations which is done all by the DiaLUX software shows:

Figure 4. 16:Bathroom from DiaLUX

Properties E Evmin G g Index
(Target)

Warkplane (bathroom) 188 Ix 68,0 Ix 0.36 018

Perpendicular illuminance (adaptive) (= 100 Ix)

Height: 0.800 m, Wall zone: 0.000 m o

Figure 4. 17:Artificial lighting calculation for bathroom.

153 | Page




Figure 4. 18:Light scene of lux values for artificial lighting in bathroom with plan of luminaires

Results: the space’s artificial lighting design achieve all the requirement and specifications,
the light is distributed well and the glare is within the right range and not annoying.

W.C:

The standard lux value in this type of spaces is 100Ix with 2700 - 3000 K lighting
temperature as the next calculations which is done all by the DiaLUX software shows:

Figure 4. 19:W.C from DiaLUX
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Properties E Emin Ecnax o 0z Index
(Target)

Workplane (WC) 106 Ix 8291x 119 Ix 0.78 0.70

Perpendicular illuminance (adaptive) (2100 Ix)

Height: 0.800 m, Wall zone: 0.000 m v

Figure 4. 20:Artificial lighting calculation for W.C.

Figure 4. 21:Light scene of lux values for artificial lighting in W.C with plan of luminaires

LIGHTING CORP - )
Manufacturer Endo Lighting Corp P 6.2W
Article Mo. ERDZE04W _RADEBAEF Pemergency lighting 62W
Puminaire Fdim
Article name Fined Downlight
mlJ'lll_'rl,;.r_'||_'||Ir_ll'l,l'll,;| 7 ': m
Fitting 1%
Lamp_Disk75_4000k_ ELF 100 %

SuperiWide

Figure 4. 22:Used type of luminaires in W.C

Results: the space’s artificial lighting design achieve all the requirement and
specifications, the light is distributed well and the glare is within the right range and
not annoying.
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2"d+3" floor rooms:

1-Manager room:

The standard lux value in this type of spaces is 500Ix with 3500 - 4000 K lighting
temperature as the next calculations which is done all by the DiaLUX software shows:

Figure 4. 23:Manager’s room from DiaLUX

Properties E Ermin Ermas g -5 Index
(Target)

Workplane (manager room) 502 Ix 045 Ix 940 Ix 0.001 0.000

Perpendicular illuminance (adaptive) (2 500 Ix)

Height: 0.800 m, Wall zone: 0.000 m 4

Figure 4. 24:Artificial lighting calculation for manager’s room.
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Figure 4. 25:Light scene of lux values for artificial lighting in manager’s room with plan of luminaires.

RZB

Manufacturer

Manufacturer

)

Article No.

Article No. 312347.003.1.7¢

Article name Le

Fitting 1x LED

Figure 4. 26:Used type of luminaires in manager’s room

Article name

Fitting

Brumnsire
srgancy ihting 2
ELF
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Glare check:

Desk 1 (UGR) L R
- gost gla Py jest g — Strangest glare at
d <3 t
/ \ /
/ / \ \
[ Target o / \  Target
[ \
‘ \
‘ <10 Viewing sector <10 Viewng sector ( <10 | Viewing sector
\ | J
\ » Step width \ Adeh \ ( [ stepwd
\ \ 13 / \ 3 /
\. y / Heght 2 \ / Height ) \ 4 Height
N\ 16 _— 1% /,/ \ 16
= Inde inde ]
Desk 4 (UGR) Desk 5 (UGR)
_— Strongest glare at Sirongest glare at
~ \ / ﬁﬁ;\ -
// \ max \ max
/ \
/ \
',/ \ Target s ‘,/ \  Target
[ /
| wing $ec
|l <10 I Viewing sector <10 Viewing sector
| =
\ | step width ‘\\ | suepwidth
\ 13 \ 13
Height 0.72 \ / Height
\ / N\ > 5
\ 16 / - L 16 Y
s Index « N 7 Index

Figure 4. 27:Glare results in manager’s room

Results: the space’s artificial lighting design achieve all the requirement and

specifications; the light is distributed well and the glare is within the right range and
not annoying.

2-meeting room:

The standard lux value in this type of spaces is 500Ix with 3500 - 4000 K lighting
temperature as the next calculations which is done all by the DiaLUX software shows:

Properties E Eonis Enm g gz Index
(Target)
1) 502 Ix | e B 7
ninance (adap = I
all zone: 0.00

Figure 4. 28:Artificial lighting calculation for employee’s office
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Figure 4. 29:Light scene of lux values for artificial lighting in meeting room with plan of luminaires.
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Manufacturer Performance in P 260W
Lighting
Pemergency lightng 260W
Article No. 8607891273400
Qmumnc 3065 Im
Article name FLSB 600EL LED
OPAL S/A 26w 840 Demergency lighting 3065 Im
WH-RALS016
ELF 100 %
Fitting 1x LED
Figure 4. 30:Used type of luminaires in meeting room
Glare check:
Chair 1 (UGR) Chair 2 (UGR)
Strongest glare at 380 Srnmstglram 307
TR 113 miaE 165
Target £19.0 4 "/,/// Target 2190
Viewing sector 300" - &0 17 Vigwang Secnor 30
Step width 15 L] Step width
Hagight 0.720m % Height 20m
Index G2 e (v
|
Chair 3 (UGR) | Chair 4 (UGR)
[
Strongess glare at 50 [ strongest glareat 2407
o T8 | max 40
‘\_\:\\“ Target £19.0 : Target £19.0
1? Wikwirsg secion 3 | Vigwing sector 20° - J40°
- Step wadih 1% | Step width 0
16 Meighe ATI0 - : Height 0.720m
Index [acl] | Indes CGdd

Figure 4. 31:Glare results in meeting room for 1-4 chairs.
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Figure 4. 32:Glare results in meeting room for 5-8 chairs.

Results: the space’s artificial lighting design achieve all the requirement and
specifications; the light is distributed well and the glare is within the right range and
not annoying.

3-Corridor:

The standard lux value in this type of spaces is 100Ix with 3000 - 4000 K lighting
temperature as the next calculations which is done all by the DiaLUX software shows:

Figure 4. 33:: Corridor from DialLUX.
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Properties E Emin Emax g a9 Indesx
{Target)

Waorkplane (Corridar) 105 kx 158 Ix 177 I 015 0.089

Perpendicular iluminance [adaptive) (= 100 lx)

Heaght: 0LB00 m, Wall zone: 0,000 m v

Figure 4. 34 Artificial lighting calculation for corridor
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Figure 4. 35Light scene of lux values for artificial lighting in corridor with plan of luminaires
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NG| |

Manufacturer NG LIGHTING

Article No, GIDOD2-007-3

Article name ED Stop Light

F-l['tlng 1x LED

Figure 4. 36:Used type of luminaires in corridor.

Results: the space’s artificial lighting design achieve all the requirement and
specifications, the light is distributed well and the glare is within the right range and
not annoying.
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The basement floor:
1-The garage:

The standard lux value in this type of spaces is 75Ix with 4000 - 5000 K lighting
temperature as the next calculations which is done all by the DiaLUX software shows:

Figure 4. 37:Garage from DialLUX

Properties E Ermin Emax o g9z Index
(Target)

Workplane (Carage) 7956 I 0.60 I 164 Ix 0.008 0.004

Perpendicular illuminance (adaptive) (2 75.0 Ix)

Height: 0.000 m, Wall zone: 0.000 m vy

Figure 4. 38:Artificial lighting calculation for garage.
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Figure 4. 39:Light scene of lux values for artificial lighting in garage with plan of luminaires.

BRJGHT| RS,

Manufacturer BRIGHT SPECIAL P
HTI
D
Article No 84
Article name PALIO 1 LED OPAL
/ER 1 )

Fitting « PALIO 1L 1500mm

Figure 4. 40:Used type of luminaires in garage

Results: the space’s artificial lighting design achieve all the requirement and specifications,
the light is distributed well and the glare is within the right range and not annoying.
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2-Safe room:

The standard lux value in this type of spaces is 200Ix with 3000 - 4000 K lighting temperature
as the next calculations which is done all by the DiaLUX software shows:

Figure 4. 41:Safe room from DialUX

Properties E Ewin Ernax gs gz Index

(Target)

Workplane (safe room) 223 Ix 0.29 Ix 316 Ix 0.001 0.001

Perpendicular illuminance (adaplive) (& 200 Ix)
Height: 0.800 m, Wall zone: 0.000 m v

Figure 4. 42:: Artificial lighting calculation for safe room.
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Figure 4. 43:Light scene of lux values for artificial lighting in safe room with plan of luminaires

I : |

EGLO

Manufacturer eglo P 16.8W
Article No. 65616 @ Luminaire 1770 Im
Article name Sealza 1

Fitting 1x LED

Figure 4. 44:Used type of luminaires in safe room

Results: the space’s artificial lighting design achieve all the requirement 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:

It is in this part of the project that the electrical wiring of the building is designed. The
necessary exits and switches were distributed and the breakers board designed for the

building.

4.2.2 Power of sockets and lighting:

4.2.2.1 Ground floor:

Lighting

Table 22: lighting G.F

GROUND FLOOR
Type NO. OF LIGHT | POWER(W) NO.*POWER
ES-SYSTEM 19 49 931
LAMP 43 12 516
Theroux 15 23 345
lighting
ES- 5 49 245
SYSTEM18
TOTAL 1921 W

Demand factor for light = 0.8

Total power for light= power of light * demand factor

Total power for light= (1921)* (0.8) = 1536.8W

Sockets:

Number of sockets = 37.

Demand factor for socket = 0.8.

