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Abstract

A bank is an institution that mainly deals with money related activities and provides plenty

of financial services. Also, a place with high security standards for people to deposit their money
safely. Banks deals with checks and gives out loans for aiding people in need. As a result of that,
banks are considered one of highest value buildings in any city/town. To understand the functions
of a bank and how it operates thoughtfully, you have to acknowledge how every space included in
the bank functions. Examples of the spaces in a bank, a conference room, meeting room, employee
offices, safe rooms, etc...
Most banks do not follow the guidelines and standards of an integrated design, that requires certain
international standards and regulations to achieve. Exceptionally high Security measures should
be applied to the bank, considering that banks are high value buildings. However, unfortunately
banks generally don’t implement high security measures in design, which leads to higher risks of
thievery and robbery. Other issues related to bank designs, space proportions/distribution, parking
spaces, and waiting areas, etc....

the main objective in this project:

® To design integrally taking into consideration, architectural, environmental, structural,
economical, and safety aspects of the building.

In order to achieve such goal a certain methodology had been followed. At the beginning, site
analysis and literature review are performed gathering all information related to bank institutions,
by reading educational books and articles, conducting a number of surveys to receive expertise
advice. After gathering all the information needed. The procedure of achieving a fully integrated
designs have been divided into a variety of steps. First of all, the architectural aspect has been

improved including space dimension, distribution, and orientation using AutoCad programme.




Consequently, the environmental aspect has been analyzed, by revising the topography of the
building, buildings nearby to calculate shading and to achieve maximum comfort (checked by
Revit programme/design builder). After that, structural checks and analysis have been performed
to ensure stability throughout programs like SAAP and Etabs. Mechanical systems like HVAC,
water supply and pipe distributions, have been taken into consideration to avoid any conflict with
other systems, and achieve fully integral design. Then, electrical systems have been proposed
including cabling and lighting distribution, power systems, and control panels which is achievable
by using the DIALUX program. Last but not least, safety measurements like fire exits, firefighting

systems, escape routes, and alarm systems are included in the aspect of safety design.

In conclusion, an integrated design had been achieved following the standard of a regular bank,
using various designing applications:

® AutoCAD, is used to design the building in 2D to confirm if the standards and regulations are
met.

® Revit. is used to view the building in 3D which gives a different perspective of the design.
Also used in some environmental checks.
SAAP, ETABS, SAFE, will be used to check if the building is structurally stable.
DIALUX, is used for lighting distribution and coverage.
ECOTYCT,INSUL,EASE, is used to design for acoustical comfort.




Chapter 1: Introducto







1.1. Introduction:

As known around the globe, each country has many different sectors included in the developing
of the country. Each sector plays an important role in the enhancing of society quality of living, for
instance, construction, commerce, agriculture, etc.... Economical sector which includes the banking sector
is one of the most important sectors for communities to consider boosting. In order for people to strengthen
the banking sector, they should have a fully understanding idea on how the economical aspect operate.
(Manthos D.Delis,2011)

Banking sector nowadays is becoming way more complex and sophisticated than it was in the past.
Moreover, is one of the fastest growing sectors, due to plenty of applications that accompanied the
technology era. For example, the e commerce, digital currencies and online banking, etc.... However, in
order for societies to be successful at that, an improved understanding of the banks basic function should
be implemented in people's minds. The main objectives that decide the scope of work are: designing an
architectural that meets the standards of spaces inside a bank, taking into consideration the orientation of
them. Checking if the building is environmentally compatible by using several simulation applications.
(Manthos D.Delis,2011)

Are banks safer? A question asked frequently since bank institution are relatively new especially in
Palestine, people are used to old methods of depositing money. Banks are much safer than old methods,
considering the fact that, money is electronically deposited removes the risk of thievery. Also, physical
money is vulnerable to humidity and weather condition, which may lead money to ware out and torn
apart. As a result, depositing money through banks is much safer, although is may have some
disadvantages, but the advantages out weight the disadvantages. (Polizzi, S., Scannella, E., & Suarez, N.
(2020))




1.2. Planning considerations:

This bank was designed using AutoCAD application. The bank consists of 9 floors. Exterior design
is specified as a traditional style bank. the first two floors are about the same area in size. However, the
other five floors are different in sizes, and one basement floor used as a garage for employees.

e Basement floors are around 6140 m2

e Ground and 1% floor are around 880 m2 individually

e 2" floor is around 482 m2

e Floors from 3 to 8 are around 334 m2 in area for each space

e Outside space

So total area of the project is 10080 m2.

1.3. problems:

Studies were conducted and feedback were taken, to avoid any problems located in previous bank
structures. Banks structures should be design integrally accommodating the architectural, structural, and

environmental aspects of the building. Here is a list of some issues regarding bank structures.

Space proportions standards are not met in most buildings.
Having difficulty forming a good entrance for the building
Not taking into consideration the hazard situations for example, fire exits, escape routes, etc...

Capacity of people is usually larger than expected, including parking spaces.

YV V. V VYV V

Elevators not enough for costumers.




1.4. objectives:

The main objectives to be considered while working on this project.

=

To perform analytical studies about bank standards and regulations.

2. To apply the standards and regulations on our unmodified plans or project.

3. Tomake sure all standards are being applied on the new project to redesign it into a better enhanced
version.

4. While redesigning take into consideration the environmental aspects to insure maximum comfort.

5. Design the structural skeleton integrally with the new design to avoid any conflicts between
architectural and the structural aspects of the building.

6. Design for electromechanical aspect, including HVAC , water and drainage distribution, and

acoustical comfort.

7. Take into consideration the economical values of materials, to form a well-rounded bill of quantity

that satisfy the costumer.

1.5. methodology:

The graduation project is mainly divided into two categories, graduation project 1 and graduation
project 2 during two full semesters in 2022/2023, in this report graduation land 2 will be discussed.
Graduation project 1 went through a methodology with a verity of steps to reach completeness. In the
first step, literature review of the site and building had been conducted, to fully understand the
functionality of the structure for better understanding of the design approach, and the issues that might
occur during execution and post occupancy phases of the building. Literature review which is mainly
studying the standards and regulation of site topography orientation for sun path, and spaces within the
institution can be conducted by studying existed similar buildings which help to avoid any further
setbacks, feedback from experts and end users (Occupants). in the second stage, the execution of the
studies that were conducted by making comparisons before modification and after modification for the

architecture design and for environmental analysis after that, check if the modifications are met to




standards and regulation through programs like Auto-CAD for 2D modeling and Revit for 3D modeling.
and. Last but not least, check if the building is structurally stable using programs like SAAP and ETABS,
additionally check if the building is economically friendly and will satisfy the customer. Graduation
project 2, included a wider and more detailed checks by including seismic analysis in the structural aspect,
also more accurate environmental check by using design builder program. Furthermore, for electro-
mechanical aspect, first of all hot cold-water distribution and calculations then, pipe and floor trap
distribution (including drainage). After that, lighting calculation and distribution using DAILUX program.
Power designing for wiring and distribution boards in the structure. Last but not least, a fully detailed bill

of quantity (BOQ) to sum up all the approximated expenses.

1.6. limitations

Limitations and constrains are usually required to specify the field of work and to remove any

confusion during designs, some of the constrains related to a bank structure are:

® Land constrains issued by the municipality.
@ Building location and orientation.

® Environmental constrains




1.7. Codes and standards

Redesigning like architecture, site and checks like environmental, structure are all done according to
internationally certified codes mentioned below:

Structural codes:
® ACSE: (American Society of Civil Engineers) for load distribution and combination
® ACI: (American Concrete institute) for concrete design and reinforcement

Architectural standards:

Nuefort 3RP edition for room standards and orientation
Nuefort 4™ edition for room standards and orientation

Metric for room standards and orientation

1.8. Earlier Coursework

This project knowledge is based on previous courses in building engineering department that are
mandatory to complete for achievement of all studies and checks in this project, examples are shown
below:

1. Architectural design: Computer Aided Building Design, Integration of Building Systems

2. Environmental analysis: Environmental Systems Design | - Lighting, Environmental Systems Design
Il Thermal, Building Core Systems,

3. Structural Design: Concrete Design 1, Concrete Design 2

4. Economic Studies: Construction Bids & Contracts Administration, Building Economics, Quantity
Surveying and Cost Estimate

5. Building construction 1, Building construction 2.

6. Acoustic simulation, thermal simulation, lighting simulation.




Chapter2: ENVIRONMENTAL ARCHITECTURAL ASPECTS




2.1. Literature Review

2.1.1. Introduction

This chapter is containing the requirement spaces in bank and the relationship between them, Bank
contain several spaces, entrance, manager office, meeting room, banking hall, cash counter, service room

such as toilet etc.... and storage room

| service room, toilets, etc Jg— Dank o
I side entrance
bookkeeping and accounts auditing
l manages department
bank
SUONGroom i cash counters: securities, forewgn Qroup creda
y xchange, ch 8, gir )
exchange, cheques, giro meeting Aspartment
I room
customers l I
strongroom banking hall ‘ ”
[qu.l‘d H lobby l or on other floors
entrance

Figure 1- Bank Room relationships (Nuefort,2014)

Globally, banks usually require an entrance from the main street, then from the entrance to the banking

lobby. banking lobby ordinarily includes chairs for clients to be seated for waiting.




exit entrance
commissionaire
banking hall
writing desk

desk, clerk

K cash counter

Figure 2- Bank Room relationships (Nuefort,2014)

2.1.2. Spaces and Standards:

Exterior design of Banks:

There are various exterior banks designs that can be implemented to give a distinctive and fancy
exterior appearance, most commonly used designs are, traditional design and modern design Traditional
design is a regular concrete construction, with a classical exterior appearance. Modern design is uniquely

shaped, with high usage of glass for exterior coverage




Figure 3 - Traditional Exterior Design

b

Figure 4 - Modern Exterior Design




Interior design of Banks

as known around society banks are one of the highest-value buildings in the country due to, having
plenty amount of money-related activities. also, large quantities of clients are expected to be present at the
same time, as a result of that, the interior design should include high security and large areas to fit all

client’s interior.

designs of typical banks should include:

Lobby:

it's a space that holds great importance. the lobby is a space that includes a banking hall seating for

customers to wait, reception, and cashier counters.

cashier counters and dealers have different orientations depending on their location of them.
if it's aligned with a wall the angle should be greater than 180 degrees.

if the counter is curved, it should be curved towards the staff.

Figure 5 - Reception Desk Dimensions (Nuefort,2014)
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Figure 6 - Cashier Desk Dimensions




The waiting area:

waiting areas are included in the lobby, with enough seats for customers to sit and wait for their
turns. Additionally, the location of seats should not block the flow of movement in the lobby regular seat
dimensions are 1.2 x 0.75 and 1.4 x 0.8 for disabled customers with wheelchairs

fecommencded Mt maing Predce
agacent o Be acceabie AN Do

Sesgraied & " Comparien lecing

Povdng o chocs of oocesltie wotng
‘oosfons kmcormmendied

Figure 7 - Waiting Area (nuefort,2014)

Staff zone:
includes multiple division
Offices Spaces

that consists of desks for employees, each office area has a standard dimension depending on the number

of employees per office, shown in the figure.
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Table 1 - Staff Offices dimensions (Nuefort,2014)

Workgroup Space Footprint Calculation Chart

Current Space Utilization Proposed Space Utilization
Number of Staff (staff per useable space) (staff per useable space)
m? fit? m? ft?
1t0 5 229 246.5 22.0 236.8
6to 10 20.5 220.7 20.0 2153
11to 20 18.9 203.4 18.6 200.3
21to 40 18.0 193.8 18.6 200.3
40 plus 18.0 193.0 18.0 193.8

D 1200 = 750
* 450

f—— 4700——— B —
file desk _goo_l

O
4200
900 —

SRR AR g —

Figure 8 - Staff Office Dimension (Nuefort,2014)

Administration Department

consists of manager's office, deputy manager's office, conference and meeting rooms, and a secretarial.
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The manager rooms

a bank manager is responsible for supervising almost all activities in the bank. room dimensions should
be between 20 to 30 m2,

The deputy manager room
a deputy manager is responsible for supervising in the absence of the manager.
The secretary room

is the closest office to the manager's room and responsible for organizing and keeping everything in order

for the manager

Table 2 - Managerial Office Dimension

Type of office Function Area per personf
Private office Senior manager/director 20-30 m”°
Private office Manager/department head 15-20 m’
Private office Manager/professional 10-15 m’
Private office Manager/professional 10-15 m’
Small group room Professional 10 m’
Large group room Professional 9 m’

pen plan Professional 9m’

pen plan Secretarial/administration 9m’

pen plan Clerical 7-9 m’

iroup room/open plan Dealer 6-9 m’

14
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Figure 9 - Managerial Office Dimention ( David,2016)

Conference room

a conference room is important as plenty of meeting among the staff are being held, in order to discuss
key ideas and plans. Moreover, the conference room should be centrally oriented to be close to all staff

offices with dimensions between 50 to 100 m?.
Records dep

called the archive room, it must be safe and easily accessible due to, it containing private information for
client and for the bank.

Figure 10 - Record Department Dimensions (David,2016)
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Figure 11 - Record Department Circulation (David,2016)

Bank vault

the bank vault is the most important room in the bank, because, all the bank deposits and money are stored
there. therefore, it is designed of hard solid reinforced concrete with a thickness ranging from 20 to 30
cm, also a special door is attached to the vault for the armored truck to transfer money from or to the bank.

Figure 12 - Bank Vault (David,2016)

*Services
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Bath rooms

bathrooms are exclusive to employees in the bank for security purposes, the number of bathrooms varies

depending on the number of employees.

Number of persons at wark

Number of WO Number of wanhing

sations
Iws |
6wl 2
16 o 3 ] 3
1 1w 78 4 4
76 w0 10 5
Above 100 One addiiosal WU aad wasluag subon o

cvery umit of fraction of 2 unit of 25 petsons

L = n(700) + 100

Figure 13 - WC Dimensions and Circulation (David,2016)
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Elevators

It’s used to transport people vertically between different floor

Number of elevators depend on type of building.

Figure 14 - Elevator Dimensions and Standards (David,2016)

Stairs

stairs are a key element in the bank which provides a simple method of moving between floors

the flight should be 1.5 m

. width of

SOm'

11T

1001

.
[—

g

Figure 15 - Staircase Shapes and dimensions (Nuefort,2014)
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Staircase Elevation Dimension (Nuefort,2014)

Corridors

corridors are essential because they connect all the parts of the building. the corridor should at least fit

two people walking the opposite way. duo to that, the width range between 1.2 - 1.4 m

¢ I'wo people passing

Figure 17 - Corridor Dimension With two People Walking in Different Directions (David,2016)




Kitchen

In these types of building kitchen is used by the staff and must be far away from areas where staff and

customers meet

18 28 mm

108 Gereny

offoe machine enclosure | o1

|
: efuge recyche
|
|

BEVERAGE COUNTER
ganzasm

- LOWER CABINETS & COUNTER

« UPPER MICROWAVE ENCLOSURE
« UPPER CABNETS AS REQUIRED

Figure 18 - Kitchen/Cafeteria Dimension and Circulation (David,2016)

Parking

the parking spaces are usually divided into two types, underground parking and above-ground on the

street.

underground parking in the basement floor is limited to employees due to security reasons. however,

parking’s on the street are restricted only to customers
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p— 12000 for S cars —

Figure 19 - Parking at 90 Degree Dimensions (Nuefort,2014)

[— 1700 for 5 cars —I

Figure 20 - 45 Degree echelon Parking Dimension (Nuefort,2014)

as shown in the figures dimension for parking that consists of 5 cars are 12 x 4.8 m and 17 x 5.1 for 45-
degree parking (echelo
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Fire stair

Fire escape stairs shall be to examine for structural ability and safety, it can be reinforced or steel.
Minimum number of fire exit is two and it depend on the number of employees and size of the building.

The minimum standard width of stairsis 1.1 m

ATM

ATM are initials for automated teller machine, which is a machine that makes it easier for customers to

withdraw or deposit money, without the need of waiting inside the bank.

1050 1220
| 1 ||
3 2 g
: L i
- ‘ I
? 1950 .

Figure 21 - ATM (Automated Teller Machine) Dimensions considering Handicapped people (David,2016)

Armored bank truck

armored truck is a way of transferring money from and off the bank. they are manufactured to be

bulletproof, explosive proof, to defend against any theft attempts.
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Figure 22 - Armored Truck
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2.2. Case study

Building name: Bank of Palestine
Location: Nablus, Palestine

Founders: Haj Hisham atta shawa, Dr, Hani shawa

2.1.1. Project:

According to bank of Palestine website, bank of Palestine was established in 1960, in purpose of
improving the financial services in Palestine. Also, is one of the most widespread bank institutions in the
country with all its branches and automated teller machines. Including their expert staff and employees,
bank of Palestine serves over 850,000 customers. Regulations and international law were compiled into

the institution, as it's required by the Palestinian monetary authority.

2.1.2. Project location:

Bank of Palestine has multiple branches throughout the country. However, the main branch is
located near the old downtown in Nablus city at Sufian St.It is considered one of the biggest banks in

terms of size.
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2.1.3. Project concept:

As the main branch structure was established near 2008, the building was designed as a traditional
building, back in the days environmental designing was minimal considering the lack of studies towards
that subject, the building was poorly designed in terms of environmental aspect. However, later was
modified environmentally and architecturally due to the awareness of companies on the importance to the

comfort of people within the institution.

2.1.4. project modifications:

As mentioned before, the designing of the institution didn’t consider the importance of
environmental analysis and comfort then later was modified to meet the standards. The main modifications
that was implemented into the institution was, modifying exterior curtain walls by adding either skin
facade (CNC treatment) to minimize heat gain(Direct sun) through glass, or by changing the glass type
to low E glass. Furthermore, adjusting room sizes to meet global standards also, create more corridor areas
for the movement to become as linear as possible and for escaping routes to avoid collision during

emergencies.

