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Table 1: List of symbols

Symbols = Description Symbols Description
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Abstract
This project aims to represent an integrated re-designing for Sameer Shanaa Mall
(Commercial Building) in Nablus in order to be a model for the provision of various

services to people include stores, offices, restaurant and playing hall for kids.

The building will be design according to systems that reduce energy consumption and
achieve thermal, acoustical and visual comfort, through the use some insulators and the
exploitation of solar energy. The design will take into account people with special needs in
terms of the width of the corridors and their way of accessing to the building, similarly the

general safety requirements of the buildings.

As regards to constructions, the appropriate structural system for this building will be
determine and design ensuring the safety and serviceability. The Environmental

modifications various types including thermal, acoustical and lightening will be designed.

For this project, the quantities and specifications will be calculated. In this project, a hard
work will be made to achieve the integration between all the different systems to avoid any

problems during the operation of the facility to reduce maintenance and operating costs.

To achieve all building aspects some computer software will be used such as AutoCAD,
INSUL, EASE, Etabs, Design Builder and DIALux.

Redesign process include site analysis, Architectural re-design as standard and
specifications, environmental analysis, structural design, HVAC and mechanical design
that includes drainage and water supply, Electrical design contains lighting, power and
control panel design and finally, fire system has been designed. All results had detailed in

the report, drawings and bill of quantity.
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Chapter 1: Introductory

1.1 Introduction

Shopping malls are a prominent feature of contemporary cities and one of their most popular
attractions. The shopping mall meets all the requirements for shopping, leisure and commercial

services (from shops, stores and markets) and it is a source of attraction for investors.

Sameer Shanaa Mall is a shopping center in the governorate of Nablus under construction in its
early stages is built on 2813 square meter area and the estimated gross area of the building would
be 9512 square meter which will feature two basement as a garage, Ground floor as retail outlet,

three stores and a playing hall for kids.

The major goal of the project is to redesign Sameer Shanaa Mall in an integrated manner and more
effective in achieving the objective of the building and accommodating the end-user's diverse
needs.

1.2 Project Problem

After studying and analyzing the plans of Sameer Shanaa Mall, it was concluded that there are
many problems, especially from the architectural aspects in terms of achieving some required
specification. The number of parking and the width of its entrance are not enough and the location

of emergency stairs without standard. There is no papering function for building.

Our design has addressed the problems in the project and achieved the desired objectives of the
design and its integration in all aspects and disciplines, including structural, environmental,
architectural and mechanical. Structural aspect Sameer Shanaa Mall design was not designed to

be earthquake resistance.

1.3 Objectives
This project mainly purpose to arrive at a high-quality design for Sameer Shanaa Mall, designing
it in compliance with international standards and specifications, and providing acoustic, thermal
and visual comfort. In addition, aims to achieve and exchanges among divergent functions and
aspects, also considered as a model and creativity that can be taken into consideration by designers
and engineers in the future, and have to evaluate and redesign based on the codes and

specifications. Furthermore, evaluation the architectural and environmental aspect of the design,
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to solve the problems that may face the building in it is life cycle. A structural study is conducted
to select the optimal mechanical and electrical system, and design for an economical and
environmentally friendly design.

1.4 Methodoloqgy

This project will be implemented in several stages, at first the data and information will be

collected for the architectural aspect to understand the nature of the project. Then research and
collect international specifications required to design of Sameer Shana Mall architectural,
environmental, structural and mechanical design, based on internationally accredited scientific
references and conduct a case study and analyze it to know the design criteria for this center. Later

a complete analysis of the building will be carried out for each engineering aspects.

1.5 Limitations & constraints

The mains limitations is redistribution and redesign of spaces, Main entrances to a parking, and
adding an emergency stair and additional parking according to architectural standards and public

safety standards without changing the concept of architectural design.

1.6 Codes and standards

Standards and codes of architectural design:

e Metric handbook planning and design data.
e Neufert architect’s data 4th edition.
e Time saver standards

Standards and codes of environmental design.

e MEEB (mechanical and electrical equipment building book) 12th edition.

Standards and codes of structural design.

e The uniform building code UBC-97. (For Earthquakes Load).
e ASCE7.16 code (standard ASCE. 2016). Minimum Design Loads and Associated Criteria for
Buildings and Other Structures for Find live load
e Building Code Requirements for Structural Concrete ACI 318-14 for Method of design
(One-way design, Two-way design, direct method condition and equivalent frame
method).




1.7 Earlier Course Work
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Figure 1 earlier course work Chart




Chapter 2: Architectural-Environmental Aspect

2.1  Architectural aspect

2.1.1 Needs
All these needs were brought from Arab Experts for Architecture and Consultation ARABEX.

2.1.1.1 Organization chart:

Company President
CEO

Vice President
Finance

Vice President

HR

Operations & Staff
Recruitment Development

Accounts Billing

Reglonal Managers Merchandising I Public Relatlons. | Vice President
2 . Distribution

Customer
Service

Product Placement

==
B
— |

Store Managers
Recieving &
Inspection
Associates.

Figure 2 organization chart

Waste Management

2.1.1.2  Area and number of employees and customers in Sameer Shanaa Mall:

According to Shopping Centre & Retail Washroom Guide [1] the population density of a shopping
Centre is 1 customer per 2m?, find the number of customers by dividing the area of each floor per

2m2,

Table 2 spaces Area

Space Area (m?)
Second basement 1485
First basement 1647
Ground floor 1263
First floor 1186
Second floor 1186
Third floor 1186
Fourth floor 1186




e Toilets:

Table 3 the number of toilets

Floor # of Toilets
Parking 1
Ground Floor 5
First Floor 5
Second Floor 5
Third Floor 9
Fourth Floor 5

After the process of comparing the areas of the rooms in the Sameer Shanaa Mall shown in the

table above, it was found that apply to international standards and Guideline.

2.2 Literature review:

2.2.1 Architectural and special needs standards:

2211 Office

Types of offices according to room type:

1. Single-room offices:
Single and double rooms are still the most common form of office layout that arranging in rows
along a mostly artificially lit corridor. Jointly used infrastructure occupies expensive window space
in occupied rooms, because no furniture is allow in escape routes. The most economical
occupation, by two or three people, disturbs concentrated work. Single rooms hinder internal

communication. [1].
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Figure 3: single- room office arrangement [1]

2. Open-plan offices
A form of office developed in the 1960s and 1970s of the last century. Large-scale office
landscapes with 1 00 or more workstations are made possible by artificial lighting and ventilation;
they stand free communication and openness. Economical cubic structures, however, have the

disadvantage of high maintenance costs. This form is not very popular among users. [1]
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Figure 4: Open-plan office arrangement [1]

3. Group rooms
The experience with the open-plan layout led to the development of group offices with approx. 4-

16 workstations, a single team or department uses each office. This arrangement is preferred above




all for creative, design or coordination and development activities with high internal
communication needs. [1]
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Figure 5: Group room arrangement [1]

e Types of offices according to room systems:

e Combine-office

Very small single offices are separated by glass walls from the deep connection zone, in which
communally used infrastructure is located. The combine-office was developed in the 1980s as an
attempt to combine the advantages of single-room and open-plan offices. Each employee is
provided with an individual workstation for concentrated work and a jointly used room in the

central zone, with its glass partitions, encourage communication

Figure 6: combine office arrangement [1]




'Hot desk’ office, 'business club'[1]
Satellite office[1]

Reversible office[1]

2212

Sports Hall (Playing hall for kids)

Based on the standards the sports halls sort into three types according to dimensions shown in table

2-1. The type of sports hall is a single sport hall.

Table 1: Dimensions of halls [1]

Hall typa Drimensicns [m) Usande playing | Hall aports!? Mo, raaining | Mo, competition
o arsa (m-) ! couwrtsffietkis | cownsifields?
Muiti-functionai halls
singke hall 6 = 27 = 5.5 405 badmintan 4 E
askedbadl 4
B wolfeyiall 1 —
triple hall DT x A4S e TN 1216 Badminton 12 55
diviaible imbs 3 baskeliall E 1
secfions (15 = 279 indoor fooiball A
indoor handiall A
indoor hockey 4
wolleywball 3 1
guadrugle ET w6 S0 T 1820 badmintcn k1= T
hall divizible inbo 4 baskelball 4 2
sactcns (15 < 27 Indoor foottall 1
indoor handbakl *
indoor hocksey h
ey Erandl -4 N
possibly 22 e o TERHD BEE bastrmirtan & S0
al=o doukde |divisible info 2 basketbali h ]
hi=:lk sachons (22 = 28 + indoar foatall 1
22 = 16 indoor handball 1
or 2w 26 4+ 22 Erdoor hockey 1
= 1Em J wodbeyiall 1
Sports halis -
single hall I o A4 TIN 268 Badminton 5
basketbail 1
indoor football 1
indocr handbail 1
ndoor hockey 1
_jmolleybalt ] 1
tripie bl A4 o B B3 290 | badmimdon 124 15
divisible into 3 | basketall 403
acctions (22 = 44)%9 E indoor football |
20 = 40 I 3
H 30 = S0 i 1
indoor handiall 3
indoor hockey 3
wallewball o 3
auasdruple 44 = BE O™ e = ] bachrruirlon 2 o
hall divisibla inkto 4 basketball 551 4
sections (22 x 4435 indoor footall
20 = 40 4
40 = BO 1
Iindoor handoall 4
indoor hockey 4
wolleybsdl 12 4

Table 5 shown the required operational rooms for sports halls




2213

Toilets should be situated on the entrance floors. Shoppers should not have to walk more than 150

Table 2: Operational rooms for sports halls [1]

Hall type Enirance | Changing | Showers (min, Tollets Teaching roon? Equipment room Cleaning | Waiting
half () | roorns 15mt)® (min. 12 - equipment | room min.
(nin.20nA perchangig | 000y \jpogfegg | Wl Seodshal oy g
room min.no: | fcion (1in 81 functional hall inin. §
m* min. no. no. min. no. F | M {minno. mnmd  |minm®  |minno. | no.
Single hall 15 2 1 1 1 1T 807 28 1 il
Double hall | 30 2 2 1 1] 97 - 1 1
Triple hall 45 31 30 1 1 112 1200 800 1 1
Quadruple hall | 60 419 49 1 1 13 1507 80%k> 1 1

W minimmum room height generally 2.5 m
% space requirement per person s 0.7-1.0 m, based on allowances of 0.4 m bench length per person, 0.3 m sitting depth and min. 1.5 m between benches or between bench
and wall (1.8 m recommended)
1 shower per 6 persons (but a minimum of 8 shavwers and 4 washbasins per facilty), shower space including a minmum circulaion area of 10 P and dirculation space at
least 1.2.m wide
4 traifing supenvisors', umphefeferess' room, perhaps including st aid post (min, 8 m? for separate st aid roor), with changing cubicle and shower: can also be used as an
administration room ¥ correctly posttioned, designed and of sufficient size
9 because the range of apparatus provided varies according o location, it s ikely that these minimum diensions will have o be exceeded; no hall section in a multfunctional
hall should have less than a 6 m length apparatus room
8 divided into 2 sections, each with half of the apparatus
) room depth normally 4.5.m, max. 6.0.m
% room depth nomally 3 m, max, 55 m
9 aecording to need
10 alternatively, 2 bigger rooms with proporfionally more shower and washing faciities

Toilets

m to toilets measured from shop entrances.

The number of toilets for the shopping centers:

Table 4: the number of WC, urinal and washbasin for customers at shopping centers [2]

Appliance For Male Customers For Female Customers

1 per 500 males; plus 1 per every additional 1 per 100 females up to 500, plus 1
1,000 males or part thereof per every additional 200 females or
Where urinals are not used, WC numbers to be part thereof

half of those used for females

Urinal 2 for up to 500 males, plus 1 for every additional
500 males, plus 1 for every additional 500 males
or part thereof

1 per WG, plus 1 per 5 urinals or part thereof 1, plus 1 per 2 WCs or part thereof

The information in this table was taken from the document British Standards 6465-1:2006+A1:2009 6.5




Table 5: the number of WC, urinal and washbasin for Workers at shopping centers [2]

No. of people at k Toilets Wash ins

[4)]

-t
]

6-15

16 - 30
31-45
46 - 60
61-75
76 - 90
91 - 100

Abowve 100 - 8, plus 1 WC and washbasin for every unit or fraction of a unit of 25 persons

e Dimensions for W.C:

1210 810
(1200 min between surfaces) | 850 850 4 (800 min between surfaces) |

Enlarged Standard Standard Ambulant

[ 300 |

¢

Shelf
(400 x 200)

1500

{ Manoeuvring { Manoeuvring ©
i Space ) i Space bl

e 1950 1 G300 ., S50

650 |, 300
I

Figure 7: dimensions of WC [2]

2214 Special needs w.c:

e Number of special needs W.C:
To determine the number of w.c for people with special needs, you must first determine the number

of w.c in the building, then multiply it by the percentage shown in the following table:

10




Table 6: Minimum Number of Universal Washrooms per Building [4]

Number of Storeys in Minimum number of Universal Washrooms per
Building Building
1-3 1

4-6 2

Over 6 3, plus 1 for each additional increment of 3 storeys in

excess of 6 storeys

Dimensions special needs W.C:

Clear Floorspace
in front of lavatory
920 x 1370 mm (min.),
500 mm (max.) under lavatory

Baby
Changing
Station

Soap
Dispenser

Towel Dispenser or
Automatic Hand Dryer
(preferred)

: Clear Floorspace
11500 x 1500 mm (min. )

i ~Turning Diameter
1500 mm (min

Power Door
Operator Control
{Optional)

; " Clear Space in
4 Vestibule

{if provided)
1500 mm (min.) |

810 mm

(min.)

Stall Depth
1500 mm (min. )|

Clear Turning
Diameter
1500 mm (min.)

Transfer Space

900 x 1500 mm
A i of water closet ¥ "
Water Closet Stall to wall Water Closet Stall Stall Width | power Door Operator Control
(See Details 4.5.5) 460 mm (min.) (See Details 4.5.4) 890 - 940 mm (Optional)

Figure 8: Example of Multiple Occupancy Washroom Layout [4]
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a87o
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Figure 9: Dimensions special needs W.C [3]
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2215 Entrances

Table 7 entrance dimension for the Shopping center [1]

Building Type Door opening entrance Clear height

Shopping center >2.00m? at least >2.00m

e 2.00——] +-1.104 2z 2001104

1,004 1.00—} o—

o Opening or revolving door with a o Sliding door
clear opening height of 2.20 m

TN M—

€) revovving doors with side doors ) Folding door

Figure 10 Entrance Door Type with Dimension for Shopping Center Escalator

Parallel Escalators that lie above one another in the same direction

One escalator needed for every 1000m? area.

1y
f
i

EFaowmr

Figure 11 Parallel layout escalator [1]
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2216 Stair

Table 8 width of stair according to # of people to pass [1]

Building Type # of person to pass Width stair
Shopping center 1 0.55m
Shopping center 2 1.25m
Shopping center 3 1.87m
55 1,875

b

m For straight stairs, the @ Stairs on which two @ =width for three people
distance of the walking people can pass

line to the handrail is 55 cm

Figure 12 width of stair according to # of people to pass [1]
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Figure 13 width of stair according to # of people to pass [7]

Figurel4 Riser and thread dimension [7]
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Ramps for people with special need

."DogeLeg" Ramp .
(-shaped): 90 degreetum 3 ok Ry
(aped: 1 dege

1 Staght Ramp:
No change indiection

Intermediat Landing

Intermediate Iemedie
(vine andig Landig Lndg
' 1670 mm (min. -

1670 mm rin) 670 mm (min) mi

Figurel5 Ramp configuration

Table 9 Ramp standard dimension and slope

Ramp Type Slope Max length m Ramp Width m
Smooth Slope <5% 12 1.50-3.30
Medium Slope 5%-8% 6 1.50-3.30
Steep Sloop 8%-12% 3 1.50-3.30
Extra Steep Slope >12% 0.5 1.50-3.30

2217 Emergency Stair

Table 10 Emergency stairway width [1]

Building Type Area Width emergency stair
Shopping center <5002 1.25 mis adequate
Shopping center >5002 >2.00m, <2.5ms

14




Sales area Sales area

> 500 m? > 500 m?
A N
—2.00-2.50—] —1.25 —

—

Figure 16 emergency stair width [1]

- ————————

- ——————

Figure 17 rail, hiegth and landing dimension for emergency stair [7]

2218 Parking
Based on Local Regulations (Local government) [8] for Retail buildings

e One car park for every 50 m2 of stores and storages areas, one car park for every 70 m? of
other spaces at retail building.

e The internal lanes width shall not be less than 5 m.

15




e The radius of the outer turn at least 8 m and the turn inner radius at least 8 m.

e The ramp slope shall not exceed 20%.

T

=0

= 2.50
Fs.oo+—6.50—%5.004

-
——

Figure 18 Dimension of cars parking and cars movement inside parking [1]

2219 Parking for people with special needs:

Two types of accessible parking spaces

e Type A (minimum 3.40 m wide), car is not designed for people with special needs

e Type B (minimum 2.40 m wide), car designed for people with special needs

Accessible Path of Travel For additional details refer to
—~————————— Section 3.4 Curb Ramps and
Typical curb ramp Depressed Curbs.

or level laccass
‘ 1 1 1 1 1 1

N i | 1 ] ] | J/
T T I vV urb Ramp

N—L 1 1 1 1

Typical
vertical signage

Typical

pavement marking
3400 mm (min.) 2400 mm (min.)
e A “Van Accessible™ e B Parkin
Typ Parking Space TP Space =

Access Aisle
1500 mm (min.)