Power socket = 35 *250*0.8 = 7000 W + 4000 W special power = 11000 W

Total power = power light + power socket = 1536.8 + 11000 = 12536.8 W

Power factor = 0.9 for residential

. | rated = 125368 / (230* 0.9) = 60 A

lcb>125*60 A

lcb>75A...Solcb=3*100 A

Cable = 5*25 mm”"2
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4.2.2.2 First floor:

Lighting:

Table 23: LIGHTING F1

FIRST FLOOR
Type NO. OF LIGHT | POWER(W) | NO.*POWER
ES-SYSTEM 17 49 833
LAMP 18 12 216
lighting 70 23 1610
TOTAL 1547 W

Demand factor for light = 0.8

Total power for light= power of light * demand factor

Total power for light= (1547)* (0.8) = 1237.6 W

Sockets:

Number of sockets = 41

Demand factor for socket = 0.8

Power socket = 39 *250*0.8 = 7800 W + 4000 W (SP) = 11800

Total power = power light + power socket = 1237.6 + 11800 = 13037.6 W

Power factor = 0.9 for residential

| rated = 13037.6 / (230* 0.9) =63 A

lcb>125*63 A

lcb>76 A

Solc.b=3*100 A

Cable = 5*25 mm”"2
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4.2.2.3 Second floor:

Lighting:

Table 24: Lighting F2

SECOND FLOOR
Type NO. OF LIGHT | POWER(W) NO.*POWER
ES-SYSTEM 12 49 588
LAMP 9 12 108
Theroux 100 23 2300
lighting
TOTAL 1354 W

Demand factor for light = 0.8

Total power for light= power of light * demand factor

Total power for light= (1354)* (0.8) = 1083.2 W

Sockets:

Number of sockets = 41

Demand factor for socket = 0.8

Power socket = 39*250*0.8 = 7800 W + 4000 W =11800 W

Total power = power light + power socket = 1083.2 + 11800 = 12883.2 W

Power factor = 0.9 for residential

| rated = 12883.2 / (230* 0.9) = 62 A

lcb>125*62 A

lcbh>77 A

Solc.b=3*100 A

Cable = 5*25 mm”"2
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4.2.2.4 Third floor:

Lighting

Table 25: lighting F3

THIRD FLOOR
Type NO. OF LIGHT | POWER(W) NO.*POWER
ES-SYSTEM 9 49 441
LAMP 9 12 108
Theroux 40 23 920
lighting
TOTAL 1264 W

Demand factor for light = 0.8
Total power for light= power of light * demand factor

Total power for light= (1264)* (0.8) = 1011.2 W

Sockets:
Number of sockets = 51

Demand factor for socket = 0.8

Power socket = 46*250*0.8 = 9200 W + 8000 W = 17200 W.
Total power = power light + power socket = 1011.2 + 17200 = 18211.2 W
Power factor = 0.9 for residential

| rated = 18211.2/(230* 0.9) =79 A

lcbh>125*79 A

lcb>98 A

Solc.b=3*100 A

Cable = 5*25 mm”"2
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4.2.2.5 Fourth floor:

Lighting:

Table 26: lighting F4

FOURTH FLOOR
Type NO. OF LIGHT | POWER(W) NO.*POWER

ES-SYSTEM 2 49 438

LAMP 28 12 108

Theroux 100 23 437

lighting

TOTAL 987 W

Demand factor for light = 0.8

Total power for light= power of light * demand factor

Total power for light= (987)* (0.8) = 789.6 W

Sockets:

Number of sockets = 30

Demand factor for socket = 0.8

Power socket = 17*250*0.8 = 3400 W + 6000 W = 9400 W

Total power = power light + power socket = 789.6 + 9400 = 10189.6 W

Power factor = 0.9 for residential

| rated = 10189.6 / (230* 0.9) = 49 A

lchb>125*49 A

lch>49 A

Solch=3*63 A

Cable = 5*25 mm”~2

172 |Page




4.2.2.6 Basement 1:

Lighting:

Table 27: lighting B1

Bl FLOOR
Type NO. OF LIGHT | POWER(W) NO.*POWER
ES-SYSTEM 42 49 2058
TOTAL 2058 W
Demand factor for light = 0.8

Total power for light= power of light * demand factor

Total power for light= (2058)* (0.8) = 1646.4 W

Sockets:

Number of sockets = 3

Demand factor for socket = 0.8

Power socket = 2*250*0.8 = 400 W+ 2000W =2400 W

Total power = power light + power socket = 1646.4 + 2400 = 4046 W

Power factor = 0.9 for residential

| rated = 4046 / (230* 0.9) =20 A

lcb>125*20 A
lcbh>25A

Solcb=3*50A

Cable =5*16 mm”"2
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4.2.2.7 Basement 2:

Lighting:

Table 28: lighting b2

B2 FLOOR
Type NO. OF LIGHT | POWER(W) NO.*POWER
ES-SYSTEM 42 49 2058
TOTAL 2058 W
Demand factor for light = 0.8

Total power for light= power of light * demand factor

Total power for light= (2058)* (0.8) = 1646.4 W

Sockets:

Number of sockets = 3

Demand factor for socket = 0.8

Power socket = 2*250*0.8 = 400 W+ 2000W =2400 W

Total power = power light + power socket = 1646.4 + 2400 = 4046 W

Power factor = 0.9 for residential

| rated = 4046 / (230* 0.9) = 20 A

lcbh>125*20A
lch>25A

Solcb=3*50A

Cable =5*16 mm”~2
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4.2.2.8 Basement 3:

Lighting:

Table 29: lighting b3

B3 FLOOR
Type NO. OF LIGHT | POWER(W) | NO.*POWER
ES-SYSTEM 9 49 461
TOTAL 461 W

Demand factor for light = 0.8
Total power for light= power of light * demand factor

Total power for light= (461)* (0.8) = 368.8 W

Sockets:

Number of sockets = 10

Demand factor for socket = 0.8

Power socket = 9*250*0.8 = 1800 W+ 2000W =3800 W
Total power = power light + power socket = 368.8 + 3800 = 4168.8 W
Power factor = 0.9 for residential

| rated = 4168.8 / (230* 0.9) =20 A

lcbh>125*20 A

Ich>25A

Solcb=3*50A

Cable =5*16 mm”"2
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This figure show the sockets at ground floor:
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Figure 4. 45:sockets at ground floor

This figure show the lighting at ground floor:
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Figure 4. 46:the lighting at ground floor
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This figure show the distribution board in ground floor:

GROUND floor

s asmrz
Txé\ MCCE

ok T ke [P PR oy g g Yy o g
WWTWW FEEFRFTL FETETTFTL TETEEOLTS

Figure 4. 47:the distribution board in ground floor

4.2.2.9 Main distribution board (MDB):

Total power = total power GF+ total power F1 + total power F3+ total power F4+
total B1+Total power B2 + total power B3 = 79119.2 W +140000 W (chiller) + 22500
=241619.2.

| rated = 241619.2/ (30.5 *400* 0.9) = 387.5 A
lcb>1.25*387.5A

| c.b > 485 A

So I c.b = 3*600A

Cable = 5*240mm”2
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4.2.2.10 Chiller:

140 kW

Now we will calculate the power of chiller:

| rated =140000/ (30.5 *400 *0.85) =237.74 A
| c.b>1.25*237.74 A

lcb>297.2A

Then | cb = 300A

Cable = 5*150 mm”~2

4.2.2.11 Elevator:

22500W

Now we will calculate the power of Elevator:
| rated = 22500/ (3”0.5 *400 *0.9) =36 A
lchb>1.25%*36 A

lcbh>45A

Then 1 cb =63 A

Cable = 5*25 mm”2

| =115 A FOR GENERATOR.

115*400V= 46000 KVA * 0.8 = 36800 KW

4.2.2.12 GENERATOR:
LIGTHING GENERATOR:

Now we will calculate the power of GENERATOR:

| rated = 9320/ (3°0.5 *400 *0.9) =15 A
lch>125*15A
lch>19 A

Thenlch=25A
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Cable =5*10 mm”2

POWER GENERATOR:

69800 W /2 = 35000 W

| rated = 35000*0.7/ (3”0.5 *400 *0.9) =39 A
lcb>125*39 A

lcb>49 A

Thenlcbh =63 A

Cable = 5*25 mm”~2

The figure below shows the main distribution board:

N ETH 150 et 2
FROM M.D.B.
600 A
\f@‘ MCCE
I — Ie= l = § L — 18— — { — I
PUMP OF FIRE  elevator CHILLER B3 B2 B1 4th 3th second first GROUND
fioor floor floor fioor FLOOR

Figure 4. 48:the main distribution board:

179 |Page




4.3 Mechanical Design:

4.3.1 Water supply system:

Designing the building's water installations and calculating the amount of water
needed for use inside the building. The diameters of the pipes and the pressure
required for water in the floors were calculated, and auxiliary pumps were used. A
boiler was used for hot water.

TABLE 20.2 Planning Guide for Water Supply”

Buslding Livage Giallany Litwry

Figure 4. 49:Guide for water supply (Grondzik, Kwok, Stein, & Reynolds, 2010, P.872)
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In an office building, 50 liters per one person is needed for water supply in a day. The
largest number of users of the building per day is about 250 users, the total daily
water needed is 12500 liters/day, which equal 12.5 m3 /day.

4.3.1.1 Domestic 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 L)/student

220 gal (83.4 Li/student
26.5 gal (100 Lystudent

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

Motels: no. of units®
20 or less
60
100 or more

6.0 gal (23 LVunit
5.0 gal (20 LVunit
4.0 gal (15 LYunit

35.0 gal (132.6 LVunit
25.0 gal (94.8 Lunit
15.0 gal (56.8 L)funit

20.0 gal (75.8 L)/unit
14.0 gal (53.1 L)/unit
10.0 gal (37.9 L)/unit

Nursing homes

4.5 gal (17 Lybed

30.0 (114 L/bed

18.4 gal (69.7 Libed

Office buildings

0.4 gal (1.5 L)/person

2.0 gal (7.6 Lyperson

1.0 gal (3.8 Lyperson

cafeterias

snack shops

Food service establishments
Type A—full meal restaurants and

Type B—drive-ins, grilles,
luncheonettes, sandwich and

1.5 gal (5.7 Lymax
meals/h

0.7 gal (2.6 Ly/max
meals/h

11.0 gal (41.7 Ly/max
meals/h

6.0 gal (22.7 L/max
meals/h

2.4 gal (9.1 Lvavg
meals/day®

0.7 gal (2.6 Lyavg
meals/day®

20 or less
50

75

100

200 or more

Apartment houses: no. of apartments

12.0 gal (45.5 Lyapt
10.0 gal (37.9 Lyapt.
8.5 gal (32.2 Lyapt.
7.0 gal (26.5 L)/apt.
5.0gal(19L)

80.0 gal (303.2 LVapt
73.0 gal (276.7 LVapt
66.0 gal (250 Lyapt
60.0 gal (227 .4 LVapt
50.0 gal (195 LVapt.

42.0 gal (159.2 L)/apt.
40.0 gal (151.6 L)/apt.
38.0 gal (144 Ly/apt.

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 L¥/student®

Junior and senior high schools

1.0 gal (3.8 L)/student

3.6 gal (13.6 Li/student

1.8 gal (6.8 Ly/student®

Figure 4. 50:: Domestic hot water consumption (Grondzik, Kwok, Stein,& Reynolds, 2010, P.943).