2.1.5. Case study Benefits:

This particular case study was used since it was the same institution as our project which is a bank
institution. Also, in the same same city (Nablus) as they have similar weather conditions, sun path, and
solar gain. Benefits of this case study was giving us ideas on how to solve issues facing us
environmentally and architecturally, aiding us on how to avoid future issues and solving them in early

stages of designing (Feedback)
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2.3. Site Analysis:

2.3.1. Site Location:

The site is located in Nablus city in sofian st. at longitude 32.224168, and latitude 35.259151 and
approximately 550 m above sea level, site is around 550 m away from city center ( martyrs square

roundabout) , the site main entrance from Faisal st. is directed to north.

Figure 23 - Site mapping and specific location (Google Maps)
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Figure 24 - Close up look to site location

2.3.2. Site Climatic Analysis:

2.3.2.1.Annual Temperature:

As shown in figure 25 and in table 3, temperature annually averages around 29°C in summer days ( hot

days), and 6°C-8°C in winter days ( cold days),

According to Weatherspark website “The hot season lasts for 4.4 months, from May 30 to October 10,
with an average daily high temperature above 26°C. The hottest month of the year in Nablus is August,

with an average high of 29°C and low of 20°C.
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The cool season lasts for 3.1 months, from December 8 to March 13, with an average daily high
temperature below 16°C. The coldest month of the year in Nablus is January, with an average low
of 6°C and high of 13°C.”

Average High and Low Temperature in Nablus

& Link & Download Compare Histo 2022 2021 2020 2019 2018 2017 2016 2015 2014
cool hot cool

40°C 40°C
35°C Aug 9 35°C
30°C May 30 2202C» Oct 10 30°C
25°C R 25°C
—ie Jan 25 ke 13. i Dzs(? | e
15°C [l 3:Guies ‘ N 15°C
10°C [ B 10°C

5oc B 6°C — ; S 5oC
0°C t+0°C
-5°C -5°C
-10°C -10°C
-15°€ -15°C
-20°C low| -20°C

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

The daily average high (red line) and low (blue line) temperature, with 25th to 75th and 10th to 90th
percentile bands. The thin dotted lines are the corresponding average perceived temperatures.

Figure 25 - Average annual temperature in Nablus city (Weather Spark,2022)

Table 3 - Average Annual High and Low Temperatures in Nablus city (Weather Spark,2022)

Average Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
High 13°C 14°C 17°C 21°C 25°C 27°C 29°C 29°C 28°C 25°C 20°C 15°C
Temp. 9°C 10°C 12°C 16°C 20°C 22°C 24°C 25°C 23°C 20°C 15°C 11°C
low 6°C 6°C 8°C 11°C 15°C 18°C 20°C 20°C 19°C 16°C 11°C 7°C
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Average Hourly Temperature in Nablus
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Figure 26 - Average Hourly temperature during the year(Weather Spark,2022)

2.3.2.2. Site Clouds and Precipitation Analysis:

According to weather spark website, the clearest sky month of the year is august and the cloudiest month of

the year is December , these statistics effect on the rainy days during the year.

-loud Cover Categories in Nablus
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Figure 27 - Cloud coverage percentage during the year (Weather Spark,2022)
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Table 4 - Cloud coverage percentage during the year (Weather Spark,2022)

Fraction Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Cloudier 26% 25% 23% 24% 17% 3% 0% 0% 2% 15% 25% 29%
Clearer 74% 75% 77% 76% 83% 97% 100% 100% 98% 85% 75% 71%

Figures 28 and 29 below show the precipitation (the amount of rain) during the year, with approximately
the number of rain days each month.

Daily Chance of Precipitation in Nablus
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The percentage of days in which various types of precipifation are observed, excluding trace guantities: rain
alone, snow alone, and muxed (both rain and snow fell in the same day).

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

Rain 81d 6.9d 4.9d 2.0d 0.5d 0.0d 00d 0.1d 03d 2.0d 4.5d 6.9d

Figure 28 - Precipitation annual graph (Weather Spark,2022)
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Figure 29 - Average monthly Rainfall (Weather Spark,2022)

2.3.2.3. Wind Analysis (Direction and Speed):

Wind in Palestine is mainly fixed during the year with an average anomaly of 0.2 m/s between the
highest and lowed wind speed. The highest wind speed recorded is around 3.1 m/s , while the lowest is
around 2.7 m/s . also shown in the figures below. The direction of the wind as shown in figure 31 is

mainly western wind and western north , with a small amount of eastern wind during the summer season
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Average Wind Speed in Nablus
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The average of mean hourly wind speeds (dark gray line), with 25th to 75th and 10th to 90th percentile
bands.

Figure 30 - Average Annual Wind Speed (Weather Spark,2022)

Table 5 - Average monthly Wind Speed (Weather Spark,2022)

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

Wind Speed (m/s) 3.1 3.1 29 28 28 3.0 31 30 29 28 29 30

Wind direction during the year is mainly western wind as shown in figure 31
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Figure 31 - Wind direction and speed (Metoeblue,2019)
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Figure 32 - Wind Direction on Bank

2.3.2.4.Solar energy:

the amount of incident energy per meter square in Nablus city, Taking into consideration the seasonal
variation of day length and atmospheric absorption from clouds. Also the direct sun light and the

diffused with the ultraviolet radiation.

Average Daily Incident Shortwave Solar Energy in Nablus
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The average daily shortwave solar energy reaching the ground per square meter (orange line), with 25th to
75th and 10th to 90th percentile bands.

Figure 33 - Daily Solar incident energy in KWh (Weather Spark,2022)
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Table 6 - Monthly average Solar Energy in KWh (Weather Spark,2022)

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

Solar Energy (kWh) 3.2 42 56 68 78 85 83 76 66 50 37 3.0

2.3.3. Sun Path Analysis:

In Palestine sun incident angle at 12pm in summer is almost perpendicular with around 81° from
the surface and path is longer which lead to more daytime and sun time, However in winter season the sun

path lowers to around 34° from the surface and much shorter path than in summer and less day time.

\

Figure 34 - Sun path during Summer and Winter times (gaisma,2022)
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2.3.4. Noise analysis:

Acoustical comfort is one of the most important factor to consider during the designing phase. In
addition, acquiring the sources of noises around the building could help in insulating wall/windows in
order to achieve acoustical comfort for clients inside the institution.
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Figure 35 - Noise Directions on Bank

According to figure 35 above, Noise is Mainly from Parking areas and Streets surrounding the building
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2.4. Architectural Aspect:

2.4.1. Building contents:

Building contents includes the envelope (Walls, floor and roof), windows and doors

® Envelope: with wall of 30 cm of manufactured stones and concrete masonry units with concrete in

between as joining agent and 3 cm polyethylene foam as a thermal insulator.
® \Windows: are regular windows with no treatment against heat gain or loss

® Door: regular door with no extra safety considering this is a bank institution and it should be strictly

secured

All elements mentioned above will be treated during modification phase later in the report, and will be
done according to standards and regulation for secure bank institutions. Moreover, bank designing main
concern is safety, so it will be majorly taken into consideration during architectural and environmental

modification.
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2.4.3. Floor comparisons before modification and after modification:

After going through standards and regulation for the bank, each floor was edited and redesigned to
meet the standards. Aalso, a couple of basement floors were added to have enough parking space for
clients and employees. Figures below shows each floor of the institution before and after the architectural

modification.

1: Basement Levels:

Basement was added after modification, due to not having enough parking spaces for clients and
employees, as stated in the codes that, in main branch banks every employee should have 1 parking spot
and every 4 clients should have 1 parking spot, Moreover, the main bank safety box was added in the
basement level surrounded and separated with fully reinforced steel walls from the parking areas, for

safety reasons.
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Figure 36 - Basement Level 1
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Figure 37 -Basement level 2

General comment:

The parking spaces was calculated based on how many employees the bank have and how people/clients enter
the bank per hour. the bank basements have about 154 parking spaces, due to having around 100 employees
and 25-30 clients entering the bank per hour
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2- Ground Floor: (Before and After Modification)

After Before
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Figure 38 - GF Architectural Improvements
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3- 1** Floor: (Before and After Modification)

After Before
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Figure 39 - 1st Floor Architectural Improvement

4- 2" Floor: (Before and After Modification)

After Before

Figure 40 - 2nd Floor Architectural Improvements
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5- 3R° Floor: (Before and After Modification)

After Before

Figure 41 - 3rd Floor Architectural Improvements

6- 4" Floor: (Before and After Modification)

After Before

s

Figure 42 - 4th Floor Architectural Improvements
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7- 5™ Floor: (Before and After Modification)

After

Before

Figure 43 - 5th Floor Architectural Improvements

8- 6" Floor: (Before and After Modification)

After

Before

Figure 44 - 6th Floor Architectural Improvements
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9- 7™ Floor: (Before and After Modification)

After Before

3

Figure 45 - 7th Floor Architectural Improvements

2.4.4. Escape Plans:

As safety measurement studies are part of the integral designing of the institution, the study of escape
routes should be analysed. One of the improvements done on the bank was to make the movement in the
floor as linear as possible, for easier evacuation during emergencies. In addition, an extra emergency
staircase was added to shorten the travel time from any point in the building to safety. Figures 45- below

will show the escape routes in each floor
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Figure 46 - Escape routes in Basement Level 2
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Figure 47 - Escape routes in Basement Level 1
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14 Parking Lo

Figure 49 - Escape routes in 1ST Floor Level
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Figure 50 - Escape routes in 2nd Floor Level

Figure 51 - Escape routes in 3rd Floor Level
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Figure 53 - Escape routes in 5th Floor Level
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Figure 54 - Escape routes in 6th Floor Level

Figure 55 - Escape routes in 7th Floor Level
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2.5. Environmental Aspect:

2.5.1. Introduction:

Environmental analysis is essential in every building design, as it gives a better understanding of
the end- user comfort. This section of this chapter is divided into multiple categories all working together

to achieve maximum comfort for people, categories are :

® Daylight Factor Analysis : making use of the natural daylight, but not over use it to avoid mainly
glare and. That will also include a percentage of the day light entering each space (in office buildings
should be between 2%-7%).

® Solar radiation analysis: the sun direct light, could be helpful in reducing cooling loads, that will
include the sun direct light on each elevation with two seasons (Summer,Winter) and three different
times (8AM,12PM,4PM).

® Shadowing and overshadowing analysis: to consider the neighboring buildings as they make
shadowing on different parts of the building, and the building can shadow itself too. Also, will contain
different views of the building (from all four elevations) that explains which parts of the building is
shadowed and which part is not.

® Heating and cooling load analysis: understanding the cooling and heating load can help in
minimizing the usage of mechanical ventilation. This will also include, the summation of heating and

cooling loads needed for this building to be thermally comfortable.
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This project building consists of 7 floors above ground, 5 of them have mainly curtain exterior walls for

the view, but will be enhanced and treated, to achieve the finest environmental design.

2.5.2. Daylight factor (Before and after treatment)

the day light factor is an indicator that describes the ratio of inside each room at certain time (Ei) over
the illuminance for the outside sky at clear sky condition (Eo). This analysis should be included to
acknowledge which side of the building must be treated.

DF = (Ei/E0) x 100%

According to standards, the DF in office building should not be below 2% and over 7% , all analysis and

treatments will be done in Revit programme and will be shown in the figures below.

{Percent)

I

Lighting Daylight Factor

Figure 56 - Daylight Factor Scale
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Ground Floor (DF analysis):

Before Treatment:

| | L] sl
|
rL = =h

Figure 57 - DF Ground Floor Level (Before Treatment)

After Treatment:

Figure 58 - DF Ground Floor Level (After treatment
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15t Floor (DF analysis):

Before Treatment:

e ‘ : 0% a8 172 ™ PRT Za 1.0

Figure 59 - 1st floor Level (Before Treatment)

After Treatment :

Figure 60 - DF 1st Floor Level (After Treatment)
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2" Floor (DF analysis):

Before Treatment:

»

Figure 61 - 2nd floor Level (Before Treatment)

After Treatment:

Figure 62 - DF 2nd Floor Level (After Treatment)
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3" Floor (DF analysis):

Before Treatment:

Figure 63 - 3rd floor Level (Before Treatment)

After Treatment:

Figure 64 - 3rd floor Level (After Treatment)
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4™ Floor (DF analysis):

Before Treatment:

Figure 65 - 4th floor Level (Before Treatment)

After Treatment:

Figure 66 - 4th floor Level (After Treatment)
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2.5.3. Solar Radiation:

Solar radiation which means the direct sun light or energy emitted from the sun on certain surfaces,
used heavily in passive solar systems. Can be helpful to decrease heating loads if we add more window
opening to the elevation with the most solar radiation per meter during winter. However, it can also
increase cooling loads during summer. Due to that high solar radiation on any elevation during summer

will be treated.

Using Revit program all elevation during winter and summer in three different times are analyzed and

samples are shown below:

Seats
T
62 v

011 whw

hay Sebrgs

586 n* selecrea

TR0 728 Barme 11 p

-
Pandy Sengs

fion Avernge raciato
e Sl Araies Defon

Doot | Ieseton cov

Figure 67 - Solar radiation during summer at 8am
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Figure 68 - North elevation Solar radiation during summer at 8am (treated)

Solar Analysis

Study Type: |Custom o
Surlaces i-uur sedaction > v |
Reauts
Average Insolation

3 33 Kwh s ¢

018 kWh/ne » Undate

Study Sullings Tk
1,829 m* selected —2
e w 722 12pm-11pm

- V21000
Rends Settings
Type: |Avernqz- Insolation ‘ ‘kwn.‘m' . ‘
Syle  [Solar Analysis Defaul -
Export I v ] ;"_Q

Figure 69 - West elevation Solar radiation during summer at 12pm (treated)
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Solar Analysis

Study Type: [Custom

Surfaces: Icusersdediom V}
Results
Average Insolation
141 wm 5 o

031 kwhint a L] Update

Study Settings | m |

459 miselected
7/21t0 7£2212pm-11pm

S

Results Settings

Type:  |Average Insolation o] [kwhm <]
Stle  [Solar Analysis Defaut ][
Export  [Inslation cav ~=

Figure 70 - West elevation Solar radiation during summer at 12pm (treated)

Summary table below shows solar radiation on every elevation before and after treatment:

Table 7 - Summary table showing solar radiation

e e P e e T

Wintes Before [kwh/m*2) [ 004 004 001 007 032 0 0.3 0.8 0.0 01 06|  0.05)
After {kwh{m”2) 0.04) 004 000 008 0.4 0.01 0.3 0.3 005 0.1 015 005
S Before [kwh/m*2) 041 omf 012 032 0.8 015 014 0.3 04 0M 03t 0.5
Afterfwh/m?2) | 043]  0a1] 08 017] 007 0.04f 014 012 004 0 018 0T
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2.5.3.Shadowing and Overshadowing:

Is a study that considers neighbouring building and to analyze their shadow effect on the building,
shadowing is helpful in summer , but not so much during the winter as sun light is needed to decrease

heating loads.

Overshadowing In summer at 8pm:

As shown in figure below the building east elevation is fully exposed and not effected by surrounding

building so it will be treated to reduce heat gain

Figure 71 - Summer Overshadowing at 8AM
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Overshadowing In summer at 12pm:

The south elevation as shown in figure 78 is fully exposed, But the sun angle in Palestine during summer
at 12pm is around 81°. as a result of that, most of the sun light will be reflected, but smaller window

opening will help in preventing direct sun light from entering the building.

Figure 72 - Summer Overshadowing at 12PM

Overshadowing In summer at 4pm:

The west elevation as shown in figure 79 is fully exposed to a direct sun light during sunset, because of

that horizontal louvers were added as a treatment to minimize the heat gain.
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Figure 73 - Summer Overshadowing at 4PM

Overshadowing In Winter at 8am:

As shown in figure 80 the building is mostly shaded with no use of sun light

Figure 74 - Winter Overshadowing at 8AM
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Overshadowing In Winter at 12pm:

The figure 81 shows that the south elevation is fully exposed to sunlight which we can use to lower the

heating load during winter, so the south elevation was treated by adding more window openings.

Figure 75 -Winter Overshadowing at 12PM
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Overshadowing In Winter at 4pm:

The upper side of the building in the west elevation as shown in figure 82 is semi-exposed, so curtain wall

was added to take advantage of direct sunlight during winter.

AN

Figure 76 - Winter Overshadowing at 4PM
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2.5.4. Passive design:
Design builder program is used to achieve maximum thermal comfort for any structure. The main objectives are:

e (Calculate heating and cooling load
e Energy consumption of the building

The figures below show the layers and U-Value of external wall and floors before insulation.