Figure 19 parking dimension for propel with special need [4]
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22110

Table 11 Number of Requirement Parking for people with special needs [4]:

Total Mumber of |Total Number of Accessible Number of Type A Mumber of Type B
Parking Spaces Spaces Required
1-12 1 i o
13- 25 1 a 1
26 - 50 2 1 1
51-75 3 i 2
FE& - 100 4 2 2
101 - 133 5 z 3
134 - 165 & E] 3
167 - 250 r 3 d
251 - 200 & 4 A
301 - 350 - | 4 5
351 - 400 10 5 5
401 - 450 11 5 =1
451 - 500 iz 1] =3
501 - 550 13 =] 7
551 - 600 14 7 7
01 - 650 i5 7 a8
51 - 700 ia k] =
701 - 750 i7 p:] 9
751 - BOO iz a 9
&01 - 850 19 a 10
&51 - 900 20 a0 10
S0l -950 21 10 11
451 - 1000 22 ii ii
1001 and ower 11 +1 % of total {1) Where an even number is required, prowvide
equal number of Type A and B
{Z) Where an odd number is regquired, provide
equal number of Type A and B plus an additiona
Type B.
Corridor
3 & ».
q )
f—20.90— p——=21.30 i t 21.80 {

Figure 20 corridor width [1]
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22111 Corridors for people with special need
At Turn
ALTUm 1100 mm (min.) E
1200 mm Greater than
(min.) Lezs than J 1200 mm |
1200 mm .
________ A
{1100 mm (min) | 1100 mm imin.) | 100 fmi“-]'é %_—_1100 mm f""“-‘%
Approaching Turn Leaving Tum IApproaching Tum’ I Leaving Turn I
Figure 21 corridor dimension for specials needs [4]
22112 Emergency corridors

The width of emergency corridors for customers must be at least 2.00 m.

A width of 1.40 m is sufficient for emergency corridors that intended for sales areas<500m?

= 500 m? sales area

> 500 m? sales area

Figure 22 Width of emergency corridors [1]

22113 Elevators
Car width Car depth Movement area width Movement area depth
1.1 mat min 1.4 m at min >1.5m >1.5m
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The movement area must not overlap with other movement areas and traffic routes.

—= 1.10—

B EO0GOOO000N0000000
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Figure 23 elevator car and movement area

22114 Requirements for the means of escape

e For each room two exits must be provided, one of them is the room door and the other

may be a balcony or. Door [11]
e The vacated time of the building should not exceed 3 minutes. [11]

e Number of exits on one floor is not less than two exits. [11]

e The minimum distance between any point and the emergency exit 30 m. [11]
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2.3 Case study:
2.3.1 Project description

IKEA Store / Querkraft. The project located in Vienna, Austria, with 29480 m? total area. This
building can make a significant contribution to the city and the future of retailing.

Figure 24 Project picture
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Figure 25 IKEA Store location
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The external shell of the building is a set of shelves with 4.5 meter deep, shelves runs around the
building and provides shade, and also allows spaces to expand and, moreover, for servant elements

like building services, escape stairs, and lifts.

2.3.2 Architectural and area analysis:

Total project area: 29480 m2

A building consisting seven floors, and a basement consisting two part, part one have one floors,

second part have two floors.

Table 12 floor function

Floor Function

Basement Warehouse

Ground Floor External retail store

First Floor Retail store

Second Floor Retail store

Third Floor Retail store

Fourth Floor Retail store and restaurant
Fifth Floor Hostel

sixth Floor Hostel

seventh Floor Rooftop Terus
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Figure 26 Project picture
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2.3.3 Project Plans and Sections

querkraft

Plans
retail
N
.
i
=
£ -
e EDOR
_ iom / —
Figure 27 Retail floors plan
hostel

Figure 28 Hostel floors plan
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Figure 29 rooftop plan

rooftop terrace
site plan

Figure 30 Site plan
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Elevation and section

elevation south

rotail & restaurant

section
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i
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Figure 31 Front elevation
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Figure 32 Section
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24  Site Analysis:

2.4.1 Site location:
Sameer Shanaa Mall locate in Haifa Street in the center of the city of Nablus on latitude
32.231155 and 35.245252, next to Deals On Wheels Company and near the municipality of
Nablus. Nablus rising on average (550 m) above sea level.
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Figure 33 Site location [5]
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Figure 34 Site Picture

2.4.2 Topography and contour lines:

The building is facing the street for easy access it is oriented towards the south. There is a different
levels of the contour line, so the playing hall designed from the back of the building at the same
back street level. As shown in Figure 35, Haifa Street height 451m will be considered 0.00 m, and
the highest contour level of 465 m will be considered 14 m.

'y W,

Figure 35 counters line for project land [5]
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2.4.3 Surroundings and nearby buildings:

The site located at a so vital area, opposite Shini Supermarket. Next to it on the east side Deals On
Wheels Company and on the west a residential building. Near to it the municipality of Nablus,

public prosecution building and Al-Tamimi Petrol Station.
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Figure 36 Surroundings and nearby building
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2.4.4 Roads and surrounding streets:

As Shown in Figure 37, the site locate on Haifa Street in the southern direction, which is a main

street and has two direction with 30 meter width. From the west there is a street with 10 meter

width and from the north there is a street with 10 meter width.

e ”(w“"ageg Wv embwq»eo\'\gm% \‘\
U\ Y
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yasmeen sa\on el oy Ais
Nablus Lt

,chqua;;o
\

f/’ N ;

Jadl il :_,AJQ J) ;\‘i

| sl N

Figure 37 Roads and surrounding street

2.4.5 Local laws of the site:

Figure 38 shown that the site located in B area.

Figure 38 local laws [5]
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2.4.6 Main axes and entrances:

Figure 39 shown main entrance and axes to the building
1
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Figure 39 Main axes and entrances
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2.4.7 Climatic conditions:

The weather greatly influences construction projects, so studying and analyzing site climate plays
a major role in solving problems caused by weather factors, such as wind, rain, temperature,
humidity, and sun radiation to provide human comfort. The information was fetched from
Meteoblue website [6].

2.4.8 Temperature:

e Mean temperature

Mean yearly temperature, trend and anomaly, 1979-2023.
Nablus 32.22°N, 35.25°E.
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Figure 40 Mean Yearly temperature for Nablus [6]

Figure 40 Shown the mean yearly temperature for Nablus is from 1979 to 2021.
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Figure 41 mean daily temperature for Nablus 2022[6]
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Figure 41 shown the maximum mean temperature is 31 C° and lowest mean temperature is 4 C* at

2022.
T 1 ik

30 days

T .

20 days
15 days
10 days
5 days
0 days
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
® > 35°C ® > 30°C > 25°C > 20°C > 15°C
@® > 10°C > 5°C — Frost days

meteoblue

Figure 42 Nablus climate temperature 2022 [6].

Figure 42 shown Nablus climate temperature.

2.4.9 Precipitation amounts

Mean yearly precipitation, trend and anomaly, 1979-2023.

Nablus 32.22°N, 35.25°E.

600

mean [mm]

400

200

anomaly stripes

L R N e e I IR B O T R T R R I B
R A S P M A P S L A S SN RN A, &y
FEFFFPFFP I TP FLIFTLEF TS FF

e

O O g U
(AP
BTN

B

RGN
SRR
WY NG

Year

meteoblue.com

Figure 43 mean yearly perception amount at Nablus [6]
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Figure 43 shown the mean yearly perception amount at Nablus from 1979 to 2021.

Monthly precipitation (mm)

Feb  Mar  Apr May Jun Jul Aug Sep Ot Nov Dec Jam

Figure 44 perception amount for Nablus 2022 [6]
Figure 44 shown monthly perception amount for Nablus.

2.4.10 Wind speed and direction
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Figure 45 Wind speed and direction at Nablus 2022 [6]
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Figure 46 Wind speed and direction at Nablus 2022 [6]

Figure 45 and Figure 46 shown the speed and direction of wind for every month at Nablus.

Wind Rose for Nablus
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Figure 47 wind rose for Nablus 2022 [6]

Figure 47 shown wind rose for Nablus which shown the wind direction and speed.
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The wind direction in Nablus from southwest to northeast

Figure 48 Wind Direction

Figure 48 shown wind direction in the site

2.4.11 Relative humidity
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Figure 49 Relative Humidity at Nablus 2022 [6]

Figure 49 shown the Relative Humidity for every month at Nablus.
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2.4.12 Sun path

200

Figure 50 Sun path on 21/12 in winter and 21/6 in summer
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2.5  Architectural Drawings
2.5.1 architectural drawings Before modification

Basement and Ground Floor

o Ly | ‘
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Figure 52 Ground floor plan

Figure 51 Basement Floor plan

First and second floor
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Figure 54 Second Floor plan

Figure 53 First Floor plan
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Third and Fourth floor
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Figure 55 Third Floor plan Figure 56 Forth Floor plan

Site Plan
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Figure 57 Site Plan
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North and South elevation
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Figure 58 north elevation

East and West elevation
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Figure 60 East elevation

Figure 59 south elevation
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Figure 61 West Elevation
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Section and Stair section
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Figure 62 Section Figure 63 Stair section

2.5.2 architectural drawings after modification

First and Second Basement
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Figure 64 Second Basement Plan Figure 65 First basement plan
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Ground floor and first floor
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Figure 66 Ground Floor plan

Second floor and third floor
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Figure 68 second floor plan

Figure 69 Third Floor plan
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Fourth floor and Site Plan
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Figure 70 Forth Floor plan

North and South elevation
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Figure 71 Site Plan
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East and West elevation
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Figure 74: East elevation Figure 75 West elevation

Section and Stair section
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Ground floor and first floor furniture plans
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Figure 78 ground floor with furniture

Second and third floor furniture plans

Figure 80 third floor with furniture
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Figure 81 second floor with furniture




Fourth floor furniture plan
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Figure 82 Fourth floor furniture plan

2.5.3 Relations between spaces

e Ground and first floor

Figure 83 Ground floor relationship between spaces Figure 84 First floor relationship between spaces
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e Second and third floor

=

Figure 85 2nd and 3rd floors relationship between spaces

e Fourth floor

Palying
hall for

Figure 86 Fourth floor relationship between spaces
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Offices and restaurant

Figure 87 Offices space relationships
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2.6  Environmental Aspects

2.6.1 Introduction
Recently, interest in the environmental aspect has seemed to be an integral part of any project,
from the smallest to the largest. The building has begun to be considered a reduced and interacting
system from the larger ecosystem. The interest and strive towards obtaining buildings that
consume less energy and preserve the environment from pollution has begun. Buildings are
designed, implemented, and operated in different ways which are Modern and evolving to reduce
their polluting environmental impact, reduce fuel consumption and reduce costs in terms of
maintenance and operation to contribute to providing a safe and comfortable urban environment
for its residents, thus opening the door to sustainable development and green buildings by

appearing and applying on the ground to achieve ideal environmental goals.

This part of the project, which is called the environmental aspects, will study several important
environmental factors as basic factors that must be studied in any project and no less important
than the structural and architectural design of the building in case we are talking about the
importance of providing human comfort of all kinds inside the building. It is worth noting that the
types of human comfort that we seek to achieve inside the building are visual comfort, thermal
comfort, acoustic comfort, and indoor air quality (providing fresh air). When studying the
environmental aspects in an integrated manner, it becomes easy to achieve all these comforts for
users. Quite simply, the environmental factors that we will deal with in this part are natural
lighting, where an environmental analysis of the building will be done to study the daylight factor,
and then based on the results, will be able to evaluate the natural lighting situation in this building
and know the necessary procedures to improve these values if necessary. Then another analysis is
conducted after the modifications to ensure that the solutions were effective. After that, will
analyze the solar gain of the building, after that the situation will be evaluated and the necessary
improvements will be made to achieve the greatest solar gain in the winter and the least in the
summer, and in this way, the solar gain has been dealt with properly. After that, an analysis will
be done to find out the values of each of the heating and cooling loads required in this project
before making any modifications, and then think about effective solutions and modifications such
as thermal insulation and the use of good quality glass to improve these values as much as possible.

After that, a study will be done on the project as a whole. To know the amount of annual energy
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consumption in this project and what is the share of each component of the project in this annual
consumption and also several adjustments will be made to try to reduce this annual consumption
as much as possible to save on energy consumption. After that, a study will be done for a building
similar to the current building, as this similar building is being built based on the specifications
and reference standards of a specific code to evaluate the building and find out whether there is a
saving in energy consumption in this building or not. After that, the shadow phenomenon will be
studied in summer and winter and how it affects the building, as the formation of shadows may be
positive or negative, and we will take the procedures that enable us to benefit from this
phenomenon properly. Then a study of wind movement inside and outside the building will be
done to evaluate the ventilation in the project. Finally, an assessment of the thermal comfort of the
users will be done and it will be known whether the building is thermally comfortable or not, and
then the necessary measures will be taken to improve the building if thermal comfort is not

achieved in both summer and winter.

2.6.2 Dayvlight factor analysis:

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

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

Daylighting design is not so much how to provide enough daylight to an occupied space, but how
to do so without any undesirable side effects.

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

the illuminance available from an identical unobstructed sky.
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In this project, the sky condition will be overcast with E ext. = 9000 lux and the Recommendations
for daylight factors and illuminance are shown in Table 11

Table 13 recommendation values for illuminance.

Standard Maintained
llluminance (lux)

Characteristics of Activity/Interior

Representative Activities/Interiors

50

100

150

200

3007

5002

750°

Interiors used rarely with visual tasks
confined to movement and casual
seeing without perception of detail

Interiors used occasionally with
visual tasks confined to movement
and casual seeing calling for only
limited perception of detail

Interiors used occasionally or
with visual tasks not requiring
perception of detail but involving
some risk to peaple, plant, or
product

Interiors occupied for long periods
or for visual tasks requiring some
perception of detail

Interiors occupied for long periods, or
when visual tasks are moderately
easy (1.e., large details [>10-min
arc]) and/or high contrast

Visual tasks moderately difficult (i.e.,
details to be seen are of moderate
size [5-10 min arc] and may be of
low contrast); also, color judgment
may be required

Visual tasks difficult (i.e., details to
be seen are small [3-5 min arc]

and of low contrast); also, good
eolor indamente ar the creation af

Cable tunnels, indoor storage tanks,
walkways

Corridars, changing rooms, bulk
stores, auditoria

Loading bays, medical stores, plant
rooms

Foyers and entrances, monitoring
automatic processes, casting
concrete, turbine halls, dining
rooms

Libraries, sports and assembly halls,
teaching spaces, lecture theaters,
packing

General offices, engine assembly,
painting and spraying, kitchens,
laboratories, retail shops

Drawing offices, ceramic decoration,
meat inspection, chain stores

Table 14 recommendation values for daylight factor.

susine v

Concert Halls

General area

Schools

Domestic

See Table 14 which shows us another classification for recommendation daylight factor according

Foyers. auditoria.
Corridors,
Stairs

Entrance halls

Classrooms
Assembly halls

Lounges
Bedrooms
Kitchens

to the type of function that performs in space.

2 O_IS
2 0.6
2 0.6
5 2
1 03
1.5 0.5
1 0.3
2 0.6

Table 15 recommendation daylight factor according to function.
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Task DF?

Ordinary seeing tasks, such as reading, 1.5-2.5%
filing, and easy office work
Moderately difficult tasks, such as 2.5-4.0%

prolonged reading, stenographic work,
normal machine tool work

Difficult, prolonged tasks, such as drafting, 4.0-8.0%
proofreading poor copy, fine machine
work, and fine inspection

2.6.3 Daylight factor analysis before modifications:

e Ground floor daylight factor analysis:
See Figure 89 daylight factor analysis for ground floor. Which show the results of daylight factor
analysis for ground floor before modifications using design-builder.

L

[ ]
D DF lux
:l 2572 - 2571
2057 2057
15.43 1543
| 10.29 1029

Figure 89 daylight factor analysis for ground floor.

From Figure 89 note that the values have divided the space into three levels, the first is less than

the required limit, the second is within the required limit, the third is higher than the required limit,
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and from here we realize the importance of environmental modifications in order to reduce the

values that exceed the required limit.

First floor daylight factor analysis:

See Figure 90 which show the results of daylight factor analysis for first floor before modifications

using design-builder.

i

X

4.99 502
nan n

Figure 90 daylight factor analysis for first floor.

From Figure 90 note that the values have divided the space into three levels, the first is less than

the required limit, the second is within the required limit, the third is higher than the required limit,

and from here we realize the importance of environmental modifications in order to reduce the

values that exceed the required limit.

Second floor daylight factor analysis:
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See Figure 91which show the results of daylight factor analysis for second floor before

modifications using design-builder.

DF lux
19.48 - 1949
15.59 1560
11.69 1171
7.79 782

3.90 393

nann

.

Figure 91 daylight factor analysis for second floor.

From Figure 91note that the values have divided the space into three levels, the first is less than
the required limit, the second is within the required limit, the third is higher than the required limit,
and from here we realize the importance of environmental modifications in order to reduce the

values that exceed the required limit.

e Third floor daylight factor analysis:
See Figure 92 which shows the results of daylight factor analysis for the third floor before

modifications using design-builder.
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Figure 92 daylight factor analysis for third floor.

From Figure 92note that the values have divided the space into three levels, the first is less than
the required limit, the second is within the required limit, the third is higher than the required limit,
and from here we realize the importance of environmental modifications in order to reduce the

values that exceed the required limit.

e Fourth floor daylight factor analysis:
See Figure 93 which shows the results of daylight factor analysis for the fourth floor before

modifications using design-builder.
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Figure 93 daylight factor analysis for fourth floor.
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From Figure 93 note that the values have divided the space into three levels, the first is less than
the required limit, the second is within the required limit, the third is higher than the required limit,
and from here we realize the importance of environmental modifications in order to reduce the

values that exceed the required limit.

2.64 Daylight factor analysis after modifications:

e Ground floor daylight factor analysis:
See Figure 94 which show the results of daylight factor analysis for ground floor after

modifications using design-builder.
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Figure 94 daylight factor analysis for ground floor.

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

e First floor daylight factor analysis:
Figure 95 show the results of daylight factor analysis for first floor after modifications using

design-builder.
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Figure 95 daylight factor analysis for first floor.

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

e Second floor daylight factor analysis:
See Figure 96 which shows the results of daylight factor analysis for the second floor after

modifications using design-builder.
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Figure 96 daylight factor analysis for second floor

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

in the areas near the windows, and thus the glare problem was solved.

e Third floor daylight factor analysis:

Figure 97 shown the results of daylight factor analysis for the third floor after modifications
using a design-builder.




Figure 97 daylight factor analysis for third floor.