In a building, 3.8 liters per person is needed for water supply in a day. The largest
number of users of the building per day is about 210 users, the total daily water
needed is 800 liters/day, which equal 0.8 m3 /day.

But it is an office building there is no need for hot water in the offices or in the
kitchen, instead we will use an Atmor in the kitchens, W,C, and in the security

room.
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4.3.1.2 Diameter calculation:

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.

Table 30: WATER PRESSURE

Pressure (psi) 31.62 25.55 | 20.45 15.3 10.2

Water supply fixture units:

TABLE 21.15 Water Supply Fixture Units (WSFU)

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 3 3 8
Bathtub Private Faucet 1 1 1.4
Bathtub Public Faucet 3 3 4
Bidet Private Faucet 1.5 1.5 2
Combination fixture Private Faucet 2.25 2.25 3
Dishwashing machine Private Automatic 1.4 1.4
Drinking fountain Offices, etc. ¥ in. (9.5 mm) valve 0.25 0.25
Kitchen sink Private Faucet 1 1 1.4
Kitchen sink Hotel, restaurant Faucet 3 3 4
Laundry trays (1 to 3) Private Faucet 1 1 1.4
Lavatory Private Faucet 0.5 0.5 0.7
Lavatory Public Faucet 1.5 1.5 2
Service sink Offices, etc. Faucet 2.25 2.25 3
Shower head Public Mixing valve 3 3 4
Shower head Private Mixing valve 1 1 1.4
Urinal Pulblic 1in. (25 mm) flush valve 10 10
Urinal Public 3 in. (19 mm) flush valve 5 5
Urinal Public Flush tank 3 3
Washing machine, 8 Ib (3.6 kg) Private Automatic 1 1 1.4
Washing machine, 8 Ib (3.6 kq) Public Automatic 225 225 3
Washing machine, 15 Ib (6.8 kg) Pulblic Automatic 3 3 4
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 4. 51:Water Supply Fixture Units (Grondzik, Kwok, Stein, & Reynolds, 2010, P.991).

By using upper figure, calculate total FU for each floor.
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Table 31:Fixture unit for zone

Floor

1st/2nd/3rd

5EW.C'S*5

9 LAVATORY*
2

3 KITVHEN
SINK*4

Total WSFU'S

55

GF/4th

AW.C'S*5

2LAVATORY*
2

2KITCHEN
SINK*4

32

Water flow rates:

Table 32 Water flow rate (Grondzik, & Kwok, 2015, P.919)

100 44 6.0
m /‘/
3 80 48
g 60 / ] 36 3
g L~ //’ o
= 40 -1 / / 24 5
i o
2 5”4 h
2 [
g

0 20 40 60 80

100 120

FIXTURE UNITS

140 160

180 200 220 240
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From upper figure, determined water flow rate for vertical, horizontal & branches for
each floor.

Table 33:Water flow rate for zone

water
U
= flow
GF/4th
Vertical 213 70
Horizontal 32 20
Branch 5 5
. water
Pipe FU flow
1st/2nd/3rd
Vertical 213 70
Horizontal 39 23
Branch 5 5
Determined diameter pipe & pressure drop
100 . - i i
— 12 2 } I
[ 354 i 1
— :--'114" / ”/ L f / /
I 1 1wz V.
. . ’r 4 ’r
£ 10— —E;;“T ,/J : : ..r"/ 4/ /’;
g E=—= 7 7 g
= — - 7 7 ml
g / //B. L /] / 7
g 1 J/ / "’ f -/ S
= I’l I” I’ I’
F i i A i
p 4 A yd rd
| pd r /| A 4
TV 7 A
0.1 4 engln|EEIInlgtciijlblcl}clcFll‘n } | ’, |
1 10 100D 41000

Water Flow (gpm)

Figure 4. 52:Diameter & pressure drop per 100 ft(psi) for steel pipe
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Pressure drop per 100t (psi)

100

10

0.1

Figure 4. 53:Diameter & pressure drop per 100 ft(psi) for plastic pipe
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Friction Pressure Loss in Water Meters
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Fig. 21.63 Pressure losses in disk-type water meters. () P units. () S1 units. (Reprinted by permmission from the 1997 Uniform

From upper figure, determined possible diameter for vertical, meter, horizontal &
branches.

Table 34:: Equivalent length for zone Pipe Material A.L

\.L (ft) E.L (ft)

Vertical Steel | 75.7874 | 113.6811
Horizontal PVC 8.2 9.84
Branch PVC 17 204

Water flow rate (vertical) = 70 gpm

186 |Page




Table 35:: possible diameter for vertical pipe with pressure losses for zone A

Loss/100°

0.12

0.35

1.3

38

Loss /113.68

0.13642

0.3979

1.48

4.32

10.2

Meter

Diameter

Pressure
Loss psi

1.3

4.2

12

Water flow rate for GF+4th (horizontal)=20 gpm

Table 36:: possible diameter for horizontal pipe (GF+4thF) with pressure losses for zone A

Horizontal 20 GF 4th
inch 217" 2" 112"
Loss/100° 0.4 0.9 3
Loss /9.84 0.03936 0.0886 0.3

Water flow rate for floor FF+THF+5thF (horizontal)=23 gpm

Table 37:possible diameter for horizontal pipe (1st / 2nd / 3rd) with pressure losses for zone

Honzontal

I__I_'l:-i"-. I |_"|L

1st  |2nd | 3rd
2 lin 1.25

| 35 B
0.1 .34 079
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Water flow rate (branch)=5 gpm

Table 38:possible diameter for branch pipe with pressure losses for zone A

inch Lin" 11" " 34"
Loss/100° 0.09 0.2 7 2.5
Loss /20.4 0.01836 0.0408 1.43 0.51

Selected pipes:

Table 39:selected diameter for pipes (GF&4th) with pressure losses for zone A

Selected GF SF 4

. o . Total
Line Vertical Meter Horizontal Branch

losses

diameter 4" 3" 212" Liz2"
Press. 0.4 1.3 0.039 0018 | 1.757
Loss

Table 40: selected diameter for pipes (1st / 2nd / 3rd ) with pressure losses for zone

Selected 1st 2 nd 3rd

. . : Total
Line Vertical Meter Horizontal Branch

losses

diameter 4" 3" 212" 12"
Press.
0.4 1.3 0.04 0.018 1.758
Loss
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For Ground floor, available pressure is 31.62 psi

The critical pressure is 12 psi

The maximum allowable loss=31.62-12=19.62 psi

The total loss in GF is 0.4+1.3+0.039+0.018=1.75 < max loss so it’s ok
19.62-1.75 = 17.87 psi

But we need a limiter 17 psi

For First floor, available pressure is 25.55psi

The critical pressure is 12 psi

The maximum allowable loss = 25.55-12=13.55psi

The total loss in FF is 0.4+1.3+0.04+0.018=1.758

For second floor, available pressure is 20.45psi

The critical pressure is 12 psi The maximum allowable loss=20.45-12=8.45psi
The total loss in SF is 1.75<max loss so it’s ok

8.45-1.75=6.7 psi

But we need a limiter 6 psi For third floor, available pressure is 15.3psi
The critical pressure is 12 psi

The maximum allowable loss=15.3-12=3.3psi

The total loss in TH.Fis 1.75

3.3+1.75=1.55 psi

No need limiter For fourth floor, available pressure is 10.2 psi

The critical pressure is 12 psi

The maximum allowable loss=10.2-12=-1.8psi

The total loss in Fourth F is 1.75>max loss so isn’t ok
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4.3.2 Drainage system design:

After performing the process of distributing water supply pipes inside the building
and based on the distribution of furniture, especially laundries and toilets, a process of

drawing and designing sewage drainage system according to its type:

1. Gray water gathers in the shower and in the washbasins.

2. Black water: This is the water that accumulates in the toilets and kitchen sink.

3. Storm water: Rainwater fills this reservoir.

TABLE 20.2 Drainage Fixture Units (dfu)

PART A BY TYPE OF FIXTURE
Drainage Fixture Minimum Trap Size

Fixture(s) Units (dfu) i mm*
Automatic dothes washers: Commercial® 3 2 51

Residentia 2 2 51
Bathroom group: Water closet (1.6 gpf [6 Lpf]), lavatory, and bathtub 5

or shower, with or without a bidet and emergency floor drain
Bathroom group: Water closet (>1.6 gpf [6 Lpfl), lavatory, and bathtub [ — —
or shower; with or without a bidet and emergency floor drain
Bathtub® (with or without overhead shower of whirlpool) 3 1% -]
Bidet 1 1% 32
Combination sink and tray 2 1% 38
Dental lavatory 1 1% 32
Dental unit or cuspidor 1 1% 32
Dishwashing machine®, domestic 2 17] 38
Drinking fouwntain 0s 1k 2
Emergency floor drain 4] 2 51
Floar drams i 2 51
Kitchen sink, domestic 2 1% 38
Kitchen sink, domestic, with food waste grinder andior dishwasher 2 1% 1]
Laundry tray {1 or 2 compartments) 2 1% 38
Lavatory 1 1% 32
Shinevet 2 1" 38
Service sink 2 1% 38
Simk 2 1 38
Urinal 4 s
Urinal, 1 gal (3.8 L) per flush or less 2
Urinal, nomwater supphied 0%
Wash sink (circular or muttiple) each set of faucets 2 1% 38
Water closet, flushometer tank, public or private 4! L
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 Lpfl), 4
Water closet, public (flushing =1.6 gpf [6 Lpfl &'
PART B, BY SIZE OF TRAP
Fixture Drain or Trap Size

in. mm® Drainage Fixture Unit {dfu) Value
1% 32 1
1% 38 FJ
2 5 3
2% 64 4
3 76 5
4 102 6

Figure 4. 54:Drainage fixture units (Grondzik & Kwok, 2015, P.945).