Cross Section

Outer surface

130.00mm Cast Cohorete [Dense)

=t 00 08mes Concate BiockSihiles Block hollouighbasight, 1500

Inner surface

Figure 77 - external wall layers (Before Modification)
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Layers | Surface properies | Image | Calculated | Cost | Intemal source || Condensation analysis

Inner surface
Corvective heat transfer coefficient (Wim2-K) 2.152
Radiative heat transfer coefficient {ddm2-K) 5540
Surface resistance (m2-KA) 0130
Outer surface
Corvective heat transfer coefficient (Wim2-K) 19.870
Fadiative heat transfer coefficient {4/m2-K) 5130
Surface resistance (m2-KM) 0.040
INo Bridging
U=value suface to surface MYmE-K) 1.945
F-value (m2-kpn) 0634
U-Value (W/m2-K) 1.462
YWith Bridging (BS EM IS0 B346)
Thickness (m) 0.2650
Krr - Internal heat capacity (KJ/m2-K) 85.0080
Upper resistance limit (m2-KAW) 0.684
Lower resistance limit (m2-kKM) 06B4
U-alue sudface to surface MWme-K) 1.945
F-alue (m2-Kaw) 0.684
U-¥alue (W/m2-K) 1.462

Figure 78 - external wall U-value (Before Modification)

Outer suface

- poured(notto scale)

50.00mm  Concrete, Reinforced (with 1% steel]

400,00 Caricrete blacks/fies - block, hollow, lightweight, 1

SU.U!_Jmm Cast Concrste (Denss)

Inner surface

Figure 79 - Roof layers (Before Modification)
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nar satece

inage | Colcuied | Codl Condacustion anhyme

Conveciva heat vaneter costiciant (W/m2¥) 480
Radialve hast hanste cosfician (Win2«) 554
Surlace resistance (m2-KV) 0100
Commctve hesl banster coeticant (W)mZ-) 19870
Radinfve hest transier coeffician (Wm2-¥) S0
Surace rasistance (m2-kMY) 0.04
LF/akie sutace 1o surtace (Wim2+) Lo
Fe'/abie (m2-KM 101
U-Value (W/m2-£) 0431
With Bridgymg (85 EN S0 5346)
Thicknaes (m) 05350
Kan-intemal heat canachy (K.4im24) 1436400
Upper resistance im# {ma-/W) 050 y
Lower resictance Smit (m2+AV) 0.551
Uake sutecs 10 suntace (Wi ¥) 28
Frvalie (2K 053
U-Valua (W/m2-K) 1%

Figure 80 - Roof U-value (Before Modification)

The figures below show the layers and U-Value of external wall and floors after insulation
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— 00 -Lonckste Blocksdiles-block. hollowlightuaight--1505

Inner suface:

Figure 81 - external wall layers (after Modification)

oo | Stice pogeries | mage ] Conumed | Coa | riame soace. | Consensason anshss

Comvecine hest vansiar coefioent (W/m2-K)

Rediatve kast ranstar coeficen (W/me-F)
Surfaca resisiance (m2¥/W)

Comvacie haot yanstar coeioan (W/m2+)

Risdiate hest wansiar costicart (A/m2-K)
Surtaca msistance (m-

U-Value surfeca 10 suface (Wim2+)
ReVaus (m2-FAW)

U-Value (W/m2-K)

N U b5 EMN 250 kel

Thickness {m)

Km - Intamal hioat capacty (Kim2-+)
Uppef rastiatancs imit (m2-£W)
Lotwer resiteracs limk (m24W)
UValue surface fo surfece (Wim2-K)
AVolus (m2-K V)

U-Value (Wim2K)

2182
5540
0130

19820
5130
0040

03
AL
0.83%

03000
€5.0080
AREH

AR L
0970
1192
0.83%

Figure 82 - external wall U-value (After Modification)




Cross Section

Duter surface

10.00mm — Asph
50.00mm  Cast
L —

400, 0fmm Conicrete blocks/tles - block. hollaws, lightweiaht. 1500

50.00mm Cast Concrete (Dense)

Inner surface

Figure 83 - Roof layers (after Modification)

Constructions

| Layers | Sudace properties | Image | Calculated || Cost

Intemal source | Condenaation analysis

Innet sutace
Convective heattranster cosfficiant (Wimz-1) 4460
Radiative heat franster coaficient fW/m2-K) 5540
Sutace resistance (me-KAN 0100

Outer surface

Corvactive heat transter coefficient (Wim2-£) 19.870
Radiative heat transter coefficiant (Wma-1K) KD
Surface resistance (m2-KAN) 0.040

o Bridging

Uvalue surface to sudace MWm2-K) 0.666
Ftalue (m2-lAN) 1.910
LU-Value (W/m2-K) 0524

With Bridging (B EN IS0 945

Thickness (m) 0.E2R0
K = Internal heat capacity (Kd/m2-K) 143.6400
Upperresistance limit (m2-kAy 1568
Lot resistancs limit (fre-KAN 1.387
Ualue surface to sudace Mm2=K) 0.750
R-alue (me-lh 1.477
U-Value (Wfim2-K) 0647

Figure 84 - Roof U-value (After Modification)




2.5.4.1. Simulation and energy savings

The figure below shows the PMV which it should be between (-0.5 — 0.5) to insure thermal comfort

2023 Feb Nar Ane May Jun Jul Aua Seo Ot Nov Dec

Figure 85 - PMV Graph

Net site energy and Net source energy is listed in the table below which is around 104 KWh/mA2

Table 8 - Site and Source energy

Site and Source Enargy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]

Total Site Energy 290480.73 104.46 104.46
MNet Site Energy 290480.73 104.46 104.46
Total Source Energy 761531.18 273.86 273.86
Net Source Energy 761531.18 273.86 273.86

Saving from building and how much was saved (Annually) in comparison with the baseline building (ASHRAE
2016)
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Figure 86 - Energy Saving Simulation

2.5.4.2. Heating and Cooling loads using Design builder:

Heating and Cooling loads are very important factors to be considered to maintain the thermal
comfort of people inside any institution, analyses and studied in both summer and winter to make sure
people are thermally comfortable during the year. As heating load is the load needed to heat the building

during winter. On the other hand, cooling load is the load needed to cool the building during summer

Total heating load of the bank before treatment is = 205 KW
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Block. Zone | Comfort Temperature. .
=|Building 1 Tatal Design Heating Capacity = 205770 [kiw)
+|Black 1 Total Design Heating Capacity = 46.600 [k
+|Black 10 Tatal Design Heating Capacity = 17150 [kiw]
+|Black 11 Tatal Design Heating Capacity = 19,130 [kiw)
+|Black 2 Total Design Heating Capacity = 50.270 [k
4| Black 5 Tatal Design Heating Capacity = 21.920 [kiw]
+|Block 7 Tatal Design Heating Capacity = 16.730 [kw]
+|Block 3 Total Design Heating Capacity = 16,480 [k
Elock 9 Total Design Heating Capacity = 16860 [liw]

Figure 87 - Total Heating Capacity Before treatment

Total heating load of the bank After treatment is = 148 KW

Block |Zu:une |D:umfu:urt Temperatur... | Steady-State Heat L. | [
=|Building 1 Tatal Design Heating Capacity = 148.150 (ki
+|Block 1 Tatal Design Heating Capacity = 26.640 (kw1
+|Block 10 Total Design Heating Capacity = 12,790 [kw
+|Block 11 Total Design Heating Capacity = 14,840 [k
+|Block 2 Tatal Design Heating Capacity = 40,890 [k
4| Block 5 Total Design Heating Capacity = 13600 [kiw]
+|Block 7 Tatal Design Heating Capacity = 12,390 [kiw]
+|Block 8 Tatal Design Heating Capacity = 12,060 [k
Black 9 Total Design Heating Capacity = 14.940 [k

Figure 88 - total Heating Capacity After treatment

73




Total cooling load of the bank before treatment is = 226 KW
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Figure 89 - Total Cooling load before treatment
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Total cooling load of the bank After treatment is = 159 KW
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Figure 90 - Figure 89 - Total Cooling load After treatment
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2.5.6. Building 3D views regular and treated:

North Elevation regular:

The issue was high heating gain and high percentage of daylight that causes thermal discomfort and glare,

due to having an excessive glass area (curtain wall)

Figure 91 - North Elevation Before Treatment
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North Elevation After treatment:

The treatment made was adding an extra thin CNC aluminum wall with 30% porosity, to maintain the
view and to decrease the direct light and energy from the sun. In addition, a heat trap door was added to

the entrance glass wall. Furthermore, double glazing with low E (0.2) was added to window openings.

Figure 92 - North Elevation After Treatment
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East Elevation regular:

As presented in figure 86 a full curtain wall from 2" floor to 7" floor, which can be problematic in

terms of thermal comfort and safety.

Figure 93 - East Elevation Before Treatment
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East Elevation After treatment:

This problem was solved by entirely removing the curtain wall, and adding small window openings to
maintain the natural cross ventilation in the building also, to maintain safety. In addition, window openings

in the first two floors were treated by adding double glazing tow minimize heat gain.

—

Figure 94 - East Elevation After Treatment
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South Elevation regular:

This elevation is the only elevation that is not overshadowed during winter, helpful to minimizing the use

of mechanical ventilation, and decrease heating loads during winter.

Figure 95 - South Elevation Before Treatment
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South Elevation After treatment :

This elevation was taken advantage of the direct sun during winter, by adding more glass areas to increase
heat gain. However, horizontal louvers were added to the curtain wall to control over heating and natural
lighting.

Figure 96 - South Elevation After Treatment
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West Elevation regular:

In this elevation there is only one curtain wall located on the staircase exterior wall, which has an
increment effect on heating and direct energy from the sun

Figure 97 - West Elevation Before Treatment
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West Elevation After treatment:

As shown in figure 91, the solution of excessive heat gain and energy from the sun was treated by

adding horizontal louvers on the curtain wall.

e e wh L — L —

Figure 98 - West Elevation After Treatment
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Treatment summary:

All treatment solutions added to the building are:
< thin CNC aluminum wall with 30% porosity

<> Horizontal louvers

<~ Double glazing with low E (0.2)
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CHAPTER 3: Structural Aspect
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3.1. Introduction:

Structural aspect presents the design of a concrete structure for a bank building. The project involved
analyzing the loads and forces that the building will be subjected to during its service life, and designing
a concrete structure that can withstand these loads while meeting the required safety and serviceability
criteria.

The report covers the design process and calculations for various components of the structure, including
the foundation, columns, and slabs. It also includes drawings and specifications for the structural
components.

We will used Etabs program to do structural design.

Codes and standers:
ACI-318

ASCE 7-16

3.1.1. Material:
1- Concrete: used concrete with strength f’. = 28 MPa
2- Steel rebar used steel yield strength f,, = 420 MPa

3.1.2. Load:
1- Live load: 3 KN/m2

2- Live load for parking: 5.5KN/m2
3- Live load for Bank store: 10KN/m2
4

Super imposed load =4 KN/m2

3.1.3. Load combination:

. Primary

Load combination Equation load
U=14D (5.3.1a) A D
U=12D+ 1.6L+05(L,orSorR) (5.3.1b) [ L
U=12D+1.6(L,orSorR) +(1.0Lor 0.5W) | (53.1c) | L.orSorR
U=12D+ 1.0W+ 1.0L+0.5(L, or SorR) (5.3.1d) W
U=12D+10E+1.0L+02S (5.3.1e) . E
U=09D+ 1.0W (5.3.19) ‘ w
U=09D+ 1.0E (53.1g) ‘ E

Slab thickness calculate:
We will use flat plat slab because max span so after calculation slab thickness based on ACI318 cod the

slab thickness is 500mm

Slab wight is 8.29KN/m2.
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Table 9 — U-boot Catalog

F— Thickness of the Equvalent | |10
mesh proposed slab st H 52 Lightened _slab Full slab percentage sish Full slab Weight
with overload U-Boot inertia Inertia loss of weight weight savings
clearance 500 Kg/'m* height

cm | em | cm cm'  /m ‘em /m % Kg/m| Kg/m %
7 26 5 16 5 122364 146,467 585 4826 6500 26
8 30 7 16 7 200.897 225.000 373 5826 750,0 2
9 3 5 24 5 246.063 327.533 812 596,2 8500 30
10 36 10 16 10 364.697 388.800 214 7326 $00,0 19
n 38 7 7 375.79% 457267 8,36 696,2 9500 27
12 42 5 32 5 429513 617.400 11,43 7152 10500 32
12 RS 10 24 10 628.396 709.867 402 8462 11000 23
12 46 7 32 7 623247 811.133 844 8152 11500 29
13 50 5 40 5 673.542 1.041.667 13,56 8288 12500 34
14 52 10 32 10 983.847 1.171.733 570 9652 13000 26
14 54 7 40 7 944.075 1.312.200 1043 9288 13500 3
15 58 5 48 5 989.345 1.625.933 15,30 9424 14500 35
15 60 10 40 10 1.431.875 1.800.000 738 10788 1500,0 28
16 62 7 48 7 1.349.478 1.986.067 1213 1.0424 1550,0 3
18 68 10 43 10 1,983,678 2,620,267 8,90 11924 1700,0 30
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3.2. Checks:

ETABS modal:
For part 1:

Figure 99 ETABS Model

Figure 100:ETABS modal
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Figure 101:ETABS modal
89




For part 2:

Figure 102:ETABS modal
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Figure 103:ETABS modal
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3.2.1. Model modifiers:

1-slab:

2-column:

Propesy /Siffneas Moatien for Anadas

Merhare §11 Drecton 058542
Marrbrarw 122 Dirwction 0.56542
Membrare 12 Drecton 054542
Bendng m11 Deection 028731
Bandeg m22 Dvecton 0.28731
Bendng w12 Deection 028731
Shear v13 Dyecion 0.55542
Shear v23 Dvecton 0.55542
Mazs 071575
Weght
oK Carce

Figure 104:Model modifiers

iy Property/Stiffness Modification Factors

Property./Stiffness Modffiers for Analysis

Membrane f11 Direction 1
Membrane f22 Direction 1
Membrane f12 Direction 1
Bending m11 Direction 070
Bending m22 Direction 070
Bending m12 Direction 070
Shear v13 Direction 1
Shear v23 Direction 1
Mass 1
Weight 1
oK Cancel

Figure 105:Model modifiers
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3-shear wall:

Ely Property/Stiffness Modification Factors

Property/Stiffness Modffiers for Analysis
Membrane f11 Direction
Membrane f22 Direction
Membrane 12 Direction
Bending m11 Direction
Bending m22 Direction
Bending m12 Direction
Shear v13 Direction
Shear v23 Direction
Mass

Weight

0K

0.70
0.70
0.70
035
035

0.35

Cancel

Figure 106:Model modifiers

3.2.2. Compatibility check:

For part 1:

Figure 107:Compatiblility check.
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All elements are moving together since they are compatible.

For Part 2:

Figure 108:Compatiblility check

All elements are moving together since they are compatible.
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3.2.3. Period check:

For part 1:

Period less than 1 which is ok

Figure 109:Period check
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For part 2:

[ 433D View Mode Shape (Modal) - Mode 1 - Period

Period less than 1 which is ok

Figure 110:Period check.
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3.2.4. Equilibrium check:

For part 1:
Table 10:load from ETABS.
Load Fx FyY FZ M MY
Case/Combo kM kM kM kM-m kMN-m
I+ Dead 44163 5321 -416272.0663 15285883224
Live 16549.7017 -163163.1775 557372.59245
SiD 14958.3104 1496715192 502865.8161
Table 11:Equilibrium check.
Etabs | Manual %Error Case
Live | 16549.7 | 16357.7 1.16% <5%-->0k
SID 14958.3 | 14784.8 1.16% <5%-->0k
Table 12:Equilibrium check
columns 3922.41
Dead | 44168.5 Slabs 32715.65
Shear walls 5812.31
<5%-->0k
Total manual dead load 42450.37
ETABS dead load 44168.53
%Error -3.89%
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For part 2:

From ETABS:
Table 13:load from ETABS
Load Fx Fr FZ Mx MY MZ
Case/Combo kM kM kM kMN-m kM-m kN-m
[ Dead -8.017E-D6 97807 5112 -813773.8881 5122490444 0.0002
Live -4 358E-06 24031.1938 -199407 9241 1212416171 0.0001
S0 1] -3.196E-06 22024 8772 -184375.1455 124364 5382 0.0001
Table 14:Equilibrium check.
Etabs | Manual %Error Case
Live | 24031.2 | 23759.6 1.13% <5%-->0k
SID 220249 | 21776 1.13% <5%-->0k
Table 15:Equilibrium check
columns 12258.74
Dead | 97807.5 Slabs 82282.70
Shear walls 7614.72
<5%-->0k
Total manual dead load 102156.16
ETABS dead load 97807.53
%Error 4.44%
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3.2.5. Deflection check:

For part 1:
From live load:

Limit =13.8/360= 38.33mm

Figure 111:Deflection check

Etabs deflection = 6.70mm<<<38.33mm......... is ok




From serves load:

Limit =13.8/240=57.5mm.

ND

iIF
i
i)

i oy

Figure 112:Deflection check
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Etabs deflection = 38.25mm<<<57.50mm......... is ok

For part 2:
From live load:

Limet =13.5/360= 37.50mm

6.90

Figure 113:Deflection check

Etabs deflection = 1.90 mm<<<37.50mm......... is ok
From SID load :

Limit =13.5/240=56.2mm
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) f.r,'f (i) ) ;. ,' 3 ’{. s

45.00mm

Figure 114:Deflection check
Etabs deflection=33.33mm<56.20mm.............. s ok
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3.2.6. Shear check:

Ve = 0775 s Jfcxbxd= "T?S £/28 % 1000 * 340/1000 =224.88KN

Lowd Come: Lived Crmtoraen Setd Cowe
) Com O St ) Mo
- Cerm e Ve
Covmnws Taw
Farabars | e
Grerw
&N e U w -
u ) - ow [ ..
BN ) Ty N ™ e
Carvne Nrewses
Corvms Cator Lmias o — e
@ Fvelom e Pty 1
[ N Vewew "
] Saw Vs
Cortons vmmm
M Y g am 3 ] M-
Cotus dvwugng # Noom P ] —re
Tty
o = _ e

I~ -

Figure 115:Shear check

Vu< ®Ve ok after d/2
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For part 2:

Lowd Lave Lowt Comtersgom Viocol Com
Come O Cwme e
- Hrchow Ve
Taroowt Tew
D
Carpres
2 ) P v 1 ) M.
R L ova Jun o) .
S ) JTw O ) 13
Carvms Szeewos
o oo e, o s Unome
B Tewiiw Lrw s '
L E Trwer ae
v ram
Larvosr vekoee
P as Ay “ e Wim
e o L e
Sowry
o e L oo |

I - & R

Figure 116:Shear check

Vu< ®Ve ok after d/2
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3.2.7. Punching shear check:

For part 1:
0.6504 0.658 0.525
[ | | |
MIC 0.8828 0.608 0658
i N N N
[ MIC 0.773
|
0.845
M |
H MIC
0.635
|
0.558 0.623
| |
0.83 0.485 0.38 0.444
l 0.762 l 0.523 l 0.878 I 0674
0.745 0.848
| |

Figure 117:Punching shear check
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Punching shear is ok.