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

in the areas near the windows, and thus the glare problem was solved.

e Fourth floor daylight factor analysis:

Figure 98 shown the results of daylight factor analysis for the fourth floor after modifications using
a design-builder.
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Figure 98 daylight factor analysis for fourth floor.

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

2.6.5 Heating and cooling loads:

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

capacity needed for this system to work efficiently in all conditions. Some factors affect the
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capacity of the system such as the type of building, type of material used, glass type, conditions

weather, and so on.

2.6.51 Heating and cooling loads before modifications:

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

propose effective solutions to improve these values.

Figure 99 which shows us how each element of the building contributes to the effect on heating

loads before making modifications.
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Figure 99 heating design before modification.

From Figure 99 we have noticed that there are high contribution values for the basic elements in
the building that affect the heating loads, where the percentage of the contribution of the roof and
walls has the largest share, and then comes the percentage of the contribution of glass, and from
here we realize the importance of thermal insulation of the building and the use of a suitable type
of glass as a kind of necessary adjustments to reduce The contribution of these elements thus

reduces the necessary heating loads.
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Figurelll shown us how each element of the building contributes to the effect on cooling loads

before making modifications.
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Figure 100 cooling design before modification.

From Figure 100 we have noticed that there are high amounts of solar gain that pass through the
external windows, and this greatly affects the values of cooling loads. Therefore, an adjustment
must be made to reduce the amount of solar gain in the summer as much as possible to reduce the

necessary cooling loads.

2.6.5.2 Definitions of materials that were used:

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

improve the heating and cooling values.

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

of the building was done here using insulating materials that have certain properties.

Here 1 will provide a detailed explanation of some of the construction elements in the project, what
are the layers that were formed from, and what is the thickness of each layer, which had a

fundamental impact on the values of the heating and cooling loads.
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e External walls:

Figure 101which shows us the cross section for external walls.

Outer surface

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

100. DDmm Concrete blocks/Atiles - b'lock; holloyws, ll]n_a'diu;rﬂwejght, 1

Inner surface

Figure 101 Cross section for external walls.

Figure 102 which shows us the thermal properties of external walls.

Inner surface
Convective heat transfer coefficient (Wim2-K) 2152
Radiative heat transfer coefficient (Wim2-K) 5.540
Surface resistance (m2-KAW) 0130
Cuter surface
Convective heat transfer coefficient (Wim2-K) 19.870
Radiative heat transfer coefficient (W/ma-K) 5130
Surface resistance (m2-KAW) 0.040
Mo Bridging
U-alue surface to surface (Wim2-K) 0.319
Falue (ma2-Kad) 3.308
U-Value (Wfm2-K) 0.303
With Bridging (BS EM 150 E34E)
Thickness (m) 0.3630
Krn - Internal heat capacity (KJ/m2-K) 95.2224
Upper resistance limit (m2-K) Km - Internal heat capacity (KJ/m2-K) iSDS
Loweer resistance limit (m2-Ki) 3.308
U-alue surface to surface (Wim2-K) 0.319
Falue (ma2-Kad) 3.308
U-Value (Wfm2-K) 0.303

Figure 102 thermal properties for external walls.

The u-value for the external wall is 0.303 < 0.5 which means that the thermal insulation in the

external walls was effective.
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e Flat roof:
Figure 103 shown us the cross section for the roof.

Outer surface
4. 00mm  Boofingl&sphalt roll roofing]inot to -s;:_ale] *

80.00mm Concrete, Reinforced (with 2% steel)

1 ?EJUDmm Cancrete blacks/tiles - block. hollow, mediumweight. 1

80.00mm  Foam - polyurethane

Inner surface
Figure 103 cross section for flat roof.

Figure 104 shows us the thermal properties of the roof.

Inner sutface
Conwective heat transfer coefficient (Wmz2-K) 4.460
Radiative heattranster coefficient (W/m2-K) h.540
Surface resistance (ma-KMW) 0100
Cuter surface
Conwective heat fransfer coefficient (W/m2-K) 19.870
Radiative heat transfer coefficient (Wim2-K) 5130
Surface resistance (ma-KM) 0.040
Mo Bridging
U-alue suface to sudface (WmZ-K) 0.310
Frvalue (m2-KA) 3.370
U-Yalue (Wim2-K) 0.297
‘With Bridging (BS EN IS0 6346)
Thickness (m) 0.3440
Km - Internal heat capacity (KJ/ima-K) 37.3520
Upper resistance limit (m2-kAd) Krm - Internal heat capacity (KJ/m2-K) i
Lower resistance limit (m2-KA) Jzz0
|alue surface to surface (MW/ma-K) 0.321
R-alue (m2-Khw) 3252
U-Yalue (W/m2-K) 0.307

Figure 104 thermal properties for the roof.

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

effective.
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o Internal walls (partitions):
Figure 105 shown the cross section for partitions.

Cross Section

Outer surface

200.00mm: Eoncrete blocksftiles - block. hollows, médiumweigh_t, 1

60.00mm Foam - polyurethane

Inner surface

Figure 105 Cross section for partitions.

e Internal floors:

Figure 106 which shows us the cross-section of the internal floors.

Cross Section

Inner surface
8.00mm  Ceramic/clay tiles - clay tiles[hot to scale)

80.00mm Concrete, Reinforced [with 2% steel]

70 T0mm Canerete blocKs?tiles - Block,, hallow; melumwe‘«gbtﬂ

60.00mm Foam - polyurethane

Outer surface

Figure 106 Cross section for the internal floor.

e Glazing:
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Table 16 properties for glazing Shown a very important values for glazing that we used in the
project.

Table 16 properties for glazing

Calculated %alue

Toaotal zolar transmissian (SHGE) 0.232
Direct salar transmission 0.208
Light transmission 0.408
Uwvalue (IS0 10292/ EM 673) (Wm2-K) 1.148
U-Yalue (W/m2-K) 1.338

U-value for glazing = 1.338 and this value is considered an acceptable value.

2.6.5.3 Heating and cooling loads after modifications:

e Heating load:

Figure 107 shows us how each building element contributes an impact to the heating load after
modifications have been made.
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Exdemsl Vant. (KA) -15.92
Zane Sensible Hesting (kW) 6321

Figure 107heating design after modifications.
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From Figure 107 notice the clear difference in the amount of the contribution of each element of
the building in affecting the heating loads if there is a significant decrease in the values in which
these elements participate, due to the modifications that have been implemented to convert the
building into a thermally insulated building, and therefore this thing will reduce the loads, The

necessary heating in the building and provides a comfortable thermal environment.

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

energy consumption used in running the system.
Table 1 shown some important values in heating design for the building.

Table 17 heating load for each space

Zone Comfart Temperature [°C) |Steady-5tate Heat Loss [kWw) |Design Capacity [ |Design Capacity [\/mz] |
~|Building 1 Total Design Heating Capacity = 35,300 [kw)
| af Tatal Design Heating Capacity = 18.540 (ki)
EMTRAMCE | 2200 1.15 1.43 738015
ELECTRONIC... | 22.00 174 4 67 ZEE73R
EMTRAMCE 2200 0.40 0.50 221980
RETAIL STORE| 22.00 715 8.94 185128
LOBEY 22.00 248 3.10 7.82749
=|£.f Tatal Desian Heating Capacity = 18870 [k

STORE 22.00 010 013 90,9579
DRESSING R... | 22.00 0.06 0.08 E£7.1154
ENTRAMCE 2200 1.07 134 BR.ARE5
STORE 22.00 0.24 oA 430115
STORE 22.00 0.25 oA 39,3081
STORE 22.00 0.24 1] 39,1508
STORE 22.00 074 0.92 3.6471
STORE 22.00 0.E3 0.85 29,3602
FASHION 5T... |22.00 KRCr) 422 23,9651
EMTRAMCE 2200 0.4 0.51 22 3FF
RETAIL STORE| 22.00 E.41 a.m 16,9084
LOBEY 22.00 1.47 1.84 8.1087
DRESSING R... | 22.00 0.0 om 5.0408
DRESSING ... |22.00 0o om 4 3805
DRESSING R... | 22.00 0.00 om 3.7004
DRESSIMNG R... | 22.00 0.00 om 33144
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Zone Comfort Temperature [*C) |Stead_l..l-5tate Heat Loss [khw] |Design Capacity [khw] |Design Capacity [ Ami2] |I
=l = Tatal Design Heating Capacity = 12,290 [khw)

EMTRAMCE 2z2.00 0.77 0.96 47 4636
EMTRAMCE 2z2.00 0.73 0.91 39,3261
KITCHEM 2z2.00 0.43 0.54 351110
BAGESHOES ... | 2200 1.80 226 22,8726 -
DRESSIMG R... | 2200 0.29 0.36 21.1905 |
SHOES STORE | 22.00 112 1.40 21.1337 -
DRESSIMG R... | 2200 017 0.21 20.0B868 |
CAFATERIA 2z2.00 089 1.11 19,9556
FASHIOMN 5T... (2200 0.94 1.18 158123 -
FASHIOMN 5T... (2200 153 1.92 9.5090 |
LOBBY 2z2.00 1.23 1.54 E.8689 |
=] Zrd.f Total Design Heating Capacity = 17.410 (ki)
EMTRAMCE 1 |22.00 089 1.11 E7. 2228
OFFICET 2z2.00 114 1.42 32.0542
OFFICEZ 2z2.00 114 1.42 30,9779
OFFICES 2z2.00 0.es 1.10 25,8637
OFFICE? 2z2.00 113 1.41 241007
OFFICETD 2z2.00 1.05 1.32 23.8153
OFFICEE 2z2.00 0.B5 0.81 22,9478
OFFICE2 22.00 1.30 1.62 21.1393
OFFICE4 22.00 0.56 0.70 18,4840
EMTRAMCE 22.00 0.3z 0.40 187265
OFFICES 22.00 0.62 0.85 17.7545
OFFICES 22.00 1.05 1.32 17.3246 -
OFFICE14 22.00 063 0.79 13.8792 |
OFFICET 22.00 0.45 0.56 12,2863 |
OFFICET3 2200 053 0.66 85203
OFFICETZ 2200 024 0.35 7.8321
LOBEY 2200 125 1.57 B.B225
| ith{4] f Tatal Design Heating Capacity = 17390 ki)
ENTRAMCE  |2200 212 265 1362918
FITCHEN 2200 149 1.86 83.0014
ENTRAMCE  |2200 043 1.16 RE.R71E
CAFTAIREA  |2200 16 6.46 RAEIR4
FITCHEN 2200 067 0.84 A1.6083
RSTURANT 2200 402 h.02 A1.4393

The temperature in all spaces has been set at 22 Celsius, provided that it is the operative

temperature, and this helps in achieving a thermally comfortable environment.
e It's easy to see the impact of the modifications that were made since all the values are logical
and acceptable.

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

efficient.

e Cooling load:
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Figure 108 shown how each building element contributes an impact to the cooling load after

modifications have been made.
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Figure 108 cooling design after modifications.

From Figure 108 notice the improvement in the values, especially the value of solar gain through
the windows. In general, these values have become acceptable, and this is all as a result of the
modifications that have been implemented, which in turn also caused a reduction in the necessary
cooling loads and made the different temperatures as close to each other as possible, which

contributes to saving the Thermally comfortable environment and reduces energy consumption.
Table 18 which shows us some important values in cooling design for the building.

Table 18 cooling load for each space

Design Cocling Load Per Floor Area(Wim2) Total Cooling Load (kW) Design Flow Rate (m3/s) Design Capacity (kW) Zone Block Building
132 4.54 0.3478 523 GXFLOBBY qf Building 1
4 132 1.2812 15.18 GXFRETAILSTORE gf Building 1
517 786 0.8169 9.04 ‘ELECTRONICSTO gf Building 1
116.5 197 0.2292 226 GXFENTRANCE gf Building 1
369 073 0.0642 084 GXFENTRANCEQT of Building 1
144 285 02125 328 FXFLOBBY ff Building 1

3 14.44 14155 16.61 FXFRETAILSTORE ff Building 1
101 117 0.2032 204 FXFENTRANGE ff Building 1
295 074 0.0618 0.86 FXE.STORE ff Building 1
279 071 00574 081 FXf-STOREQ! ff Building 1
32 022 0.0193 025 FXf.STOREQ2 ff Building 1
434 6.64 06711 763 “KEFASHONSTORE ff Building 1
U7 069 0.06 079 FXEENTRANCEQT ff Building 1
973 0.12 0.0107 013 FXf.STOREQ3 ff Building 1
0.7 0.06 0.004896 0.07 (FDRESSINGROON ff Building 1
1423 0.15 0.0138 017 (FDRESSINGROON ff Building 1
44 0.04 0.00336 0.05 (FDRESSINGROOA ff Building 1
238 0.04 0.003382 0.05 (-DRESSINGROOA ff Building 1
238 0.04 0.00342 0.05 Xf:DRESSINGROOI ff Building 1
w7 022 0.019% 025 FXf.STOREQ4 ff Building 1
38 021 0.019 0.25 FXf.STOREQS ff Building 1
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Building 1
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Building -
Building -
Building -
Building -
Building -
Building -
Building -
Building -
Building -

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

temperature, and this helps in achieving a thermally comfortable environment.

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

and acceptable.

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

efficient.

2.6.6 Annual building utility performance summary:

e The site and source of energy:

Table 19 shown the annual energy consumed at the site, and the amount of energy consumed per

square meter.
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Site and Source Energy
Total Energy Energy Per Total Building Area Energy Per Conditioned Building Area
[kWh] [kWh/m2] [kWh/m2]
Total Site Energy 350698.88 B2.64 8264
et Site Energy 350698.88 B2.64 8264

Total Source - 5 5

Eneray 705692.98 187.49 18749
let Source Energy 795692.98 187.49 187.49

Based on the values given in Table 19 the general condition can be assessed in general as
acceptable, but a comparison must be made with another similar building to accurately assess and

reach the best possible condition.

e Thermal comfort:

It is very important to evaluate the situation of the building in terms of its ability to achieve comfort
for the users, and there is no value for the building if people do not feel comfortable while they are
inside it. Therefore, this examination is considered one of the very important examinations, and it
must be dealt with smoothly and try to make it the best possible to achieve a thermally comfortable

environment for all building users.

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

the building.

Figure 109 shows us the index values throughout the year.
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Figure 109 PMV index for users in building
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From Figure 109 We have noticed that the values were acceptable throughout the year, and this

means that people feel thermal comfort well while they are inside the building, except for short

periods, which are when there are high climatic fluctuations, which occur when switching from

one season to another.
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Chapter 3: Structural Aspects

3.1 _Overview

The structural design for any building is the most important part, and it must be integrate with the

other design like architectural, mechanical and electrical design.

It includes many things like selection of the structural element in the building like columns size,

beams and type of slab to carry the loads on the building.

The building will be design using ETABS program and the building consist five floors.

3.2  Design Codes

Two codes will be used in the structural design:

1. ACI 318-14
2. ASCE 7 for load design

3.3 _Loads Definition
1. Dead loads

These loads include the weight of slabs, columns, beams and the other structural element of the
building.

2. Live load
These loads will be change over time, so they are considered as temporary loads, for example

people and movable elements. In this building live load will be 4kN. /m?,

3. Super imposed dead loads

These loads are dead load and it contain tiles, portions and mortar weights.
In this building the super imposed dead loads will be 4 kN.m?.
4. Wall

In this building, there is two types of walls: Brick wall and will be taken as18 kn\m2 and glass
wall and it will be taken 4 kN.
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34 load combination

The combination that will be used in the ETABS program for analysis and design in this part of
the project:

e 1.4 Dead

e 1.2Dead+ 1.6 Live

3.5 Materials

For concrete used in footings, columns and shear walls: Compressive strength f'c =28 MPa

Modulus of elasticity E = 26587 MPa.

For concrete used in beams and slabs: Compressive strength f'c = 28 MPa Modulus of
elasticity E = 24870 MPa.

For steel used in rebar: Yield strength Fy = 420 MPa Modulus of elasticity E = 200 GPa.

3.6 Preliminary design

e Slabs
Flat slab will be used in the building.

For Flat slab, in Figure 110 below shows the large span in the slab.

—0%
O
0

Figure 110 the largest span for Flat slab
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By using rule of thumb for the thickness:

10..90 : . :
:];—2 = 0 =0.36m , Due to large SID and live load , thickness of 40 cm will be used and as

can be shown in Figurelll below:

Top 1@ n mm/n cm

|
- %. [] [ ] [ ] ] [ ) [] [ ] é
<
l [ ) [ ] [ ) 1 [ ) [ ] [ ) [ ) [ ) [ ]
Bottom 10 n mm/n ¢cm

Figurelll: Typical section for Flat slab of 40 cm thickness

e Columns
Columns sections will be determine using tributary area method then will be checked using

ETABS program. In Figure 112 show the section of the columns that will be used.
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Figure 112: Columns sections that will be used in the building
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In Figure 113, shows the distribution of columns and shear walls.

Figure 113: The distribution of columns and shear walls

e Beams

Drop beams at edge will be used in this building with thickness of = 60 cm and width of 30 cm.

e Shear walls

In this building shear walls thickness = 30 cm will be used.
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3.7 ETABS Modle
The building is contain basement and five floors. In Figure 114 shows ETABS model of the

building.

Figure 114: ETABS model of the building

3.8  Analysis of Model and Checks

To make sure that the model of the building is reliable, there are many checks to do

e Comepatibility check
This check will be done to make sure that all of the building elements will move together as one

block.Figure 115 shown the model of the etabs.
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Figure 115 Compatibility check from ETABS program

e Equilibrium
This check will be done to make sure that the loads that was apllied to the model are correct, and

that will be done by copmaring between manual calcultaion and the result from ETABS.
The error must be less that 5%, Dead and live loads reaction from ETABS are shown Table 20
Base reaction from ETABS below.