From above figure, shown the total drainage fixture unit in a building
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Table 41:drainage fixture unit in a building

Total WSFU'S

5*W.C'S* 4

9 LAVATORY*

1st/2nd/3rd 1 35

3 KITVHEN
SINK* 2

4W.C's* 4

-
GF/4th ZiAVATO RY 2o

2KITCHEN
SINK* 2

TABLE 20.3 Horizontal Fixture Branches and Stacks?®

R |
Horizontal One Branch Three Branch Greater than Three
in. mm¢ Branch Interval Intervals or Less Branch Intervals
1% 38 3 2 4 8
2 51 [ 6 10 24
2Va B4 12 9 20 42
3 76 20 20 48 72
4 102 160 90 240 500
5 127 360 200 540 1100
3 152 620 350 960 1900
8 203 1400 600 2200 3600
10 254 2500 1000 3800 5600
12 305 3900 1500 6000 8400
15 381 7000 d o d

Figure 4. 55:Horizontal Fixture Branches and Stacks (Grondzik & Kwok, 2015, P.946)

TABLE 20.5 Building Drains and Sewers

Y6 % b Ya
(in) (mm)® (0.5%) (1.04%) (2.1%) (4.2%)
2 51 21 26
2% 64 24 31
3 76 36 42 50
4 102 180 216 250
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
15 381 /000 8300 10,000 12,000

Figure 4. 56:Building Drains and Sewers (Grondzik & Kwok, 2015, P.948)
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TABLE 20.4 Size and Developed Length of Stack Vents and Vent Stacks

D:amu ';foul v < of
of or xture
Waste Stack  Units Being Diameter of Vent, in. (mm)*
in. (mm)"  Vented (dfu) 1% 1% 2 2% 3 4 5 6 8 10
(320 = 51 (64) (76) (02 (2n (152) (203) (254)
1% 2 30
32) 9.1)
1V 8 S0
as8) 15.2)
1% 10 30
(38) 91
2 12 30
sn 9.1
z 20 26
(51) 7.9
2172 az
(64)
3 10
(76
3 21
(76)
3 53
(76)
3 102
(76)
a a3
{(102)
4 140
{02
4 320
(102)
4 540
(102
5 190
(127
s 490
(127)
5 940
(27
5 1400
(127)
) S00
(152)
6 1100
(152)
6 2000
(152)
6 2900
(152)
8 1800 940
(203) (286 .5)
8 3400 729
(203) (222 &)
8 5600 &10
(203) (1859)
8 7600 560
(203) (170.7)
10 4000 310 960
(254) (94.5) 292 6
10 7200 240 740
(254) 73.2) 2256
10 11,000 200 630
(254) 61.0) 192.0
10 15,000 180 sn
(254) {54.9) (174.2)

Figure 4. 57:Size and Developed Length of Stack Vents and Vent Stacks (Grondzik & Kwok, 2015, P.947)

Table 42:Diameter & slope for type of fixture

Type of fixture Diameter (inch)

Vent 4 0

Sewer 2 1

Drainage 4 1

Between manhole | 6 1

192 |Page




4.3.3 HVAC system design:

4.3.3.1 Introduction:

The heating, ventilation and air conditioning system is one of the necessary and
important systems in any project, through which thermal comfort is achieved, by
using means of cooling or heating and controlling the temperature of the medium to
reach the level of comfort for people inside the building, and obtain fresh air, which
helps in improving productivity.

The following information is required to design HVAC system using Design Builder
software:

1- Inside design temperature = 23°C in summer and 22°C in winter.
2- Relative humidity between (30-60) percent.

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

1- Total design heating load = 102.340 KW.
2- Total design cooling load= 164.67 KW.
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4.3.3.2 Value of heating and cooling from Design Builder for all spaces:

Table 43:heating and cooling from Design Builder for all spaces

Design Cooling Load Per Floor Area(W/m2) Total Cooling Load (kW, Design Flow Rate (m3/s)

266
257
264
132
39
271
2
28
378
639
19.7
318
302
31
289
347
613
354
648
17
ni
1228
151
468

26.1
27
326
654
5.1
7
268
943
4
92
110.7
925
105
39
383
498
504
29
H3
933
947
315
269
141

4.06
3
364
044
052
084
065
065
0.56
0.35
12

0.72
076
088
08

047
0.31
048
03

201
0.46
0.96
093
03

11.55
0.57
04
223
042
6.73
1.96
1.4
0.95
1.2
144
1.2
0.35
0.76
0.84
114
1.15
1.02

06
1.25
0.75
152
046

0.3222
0.291
0.2833
0.03
0.0391
0.0693
0.0487
0.0521
0.0431
0.0263
0.1001
0.0585
0.0595
0.0706
0.0624
0.0395
0.0242
0.0404
0.0232
0.1604
0.0366
0.0972
0.0961
0.023

1.0377
0.0435
00317
0221
0.0345
047
0.163
0.1263
0.0825
0124
0147
01236
0.0246
0.05%
0.068
0.1026
01036
00823
0.0846
0.0442
0118
0.0592
06098
0.0366

Design Capacity (kW)
466

429
419
0.51
06
097
075
076
064
041
138
082
088
1.01
092
0.54
0.36
0.56
0.34
23
0.52
11
1.07
035

13.29
0.65
0.46
2.56
048
.74
22
142
1.08
141
1.66
14
04
087
0.97
131
1.32

115
0.69
144
087
8.65
0.52

Zone
Basement3:Archieve2
Basement3 Archieve3

Basement3 Meeting
Basement3:Lobby2
Basement3:Office?
Basement3 Archieve1
Basement3:Office4
Basement3Office3
Basement3:Lobby1
Basement3 Kitchen1
Basement3:Office1
Basement3.Office2
Basement3:Officeé
Basement3: Office5
Basement3 Office8
Basement2 Officet
Basement2 Office2
Basement1:Officet
Basement1:Office2

GroundFloor: WorkingArea

GroundFloorKitchen1
GroundFloor:Lobby2
GroundFloor:Office2
GroundFloor.Office1

Block Building
basement 3 Building 1
basement 3 Building 1
basement 3 Building 1
basement 3 Building 1
basement 3 Building 1
basement 3 Building 1
basement3  Buiding 1 |
basement 3 Building 1
basement 3 Building 1
basement 3 Building 1
basement 3 Building 1
basement 3 Building 1
basement 3 Building 1
basement 3 Building 1
basement 3 Building 1
basement 2 Building 1
basement 2 Building 1
basement 1 Building 1
basement 1 Building 1
ground floor Building 1
ground floor Building 1
ground floor Building 1
ground floor Building 1
around floor Buildina 1

GroundFloor:WaitingArea

GroundFloor:Lobby1
GroundFloor-Office3
GroundFloor-Officed
GroundFloor:Office4
FirstFloor:Lobby1
FirstFloor-Lobby2
FirstFloor:Office10
FirstFloor:Office8
FirstFloor-Office1 1
FirstFloor Officed
FirstFloor-Office12
FirstFloor Kitchen2
FirstFloor Officed
FirstFloorOfficed
FirstFloorOfficef
FirstFloorOffice?
FirstFloor.Office3
FirstFloor.Office2
FirstFloorKitchen1
FirstFloor-Archeviet
FirstFloor:Officet
SecondFloor:Lobby2
SecondFloorKitchent

ground floor ~ Building 1
ground floor ~ Building 1
groundfloor  Building 1
ground floor  Building 1
ground floor  Building 1
first floor Building 1
first floor Building 1
first floor Building 1
first floor Building 1
first floor Building 1
first floor Building 1
first floor Building 1,
first floor Building 1
first floor Building 1
first floor Building 1
first floor Building 1
first floor Building 1
first floor Building 1
first floor Building 1
first floor Building 1
first floor Building 1
first floor Building 1
secondfloor  Building 1
secondfioor  Building 1
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Design Cooling Load Per Floor Area(W/m2) Total Cooling Load (kW; Design Flow Rate (m3/s) Design Capacity (kW) Zone Block Buiding |
741 046 0.0368 052 SecondFloorKichen!  secondfloor  Building 1
409 072 00572 083 SecondFloorOfficel0  secondfloor  Building 1
407 072 0.087 083 SecondFloor:Office!  secondfloor  Buiding 1
33 069 0.0538 079 SecondFloorOfficet2  second floor  Buiding 1
904 12 01218 139 SecondFloorOffice?)  secondfloor  Building 1
326 08 00632 092 SecondFloor.Office3  secondfloor  Buiding 1
433 143 01305 185 SecondFloorOffice!4  secondfloor  Buikding 1
83 119 0.1081 137 SecondFloor:Officet5  secondfloor  Building 1
534 093 00817 107 SecondFloorOffice6  second floor  Buiding 1
Y 12 01251 142 SecondFloorOffice!d  secondfloor  Building 1
443 0.5 0042 064 SecondFloor.Officed  second floor  Building 1
451 054 0.041 063 SecondFloor:Office3  second floor  Bulding 1
454 055 0.0413 063 SecondFloorOffice2  second floor  Buiding 1 E
425 1.54 01349 178 SecondFloorOffice! ~ second floor  Buiding 1
553 161 0.1491 185 SecondFloor Office®  second floor  Buiding 1
909 12 012 139 SecondFloor.Officet® ~ secondfloor  Buiding 1
239 05 00351 057 SecondFloor-Lobby!  secondfloor  Building 1
107 118 0.112 136 SecondFloorOfficed  second floor  Buiding 1
403 08 0.0672 092 SecondFloorOffice ~ second floor  Buiding 1
33 085 0.0687 098 SecondFloorOffice?  secondfloor  Building 1
891 25 02643 297 SecondFloorOfficed  second floor  Building 1
12 04 00292 046 SecondFloorKitchen2 ~ secondfloor  Buiding 1
107 145 0.1468 168 SecondFloorOffice?  secondfloor  Buikding 1
209 141 0111 162 ThirdFloorLOBBY2  third floor Buiding 1
741 046 0.0366 052 ThirdFloor KITCHEN3 _third floor Buiding 1

217 1.67 0.1419 192 ThirdFloorLOBBY1  third floor Buiding
424 0.75 00594 0.86 ThirdFloorOFFICET third fioor Building

2 051 0.0356 0.58 ThirdFloorLOBBY3  third floor Buiding
455 0.54 0.0409 062 ThirdFloor.OFFICE11  third floor Building
1059 12 01136 1.38 ThirdFloorOFFICES third floor Buiding
405 082 0.0688 094 ThirdFloor:OFFICE9 third floor Buiding

4 054 0.0407 062 ThirdFloor OFFICE13  third floor Building
424 0.75 0.0593 0.86 ThirdFloor.OFFICEG  third floor Buiding
382 088 0.0716 1.01 ThirdFloor:OFFICE10  third fioor Buiding
466 0.55 0.0414 063 ThirdFloorOFFICE12  third floor Building
413 073 0.0601 083 ThirdFloor.OFFICES  third floor Buiding
927 123 0.1245 141 ThirdFloor OFFICE4 third fioor Building
29 6.66 0.5976 166 ThirdFloor.Lobby4 third floor Buiding
438 154 0.1345 1 ThirdFloor OFFICE14  third floor Building
925 123 0.1248 141 ThirdFloor:OFFICE3  third floor Buiding
5.8 163 0.1523 1.88 ThirdFloorOFFICE16  third floor Building
921 121 0.1231 14 ThirdFloor:OFFICE!  third floor Building
905 283 0.2698 291 ThirdFloor OFFICE15  third floor Building
m2 04 0.0293 046 ThirdFloor KITCHEN2  third floor Buiding
1 189 0.1873 217 ThirdFloorOFFICE2  third fioor Buiding

4 55 0.5059 633 FourthFloorMEETING  fourthfloor  Building
936 057 0.0485 0.66 FourthFloor KITCHEN  fourthfloor ~ Building
1096 11 01114 1.2 FourthFloorOFFICE6  fouthfloor ~ Building
525 055 0.041 0.64 FourthFloor.CIRCULATION fourthfioor ~ Buiding.
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4.3.3.3 HVAC design system:

VRF system:

VRF system consists of an outdoor unit that supplies, the fan coils with air that is
connected to diffusers supplying the diffusers in each space. The number of diffusers
is determined based on the airflow.

