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Abstract

Recently the number of offices in local and international companies has increased, so
there is a need to provide separate buildings for these offices to accommodate the large
number of them, and also to help customers access easily to these offices In addition,
non-traditional buildings design has been the focus of world attention. Because it will
be a key factor that puts the world's cities on the tourist map or a map of developed
countries, therefore, our project is a twisted tower for offices.

In our project we will working on exploiting all possible resources in order to reduce
the cost of construction and operation, that is to say that the building will be designed
thermally and will be eco friendly. The designs' aim is to create an environment that is
both quiet and suitable for offices and the nature of their work. The vertical
construction of the building creates a lot of obstacles during the process of designing
.One of these obstacles is the concentration of the sun on the large areas of glass in the
building and it's location, another reason is the force of the wind against the building
,and also the power of earthquakes that surrounds it, under those circumstances we will
design the building so that it will overcome these challenges and we will make sure
that every problem has a solution.

Thus, this project will go through two phases. First one , researchers which should be
conducted on previous projects, and analyzing some case studies to eliminate any
possible mistakes which may appear during design phase by conducting SWOT
analysis. During this phase field searching for international twisted towers in Arabian
and European countries is very important to find out the problems that appear within
design.

Secondly, design phase will start based on the data gained from the first stage. In this
phase different aspects should be considered to be designed such as Architectural and
Environmental aspects, Structural aspects, Mechanical aspects, and Electrical aspects.
There's many software that will be used in design phase for Architectural and
Environmental aspects, such as AutoCAD that used to draw 2D plans, Revite used to
set 3D model, Dialux & Ecotect used for lighting and acoustics design, and for
Structural aspects SAP & E-Taps program will be use.

This project has been done internationality before, but no similar applications available
in Palestine.
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1.1. Statement of the problem

the main aim of this project foucuses on how to design an energy-efficient office building in
Nablus . and have twisted shape

This research project contributes to understand the office building towers that are usually
designed in a wrong way in our country, thus we are trying to solve these problems as much
as possible

1.2. Objectives of the work

The main objective of this project is to provide an integrative design twisted offices tower in
Palestine.

1.3. Scope of the work

* Architectural design: in the architectural design the structure will be design based on
functionality and the environmental requirements

* Structural design: In the structural design, the structures in the project will be analyzed and
designed using computer software. The analysis will include dynamic analysis,3- D model of
the structure, and soil structure interaction.

* Mechanical and environmental design. HVAC, water, and sanitary systems in the project
will be analyzed and designed.

*Electrical design will include designing power and lightening systems in the project

*Public safety design includes designing the emergency exits. alarm system and fire
protection system

1.4. Significance or importance

the number of offices in local and international companies has increased, so there is a need to
provide separate buildings for these offices to accommodate the large number of them, and
also to help customers access easily to these offices.

In addition, non-traditional buildings design has been the focus of world attention. Because it
will be a key factor that puts the world's cities on the tourist map or a map of developed
countries, therefore, our project is a twisted tower for offices.

The project contributes to employ many employees and reduce the unemployment rate ,

in order to improve the economy .
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1.5. Organization of the report

Our project is organized as follows:

chapter 2 : Literature Review, chapter 3 : architectural design , chapter 4 : environmental
design , chapter 5: mechanical design , chapter 6 : electrical design, chapter 7 : structural
design , chapter 8 : electrical design , chapter 9 : Quantity Survey and Cost

1.6. Standard /codes
1.6.1. Constrains:

In redesigning the twisted tower we made case study of kayan tower in Dubai and we have
faced many problems.

* In Palestine there is no twisted tower so we made case study of kayan tower.

* Kayan tower located in Dubai so its difficulty to visit it and collect enough information
about it.

* The lack of study cases and information about kayan tower in internet.

* We could not get the special plans tower entity to take advantage of them.

1.6.2. Codes and requirements:

Offices specifications and requirements:

1. The required temperature 22-25 c.

2. The required relative humidity in the area is 60%.

3. The internal area should be ventilated.

e ACI -318-08 for reinforced concrete structural design.

e UBC -97 for earthquake load computations

.o ASCE for load computations.

e ASHRAE American Society of Heating, Refrigeration& Air Conditioning Engineers.
e ASME American Society of Mechanical Engineers

e NFPA National Fire Protection Association.

e NPC National Plumbing Code.

e SMACNA Sheet Metal and Air Conditioning Contractors National Association.

e NFPA Codes:

The following NFPA list of codes may be used for the systems:

1.NFPA 13 Standard for the Installation of Sprinkler Systems 2007 Edition

2. NFPA 14 Standard for the Installation of Standpipe and Hose Systems 2007 Edition
3. NFPA 2001 Standard on Clean Agent Fire Extinguishing Systems 2004 Edition.

4. UL Underwriters Laboratories.

5. FM (factory Mutual).

Compliance Construction Codes

The construction of the mechanical works shall be in accordance with international codes and
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regulations as listed below, and accepted by the local Authorities:

eASHRAE American Society of Heating, Refrigeration & Air Conditioning Engineers
eASME American Society of Mechanical Engineers

e NFPA National Fire Protection Association

e NPC National Plumbing Code

e SMACNA Sheet Metal and Air Conditioning Contractors National Association

1.6.3. Earlier coarse work :

There are many courses that have been used to perform the analysis and the design progress
such as:

e Concrete 1, 2 and 3 to design wall , footing , slab .

e Steel structure design to design any steel structure in our project

e Designing buildings using AUTOCAD and revit .

. » Solar system design.

e H-VAC system design.

e Lighting system design
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2.1. Architectural design

2.1.1. Introduction :

Architecture is defined as the art and science of designing buildings and structures. A wider

definition would include within thi
object, from town planning, urban
It could also be defined as the man

s scope the design of any built environment, structure or
design, and landscape architecture to furniture and objects.
ipulation of shapes, forms, space and light to change our

environment. A very famous definition of architecture is the one made by French architect Le
Corbuiser: "Architecture is the masterly, correct, and magnificent play of forms under the

light “

Figure 1 : 3D view of the tower .
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2.1.2. Spaces :

Offices spaces :

a- open office .

b- closed office .
Meeting and conferences room.
Corridors and circulation.
W.C’s - (water closet/toilet).
Cafeteria .
branch of banks .
Sport hall (gym) .
Parking .

The table below show the area required for spaces

Table 1: the area required for spaces W

space Required area (m?)

Private office 8-10

Open office 12-15
Circulation space 1-1.50 /employee
Bank 5-10

Cafeteria 5

garage 37.5

Gym 4
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2.2. Environmental design

Environmental design is very important aspect to improve the efficiency of building.
Environmental design is the process of addressing surrounding environmental parameters
when devising plans and that will be analyzed according to these factors.

2.2.1. Climate and Passive Solar :

Passive solar design means heating, lighting and cooling the building using the sun’s heat and
light. This will slash the energy use, reducing energy bills and greenhouse gas emissions,
while making the building more comfortable.

The key principles of passive solar design are orientation, insulation, shading and air flow.
The basic goal is to exclude sunlight during summer, so the building stays cool, and allowing
it to warm the building in winter.

Passive solar designs are simple. This simplicity means greater reliability, lower costs, and
longer system lifetimes.

2.2.2. Sun path diagram:

Sun path diagrams are sun's path across the sky. They are used to easily and quickly
representations on a flat surface to determine the location of the sun at any time of the day and
at any time of the year. Each latitude has its own sun path diagrams.

The horizon is represented as the outer circle, with you in its center. The concentric circles
represent the angle of the sun above the horizon, that is, its height in the sky. The radial lines
represent its angle relative to due south

The paths of the sun on the 21st day of each month are the elliptical curves. Roman numerals
label the curves for the appropriate months. For example, curve 111 (March) is the same as curve
IX (September). The vertical curves represent the time of day. Morning is on the right (east)
side of the diagrams and afternoon on the left (west).