Table 20 Base reaction from ETABS

Dead 5.733E07 7.845E-07 134209.0608
Live 0 0 37937.4252
Sid 0 0 37937.4252

e Dead load
Slab weight= Area * Thickness* 25

= 96500 kN.
Column= height* number of columns *25* area of cross section

= 8000 kN.
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Shear wall= Area * thickness * 25
= 26100 kN.
Wall load = length * 18, Glass= length * 7
= 2430 kN.
Beams = (beam thickness)*width* 25* length
=3180
Weight = (96500 +8000+26100+2430+3180) = 136210 kN
Error = ((136210 -134209)/ 134209)* 100= 1.49 %< 5%...check is ok.

e Live load

For manual calculation = Area of the slabs * 5 kN. /m2
=37937.43kN
Error = ((37937.43-37937.43)/ 37937.43)*100 = 0 % <5%, check is ok.

e SID

For manual calculation = Area of the slabs * 4kN/m2
=37937.43kN
Error = ((37937.43-37937.43)/ 37937.43)*100 = 0 % <5%, check is ok.

e Deflection check

According to ACI 318-14 code, the deflection limit in slab must not exceed L/240, which L is the

longest span in the slab.

In this building the longest span 10.70 m and for the check the diagonal dimension must be taken
so L=15.54 m as can be noticed in Figure 116 is, so the deflection limit = 15.54/240=64.70 mm.
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Figure 116: the longest span in the slab

In Figure 117 shows the deflection from ETABS in the first floor.

Joint Element 16727
Story. Story |

Ux = -0.057

Uy = 0.048

Uz = -40.993

Rx = 0000866

Ry = 0000323
FLEER Rz = 4315607

P T T T T, oo

Figure 117: The deflection from ETABS in the basement slab from lateral load

From ETABS the deflection =41.00 mm which is less than the limit =64.70 mm, so the deflection

check is ok.
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e Check internal forces
1. Check internal forces for column
In Figure 116: the longest span in the slab shows the columns that will be checked for internal

forces.

B (060)
(bavod o

B(30/B0) B(30/60} B(30/50) B(30160)

Figure 118 the columns that will be checked for internal forces

Wu(Solid slab)=1.4*( Dead +SID)+1.6 live
= 1.2%(1*1%0.4*25+ 4)+1.6* 5
=24.80 KN/m2.

Trubitry area for the columns = 57m2.
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Figure 119 shown the internal forces for the columns from ETABS.
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Figure 119 Internal forces in the columns that will be checked

From ETABS = 9813 Kn
From manual calculation = Wu(kN/m2)* # of stories * Trubitry area
= 24.8*%7*57
=9895 kn
Error = ((9895 -9813)/ 9813)*100 =
=0.84 %<10% .... Check is ok

3.9 Seismic analysis

According to UBC-97 code and with response spectrum method the ETABS model will be seismic

analysis.
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For seismic analysis there is some parameters that should be defined as can be showed in Figure

120
Mass source: 100% for dead laods and SID , 25% for live laods.

N\

Seismic zone : The faculty is located in Nablus city Therefore, the seismic zone is 2B and the Z value is
equal to 0.20.

7
|

N\
J

Soil profile: The soil type is rock so the soil profile is SB .

7
|

Force Reduction Factor R = 5.5 (Building Frame System - shear wall)

7
|

N\
J

Importance Factor | = 1.25

e
\

Acceleration-Dependent Seismic Coefficient Ca =0.2

7
|

Velocity-Dependent Seismic Coefficient Cv = 0.2

( IX 1.25 ¥9810 )
Response spectrum scale factor = Tg = # =2230

Figure 120: The parameters for seismic analysis

Seismic Zone Factor,Z

I Z 10075 ;Egg -

Figure 121: Seismic zone factor (z)
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3.10 Load Combinations

There are two types of combinations according to UBC- 97 code:

1. Ultimate Load Combinations :

a.
b.
C.
d.

14D
1.2D+16L
12D+1E+1L
09D+1E

Which E =p Eh + Eva

P: Redundancy factor and it shall be taken (1), because the structure is located in seismic zone 2.

En = EQx + 0.3 EQy

Ev=0.5Ca | D, which it may be taken as zero for allowable stress design.

2. Service Load Combinations :

a)
b)

c)

d)

e)

1D
1D+1L

1D+ =

1.4

E
09D+ —
1.4

E
D+0.75(L+—)
1.4

Figure 122 below shows the ultimate combination that will be used for seismic analysis;

Ultimate Load Combinations

1.4 SID

D +
D+ 12 sID+ 16 L + S
D + 1.325 SID +

1.325 SID

D + +
5D + 0775SID + 1.0 EQx + 03 EQy

5D + 0775SID + 0.3 EQx + 1.0 EQy

Figure 122 the ultimate combination that will be used for seismic analysis
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Figure 123 below shows the service combination that will be used for seismic analysis;

Service Load Combinations

10 D + 1.0 SID

1.0 D + 1.0 SID + 1.0 + |L]|

A0 Do+ 1.0 SID + 071 EQx + 0.21]1EQy

10 D + 1.0 SID + 021 EQx + 0.71|EQy

69 D+ 09 SID + 071 EQx + 0.21 EQy

00 D + 09 SID + 021 EQx + 0.71 EQy

A0 D+ 1.0 SID + 075 L+ 0.54 EQx + 0.16|EQy
1.0 D + 1.0 SID + 075 L + 0.16 EQx + 0.54|EQy

Figure 123: the service combination that will be used for seismic analysis

Figure 124 below shows the mass source definition in ETABS:

| 41 Mass Source Data

Mass Muttipliers for Load Patterns

Mass Source Name MsSrci Load Pattern Muktiplier
Dead ~ 1 1
Hass Source T .
Element Self Mass f;ft ;25 Wodify
Additional Mass Delete
Specified Load Patterns
[] Adijust Diaphragm Lateral Mass to Move Mass Centroid by: Mass Options
Include Lateral Mass
[ Include Vertical Mass
Lump Lateral Mass at Story Levels
oK Cancel
Figure 124: the mass source definition in ETABS
Figure 125 below shows the response spectrum definition in ETABS:
| 83 Response Spectrum Function Definition - UBC 97
Function Damping Ratio
Function Name 0.05
Parameters Defined Function
Seismic Coefficient. Ca 0.2 Period Acceleration
Seismic Coefficient. Cwv 0.2
o -~ o2 ~
0.08 05
0.4 05
0.6 0.3333
o8 025
1 o2
1.2 0.1667
1.4 0.1423
Conwvert to User Defined 1.6 ~ |0.125 ~
Function Graph Plot Options
E-3 (@) Linear X - Linear Y

s80 () Linear X - Log ¥
O Log X - Linear Y
O

Log X - Log ¥

Cancel

Figure 125: The response spectrum definition in ETABS
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Figure 126 below shows the combination in ETABS:

| 44 Load Combinations >

Combinations Click to:

0.775 D+0.3EQX+1EQY ' Add New Combo...
0.775 D+1 EQX=D.3EQY

}-j.g” 6L Add Copy of Combo...
1.325 D+0.3 EQX+1EQY _

1.325 D+1 EQX+0.3EQY Modify/Show Combo...
D+ 0.71EQX=0.21EQY

D+0.75 L +0.54EQX+0.16EQY Delete Combo
D+0.75 L +.16EQX+0.54EQY

D+ .21EQX+0.71EQY

weko .
o e | Add Default Design Combos... |

Service -ses

oK Cancel

Figure 126: the combination in ETABS:

3.11  Seismic checks

To make sure that the seismic analysis are correct, there are four checks must be done:

1. Period Check
According to UBC-97, the time period will be calculated and it must be greater than the result
form ETABS program.

e Manually calculation:
Using method A from UBC-97 code:

T = Ct x hn3/# , which:
Ct=0.0488

hn: The height of the building (m).

Tmethod A= 0.0488%33.913/* = 0.685¢c.

e ETABS calculation
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Time period from ETABS <= 1.4 Tmethod A = 1.4 x0.685 =1.00 sec.

Time period from mode 1 (Tx) = 1.28 sec > 1.00 sec, the check is ok if the drift check is ok.

Time period from mode 2 (Ty) = 1.00 sec < 1.00 sec, the check is ok.
2. Modal Mass Participating Ratios Check
Table 21 below shows the modal mass participating ratios from ETABS and it shall be > 0.90

Table 21 the modal mass participating ratios from ETABS

TABLE: Modal Participating Mass Ratios

Case Mode Period uUXx uYy uz Sum UX Sum UY Sum Uz
sec

Modal 1 1.286 0.355 0.0008 o] 0.355 0.0008 o
Modal 2 1.089 0.0062 0.5049 o 0.3613 0.5057 o
Modal 3 0.479 0.0749 0.0204 o 0.4362 0.5261 o
Modal a 0.409 0.194 0.0069 o 0.6302 0.5331 o
Modal 5 0.341 0.0269 0.1098 o 0.6571 0.6429 o
Modal 6 0.227 0.0332 0.0085 o 0.6903 0.6514 o
Modal 7 0.208 0.0428 0.0081 o 0.7331 0.6596 o
Modal 8 0.169 0.0333 0.0594 o 0.7664 0.719 o
Modal 9 0.138 0.0604 0.021 o 0.8268 0.74 o]
Modal 10 0.129 0.0316 0.0011 o 0.8584 0.7411 o
Modal 11 0.128 0.0189 0.0008 o 0.8773 0.7419 o
Modal 12 0.127 0.0003 0.0002 o 0.8776 0.7421 o
Modal 13 0.126 0.0094 0.0003 o 0.8871 0.7424 o
Modal 14 0.121 0.0014 0.0014 o 0.8884 0.7438 o
Modal 15 O0.116 0.0041 0.0736 o] 0.8925 0.8174 o
Modal 16 0.114 0.0034 0.0177 o 0.896 0.8351 o
Modal 17 0.11 0.0025 0.0076 o 0.8985 0.8427 o]
Modal 18 0.109 0.0013 0.0007 o 0.8998 0.8434 o
Modal 19 0.109 0.0261 0.0301 o 0.9259 0.8736 [o]
Modal 20 0.107 0.0002 0.0103 o] 0.9261 0.8839 o
Modal 21 0.107 0.003 0.00003587 o 0.9291 0.8839 o
Modal 22 0.106 0.0001 0.0024 o 0.9292 0.8863 o
Modal 23 0.104 0.0003 0.0002 o 0.9295 0.8865 [o]
Modal 24 0.103 0.0001 0.0002 o 0.9295 0.8867 [o]
Modal 25 0.102 0.0025 0.0034 o 0.932 0.89 o
Modal 26 0.101 0.0001 0.00003911 o 0.9321 0.8901 o
Modal 27 0.099 0.0004 0.0266 o 0.9325 0.9167 o
Modal 28 0.097 0.0059 0.019 o 0.9384 0.9357 o
Modal 29 0.096 0.0021 0.001 o] 0.9404 0.9367 o
Modal 30 0.096 0.0004 0.0005 o 0.9408 0.9372 o
Modal 31 0.096 0.00001869 0.00000689 o 0.9409 0.9372 o
Modal 32 0.095 0.00003701 0.0012 o 0.9409 0.9384 o
Modal 33 0.095 0.0035 0.0063 o 0.9444 0.9446 [o]
Modal 34 0.093 0.00004457 0.0001 o] 0.9445 0.9447 o
Modal 35 0.093 0.000006101 0.0005 o 0.9445 0.9452 o
Modal 36 0.092 0.0001 0.0012 o 0.9446 0.9464 o
Modal 37 0.092 0.0002 0.0042 o 0.9448 0.9506 o
Modal 38 0.091 0.0004 0.0024 o 0.9453 0.9531 [o]
Modal 39 0.087 0.0003 0.0001 o 0.9455 0.9531 o
Modal 40 0.084 0.0001 0.0002 o 0.9456 0.9534 o
Modal 41 0.081 0.0006 0.0001 o 0.9462 0.9535 o
Modal a2 0.081 0.001 0.0003 o 0.9472 0.9537 o
Modal 43 0.078 0.00002061 0.0001 o] 0.9472 0.9538 o
Modal 44 0.077 0.0007 0.001 o 0.9479 0.9548 o
Modal 45 0.077 0.0011 0.001 o 0.949 0.9558 o
Modal 46 0.076 8.652E-07 0.000002682 o 0.949 0.9558 o
Modal a7 0.074 0.0001 0.000005722 o 0.9491 0.9558 [o]
Modal 48 0.073 o o o 0.9491 0.9558 o
Modal 49 0.072 0.0002 7.627E-07 o 0.9494 0.9558 o
Modal 50 0.071 0.0006 o o 0.9499 0.9558 o

Table 21 shown that the summation of the mass participation ratio > 0.90, so the check is ok.
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3. Base shear check

The result from ETABS shall be less or equal than the manually calculation.

1. Manually calculations

Ixw 2.5Ca
According to UBC-97 code: V= (XT ) min{ cw

T

Where: W = Dead + SID + 0.25 Live
Table 22 shown the load cases from ETABS:

Table 22 Building weight from ETABS

Load FZ
Case/Combo kN
Dead 134209.0608
Live 37937.4252
SID 37937.4252

W = 134209 +37937.4 + 0.25 x 37937.4 = 181631 kN.

2.5 x 0.2
Fe=( 1.25 x152128.4 ) min{

02 =8256kN.
5.5 —_—

0.469

( 1.25 x 83875

Fy =
y 5.5

(2.5 x 0.2
) min 02 =8265KN.

0.414

2. ETABS calculations

Table 23 shows base shear values from ETABS
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Table 23 Base shear values from ETABS

Load

Case/Comb
EQx Max 10726.4153 (3333.673

FX FY

EQy Max 3333.6759 | 10374.43

From Error! Reference source not found. Above Base shear results from ETABS are more than

manual calculations, so check is ok.
4. Drift check

According to UBC-97, the drift limitation should be more than the lateral displacement between
each floor in the building.

If T>0.7, the drift limitation = 0.02xH
Drift limitation = 0.02 x H x 1000

Table 24 Drift check from ETABS

Story Height | Dis.X = Dis.Y Driftx (S} Drift v(AS) Deltax (r_\M);Delta Y(AM)  Limit
m mm mm mm mm mm mm mm
0 0 0 0 0 0 0 0 0
1 23 0.3 02 0.3 02 1155 0.77 46
2 29 08 0.3 0.5 03 1.925 1.155 58
3 45 25 29 1.7 24 6.545 924 90
4 4 42 56 1.7 21 6.545 10395 &0
5 335 18 5.5 3.6 -0.1 13.86 -0.385 70
6 35 104 17 26 22 10.01 847 70
7 7 15.13 12 473 43 18.2105 16.555 140

Table 24 shown that all drifts in floors < limit, so the check is ok.
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5. Shear check

e \Wide beam shear check

To make sure that the slabs don’t need to shear reinforcement this check will be done.
The maximum Vu from V12 and V13 from ETABS = 55 kn/m
Vu =V max - Wu x (d).

Wu= 1.2*(1*1*0.4*25+ 4)+1.6* 5
=24.80 kKN/m2.

Vu = 55- 24.80x (0.40-0.05) = 46.30 kN.
@V = 22428 x 1000 X (400 — 40) x 10 = 231 kN. /m
Thus,@Vc > Vu so the solid slab does not need for shear reinforcement.

e Punishing shear check
Figure 127shown the punishing shear check result from ETABS.

ﬁ .
I\“‘Ph‘: - ic /e P [

Il

i

Figure 127: The punishing shear check result from ETABS.
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3.12  Flexure design

3121 Slab

For solid slab flexure design:

The minimum reinforcement:
ASmin = pmin X b x h =0.0018 x 1000 x 400=720 mm2/m
Thus, the minimum reinforcement will be 5¢14

To find the requirement reinforcement in the slab, slab concrete design in ETABS by finite

elements based will be used.

For example, as can be shown in Figure 128 bellows, the top reinforcement in the slabs in the X-

direction for second floor.

Figure 128 the top reinforcement in the slabs in the X-direction for second floor.
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As can be noticed in Figure 128 the top reinforcement in the X- direction in the slab is with the

minimum reinforcement and there is additional steel on the columns of 4 @ 16.

Figure 129 the slab reinforcement for the second floor
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Figure 129 the slab reinforcement for the second floor

/ @ 14 bosom L=8m

3.12.2 Columns

Figure 130 shows columns the distribution of the columns
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Figure 130 the distribution of the columns

Figure 131 show that from ETABS the rebar percentage for columns =1 %, so As = Ag x 1%.

Figure 131 the rebar percentage for columns from ETABS
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Figure 132 shows the detailing for columns
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Figure 132: the detailing for columns

3.12.3 Beams

Figure 133 shows the design result from ETABS for Basement slab beams.

1006
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709 636 644 540 358 385 -59.

Figure 133: the design result from ETABS for Basement slab beams
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Area of steel minmum for beams = 0.00333 x b x d
=0.00333x 300 x 360
= 360 mm?

We will use 5@16 for top and bottom reinforcement for beams as can be show Figure 134 below.

' [ eeeee 5016 I=20
2012

o0
4

<+ L -4 : 1210/10cm at end
¥ 1@10/15cm at mid

#

Figure 134: Section in beam

3.12.4  Shear wall

Shear wall design will be done using the maximum moment, shear and axial load on the shear

wall.

Length of Wall =3.60 m

My max. = 2572 KN.m

Vumax. = 563 KN

Normal load = 1670 KN.

Fcall = (0.3-0.4) f’c

Fcall = 0.3 f'c = 0.3 x 28 = 8.40 MPa

H_3389 _940>2
B 3.60

Thus, we design for Moment and check for shear.
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15cm }

Thickness of shear wall (b) = max {Hlevel/ZO

Use b= 30cm.

f=——1

M Y
I

> =

Aw = 0.3 X 3.60 = 1.08m?

_360 _ o
=——=1 m

bh® 0.3 3.6°

=1 12

=1.17m*m, Y=

N =

1670%x103 | 2572x103

f=— — =+ —(1.8) = 1.22 MPa < 9.6 MPa, so check is OK.
1.08x10 1.17X10

It needs to reinforce two regions in the wall (boundaries & Web).

O.1h} B {0.1 X 3.6 = 0.36m

Boundary dimensions: min{ 4bJ = 4%03 =1.2m

} — use (0.40 x 0.3)m.

According to the code:

e Sv&Shoriz.= 250 mm .
e pbound.= 1%.

e Min.pvor pH = 0.25%.
e Max.pv = 0.035.

Take p b= 1% in boundaries & ps= 0.25% in Web, then compute the area of steel as follows:
In Boundary: As = 0.01 X 300 x 0.4 = 1200 mm? so, use 6@16mm

In Web:

As = 0.0025 x 300 x 1000 = 750 mm? .