For part 2:

087
|

n.oe2
|
0.47
] ="
0. 450280
|
0673
|
0.809
|
0548 -’78
0.216
®
085
|
0818
|

0as
|
0.847 0.638
| |
1o l& X

||

N\
/N

o
=l
— |0
[=]

o 0547 1
0.7
®
0.784 0.478
[ |

055
|

Figure 118:Punching shear check
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Punching shear is ok.

3.2.8. Design check:

For part 1:

Figure 119:Design check

Design Check is ok
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For part 2

<05 0 0
g,

0
D

o 3 L
E) Y W .o \
L a LY

o|¢ —S

) > y :
=W 8le cHe sl s offfwwa _ T

o ojo ofo oo ola _pls ,Tu = \
b T v o Tt y

EFTYeeEE] R 1) v

orel oory
O.&_ als mvooo ole ..n_m w’ ;
oH° a8 °Ble =|°al= °l® ol&)® ..__D | L EY o
1

o oo = a i1

Y R AR — Quan

=) ) [ R =) i .
=|F * via00 © 87 14830° | e ©
\ 1 i

Figure 120:Design check
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Design Check is ok

3.2.8. Internal force check:

for part 1:
check for column:
From Live loads:

1- Interior column:
2_

\

e \

i
|

- -,

10
i

From etabs =674.62 kN
From manual =682kN
% error =1.1%

Check is ok

Viai e
rangib e
T L T
cimma
"o voe
wemnn

Figure 121:Internal force check for column.
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3- corner column:

MY Dtaginn oy Sutumen CAS o Sewy b2 052 1)

| ladCamtost Cnbraten Ere Offae Lotatee
© LosiCase O LosdConbnaron () Madel Case [Vent | oo "
l e “ | £ i e T
\ Leagth 20008 "
|
| Componest Despiny Locasos
’ P P s T) v O Swwnax ) Boml e v
l Eoretier Lasth
I0a 5204 30 co0s 00 Mim
— - miNn
A Foce b
2353304 W
A0
Teraen 1
20088 Mim
S0 |
I

Tore
5 7._,.7vv‘,.‘ b =

Figure 122:Internal force check for column.

From etabs =295.92 kN

From manual =298.3kN
110




% error = 3.3%

Check is OK

4- edge column:

Loast Case. Lot Combanation Eng Ofsel Locater
© LosiCase () Lood Contiration. () Mod Case RIS "
Liss JEpd.  ADO0 "

Lergn 42000 "

Torgonert Dwphay Lacanon
Anw Fad T) O Stew ar Serod 31 Ve

tosvee Lmads

204 091 s aset 0000 b
—_— - iAW
fow Pgroe P
256 8555 W
43000 =
Torson T
00080 W
42000 ™
i

Cone ]

Figure 123:Internal force check for column.
From etabs =265.8 kN
From manual =270.50kN
% error = 4.73%
Check is ok..
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3.2.9. Slab check:

From live load:
Panel type: internal panel
From etabs =23.45 kn.m
From manual =24 kN.m
% error = 2.34%

for part 2

check for column:

From Live loads:

1- Interior column:
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A Cragram fur Colurmn CSZ at Story b (Feci®)

Load Case/Load Combination £nd Offset Location
© Load Case () Losd Conbination () Modal Cave [&nd | {00000 "
Live v [ gnd |abo00 =
Lengtn | 40200 "
sl (F ad T) v © Srow Max ) Serot tar Vil
Equivalest Loads
734 8238 74eszza 0200 WM
— - M40000m
Al Fores P
i T3R8 N
J " 4.0000 m
Tersos T
08000 K-
8t 40000 m
Done

Figure 124::Internal force check for column.
From etabs =734.82 kN
From manual =770.3kN
% error = 4.83%
Check is ok

2- corner column:
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Load Case/Load Combination
O Load Case O Load Combination () Modal Case ( +end ] [0.0000 m
Live Nt | | J-End_ W m

Length [40000 m

End Offset Location

Component Display Location
Aial (P and T) v © Show Max () Scroll for Values

Equivalent Loads
248.4174 246 4174  0.000 kN/m
— — at 4.0000 m

Axial Force P

-246.4174 kN
at 4.0000 m

Figure 125::Internal force check for column.

From etabs =246.41 kN
From manual =254.34kN
% error = 3.22%

Check is ok

3- edge column:
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D RSO Y S, - i

Fi§ Diagram for Column €12 at Story b2 (FSec18)

Load Case/Load Combination End Offset Location
O Load Case O Load Combination () Modal Case HEnd || 0.0000 m
Live v | JEnd | |4.0000 m
Length FM m
Component Display Location B
Axial (Pand T) v © show Max O scroll for Values
7.,%0
Equivalent Loads Fr
R 205.4648 205 4ceg 0000 kN/m
. — — at4.0000 m
\ Axial Force P
-295.4648 kN
< at 4.0000 m
Torsion T
® 0.0000 kN-m
at 4.0000 m
Done

—

From etabs =295.46 kN

Figure 126::Internal force check for column.

From manual =300.92kN
% error = 1.85%
Check is ok.

Slab check:

From live load:

Panel type: internal panel
From etabs =9.23 kn.m
From manual =9.66 kN.m

% error = 4.72%
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3.3. Seismic design:

SEISMIC HAZARD MAP FOR BUILDING CODES IN THE LEVANT
e wE ELa WE

ME I6E 38'E
“™ ol punabie Trug) i W fu Medde €ist Segarss o st Sagen U 3 Ageeny s vien e Orengrod ade Tw e o beed W PE 00950003900

Figure 127:zone factor
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Seismic Zone Factor,Z

0.075

Figure 128:zone factor

The site of building in Nablus, so zone factor is =0.20

3.3.1. Assumptions:

Soil profile is SC
=1

R=5.5

Ca=0.24
Cv=0.32

o &~ w0 D e
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3.3.2. Model participant mass ratio check:

Part 1:

Table 16: participant mass ratio check

4 4 |1 of40 | b bl | Reload Apply |

Case Mode Period Ux Uy Uz Sum UX Sum UY

4 Madal

Sum
UX and Sum UY> 0.9---->0k
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Part 2:

Table 17:participant mass ratio check

I4 ‘l'l -nf-!ﬂ|b H|REInad.Apply |

Case Mode Period UX Uy Uz Sum UX Sum Uy
sec

Sum UX and Sum UY> 0.9---->0k
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3.3.3Period check:

For part 1:

From etabs:

< Shape (Modal) - Mode 1 - Period 0.476

Figure 129:Period check

T (method A) = Ct*(hn’/4)

Table 18: assumptions

Ct 0.0731

hn 16.00
T(method A) 0.58
1.40*T(method A) 0.82
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t period from etabs =0.476 < 1.4 * T (method A)=0.82 .............. is ok

For part 2:

__ | +413-D View Mode Shape (Modal) - Mode 1 - Period 0.754.

Figure 130:Period check.

T (method A)= Ct*(hn’/4)

Table 19:assumptions

| Ct | 0.0731 |
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hn 36.00
T(method A) 1.07
1.40*T(method A) 1.50
t period from etabs =0.75 < 1.4 * T (method A)=1.50 .............. is ok
3.3.4. Draft check:
For part 1:
Table 20:Draft check
DRIFT | DRIFT | DELTA | DELTA
story H DIS X DISY X v X v LIMITATION
0 0 0
1 4000.00 0.30 0.39 0.30 0.30 1.16 1.16 100.00 ok
2 4000.00 0.68 0.52 0.38 0.13 1.46 0.50 100.00 ok
3 4000.00 2.06 1.78 1.38 1.26 5.31 4.85 100.00 ok
4 4000.00 | 15.10 6.40 13.04 4.62 50.20 17.79 100.00 ok
For part 2:
Table 21:Draft check
DRIFT | DRIFT | DELTA | DELTA
story H DIS X DISY X Y X Yy LIMITATION
0 0 0
1 4000.00 0.75 0.39 0.75 0.75 2.89 2.89 100.00 ok
2 4000.00 1.30 9.38 0.55 8.99 212 34.61 100.00 ok
3 4000.00 3.44 10.50 214 1.12 8.24 431 100.00 ok
4 4000.00 6.00 11.19 2.56 0.69 9.86 2.66 100.00 ok
5 4000.00 | 18.60 12.24 12.60 1.05 48.51 4.04 100.00 ok
6 4000.00 | 23.00 14.00 4.40 1.76 16.94 6.78 100.00 ok
7 4000.00 | 30.00 16.00 7.00 2.00 26.95 7.70 100.00 ok
8 4000.00 | 36.00 18.00 6.00 2.00 23.10 7.70 100.00 ok
9 4000.00 | 42.00 27.00 6.00 9.00 23.10 34.65 100.00 ok
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3.3.5. Base shear check:

Part 1:

. 2.5xCaxWxl  CvxW]
V = min ( , )
R R+T

Table 22:Base shear check

EQ max from etabs 9792.87
w =D";:SL'D 03 12704173
ca 0.24
cv 0.32
I 1
R 55
T 0.754
V 9803.08
error% 0.01%
.................. ok
Part 2
V = min (Z.S*Ca*W*I ’ Cv::l;*l)

Table 23:Base shear check .

EQ max from etabs 45447.35
w =D";:SL'D 03 | 614892521
ca 0.24
cv 0.32
| 1
R 55
T 0.754
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\Y/ 47447.70
error% 4.40%

3.4. Ramp design:

Figure 131:Ramp design.

We will use flat plat solid slab because span so after calculation slab thickness based on ACI1318 cod the
slab thickness is 250mm.

Slab wight is 6.25KN/m2.
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3.4.1. Deflection check for ramp:

From live load:

Limit =7.00/360= 19.44mm.

Figure 132:Ramp design

Figure 133:Deflection check

Etabs deflection less than 19.44 mm......... is ok

From serves load:
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Limit =7.00/240=49.16mm

[ R da IEE e O R

Figure 134:Deflection check

126




Etabs deflection less than 49.16 mm

3.4.2. Shear check:

0.75

= — %

0.75

dVc *b*d=T*

JFe

28 x 1000 * 190/1000 =125.60KN

Figure 135:Shear check
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Vu< @Vc¢ ok after d/2

3.5. Design:

Max moment =13.60 KN.m

Figure 136:Design
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_ 0.85xfc 2.61+106+Mu =0.001003
A <1_\/1_( fbwd? ))

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

As min = 0.003 * 1000 * 250 = 750 mm? use 5 @14/ m

3.5.1. Ramp detailing:

S——
__:"%:: "
e

“%%—':g—<-_

Figure 137:Ramp detailing.
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Figure 138:Ramp detailing.

3.5.2. Manual design for column:

Column design:

4

/— 0.50

/ 0.90 7

Figure 139:Column dimension.
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Column dimension :500mmx900mm=450000mm?2.

The area of steel is = g x18%x18=4580.45 mm>2---> Ratio of steel = % =1.02%

Check for ratio of steel.

Should be Pu < ®Pn.

Pu=3507 KN

®=0.65 for tied columns.

Pn = 0.80x (0.85xfc’xAC+ fyxAst).

fc' =28 Mpa.

Fy =420 Mpa.

AC = Total area — Steel area = 450000 4580.45 = 445419.55mm?,

As = 4580.45 mm?,

--->Pn = 0.80x ((0.85%28x445419.55+ 420x4580.45)x 107) = 10646.006 KN.

---> OPn = 0.65%10646.006 = 6919.90 KN > Pu ----> Ok.

Check for long column:
Column height =4 m

K XL

IA

34

K=0.80,L=4.00m
In X-direction:

rx =0.30 x 0.90 = 0.27
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KxL 0.80x4.00

r 027 = 11.85 < 34 — ——> short column.
In Y-direction:
ry =0.30 x 0.50 = 0.15
K XL 0.80 x 4.00

- =21 < 34 — ——> Short column.
r 0.15
i1 opr = QAOXEC X Ig
f="T17pa

EC = 4700 x \/fc = 4700 x v/28 = 24870.00

_ Wusustained  1.20 X (8.29 + 4.50) + 1.60 X (25% X 5)

d= 0.74
A Wu 1.20 x (8.29 + 4.5) + 1.60 x 5.00
In X-direction:
1
IgX = E X 500 X 9003 = 3.04 x 101° mm?*.
0.40 x 24870 x 30.4 x 10° x 107°
Eleff X = = 176804.13 KN.m2.

1+0.74

In Y-direction:
1
IgY = W x 900 x 5003 = 9.38 x 10° mm*.

0.40 X 24870 x 9.38 x 10° x 10~°
Eleff X = Tooa = 53627.72KN.m?.
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2 X Ele
pe =T XEleff

(KL)?
In X-direction:
p _ 2 x 176804.13 170236132
CX=T08x400)2 '
In Y-direction:
p _ 2 %X 53627.72 5163553
Y= 08x4002 '
Sns = 1
N T
0.75 X Pc
In X-direction:
0 = L =103>1 Ok
nsx = ) 3507 = 1. > _—_—> .

~0.75x170236.13

M max = Puxemin
emin =0.03+0.015xh.

M max = 3507x (0.015+0.03x0.90) = 147.29.
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-->Mux = 1.03x147.29 = 151.71KN.m.

In Y-direction:

1

onsy = 3507 =110>1—-——> Ok.
1

" 0.75 x 51635.53

M max = 4516.28x (0.015+0.03x0.50) = 135.50

-->Mux = 1.10x135.5 = 149.03 KN.m.

Interaction diagram data:

Pu 3507 — 027
Ag x fc 500x900x28
Mux 151.71
= = 0.024.
Ag X hx fc 500x900x500x 28
Muy 149.03
= = 0.014.
Agxhx fc 500 %900 x 900 x 28
In x-direction:
_900-(2%60) _
YX=""%90 "
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Use chart Interaction diagram of 0.80

In y-direction:

_500-(2+60) _
vy= 500 Bl

Use chart Interaction diagram of 0.80

3.6. Shear wall design:

For part 1:
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Figure 140:Shear wall design

3.6.1. Shear check for shear wall:
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Table 24:Shear check for shear wall

Shear Design

Station I Rebar | Shear Combo Py M Wy PV, V.
Location mm*m kN kN-m kN kN kN
Tap Leg 1 825 DWal3 D145.5784 | 12482.8068 | 13727271 | 67441352 | 11004.03432
Tap Leg 2 828 D'Wal4 42861242 | 11000.8080 | 1228 3682 | BB1E.0477 | 11220.708
Tap Log 3 azs DWWal4 1082411 B9.073 1151803 | 84680202 | 15458871
Tap Leg 4 825 DWalg 8311071 §31.5742 440.6279 | 1191.8558 | 1852.7138
Top Leg s 828 DWala 2893852506 | 32B6.2375 | 1780.275 | 34168.1855 | 5538.4727
Tap Loga az6 D\Walg 21481288 | 13914563 | 1747 6088 | 33180302 | 54548712
Top Leg 7 625 DWal3 4200 9454 | 13431808 | 1356.3208 | 2817.4123 | 4541.8068
Top Leg 8 825 DWald 4828.472 | -58526T78 | 1042.8792 | 1571.7443 | 2804.0411
Tap Leg @ az6 D\Wale 308D G800 | 45818527 | 13827526 | 41483652 | 6675805
Top Leg 10 825 DWWal4 172.4419 | 4876245 | 2371412 | 1132782 | 2747783
Top Leg 1 625 DWals 31474084 | 5074.2403 | 2301.4408 | 7702.4835 | 12858.7360
Top Leg 12 828 DWWal2 100.7488 -1.7303 118538 204.3108 | 444.7858
Tap Leg 12 825 DWals 81.2811 -3.5501 B.e025 184.7868 | 31586818
Top Leg 14 828 DWal4 100.7488 1.7203 11.8539 204.3108 | 4447856
Tap Leg 15 828 DWald 21.2811 &.5501 0.89025 164.7668 | 1888819
Bottom Leg 1 625 DWal3 Q0380227 | 178737704 | 13727271 | GBTE.0018 | 11137.801
Bottem Leg2 825 D'Wald 517B 1242 | 6104.2241 | 12283682 | 8052.4977 | 11356.248
Baottem Leg3 828 DWal4 1734735 | -374.5684 | 1151803 | B8G1725 | 1554.0464
Battem Log 4 az6 D\Walg SE0.648 | -B30.03TE | 4408270 | 12158717 | 16788301
Bottom Leg s 625 DWald 3212136 | -3714.8626 | 1750.275 | 3457 2271 | 5579.5142
Bottem Legi 825 D'Wald 2565 7045 | -8481.7313 | 1787 688 | 33861801 | B522.0211
Battem Leg 7 az6 DWWald 4807 2643 | B7G8.484 | 1350.3208 | 20408 4587 | 46828531
Baottem Leg & 825 DWalg 48858254 | -47T0TES | 10438793 | 1071.7443 | 2804.8411
Bottem Leg® 825 DWald 45200235 | -040.1580 | 13827520 | 4225 8558 | 6755630564
Battern | Leg 10 azs DWWal4 2082781 | -2808403 | 2371412 | 1220835 | 2835855
Battem Leg M 825 DWals 4227 8475 | 14280.1038 | 2301.4408 | 704,544 | 13021.8027
Baottem Leg 12 828 DWal2 1811238 48.0852 11,8532 134.8753 37813
Battern | Leg 12 az6 DWalg 1218781 33,0504 8.0025 1028048 297.62
Bottom Leg 14 625 DWald 151.1238 -48.0852 11.853% 134.8753 37513
Bottem Leg 15 825 DWal10 75.0007 -33.0599 0.8025 101.0137 | 204.6288

Vu< @ VC in all shear wall in building

3.6.2. Design for shear wall:

........ check is ok.
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Table 25:Design shear wall.