AN LATITURE 8 M LATITUDE

)

Figure 2 : sun path diagram @
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2.2.3. Building Orientation:

The direction of the building’s faces is the starting point of passive solar design. Orientation of
the building generally is the sitting of building with respect to solar access. Although any
building will have different orientations for its different sides, by maximizing southern
exposure, for example, one can take optimal advantage of the sun for daylight and passive solar
heating, .This will result in lower cooling costs by minimizing western exposures, where it is
most difficult to provide shade from the sun. The building orientation can have an impact on
heating, lighting and cooling costs.

Surrounding buildings and trees from south faced affect the solar design that require shading
in the summer but in the winter affects for heating gain. In another side, the wide streets do
positive effect against thin street because the heating gain depends on maximum glazing in the
south.

Figure 3 : direction of facing south
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2.2.4. Acoustics :

Direct
sem s Diffraction
LT T T Muhiple rekc(,on
— e Simple reflection

Figure 4 : spread of sound

Introduction:

Proper acoustical design is vitally important to the functionality of a given space. Interior space
has a multitude of uses and applications .that mean there's a lot of sources of sound. acoustic
design is the science of controlling noise in buildings and minimize transmission of noise from one
spaces to another , the good design for acoustic preserves the privacy of offices, maintain human
health ,increase productivity for employees and prevent the annoyance between employees.

From physically point, sound define as physical waves, or as a mechanical vibration that transmit
by a medium. Sound travels at different speeds, depending on the medium, for example in air, at
sea level, sound velocity is 344 m/s. Since sound travels not only in air but also through parts of a
structure, it is of interest to know the speed of sound in other media

Reverberation time (RT60): 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.

Large Concert & Recital Halls _

Music
Auditoriums

Music &

Speech Community Centres

_ Gymnasiums & School Halls

Small Theatres

Speech _ Courts, Lecture & Conference Rooms

_ Classrooms & Boardrooms

| | | | | 1 |
0.4 0.8 1.0 1.5 2.0 25 3.0
Reverberation Times (sec)

Figure 5 : Reverberation time recommendation for many spacesm
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Noise level :

Table 2 : acceptable noise level “

Gymnasium 50
45
30
25

Sound Transmission Class (STC): rates a partition’s resistance to airborne sound transfer at the
speech frequencies (125-4000 Hz). The higher the number, the better the isolation.

2.2.5.natural lighting (Daylight) :

the natural lighting mean use the daylight to illuminate interior spaces naturally .The daylight
make the vision more comfort ,Healthy , Reduce dependency on electric energy (energy
efficiency), Reduce operating costs and Reduce emissions.

Daylight :
is the controlled admission of natural light into a space through windows to reduce or eliminate
electric lighting and it’s diffuse natural light from the sky.

Daylight design:

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

In other words, it involves more than just adding windows and skylights to a space. It is the careful
balancing of heat gain and loss, glare control, and variations in daylight availability.

Daylight factor:
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.

DF = ( Eint / Eext) * 100%

Where,

Eint = inside illuminance at a fixed point.

Eext = outside horizontal illuminance under an overcast (CIE sky) or uniform sky.
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Figure 6 : inside and outside illuminance

Daylight Factore in a building depends on the sum of three components

1. Sky component or direct component (SC): The direct illuminance if the sky is visible from the

considered point
2. Externally reflected component (ERC): The illuminance due to the reflections on the outside

environment .
3. Internally reflected components (IRC): The illuminance due to the reflections on the inside
surfaces .

Daylight factor = SC + ERC + IRC

Daylight factor

Figure 7 : components of daylight Factor
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The table below show the description of view in the workplace according to the percentage of
daylight factor

Table 3 : description of view in the workplace according to the percentage of daylight factor ®

Zone DF DF Daylight contribution
(Southen (Northemn
Europe Europe
Bright >3% >6% Very large (Solar shading probably
indispensable)
Average-bright 1.5-3% 3-6% Good. Bright. Solar shading required
Average-dark 05-15% 1-3% Fair
Dark 0.1-05% 0.2-1% Poor for work (artificial light required most of the
time)
Can be acceptable for some circulations
Very Dark <0.05 % < 0.1% No Daylight / Artificial light required all day

* With a DF < 2%, a room will seem gloomy. Electric lighting will be required for most of the
daylight hours.

* With 2% < DF < 5%, supplementary electric lighting may be needed.

* With DF > 5%, Depending upon the task at hand, electric lighting may not be necessary during
daylight hours.

2.2.6.Ventilation:

Ventilating is the process of replacing air in any space to provide high indoor air quality.
Ventilation is used to remove unpleasant smells and excessive moisture, introduce outside air, to
keep interior building air circulating, and to prevent stagnation of the interior air.

Ventilation includes both the exchange of an air to the outside as well as circulation of air within
the building. It is one of the most important factors for maintaining acceptable indoor air quality in
buildings. Methods for ventilating a building may be divided into mechanical (forced) and natural
types. And table 3.6 shows the minimum outside air requirements for ventilation.

Table 4 : Minimum outside air requirements for ventilation

Application Max. L/s/person L/s/m?2
accup./lOOm2

Office space 7 10 2.5-10

Reception areas 60 8 3.5-7.5

Conference rooms | 50 10 e

Public restrooms | 100 25 e
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Air quality:

Air quality is an important aspect of the indoor environment that is often neglected in naturally
ventilated buildings. It may also conflict with other strategies for energy efficiency.

Reduction of infiltration is an important strategy to improve 1AQ and reduce energy consumption.
This however has the effect of reducing natural ventilation, which allows the build-up of indoor air
contaminants.

Air velocity:

Air movement increases both convection and evaporation, which in turn increases heat loss from
the body. The comfort temperature is highly dependent on air velocity, particularly if light clothing
is worn. Control of air movement with fans is an important opportunity to give individuals control
over their climatic environment. Using air movement to control comfort is a delicate balance since
too high an air velocity (or too large a temperature).
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2.3. Structural design

2.3.1. Introduction

the way in which the parts of a system or object are arranged or organized, or a system
arranged in this way .
in the structural design first of all we should select the material used ,the next step is to select
structural system, third point is to compute loads such as dead load , live load ,wind load
,seismic... etc., Stage before the final is modeling and analysis ,means how to convert the
structural type to model ,and the final step is design , in this step we calculate internal forces to get
dimensions, reinforcement needed .. etc ,. Design code must be taken into consideration .
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Figure 8 : 3D model structural
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2.3.2. Objectives of structural design :

The main objectives of structural design is to assure the following:

1. Safety: It has been the prime and one of the most important requirements to design a safe and
stable structure. The structure shall be designed that it will not collapse in such a way during its
expected life duration.

2. Serviceability: The performance is rated by the fitness of the structure to maintain deflection,
deformation, and cracking and vibration effects within the acceptable limits.

3. Durability: The structure shall resist effectively environmental actions during exposure
conditions such as rain, wetting and drying or freezing, climatic variations in temperature and
humidity.

4. Economy: The design shall be economical. The economy shall be of material by optimum

utilization of its strength. Also, the economy of cost includes cost of construction as well as cost of
maintenance and repairs.

5. Appearance, feasibility and acceptability: The structure has to be designed that the proposed
solution is feasible and acceptable and provide a pleasing appearance without affecting economy.

2.3.3. Main Structural materials:

e Concrete construction:

Figure 10 : concrete construction
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e Steel structure:

L . I L[

W-Shapes M-Shapes S-Shapes HP-Shapes C-Shapes
L-Shapes WT-Shapes ST-Shapes HSS-Shapes Pipe

Figure 11 : Steel structure shape

2.3.4. Structural Elements of Buildings:

1. Foundations.
2. Slabs .

3. Columns.

4. Beams

5. Walls.

1- Foundation:

Foundation is The structure that carry the building and transmits the lord of the building to the soil,
and it’s the main function to re-distribute loads on the ground ,also it constructed under the ground.

Foundations are constructed according to the following stages:

e Site Preparation:

we have to remove or clean the site from the trees and their roots ,rock , jungle and any other
obstacles. then The whole area will be roughly leveled ,if there's any holes in the site will filled.
and then relocating any existing infra structures such as cables or pipelines .Finally bench marks
must be established at a suitable point in the construction site and laying out the centers for each
foundation base (footing base).
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e [EXxcavations:

Excavation for each footing base according to the design level and shape of the foundation base
Footing Construction:

after we excavation the foundation according to the design level we constructed the foundation base on
layers as shown in figure.