Use 4912mm/m on each side (S = 250mm) .

3125 Basement wall design

The Basement wall high is 5 m. e Thickness = 0.3 m

e ysoil = 18 kKN. /m3
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e Friction Angle ¢ = 300

eKa=1/3Load =y xhxKax1.6=(18 x8 x1.6)/3=76.8 KN./m
The wall will be designed using ETABS.

From ETABS, Vu = 165.50 kN.

075
T 6

@V V28 x 1000 x (300 — 40) x 10° =172 kN. /m

@Vc> Vu, so shear check is ok.
For stem rebar:

From ETABS the vertical will be used 2014/15 cm and for horizantal rebar will be used
2¢12/15 cm as can shown Figure 135 below:

. o 112@15cm

** 1@4@15cm

rFe Natural Ground
b o Level

e
. 8 =

1P14@15cm e o

LK}
¢ & & & " & o

Figure 135 Basement wall detailing

3.12.6  Stair design
This Building staircase contains two pieces that are connected by a corner. Figure 136 shows stair
in the building.
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Figure 136: The stair in the building
The slab thickness will be assumed as a 0.20 m. Table 25 shows the loads on the stair.

Table 25 the load on the stair

Live load 5 KN/m®
SID load 6.5 KN/m’
Dead load 0.20*25=5 KN/m®

Ultimate loads on slab equal (1.2D + 1.6L) = (1.2 x (6.5 + 5)) + (1.6 x4) = 20.2KN/m?

2 2
My = === 2222 = 3272 KN.m

Longitudinal reinforcement ratio:

= 0.003

_085 x28 [ 2.61 X 32.72 x 106
P=""220 28 x 1000 x 1702

So, As = 0.0026 x 1000 x 170 = 510 mm? » Use 1@12 /250 mm (5@12/m).

As, shrinkage = 0.0018 x 1000 x 200 = 360 mm? B Use 1@10 /250 mm (5@12/m), in each direction.

Shear check for the step of the stair

_WuxL  202x3.6
S =

PVe =22 x [fexbw x d = 22 x V28 x 1000 X 170 x 1073 = 112.44 KN/m.

Vy

=32.36 KN/m.

¢@Vc > Vyso, shear check is ok.

Figure 137 shows the detailing of the stair.
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Figure 137: The detailing of the stair

3.12.7 Footing
For this building soil type is rock so Q an will be 300 KN/m?

Mat foundation will be used because there is large load and moment on the columns and shear

walls and it will be designed using SAFE program.

Figure 138 shows the layout of the mat foundation

Figure 138 the layout of the mat foundation
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Thicknese will be 1.30 m,Figure 139 shows the model is safe

)il e A

Figure 139 Mat foundation model is safe

Figure 140 shown punishing check
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Figure 140 punishing check in safe
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Figure 141 shows that all value of punishing shear are more than 1, so check is ok.

For soil bearing capacity check ,Qall = 300 KN/m? -, so the stress valuse shall be less than Qall.As

can be noticeced from Figure 141, all values are less than Q all, so check is ok.

E‘_‘ 300
208
162
115
69
23
23
-69
-115,
-162
208,

-254

INERREEE

Figure 141 soil bearing capacity check in safe

Figure 142 below shows mat foundation detailed.
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Figure 142 mat foundation detailed
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Chapter 4: electro-mechanical aspects:

4.1 Artificial lichting design:

4.1.1 Introduction:-

One of the most important elements that must be available in the design of buildings, there are
several goals, including providing lighting in an appropriate quantity and quality to achieve

visual comfort.

Among the factors that must be taken into account in the design:

) IHluminance |
) Uniformity |
) Glare Index |

The industrial lighting of the building was designed through the DIALux program.
The table below shows the appropriate Lux for each building area.

Table 26 standard of the spaces in the building (DIALux evo)

Space Lux
Store 300
Office 500
Kids playing hall 300
Fast food restaurant 200
Bathroom 200
Parking 100

4.1.2 Recommended Lux Levels:

The recommended Interior Lighting lux levels for specific working areas according to CIBSE
(Chartered Institute of Building Services Engineers). [12]
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Table 27 recommended interior lighting lux level [12]

mm(]llll:gme Activity Area
100 Casual seeing Corridors, changing rooms, stores
150 Some perception of detail Loading bays, switch rooms, plant rooms
200 Continuously occupied Foyers, entrance halls, dining rooms
300 Visual tasks moderately casy Libraries, sports halls, lecture theatres.

General offices, kitchens, laboratories,
retail shops.

Drawing offices, meat inspection, chain
Stores.

General inspection, electronic assembly,
paintwork, supermarkets.

Fine work and inspection, precision
assembly.

Assembly of minute items, finished fabric
inspection.

500 Visual tasks moderately difficult

750 Visual tasks difficult

1000 | Visual tasks very difficult

1500 | Visual tasks extremely difficult

2000 | Visual tasks exceptionally difficult

Table 28 recommended interior lighting lux level for hotel and restaurant [12]

Hotels and Restaurants

. o Minimum
[lluminance |  Limiting
Area _ ‘ £ colour

(lux) Glarerating | .

® | rendering (R))
Kitchen 500 22 80
Restaurant, dining room, function room. - - 80
Self service restaurant 200 22 80
Conference rooms 500 19 80

Table 29 recommended interior lighting lux level for offices [12]

Offices
‘ . Minimum
[lluminance Limiting
Area . , - colour
(lux) Glare rating .
° | rendering (R,)
Filing, copying etc. 300 19 80
Writing, typing, reading, data processing 500 19 80
Technical drawing 750 16 80
CAD work stations 500 19 80
Conference and meeting rooms 500 19 80
Reception desk 300 22 80
Archives 200 25 80
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Table 30 recommended interior lighting lux level for retail premises [12]

Retail Premises
. o Minimum
Illuminance | Limiting S
Area (1) Glare mlﬂw colour
' 7% | rendering (R)
Sales area 300 22 80
Till area 500 19 80
Wrapper table 500 19 80

Table 31 recommended interior lighting lux level for multispecies [12]

Area [lluminance
(lux)
Lifts 100
Corridors and stairs 100
Toilets 100
Canteens 300
Mess rooms 150 - 300
Plant rooms 150 - 300
Store rooms 100

The table below provides recommended light levels from the IESNA Lighting Handbook and LPD
levels from the IECC 2021 (using the Space-By-Space Method for calculations). [13]

Table 32 recommended light level (lux) [13]

LEIGHT
LIGHT LEWEL
RO M TYPE LEWEL
(FOOT CAMNDILES) CLvsc)
Eedrocn - 2o-30 FC 200-200 lux
Dormitory
Cafereria - Eating Zo-z0 FC 200-300 Ius
Classroom -
Z0-50 FC ZO0-S00 lux
Gernaeral 1
Conferamnce Roorm I0-50 FC SO0D-S00 Tucc
Corridor | S-10 FC S0-100 Tusx
Exhibit Space z0-s50 FC BOO-S00 s
Sy rmmasioom -
ot e 7 Aoy et 2o-30 FC ZO00-200 lux
SynnaEsioen - Z0-50 FC ZO00-S00 lux

Sports ) Garmeaes

Kitchen § Food Prep | TO-FS5 FC FOO-FSO Iusx
Laborabary: S0-7S5 FC SOO-7S0 husx
(Classroormn)

Laborabory FEo120 FC FSO-1200 lux
(FProfessional)
Library: - Stacks | 2o-50 FC 200-500 Iusx

L - Readi

rary =ading £ | SIO-50 FC SO0-S00 lusx
Seeedyimag |

Loading Dock 1O0-30 FC 100-Z0D0 bux
Lobby —

- e el 20-30 FC 2O00-300 Iusx
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Locker Room 10-30 FC 100-300 lux

Lounge Jf

10-30 FC 100-300 lux
Breakroom |
Mechanical /
Electrical o 20-50 FC 200-500 lux
Office - Open 3I0-50 FC I00-500 lux
Office - Private S |
Closed 320-50 FC S00-500 lTux
Parking - Interior S5-10 FC SO0-100 lux
Restroom J Toilet 10-30 FC 100-300 lux
Retail Salaes 20-50 FC Z200-500 lux
Stairway 5-10 FC 50-100 lux
;
| Steorage Room - 5-20 FC 50-200 lux
Seneral
wWorkshop 30-75 FC | s00-7s0 1ux

4.1.3 Artificial lighting design:
4131 Office
The figure below shows the type of luminaire in office.

Luminaire data sheet

e~

L 650 42W/840 DALI EP V5SS 596x596
21887

Total luminous flux 4958 Im
Connected load 48.0 W

Figure 143 luminaire type chosen to office
Results: The average illuminance in the office is 569 lux and the limit is 300 lux, the glare is
16.6.

The figure below shows the result for office from DIALux evo.

4w Calculation surface 2

571 Ik
16.6

> 90

4w Working plane (Office )

B 569 kK

Figure 144 the result for office from DIALux evo
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The figure below shows the 3D view for office from DIALux evo.

Figure 145 3D view for office from DIALux evo

4132 Fastfood restaurant

The figure below shows the type of luminaire in fast food restaurant.

Luminaire data sheet

s

Luminaire data sheet

iPlan Access - square 33W EOS SYSTEM T16 2X54W NON DIMMABLE L=1184MM WHITE
Q23 M093720

Total luminous flux 4300 Im Total luminous flux 8900 Im
Connected load 33.0W Connected load 118.0W

Figure 146 luminaire types chosen to fast food restaurant

Results: The average illuminance in the fast food restaurant is 231 lux and the limit is 200 lux,
the glare is 11.8.
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The figure below shows the result for fast food restaurant from DIALux evo.

Calculation surface 2

126 Ix 0.39
283 Ix 0.93 '
11.8 < 10
> 90 > 90
Working plane (Fast food restaurant) 2]
231 I 0.004 ] m

Figure 147 : The result for office fast food restaurant from DIALux evo

The figure below shows the 3D view for fast food restaurant from DIALux evo.

Figure 148 3D view for fast food restaurant from DIALux evo

41.3.3 shoes store

The figure below shows the type of luminaire in shoes store.

Luminaire data sheet Luminaire data sheet

Tt ﬂ

M52 - SPY 93018 DIMS

24422 9315
LED-Louver

Total luminous flux 1128 Im NLED4014C/4x9W-6500K
Connected load iZow

Total luminous flux 3060 Im

Connected load 36.0 W

Description
24422 9315 M52 - SPY 93018 DIMS
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Luminaire data sheet

NYC =+oman _ ‘ ‘

2-Wire Track&Ceiling Spotlight
SLND126/35W/38°

Total luminous flux 630 Im
Connected load 350 W

Figure 149 luminaire types chosen to shoes store

Results: The average illuminance in the shoes store is 399 lux and the limit is 300 lux, the glare
is 16.1.

The figure below shows the result for shoes store from DIALux evo.

, Calculation surface 1
470 I
225 Ix
16.1
> 90
4w Working plane (Shoes store)
399 Ix

Figure 150 the result for shoes store from DIALux evo

The figure below shows the 3D view for shoes store from DIALux evo.

Figure 151 3D view for shoes store from DIALux evo

108




4134 Retail store
The figure below shows the type of luminaire in retail store.
Luminaire data sheet

——

Luminaire data sheet

ST770X 1 xLED49S/CH HOVL-H LED-Louver
NLED4014C/4x<9W-6500K
4850 Im Total luminous flux 3060 Im
36.0 W

385W

Total luminous flux
Connected load

Connected load

Figure 152 luminaire types chosen to retail store

Results: The average illuminance in the retail store is 505 lux and the limit is 300 lux, the glare is

28.2.
The figure below shows the result for retail store from DIALux evo.

Calculation surface 2
400 Ix
395 Ix
28.2

> 90

-—

P
v

"~ 4w Working plane (Retail store)
5 505 Ix

Figure 153 the result for retail store from DIALux evo

The figure below shows the 3D view for retail store from DIALux evo.

Figure 154 3D view for retail store from DIALux evo
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4135 W.C

The figure below shows the type of luminaire in W.C.

Luminaire data sheet

Dot LED RGB Halo - Opal Cover - 13W - 4000K
DOT17668

Total luminous flux 1450 - 3000 im
Connected load 290 W

Figure 155 luminaire types chosen to W.C

Results: The average illuminance in the W.C is 316 lux and the limit is 200 lux.

The figure below shows the result for W.C from DIALux evo.

© Y 4» Working plane (Room 1)

B 316 Ix

Figure 156 the result for W.C from DIALux evo

413.6 Parking

The figure below shows the type of luminaire in parking.

Luminaire data sheet

=~

alevo-AVAMP/1500-240 LED - Diffusor micro-prismatisch |
Micro-prismatic diffuser
4500-2700 29W 840 ETM sg RAL 9006 (65711029175)

Total luminous flux 3926 Im
Connected load 28.6 W

Figure 157 luminaire types chosen to parking

Results: The average illuminance in the parking is 118 lux.

The figure below shows the result for parking from DIALux evo.
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4w Working plane (Parking)

Sin 118 Ix

Figure 158 the result for parking from DIALux evo

The figure below shows the 3D view for parking from DIALux evo.

Figure 159 3D view for parking from DIALux evo
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42 Power design

421

422

423

Introduction:

Electrical design for building one of the most important phase of any project, where every
single thing need electricity at this time. The power design have to be determined,

considering the existing or planned using equipment.

Problem definition

The building is a commercial building with multi-functional spaces that contains stores,
offices, kids playing hall and restaurant. Each space design in accordance with its energy

needs.

Lighting power calculations

4231 Sample of calculation

A circuit breaker load for lighting = 10 amperes (A)
The maximum load from 10 A at lighting circuit breaker:

leo=1.2X1 10de
10 = 1.2x1 lode
| lode :833 A

Sample of calculation for required number of circuit breakers:

In second basement the total lighting power = 1716
Power (W) = I 10ad (A) % VoIt (V) xPower factor
1716 W =1 10a¢ X220 x 0.9

| load=8.6 A

Number of required circuit breaker for second basement= 8.66/8.33 = 1 circuit breaker
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e Ground Floor

Table 33 :No. of lighting circuit breaker for ground floor.

Type of Luminaire No. of
Space luminaire | Power (W) luminaires | power I lode No. of CB
electronic store Downlight 36 37 1332 6.73 1
retail store Downlight 36 80 2880 14.55 2
store Downlight 36 6 216 1.09 1
entrance and circulation | Downlight 28.6 24 686.4 3.47 1
W.Cs Downlight 24 10 240 1.21 1
e First Floor
Table 34 No. of lighting circuit breaker for First floor
Type of Luminaire No. of
Space luminaire | Power (W) | luminaires power I lode No. of CB
Fashion Store Downlight 36 36 1296 6.55 1
Dressing rooms Downlight 36 2 72 0.36 1
retail store Downlight 36 80 2880 14.55 2
storel Downlight 36 6 216 1.09 1
store2 Downlight 36 2 72 0.36 1
store3 Downlight 36 2 72 0.36 1
stored Downlight 36 2 72 0.36 1
entrance and circulation | Downlight 28.6 21 600.6 3.03 1
W.Cs Downlight 24 10 240 1.21 1
e Second Floor
Table 35 No. of lighting circuit breaker for second floor
Type of Luminaire No. of
Space luminaire | Power (W) | luminaires | power I lode No. of CB
Fashion Store 1 Downlight 36 36 1296 6.55 1
Dressing rooms Downlight 36 5 180 0.91 1
Fashion Store2 Downlight 36 13 468 2.36 1
Dressing rooms Downlight 36 2 72 0.36 1
storel Downlight 36 42 1512 7.64 1
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Shoes store Downlight 36 16 576 2.91 1
Store2 Downlight 36 4 144 0.73 1
Bag and shoes store Downlight 36 23 828 4.18 1
Coffee and sweet corner | Downlight 36 216 1.09 1
Terrace Downlight 36 9 324 1.64 1
entrance and circulation | Downlight 28.6 21 600.6 3.03
W.Cs Downlight 24 10 240 1.21 1
Third Floor
Table 36 No. of lighting circuit breaker for third floor
Type of Luminaire No. of No. of

Space luminaire Power (W) | luminaires | power I lode CB
officel Downlight 48 7 336 L.70 1
office2 Downlight 48 10 480 242 1
office3 Downlight 48 9 432 2.18 1
office4 Downlight 48 8 384 1.94 1
officeb Downlight 48 8 384 1.94 1
office6 Downlight 48 11 528 2.67 1
office7 Downlight 48 8 384 1.94 1
office8 Downlight 48 9 432 2.18 1
office9 Downlight 48 6 288 1.45 1
officel0 Downlight 48 8 384 1.94 1
officell Downlight 48 8 384 1.94 1
officel2 Downlight 48 9 432 2.18 1
officel3 Downlight 48 10 480 242 1
officel4 Downlight 48 9 432 2.18 1
entrance and circulation | Downlight 28.6 21 600.6 3.03 1

Third Floor W.Cs and small Kitchens
Table 37 No. of lighting circuit breaker of WCs and small kitchen at third floor
Type of Luminaire No. of No. of

Space luminaire Power (W) | luminaires | power I lode CB
W.Cs 1 Downlight 24 1 24 0.12 1
kitchen 1 Downlight 24 1 24 0.12 1
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W.Cs 2 Downlight 24 1 24 0.12 1
kitchen 2 Downlight 24 1 24 0.12 1
W.Cs 3 Downlight 24 1 24 0.12 1
kitchen 3 Downlight 24 1 24 0.12 1
W.Cs 4 Downlight 24 1 24 0.12 1
kitchen 4 Downlight 24 1 24 0.12 1
W.Cs 5 Downlight 24 1 24 0.12 1
kitchen 5 Downlight 24 1 24 0.12 1
W.Cs 6 Downlight 24 1 24 0.12 1
kitchen 6 Downlight 24 1 24 0.12 1
W.Cs 7 Downlight 24 1 24 0.12 1
kitchen 7 Downlight 24 1 24 0.12 1
W.Cs 8 Downlight 24 1 24 0.12 1
kitchen 8 Downlight 24 1 24 0.12 1
W.Cs 9 Downlight 24 1 24 0.12 1
kitchen 9 Downlight 24 1 24 0.12 1
e Fourth Floor
Table 38 No. of lighting circuit breaker for fourth floor
Type of Luminaire No. of No. of

Space luminaire Power (W) | luminaires | power I lode CB
Restaurant Downlight 36 20 720 3.64 1
Kitchen Downlight 36 6 216 1.09 1
kids playing hall Downlight 36 74 2664 13.45 2
store Downlight 36 6 216 1.09 1
Coffee and sweet corner | Downlight 36 6 216 1.09 1
Terrace Downlight 28.6 18 514.8 2.60 1
entrance and circulation | Downlight 28.6 23 657.8 3.32 1
W.Cs Downlight 24 10 240 1.21 1

424 Cable size

Calculation of an electricity cable diameter for lighting switches:

| cable = 1.2xI
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Circuit breaker =1.2x10=12 A
According to Table 39, I cable = 1.5mma2.