Flexural Design for P, M and M

Station Required Required Current Flexural Py M M,z Pier A,
Location | Rebar Area (mm?} | Reinf Ratio | Reinf Ratio | Combo kN KN-m KN-m mm*
Tep 1040098 0.,0025 0.0083 DWal10 | 18102.2827 | -53138.5322 | -32248 4827 | 41839250
Bottom 104008 0.0025 0.0083 DWal10 | 21433.4228 | -52849.9532 | -48352.301 | 41839250
Steel ratio in all shear wall in building =0.0025.
Steel /1m in shear wall =0.0025*300*1000 .....use 5 @14 /1m.
3.6.3. Shear wall detailing:
1
‘ L
|7 slab
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——>5@14mm/Im
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o e @O o @ 9 9 9 9
@10 mat footing 5
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et :@ 2 :

20200000
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Figure 141:Shear wall detailing
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For part 2:

Figure 142:Shear wall design.
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3.6.4. Shear check for shear wall:

Table 26:Shear check for shear wall

Shear Design

Station o Rebar | Shear Combao P, M, v, TV, oy,
Location mm*m kN kM-m kN kN kN
Tap Leg 1 825 Diwald ABAO B34 | 108010286 | B361.0548 | 8491 1266 | 14025 4626
Tap Leg 2 825 DwWald 1228.5291 | 15353829 | BOG.E23Y | 1B24.2771 | 31852738
Tap Leg 3 825 CwWals A7B5.3TE2 | -325.5085 | 154.2813 | 824.3419 | 18408.5643
Tap Log 4 626 Dialg 3114008 | -F27E2T 81.7811 | 3308518 | £67.4884
Tap Leg 5 825 DwWals 2484138 27e.7a 88.0183 T11.7927 | 1270.2881
Top Leg@ 825 DWald 2743.0831 | 2125279 187.1883 | 3308513 | 887 4884
Tap Leg 7 825 D'Walt 13547664 | 474805 162845 | 4888204 | 7O00.0844
Tap Leg & 825 DWalg -17E.088% 254675 107.4253 | 2823197 | S58B5837T
Top Leg @ 625 DwWald 7883232 | -230.8891 51.4006 309.8347 | BB2.8321
Tap Leg 10 8258 Dvald 13043719 | 1004 851 200.2108 | 1079.2584 | 1800882
Tap Leg 11 825 DwWal2 5141.7371 |-13435.4674 | 5820.786 | 6794.0768 | 110900087
Top Leg 12 825 DWals G574 2387 | 37804.5754 | 2080.3531 [10891.2478 | 17656.3208
Tap Leg 12 825 DWali G451 SOG8 |-28441.7772 | 28381271 | B320.8628 [10160,2157
Tap Log 14 az6 DWals SIEBETTE | TZ15.6072 | GOQ.0088 | 14627221 | 20480717
Top Leg 15 625 DwWald 41047077 | 7780.4201 | §54.8828 | 1482.7221 | 2846.0717
Tap Leg 18 8258 Dvald 55258821 | -7344.0971 | 7048888 | 2197 25056 | 3508.1183
Tap Lag 17 626 Diwale -BEE19T | 4925273 180,09 3310308 | 758.5520
Tap Leg 18 825 DWals 394B.63TH | 4081.3825 | 266.8856 | T44.2753 1706.0894
Tap Leg 18 825 DiVal4 2025 5024 | -450.5034 | 107.816 | 8245202 | 10511335
Tap Log 20 az6 DWals 33704808 | 362404435 | 4821656 | 16286088 | 24804255
Battom Leg 1 825 DwWal2 G040.0508 | 32345 24656 | 5351.0545 | 2865.0428 | 14199.3785
Battem Leg 2 8258 Divald 148E 5291 | -BO1.1318 | 8068237 | 1863.2171 | 32042738
Batterm Leg 3 626 Diwals BQIT.3137 | 2018142 | 154.2812 | 924.3410 | 18405842
Battom Leg 4 825 DWalg 354.8008 204 2018 p1.7811 21488 B4E.TRE
Vu< @ VC in all shear wall in building ....... check is ok.
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Design for shear wall:

Table 27:Design for shear wall.

Flexural Design for P, M and M

Station Required Required Current Flexural Py M.z M. Pier A

Location | Rebar Area (mm?) | Reinf Ratio | Reinf Ratio | Combo kN kN-m kN-m mm?
Top 128880 0.0025 0.0103 DWall0 | 41502 4602 | 893132050 | -108507 4756 | 51476104

Bottom 128800 0.0025 0.0103 DWalld | 458205556 | 80101.7300 | -140420,8804 | 51476104

Steel ratio in all shear wall in building =0.0025.

Steel /1m in shear wall =0.0025*300*1000 .....use 5 @14 /1m.
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3.6.5. Shear wall detailing:

/ slab

|

J

@l4mm/1m
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/—5014mm/lm
/—‘Aalﬂnm/ im

mat footing
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N NPT

0.40 & W
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Figure 143:Shear wall detailing.
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3.6.6. Column detailing:

18018 - 2010/15¢cm
900mm /

wwoos

Figure 144:Column detailing

Z slab slab Z

| L 2 /10cen
lﬂmﬁmmﬁ
W) Gmm/ 1 Sem
1 Omen /1 0ein
LB/ Im top
M __—t68ldmmn /1w top

mat footing

Figure 145:Column detailing
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1@10/15¢cm
32018

R=450mm

Figure 146:Column detailing
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——2M10mm/10cm

1; S|0 b slab

‘ B10mm,/10cm
/—2
&

,‘.Lem Omm/15cm

,—=2610mmn/10cm

P18mim/1m top
8@18mm/1m tap

mat footing :_—

%

Figure 147:Column detailing
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3.6.7. Slab detailing:

5@16/m(T) 5@16/m(T)
sl L o o .
T l I — , ‘l g7 I O/ | ‘
5% 40 . UBoo | | uBt || L 5916/m(B)

LW, 8\ 5016/m(B)
GENERAL SECTION U-Boot Slab(THK=50cm)
SCALE 1:20

Figure 148:Slab detailing
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Slab detailing for b2:




Slab detailing for b1:
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Figure 150:Slab detailing
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Slab detailing for gf:
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Slab detailing for f1:
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Figure 152:Slab detailing
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Slab detailing for f2:

Figure 153::Slab detailing .
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Slab detailing for f3:

Slab detailing for f4:

Figure 154::Slab detailing
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Slab detailing for 5:

Figure 155:Slab detailing

Slab detailing for f6:

Figure 156:Slab detailing
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Slab detailing for f7:

Figure 157:Slab detailing

153




Figure 158:Slab detailing

3.7. footing design:

assumption for footing design:

1. allowable bearing capacity for soil = 200KN/m2
2. footing type is mat footing.
3. safe 2016 software used for design mat footing.
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3.7.1. safe model:

Figure 159:safe model
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Figure 160: safe model
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3.7.2. Model check:

Bearing capacity check from service load:

T o Fesstoms
1) Pt Pt

© Sk P

(hnghery (s
) Doy Contnm s bt B
© Uniey vt o= Uit S
1) Dhaghiy Cortotms 41 Exsnd Dars.

—_—
© Adan
17 i Gt - —
T e
Moo s v
Maseom ] we-

gty

Figure 161:Bearing capacity check from service load

Allowable bearing capacity from safe >footing stresses ......... check is ok.
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punching shear check:

" . U | Y e l RR0] = SUTY e FERY YORY Y 2N |
[ lirsr=ti=a==% i I

Figure 162:punching shear check

All result from safe modal lessthan 1 ........ check is ok.
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Shear check:

oVe =22 [forbxd = 22«28+ 1000 + 910/1000 =601.91 KN

- 602

509

47

324

232

= 13

.

139

WA

i 1 I L =231

324

417

-509

___.- IH H - IHH l-l -602

Figure 163:Shear check

Check is ok.
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3.7.3.

Footing detailing:
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Figure 164:Footing detailing
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J,-—EOI Omm/10cm

6018/ 1m top

mat footing - _— or

Figure 165:Footing detailing.

3.8. Sheet piles design:

Soli:

Unit weight=18 KN/m?,
Stress state effective

Angle of internal fraction=30°
Cohesion of soil 0.00 Kpa
Angle of fraction soil 30°.
Saturated untie weight 22 KN

Height of water is 3 m from bottom.

161
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69018mm/1m BOT
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Sheet pile dimension:

Material of pile:

concrete

Figure 166:Sheet pile dimention
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Sheet pile geometry:

Geometry of structure
Length of structure = 21.23 m

Depth in soil = 9.23 m

|: 600.00 k }El.i}l}

[kPa]

Figure 167:Sheet pile geometry
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Bending moment and shear force:

@oodms T T b T T T nen (300000 |
N

Figure 168:Bending moment and shear force.

Results :
. Results
Reinforcement
SHEAR :
-~ BENDING :
Profile : 10.0 | [mm]

Cowver: 20.00 | [mm] DESIGN PRINCIPLES
Spacing : 70,0 | [mm]

Ma. of bars 31.00 | [pes] +| Shear reinforcement

Profile : 32.0 | [mm]

Additional reinf, profile: 0.0 | [mm]

Figure 169:Results
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Sheet pile detailing:

Figure 170Sheet pile detailing:
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3.9. Stair design:

Stair plane:

sheet pile plan
290 piles

Figure 171:Sheet pile detailing

290 piles needed to cover the perimeter of the building
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Figure 172:Stair plane.

Model ETABS:
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Figure 173:Modal etabs

3.9.1. Compatibly check:
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| [+433-D View Mode Shape (Modal) - Mode 1 - Period 0.026

:

Figure 174:Compatibly check

the stair is compatible
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3.9.2. shear check:

@V c=(0.75/6)((fc"2))*b*d
Fc=28mpa

Jb=1m =1000mm
.d=190mm

®Vc =125.67 kN

,.» > -
—1X |
— ~::‘~—,—1_::z'~ '

Figure 175:shear check

®Ve >Vu .....checkis ok.
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Design :

[ [ U S vo: il ER T - T N
Figure 176:Design

Max moment from etabs =6.6kN.m

0.85+fc 2.61%106+Mu
Py ( \/ ( forbd? )> = 0.000701

p min = 1.4/ fy = 1.4 /420 = 0.003

so, use AS min

As min = 0.003 * 1000 * 250 = 750 mm? use 5 @14/ m
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3.9.3. Stair detailing:

SECTION 1-1

Figure 177:Stair detailing
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SECTION 2-2

Figure 178:Stair detailing
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3.10. Water tank design:

Designing a rectangular water tank involves careful considerations to ensure efficient storage and distribution of
water. Rectangular tanks are commonly used in various applications, including residential, commercial, and
industrial settings. They offer distinct advantages such as space utilization, ease of installation, and structural
stability.

The primary objective of designing a rectangular water tank is to provide a reliable and sustainable water storage
solution.

We will design water tank in basement floor (rectangular water tank 8.70m*7.70*4.00).
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K4 54
o« ST o
L® e A o X

Figure 179:water tank plan.
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Assumption:

Fc=28mpa.
Fy=240mpa.

Check type of tank:
L/H=8.70/4.00= 2.18>2
Is one way type of tank.

yw*(h water) =10%4.00=4.5 KN/m.

| 0.1yw* hr2

0.03yw* h3 ' =

=19.20 =
0.4yw* h*2 N ;
=64 ™ \ yw* h=40

cm— ) sl =
yw* h"3/15
BMD =42.66 SFD Load in tank

Figure 180:momant and shear load.
Horizontal tension = horizontal shear

ywH? 10 x 42

Vo =T =~ = = 20 kN
H H 3 3 /m
Horizontal Moment:
H3® 10 x 43
My = Wi = 20kN.m/m

32 32
Thickness of tank:

Vu=1.4*64=89.6 KN/m
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0.75
oV = TVZS X 1000 x d X 1073 = 0.662d

Table 28 - fs max

Ve =W,

0.662d = 86.6

d=1354mm

use h=300mm. ......... d=240mm.

check tension:

Tu=1.4 *20 = 28 KN/m
Internal force Design internal force
Tension Tudesign = Sa Ty
Shear Vsdesign = SaVs
Torsion nrudesign = Sch-:)ru
Moment M esign = 1.06S,M,

Normal condition so fs max=138 mpa.

_ OF, _ 0.9x420

S, = =
d stmax

kN
Tudesign = 1.956 % 28 = 54.76—

54.76 x 1000 2

0.9 x 420

mm

Tudesign _ — 144.86
' m

®Fy

As

Check thickness for tension:

T + CEsA;

1
< _ ’
4, +na, =3V
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famax

138 MPa for normal conditions
119 MPa for severe conditions

165 MPa for normal conditions
138 MPa for severe conditions

165 MPa for normal conditions
138 MPa for severe conditions

From Figures




20000 + 0.0003 x 200000 x 144.86
300000 + 8.04 x 144.86

1
=0.0952 < 5\/28 =1.76 MPa

Thickness is ok.

VERTICAL reinforcement:

Mu=1.4*42.66=62.524 kN.m/m
Assume s =200 mm
normal conditions, one way and h < 0.4 m.

Normal exposure - One way
S (mm)

0 50 100 150 200 250 300

250

2000

1500 +

fsmax (kg/icm2)

- 200

- 150

| )
1000 T \ ISERL ST T 11 T T T 1 T L T L L R | T 1 5.1 T

®F, 0.9 x 420
Sd = =

= = =1.37
Y omax 14X 197

kN.m
My gesign = 1.06 X 1.37 X 62.524 = 90.SOT

= 0.00433

p

_ 0.85x28 2.61 x 106 x 90.80
420 28 x 1000 x 2402
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Ag = 0.00433 X 1000 x 240 = 1039.3 mm?/m

Agmin = 0.003bh
= 0.003 x 1000 X 300 = 900mm?2/m........ use AS

> on the outside surface:

M, = 1.4 x 19.20 = 26.88 kN.m/m
Thickness A = 300mm

Assume s = 200 mm

= fsmax = 197 Mpa

¢ ®F, 0.9 x420
Ty fomax 14 %197

1.37

kN.m
My gesign = 1.06 X 1.37 X 26.88 = 39.057

_0.85x28 1 \/ 2.61 x 10° x 39.035

= =0.00181
p 420 28 x 1000 X 2402

A, = 0.00181 x 1000 x 240 = 436.77 mm?/m
Agmin = 0.003bh = 0.003 x 1000 x 300 = 900 mm?/m......use AS min
Horizontal Reinforcement
M, =14%x20=28kN.m/m

2 fsmax = 197Mpa
o - OF, _0.9><420_137

T Y fomax 14x197 7

kN.m
Mygesign = 1.06 X 1.37 x 28 = 40.66 —
_ 0.85x28 ) 2.61% 106 X 40.66 \ _ 0.0033
P =120 ~ |t T 28x1000x240%2 |~
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Ag = 0.0033 X 1000 x 240 = 797 mm?/m

Assume distance
contraction joints

Asmin =
0.003 x 1000 x
900 mm?/m ...

Table 29:steel

Type of steel AS (]

_Ve_rtlcal Reinforcement (on the 1039.3 1316/15¢m
inside surface)

Vert_lcal Reinforcement (on the 1039 3 1616/15cm
outside surface)

Horizontal reinforcement nearby

the corner (Outside) 450 1@12/20cm
Horizontal reinforcement nearby

the corner (Inside) 450 1£12/20cm
Horizontal reinforcement Far

from the corner (Outside) 450 112/20cm
Horizontal reinforcement Far 450 1312/20cm

from the corner( inside)
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between
=4m

0.003bh =
300 =
use AS min

reinforcement




Water tank detailing:
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Figure 181:Water tank detailing
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Figure 182:Water tank detailing
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Chapter 4: Electra-Mechanical Aspect
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4.1. Artificial Lighting Design:

The main goal of artificial lighting design:

Getting the amount and quality you want, the comfort of the occupants' eyesight Ensure safety in the hallways and
lobbies. Many lighting systems based on uniformity and decoration are used in banks. The DIALux evo 8.2 program

was used to design artificial lighting and demonstrates many parameters in this design.

~. Illuminance

D Glare index

Figure 183 - Artificial Lighting Design Process

Reflectance coefficients of finished materials used in the DIALux evo 8.2 program.

Table 30 - Reflector Factor

Surface  Finish material Reflection Factor

(%)

Paint (beige)  [70%

hite 70%

iles(white)  P630

183




Displays the list of luminaries used in the DIALux evo 8.2 program.

Table 31 - Luminaire List

All the rooms in the building are designed with artificial lighting.
Meeting room.

Conference room.

Tellers.

Offices.

Entrance.

Waiting area.

Credit Financial Department.
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4.1.1. Ground Floor artificial lighting design.

The DIALux evo 8.2 program was used to create the ground floor's numerous lighting-related spaces, as may be
seen in the example below.

The location of the luminaires for the bank's office is shown in the figure below

Figure 184 - Luminaire Distribution (office)
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The lighting used in the office is shown in the figure below.

COLLINGWOOQOD - LSC43 2700K 4.8W 10cm Lengths

G

COLLINGWOOD

LIGHTING

Figure 185 - Linear Unit

Endo Lighting - Fixed Downlight

=NDO

LIGHTING CORP.

Figure 186 - Spot Unit

The DIALux evo 8.2 program's Europe standard code said that the desired illumination level should be 500 lux and

that the glare level shouldn't be more than 20.

The figures below display the 3D office perspective from DIALux evo.
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4.1.2. Conference room.

Figure 187 - Conference Room Lighting Distribution (DiaLUX)
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Figure 188 - Conference Room Lighting Distribution (DiaLUX)
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4.1.3. Credit Financial Department.

Figure 189 - Credit Financial Department Lighting Distribution (DiaLUX)
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4.1.4. Meeting Room

Figure 190 - Meeting Room Lighting Distribution (DiaLUX)
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Figure 191 - Meeting Room Lighting Distribution (DiaLUX)
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4.1.5. Waiting area.

Figure 192 - Waiting Area Lighting Distribution (DiaLUX)
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Figure 193 - Waiting Area Lighting Distribution (DiaLUX)
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Figure 194 - Waiting Area Lighting Distribution (DiaLUX)
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4.1.6. Tellers.