RC Foudation
DPC

Blinding
Hardcore
Compacted Fill

Figure 12 : foundation layers

Types of foundation systems:

1. Single Footings: is the kind of foundation when sufficient amount of good soil at is kept
around a column at shallow depth.

Raft Footings: are used when the quality of soil is not strong.

Combined Footings.

Strap Footings.

vk W

Pile Footings: are used when the load to be supported is large and the necessary firm soil
is not available in that region.
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And these types are in figure

Figure 13 : Types of foundation systems

2- Slabs :

A concrete slab is a common structural element use in modern buildings, which the thickness
considers a small compared to its own length and width. The Horizontal slabs of steel reinforced
concrete thick typically lay between 100 and 500 millimeters, are most often used to construct
floors and ceilings and roof construction, while the thinner slabs are also used for exterior
paving.According to the way the loads are transferred to supporting beams and column, slabs are
classified into two types one way and two ways. One way slab IF ly/Ix > 2, Two way slab IF ly/Ix

<2
Where;
Long direction = ly ,Short direction = Ix
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Figure 14 : type of slab according to reinforcement direction

Structural system for reinforcement concrete slab:

e One way reinforced solid slab
e Two way reinforced solid slab
e One way ribbed slab

e  Tow way ribbed slab

e Waffle slabs

Figure 15 : One way solid slab
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Figure 17 : One way ribbed slab

Figure 18 : Waffle slabs
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3- Columns :
A reinforced concrete column is considering from main & initial parts of structure, it’s usually
design to carry compressive loads and resist lateral forces also, use to support the beams and
arches and used to transmit the load to the foundation . For design purposes, the columns are
separated into two categories, short columns and slender columns.
Short columns:
the column is said to be short column when the height of the column is small compared with the
cross-sectional area ,the failure of this type occurs as a result of crushing of material .
Slender columns:
the column is said to be long column when the height of the column is large compared with the
cross- sectional area ,the failure of this type occurs as a result of buckling .
the reinforcement of column consist longitudinal bars for axial force and bending ,ties or spiral for
lateral load .
4- Beams:
A beam is a structural element that capable withstanding load primarily by resisting bending, This
bending force induced in beam as a result of the external loads, own weight, spans of slab, and
external reactions to these loads is called a bending moment .beam also carry horizontal load from
wind or earthquake the lingual reinforcement in beam used to resist bending moment and stirrups
used to resist shear force .
Classification of beams based on supports :

e Simply supported - a beam supported on the ends which are free to rotate and have no

moment resistance.

e Fixed - a beam supported on both ends and restrained from rotation.

e Over hanging - a simple beam extending beyond its support on one end.

e Double overhanging - a simple beam with both ends extending beyond its supports on

both ends.
e Continuous - a beam extending over more than two supports.
e Cantilever - a projecting beam fixed only at one end

Figure 19 : type of beams
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5- Walls :

Walls are defined as the boundaries on the outside and the inside of the building ,there are many
type of wall such as :

External wall:

this type of wall used to separate between outside spaces and inside spaces, also protect the
occupant from the external impact such as ,rain ,temperature ,wind and snow...etc . to achieve
comfort for occupant . also it may be a bearing wall .

e Partition walls:

It’s used to separate between the internal spaces ,in the most cases it’s not bearing wall .

e Shear walls:

Shear walls are vertical elements of the horizontal force resisting system. like wind load and
earthquake load.
e Curtain walls:

Curtain walls used for architectural needs such decoration (good view), usually it’s not bearing
wall . Also it may used in a specific building sides to purpose of solar design (used in green
building ).

Retaining walls :

Retaining walls are structures designed to restrain soil to unnatural slopes. They are used to bound
soils between two different elevations often in areas of terrain possessing undesirable slopes.
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2.3.5. Loads

Structural loads or actions are forces, deformation, or accelerations applied to a structure or its
components .Loads cause stresses, deformations, and displacements in structures. Assessment of
their effects is carried out by the methods of structural analysis. Excess load or overloading may
cause structural failure, and hence such possibility should be either considered in the design or
strictly controlled.

Type of loads
e Dead load:

The dead load are static loads that constant over the time ,including the weight of the structure
itself, and immovable fixtures such as walls, plasterboard or carpet. Roof is also a dead load. The
dead load may be a tension or compression forces .Dead loads are also known as Permanent loads.

L .

) )

Figure 20 : Dead Load
e Live load:

These Live load not a constant over time ,it’s moving loads or nonpermanent forces , loads within
buildings caused by the weight of people furniture , Since it is not possible to measure these loads,
aprobabilistic approach is used depending on codes dynamic loads may involve considerations
such as impact, momentum, vibration, slosh dynamics of fluids...etc.

L s L

x

=23 =3

Figure 21 :live Load
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e Environmental loads

These are loads that act as a result of weather, topography and other natural phenomena.
] f 1

E=3 E==3

Figure 22 : Environmental loads

Environmental load types :

1- Wind loads

2- Loads from fluids or floods

3- Seismic loads

4- Temperature changes leading to thermal expansion cause thermal loads
5- Lateral pressure of soil, ground water or bulk materials

6- Dust loads

7- Snow, rain and ice loads
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2.4. Electrical Design :

2.4.1. Artificial lighting:®

Artificial lamps family
r I L] 1
] [ Light emitting diodes |
[ lnundmeme} [ Discharge ‘ | Hieht emitting diodes
) | “LEDs"
R m— | I :
General Halogen Low | High intensity
“bulb of Edison” intensity “HID"
Fluorescent Compact Low pressure
tube fluorescent Sodium “LPS"
( High pressure Mercury- \
sodium “HPS" [\rapot lamp ‘ R ‘

Figure 23 : Types of lamps

Parameters of lamp selection:

*Luminous Flux [Im]

* Lamp Efficacies “K” [Im/W]

* Luminance [cd/m2] / Brilliance

* Correlated Color temperature “CCT” [Kelvin]
* Color rendering index (CRI) or (Ra)

* Spectrum: A spectral power distribution (SPD)
* Dimensions

* Response times

* Service life (hours)

*Direction

* Cost

* auxiliary devices: Control gear, ballast, starter etc
* Durability
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Luminous Flux [Im] ®= K*P
Where;

Figure 24 : Luminous Flux

K : is a relationship between light output and electrical input (lumens/watt)

P: power for lamp (Watt)

Luminous Intensity (I):

Luminous intensity is the luminous flux emitted from a source within a certain solid angle.

Ay Apd’
AQ  AA

ag‘z=f—‘~fy.,
d~

| :[WI/sr] vs. [Im/sr] or Candela [Cd]

I

Figure 25 : Luminous Intensity

44|Page




IHluminance (E):
is a measure of photometric flux per unit area, or visible flux density.measured in [W/m2] vs

[Im/m2] or lux [1x].

E =22

AA

Where;
@ :is flux in Im.
A: is the area of the surface receiving the light in m?.

<
A—4
Ao
y AA
Figure 26 : llluminance
e I
- d - ‘ d »

EL:L E=FE.cosa= [, cosQ

d* d-

Figure 27 : llluminance according to the Luminous Intensity
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The table below show the required E according to the nature of task

Table 5 : required E according to the nature of task”

Category of Required E (lux)’

Visual Task RF = 50% RF = 10%
Casual 62-125 300-625
Ordinary 125-625 625-3,125
Moderate 625-1,250 3,125-6,250
Difficult 1,250-2,500 6,250-12,500
| Severe >2,500 >12,500

Luminance (L):
is flux emitted by apparent surface in a given direction. Measured in [W/m2.sr] vs. [Im/m2.sr] or
[Cd/m2].

L= %
Anppm*em

=[/Acosa

The table below show the required luminance according to the nature of task

Table 6 : required luminance according to the nature of task ®

Category of
Visual Task Required Luminance (cd/m?)
Causal 10-20
Ordinary 20-100
Moderate 100-200
Difficult 200-400
| Severe Above 400
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Correlated Color temperature (CCT) [Kelvin]:
It defines whether the light from the lamps look ‘warm’ or ‘cool’.