Diffuser from catalogue:

DF / DE @l
Core 21 4 [
Supply
P p— 150 225 300 375 450 535 600
Ijl'ﬂp {PE‘,I X X X X X X x
150 225 300 375 450 525 600
Ifs 34 76 135 211 304 413 540
9 |Min Max(m)| 1.0-2.0 | 1.525]| 20-3.5| 2.545 | 25-6.0 | 3.0-65 | 3.57.0
Ly - - - 23 24 26 28
Ifs 45 10 180 282 405 551 720
15 | Min Max (m) | 1.0-2.5 | 2.0-35| 2550 3.0-6.0 | 3575 | 40-8.0 | 4585
L - 25 28 30 31 33 3s
/s 56 127 225 352 506 589 900
23 | Min Max (m) 1.5-3.0 | 2.5-5,0 | 3.0-6.0 4.0-7.5 4.5-9.0 5.0-10.0 | 5.5-10.5
. 27 31 34 36 37 39 41
/s 68 152 270 422 608 B27 1080
33 | Min Max (m) | 2.0-3.5 | 25-5.5 | 3.5-725 | 5.0-95 | 5.5-11.0 | 6.513.0 | 6.5-13.0
Lux 32 36 39 41 42 43 45
/s 79 177 315 492 709 o964 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
Ly 36 40 43 45 46 48 49

Figure 4. 58: Diffuser from catalogue

The first diffuser with handles 34 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 127 L/S airflow, and the dimension of the
diffuser is

(225x225) mm .
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Fan coil:

We choose some kind of fan coil from catalogue that is:

1. Fan coil 2 pipe with capacity 8.02 KW, and Dim (564 x1404 x226).

2. Fan coil 2 pipe with capacity 1.54 KW, Dim (564 x774 x226).2

3. Fan coil 2 pipe with capacity 2.93 KW, Dim (564 x984 x226).

PWVO1-toc? Ypipe [*=IN eV} dpipe (*=$or )
ool s |o|e|o/olofelefuls|s]n

C—_— W w9 % | ® |w|m|y|9|%| % | mw|om

" [iowamdy |00 | 154|208 | 29 | A3 | 47 | 671 | B | L | 1% | 27 | 4B | 47 | 66 | 18
- ey || 10 | 151 | 2 | 3 | 365 | 491 | 5% | v | %1 | 27 | 355 | 397 | 4 | 8

gy ol |0 | 2M | 257 | 381 | 5@ | 636 | 18 | 0m -

Hating capacity [ i} i 190 | 200 | 308 | 5o | 5% [ oo | 9w
—_— oD | e | | seutionag | seamonas | s [0 stoadss | soarioncs
i weih g | nla| s |n[a] o [alo|ls[a][n] «
Sod e Sourd ot B | 6| 9| 7 | 2| % |6 | 6| 6|9 |02 |%]|60]|&

(I,‘l!jlll'l] ifa [£] n i 14 1 19 n I} 14 1 k]
bl R e "BERK ] BEREEERERE "BEERE
n [rr— wh |38 || s [ | s o [om [ w [ en [ [m | | e
W e | 0 bt e 7 W I m
Requtd omet gy itk T,

ﬂ Coding | XS | 38| S| 05 | BN [ LS| 0] B | W | ] s | | e |
et ey i [ | soe | [ w [ [ | v [ w | o [ [ e [ e [ ae
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Figure 4. 59:fan coil from catalogue
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e cooling load (w) fan coil (KW)
space Air flow L/S Diffuser number
office 1 100 68 2 1200
office 2 58 68 1 720
office 3 52 68 1 650
office 4 49 68 1 650 (2930) n=1
office 5 70.6 68 2 880
office 6 60 68 1 760
office 7 39 34 1 520
office 8 62 68 1 800
meeting .Room 283 127 2 3640
lobby 1 30 34 1 560 (8020) n=1
kitchen 1 25.3 34 1 350
lobby 2 30 34 1 440
Figure 4. 60:b3 fan coil

S cooling load (w) fan coil (KW)
space Air flow L/S Diffuser number
off!ce 1 40 68 2 470 n=1 (1540)
office 2 24 68 1 310
Figure 4. 61: b2 fan coil

SRS cooling load (w) fan coil (KW)
space Air flow L/S Diffuser number
office 1 40 68 2 480

=1 (1540)(K

office 2 23 68 1 300 n=1 (1540(KW)
Figure 4. 62: fan coil b1

e gl cooling load (w) fan coil (KW)
space Air flow L/S Diffuser number
office 1 23 34 1 300
office 2 96 68 2 930
office 3 32 34 2 400
office 4 35 34 1 420
office 5 23 34 2 2230

2 (8020K

lobby 1,2 43,97 34,68 1,1 570,960 ( W)
reception 100 68 2 2500
kitchen 36 34 1 460
waiting room1 170 34 5 4500
waiting room?2 272 34 8 3650

Figure 4. 63: G.F fan coil
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first floor

cooling load (w) fan coil

space Air flow L/S Diffuser number

office 1 59.2 34 2 750
office 2 84.6 68 2 1000
office 3 82.3 68 2 1020
office 4 60 68 1 760
office 5 68 68 1 840
office 6 102.6 68 2 1140
office 7 103.6 68 2 1115
office 8 82.5 68 2 950
office 9 147 127 1 1440 3 (8020 KW)
office 10 126 68 2 1240
office 11 124 68 2 1220
office 12 123.6 68 2 1220
archieve 118 68 2 1250
kitchen 1 44.2 34 2 600
kitchen 2 24.6 34 1 350
lobbyl 570 127 5 6730
lobby 2 163 127 2 1960
Figure 4. 64: fan COIL F1

SEELI T cooling load (w) fan coil

space Air flow L/S Diffuser number

office 1 135 127 1 1540
office 2 29 34 1 550
office 3 41 34 2 540
office 4 42 34 2 560
office 5 82 68 2 1180
office 6 112 68 2 800
office 7 68.7 68 2 850
office 8 149 127 2 1610
office 9 264.3 127 3 2500
office 10 57.2 34 2 720
office 11 57 34 2 720
off?ce 12 54 34 2 690 n=4 (8020KW)
office 13 63.2 34 2 800
office 14 130 127 2 1430
office 15 108 68 2 1190
office 16 81.7 68 2 930
office 17 148 127 2 1460
office 18 122 68 2 1210
office 19 125 38 4 1230
office 20 122 68 2 1210
lobby1 609.2 127 5 500
lobby2 111 68 2 7520
kitchenl 36.6 34 2 460
kitchen2 29.2 34 1 400

Figure 4. 65: FAN COIL F2
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third floor

cooling load (w) fan coil

space Air flow L/S Diffuser number
office 1 152 127 2 1210
office 2 187 127 2 1890
office 3 125 127 1 1230
office 4 124 127 1 1230
office 5 60 68 1 730
office 6 60 68 1 750
office 7 60 68 1 750
office 8 113 68 1 1200
office 9 70 68 2 820
office 10 71 68 2 880
office 11 40 68 2 540
office 12 41 68 2 550| n=4 ( 8020KW)
office 13 41 68 2 540
office 14 135 127 2 1540
office 15 270 127 2 2530
office 16 152 127 2 1630
lobby1 142 127 2 1670
lobby2 111 127 1 1410
lobby3 36 34 1 510
lobby4 598 127 3 6660
kitchenl 37 34 1 450
kitchen2 293 127 2 400
kitchen3 37 34 1 460
Figure 4. 66: FAN COIL F3

UeTLD ifear cooling load (w) fan coil
space Air flow L/S Diffuser number
office 1 81.4 127 2 920
office 2 612 127 2 5570
office 3 127 127 1 1400
ofﬁce 4 42.6 127 1 490 n=2 (8020 KW)
office 5 41 68 1 550
office 6 111 68 1 1100
kitchen 49 127 2 570
meeting room 506 34 1 5500

Figure 4.

67: FAN COIL F4
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Ground floor with VRF system:
[

il

Figure 4. 68:Ground floor with VRF system:

FIRST floor with VRF system:
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Figure 4. 69:FIRST floor with VRF system:
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Second floor with VRF system:
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Figure 4. 70:Second floor with VRF system:

Third floor with VRF system:

Figure 4. 71:THIRD floor with VRF system:

202 |Page




Fourth floor with VRF system:
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Figure 4. 72:Fourth floor with VRF system:

Basement 1 floor with VRF system:

F—

[my 1
Doﬁl—-
& ]
2]
]
B
A
A a
= |

Figure 4. 73:Basement 1 floor with VRF system:
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Basement 2 floor with VRF system:
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Figure 4. 74:Basement 2 floor with VRF system:
Basement 3 floor with VRF system:
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Figure 4. 75:Basement 3 floor with VRF system:
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VRF (Variable Refrigerant Flow) Air Handling Unit Selection:

This is for a very quiet and energy efficient system because the variable speed
compressor only operates to the capacity needed for the current conditions. Instead of
one large, noisy unit that pumps air to the entire space, the VRF system features
several smaller air handlers that can be individually controlled and piped back into
one system. VRF technology is able to provide both cooling and heat simultaneously
to different areas within the space.

A typical system consists of an outdoor unit (comprising one or multiple
compressors), several indoor units (often mistakenly called “fan coils™), refrigerant
piping running from the outdoor to the indoors, using Refined Joints (copper
distributors in pipes) and communication wiring.