Figure 195 - Tellers Lighting Distribution (DiaLUX)
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Figure 196 - Tellers Lighting Distribution (DiaLUX)
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Figure 197 - Tellers Lighting Distribution (DiaLUX)
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Figure 198 - Tellers Lighting Distribution (DiaLUX)
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Figure 199 - Tellers Lighting Distribution (DiaLUX)
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4.1.7. Offices.

Figure 200 - Office Lighting Distribution (DiaLUX)
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4.1.8. Waiting area 2

Figure 201 - Waiting Area 2 Lighting Distribution (DiaLUX)
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4.1.9. Corridor

Figure 202 - Corridor Lighting Distribution (DiaLUX)
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Figure 203 - Corridor Lighting Distribution (DiaLUX)

DIALux output for each and every building space.

Table 32 - Room Output (DiaLUX)
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'space lux  |Requiredlux |UGR  |Required UGR |Uniformity Required Uniformity

Entrance 20 0| 2 2 05 04
Meeting room 535 si0| 176 2 07 06
corridore 200 00 202 2l o0 04
confence room 620 si0] 20 nl 05 05
Teallers 515 si0| 17 9] 061 05
offices 580 si0| 175 9] 068 06
Credit Financial Department 550 s 181 9 083 06




4.2. HVAC Design:

Heating Ventilation and Air conditioning (HVAC) design is essential for the thermal comfort and indoor air
quality for any structure. HVAC systems vary in operating systems, sizes and quality, however, they all serve the
same purpose which is maintaining suitable room temperature and high indoor fresh air quality by exhausting odors,

dust and excessive heat.

Given information (Design builder):

Humidity ranges from (40% - 70%)
Inside temperature design in winter =22 ° C
Inside temperature design in summer =24 ° C

Total heating load for structure = 140 KW

YV V. V V V

Total cooling load for structure = 159 KW

The design will be on the cooling load, due to being more critical

Mitsubishi Company is selected to design and choose suitable models from.
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4.2.1. Model selection:

HVAC is divided into two types outdoor unit and indoor unit

From design builder, the design cooling load = 159 KW

Outdoor unit:

KXZ ADVANCED ==

Heat pump - modular outdoor units

E
s
g

CONNECTUP TO 48 INDOOR CHARACTERISTICS

UNITS/130% CAPACITY
® Maximum anergy afficiency COP 4.21 |14 HP)

FOC 400 KXZET1 400 kW FDC 500 KXZE1 50.0 kW ® Only DC Inverter compressors
FDC 450 KXZE1 450 kW  FDC 550 KXZEY 54.0 kW o High split; up to 1000 m in total and with a maximum
FDC 475 KXZE1 475 kW distance between the O.U. and the furthest LU of 160 m
OPERATING INSTALLATION DIAGRAM
RANGE

Total lengon 1000 m
E{l —

} -
.yr
——E
& 3 ‘ _ -
. : L
i
14~20HP (40.0-56.0 kW) ‘ .‘;:_.;’~" 1 oG betwes et raor ot rd Peveyrd ow'om fe iy o< &
** Lomghy Ao ». ot oy M
Wogehs ) ) [ CRXGE | TCOGET | focewodis | focoendi)
o (nt Lpw !y Wy L o0 Ul )
W 0% i i
i ke
14 16
¥y i 1
W ¢
¥ 4 (_v i
] x 1 1
.- - - 4 ‘

Figure 204 - Outdoor Unit (model FDCS560KXZE1)

Figure 205 - outdoor unit (model FDCS560KXZE1)
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Model chosen is KXZ-FDC560KXZE1 (56 KW)
#of outdoor units needed = 159/56 = 3 units
Indoor unit selection:

For offices the wall mounted split indoor unit was chosen

For open areas ex. Waiting area ducted fan coil was chosen

A o

Nogel FOK 150008 1 Fl 20T o4 it FOR 5021y HOu S ) HK gt

Figure 206 - indoor unit (model FDK22KXZE1)

Model FDK22KXZE1 was selected with 2.2 KW cooling load

206




| . J\J - I N

Low head ducted

e 7 power sizes
(1.50-7.10 %Wl
UT-FLIEF [FOUT 71)

UT-SAT3EF (FOUT 71)

® Human sensor”: LB-KITZ

FDUT 15-7T1KXEAF-E

froen 1.50-2.80 kW,

® Idesl lor appucations in hotels, hoseaals and small offices
©® Opticnat filter kit: UT-FLIEF [FDUT 15-24}, UT-FL2EF FDUT 45-5¢)

® Ducting flange: UT-SATIEF [FOUT 15-36k UT-SATZEF (FOUT 45-5&);

COMPACT SIZE VERY QUIET OPERATION

Extromely quiet: only 22 dBIA) for models

o T

m

Figure 207- Fan coil unit (model FDUT)

| & |

_— _ , I— 1 A
models FDUT 15, 22, 28, 36 KXE6F models FDUT 45, 56 KXE&F 2
Wode | TDST 150GH-L FOOT 190EeF-1 FOU7 DENF- FOUT 3SIES- FRUT 4SKE-£ FRUT SSxEsi-£ SOUT 710G £

| Rear ecovery
e ey 1.9 1 1 L | + N 1 w
Momel Feat Cpucey | | ). J Al
o paw 1) A A

.‘, ¥ A

Model FDUT is used with a variety of cooling capacity depending on the room cooling design

Diffusers:

Used to pump out air from any direction, usually the shape is selected to match ceiling design
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Figure 208 - Diffuser slots

Controller selection :

Used to distribute power intake for each indoor unit installed

~
BC CONTROLLERS FOR R2 LINES ©

Figure 209 - BC Collector
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Technical specifications

MOOEL (single) CMB-P184V-J CMB-P106V-J CMB-P188V-J CMBP1812V-J

CMBP1816V-J

Nurites of brasch
Fower source
Power mpat

Irdooe Ut capacily
canneciabie 2 1 fmanch

Coreectatie -rmr;u:wn SOWITE UV SIPRCRY
Mot 5|

Waeh

Coym>

Rafrigarant
pprg
damets

Crmn piow
Mot we gt

Figure 210 - Collector Technical specifications

4.2.1. HVAC Unit Distribution

Flow rate and cooling design for all spaces in GF:

Used to determine the number of indoor needed in each space

Table 33 - Flow rate and design capacity for each floor in GF

Floor Zone Design Flow | Design cooling
Rate(m3/s) ozl [[45)
Office 0.056 0.91
Corridor 0.064 0.98
Office 0.018 0.3
Office 0.031 0.49
Office 0.013 0.21
Office 0.018 0.28
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Auto Cashier 0.014 0.22
Waiting Room 0.073 2.22
Office 0.013 0.21
Office 0.019 0.31
Office 0.023 0.37
Office 0.045 0.63

GF ATM Room 0.020 0.32
Office 0.054 0.87
Office 0.047 0.66
Office 0.018 0.28
Waiting Room 0.231 5.89
Cashier 0.141 2.27
Office 0.031 0.49
Office 0.060 0.98
Vault Room 0.231 3.70
Safes Room 0.278 4.47

Flow rate and cooling design for all spaces in FF:

Table 34 - Flow rate and design capacity for each floor in 1st floor

Design Flow | Design cooling
Floor Zone load (KW)
Rate(m3/s)
Office 0.026 0.4
Corridor 0.115 1.78
Office 0.019 0.3
Security Room 1.12 0.071
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Office 0.019 0.3
Server Room 0.84 0.061
FF Meeting Room 0.207 2.82
Waiting Room 0.340 5.6
Kitchen 0.033 0.52
Rest Room 0.037 0.58
Loan Manager 0.081 1.27
Conference Room 0.259 3.64
Training Room 0.182 2.84

#of indoor units (Wall Mounted Unit) in Both Floors

Table below shows the number of AC indoor units needed for each space to be thermally comfortable (GF&FF)

Table 35 - #of wall mounted units for each space in GF

Rate(m3/s) ( 29 KW ) #of Units
Office 0.056 0.91 0.41 1
Office 0.018 0.3 0.13 1
Office 0.031 0.49 0.22 1
Office 0.013 0.21 0.1 1
Office 0.018 0.28 0.15 1
Auto Cashier 0.014 0.22 0.1 1
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Office 0.013 0.21 0.1 1
Office 0.019 0.31 0.16 1
Office 0.023 0.37 0.17 1
Office 0.045 0.63 0.28 1
GF ATM Room 0.020 0.32 0.16 1
Office 0.054 0.87 04 1
Office 0.047 0.66 0.29 1
Office 0.018 0.28 0.15 1
Cashier 0.141 2.27 1.03 2
Office 0.031 0.49 0.22 1
Office 0.060 0.98 0.45 1
Vault Room 0.231 3.70 1.68 2
Safes Room 0.278 4.47 2 2
Table 36 - #of wall mounted units for each space in FF
Floor Jone Design Flow | Design cooling Model
Rate(m3/s) load (KW) (FDK22KXZE1 U
) 2.2 KW

Office 0.026 04 0.18 1
Corridor 0.115 1.78 0.8 1
Office 0.019 0.3 0.13 1
Security Room 0.071 1.12 0.51 1
Office 0.019 0.3 0.13 1
FF Server Room 0.84 0.061 0.27 1
Kitchen 0.033 0.52 0.23 1
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Rest Room 0.037 0.58 0.26 1
Loan Manager 0.081 1.27 0.57 1
Training Room 0.182 2.84 13 2
#of fan coil and duct sizing for both floors:
Figures below shows the number of fan coil needed in each area for ground floor
Table 37 - #of fan coil units for each space in GF
Floor Jone Design Flow | Design cooling
Rate(m3/s) load (KW) Model #of Units
Waiting area 0.073 2.22 FDUT22KXE6F-E 1
(2.2 KW)
GF Waiting area 0.231 5.89 FDUT71KXE6F-E 1
(7.1 KW)
cashier 0.141 2.27 FDUT28KXE6F-E 1
(2.8 KW)
Table 38 - #of fan coil units for each space in ff
Floor Jone Design Flow [ Design cooling
Rate(m3/s) load (KW) Model #of Units
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Waiting area 0.34 5.6 FDUT56KXE6F-E 1
(5.6 KW)

GF Conference Room 0.259 3.64 FDUT71KXE6F-E 1
(7.1 KW)

Meeting Room 0.207 2.82 FDUT71KXE6F-E 1
(7.1 KW)

4.2.2. Duct Sizing:

The graph below is used to acquire the suitable duct sizing using the design flow rate for each zone.

Air volume
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Figure 211 - Duct sizing graph
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Figures below shows the duct sizing for Main and branch ducts for each Room (GF, FF)

Table 39 - Duct sizes (GF)

Floor Duct el Flow rate
type (M~3/5) Velocity Duct size
Main Duct Waiting room 0.073 200 mm
Waiting room 0.231 5 250 mm
Cashier 0.141 200 mm

GF
Branch Duct Waiting room 0.073 125 mm
Waiting room 0.231 3.5 200 mm
Cashier 0.141 150 mm
Table 40 - Duct sizes (FF)

Floor Duct ey Flow rate
type (M~3/S) Velocity Duct size
Main Duct Waiting room 0.340 300 mm
Meeting Room 0.207 5 250 mm
Conference Room 0.259 250 mm
i Branch Duct Waiting room 0.340 250 mm
Meeting Room 0.207 3.5 200 mm
Conference Room 0.259 200 mm
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4.2.3. Plan Drawings:

GF HVAC plan:

- -
ok D T " ™|
1 IR

O

Figure 212 - HVAC
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4.3. Power design

Electricity distribution system made up of a main distribution board, sub distribution boards on each floor,
luminaries, outlets, switches, and copper wires that connect the distribution boards to all the other electrical

elements.

Figure below shows the basic electrical symbols that will be used.

et Single or double power socket.

W Telephone socket.
£ [3;',' Single, double or triple switches.
[:3 Main distribution board.

Sub distribution board.

Figure 213 - Electrical symbols used.

I phase system will be used for the most electronic equipment and lighting.
At the ground floor there is 34 sockets, 6 telephone sockets, 76 luminaries.
Three distribution boards are needed in each floor, where the elevators and the fan coils need high power to run.

- Power sockets demand factor = 0.2
- Lighting loads demand factor = 0.8
- The factor of safety for the conductors and circuit breakers is 1.2

- Power factor 0.9
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The cross-sectional area of conductor(wire) will be chosen according to

Table 41: Wires cross sectional area due to current.

4.3.1. Lighting calculations

P= I(current) * VVoltage* Power Factor

Power factor: From luminaire specifications

| Loas = P / (VXPF) = 61x 4/ (220%0.9) ----->I 10za = 1.23 A

According to Table 41 the required conductors cross sectional area is 1 mm?

- Voltage drop Check (V prop):
V prop < 5% *voltage=5%x220= 11 Volt

Vo =IxR=1x (8 XL x2/A)
&: Resistivity of copper = 1.6x108
L: Conductor length

A: wire Cross Sectional Area

V prop = 1.23x (1.6x108x 23 x2/1x10°) = 0.90 V < 11 Volt ---->0k
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4.3.2. Power load calculation

P=1XVXPF
| Load = P/ (VXPF)
=400 x 7/ (220%0.9) ----> | Loaq = 14.14A
According to Table 41 ,the required conductors cross sectional area is 2.5 mm?2.

Voltage drop Check (V prop):

V brop = 14.14x (1.6x108x 32 x2/2.5%10°) =5.79 V < 11 V volt---->0k

Power load
Table 42: Power loads calculation results in each floor
Power factor 0.9
Voltage 220
Cross
Floor Total power | load section(mm?2)
B2 - - 2.5
Bl - - 2.5
GF 5353.92 23.51 4
1st 4867.20 21.38 4
2nd 4232.35 18.59 4
3rd 4030.81 17.70 2.5
4th 4030.81 17.70 2.5
5th 4030.81 17.70 2.5
6th 4030.81 17.70 2.5
7th 4030.81 17.70 2.5
P=1 X VXPF

| Load = P/ (VXPF) =800/ (220x0.9)
| Load = 4.04 >cross-sectional area is 2.5 mm>.

o Voltage drop Check (V brop):
V prop = | X R=4.04x (1.6x108x 32 x2/2.5x10%) = 1.65 V < 11 V ---->0k
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Summary of the electrical loads

Table 43:Electrical loads summary

= Sub-distribution board Lighting loads Power loads Total Current
oor
name (Amp) (Amp) (Amp)
B2 SDB1 2.88 - 2.88
B1 SDB2 16.39 - 43.24
GF SDB3 10.32 22.72 33.04
First SDB4 16.24 21.69 37.93
Second SDB5 12.12 11.36 23.48
Third SDB6 13.12
4th SDB7 7.88
5th SDBS8 7.88
6th SDB9 7.88
7th SDB10 7.88
Total 57.94 82.63 140.57
circuit breaker cross sectional area:
Table 44: circuit breaker cross sectional area.
Category Cross sectional area
Circuit breaker for lighting 1mm2
Circuit breaker for Power 2.5mm?2

Total power = 27261.50 watt
One phase of 220 volts will be used in SDB-1.

Total current in SBD-1 = Total power/ (N3 x V x D.F)
= 27261.50/ (/3 x 220 x0.9)
=79.5 Amp.

Ics (Circuit Breaker Current) = 1.15 x | = 91.4 Amp.

Icec (Circuit Breaker Cable Current) = 1.15x | C.B =105.12 Amp.

Main cable size = 50mm2
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Distribution board:

The distribution boards in the building include: main distribution board located in the ground floor, sub-distribution
board 1 located in the b2 floor, sub-distribution board 2 located in the b2 floor, sub-distribution board 3 located in
the ground floor, sub-distribution board 4 located in the first floor, sub-distribution board 5 located in the second
floor, sub-distribution board 6 located in the third floor, sub-distribution board 7 located in the fourth floor, sub-
distribution board 8 located in the fifth floor, sub-distribution board 9 located in the sixth floor and sub-distribution

board 10 located in the seventh floor.
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Main Distribution Board
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Figure 214: Main Distribution board
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4.3.3. Main distribution board:
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Sub-distribution board 1

lfmm MDB
B2 floor ,
SDB1 g/\ 50A. CB Sub-Distribution Board 1

“ELce
2x25A M0.03A

—
I
X1 5mne

LIGHTING \

Figure 215: Sub-distribution board 1
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Sub-distribution board 2

ifrom MDB
B1 floor
SDB2 ((/\ 50A CB Sub-Distribution Board 2
ivxromm

“ELca
2x25A 0.03A

o—

10A

are

LIGHTING

resm— V (an) hmatn) A

Figure 216: Sub-distribution board 2

Sub-distribution board 3

from MDB
Ground Floor l
SDB3 f‘/\ 50A. CB Sub-Distribution Board 3
[ eraes
“Ees

LIGHTING

Figure 217: Sub-distribution board 3
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Sub-distribution board 4

First Floor

SDB4

Sub-Distribution Board 4

LIGHTING \
Figure 218: Sub-distribution board 4
Sub-distribution board 5
lfrom MDB
Second Floor
3 Sub-Distribution Board 5
SDB5 #* :

Figure 219: Sub-distribution board 5
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Sub-distribution board 6

Third Floor
SDB6 Tz‘“ Sub-Distribution Board 6

Figure 220: Sub-distribution board 6

Sub-distribution board 7

lfmm MDB

Fourth Floor )
S D B 7 Sub-Distribution Board 7

L IX 16w

(r-
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f 18A. Fr6a I%
spare
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L IGHTING \ POWER

. B (g ey ¥ Sy

Figure 221: Sub-distribution board 7
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Sub-distribution board 8

Fifth Floor

sSDB8 Sub-Distribution Board 8

Figure 222: Sub-distribution board 8

Sub-distribution board 9

lfrom MDB

Sixth Floor

SDB9 Sub-Distribution Board 9
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Sub-distribution board 10

Seventh Floor
~_SDB10

Figure 223: Sub-distribution board 9

Sub-Distribution Board 10

LIGHTING

r— by (e el d

Figure 224: Sub-distribution board 9
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4.4. Acoustic Design

Acoustical design is essential for optimum integral design. Acoustical design is divided

into many categories ex. RT60, STC, and SPL calculation, which need to meet certain

standard to be suitable for each function.