Lamps with a warm appearance having a CCT of 2700-3000K are generally considered
appropriate in a domestic setting. Lamps of 4000K and above are considered ‘cool’ and are more

appropriate for office and some retail applications.
The table below show the CCT for some source of lighting

Table 7 : the CCT for some source of lighting ®

Color temperature (K

500
200
100

300

TOO "COLD"

Candles 1900-2500
Tungsten filament lamps 2700-3200
Fluorescent lamps 2700-6500
High pressure Sodium 2000-2500
Metal halide 3000-5600
High pressure mercury 3400-4000
Moonlight 4100
Sunlight 5000-5800
Daylight (sun + clear sky) 5800-6500
Owvercast sky 6000-6200
(Lux) :
50000
20000
10000
A 5000
TOO "WARM"
2000
E 1000 COMFORTABLE

1750 2000 2250 2500 3000 4000
Tc (K) >

5000

10,000

Figure 28 : Diagram of KRUITHOFF *?

47 |Page




Color rendering index (CRI) or (Ra):

It is the ability of a light source to show surface colors as they should be.

Table 8 : CRIl value

Description
90-100 Excellent

(11)

80-90 Good

60-80 Acceptable

<60 Poor

Street lighting

Office & residential lighting

Shops & supermarkets

Luminaires :
00— 200
4001 400 —
600 |- 600 {—
60° 800 60° 60° 8OO r— 60°
1000 1000 +—
- 1200]
45° 1200 A5 45 45°
30° 30* 30" 30*
(o0 o°
(@ &)

Figure 29 : Luminaire distribution

The type of luminaires include Direct, Indirect, Direct-Indirect and Asymmetrical

Figure 30 : Direct-Indirect luminaire
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Figure 31 : Indirect luminaire

Luminaire efficiency :

It is the percentage of lamp lumens produced that actually exit the fixture.

Generally, the most efficient fixtures have the poorest visual comfort.

The component of luminaire mostly include , Reflectors, Louvers , Lenses (Diffuser) and
Distribution (classes). this components affects on the amount of illuminance,which produce from

the lamps.

Direct Semi-Direct Diffuse
0-10%
90-100%
Direct-Indirect Semi-indirect
06000
40-60%
Source: Philips

Figure 32 : light distribution produced by luminaires
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Glare:

Glare is a visual impression created by the presence of illuminated area in the field of view. It can
cause tiredness, errors and injuries.

Figure show that glare occurs when glare sources in the field of view which cause sensation of
irritation in the eye.

920
85° 5 ° _.&60°
'\\T Overnesd 71 (Retvral whﬁ D

[}
]
1]
1
3
, :/ﬂ\
- =0 Center of view

Figure 33 : angles of eye vision 2)

The table below show the recommended limiting glare index and the glare index rating

Table 9 : recommended limiting glare index and the glare index rating (3]

UGR ratings. Recommended limiting glare indices.

| Zome  [Region | — Maximum
orking area allowed UGR

Intolerable (not suited for work >2

lighting)
B Just mtolerable 28 Drawmg rooms
Zone Uncomfortable 25 Offices 19
Tust Uncomfortable 22 .
Industrial work, fine 22
Asceptable - Industrial work, medium 25
Just acceptable 16
Comfort Zone Noticeable T
oueea Industrial work, coarse 28
Just Perceptible (no glare) 10
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The table below show the recommended illuminance for workplace and facilities.

Table 10 : recommended illuminance for workplace and facilities (4)

General offices 500

Computer work stations 500 l;xal lighting may be required for reading a
ocument

Drawing work stations 750 Local lighting is appropriate

Other areas, e.g. file storage and 300
reception, telephone operators

Areas common to most Lux (Im/m2)
buildings

Entrance hall, lobby, waiting room 200
Enquiry desk 500
Corridor, passageway, stairs 100
Atria 50-200
Changing room, cloakroom, 100
lavatory

Rest room 150
Canteen, cafeteria, dining room 200
Kitchen 300
Gymnasium 500
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2.4.2. Sockets :

AC power sockets are devices that allow electrically operated equipment to be connected to the
primary alternating current (AC) power supply in a building. Electrical sockets differ in voltage and
current rating, shape, size and type of connectors.

Demand factor and Diversity factor

Demand factor and diversity factor are necessary values used in the electrical design process.
Demand factor is defined as the fractional amount of the maximum demand of a system relative to
the total connected load on the system and it is always less than one. On the other hand, diversity
factor is defined as the ratio between the sum of individual maximum demand and the maximum
demand on power station. Diversity factor for different circuit functions are listed in the table3.11.

(15)

Table 11 : Diversity factor for different circuit function

Circuit Functions Diversity Factor
Lighting 0.9
Heating and air conditioning 0.8
Sockets — outlets 0.7
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2.5. Mechanical Design :

2.5.1. Introduction :
Mechanical issue of various kinds is one of the most important determinants of the design of

these buildings, Therefore, the architect (designer) should be on the lookout appropriate
requirements necessary for this business, and capable of understanding with the mechanical
engineer at the design of mechanical installations without conflict with the rest of the disciplines
involved, So we must choose the most appropriate system for the convenience of people inside
the building, It is the most important things that must be considered from the mechanical point of
view, natural ventilation, the degree of surface air temperature and direction of movement,
relative humidity, water supply, plumbing, heat transfer

2.5.2. HVAC Systems :
Hvac systems in general include two system, Central and Local Systems ,central generally

include centralized equipment ,such as ,(chillers ,boilers ,cooling towers ,and maybe air handling
units ),and local systems contain window air conditioners ,packaged heat pumps ,and water-
cooled packaged units without central source equipment, in general the central system needs
large spaces other than the local system which is need less spaces for equipment

-

F‘urnps for chilled water, hot water, ="
i m?_fd cooling tw.rer ;

... Bailer

© E Source

Figure 34 : centralized components for central systems (6)
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Figure 35 : components of local Hvac systems

2.5.3. Elevators :

Elevators are devices that move people and goods vertically within a dedicated shaft that
connects the floors of a building

Vertical transportation such as elevators and escalators Is important things to be taken into
considerations during the design phase to make the service and transportation for passengers
more efficient and effective. The decision that must be very important and must be taken into
consideration is to select the best and safest system for the vertical transportation equipment.
“More than any other element of construction, elevators are governed by strict codes.

The last resource in the United States is the American Society of Mechanical Engineers’
ANSI/ASME Standard A17.1, Safety for elevators and escalators, the latest version of which
should be in every architect’s and engineer’s working library. The code has legal force in most
parts of the United States. Two related code standards should be noted. ANSI/ASME Standard
A17.3 covers existing elevators and escalators, and Standard A17.4 covers emergency
evacuation of passengers from elevators”. (Michael and Donald 2004)

There are many types of elevators. Hydraulic elevators they are used for low rise
applications(buildings)and residential buildings(2-8 stories) because it’s simple and low speed .
The other type is roped elevators are lifted by ropes and They are used for mid and high-rise
applications and have much higher travel speeds than hydraulic elevators.

The size of elevators ,speed and it’s capacity depends on several factors, including building
type(Residential, Commercial buildings ,offices ....etc )and the amount of passengers or People
that the elevator will transports them in the unit of time .
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Figure 36 : picture of elevator

Important definitions:

Average lobby time or average lobby waiting time: The average time spent by a passengers
between arriving in the lobby and leaving the lobby in a car. This is a key selection
criterion(Mechanical and Electrical Equipment for Buildings, Grondzik, et al. 2010 )

Handling capacity (HC): The maximum number of passengers that can be handled in a time
given period—usually 5 minutes . Thus the term 5-minutes handling capacity when expressed as
a percentage Of the building’s population ,it’s called percent handling capacity (PHC) . This is a
key selection criterion (Mechanical and Electrical Equipment for Buildings, Grondzik , et al.
2010 )

Interval (1) or lobby dispatch time: average time between departure of cars from lobby.

Registration time: Is the Waiting time at an upper floor after a call is registered.