—— Communication wiring —— Refrigerant piping —— RC Line

Figure 4. 76: RC LINE

The cooling load 164.67 KW

We will use one of VRF units with a capacity of 47 Tons (165.3 KW)
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picture for VRF system:

Figure 4. 77:picture for VRF system:1

Figure 4. 78:picture for VRF system:2
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Room air is drawn into
theceiling plenum

Ventilation air is supplied
fromthe centralsystem
and drawn into the FCU

Flexible ductwork
connects the FCU

todiffusers

Conditioned air is
supplied at high level
through linear diffusers

Figure 4. 79:picture for VRF system:3

Figure 4. 80:picture for VRF system:4
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Figure 4. 81:picture for VRF system:5

DUCT SIZING:

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.
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Figure 4. 82:PRESSURE LOSS
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Diameter of ducts for ground floor:

Table 44:G.F DUCT

ground floor

space Air flow m”3/min | diameter of duct mm
office 1 2 90
office 2 6 155
office 3 2 90
office 4 2 90
office 5 14 250
lobby 1 .2 6 155
reception 19 300
kitchen 2.2 90
waiting room1 | 62 500
waiting room2 | 58 480

Diameter of ducts for first floor:

Table 45:F1 DUCT

first floor

space Air flow m"3/h | diameter of duct mm
office 1 4 127
office2 |5 150
office 3 5 150
officed |4 127
office 5 4 127
office 6 6 155
office7 |6 155
office8 |4 127
office 9 6 155
office 10 |6 155
office 11 |6 155
office 12 | 6 155
archive 6 155
kitchen1 |4 127
kitchen2 |2 90
lobbyl 34 300
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Diameter of ducts for second floor:

Table 46:F2 DUCT

second floor

space Air flow m”3/h | diameter of duct mm
officel |8 210
office2 | 1.74 80
office3 |3 120
office4 |3 120
office 5 |5 150
office6 |7 205
office 7 | 4 125
office8 |8 210
office9 |16 260
office 10 | 3.5 130
office 11 | 3.5 130
office 12 | 3.5 130
office 13 | 3.8 135
office 14 | 8 210
office 15 | 6.5 200
office 16 | 5 150
office 17 | 9 220
office 18 | 7.5 210
office 19 | 7.5 210
office 20 | 7.5 210
lobbyl 36.5 400
lobby2 6.5 200
kitchenl |2 90
kitchen2 | 2 90
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Diameter of ducts for third floor:

Table 47: F3 DUCT

third floor

space Air flow m*3/h | diameter of duct mm
office] |9 220
office2 |11 250
office3 | 7.5 210
officed | 7.5 210
office5 | 3.5 130
office6 | 3.5 130
office7 | 3.5 130
office 8 | 6.5 200
office9 |4 125
office 10 | 4 125
office 11 | 2 90
office 12 | 2 90
office 13 | 2 90
office 14 | 8 210
office 15 | 16 260
office 16 | 9 220
lobbyl 9 220
lobby2 | 6.5 200
lobby3 2 90
lobby4 36 400
kitchenl |2 90
kitchen2 | 17.5 300
kitchen3 |2 90

Diameter of ducts for fourth floor:

Table 48:F4 DUCT

fourth floor

Air flow
space m”"3/h diameter of duct mm
office 1 5 150
office 2 36 400
office 3 8 210
office 4 2.5 100
office 5 2 90
office 6 6.5 200
kitchen 3 115
meeting room | 30 350
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Diameter of ducts for basement 3:

Table 49: B1 DUCT

office 1 6 155
office 2 35 130
office 3 3 115
office 4 3 115
office 5 4 125
office 6 35 130
office 7 3 115
office 8 35 130
meeting 17

Room 208
lobby 1 2 90
kitchen 1 1 75
lobby 2 2 90

Diameter of ducts for basement 2:

Table 50: B2 DUCT

office 1 | 2.5 103

office2 | 1.5 80
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Diameter of ducts for basement 1:

Table 51: B1 DUCT

office 1 | 2.5

103

office2 | 1.5

80
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4.3.4 Firefighting system design:

Introduction:

All buildings in their life cycle are exposed to fire hazards and damage, hence the
importance of firefighting system design.

Fire influences materials either by melting, cracking, twisting or shrinking. One of the
most important basics of protecting people’s lives when a fire breaks out is the
resistance of the building and its construction and finishing materials from this
danger, so that the occupants of the building can escape in the event of a fire.

Procedures:

Table 52:Design Requirement
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SPRINKLER FIRE FIGHTING SYSTEM DESIGN:

The sprinkler system is effective in putting out fires in places where paper forms are
not handled, such as prayer room, multi-purpose rooms and corridors. A sprinkler has
been chosen from Tyco Fire and the model of EC-8. All areas in which this system
will be placed 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.

Table 53:Sprinklers

Pendent & Recessed Pendent
* Light hazard KFACTOR K=8.0(1152)
* 3 mm bulb THREAD SIZE % NPT
* Covers areas as large as APPROVALS UL, CUL FM,.NYC
20'x 20' (6,1 mx 6,1 m) TEMPERATURE 136°F/67°C, 156°F/68"C
® The Series EC-8 Extended Coverage ESCUTCHEON Style 30 o Style 40
Pendent Sprinklers are decorative glass bulb
ESCUTCHEON FiNisH Natural Brass, Signal
sprinklers designed for use in light hazard White, Chrome Plated
occupancies :
SPRINKLER FiNiSH  Natural Brass, Signal White
* The recessed version of the EC-8, intended Polyester, Chrome Plated
for use in areas with a finished ceiling, uses o TY4232 Soruhder Svonches
either the two-piece Recessed Escutcheon }
TECH DATA TFP223 vt e Q
s =
FIRE PROTECTION General Products Catalog TYCO FIRE PROTECTION PRODUCTS

The diameters of all steel pipe that connect the sprinklers together and connect them
with supplier was chosen by:

Table 54:Steel Pipes

Steel pipes

| in. 2 sprinklers
1% in. 3 sprinklers
1% in. 5 sprinklers
2in. 10 sprinklers
2% in. 30 sprinklers
3in. 60 sprinklers
3% in. 100 sprinklers

4in. See Section 8.2
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Table 55:Sprinkler’s Design and Distribution in Waiting room

Coverage Max. Distance Min. Steel Pipe

nmmz"‘::l‘,';‘“ Area (m) Distance 3:1!‘"““' Dim X | x2| v | v
(m’) (m) klers (inch)

73.8 21 4.6 1.8 4 1ia 46 | 23 | 3651825

2 66.1 21 4.6 1.8 4 112 4.85 | 24253105 [ 1.575

Table 56:Sprinkler’s Design and Distribution in B1 + B2

Zoma Aven | T |y of No.of | Seet Pl | o Mistencs | il Distence x |x2| v |va
Zooe | 7 (o) Area | Speinklers | SPaklers | Dum (m) (m)
() [ (znch)

1 130 21 619 -] | T 4.6 1.5 338 (S
2 122 b d | 058 1 1 4.6 1.5 -
3 7.3 d | 3.39 4 | T 4.6 1.8 3.56 1.TR
4 16T 21 795 = 2 4.6 1L.B 4.4 22 4.75 238
1 E1S 21 398 4 1 iz 4.6 1. 16 1.8

Table 57:Sprinkler’s Design and Distribution in B3

Coverage MNo. of Sieel Pipe o 5 z
Zome Zu'r(l;:n;:).rm A SNlo_of Sprink} Di Mﬂx{]?'::;lﬂmﬂ M.In_l!::l:;innan x X2 Y /2
(m?) F used (inch)
1 73.2 21 349 4 12 4.6 1.8 2.95 1.48 -
2 243 21 1.16 1 1 4.6 1.8 - - -
3 By 21 4.14 4 | T 4.6 1.8 4.75 2.38 4.58 | 2.29
4 [IN ] 21 291 3 1w 4.0 1.8 3.23 1.62

Table 58:Sprinkler’s Design and Distribution in Corridor

Zone No. z"‘;;‘,",’“ C"““;ﬁ Area | No. of Sprinklers “ﬂ:g}m"
Zone | 14.1 21 1 !
Zone 2 2.6 21 1 1
Zone 3 10 21 | !
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DETECTORS DISTRIBUTION:

While fires can generally spread quickly, some other fires are started due to periods of
intense dormant fires. In such cases, highly sensitive fire detection systems must be in
place. The faster you want to detect a fire, the more expensive your fire detection
system will be.

SMARTA4 - Intelligent multl criteria detector

Specifications

. Magnt 00 men natated i B0 Sane
* Dwarvatar 02 ey it i S50 tave
» Wit 1789 (e b))

* Max Wom Gauge tr Termrai 2 Ao

. Nt gt Ragtaeratf 1010

* Tarpenstar wrgn 0C e vS°C

o Rawfive huretdy 15 %0 WS Honcundeneng)

* OO i S-S00ppm

Figure 4. 83:Detectors

EXTINGUISHER:

Used to extinguish or control small fires, often in emergency situations and does not
require the expertise of a firefighter. Three types were used according to the use of
spaces:

- CO2 Extinguisher: The best choice for places with a lot of electrical equipment
and papers such as offices and archive rooms, because it is safe and works by
suppressing the fire and cutting off the air supply, and leaving no residue
compared to foam extinguisher.

Part Extogueshing agent Moce Propeiiant  Propellant Extinguashung ! Bracket VWD
nanbe: Quantty performance stream range r QM 0 of contamer
Jischarge time
K28 'I 0018310000  CD K2 0y Mo 3m WCH+0C Sdig 520/250/170 mm
" g 853 0117 mm
$ | 001821.0000 €O, kS 0, 198 45m ACHE0C 1256  TO0MB0/1B0 e
et | Skg 1353 0152 mm

Figure 4. 84:C0O2 Extinguisher
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- Powder Extinguisher: It is used in places that contain flammable solids, liquids or
gases such as textiles, paper, wood, paint, diesel, gasoline, butane and methane.
Therefore, this type was used in the sorting room.