Rooms used to design:

e Meeting Room

e Waiting Area

e Office

4.4.1. Reverberation Time (RT60)

RT is an important factor to consider while designing by using Ecotycy program

Table 45 - RT for material

- Frequency (Hz)

Body Finish

65 (125 50 500 | 1000 | 2000 | 4000 {8000 (16000
Wall Plaster 0.12 0.09 [0.07 0.01 | 001 | 001 | 0.02 p.01 0.02
Window  |Wind glass 0.12 0.10 1[0.06 0.04 | 0.03 | 0.03 | 0.03 .04 0.04
Door Hollow Core 044 041 (035 0.25 | 0.20 | 0.15 | 0.14 p.13 0.12

Plywood

Floor Tiles 0.02 (0.02 [0.02 0.02 | 0.03 |0.04 | 0.07 | 0.07 | 0.09
Ceiling gypsum 0.28 0.28 [0.20 0.10 | 0.08 | 0.08 | 0.12 .13 0.15
Coverage [Moquette 01 0.2 0.5 0.6 0.8 0.8 08 (0.8 0.8
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Figure 226 - Standard for RT
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1- Meeting Room:

Table below shows RT for meeting room

Table 46 - RT for Meeting Room

RT60
Frequency (Hz). 0%occupied | 50%occupied | 100%occupied

63 0.76 0.72 0.70
125 0.76 0.72 0.69
250 0.75 0.71 0.68
500 0.73 0.70 0.70
1000 0.83 0.80 0.76
2000 0.81 0.78 0.74
4000 0.78 0.75 0.71
8000 0.75 0.73 0.70
16000 0.84 0.81 0.75

Standard range for Meeting Room is between (0.7-1.2), as shown in the table above all reading
are ok

2- Waiting Area

the reverberation time was calculated as below:

Table 47 - RT data Waiting area

Frequency (Hz). : RT60 : :
0%occupied [ 50%occupied | 100%occupied

63 0.63 0.63 0.63
125 0.63 0.63 0.63
250 0.72 0.71 0.71
500 0.88 0.85 0.85
1000 0.83 0.83 0.83
2000 0.72 0.72 0.72
4000 0.55 0.52 0.52
8000 0.57 0.55 0.55
16000 0.61 0.60 0.60
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Standard range for office is between (0.7-1.2), as shown in the table above all reading are ok

3- Office

Table below shows RT60 for office:

Table 48 - RT for office

Frequency (Hz). - RT6O - -
0%occupied | 50%occupied | 100%occupied

63 0.63 0.61 0.62
125 0.64 0.63 0.63
250 0.66 0.62 0.64
500 0.66 0.630 0.64
1000 0.61 0.6 0.62
2000 0.81 0.78 0.74
4000 0.78 0.75 0.71
8000 0.75 0.73 0.70
16000 0.61 0.60 0.60

Standard range for office is between (0.5-1) , as shown in the table above all reading are ok
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4.4.2. STCinsulation (INSUL)

Sound transmission class is calculated to prevent any noise in any room (W. Grondzik, A.

Kwok, B. Stein, 2017), standard for room function is shown in the table below

Table 49 - STC standard

Type of Occupancy Considered and Adj Area Quiet Normal
Normal scheol bulldings without Classrooms Adjacent classrooms STC 42 STC 40
extraordinary of unusual Cornidor or public areas STC 40 STC 38
activities of requirements Kitchen and dining areas STC S0 STC 47
Shops STC S0 STC 47

Recreaton areas STC 45 STC 42

Muzic rooms STC S5 STC 50

Mechanical equipment S1C 50 STC 45

rooms

Toilet areas stcas STC &2

Music practice Adjacent practice rooms SICSS STICs0

oOMms Corrdor and pubic 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
requiements Corridor or lobby STC 45 STC 42
Washrooms and toilet aress  STC 50 STC 47

Normal office; normal privacy Office Adjacent offices STC 40 STC 38
reguirements; any ocoupancy Corridor, lobby, exterior S1C 40 sSIC 38
using rooms for group Washrooms, kitchen, dining  STC 42 sC 4

meetings

Conference rooms Other conference rooms STC 45 SIC 42

Adjacent offices STC 45 STC 42

Corridor or lobby STC 42 STC 40

Extenior of buliding sStC 40 STC 38

Kitchen and dining areas STC 45 57C 42

Large offices, drafting areas, Large general Comdors, lobby, exterior STC 33 STC 35
banking floors, etc. offce areas Data-processing anea STC 40 STC 38
Kitchen and dining areas STC &0 STC 38

Motels and urban hotels, Bedrooms Adpcent bedrooms* STC 52 STC 50
Hospitals and dormitories Bathroom? STC SO STC 45
Lwving rooms? STC 45 STC 42

Dining areas STC 4S5 STC &2

Corridor, lobby, or public STC 45 STC 42

paces

Internal partition:
Using the insul program the STC =45 STC which lies between the standard stated in the
table above 42 dB
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Figure 227 - Internal Partition
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1. For glass in windows the STC was calculated = 51 . which is above the

required STC for glass in the table of standard

SCE 57 ==

53 fl_uzn\_,.

Figure 228 - Glass STC

e External Wall
1. External walls were calculated in the insul program = 92 STC. which is more
than listed in the table of standard

235




63 125 250 500 ik 2k 4k
53 | 69 [ 80 | 98 [ 110 | 111 | 120 S I ‘ 92 oITc 77

Figure 229 - External wall STC
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Classification E FIIC
Minimum Code 50 45
Minimum Quality 55 S0
Medium Quality 63 60
High Quality 75 70

Figure 230 - IIC Standard

Roof Calculation (lIC, Rain)

Roof layers are calculated in insul with two different categories

Impact insulation Coefficient (IIC) = 76 dB

IIC 76

Figure 231 - 11C for Roof
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Rain LIAdb =3

Rain LIA is an indicator that gives rain sound insulation

LIA 3 dB

Description

Figure 232 - Rian insulation
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4.4.2.: Electro-Acoustical

The spaces needed to have electric sounding system are:

1. Conference room.

2. Waiting area.
Speaker used:

The type used in the rooms are:

Figure 233 - T-A67 Speaker
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4.4.3. SOUND Power Level (Ease program)

Standard for background Noise for each room is listed in the table below

Table 50- Background Noise standard

Preferred Range Equivalent
Type of Space (and Listening Requl ) of Noise Criteria dBA Lovel*
Concert halls, h dcastng and recording
studios, WM(M I-g.dum- recital halls
(for excellent listening conditions ) < NC-20 - 30

Small auditoriums, th 3, music practice rooms, large
meeting rooms, teleconferance rooms, audiovisual facilities,
large conference rooms, oxecutive offices, small churches,

courtrooms, chapels (for very good listening conditions ) NC-20 1o NC-30 30 10 38
Bodrooms, sleeping quarters, hospitals, residences,

apartmeants, hotels, motels (for sleeping, resting, relaxing ) NC-26 10 NC-386 34 w0 42
Private or semiprivate offices, small conference rooms,

classrooms, libraries (for good listening conditions ) NC-30 to NC-36 38 to 42

Large offices, reception areas, retail shops and stores,
cafeterins, restaurants, gymnasiums (for moderately good

listening conditions ) NC-385 1o NC-40 42 w0 47
Lobbies, l.bonwry work spaces, drafting and engineering

roomas, general secrotarisl Breas, maintenance shops such

as for electrical equipment (for fair listening conditions ) NC-40 to NC-45 47 10 52
Kitchens, laundries, school and industrial shops, computer

equipment rooms (for moderately fair listening conditions ) NC-45 1o NC-656 52 10 61

and noise charactenatics cen vary

e A-weighted sound levels (dBA) for i
o“':"l'o':" g with . -Lm&»--am'ﬁ»mcuo'“m,n."

1. Waiting area

Figure below shows SPL Direct of the waiting area

Figure 234 - Waiting Area SPL
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Table below shows SPL readings for each frequency

E View Calculation 21 (Temgpormary)

- %
p | =] = i [121 [.50: 0.70: 1.20
— ﬂ ;I@ ﬁmg k| « |« o » | » >I_£
5 [Cacusion #1 Tenposay) ] [DiectsPL <] <[ 1000Hz | [ThsdDcteve =] [No2)wegh ~]
| Freguency | Echogem | Fielio | Disbuim | Dotiors
] — Compuie————
& DeeeSRLEIENE RRALA T Aveege m—
[ Avg+ StiDlew s
] I AT Y R, (R [ Avg-Stiller mmmm
| [~ Wnimem —
B e = Frap
W CumentPos. e
[ Vi Send Eiciue To [ Scae
i Graph Send Vakes To [ Lock
c
Ti“e_ Ma: g7
® T ~Cst—————————— Min: |74
Blediow 2500 Hz ; B9.03 68

Figure 235 - SPL Graph (Waiting Room)

The SPL average for waiting room = 87 — 30 (Background noise) = 57 dB, which more than the

required in the standard
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2- Meeting Room
The table below shows the graph with Direct SPL for every frequency

H Wiew Calculation 1 [Temporary)

—| =Ea 3% BMEE TrEeR. . A

5 [Caicuston #1 Temposamy] =) |DinectSPL =] [ 7000 > | [Thied Octewe =] [Mo 2l wieigh =]

F 1 Echogem | Fie Irfo I Distibuson | Dphiors
— Compuie
[ Average

Direct SPL 2] 21 81 [1.50: -0.70: 1.20]

[ Awg+ StdDew
[ Ao -StdDew
r §
W

¥ Coument Pos.

Figure 236 - SPL Graph (Meeting Room)
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Figure 237 - Meeting Room Direct SPL

The graph below shows the total SPL meeting room after speaker addition which averages 100 dB

Figure 238 - Meeting Room total SPL
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m View Calculation #1 (Temporary) - X

ﬂ EE @ % Imkml [1<.nn|,--zlsn;11.nzn s |_£J

g [Calculation #1 (Temporan) | [Total SFL =] <[ 1000Hz > | [Thid Octave ~] [No 2)weigh ~]

Frequency T Echogram T File: Info T Distribution T Options
— Compute
182 ............... T o_t_al ?F‘_I_“Z:]_a_t_f-‘i _11_1_ _[1_1313_2801201 _______________ [ Awverage —

T TN ™ Avg+ StdDev

—_—
JLEL R el ik ik Rl il Rt i il piet st -l Al S it Rl [ Avg-StdDey s

] R Rl R bl bk sty sl el Al \\ """"""" [~ Marimum —
[~ Minimum —
R ] e T S S e R e R

S
a7
250Hz 1kHz 4kHz [ Cutent Pos. s
e SendPioteTo | | O
2 R Send Walues To | ™ Lock
" Table
[ETH Img
& Donliicd Cursor—— Min : lgy—
Bedraw | ’7 8000 Hz ; 109.55 dB

Figure

239 - SPL Graph (Meeting Room) total

4.5. Fire Alarm and Fire Fighting System

During this design phase, safety comes first to protect the building and the people who

use it from various hazards. These dangers are shown in the figure

Fire Hazard
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many systems have been used to prevent fire hazards

1) Detection and notification system.

2) Emergency sings lights.
3) Suppression System.

4.5.1. Detection and notification system.

This system is important to reduce the likelihood of a fire starting or reducing the

risk of a fire spreading through early warning.

\\\ UV Flame Detector
F.D

/) | Smoke Detector

S.D

rg | Heat Detector

B | Manual alarm

Figure 240 - Fire System Legend

= The detection and notification system:
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=  Automatic Fire Alarm

Automatic means that no manual control is required. They work automatically when

a fire is likely and according to the function of the room, there are many kinds

Ultraviolet flame detector:

It is used in high hazard areas to provide the fastest response as this type provides the

fastest response when detecting flames.

Figure 241 - Flame Detector Model
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Heat detector:

is utilized in the kitchen and parking lot because these areas are better suited for vapor and smoke.

Figure 242 - Heat Detector Model

Smoke detector:

is utilized in rooms with combustible materials, and it should be placed away from sources of high
airflow, such as HVAC diffuser.
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Figure 243 - Smoke Alarm Model

4.5.2. Manual fire alarm

The manual fire alarm will be used by the tenants when anyone notices that the fire will arise and it
cannot be put out by an extinguisher. As a result, it must be accessible to the occupants before the fire
spreads.
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PULL DOWN

e ——————— ———————————

Figure 244 - Manual Fire Alarm
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4.5.3. Suppression System

fire plans' use of suppression system symbols

@mm | Fire Hose station

-@- |Firc extinguisher

® F m 200 Sprinkler

F200 S
& Water Sprinkler
W.S
£ Dry powder Sprinkler
D.S
® | Chemical wet Sprinkler
CS
@ Flood Sprinkler
F.S

% Outside dry standpipe

:‘i.’ inside dry standpipe

Figure 245 - Fire Suppression Symbols

The main types of suppression system

Sprinklers

is a mechanical device that activates when a fire occurs and cannot be controlled by the occupants. It
has an ON-OFF head, which allows the sprinkler to shut off when the fire is out and open up again
when the fire returns. As a result, the building will feature a wet pipe system, which uses water under
pressure to enable rapid response suppression. Table 104.The list of sprinkler types used in banks is

provided below.

261




Table 51 - Sprinkler Type for each space

Halls Water Sprinkler
Chemical and

Electrical Rooms Wet Chemical Sprinkler
Offices Dry Sprinkler

Kitchen Wet chemical Sprinkler
Safe Boxes Dry Sprinkler

1) Extinguishers

Simple and non-wide fires are suited for this kind of suppression equipment. suitable for small, contained
fires to prevent significant damage that might result from using the incorrect type of extinguisher or failing

to control the fire from the start. There are some unique features, as shown below.

« It was created for a particular circumstance.
* A rather small operating distance of between 1.2 and 1.83 meters.
* A restricted discharge period of between 24 and 90 seconds.

* A small quantity of extinguishing agent.
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Powder

’ -
(€ (ot cxrmcume

Figure 246 - Fire Extinguisher

2) Hose station

When extinguishers are insufficient, this type can be utilized manually by the residents.
Additionally, at the first sign of a fire alarm, to stop the spread of the fire. Fire hose, an extinguisher, and

an axe should be kept in the fire hose station.
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Figure 247 - Hose Station

The hose station's coverage area is approximately 400 m2 and 25 m long.

3) Emergency Lighting and signs

the fire plans' usage of emergency lights and signs

—  Emergency Light

o O FlI'e EXlt

[ i ] Fire Rout

Figure 248 - Emergency signs
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These signs and lights should be placed inside every structure because when a fire hazard occurs, the
occupants will be scared and disoriented and won't know where to flee.

A) Emergency lighting

It is preferable to have emergency lights in the hallways and corridors to achieve safety throughout the

evacuation process. These lights have batteries and will turn on when a short circuit occurs.

Figure 249 - Emergency Lighting Equipment
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B) Exit sign

It must be placed close to the emergency exits because the inhabitants will be getting closer to the building's

safe section once they see this notice.

Figure 250 - Emergency Exit Sign

3.Emergency rout sign

It should be placed in the hallways in a visible spot to instruct people in the event of an evacuation.
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4.6. Drainage system and Water Supply:

Drainage fixture units:

Table 52 - Fixture Units

Drainage Fixture

Fixture(s) UnItS (dfu)
Automatic clothes washers: Commercial? 3

Residential 2
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 Lpf]), lavatory, and bathtub 6 — —
or shower; with or without a bidet and emergency floor drain

Bathtub® (with or without overhead shower or whirlpool) 2 1% 38
Bidet 1 1% 32
Combination sink and tray 2 1% 38
Dental lavatory 1 1Va 32
Dental unit or cuspidor 1 1% 32
Dishwashing machine?, domestic 2 1% 38
Drinking fountain 0.5 1Va 32
Emergency floor drain 0 2 51
Floor drains 2 2 51
Kitchen sink, domestic 2 1% 38
Kitchen sink, domestic, with food waste grinder and/or dishwasher 2 1% 38
Laundry tray (1 or 2 compartments) 2 1% 38
Lavatory 1 1% 32
Shower 2 1% 38
Service sink 2 1% 38
Sink 2 12 38
Urinal 4 e
Urinal, 1 gal (3.8 L) per flush or less 2 t
Urinal, nonwater supplied 0.5 £
Wash sink (circular or multiple) each set of faucets 2 12 38
Water closet, flushometer tank, public or private 4f £
Water closet, private (1.6 gpf [6 Lpf]) 3 ®
Water closet, private (>1.6 gpf [6 Lpf]) 4f 2
Water closet, public (1.6 gpf [6 Lpf]), 4 e
Water closet, public (flushing >1.6 gpf [6 Lpf]) 6 -

Max number of Drainage fixture units connected to building sewer:
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Table 53 - Pipe Diameter

Yas i) Ya Y2
(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 7000 8300 10,000 12,000

Parking:

for the drainage of water entering the parking lots, PVVC pipes with a diameter of 4 " have been installed
and drainage.

Figure 251 Parking Pipe Drainage
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4.6.1. Sample of calculation:

pvc max dfu | slope %
2" 21 2%
4" 180 1%

Figure 252 - Pipe Distribution (Bathroom)

The figure below shows the distribution of all points and then gives each pipe its diameter by dfu
per unit:
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Figure 253 Drainage Dfu and Pipe Diameter Plan
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4.6.2. Water supply design:

Tank sizing:
60 liters / person required for an office building.