Round-trip time (RT): The average time required for a car to make a round trip with some stop.
This time include number of upper floor stops in one direction
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Travel time or average trip time (AVTRP): The average time spent by passengers from the
moment they arrive in the lobby to the moment they leave the car at an upper floor. This is a key
selection criterion.

Zone: A group of floors in a building that is considered as a unit with respect to elevator service.
It may consist of a physical entity—a group of upper floors above and below which are blind
shafts—or it may be a product of the elevator group control sys- tem, changing with system
needs.

Car passenger capacity (p): passengers per car.

All of these definitions must be taken into considerations to reach a good level of comfortable
range

And to estimate the approximate number of needed elevators.

The following tables obtained from the codes show some factores to evaluate the number of
elevators needed and their capacity and speed for the buildings according its type

2.5.4. Sanitation system :

Water Drainage system : should be in place which does not affect on the
structural Components such as beams ,and columns . This separate system of pipe used to carry
the foul water , surface water ,car park ..etc , to disposal or Getting benefit of them .

Figure 37 : Water Drainage system
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Drainage of gray water and black water:

Grey water is wastewater generated from domestic activities such as laundry, dishwashing, and
bathing, which can be recycled on-site for uses such as landscape irrigation and constructed
wetlands. Grey water differs from water from the toilets which is designated sewage or black
water to indicate it contains human waste.

In the buildings there must be separation between the gray and black water, and this indicate the
loads of drainage system of the stacks, fittings, and traps used.

Dispersion
Soil-box planter il

Irrigation

Figure 38 : sources of Grey water

Water supply system :

“Buildings require an adequate supply of clean water for drinking, cooking, washing, industrial
processes, and agriculture. This requires a system that has three basic components: a source of
water; a means to purify the water, if necessary ;and a way to distribute the water to points of use
inside buildings.” The needed demand weight of water depend on the number of fixture units in
the building.

To get the suitable pressure and the required flow the diameter of pipe should be suitable to
achieve that. the table below shows the demand weight of fixture in fixture units .
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Table 12 : demand weight of fixture in fixture units(NBS Report BMS79 water —distribution for building 7)

The figure below show the relation between the number of fixture units and the required demand.
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Figure 39 : relation between the number of fixture units and the required demand(NBS Report BMS79 water —distribution

for building 08)
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Table 13 : flow needed for plumping fixture(uniform plumbing code) (19)

Load Values in WSFU
Fixture Occupancy Type of Supply Control Cold Hot Total
Bathroom group Private Flush tank 2. 15 36
Bathroom group Private Flush valve [ 3 ]
Bathtub Private Faucet 1 1 1.4
Bathtub Public Faucet 3 3 4
Bidet Private Faucet 1.5 1.5 2
Combination fixture Private Faucet 235 235 3
Dishwashing machine Private Automatic 1.4 1.4
Drinking fountain Offices, etc. 3 in. (9.5 mm) valve 0.25 0.25
Kitchen sink Private Faucet 1 1 1.4
Kitchen sink Hotel, restaurant Faucet 3 3 4
Laundry trays (1 to 3) Private Faucet 1 1 1.4
Lavatory Private Faucet 0.5 05 0.7
Lavatory Public Faucet 1.5 15 2
Service sink Offices, etc. Faucet 235 235 3
Shower head Public Mixing valve 3 3 4
Shower head Private Mixing valve 1 1 1.4
Urinal 1 in. (25 mm) flush valve 10 10
Urina 3% in. {19 mm) flush valve 5 5
Urinal Flush tank 3 3
b { k Automatic 1 1 1.4
b {3.6 kg) Automatic 2.25 225 3
Washing machine, 15 Ib (6.8 kg) Automatic 3 3 4
Water closet Private Flush valve [ &
Water closet Private Flush tank 232 22
Water closet Flush valwe 10 10
Water closet Flush tank 5 5
Water closet or private Flushometer tank 2 2
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2.6. Safety System :

2.6.1. Introduction

The design of the buildings became associated with Providing factors of safety inside the
building against accident,such as fires.so the fire detection , Suppression and notification System
shoud be available in the building design. the behavior of fire depend on some factors,some of it
depend on the building content,and the others depend on the building design.
1 — Naturalofthefuel.
a- Building Contents 2 — Amountof fuel .
3 — Arrangmentof fuel.

1 — Sizeandshapeoftheroomcotainingthefire
b- Building Design { 2 — Sizeandshapeofthe window.
3 — Thermalinsulationofwallsandceiling.

2.6.2. The safety systems component :

e Fire Doors: fire doors are installed to minimize the spread of fire, including the passage
of smoke through a building. Fire doors has to be made from nonflammable material.
Also, it has small window to enable people see from both side and opens to the stair ay
by long bar lock.

e Fire extinguishers

e Standpipes and hose stations.

e Automatic sprinkler systems

e Fire Suppression System

e Smoke detector

e Heat detector and Flame detector .
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Figure 40 : safety systems component
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2.7. Case study @

Introduction :

known as Infinity Tower prior to its inauguration, is a 306 meters (1,004 ft), 73
story skyscraper in Dubai, United Arab Emirates , the tower has become world's tallest high rise

building with a twist of 90 degrees. (wikipedia).

It has been designed carefully each floor, so going by 1.2 degrees on the floor which preceded,
constituting spiral movement unique and wonderful in the world of architecture.

3.1.2.Location :

This residential tower is located in a beautiful location near the Dubai Marina and includes 495

luxury apartments.

Analysis:

Table14 : Analysis for kayan tower

Official Name | Cayan Tower

Location Dubai | United Arab Emirates
Function Residential
Construction 2006 - 2013
Architectural Height 306,4 m

Floors Above Ground 73

Floors Belove Ground 5

Number of Apartments 495

Number of Parking Spaces 623

number of Elevators 7

Top Speed of Elevators 28.8 km/h (8ml/s)
Gross Floor Area 111 000 rn2
Construction Cost US $ 207 million
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https://en.wikipedia.org/wiki/Skyscraper
https://en.wikipedia.org/wiki/Dubai
https://en.wikipedia.org/wiki/United_Arab_Emirates

DESIGN IDEA & GOALS:

e Cayan Tower is the tallest twisted tower in the world.

e Each floor of Cayan Tower has exactly same contours and is rotated by 1.2 degrees to
achieve the full 90°spiral creating the shape of a helix.

e Unique spiral shape of Cayan Tower reflects the ever-changing shapes of the deserts,
winds, and seas that surround it.

e The shape of the tower is a variation on Turning Torso in Malmd, Sweden, which also
twists exactly 90.

e The design team presents 3 options; a) 60deg rotation; b) 90deg rotation; c) 90deg rotation
with glazing pushed 20 cm from exterior face of the columns from original 12 cm for
maximizing sellable area to the client. Based on the clients comments, last one was
picked.

TOP VIEW & ELEVATIONS

Figure 41 : top view for kayan tower
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SECTION

Figure 42 : elevation of kayan tower

BUILDING FUNCTIONS:

e Cayan Tower has six podium floors in which there are tower lobby,car parks, retails and

public cafes.

e There are two mechanical floor in Cayan Tower and they are located on 28th and 72nd

floors. Both mechanical floor are in two story-height.

Figure 43 : Residential plan layouts in kayan tower
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Arch. Height : 307 m

2 Occupied Height: 263 m
Mechanical

Floor

72

Residentials

IANAARIARAIAAI IS ANSITARIRILARIALAS T

30

Mechanical Sa

Floor

Residentials

6
Podium Floors

Figure 44 : functional diagram for kayan tower

STRUCTURAL SYSTEM

e The design philosophy for the Tower is based upon the exterior form of the building as a
direct expression of the structural framework.

e The lateral load resisting system for the Tower consists of a combination of a reinforced
concrete moment-resisting perimeter tube frame and a circular central core wall,
connected at each level by the two-way spanning reinforced concrete flat plate slabs acting
as diaphragms. Perimeter columns are also connected to each other with spandrel beams.

e Floor to floor height of each identical structural floor is 3.7 meters.
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Figure 45 : structural model for kayan tower
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Figure 46 : structural plan of kayan tower
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Figure 47 : Kayan tower

A series of options are studied for the perimeter frame in order to create the unique
twisting geometry of the Tower. For its distinct advantages, from the standpoint of
‘architectural efficiency, structural performance and ease of construction’, stacking the
columns in a step-wise manner at each level, where each column slopes in one directin ,
and is offset over the column below is applied as the perimeter columns system.