Table 39 cable cross-sectional area due to current [31]

Cu. Equivalent
Se':‘:::nflr :tsea Conductor Voltage Drop Voltage Drop Cur::nt Rating N;':h:::s
rCu. Current  Cu. Conductor Al. Conductor of Al. At S oAl
Rating Conductor
mm? (A) mV/A/m mV/A/m (A) mm?
1.5 18 25 11.82 28 6
2.5 25 15 11.82 28 6
4 33 9.5 7.91 39 10
43 6.4 4.2 57 16
10 59 3.8 4.2 57 16
16 79 24 Fr 79 25
25 104 15 135 123 35
35 129 11 135 123 50
50 167 0.84 0.94 159 70
70 214 0.6 0.58 226 120
95 261 0.47 0.48 261 150
120 303 04 041 299 185
150 349 0.34 0.35 354 240
185 400 0.31 031 410 300
240 472 0.27 0.28 472 400
300 545 0.25 0.26 546 500
400 634 0.24 0.24 626 630
500 723 0.23 0.23 709 800
630 826 0.22 0.22 823 1000

425 Voltage drop

Calculation of voltage drop:

Copper resistivity P =1.7x10®

L: max length between lighting unit and electrical distribution bored.

A: cross-sectional area for cable.

Voltage drop formula: V drop = lioad X R.

V drop = I (PX2L /A).

The farthest distance between distribution board and lighting unit approximately 32m:
Vrop = lioad X R

Maximum allowable voltage drops = 5%x220V =11V

V drop = Ix (Px2L /A)

116




=12 x (1.7x10® x (2x32)/1.5x10°) = 8.7 < 11....0k.
Electrical wire resistance:
R = (2L/P) /A
= (2x32/1.7x10®) / 1.5 x10° = 0.25 Q

426 Sockets design:

e Special load Assumption:

Device Power (W)
Fridge 1200
Oven 2000
microwave 700
Dishwasher 1800
Kitchen Hoods 900

Split unit 500

Fan coil 4500

e Special load Calculation:

Second floor

Device Power (W)
Fridge 1200
Oven 2500
Kitchen Hoods 900

L: max length between socket and electrical distribution bored.
A: Wire cross-sectional area.

P: Copper resistivity =1.7x107%,

R: electrical wire resistance.

Power (watt) = I (current) x V (220 volt) x power factor (0.9)
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1200 =1 x 220 x 0.9....1 =6.06 A.
ldesign = lioad % 1.152
=6.06 x 1.15?
ldesign = 8.014 A.
From Table 39 Cable cross sectional area = 1mm?
For fridge at coffee and sweet corner electrical wire resistance:
R = (2L/P)/A
R = (2L/P) /A
= (2x1.18x1.7x10®) / 1.5 x10° = 0.026 Q
Drop voltage = (I x R)/220 < 5%
= (8% 0.026)/220 = 0.009 < 0.05 it is ok.

Table 40 voltage drop for special lode from spaces

space special lode power | Distance between | 1 lode | wire Cross R drop
device socket & S.D.B design | sectional(mm”2) voltage

Coffee Fridge. 1200 1.18 6.06 | 8.02 15 0.11 | 0.004
and sweet | Oven 2500 3.6 12.63 16.70 25 0.20 0.015
corner Kitchen Hoods 900 3.6 4.55 6.01 15 0.34 0.009
St Fridge. 1200 1.18 6.06 | 8.02 15 0.11 | 0.004
and sweet | Oven 2500 3.6 12.63 | 16.70 25 0.20 0.015
corner Kitchen Hoods 900 3.6 4.55 6.01 1 0.50 0.014
Oven 2500 2 12.63 16.70 25 0.11 0.009

Kitchen Hoods 900 2 4.55 6.01 1 0.28 0.008

Restaurant | microwave 1000 1 5.05 6.68 1 0.14 0.004
Fridge. 1200 2 6.06 8.02 1 0.28 | 0.010

Dishwasher 2000 5 10.10 13.36 15 0.47 0.028

e Special lode for HVAC design:

Design special load of Split unit at offices.

Split unit power = 500 W.
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L: max length between socket and electrical distribution bored.
A: Wire cross-sectional area.
P: Copper resistivity =1.7x10°.
R: electrical wire resistance.
Power (watt) = I (current) x V (220 volt) x power factor (0.9)
500 =1x220x%0.9...1=252 A.
ldesign = lioad % 1.152
=2.52 %1152
ldesign = 3.33 A.
From Table 39 Cable cross sectional area = 1 mm?
For cable of split unit at officel Electrical wire resistance:
R = (2L/P)/A
R=(2L/P) /A
= (2x6.1x1.7x10%) /1 x10%=0.2Q
Drop voltage = (I x R)/220 < 5%
=(3.33x 0.2)/220 = 0.003 < 0.05...0k

e Normal lode:

| Normal lode = 2 A

Power Normal lode =400 W

| of the circuit breaker = 10 A

No. of sockets that loaded from the circuit breaker load = 10/2 = 5 Sockets

Power = | X VV X power factor

400 =1x 220 % 0.9...1 =2.02 A,

ldesign = lioad X 1.152
=2.02x1.15

ldesign = 2.67 A.
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From Table 39 Cable cross sectional area = 1 mm2

For cable of split unit at officel Electrical wire resistance:

R = (2L/P)/A
R =(2L/P) /A
= (2x2x1.7x108) / 1 x10° = 0.068 Q
Drop voltage = (I x R)/220 < 5%
= (2.67% 0.068)/220 = 0.008 < 0.05...0k.

42.7 circuit breaker:

A circuit breaker is an electrical safety device that shut off current flow when protective

relays reveal a fault. Each special load sockets have a special switch in circuit barker

Figure 160 picture for circuit breaker

428 Demand factor:

The demand factor is always equal to or less than one.

Table 41 demand factor for some appliances

Home Appliances Power (kW) Demand factor Length (m)
Electrical Panel 8.88 0.72 30
LED Lighting 0.15 1.00 15
LED Lighting 0.18 1.00 20
Low Power Home App. 0.90 0.40 35
Low Power Home App. 0.60 0.40 30
Vacuum cleaner / iron 1.00 0.70 18
Electric oven 2.00 0.80 20
Washing machine 1.15 0.75 20
Kitchen equipment 1.56 0.70 25
Dishwasher 1.30 0.80 20
Clothes dryer 1.50 0.75 28
Air cond. outdoor unit 2.00 0.65 38
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Table 42 using demand factor

Type demand factor
Lighting 1
Normal Load 0.4
Special Load 1

Calculation of Demand factor:

Table 43 lighting power

floors power
Second basement 1716
First basement 1850
Ground floor 5354.4
first floor 5520.6
second floor 6456.6
third floor 5032
fourth floor 5444.6
total power 31374.2

Calculation:

Total power for lighting = total power x demand factor
=31374.2x1=31374.2 W

Total power for normal lode = No. of normal power circuits x Power of socket x DF
=130 x 400 x 5 x 0.4 = 104000 W

Total power for special lode = (Power of restaurant + Power of sweet cornerl + Power of

sweet cornerl+ power of office split units) x demand factor

Table 44 Total power for special lode

Space Device power | No. of socket | Total power
Coffee Fridge. 1200 1 1200
and sweet
corner Oven 2500 1 2500
Kitchen 900 1 900
Hoods
Coffee Fridge. 1200 1 1200
and sweet
corner Oven 2500 1 2500
Kitchen 900 1 900
Hoods
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restaurant Oven 2500 1 2500
Kitchen 900 1 900
Hoods
Dishwasher | 2000 1 2000
microwave | 1000 1 1000
Fridge. 1200 1 1200
Offices Split unit 500 9 4500
Total Power 21300

The total power load = lighting load + normal load + special load
= 31374.2 + 104000 +21300=156674.2 W

Total current = Total power/ (V3xpower factor)
= 156674.2 / (V3%220x0.9)) = 456.84 A
Total current for the circuit breaker = 1.15 x lioad = 1.15x456.84 =525.366 A.

The cable total current = 1.15 x Icg = 1.15% 525.366 = 604.17 A.

4.3 HVAC Design
4.4  Acoustical Design

441 Introduction

Acoustical performances is one of the main design step that are designed in an integrated manner

with the architectural, structural and finishing designing to achieve the human comfort.

44.2 Problem definition

The project is a commercial building that contains different functions so it is necessary to ensure

that spaces doesn't affect negatively on each other’s.
Certain requirements to be achieved:

e The recommended sound pressure level (SPL).

e The acceptable reverberation time (RT60) for each space according to its function.
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e The recommended intelligibility.
e The allowable background noises.
e The insulation between sequent spaces by sound transmission class (STC) and impact

isolation class (11C)

443 Acoustical standards and recommendations

4431 The acceptable reverberation time RT(60)

The reverberation time T is defined as the time required, in seconds, for the average sound in a

room to decrease by 60 dB after a source stops generating sound. [13]

_ Dead Space Reverberant “
§ STUDIO y

CLASSROOM J

] [MEETING ROOM !
! LIBRARY ‘
| LECTURE HALL | ‘
Unamplified [EeEGERENE Amplified |
‘ Intimate GESLVEEN Lively |
*

MUSEUM |

j OPEN OFFICE | |

- MULTIPURPOSE
WORSHIP SPACE
GYM/FITNESS

0 02 04 06 ©08 10 12 14 16 18 20 22 24

Reverberation Time (secs)

Figure 161 recommended reverberation time for different functions [14]

Carge Concorta Racinisaie [N

Music &
Speech _ Community Centres
_ Gymnasiums & School Halls

B 5o Troatres
Speech _ Courts, Lecture & Conference Rooms

_ Classrooms & Boardrooms

| | | | | | |
0.4 0.8 1.0 15 20 25 3.0
Reverberation Times (sec)

Music

Figure 162 recommended reverberation time for different functions [13]
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Figure 163 recommended reverberation time for different functions [13]

4432 Sound Pressure level (SPL)

The sound pressure level is a logarithmic measure of the effective pressure of a sound relative to

a reference value, defined in dB (decibel). [15]

Table 45 SPL for various spaces functions [17]

Permitted sound pressure levels dB(A)
according to type of place

Concert and opera halls, recording 25-30
studios, theaters, cinemas, efc

Bedrooms, TV and radio studios, 25-30
conference rooms, classrooms, cameras,

libraries, efc.

Living and living rooms, operating offices, 30-3
hote! bedrooms, pafient bedrooms

Lobby, private office areas, court 4045
buildings, fountains, hospitals, museums,

elc

Open spaces, Wet spaces, Reception 4550

areas, General usage areas, Shops,

Shopping centers, Restaurants, etc.

Kitchen volumes, laundry, server rooms, 50-55
caleterias, market areas, fairgrounds,

entertainment centers, schools,

nightclubs, efc.
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Table 46 SPL for various spaces [16]

Type of room

A-weighted sound
pressure level

Average reverbe-
ration time

L, dBIA] Tins
Hospital
= hospital ward at night ao 1
— hospital ward during the day a5 1
- operating room 40 3
— examination room 40 2
— hall, corridor 40 2z
Auditoriums
- radio studio 15 1
— television studio 25 1.5
— concert hall 25 2
- opera house 25 1.5
- theatre 30 1
= cinema 35 1
= lecture hall 35 1
— reading hall 35 1
— SEminar roeom 40 1
— school classroom A0 1
Offices
- conference room as 1
= relaxation room as 0.5
= break room 40 0.5
— small office 40 0.5
— open-plan office 45 0.5
Church 35 3
Museum 40 1.5
Counter hall 45 1.5
Computer room 45 1.5
Laboratory 50 2
Sports hall 45 1.5
Swwimming pool 50 2
Restaurant 40 bis 55 1
Kitchen 45 bis 50 1.5
Salesroom 45 bis 50 1

4433 Noise level and noise reduction

Table 47 noise level and noise reduction for different spaces [18]

ROOM/ SPACE

DBA NR NCINCB RC/RCM2

Theaters, Concert Halls, Recording Studios

Bedrooms, Libraries, Religious Prayer Rooms

230 2

230 2

Living Rooms, Classrooms, Lecture Halls, Conference Rooms  30-35 30

Offices, Courtrooms, Private Work Rooms

04 3

Corridors, Open Offices, Bathrooms, Toilet Rooms, Reception, 4565 40

Lobbies, Shopping

Kitchens, Shopping, Common Spaces, Dining
Computer Rooms, Workshops

Hals 05 4
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20 2

025 5

4 X

40 0B

040 4
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Table 48 suggested noise criteria for different spaces [20]

[aundries (for moderately fair istening conditions).

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

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

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

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

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

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

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

Small auditoriums, small theatres, small churches, music rehearsal rooms, large meeting 2530 35-40
and conference rooms (for good listening), or executive offices and conference
rooms for 50 people (no amplification).

Bedrooms, sleeping quarters, hospitals, residences, apartments, hotels, motels, and so 2535 3545
forth (for sleeping, resting, relaxing).

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

Living rooms and similar spaces in dwelings (for conversing or listening to radio 3545 45-55
and Tv).

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

Lobhies, laboratory work spaces, drafting and engineering rooms, general secratarial 40-45 50-55
areas (for fair listening conditions).

Light maintenance shaps, office and computer equipment rooms, kitchens, and 45-60 55-70

Source: Bxtracted with permission from E. B. Magrab, Environmental Noise Control, Wiley, New York, 1975.

%For information anly. These data are not part of the NC information and do not appear in the source.

Table 49 recommended background noise criteria [19]

CATEGORY SPECIFIC USES NC, NCBOR dBA
OF SPACE RC(N) RANGE LIMIT
Sensitive Broadcast and recording studios, 15 to 20 25 dBA
listening spaces concert halls
Performance Theaters, churches, video and 20to 25 30 dBA
spaces teleconferencing
Presentation Large conference rooms, small 2510 30 35 dBA
spaces auditoriums, movie theaters,
courtrooms, meeting and
banquet rooms, executive offices
Private spaces Offices, small conference rooms, 30 to 35 40 dBA
classrooms, private residences,
hospitals, hotels, libraries
Public spaces Restaurants, lobbies, open-plan 35 to 40 45 dBA
offices, clinics
Service and Computer equipment rooms, 40 to 45 50 dBA

support spaces public circulation areas, arenas,
convention centers

mage 3 of 3 - Figure 2: Recommended background noise criteria for common spaces. For more information, consult the
Springer Handbook of Acoustics, edited by Thomas Rossing and published in 2014. Table @ Springer Handbook of Acoustics
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4434 Sound transmission loss (STC)

Sound transmission loss (STC) is classification of sound isolation of a building wall

assembly, that indicator how much the sound can pass from space by air-borne in the

partitions and access to spaces that have similar air-borne.

Table 50 recommended STC level for various spaces [14]

Hotel Room 55
Hotel Room Corridor 50

Residence (Apartment or Condo) 50
Residence (Apartment or Condo)  |Corridor 50
Residence or Hotel Retail 60
Retail Retail 50
Standard Office Standard Office 45
Executive Office Executive Office 50!