Tanks size in roof =60*360 = 21600 liters = 21.6 m3

2000 Lhes

Figure 254 - Water Tank

No. of thank needed = 21.6 /2 = 10.8 tank ------ 11 tank
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4.6.3. Pipe design:

Weigh of the fixture units:

Table 54 - Fixture Units (Hot and Cold)

~ Load Values in WSFU
Fixture Occupancy Type of Supply Contral Cold Hot Total
Bathroom group Private Flush tank 2.7 1.5 36
Bathroom group Private Flush valve & 3 8
Bathtub Private Faucet 1 1 14
Bathtuly Public Faucet 3 3 4
Bidet Private Faucet 15 15 2
Combination foture Private Faucet 2.2% 225 3
Dighvwashing machine Private Automatic 1.4 1.4
Drinking tountain Offices, wtc. 45 in (9.5 mm) valve Q.25 025
Kitchen snk Private Faucet 1 1 14
Kitchen sank Hotel, restaurant Faucet 3 3 -
Laundry trays (1 o 3) Private Faucet 1 1 1.4
Lovatory Privete Faucet 05 05 0.7
Lavatory Public Faucet 1.5 1.5 2
Service sink Offices, etc. Faucet 2.25 225 3
Shonwer head Public Muung valve 2 3 -
Shower head Private Miing valve 1 1 1.4
Urinal Public 1 in. (25 mm) tlugh valve 10 10
Urina! Public W (19 mm) fhush velve 5 S
Uninal Pubhic Fush tank 3 3
Washing machine, 8 |bs (3 6 kg) Private Automatic 1 ] 14
Washing machine, & Ibs (3.6 kg) Pubhc Automatic 225 225 3
Washing machine, 15 Ibs (6.8 kg) Public Automatic 2 3 2
Water closet Privete Flush valve 6 6
Water closet Frivate Fush tank 2.2 2.2
Water closet Public Fissh vaive 10 10
Water closet Public Flush tank S S
Water cloaet Public or private Fushometer tank 2 2
The flow rate and pressure per fixture unit :
Table 55 - Flow Rate/Fixture Unit
Maximum Flow
Fixture Served Rate or Quantity
Hathtub o
Bidet .
Combination fixture §
Dishwasher, residential 2.75(0.17) 8 (55)
Drinking fountain 0.75 (0.05) 8 (55)
Hose bibb 5(0.32) 8 (55)
Laundry tray A (0.25) 8 (55)
Lavatory, private 2(0.13) 8 (55) 2.5 gpm at 80 psl (0.16 L/s at 551 kPa)
Lavatory, public 2013) B(55) 0.5 gpm at 80 psl (0.03 L/s at 551 kPa)
Lavatory, public, metering or self-closing 2(0.13) 8 (55) 0.2% gallon (0.95 L) per metering cycle
Shower head (019 B (55) 2.5 gpm at 80 psi (016 /s at 551 kPa)
Shower head, temperature controlled 3(0.19) 20(138) 2.5 gpm at 80 psl (016 1/s at 551 kPa)
Sink, residential 2.5(0.16) 8 (55) 2.5 gpm at 60 psi (0.16 L/s at 414 kPa)
Sink, service 3(0.19) 8 (5%) 2.5 gpm at 60 ps) (016 L/s at 414 kPa)
Urinal, valve 15 (0.95) 150103) 1.5 gallons (5.7 1) go« flushing cyche?
or :éo gallon (3.8 L) per flushing
Water closet, blow out, flushomaoter valve 35@.2) 25072 A gallons (15 1) per Nushing cyclke
Water closet, siphonic, flushometer valve 25(1.58) 15 (103) a4 (%allons (15 1) per fushing cycle? or
-6 gallons (6 L) per flushing cycle
Water closet, tank, close coupled 3019 8 (55) 1.6 gallons (6 1) per flushing cycle
Waltor closet, tank, one plece 6 (0.38) 20 (138) 1.6 gallons (6 1) per flushing cycke
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Figure 255 - Fixture Unit Demand
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4.6.4. Design pipes size:

The following table show weigh fixture unit for water sources:

Table 56 - Fixture Unit for water

water resources demand weights of fixtures in fixture unit
- weigh in
floor weight | fixture
fixture quantity description fixItTJre unit
units
GF sink 5 lavatory 2 10
water closet 5 flush tank 5 25
sink 8 lavatory 2 16
F1 kitchen sink 1 kitchen sink 4 4
water closet 8 flush tank 5 40
sink 3 lavatory 2
2 kitchen sink 1 kitchen sink 4
water closet 3 flush tank 5 15
i sink 3 lavatory 2 6
water closet 3 flush tank 5 15
" sink 3 lavatory 2 6
water closet 3 flush tank 5 15
5 sink 3 lavatory 2 6
water closet 3 flush tank 5 15
” sink 3 lavatory 2 6
water closet 3 flush tank 5 15
7 sink 3 lavatory 2 6
water closet 3 flush tank 5 15
total fixture unit 225

274




Pressure calculations for each floor:

P=0.433*H

H =cumulative height of floors in feet.

Assumption:

L (tank to vertical) = 6 ft
Htank = 8 ft

H floor =13.12 ft

Total no. of floor = 8 floor

floor pressure
gf 49.78
fl 44.10
f2 38.42
3 32.73
fa 27.05
5 21.37
fo 15.69
f7 10.01

floor weigh in fixture unit
gf 35
fl 60
f2 25
f3 21
f4 21
5 21
f6 21
7 21
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Design vertical pipes:

Design for horizontal pipes:

Design for ground floor:

horizontal pipe pvc
total # of unites 35
flow 23
actual length 22
eg.length 26.4
Dim 3
loss/100" 0.12

loss/eq.length

Design for first floor:

vertical pipe
total no. of unites
flow
actual length
eqg.length
Dim 3
loss/100" 1.3
loss/eq.length 2.35
2.5 2 1.5
0.27 0.8 3
0.03168 0.07128 0.2112  0.792
2.5 2 1.5
0.55 1.6 6.5
0.11 0.33 1.33

horizontal pipe  pvc
total # of unites 60
flow 33
actual length 17
eq.length 20.4
Dim 3
loss/100" 0.23
loss/eq.length 0.05

Design for second floor:

horizontal pipe
total # of unites

pvc
25
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Steel
225

72
120.96
181.44

53
9.61

1.25

2.112

1.25
15
3.06

1.5
14
254

22
5.808

25
5.10




flow 17

actual length 1

eq.length 1.2

Dim 3 2.5 2 1.5

loss/100" 0 0.15 0.5 1.7

loss/eq.length 0.00 0.00 0.01 0.02
Design for (3™ ,4™, 5% 6™ and 7t ):

horizontal pipe pvc

total # of unites 21

flow 15

actual length 1

eg.length 1.2

Dim 3 2.5 2 1.5

loss/100" 0 0.13 0.36 1.5

loss/eq.length 0.00 0.00 0.00 0.02
Design branch pipes:

water closet critical

branch pipe pvc

total # of unites 5

flow 5

actual length 10

eq.length 12

Dim 1.5 1.25 1 0.75

loss/100" 0.22 0.5 1.14 5.6

loss/eq.length 0.0264 0.06 0.1368 0.672
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1.25
4.5
0.05

1.25
3.7
0.04

0.5
40
4.8

14
0.17

12
0.14




4.6.5. Pipes size for all floors

Table 57:Pipes size for all floors

floor

vertical design

horizontal design

branch design

steel

pipes
dimeter

loss
psi/100ft

PVC

pipes
dimeter

loss
psi/100ft

PvC

pipes
dimeter

loss
psi/100ft

total
loss

NACHRAL
LOESS

actual
pressure

check
pump

GF

1.5

25.4

1.5

0.8

(3/4)

0.6

26.8

49.78

22.98

not
need

pump

fl

1.5

254

1.5

1.33

(3/4)

0.6

27.33

44.1

16.77

not
need

pump

f2

9.61

1.5

3.2

(3/4)

0.6

13.41

38.42

25.01

not
need

pump

3

9.61

1.5

0.02

(3/4)

0.6

10.23

32.73

22.5

not
need

pump

f4

9.61

1.5

0.02

(3/4)

0.6

10.23

27.05

16.82

not
need

pump

5

2.35

1.5

0.02

(3/4)

0.6

2.97

21.37

18.4

not
need

pump

f6

2.35

1.5

0.02

(3/4)

0.6

2.97

15.69

12.72

not
need

pump

f7

2.35

1.5

0.02

(3/4)

0.6

2.97

10.01

7.04

need
pump
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Catalogue:

use 6 psi

Figure 256:Auxiliary pump.

Product Information

Output

No HP Input
1 2031 Jinch
14-203 3 2
Max Head Flow
No 6 e 18 21 4
44.203 2] & 21 19
14-2032 135 12.5 27 25 3 5

Figure 257:pump catalogue for F4

279




Chapter 5: Quantity surveying and Cost Estimate
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5.1. Introduction:

Our bank institution was designed integrally to avoid any conflict between professions, like
Architectural, environmental and structural aspect. To acquire the cost of all that work (which is
very important to clients) a certain cost calculation methodology should be followed. The main
cost calculation method used in Palestine is the unit price method. Because, it ensures fairness for

both parties and minimize fraud attempts.

5.1.1. Bill of quantity (BOQ):

Table 58 - Bill of Quantity (BOQ)

o ; . Material cost and Laber cost
Item No. Description Unit Quantity ;
Unit Cost total cost
1 bank
1.1 Structural
1.1.1 Sub-Structure
1.1.1.1 Earth Work
1.1.1.11 Excavation for Footing C™m 24648 30 739440
site leveling CM 924.3 30 27729
1.1.1.1.2 Total Disposal (@Y 30810 15 462150
1.1.1.1.3 Site Filling Cc™M 2139.85 45 96293.25
1.1.1.2 Foundation
1.1.1.2.1 Blinding
1.1.1.2.11 Formwork SM 22.75 25 568.75
1.1.1.2.1.2 Concrete CM 308.1 340 104754
1.1.1.2.2 Footing
1.1.1.2.21 Formwork SM 3520.7 25 88017.5
1.1.1.2.2.2 Steel Work TON 100 3700 370000
1.1.1.2.2.3 Concrete Work Cc™M 3600 340 1224000
1.1.1.2.24 Proofing SM 3520.7 7 24644.9
1.1.2 Super Structure

281




1121

Structural Elements

1.1.2.1.1 Column
1.1.2.1.1.1 Formwork SM 2520 150 378000
1.1.2.1.1.2 Steel Work TON 70 3700 259000
1.1.2.1.1.3 Concrete Work CM 405 340 137700
1.1.2.1.2 Shear Wall
1.1.2.1.21 Formwork SM 6742 25 168550
1.1.2.1.2.2 Steel Work TON 63 3700 233100
1.1.2.1.23 Concrete Work CM 781 340 265540
1.1.2.1.3.3 Slabs
1.1.2.1.4 U-boot SM 23071 4 92284
1.1.2.1.4.1 Formwork SM 10254 200 2050800
1.1.2.1.4.2 Steel Work TON 324 3700 1198800
1.1.2.143 Concrete Work C™M 2631 340 894540
1.1.2.15 Stair
1.1.2.1.5.1 Formwork SM 162 25 4050
1.1.2.1.5.2 Steel Work TON 6 3700 22200
1.1.2.1.5.3 Concrete Work CM 57 340 19380
1.1.2.1.5.4 Hand Rail LM 132 750 99000
1.1.2.2 Non Structural Elements
1.1.2.2.1 External Wall
1.1.2.2.1.1 Block number | 43008 1.6 68812.8
1.1.2.2.1.2 Concrete CM 318 340 108120
1.1.2.2.1.3 Stone SM 3100 220 682000
1.1.2.2.1.4 insulation M 3180 70 222600
1.1.2.2.2 Internal walls
1.1.2.2.2.1 Block SM 1650 50 82500
1.1.3 Finishing
1.1.3.1 Plastering SM 51270 40 2050800
1.1.3.2 Painting SM 51270 25 1281750
1.1.3.3 Floor Tile SM 10200 100 1020000
1.1.34 Stair Tile M 480 150 72000
1.1.35 Gypsum Board SM 3820 60 229200
1.1.3.6 Wall Tile SM 150 80 12000
1.1.3.7 Acoustic wood panel SM 500 150 75000
1.1.3.8 gllass Door piece 86 1500 129000
1.1.39 Bathroom Door piece 50 900 45000
1.1.3.10 External Door piece 5 10000 50000
1.1.3.11 windows SM 78 650 50700
Wall gllass SM 500 1200 600000
114 Electrical
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1141

Power System

11411 power socket outlet unit 300 6 1800
1.1.41.2 | water proof power socket outlet unit 11 9 99
11413 power wires m 2000 0.8 1600
1142 Circuit Breaker
11421 MBD unit 1 7500 7500
11422 SBD unit 10 160 1600
1.1.4.2.3 150A unit 1 450 450
11424 50A unit 10 200 2000
1.1.4.25 16A unit 30 90 2700
1.14.2.6 10A unit 40 80 3200
1143 Light
11431 Spot light unit 420 25 10500
11432 LED panel light unit 631 40 25240
11433 Parking Luminaire unit 140 50 7000
1.1.6 Mechanical Work
1.1.6.1 Drainage system
1.16.1.1 kitchen sink unit 2 300 600
1.16.1.2 sink unit 31 150 4650
1.16.1.3 wce unit 31 1800 55800
1.16.14 manholes unit 12 800 9600
1.16.15 Pipe 4" m 140 14 1960
1.16.1.6 Pipe 2" m 50 8 400
1.16.1.7 Pipe 6" m 700 25 17500
1.1.6.1.8 Clean out unit 35 65 2275
1.1.6.2 Water System
1.16.21 water tank unit 11 500 5500
1.16.2.2 water pump unit 1 5500 5500
1.16.2.3 galvanized steel M 350 45 15750
1.16.24 PVC pipe M 692 4.5 3114
1.1.6.25 collector unit 10 350 3500
1.16.2.6 valve sink unit 36 60 2160
1.1.6.2.7 bidet unit 31 30 930
1.1.5 Safety System
1.1.5.1 fire hose station unit 18 750 13500
1.1.5.2 sprinklers unit 215 300 64500
1.1.5.3 fire extinguiguisher unit 85 150 12750
1.1.54 heat detectors unit 50 135 6750
1.1.5.5 smoke detector unit 60 140 8400
1.1.5.6 fire alarm unit 10 180 1800
1.1.5.7 manual alarm unit 15 100 1500
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1.1.5.8 out side dry stand pipe unit 1 3800 3800

1.1.5.9 fire exit door unit 20 3000 60000
1.1.8 HVAC System

1.1.8.1 outdoor unit unit 3 50000 150000

1.1.8.2 Diffuser unit 30 300 9000

1.1.8.3 split unit unit 23 2500 57500

1.1.84 Duct M 85 60 5100
1.1.9 acoustics system

1.1.9.1 ceiling loudspeaker piece 4 440 | 1760

Elevators
1.19.2 Elevators Piece 3 60000 180000
Total Cost | 16509312.2

Unit cots for the total cost = 16509312.2/10080 = 1637.8 NIS/m2
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CHAPTER 6: Conclusion
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6.1. Brief Assessment:

The bank design was integrally designed, taking into consideration:

e Architectural:

All regulation and standards regarding spaces orientation of spaces and safety measurements

were fixed and treated:

add all missing spaces that are included in any bank, to function properly

Adjust all space dimensions to meet the standards

Create more waiting area to avoid people jam

Add fire staircase escape

Create more corridor areas with linear movement, to aid mainly in escaping routes
Adding service shaft for easier maintenance

Accommodate more parking spaces to fit employees and clients

Adding safe room in the basement floor

S R T S

Apply safety precautions
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® Environmental

Environmental analysis was divided into 4 categories:
1. Daylight Factor Analysis

2. Solar Radiation

3. Overshadowing

4. Heating and Cooling loads

5. Energy saving

Each category was analyzed using Revit/Design builder program. The treatments regarding the
analysis done to the categories mentioned above resulted in treating all four elevations such as:

R/

%

% Minimizing glass areas, mainly due to safety reasons and reducing direct sun light and energy

% Add glazing to glass panels in certain windows, to reduce heating load, also to take advantage

of natural ventilation and to maintain view.

% Using treatments by adding an extra layer in front of the glass area (CNC Aluminum) to avoid

overheating and glare
% Adding horizontal louvers to deny direct sunlight access through glass areas

s Applying more glass area to south elevation as its exposed more to sunlight during winter and

leads to minimizing heating loads
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® Structural:

At this stage of the building project was checked if structurally viable and stable by applying four
different check:

1. Compatibility Check

2. Deflection Check

3. Equilibrium Check

4. Stress and Strain Check
5. Seismic Design

All checks and results were made on Etabs program

Error between hand and Etabs calculations:

% D.Lerror =0.036 %

s L.Lerror=0.04 %

% SIPerror=0.01%

% For GF edge Column error = 8%

< For 2" Floor edge Column error = 2.48 %
< For 7" Floor corner Column error = 1.86 %
% Main Beam in GF error = 1.12 %

< Main Beam in 2" Floor error = 3.72 %

% Main Beam in 7™ Floor error = 1.05 %

As allowable error is anything less than 10%
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® Electro-Mechanical:

Electro-Mechanical aspect is divided into six categories, each serving a purpose to achieve an optimum
integrated design

+» Artificial lighting design:

Designed for rooms listed below:

1.

2
3
4.
5.
6
7

Meeting room.
Conference room.
Tellers.

Offices.

Entrance.

Waiting area.

. Credit Financial Department

s HVAC System

Total heating load: = 148 KW

Total cooling load = 159 KW

Number of outdoor units = 3 Unit

Number of indoor units = 23 split Units, 6 fan coils, 4 Collectors
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¢ Power design

Given Information:

Power sockets demand factor = 0.2
Lighting loads demand factor = 0.8
The factor of safety for the conductors and circuit breakers is 1.2
Power factor 0.9
Number of DB:

1 main DB
10 Sub DB

¢ Acoustical design

Materials used:

o Plaster

o Double glazing window

o Hollow core Plywood (Door)
o Moquette (Floor)

RT60 check for the three rooms used are ok

SPL check for rooms with speakers are ok
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¢ Fire and emergency system

Automatic fire alarms used:

o Ultraviolet Flame detector
o Smoke detector
o Heat detector

Manual suppression tools used:

o Extinguishers
o Hose station

¢ Drainage and water distribution

Total Dfu for the project = 96 Dfu
Number of tanks = 11 tanks

Pipe on 7" floor need pump 6psi
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