Figure 48 : Construction work in kayan tower
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Figure 49 : Construction work in kayan tower

As the perimeter columns ascend from story to story, they lean in or out, in a direction
perpendicular to the slab edge. At every level, the columns make a small step to the side,
shifting in position along the spandrel beams so that as the building twists, each column
maintains a consistent position at each floor relative to the tower envelop The corner
columns and the six (6) interior columns follow a different rule, twisting as they ascend.

central core

interior twesting
columns

twesting corner
columns

two way flat plate slab

stepped perimeter
columns

Figure 50 : structural orthogonal drawing of kayan tower
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The structural system offers significant construction simplification by permitting a high
level of repetition in the formwork, which directly impacts the construction cycle time.
Also, this system leads to residential floor layouts which are repetitive at each level

despite the twisting nature of the building form.

Pnevive VEOREERE
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Figure 51 : floor twist of kayan tower

WIND design
Due to the Tower’s significant height and unique shape, detailed wind tunnel testing was

performedin order to understand the wind forces acting on the building

A series of 1:400 scale model tests were performed in order to determine the design wind

loads for the structure as well as peak pressures for the designof the cladding.

Pedestrian wind studies were also performed to ensure a comfortable wind environment
for those spaces designated for outdoor use, and foradjacent public thoroughfares,

respecting air, and sun rights of the surrounding.

structural diagram Deformed shape

Figure 52 : deformed shape due to wind load
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For the twisting Cayan Tower, the variation in the building silhouette over its height creates
aconstantly changing frontal wind sail dimension as the building ascends, acting to
disorganize the wind forces which are generated

This disorganization of the wind forces, and therefore a reduced correlation of the Tower’s
wind response over its height, results in reduced lateral motion and thus reduced effective
wind forces acting upon the building. Morever, corners are also designated as notched to
contribute buildings performance against the wind forces.

When compared to a similar building taken as a straight extrusion with height (no twist),
it is estimated that the twisting form of the Cayan Tower reduced the structure’s across-
wind excitation by some 25% or more.

NOTCHED CHANGING WIND SAIL

CORNERS @\ 7| PROFILE WITH HEIGHT
o

LEVEL 40

LEVEL73

LEVEL7

Figure 53 : The effect of wind load
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Mep design :

In Cayan Tower, major mechanical risers are located in the circular central core, which allows a
straight vertical path through the Tower.

The balance of the building’s mechanical, electrical and plumbing systems is located within a
deep demising wall between the central circulation corridor and the residential units. This zone is
specifically located and designed to create a minimally obtrusive vertical path for the building
services to access all residential units as they rotate about the central core as the building ascends.

MEP wall

Figure 54 : MEP plan in kayan tower

Faced design :

e The winding shape of Cayan Tower reveals a structure that helps protect its interior from
the sun.

e Yet, in order to protect the building from the intense desert heat and to provide additional
shade, reinforced concrete structure on the exterior is fully clad in metal (titanium) panels
and screens.

e Balconies of the residents are covered with sunblinds which are again made out of
titanium panels in order to control the sunlight.

71|Page




Chapter 3 :
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3.1. Architectural design
3.1.1 Introduction

work is the first step in any construction work, since the architectural design aims to provide
creative and unique design. However, the creative architectural design may be incompatible with
Environmental, Structural and Seismic design. So the best architectural design that satisfy the
client's needs and requirements and at the same time does not conflict Environmental, Structural
and Seismic design. In our project we tried to make a creative architectural design as much as
we can. The tower consists of 18 offices floors , two podium floors , and three parking floors
located in nablus city .

3.1.2 Site Properties
3.2.2.1 Location:

i ol ey,
LS o 7 bl

Figure 55 : nablus location

Nablus is a Palestinian city in west bank, approximately 69 kilometers north of Jerusalem, with
a population of 321000 person. The area of the city is 28.6 km?, and it is about 550 meters above
sea level.
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3.2.2.2 Climate
The climate in nablus is the Mediterranean climate. In winter, the town is subject to the harsh

rainy south-western winds and sometimes to the dry but cold north-eastern winds . The hottest
months in Nablus are July and August with the average high being 28.9 °C. The coldest month is
January with temperatures usually at 3.9 °C. Rain generally falls between October and May,
with annual precipitation rates being approximately 589 mm.

Relative humidity and Winds the overall annual average up to (61%). And the northwesterly
winds considered the prevailing wind directions in Nablus , with an overall annual average wind
speed of 10 km / hr. which equal 2.78 m/s.

3.2.2.3. Site of the project

-Tunis street , beside Forum businessmen Nablus . Our project is located in Nablus

Figure 56 : site of the tower
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3.1.3. Site analysis

3.1.3.1. Introduction
Site analysis is the study of the properties of different access to the general perception about the

pros, cons and the possibilities that can be invested and design limitations imposed on this
design. The site analysis includes two main elements. The first one related to the physical
elements and the second one related to the non-material elements.

1. Physical elements include:

a) Natural elements: include natural elements with regard to climate (the movement of the sun,
prevailing winds, temperature, humidity, rain). In addition to that natural resources (such as
topography, the nature of the soil, water and plants available).

b) Unnatural elements: Include the boundaries of the site, buildings, bridges and roads on the
site and walkways, and water and electricity networks connecting to the site as well as the empty
spaces in addition to the nature of the road and lighting Furniture and other.

2. Non-material elements: Unusual items material: involves the study of neighboring uses,
permitted and favorite uses (depending on the nature of the project to be done on-site),
communication patterns (how to access the site), the economic returns to the land, the
locations of nearby services, and modes of transport available.

3.

3.1.3.2. Location advantage

Relatively quit region and far from the noise of the city.
Relatively low slop help us in design.

good view from all direction.

No surrounding high building that prevent sun and wind.

Howbde
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3.1.3.3. Environmental analysis of the site

The orientation of the site plays a very important role in sitting of the building. This would give a
good idea as to how the building should be oriented, when the wind direction and sun path

combined, also the view is very important restriction for the orientation.

Figure 57 : wind direction and sun path

Figure 58 : sun path in the project
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Figure 59 : wind speed in project site (PCB)
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3.1.4. Methodology

This project which is twested offices tower have been design from zero point , taking in
consideration a good external shape with suitable distribution of its components to achieve
comfort phase for the customers, at the same time it must to avoid conflict between architectural
with structural, environmental, mechanical aspects.

The total area designed in this project is about 20000 m?, distributed on 18 offices floors , two
podium floors , and three parking floors . During design it take in consideration to avoid match
between staffs or worker with customers so that there's a separated elevator for them, also special

corridors and WC'’s.
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Figure 60 : south elevation of tower
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3.1.4.1. The project consist:

1- Basement 1 Floor (3m height):

which have capacity for 70 cars and its own entrance, total area of the floor = 2039 m

2

Figure 62 : basement 1 plan
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2- Basement 2, 3 Floor (3m height):

which have capacity for 70 cars and its own entrance, total area of the floor = 2039 m? .

Figure 63 : basement 2,3 plan

Figure 64 : picture of parking in tower
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3- podium 1 (4 m height) :

Podium 1 include the following areas :

Table 15 : areas in podium 1

Bank 145

shops (10) 207

Super market 170
39

Story 33
space for story and coridoor for JEs)
meeting room

Meeting room 54

Bath room (4) 20
20
113

Total area is 1361 m?