B00631.3016 ABC powder exingussher  PGEH OO SSA 238 C caébm -0Cw+60°C ca 99k ca 500/300/165 mm
6kg a2s 0 150 mm

8006313015 ABC powder extinguisher  PGEH 0D, QA 238 C cabm -30°Cio +60°C ca 99kg ca S00/3001165 mm
6hg a22s # 150 mm

B00641.0000 ABC powder extingusher PGOH OOy SSA 228 C a’m 30°Clo +60°C ca 143Ky ca 555/200/185 mm
kg ca2is 9170 mm

B00631.0000 ABC powder extingusher PG6H OOy MA 1838 C cabm -30'Co+60°C ca 99ky  ca 5007300/165 mm
kg a2s 9150 mm

B00651.0000 ABC powder extinguisher PG 12H (D, SSA 238 C aa’m -30"Cio +60°C ca 187 kg ca 600/290/205 mm
12k ca s 9 150 mm

Figure 4. 85:Powder Extinguisher

- Type A Extinguisher: Use in places exposed to Class A fires on common
combustible materials, such as fabric, wood, paper, rubber, and many plastics.
This type was used in the prayer room and corridors

Technical Details
FlameStop 9.0L Air/Water Type AP
Portable Fire Extinguisher S M PR
« Agent Type : Ar / Water

Part Number: G9LAW

PLATINUM
MEMBER

“ Firw Protecton
Acaisban  aviieaiie Assocition Austrels

Figure 4. 86:Type A Extinguisher

218 |Page




ALARM SYSTEM:

Although strobe lights and sirens do not put out fires, fire alarms can mitigate
property losses by alerting people who can do so. Fire alarm systems automatically
warn everyone of a fire outbreak, so bystanders, guests or employees inside the
building can respond quickly. Fire alarms can also trigger the fire sprinkler system
automatically.

Two types were used in this project:

- Manual Alarm System:

CAT.N° 1 380 68 u w Manuai “",D,o‘m (NCP)

Figure 4. 87:Manual Alarm System

- Sound & Light Alarm System:

Part Number Description

S Simplex

TrueAlert ES Addressable Horns,
Strobes & Horn/Strobes

S49AV-0001

Figure 4. 88:Sound & Light Alarm System
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FIRE HOSE CABINET DISTRIBUTION:

A high-pressure hose that carries water or other fire-retardant material such as foam
to put out fires. On the outside it is connected to either a fire engine or a fire
hydrant. Indoors it can be permanently connected to a building's vertical pipe or
plumbing system. It was used in places near emergency exits. Each fire hose serves
about 25 meters.

Hose Mounting
/i
[ 3 "
CRADDLE BRACKET REELS
SFSJ40R-UL | Single Jacket 1 %" 15m, 30m 200 psi 600 psi

Figure 4. 89:Fire Hose

EVACUATION PATHS:

Signs indicate entrances and exits to the building so that visitors can easily access
them, and escape quickly in the event of an emergency, thus executing evacuation
quickly and minimizing injuries that can result from a fire.

s oo 290 % 1745 3 o Mm 20V e

2 2605 1552 7O e Mum T3V 0w

250 1780 4 2m X0 050

21091 004 260492 ¥ 125 wm

EEEE
i
g
EERE

S 005 236 5 187 x84 24m

Figure 4. 90:Evacuation Paths
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Chapter 5: Cost Estimation:

5.1 Introduction:

In this chapter, we will calculate the final value of the project, which will be
calculated by dividing the project into smaller and smaller sections and activities in
order to be calculated more accurately and easier. WPS will work for all works in the
project to clarify how they are interconnected with each other, as it is one of the most
important foundations on which the project depends. The costs of the various
materials and labor needed to complete the project will be accurately calculated using
models of similar buildings. There are many factors that play a major role in the cost
of the project, as they may increase or decrease the cost according to the way the
project depends on it, one of the most important of these factors is the construction
systems used in the project, as the cost of a concrete project differs from an iron or
wood project The type and quality of materials used play a major role in determining
the price of the project, and we must mention that the time required to complete the
project plays an important role as well. Great attention should be paid to the initial
cost of the project, but without neglecting to look at the operational cost of the
building over its years. For example, the use of cheap insulation materials may greatly
affect the operational cost of the project for the project, as it will need more energy to
be adapted.
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5.2: Work break down structure (WBS):

Activity Name

|

Project
Sturctural
Sub-5Sturcture
Eearth Works
Site Leveling M 1.1.1.1.1
Excaua.tlcm Far oM 11112
Footing
Total Disposal M 1.1.1.1.3
Site Filling M 1.1.1.1.4
Foundation

Sinaing (o]
Formwork SM 1.1.1.2.1.1
Concrete M 1.1.1.2.1.2

Footing [ T2 ]
Formwork SM 1.1.1.2.2.1
e Ton 1.1.1.222
conerete oM 1.1.1.223
Proofing M 1.1.1.224

Column and shear

Formwork SM 1.1.1.2.3.1
i‘;ﬁ: TON 1.1.1.2.3.2
conerete oM 1.1.1.233
Proofing M 1.1.1.234
Formwork M 1.1.1.2.4.1
e Ton 1.1.1.242
conerete oM 1.1.1.2.43

Grounded Slab

Formwork M 1.1.1.2.5.1
Steel for
Grounded Ton 1.1.1.2.5.2
slab
Concrete M 1.1.1.2.53
Works
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Super-
Structure
Sturctural
Elemints
Columns [ T eaan |
Formwork SM 1.1.2.1.1.1
. Ton 112.1.12
WOrk
S M 112,113
work
Shear wall
Formwork M 112121
e Ton 112.122
Concrete oM 112123
Waorks i o
Beams
Formwork M 1.1.2.13.1
e Ton 112132
S M 1.12.1.33
work
Slab
Formwork M 1.12.14.1
Block Unit 112142
work
! Ton 112143
WOrk
T oM 1.12.1.44
work
Formwork
Stair case SM 1.1.2.145
slab
Steel
waork Stair Ton 1.12.14.6
case slab
Concrete
work Stair M 1.1.2.1.4.7
case slab
Stais [ T riais |
Formwork M 1.121.51
steel Ton 112152
WOrk
S oM 112,153
work
MNon-
Structural
Elements
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External Walls

Blocks M 1.1.2.21.1
Concrete M 1.1.2.21
Stone M 1.1.2.2.1.
Sill M 1.1.221.
Internal Walls
Blocks M 1.1.2.22.1
Finishing
Ground Floor SM 1.1.3.1.1
First Floor SM 1.13.12
Seocnd Floor SM 1.13.13
Third Floor SM 1.13.14
Fourth Floor SM 1.1.3.13
Fifth Floor M 1.1.3.1.6
staircase SM 1.1.3.1.7
GroundFloor SM 1.1.3.2.1
First Floor M 1.1.3.22
Seocnd Floor SM 1.1323
Third Floor M 1.1.3.24
Fourth Floor SM 1.1325
Fifth Floor SM 1.1326
For the staircase SM 1.1327
Bathrooms Floor
Tiles
Regular Floor Tiles
Wall tiles
Doors
Doors
Windows
Mechanical
Drainage
system
Tanks
TAMNKS Unit 1.14.1.1.1
Tan Unit | 114112
support
manholes
manholes
roof drain water
pipe 2 inch
z'r:i: Unit 1.14.15.1
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o Unit 114152
Water system
Sink and basin _
v Unit L14211
single sink Unit 1.142.1.2
Valve Sink | [tz |
““:;";gf;”k Unit 114221
WC
WC's
meters
collectors
Pipes
6 inch plastic m 1.1.4.3.1
4inch piastic I T YEY
plastic .
pipe 4 inc 1.14321
Electrical
Lighting
Flourcent unit L1511
Ceiling Light unit 1.1.512
LED""EES:“E” unit 11513
Distribution Board .
Flush mounted utt 11514
Wall Mounted unit 1.1.515
W":L”TPC’_L;T{E;_ZP?S' un 11516
Main gsat:dbutlan it 11517
Exhaust fan outlet unit LL51E
Battery back unit 11519
Emergency kit
Projector unit LED
150w (W.P) with unit 1L15.1.10
Box (W.P)
1 Gang Switch unit 1.151.11
2 Gang Switch unit 1.1.5.1.12
3 Gang Switch unit 1.15.1.13
2 Gang Switch 2 way unii 1.1.5.1.14
Stair case Switch unii 1.1.5.1.15
Light Wires M 1.15.1.16
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Power Socket outlet unit 1.1.5.2.1
Water Proof Power )
522
Socket outlet it 11222
B Eéurtll::‘r:]ﬂH=15E] unit 1.1.5.2.3
Power Wires M 1.1.5.24
Low Current
System
Teleph Socket ,
elephone Socke unit 1.1.53.1
outlet
Electrical bell 6 inch unit 1.1.53.2
Electrical bell 8 inch unit 1.1.533
Bell Puch Button unit 1.1.534
Network socket (
CAT M) for | CATE unit 1.1.535
) cable
Internal Loud ,
unit 1.1.5.3.6
Speaker 6-9 inch '
External
Loudspeaker (45 W)
(w.p) with unit 1.1.5.3.7
transformer
W.P Microphone ,
P unit R
outlet
HUB unit 1.1.539
Low Current
M 1.1.5.3.10
Amblifire Wires
DBEG M 1.1.5.3.11
LV.B M 1.1.5.3.12
Fire Alarm
System
Fire Alarm Panel unit 1.1.54.1
SMOKING )
542
DETECTOR RELLY uatt L1242
Heat Detctor unit 1.1.54.3
Fire alarm red ,
unit 1.1.5.4.4
Flasher
Fire al | , -
|reaarr|? manua unit L1545
station
WEATHER PROOF ,
{
AT 220CMS FFL. ut 11346
Fire system Wires M 1.1.54.7
Circuit
Breaker
Breaking .
1.1.5.5.1
Capacity 25KA ut
MCEB (32AM) unit 1.1.5.5.2
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25AM unit 1.1.5.53

20 AM unit 1.1.5.54

16 AM unit 1.1.5.5.5

10AM unit 1.1.5.5.6

Earthing Electrode unit 1.1.5.6.1
Galvanised 5teel

. 5 6.

Plates30*3 mm M 11562

Wire 70 mm inside M 11563

Pipe @ 32mm
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5.3 Bill of quantity (BOQ):

1 bank
1.1 Structural
1.1.1.1 Earth Work
1'1'11'1' Excavation for Footing CM | 21756 30 30 652680
site leveling CM | 612.6 | 30 30 | 18378
1'1:21'1' Total Disposal CM | 27195 15 15 407925
1111, N 1438. 64750.
3 Site Filling CM 39 45 45 05
1'1'11'2' Blinding
1'11'11'2' Formwork sM| 188 | 25 470 | 002 | 0376 | 3947 | 15 282 | 40 752
1']i'12'2' Concrete cM | 2072 | 340 | 70448 | 0.556 115é2°3 19444 | 35 | 7252 | 375 | 77700
1.1.21.2. -~
1112,
- Formwork SM | 1504 | 25 3760 | 002 | 3.008 | 03 15 | 2256 | 40 | 6016
1112, TO
5 Steel Work O | 452 | 3700 | 167240 | 0556 | 25.1312 | 50 90 | 4068 | 3790 | 171308
1'12' é‘z' Concrete Work cM 163%7' 340 563202' 0.263 43%8885 0875 | 35 58%07' 375 | 621510

228 |Page




1.1.1.2.