Conference Room 50
Conference Room Admin, Admissions 45
Office or Conference Room Corridor 50!
Mechanical Room Occupied Area 60
Movie Theater Movie Theater 65
Hospital Room Hospital Room BT

Classroom, Corridor, or Classroom 50

Restroom 53
Classroom Eletrical or Mechanical Room 60

Dining, Corridor 60
Music Drama Restroom 53
Entry Teachers Support or Waiting Rooms 45

Table 51 recommended values for STC [20]

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

Room Being
Type of Occupancy Considered and  Adjacent Area Quiet Normal
Normal school buildings without ~ Classrooms Adjacent classrooms STC 42 STC 40
extraordinary or unusual Carridor or public areas STC 40 STC 38
activities or requirements Kitchen and dining areas STC 50 STC 47
Shops STC 50 STC 47
Recreation areas STC 45 STC 42
Music rooms STC 55 STC 50
Mechanical equipment rooms STC 50 STC 45
Tailet areas STC 45 STC 42
Music practice Adjacent practice rooms STC 55 STC 50
rooms Carridor and public areas STC 45 STC 42
Executive areas, doctors' suites; Office Adjacent offices STC 50 STC 45
confidential privacy General office areas STC 48 STC 45
requirements Corridor or lobby STC 45 STC 42
Washrooms and toilet areas STC 50 STC 47
Normal office; normal privacy Office Adjacent offices STC 40 STC 38
requirements; any occupancy Corridor, lobby, exterior STC 40 STC 38
using reoms for group Washrooms, kitchen, dining STC 42 STC 40

meetings
Conference rooms  Other conferance rooms STC 45 STC 42
Adjacent offices STC 45 STC 42
Carridor or labby STC 42 STC 40
Exterior of building STC 40 STC 38
Kitchen and dining areas STC 45 STC 42
Large offices, drafting areas, Large general Carridors, lobby, exterior STC 38 STC 35
banking floors, etc. office areas Data-processing area STC 40 STC 38
Kitchen and dining areas STC 40 STC 38
Motels and urban hotels Bedrooms Adjacent bedrooms® STC 52 STC 50
Hospitals and dormitories Bathroom? STC 50 STC 45
Living rooms® STC 45 STC 42
Dining areas STC 45 STC 42
Carridor, lobby, or public STC 45 STC 42
spaces
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4435 Impactinsulation class (IIC)

Impact Insulation Class (I1C) is a classification to the ability of a floor-ceiling assembly to block

impact/structure-borne noise from transmitting to the spaces below

Table 52 recommended values for 1IC for various spaces functions [14]

Target lICs
Application IIC Rating Rgmts
Hotels 55+
Apartments 50+
Condos (depending on level of luxury) 50-60+
Offices/Commercial 40
Schools (ancillary and core learning spaces) 40-45

Table 53 recommended values for 11C between spaces [20]

Assembly Function between Dwellings Grade Il
Apt. A Apt. B STC IIC
Bedroom Above Bedroom 52 52
Living room  Above Bedroom? 54 57
Kitchen® Above Bedroom?:«© 55 62
Family room  Above Bedroom?.d 56 62
Corridor Above Bedroom? 52 62
Bedroom Above Living room® 54 52
Living room  Above Living room 52 52
Kitchen Above Living room?:< 52 57
Family room  Above Living room®< 54 60
Corridor Above Living room? 52 57
Bedroom Above Kitchen<¢ 55 50
Living room  Above Kitchen%® 52 52
Kitchen Above Kitchen® 50 52
Bathroom Above Kitchen®< 52 52
Family room  Above Kitchen2.<d 52 58
Corridor Above Kitchena.c 48 52
Bedroom Above Family room® 56 48
Living room  Above Family rooms® 54 50
Kitchen Above Family room® 52 52
Bathroom Above Bathroome© 50 50
Corridor Above Corridor 48 48

Table 54 recommendation values for some spaces [20]

Space RT60 SPL (dB) | NR Noise
(dB) | level (dB)

Restaurants 0.7-1.2 | 40-55 45 40- 50

Commercial 1-1.7 45-50 45 40-50

function (stores)

Open Offices 08-13 | 45 40 40

Kids playing hall | 1-1.5 45 45 40-50
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444  Acoustical software results

e RT60
Open Office

Edit Room Data \, GP Office - EASE 4.3

- X

Data | RoomRT | Nose | Mapping | Selings
i Reverb. Time Rev. Time | Absorp. Coefl
S, 00H| 8177 009
Er—— 125Hz 8150 0.09f
Ying = 160 He] 87.49 0.08)|
I Locked 200 He| 9338 o] |
W0Hz 10091 007
Interpolate | I5Hs 12003 0.06
N W0H 14434 004
Desiedlsl: [0 BOH 17277 003
630Hz 15000 003
= B00Hz 12266 003
000K 9447 003
15002 6718 003
~ Air Parametets ————— 1600H7 4631 003
A 200H 3.4 003
Humidity W00H: 2059 003
[ % T50H] 1340 o003l
Temperature : 4000 Hz| 862 0.03)
&t 5000 Hz 551 0.03f
— 6300 Hz 351 003
: 8000 Hz 222 003
1013 hPa 10000 Hz 1.4od
Recompute | Aoy ok | Coresl |
Restaurant
Edit Room Data \ GP Resturant - EASE 4.3 — X
LT Room AT |  MNose | Mapping |  Setiings
~ Reverb. Time Rev. Tme_|Absorp. Cosf]
— T00Hs 1002 022
ra— %R 1002 022
ying > 160 Hz| 944 0.23
= 200Hz 841 0.24
Z50Hz B.43 0%
Interpolate | 315 Hz 755 027
L 300z 5.0 030
Desied sl [ 00 500 Hz £17 032
B30 Hz 581 034
= | 800 Hz 547 035
1000 Ha 513 037
1250 Hz 494 037
~ Air Parameters————— 1600 Hz 47 038
A 2000 Hz 842 038
Humidity : 2500 Hz 413 038
[E % 3150 Hz 374 038
Temperature : 4000 Hz| 325 0.38
[ &t 5000 Hz 268 038
I B30 Hz 209 038
: 8000 Hz 156 038
1013 hPa 70000 Hz 1.1 )
Recompute | Aol ok | conce |
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Kids playing hall

Edit Room Data \ Kids Playing Hall - EASE43  — X
Data I Room RT W Noise ‘] Mapping ] Settings

Reverb. Time Rev. Time | Absorp. Coe

Fonuda: 100 Hz 48 0

E = 125 Hz 4.48 0.20

¥g 160 Hz 400 0.22

™ Locked 200Hz 360 024

250 Hz 327 0.26

Interpolate | 315 Hz 312 0.28

: . 400 Hz 297 0.29
Desired [s]:

o 0o 500 Hz 284 0.30

630 Hz 286 0.29

(B | m 800 Hz 287 029

1000 Hz 288 0.23

1280 Hz 313 0.27

Air Parameters 1600 Hz 340 0.24

Hunidiy : 2000 Hz 365 022

: . 2500 Hz 374 0.20

60 * 3150 He 370 018

Temperature : 4000 Hz 345 016

=t 5000 Hz 282 016

P ) 6300 Hz 218 016

ressure . 5000 Hz 1.60 016

1013 ra 10000 Hz 1.13 [T
Apply ‘ Ok ‘ Cancel |

445 Using Material for space elements

Each type of material has different absorption coefficient what influences on acoustics values.

e Absorption coefficient [24]

Table 55 Absorption coefficient for using material

Element | Finishing material | Absorption coefficient
125Hz | 250Hz | 500 Hz | 1000Hz 2000 Hz | 5000
Hz
Ceiling Gypsum  plaster | 0,45 0,70 0,80 0,80 0,65 0,45
tiles, 17%
perforated, 22mm
Floor Tile floor 0,15 0,11 0,10 0,07 0,06 0,07
Rubber floor Rubber with 920kg/m? density and 4mm thickness
Door Wood hollow core | 0,30 0,25 0,15 0,10 0,10 0,07
door

130




Glass 4mm 0,30 0,30 0,20 0,10 0,07 0,05
Window | Double glazing, 2- | 0,15 0,05 0,03 0,03 0,02 0,02

3mm glass, 10mm

air gap
wall plaster 0.04 0.05 0.06 0.08 0.04 0.06
Wall Glass 4mm 0,30 0,20 0,10 0,07 0,05 0,02

446 Structural Elements design acoustically

e Floor

Restaurant, stores and kids playing hall floor

63 125 250 500 %k 2%k &
241251244 |21 15]10] 4 | | C 9 5

Floor: + None (Cover) 1 x4 mm Rubber + 1x 100 mm Concrete + 1x215 mm Hollow Concrete Block + 1x 30 mm Concrete

Wi GFE

Figure 164restaurant and kids playing hall floor

Figure 164 shown Impact insulation class (11C) for restaurant and kids playing hall equal 95, the

value is critical for restaurant and kids playing hall where there is a heavy movement.
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e Ceiling
Office ceiling

EEEREES STC 61 o

e + Steel C-Joist

Ceiling: + 1x4 mm Rubber + 1x 100 mm Concrete + 1 x 215 mm Hollow Concrete Block + 1x 30 mm Concrets
(1.0-1.6mm) (430 mm x38 mm ) (Empty cavity) + 1x 12.5 mm Gypsemna Regular

Figure 165 STC for Office ceiling

Figure 165 shown the Sound transmission loss (STC) for office ceiling equal 61 acceptable.

e Walls
Office adjacent to office/toilet

39 | 40 [ 38 | 46 | 49 | 55 | 61 ST‘ 49 oITC 44

Hollow Concrete Block + 1 x 15 mm Plasterboard

Wall: = 1x 15 mm Plasterboard + 1x 200 mm

=
|| 2300

Figure 166 STC wall office-office/toile

132




Figure 166 shown the Sound transmission loss (STC) for wall between adjacent office equal 49
the recommended STC for Office adjacent to office is 45(normal)-50(quiet) and Office adjacent
to toilet is 47(normal)-50(quiet).

Office adjacent to lobby wall

3 3 S IC 43 oITC 40

Wall: = 1x20 mm Plasterboard + 1x 100 mm Hollow Concrete Block + 1 x 20 mm Plasterboard

Figure 167 STC for wall between Office and lobby/corridor wall

Figure 167 shown the Sound transmission loss (STC) for wall between office and lobby/corridor
equal 43 the recommended STC for Office adjacent to lobby/corridor is 42(normal)-45(quiet)
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45 Fire alarm and Fire Fighting System

451 Introduction
A firefighting system is designed for prevention during a fire spread in building, using of proper
fire safety equipment such as fire monitors, extinguisher, nozzles, hose pipes and hose reels. It is
aim to protect human life and property.

There are five common types of fire protection systems:

e Water-Based Fire Suppression Systems
e Chemical Foam Suppression Systems
e Pneumatic Heat Detection Tube

e Pressurized Gas System

e Foam Deluge Systems

452 Design for the system

The choice of fire system in the building depends on the interior spaces function and their users.
Table 56 shown the fire suppression systems that used for various spaces in the building.

Table 56: fire suppression systems for various spaces.

Type of
Used fire suppression system Fire detector system
spaces
Kids Fire extinguisher(class A),Water sprinkler Smoke detector
playing hall
Restaurant Fire extinguisher (class K) ,Water sprinkler Heat detector
and café
shop
offices Fire extinguisher (class A) ,Water sprinkler Smoke detector
retail store Fire extinguisher(class A),Water sprinkler Smoke detector
Corridor Water sprinkler , Hose station, Fire Smoke detector
extinguisher (class A)
Parking Water sprinklers, Fire extinguisher (class A) Heat detector
Electrical CO: sprinkler, fire extinguisher (class C) Smoke detector
room.
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Transformer CO: sprinkler, fire extinguisher (class C) Smoke detector

room

453 Sprinklers

A sprinkler system is made up of pipes along a ceiling that contain water under pressure, with an
extra source of water for a constant flow. It’s connected to the pipes, automatic sprinklers and are
placed at specific locations. In case of fire, a seal in the sprinkler head ruptures at a pre-established

temperature, and a steady stream of water flows.
Type of sprinkler system:

e Dry Pipe Fire Sprinkler System

e Wet Pipe Fire Sprinkler System

e Pre-Action Fire Sprinkler System

e Deluge Fire Sprinkler System

453.1 Sprinkler distribution and design process

There are rules should take into consideration when designing fire sprinklers to ensure the efficacy
of the system:
e Minimum Distance Between Sprinklers is 1.8m

e Maximum Distance from Wall equal to half of the maximum distance between sprinkler

heads.

e Maximum area covered by sprinkler equal 20.9m?
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Table 57 shown Protection Areas and Maximum Spacing for CMSA (Control Mode Specific
Application) Sprinklers

Table 57 Protection Areas and Maximum Spacing for CMSA (Control Mode Specific Application) Sprinklers

Maximum
Protection Area Spacing

Construction Type £ m? ft m

Noncombustible 130 12.1 12 3.7
unobstructed

Noncombustible 130 12.1 12 3.7
obstructed

Combustible 130 12.1 12 3.7
unobstructed

Combustible 100 9.3 10 3.1
obstructed

Rack storage 100 9.3 10 3.1
applications

Table 58 shown the maximum allowable protection area of coverage for sprinklers for ordinary

Hazard occupancies

Table 58 the maximum allowable protection area of coverage for sprinklers for ordinary Hazard occupancies

Protection Spacing
Area (maximum)
Construction System
Type Type = m* ft m
Aldl Aldl 130 12.1 15 4.6

Table 59 shown the maximum allowable protection area of coverage for sprinklers for Light
Hazard occupancies [21]

Table 59 the maximum allowable protection area of coverage for sprinklers for Light Hazard occupancies [21]

136




Table 8.6.2.2.1(a) Protection Areas and Maximum Spacing (Standard Spray Upright/Standard Spray Pendent) for Light Hazard

Protection Area Spacing (maximum)
Construction Type System Type ft* m? ft m
Noncombustible obstructed and Pipe schedule 200 18.6 15 46
unobstructed and combustible
unobstructed with members 3 ft
(0.91 m) or more on center
Noncombustible obstructed and Hydraulically 225 209 15 4.6
unobstructed and combustible calculated
unobstructed with members 3 ft
(0.91 m) or more on center
Combustible obstructed with members All 168 15.6 15 46
3t (0.91 m) or more on center
Combustible obstructed or All 130 12.1 15 46
unobstructed with members less than
31 (0.91 m) on center
Combustible concealed space under a All 120 111 15 4.6
pitched roof having combustible parallel to the parallel to the
wood joist or wood truss construction slope slope
with members less than 3 ft (0.91 m) 10 3.05
on center with slopes having a pitch perpendicular perpendicular

of 4in 12 or greater to the slope*

1o the slope*

*Where the dimension perpendicular to the slope exceeds 8 ft (2.4 m), the minimum pressure shall be 20 psi (1.4 bar).

Table 60 shown the maximum allowable protection area of coverage for sprinklers for high Hazard

occupancies [21]

Table 60 the maximum allowable protection area of coverage for sprinklers for high Hazard occupancies [21]

Protection Spacing
Avea (maxiniur)
Construction
Type System Type £ m= fe m
All Pipe schedule 90 B4 12 3.7

[In buildings
with storage

bays 25 ft

(7.6 m) wide,

12 it 6 in.

(3.8 m) shall
be permitted.]

Aldl Flycdraulically 100 9.5 12
< culatecd
with densicy
=0.25

2.7

[ I bBuilddinggs

with
25 It

torage bays

(7.6 m) wide,

12 ft G in.

(3.8 m) shall
be permitted. ]

130 1=2.1 15

4.6

Table 61 shown the maximum allowable protection area of coverage for sprinklers for high piled

storage [21]

Table 61 shown the maximum allowable protection area of coverage for sprinklers for high piled storage [21]
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Protection Spacing

Area (maximum)
Construction
Type System Type ft? m*~ ft m
All Hydraulically 100 9.3 12 3.7
calculated [In buildings
with density with storage
=0.25 bays 25 ft
(7.6 m) wide,
12 1t 6 in.
(3.8 m)
shall be
permitted. ]
All Hydraulically 130 12.1 15 4.6

calculated
with density
<0.25

Table 62 coverage area for sprinklers according hazard classification.

L coverage maximum distance m
Hazard classification
area m2
High hazard 9 3.6
medium hazard 12 3.9
low hazard 21 4.6

Parking floors:

Table 63 Number of sprinkler for parking floors.

Max. coverage

space hazard of
spaces o area per .
area classification ) sprinkler
sprinkler (m2)
first
. 1283 low hazard 21 61
parking
second
. 1435 low hazard 21 68
parking
Ground floor:
Table 64 Number of sprinkler for ground floor.
spaces space = hazard Max. coverage area #
area classification per sprinkler (m2) sprinkler
retail Store 491.8  medium hazard 12 41
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medium hazard

medium hazard

low hazard

12

12
21

Table 65 Number of sprinkler for First floor.

Electronic 182.8
Store
store 315
Entrance and 337
circulation
e First floor:

space
spaces

area
retail Store 491.8
fashion store 182.8
store 31.5
store 8.7
store 8.7
store 8.7
Entrance  and
circulation 212

e second floor:

hazard
classification

medium hazard
medium hazard

medium hazard
medium hazard
medium hazard

medium hazard

low hazard

Max. coverage area
per sprinkler (m2)
12

12

12
12
12
12

21

Table 66 Number of sprinkler for second floor.

spaces

Max.

coverage area

fashion store

store

shoes store

fashion store

bag and shoes store

store

coffee and sweet corner

Entrance and circulation

space | hazard

area classification
201 medium hazard
215.6 ' medium hazard
67 medium hazard
90.6 medium hazard
104.9 | medium hazard
14 medium hazard
18 medium hazard
212.6 = low hazard
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(m2)

12

12

12

12

12

12

12

21

15

10

# of
sprinkler
41

# of

sprinkler




third floor:

Table 67 Number of sprinkler for third floor.

space = hazard Max. coverage area .

SPaces area classification ' per sprinkler (m2) # of sprinkler
officel 53.6 low hazard 21 3
office2 71.4 low hazard 21 3
office3 49.4 low hazard 21 2
officed 49.7 low hazard 21 2
office5 58 low hazard 21 3
office6 79.3 low hazard 21 4
office7 47 low hazard 21 2
office8 60.9 low hazard 21 3
office9 32.6 low hazard 21 2
officel0 53.1 low hazard 21 3
officell 39.8 low hazard 21 2
officel2 52.2 low hazard 21 2
officel3 84 low hazard 21 4
officeld 50 low hazard 21 2
Entrance - and 212.6 | low hazard 21 10

circulation

fourth floor:

Table 68 Number of sprinkler for fourth floor.

space hazard Max. coverage area = # of
spaces e . .

area classification per sprinkler (m2) sprinkler
kids playing hall 422 medium hazard = 12 35
fast food restaurant | 105 medium hazard | 12 9
kitchen 24 medium hazard | 12 2
store 14 medium hazard | 12 1
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coffee and sweet

18 medium hazard | 12 2
corner
Terus 123 medium hazard | 12 10
Entrance and
] ] 260 low hazard 21 12
circulation

4532 The piping size
Piping Network system consist of pipes and trenches which supply suitable quality and quantity

water to end users. The piping network design have to be carefully prepared for make sure that

there is enough flow pressure to supply hygienically safe water. Once piping network construction

done, it should be inspected, tested and maintained regularly.

Figure 168 sprinkler pipes

Table 69 shown Pipe sizes shall be in accordance for Light Hazard Pipe Schedules

Table 69 light hazard pipe sizes [21]

Steel Copper

lin. 2 sprinklers lin. 2 sprinklers
1Y in. 3 sprinklers LY in. 3 sprinklers
1% in. b sprinklers 1% in. b sprinklers

2in. 10 sprinklers 2in. 12 sprinklers
2% in. 30 sprinklers 2Win. 40 sprinklers

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

4in. See Section 8.2 4in. See Section 8.2

For ST units, 1in. =954 mm.

Table 70 shown Pipe sizes shall be in accordance for ordinary Hazard Pipe Schedules (which used
at project).