Main room
about 20 m for each

For horizontal movement
between shops

For super market
For bank Documents

in bank

in bank

For bank administrator
Contain stair and elevators

Figure 65 : podium 1 plan

Raoom Legend

[Jadmiristeration

Eey

O batr‘:yroom
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l:lmaeting ronm
W
Foom

‘security
shops
space for story and coridoor for meeting rom

story

[ swwer marien
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Figure 66 : picture of bank in podium 1

Figure 67 : picture of scalator in podium 1
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4- podium 2 (4 m height) :

Podium 2 include the following areas :

Table 16 : areas in podium 2

Cafeteria 106 Main hall
10 In cafeteria
9 In cafeteria
14 In cafeteria
6 In cafeteria
500
28 Public Wc
545 For horizontal movement
between shops
113 Contain stair and elevators

Foom Legend

[Jath roem
[ pete
[wateteria
[ witchen
[Jreom
Do
e
[Juash
[wastage

Figure 68 : podium 2 plan
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Figure 69 : picture of cafeteria in podium2

5- floor 1 (3m height) :

Floor 1 include the following areas :
Table 17 : areas in floor 1

170
a0
a3
10
o6
29
103
)
113
10

Total space is 630 m?

Main hall
In cafeteria
In cafeteria

In office
In office
In office

Contain stair and elevators
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cateteria Room Legend

170 m D administaiton

Figure 70 : floor 1 plan

Figure 71 : picture of carridor in floor 1
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6- floor 2 (3m height) :

Floor 2,3,4,5,6,7,8,9,and 10 are same

Floor 2 include the following areas :

Table 18 : areas in floor 2

Stuff room (4)

Administration (4) 100
waiting (4) 192

Path room (4) 2

enter (2) 0

Total space is 630 m?

192

1
113
1

In office
In office
In office

Contain stair and elevators

\' BT

d mini st ration
o~ d
Pl 25 m*

=
QoL C

2§ .

W .
o = &

I
OO i
]

reception

@ Bt
5 2 2
j@ s @

% =

@ - [Zo

reception

Room Legend

D administration

D enter

D reception
D stuff room
D WG

5 m*

administratio[ @

sl

Figure 72 : floor 2 plan
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Figure 73 : picture of waiting room

Figure 74 : picture of manager room
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7- floor 11 (3m height) :

Floor 11,12,13,14,16,17, and 18 are same
Floor 11 include the following areas :

Table 19 : areas in floor 11

Administration (2) 46
waiting (2) 10

Path room (2) 32

Story (2) 2
1

0

Il o))

Total space is 630 m?

Stuff room (2) 226

8

3

In office
In office
In office
In office

In office
Contain stair and elevators

Figure 75 : floor 11 plan

Room Legend

I:ladminisiralion
l:lrneeting Foom
l:lRoorn
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Figure 76 : picture of stuff room

Figure 77 : picture of gym in floor 15
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3.2.Environmental design

3.2.1.Introductin

The Environmental Design is very important issue in design the building for human to feeling
comfort during the work and minimize the amount of heating and cooling load ,and the most
important issue is heating design , cooling design , insulation , thermal mass , day light factor ,

and simulation .

and to achieve the required level of thermal design there are some factors affect it like thermal
conductivity for materials (U factor), orientation of building, length of wall facing south,

location of building
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Figure 78 : 3D model from Design Builder
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3.2.2. Heating design
1- U value for external walls = 0.346
As shown in the figures below the type of materials and U value for the wall

Outer sunface

Inner suface

(Ve sutace o sutecs (Winl4) 3%
Fvelue (¥ i
(FVelue (Wind-£) 0346

Figure 79 : U value for external walls

2- U value for slab = 0.354
As shown in the figures below the type of materials and U value for the slab

Inner surface

20.00mrm Celing Tiles(nat to scalg]

300.00rmrm Air gap 300mm [downwards]

Outer surface

U-Value surface to suace (W/m2-K) 0.382
Fe\alug (m2-KA) 2.828
U-Yalue (W/m2-K) 0.354

Figure 80 : U value for slab
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TERSTED OFFICES BUILDING, Building 1

Steaytats | Summay

2 Terperature and Heat Loss
EnergyPlus Output Shuden

|i.‘~"a'rca'su'af:; I Recisnt Terpersture (') [ Opesti 0} I Outside DryBb Tempersture

Temperakee Cox

D Giczig (k) [ waks i) I Ceiings ot (o) I Fioors it o) I fttons e k) I Roofs k) [ Foors fex) (o) IR Etemal Infiation (6]
I Extemel Vet (<) I Zone Sensbie Heatng (o)

:
. -

Air Temperature (C) 20

Radiant Temperature () 19.38
Operative Temperature (') A7
Outsde Dry-Bulb Temperature ['C) 080
Glazing (kW) T381

Wals (k1) J8

Celings (i) (kW) 29
Fioars (i) (kW) 102
Parttions (i) (kW) 1888

Raofs (kW) 4%

Floors (ext) (kW) 21
Extemal nfiration (k1) L8
Extemal Vent. (kW) 63

Zone Sensible Heatng (kI A7

Bt | Visualie | Heting desion | Cooling design | Smution | CFD | Dayighting

Figure 81 : Heating loads for building

total heating load capacities of the original building is 500 kW
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as show in the figures below a results for the same office plan but with deferent floor :

second floor

Zane Comfort Temperature ['C) |Steady-5tate Heat Lozs (kW) |Design Capacity [ki] Design Capacity [+ /m2) |I
=l second floor Tokal Design Heating Capacity = 27.230 [kKw)
maneger office 3 2077 1.21 1.39 B0.1631
staff room 3 21.09 255 2.98 55,6035
ztaff room 4 20.89 1.E1 1.85 B2.3z20
maneger office 4 20.85 1.74 2.00 B3.61390
reception 4 2116 1.9 2.20 E1.8471
bath 4 11.46 0.00 0.00 0.0000
kitchen 4 13.97 0.00 0.00 0.0000
circulation 2119 0.47 0.54 71.2468
reception 2 2116 212 2.44 61.3026
kitchen 2 13.97 0.00 0.00 0.0000
bath 2 11.45 0.00 0.00 0.0000
maneger office 2 20.85 1.58 1.81 B2.7032
staff room 2 21.07 2186 248 62 5885
Zone 29 982 0.00 0.00 0.0000
Zone 22 202 0.00 0.00 0.0000
reception 3 2116 1.72 1.98 E1.5668
maneger office 20,76 1.50 1.72 74,9387
reception 21.15 1.81 2.08 05 4449
kitchen 13.98 0.00 0.00 0.0000
kitchen 3 13.98 0.00 0.00 0.0000
staff room 21.08 279 3.20 E7.6191
circulation 21.26 0.43 0.56 54.1554
bath 11.50 0.00 0.00 0.0000
bath 3 11.49 0.00 0.00 0.0000
Zone 23 10.68 0.00 0.00 0.0000
Zone 24 1010 0.00 0.00 0.0000
Figure 82 : heating design results for second floor
Floor 11
Zone Comfort Temperature [*C] |Steady-5tate Heat Loss [kiw] |Design Capacity [k\w] Design Capacity [w/m2]
H floor 11 Tatal Design Heating Capacity = 31.110 [kWw)
maneger office 2 2072 1.60 1.84 783237
staffroom 2 21.068 272 313 E2.5210
staff roam 21.03 254 2.92 78.7576
maneger office 2080 1.77 2.04 EB9.9006
maneger office 3 2072 1.64 1.89 82 3625
reception 3 21.09 2.08 2.39 E5.9558
bath 3 1011 0.00 0.00 0.0000
bath 2 1011 0.0o 0.00 0.000o
reception 2 21.09 1.78 2.05 E3.7103
reception 2113 230 2.64 F1.377
bath 10.04 0.00 0.00 0.0000
kitchen 1258 0.00 0.00 0.0000
circu 21.0 057 0.66 7E.2369
reception 4 21.11 2.24 257 E2.EB051
kitchen 4 1258 0.00 0.00 0.0000
bath 4 10.05 0.00 0.00 0.0000
maneger office 4 2080 1.54 1.77 EB1.1881
staffroom 4 21.04 257 2.96 7RA7F2
Zone 23 9.53 0.00 0.00 0.0000
Zone 24 7.58 0.00 0.00 0.0000
Zone 26 58.35 0.00 0.00 0.0000
Zone 27 8.02 0.00 0.00 0.0000
Zone 20 10.49 0.00 0.00 0.0000
ztaffroom 3 21.05 21 3.58 74.5659
kitchen 3 12,60 0.00 0.00 0.0000
kitchen 2 12,60 0.00 0.00 0.0000
EEE iﬂtinn 21 03 Nt 0B7 i ]