” Proofing sMm | 1504 | 10 1504 | 0.019 | 2.8576 | 0679 | 36 |5414.4| 46 | 6918.4
1112,
3
1.1.2 Super Structure
1.1.2.1 Structural Elements
11.2.1.
Column
1
1'11'21'1' Formwork sM | 2700 | 150 | 405000 | 0.02 54 03 15 | 40500 | 165 | 445500
11.2.1. TO
-2 Steel Work O | 451 | 3700 | 166870 | 0556 | 25.0756 | 50 90 | 4059 | 3790 | 170929
1'11%'1' Concrete Work cM | 500 | 340 | 170000 | 0.025 | 125 | 0.875 | 35 | 17500 | 375 | 187500
11.21. Shear Wall
2
1'12'21'1' Formwork SM | 3948 | 25 | 98700 | 002 | 7896 | 03 15 | 59220 | 40 | 157920
11.2.1. TO
5 Steel Work O | 573 | 3700 | 212010 | 0556 | 31.8588 | 50 90 | 5157 | 3790 | 217167
el Concrete Work CM | 592.4 | 340 | 201416 | 0,025 | 14.81 | 0.875 | 35 | 20734 | 375 | 222150
11.2.1.
3
11.2.1.
31
11.2.1.
3.2
1121,
33 Slabs
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1.1.2.1.

1'221'1' Formwork SM | 11112 | 200 2220240 002 | 22224 | 03 15 16868 215 2380908
112.1. Steel Work TO | 4003 | 3700 | 181411 | 556 | 272:606 | g 90 | 44127 | 3790 | 185823

4.2 N 0 8 7
1'1'%1' Concrete Work CM | 2500 | 340 | 850000 | 0025 | 625 | 0875 | 35 | 87500 | 375 | 937500
11.21. .

5 Stair
11.21.

- Formwork SM | 150 25 3750 | 0.02 3 0.3 15 | 2250 | 40 6000
1121, TO

- Steel Work \ | 126 | 3700 | 46620 | 0556 | 7.0056 | 50 90 | 1134 | 3790 | 47754
1'%%1' Concrete Work CM | 50 340 | 17000 | 0025 | 125 | 0875 | 35 | 1750 | 375 | 18750
L2l Hand Ralil LM | 110 | 600 | 66000 600 | 66000
1.1.2.2 Non Structural Elements
1'1'12'2' External Wall
1.12.2. Block SM | sass0 | 40 | 219400 | 5025 | 137125 | 05 o0 | 10970 | 4o | 329100

11 0 00 0
1-11'22'2' Concrete cM | 260 | 340 | 88400 | 0008 | 208 | 0167 | 20 | 5200 | 360 | 93600
12z Stone SM | 2550 | 250 | 637500 | 0.022 | 561 | 0778 | 35 | 89250 | 285 | 726750
1-11'31'2' Insulation M | 2550 | 70 | 178500 | 0.017 | 4335 | 0167 | 10 | 25500 | 80 | 204000
11.2.2.

5 Internal walls
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1'12'21'2' SM | 1650 | 31.25 | 515625 | 0.013 | 21.45 | 025 | 20 | 33000 | 51.25 84262'
1.1.3 Finishing
1.1.3.1 Plastering sMm | 41260 | 30 1230780 002 | 8252 | 03 15 61890 45 1850670
1.1.3.2 Painting SM | 41260 | 20 | 825200 | 0.016 | 660.16 | 05 30 1203078 50 2060300
1.1.3.3 Floor Tile SM | 3854 | 100 | 385400 | 1.875 | 7226.25 | 21.33 | 40 156‘16 140 | 539560
1.1.3.4 Stair Tile M | 350 | 160 | 56000 | 28.945 101530'7 2133 | 40 | 14000 | 200 | 70000
1.1.35 Gypsum Board SsM | 3000 | 60 | 180000 | 1.875 | 5625 | 21.33 | 50 15800 110 | 330000
1.1.3.6 Wall Tile SM | 384 80 | 30720 | 98.733 37%123'4 2133 | 40 | 15360 | 120 | 46080
1.1.3.8 Wood Door p'sc 50 1200 | 60000 4 200 25 1250 | 1225 | 61250
1.1.3.9 Bathroom Door p'sc 8 900 7200 4 32 25 200 925 | 7400
1.1.3.10 External Door Pec |6 2400 | 14400 4 24 25 | 150 | 2425 | 14550
1.14 Electrical
1.1.4.1 Power System
LLAL power socketoutlet | unit | 200 | 10 | 2000 | 0.267 | 534 | 4533 | 17 | 3400 | 27 | 5400
1'1'24'1' water pro%fufgf’er socket | i | 20 15 300 0267 | 534 | 4533 17 340 32 640
1'1'34'1' power wires m | 4000 | 5 | 20000 | 0.267 | 1068 | 4533 | 17 | 68000 | 22 | 88000
1'1'14 2. MBD unit | 1 3000 | 3000 | 0267 | 0267 | 4533 | 17 17 | 3017 | 3017
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1.14.2.

; MCCB unit | 1 400 400 | 0267 | 0267 | 4533 | 17 17 417 | 417
1'1'34'2' SBD unit | 1 150 150 | 0267 | 0267 | 4533 | 17 17 167 | 167
1'11"2"2' Elevator unit | 3 | 40000 | 120000 | 0.267 | 0801 | 4533 | 17 51 | 40017 | 120051
11.43 Light

1'1'14 3. NUMBUS Q340 unit | 210 | 200 | 42000 | 0.267 | 56.07 | 4533 | 17 | 3570 | 217 | 45570
1'1'24'3' CARDI Plato 2 unit | 34 100 | 3400 | 0.267 | 9.078 | 4533 | 17 578 | 117 | 3978
1'1'34'3' 3F Filippi lucequadro | unit | 45 150 | 6750 | 0.267 | 12.015 | 4533 | 17 765 | 167 | 7515
1'1'44'3' spectral stora QA unit | 14 250 | 3500 | 0.267 | 3.738 | 4533 | 17 | 238 | 267 | 3738
1'154'3' Philips RC 4688 unit | 105 | 300 | 31500 | 0.267 | 28.035 | 4533 | 17 | 1785 | 317 | 33285
1'164'3' regiolux alevo - avamp | unit | 134 | 200 | 26800 | 0267 | 35778 | 4533 | 17 | 2278 | 217 | 29078
1'1'74'3' RIO 31W unit | 16 500 | 8000 | 0267 | 4272 | 4533 | 17 272 | 517 | 8272

1.15 Safety System

1.15.1 fire hose station unit 6 750 4500 30 180 4680
1.1.5.2 sprinklers unit | 370 300 111000 30 11100 122100
1.15.3 fire extinguiguisher unit 30 150 4500 30 900 5400
1.1.5.4 heat detectors unit 40 135 5400 30 1200 6600
1.1.5.5 smoke detector unit 100 140 14000 30 3000 17000
1156 fire alarm unit | 10 180 | 1800 30 300 2100
1.1.5.7 | fire alarm and red flasher | unit 35 100 3500 30 1050 4550
1.1.5.8 out side dry stand pipe | unit 2 3800 7600 30 60 7660
11.5.9 fire exit door unit | 7 500 | 3500 50 350 3850
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1.1.6 Mechanical Work
1.1.6.1 Drainage system
1'1i6'1' kitchen sink unit | 5 300 | 1500 85 | 425 1925
1161 .

A lavatory unit | 16 150 | 2400 85 | 1360 3760
1161 .

A we unit | 18 | 1800 | 32400 85 | 1530 33930
1'1'46'1' urinal unit | 6 200 | 1200 85 510 1710
11.6.1. .

5 manholes unit 12 800 9600 85 1020 10620
1161 -

s Pipe 4 m | 200 14 2800 85 | 17000 19800
1'1'76'1' Pipe 2" m | 150 8 1200 85 | 12750 13950
1161, -

o Pipe 6 m | 700 25 | 17500 85 | 59500 77000
1'1'96'1' Clean out unit | 35 65 2275 85 | 2975 5250
1.1.6.2 Water System
1'1'16'2' water tank unit | 11 500 | 5500 90 990 6490
11.62. .

> water pump unit 1 5500 5500 85 85 5585
1'1'36'2' galvanized steel M | 100 45 4500 85 | 8500 13000
11.62. .

) PVC pipe M | 200 | 45 900 85 | 17000 17900
1'1'56'2' collector unit | 4 350 | 1400 85 340 1740
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1'166'2' valve sink unit | 20 60 1200 85 | 1700 2900
1'1'76'2' bidet unit | 18 30 540 85 | 1530 2070
1'1'86'2' shower unit | 4 1600 | 6400 85 | 340 6740
117 Elevator System unit | 2| 80000 | 160000 15000 | 30000 190000
1.1.8 HVAC System
1181 chiller unit | 5 | 10000 | 50000 4500 | 22500 72500
1.1.8.2 Diffuser unit | 238 | 300 | 71400 50 | 11900 83300
1183 fan coil unit | 17 | 2000 | 34000 150 | 2550 36550
11.8.4 Duct M | 600 60 | 36000 35 | 21000 57000
1.1.9.1 ceiling loudspeaker p'sc 2 500 | 1000 1000
193286
Total Cost 65
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Chapter 6: Conclusion

This project provided a redesign for “Establishment of Manage & Development
Orphans Funds”. The following conclusion can be stated:

* As a first step, the building was evaluated according to architectural standards and
recommendations, and modified and re-designed on its basis, including plans and
elevations, while keeping in mind the alignment of architectural and environmental
aspects. so that care was taken to obtain a more comfortable building that conforms to
the requirements and facilitates access to the various spaces in it and moving between
them.

* The environmental analysis was performed by Revit and some modifications were
made to study analysis Daylight, solar radiation and shadows for the building before
and after modification, to create a more comfortable place for users.

* Design steps start by finding the suitable dimensions for the selected system using
methods from the ACI code, followed by the calculation of load combinations to then
come up with the exact values of moment and shear forces on the structural element.
For the structural system to be able to resist the forces and stresses acting on it, forces
and stresses can be produced by several types or forms of loads such as dead, live,
wind and temperature, so the design of the structural system must consider the
ultimate compositions of these loads. The ETAPS program was used to perform the
structural analysis, considering all the effects that the architectural design did not
consider, the loads were distributed to the structure.

* Finally, an initial construction cost is estimated for the project, by estimating the
cost per square meter.
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