Table 70 ordinary hazard pipe sizes [21]
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Steel Copper

lin. 2 sprinklers 1in. 2 sprinklers
1V in. 3 sprinklers 1% in. 3 sprinklers
1% in. b sprinklers 1% in. 5 sprinklers
2 in. 10 sprinklers 2 in. 12 sprinklers
215 in.. 20 sprinklers 214 in. 25 sprinklers
3in. 40 sprinklers 3in. 45 sprinklers
3% in. 65 sprinklers 3% in. 75 sprinklers
4 in. 100 sprinklers 4 in. 115 sprinklers
5in. 160 sprinklers 5in. 180 sprinklers
6in. 275 sprinklers 6in. 300 sprinklers
8in. See Section 8.2 8in. See Section 8.2

For SI units, 1 in. = 25.4 mm.

Table 71 shown pipe sizes shall be in accordance for extra Hazard Pipe Schedules

Table 71 extra hazard pipe sizes [21]

Steel Copper

lin. 1 sprinkler lin. 1 sprinkler
1% in. 2 sprinklers | 1% in. 2 sprinklers
1% in. 5 sprinklers | 1% in. 5 sprinklers
2in. 8 sprinklers |2 in. 8 sprinklers
2% in. 15 sprinklers |2V in. 20 sprinklers
3in. 27 sprinklers |3 in. 30 sprinklers
3% in. 40 sprinklers | 3% in. 45 sprinklers
4in. 55 sprinklers |4 in. 65 sprinklers
5in. 90 sprinklers |5 in. 100 sprinklers
6in. 150 sprinklers | 6 in. 170 sprinklers

For Sl units, 1 in. = 25.4 mm.

Table 72 number of sprinklers above and below a ceiling [21]

Steel Copper

Lin. 2 sprinklers Lin. 2 sprinklers
IYiin. 4 sprinklers in. 4 sprinklers
[Yoin. 7 sprinklers 12 1n, 7 sprinklers

2in. 15 sprinklers 2in, 18 sprinklers
2%, 30sprinklers 2%in, 40 sprinklers

3in. 60 sprinklers Jin. 65 sprinklers

For SI units, 1 in. = 25.4 mm.

142




45.3.3 Fire hose station

The fire hose station is the location of a fireplug and associated equipment. It located to provide a
reasonably accessible and controlled supply of water to combat a potential fire risk. A control
nozzle attached to the end of the hose enables the operator to control the direction and flow of
water to the fire.

The fire hose station coverage 400 m? area and 25m distance.

Floor Area (m) Number of fire hose station

Second Parking 1283 4
First Parking 1435 4
Ground Floor 1097 3
First Floor 1097 3
Second Floor 1127 3
Third Floor 1127 3
Fourth Floor 1127 3
Total number of fire hose station 23

Figure 169 fire hose station

4534 Fire tank

Fire-fighting tanks are water storage containers that provides water to a fire pump. According to
their manufacturing standards and use they can be of different types. The size of the tank is

determined by the flow and duration requirements of the systems the tank is supplying.
Fire-fighting tanks can have different shapes and manufactures with a wide range of materials.

The size of the water tank in the building supplied for fire fighting purposes shall depend on the

degree of severity:
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Table 73 the degree of risk with how long a fire network has to operate until civil defense arrives [22]

degree of severity Time(min)
Light hazard 30-60
Ordinary hazard 60-90
High hazard 90-120

Formula for calculating the volume of fire water tank [22]
V= (QT x 3.785 x T)/1000

QT= Total flow rate

V= capacity of tank

T= duration time according to hazard

4535 Water tank fire capacity

e Water tank fire capacity for sprinkler system
Sample of calculation:

1m3 = 264.17 gallons

Sprinkler system flowrate per area according to ordinary hazard = 0.1 gpm/m?

Ground floor Area assumed as fire zone = 992 m?
Total capacity = 0.1x992= 99 gpm
99 x 60 mins = 5941 gallons

Total storage tank volume for ground floor = 23 m3

Table 74 Total storage tank volume for building from sprinkler.

Floor Area(m2) | Total capacity | Total volume(gal)
second basement | 1283 128.3 7698
first basement 1435 143.5 8610
ground floor 992 99.2 5952
first floor 992 99.2 5952
second floor 992 99.2 5952
third floor 992 99.2 5952
fourth floor 992 99.2 5952
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total water tank volume 174.4

e Water tank fire capacity for fire hose station

Duration time according to ordinary hazard = 60-90 min

Number of fire hose station = 23

Fire hose station flow rate = 5 gpm.

Total volume required = total flow rate x number of FHS x duration time
Total volume required = 5 x 23 x 60 =6900 gallons.

Total storage tank volume =26 m3.

Total storage tank volume for building = water tank volume for sprinkler + fire hose station Total
tank volume = 175+23= 198 m°.

46 Water Supply

46.1 Introduction

Water supply systems are one of the most significant infrastructure buildings. The primary purpose
of Water supply systems is to supply suitable quality and quantity water to end users. Water must
be delivered in sufficient quantity and at acceptable pressure

There are two types of water supply:

e Gravitational water supply system

e Pressure water supply system

46.2 Water supply system standards

e Water consumption:

Table 75 water consumption value

Space Water consumption:
Commercial building 190 L/year [22]
Restaurant(employee) 80 L/day/employee [23]
restaurant(seat) 20 L/day/seat [23]
Offices 15 L/day
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Table 75 table shown values of water consumption that taken from previous studies that carried
out by researchers in a group of similar buildings.

46.3 Water consumption for the building

Commercial
Table 76 water consumption for commercial function daily
Function of the space Total area (m?) | Total water consumption (L)
Commercial 3437 1818
Offices
Table 77 water consumption for office daily
) Avg consumption Total water
Function of the space | No. of users ]
L/person/ day consumption (L)
Offices 195 15 2925
Restaurant

Table 78 water consumption for users in restaurants daily

) No. of seats | Avg consumption | Total water
Function of the space

/lemployee | L/person/ day consumption (L)
Restaurants(users) 112 20 2240
Restaurants(employee) | 10 80 800

Total water consumption = 7783 L
The required amount of water for this building about 8 m? daily.

The municipality pumping water every 5-6 days and to ensure that water will never run out at a

non-pumped day, roof tanks will be placed on the roof to store water at least 7 days.
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Table 79 Tank size for each owned space

Owned spaces Tank volume (L) | Size of tank (m3)
Office 1 1000 1

Office 2 1000 1

Office 3 1000 1

Office 4 1000 1

Office 5 1000 1

Office 6 1000 1

Office 7 1000 1

Office 8 1000 1

Office 9 1000 1

Fast Food restaurant 1000 1

Sweet and coffee shop 1 1000 1

Sweet and coffee shop 1 1000 1

Commercial function 1818 2 tank 1m3 for each one
Storage Tank for 7 days at least 54481 36 tank 1.5m3 for each one

The needed number of tank is 36 Tank with 1.5m3 volume and 14 Tank with 1m3

|
\

Wl

)|

|

102 cm

1000LlLiter

Figure 170 one cubic meter roof tank
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HEIGHT 1130mm

1500L ROUND TANK
1,500 LITRES (330 GALLONS)

WIDTH 1420mm

Figure 171 one cubic meter roof tank




46.4 Piping design
4641 Introduction
Piping Designs is a crucial element in engineering projects design. Piping system consist of pipe,
pipe fittings, flanges, Pumps, heat exchanges, valves and tanks.
Types of plumbing pipe materials:
e copper
e Galvanized steel
e Polyvinyl chloride (PVC)
e Acrylonitrile butadiene styrene (ABS)
e Cross-linked polyethylene (PEX)
e Chlorinated polyvinyl chloride (CPVC)

Figure 172 Types of Pipes Are Used for Underground Water Supply Lines

46.4.2 Design standards and recommendations
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Figure 173 water supply fixture units: (a) 1-P units [20] Figure 174 water supply fixture units: (a) Sl units [20]
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Fixture units
Figure 175 water flow in pipes
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Table 80 Water Supply Fixture Units (WSFU) [20]

Load Values in WSFU
Fixture Occupancy Type of Supply Control Cold Hot Total
Bathroom group Private Flush tank 27 15 36
Bathroom group Private Flush valve 6 3 8
Bathtub Private Faucet 1 1 14
Bathtub Public Faucet 3 3 4
Bidet Private Faucet 15 15 2
Combination fixture Private Faucet 215 225 3
Dishwashing machine Private Automatic 14 14
Drinking fountain Offices, etc % in. (9.5 mm) valve 0.25 0.25
Kitchen sink Private Faucet 1 1 14
Kitchen sink Hotel, restaurant Faucet 3 3 4
Laundry trays (110 3) Private Faucet 1 1 14
Lavatory Private Faucet 05 0.5 07
Lavatory Public Faucet 1.5 15 2
Service sink Offices, etc Faucet 225 225 3
Shower head Public Mixing valve 3 3 4
Shower head Private Mixing valve 1 1 14
Urinal Public 1in. (25 mm) flush valve 10 10
Urinal Public % in. (19 mm) flush valve 5 5
Urinal Public Flush tank 3 3
Washing machine, & Ib (3.6 kg) Private Automatic 1 1 14
Washing machine, & Ib (3.6 kg) Public Automatic 215 225 3
Washing machine, 15 Ib (6.8 ka) Public Automatic 3 3 4
Water closet Private Flush valve 6 6
Water closet Private Flush tank 22 22
Water closet Public Flush valve 10 10
Water closet Public Flush tank 5 5
Water closet Public or private Flushometer tank 2 2

Source: International Plumbing Code. © 1997, International Code Coundil, Falls Church, VA. Reprinted with permission. All rights

resenved.
Table 81 recommendation designed for PVC and steel pipes
Steel Pipe PVC Pipe
Water Line Using for vertical | Using for other water
water lines lines
Maximum velocity in | 10 ft./s 5 ft./s

pipe

length

The equivalent pipe

1.5% actual length

1.2xactual length

The water pressure from the municipal 30 psi

The minimum pressure should arrive to each unit 8 psi
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4643

Calculation of the flow in the pipes from fixture units

The load values in WSFU for each fixture unit

space fixture unit Occupancy | Type of Supply | FU numbers of | Total
Control value | sanitary units | FU
Kitchen | Kitchensink | Private Faucet 1.4 1 1.4
Toilet water closet Public Flush tank 5 1 5
Lavatory Public Faucet 2 1 2
Bidet Private Faucet 2 1 2
4644 Calculations for pipes sizing
Sample of calculations for the critical loop (the higher flow and longest lines)
First basement floor
fixture unit Occupancy | Type of Supply | FU numbers  of | Total
Control value | sanitary units | FU
water closet Public Flush tank 5 1 5
Lavatory Public Faucet 2 1 2
Bidet Private Faucet 2 1 2
Total FU 9
Line type vertical horizontal critical
NO. of FUs 9 9 5
water flow (gpm) 7.5 75 5
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4.7 Green roof:

47.1 Introduction |26]

The buildings occupies the world!

With increasing of population, the need for more housing build on green land areas increase which

lead to deterioration of the natural vegetation. That's where a green roof came in.

A green roof is a wonderful way to create an attractive design feature, not only that, it have more
benefits such as improve the performance of the roof, extend the roof life, cutting energy costs,
improving air quality in particular in urban areas and have a positive environmental impact where

it attracting wildlife like insects and birds.
Type of green roof:
1- Extensive green roofs

The common choice for homeowners both existing and new build, it is lightweight and require a
little maintenance without requiring additional watering. It has a height around 80 - 200mm low
layer of vegetation like grass, moss, sedum or small flowers. Sedum green roofs are the commonest

type in view of it is hardiness and low maintenance requirements of the plant.
2- Intensive green roofs

Define as roof gardens where it support a wider variety of plants like bushes and small tree. It is
common in larger commercial projects where recreational use is expected. it require medium layer
of soil and need more deeper substrates, What it is mean additional weight on building that requires

supported . This type need more attention and maintenance.
3- Semi-extensive green roof

This type rests on the extensive roof principles. With 100 — 200 mm growing substrate depth. It

support a greater diversity.

e Intensive green roof need Typical maintenance:

1- Weeding and removal of unwanted vegetation;
2- Cutting and trimming;

3- Preventative measures to protect plants from pests and diseases;
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4- Fertilization;

5- Watering

e Irrigations system:
1- Spray irrigation
2- Rotors irrigation

3- Drip irrigation

e Types of drainage patterns:

1- Dendritic drainage
2- Trellis drainage

3- Radial drainage.

Figure 178 Chicago City Hall Green Roof

472 Project Problem and Objectives

Studying, analyzing and design a green roof for Sameer Shanaa Mall, in term of: [27]

e Improve the drainage system.
e Increase the lifespan of the roof.
e Boosting thermal and acoustical performance.

e Helping out the environment CO2.
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Supporting wildlife habitats.
Aiding air quality.

4,73 Methodology
This project will be implemented in several stages, at first the data and information will be

collected for green roof to understand the nature of the project. Then research and collect

international specifications and required data to design the green roof for Sameer Shanaa Mall,

environmental, structural and mechanical design, based on internationally accredited scientific

references and conduct a case study and analyze it to know the design criteria for this green roof.

474 Standards

There are no specific design standards for green roof systems,

Green roof system components:

Green roof over Metal deck:

metal deck;

thermal barrier (if required by code);

rigid insulation;
Graan Roof ovar Metal Dack
waterproofing membrane;
drainage composite;
growing medium;

vegetation

Figure 179 Green roof system components over a Metal deck [29]

Green roof over Metal deck:

structural concrete deck
leveling layer (if required by membrane manufacturer)
Waterproofing membrane;

protection/drainage layer (optional);

154




e XPS insulation;

e drainage composite

e growing medium

e Vegetation
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Figure 180 Green roof system components over a concrete deck [29]

Table 82 plant type and min growing medium depth [28]

Plant type Minimum growing medium depth
Sedums 25 mm to +75 mm
(1in. to +3 in.)
Groundcovers and grasses 150 mm to +250 mm
(6 in.to +10 in.)
Shrubs 450 mm to +600 mm
(18 in. to +24 in.)
Large shrubs and small trees 600 mm to +900 mm
(24 in. to +36 in.)
Trees +900 mm
(+361n.)

Green roof type
Extensive

Extensive/intensive

Intensive

Intensive

Intensive

Table 82 shown a rule of thumb guideline for general spaces and green roof types [29]

Table 83 Extensive vs intensive green roofs [29]

Type of | Plants Types Maintenance | layer shallow | Thickness | Fully saturated
green roof (mm) (m) weight (Kg/m2)
Extensive Limited range low 25.4 80-100 58.8-171.5
Intensive Wide range high 152 or more | 100-200 | 245-1470
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e Extensive green roof can be sustained without automatic irrigation in a growing medium

layer as shallow as 25.4 mm (1 in.).

Table 84 recommended sprinkler spacing under windy condition [30]

Wind velocity km/hr. Max. spacing

Square spacing Triangle spacing
0-4.8 55% of diameter 60% of diameter
4.8-9.6 50% of diameter 55% of diameter
9.6-19.2 45% of diameter 50% of diameter
Above 19 40% of diameter 45% of diameter

475 Case study:
Project description

The U.S. Environmental Protection Agency (EPA) is located at 1595 Wynkoop Street, Denver,
CO 80202, with 248849 ft2 m? total area. That serves approximately 850 employees

>
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[

Figure 181 The U.S. Environmental Protection Agency (EPA) Green roof
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Project picture

S
\

Ahsriedillg
e

Figure 182 Pictures of EPA project [29]
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From previous pictures noted that the - Extensive green roof and drip irrigation system were used

476 Design of green roof

e Data and information

Type of Plants | Maintenance | Irrigation layer shallow | Area of roof

green roof Types system (mm) total(m?)

Extensive | sedum | low Sprinkler | 25.4 817 roof
system 60 for stair

Use sedum pieces with 25.4 layer shallow (mm) since Sedum green roofs are the most common
type due to the hardiness and low maintenance requirements of the plant. As recommendation
Extensive green roof can be sustained without automatic irrigation in a growing medium layer as

shallow as 25.4 mm (1 in.).

e Plan and section:

Figure 183 Green Roof Plan
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Figure 184 green roof section
e Suggestion for sprinkler Irrigation Design
Type of sprinkler used for spray irrigation is spray pad sprinkler
Calculation of daily max. Water supply requirement for area:
Windy condition at Nablus 28-38 Km/hr

From Table 84 Max. Spacing between sprinklers for triangle spacing is 45% of diameter of
diameter sprinklers Impact Circuit

Using a Sprinkler LF series form Rain Bird Company [31]

LF Series

rsntin i dun b ot e Specifications
Pn:ssure Nozzle I;‘adlus :rlr?/‘?\' ::‘c/i ;r:‘cl - Radius:116to125m
2.1 09 11.6 0.70 10 12 = Pressure: 2.1 to 3.5 bars
2.5 09 s 07 1 1 - Flow:0.70 to 1.14 m?/h
3.0 09 120 088 2 7 - %"NPT male threaded inlet
3.5 09 123 091 12 14 - Nozzle outlet trajectory: 25°
10 12,5 1.14 15 17

Table 85 specification of sprinkler
Diameter sprinklers Impact Circuit = 12.6 m

Sprinklers watering (q) = 1.14 m¥/h
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Chapter 5: quantity surveying and cost estimation:

6.1 Introduction

Quantity surveying and cost estimation is known the quantity of materials and their cost for a

project with a specific scope. It is the most crucial part of managing the financial costs of a project,

which also includes planning, monitoring, and regulating those costs.

As part of this project, we are needed to provide a provisional cost estimate, In order to obtain the

total cost of the shopping mall. To do this, we will produce an approximation of the cost and

determine whether the project is within our budget.

Methodology

The unit price approach was employed. It is a quick and uncomplicated estimating technique. It

does, however, have some room for mistake. Where an engineer was questioned about the price

per square meter of these kinds of buildings.

6.2 Budget development and tentative cost estimate

After asking about shopping mall unit cost, the unit cost is 1550%.

Shopping mall floor | Floor area (m?)

Basement 1 1640
Basement 2 1474
Ground floor 1245
First floor 1245
Second floor 1245
Third floor 1245
Fourth floor 1245

Table: cost for each floor in shopping mall

Total shopping mall cost = 14475450%

Unit cost ($/m?)
1550
1550
1550
1550
1550
1550
1550
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Floor cost (3$)
2542000
2284700
1929750
1929750
1929750
1929750
1929750




Chapter 6: Conclusion:
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