Figure 83 : heating design results for floor 11
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3.2.3. Cooling design
Cooling Analysis for the building
From figure solar gain from external window is the maximum gain in this building

TERSTED OFFICES BUILDING, Building 1
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Figure 84 : Cooling analysis for building
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total heating load capacities of the original building is 875 kW as shown below

TERSTED OFFICES BUILDING, Building 1

Summary

Building tdax Tatal Design Coalin... | Time of Max Taotal Coolin.. | Sensible Cooling Load (k... |Latent Coaling Load [Kiw/] | Tatal Cooling Load (ki)
Building 1 875.53 16:00 48617 138.41 E25.38

Figure 85 : total heating load capacities of the original building

After heating and cooling design, the HVAC capacity for design HVAC system is explained in
mechanical chapter and The total energy consumed by building in HVAC equals 875.53 KW

3.2.4. Simulation

Thermal Simulation for building :

TERSTED OFFICES BUILDING, Building 1

Analysi

834.31 Temperatures, Heat Gains and Energy Consumption - TERSTED OFFICES BUILDING, Building 1
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Figure 86 : Simulation comfort results as a graph for building
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TERSTED OFFICES BUILDING, Building 1

Temperstures, Hest Gains and Energy Consumption - TERSTED OFFICES BUILDING, Buiding 1
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Figure 87 : Simulation comfort results as a table for building

Total energy intensity used in the building :

Analysis || Summary | Parametric

Utility Use Per Conditioned Floor Area

Electricity Intensity Natural Gas Intensity Additional Fuel Intensity District Cooling Intensity District Heating Intensity Water Intensity
[KWhim2] [kWh/m?2] [kWh/m2] [kWh/m2] [kWh/m2] [m3/m2]

Lighting 574 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 55.09 29.77 0.11
Other 17.64 0.00 0.00 0.00 0.00 0.00
Total 23.37 0.00 0.00 55.09 29.77 0.11

Utility Use Per Total Floor Area

Electricity Intensity Natural Gas Intensity Additional Fuel Intensity District Cooling Intensity District Heating Intensity Water Intensity
[kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [m3/m2]

Lighting 342 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 32.85 17.75 0.07
Other 10.52 0.00 0.00 0.00 0.00 0.00
Total 13.94 0.00 0.00 32.85 17.75 0.07

Figure 88 : Total energy intensity used in the building
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3.2.5. Day lighting
In this building which has a different function spaces; need a special daylight level and daylight
factor according to the activities in the space.
By using a computer program such as design builder Analysis, these values have been taken.
We analyze natural daylight for these spaces:
o first floor
e floor 12

First floor :
The day light factor for this first floor = 3.457 which is in rang (2-6)

OF Lt
gy -2528
1890 - - 1%
1261 4 1264
630 82

Figure 89 : day light distribution in floor 1

TERSTED OFFICES BUILDING, Building 1, second floor
lluminance

Zane |B|0c:k |Floor Area [m2) |F|00r Area above . |F|DDI Area above |.~‘-‘werage Draylight ... II
|maneger office 3 second floor 21.920 16.320 74,419 747
skaff room 3 second floor 51.370 20.430 39.868 273
staff room 4 second floor 3720 28.270 23837 E.254
maneger office 4 second floor 27.540 17.270 B2 709 4805
reception 4 zacond floor 33.820 9380 27735 2021
circulation second floor E.E7O 0.000 0.000 0.000
reception 2 second floor 38180 9220 24149 1.9439
matieger office 2 zacond flaar 27.540 19,260 £9.935 5070
shaff room 2 second floor 38,100 20,800 54593 3643
reception 3 zecond floor 30,200 10,200 33775 2451
maneger office second floor 21.930 17.260 78705 57
reception second floor 35,970 8.940 24.854 1.355
staff room gecond floor 45,600 22720 49,825 3420
circulation second floor 9150 0.000 0.000 0.000
Total 421.720 200120 47 453 3.457

Figure 90 : summary of day light factor in floor 1
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Floor 12 :
The day light factor for this first floor = 3.647 which is in rang (2-6)

DF LU
®23 - 2528
1892 - -18%
1262 4+ -1264
631 - - 632
000 a

Figure 91 : day light distribution in floor 12

TERSTED OFFICES BUILDING, Building 1, floor 12
lluminance

Zane |Block |Flc|c|r Area[m2) |Floor Area above .. |Flnnr Area above . |Average Daylight ...
|staffronm floar 12 102.860 G010 58633 2740
office room 4 flonar 12 17.930 2560 47.741 3602
office room 3 floar 12 17.850 16.270 9.148 7.058
office room flowor 12 17.340 16.030 32791 7117
reception floor 12 J1.440 10410 331 2296
store room 2 flonor 12 27 10,740 39514 2738
reception 2 floar 12 29570 3.040 30,572 2310
officeroom 2 flonar 12 17.520 9.000 51.370 3802
staffroom 2 floar 12 99.020 62200 62816 4033
store room flowor 12 33180 10360 26.442 2014
Total 399.890 212,980 53.260 3.647
L

Figure 92 : summary of day light factor in floor 12
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3.2.6 Acoustical Analysis

In the final design, we want to evaluate the acoustical behavior of this building. This includes
two main aspects: Sound Transmission through walls and partitions and Reverberation Time
(RT60) in offices , bank , gym , and Cafeteria.

3.2.6.1. Sound Transmission Class (STC) :

According to the manufacturer specifications of the 10 cm Dense hollow block with both side
plaster in our project has a STC value = 52 dB. This is a good value for partitions and external
walls for office buildings as show in figure 82 . And STC and IIC for floor equals 56 dB and 51
dB, respectively.

Outer surface

Inner surface

Figure 93 : section in internal wall
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Inner surface

20.U0mm  Celling Tiles(not to scale)

300.00mm Air gap 300mm [downwards)

Outer surface

Figure 94 : section in ceilling

Outer surface

Inner surface

Figure 95 : section in external wall

SOUND TRANSMISSION CLASS (STC) RATING » OURCE ROC c G ROO
hat represe he sound
| _SCHOOL |
; I 3
| "HOTEL
g sound from
* Re r ded =i

Figure 96 : recommended minimum STC
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3.2.6.2. Reverberation Time (RT60)

The recommended value for RT60 in :

offices ranges between 0.60 to 1.20 second.

Gym ranges between 1.0 to 1.50 second .

3- Bank ranges between 0.4 to 0.8 second .

4- Stuff room ( open office ) ranges between 0.8 to 1.20 second .

1

N
1

— Classrooms & Boardrooms

i Large Concert & Recital Halls —
Music
_ Auditoriums
_ General use Halls

Music &

Speech _ Community Centres

- Gymnasiums & School Halls
_ Small Theatres
Speech _ Courts, Lecture & Conference Rooms

I I I I I I
0.4 0.8 1.0 1.5 2.0 25
Reverberation Times (sec)

3.0

Figure 97 : recommended RT60 for many space

everberation Time

nternal Space .
(Tmg) - Seconds

Figure 98 : recommended RT60 for office 2
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Calculate RT60 :

Case 1 ( bank in podium 1)

Figure 99 : 3D Model of bank from ecotect

ABSORPTION COEFFICIENTS :

1- External walls (‘aluminum — isolation — gypsum board )

LB SN - SR - —— - A S S O =
100Hz TkHz 10kHz
| FreqHz) |63 [125 [250 [500 1000 [2000 [4000 [snua 13000‘
Value 001 001 0.02 003 004 005 005 005

Figure 100 : Absorption coefficient for external walls ( bank )

2- internal walls ( 200 mm hollow block with both plaster side )

2=t

5 £

LB e e .
100Hz 1kHz 10kHz
FreqHz) |63 [125 [250 [500 [1000 [2000 [4000 [eooo [16000
Vaue 001 001 002 003 004 005 005

0.05 1

Figure 101 : Absorption coefficient for internal walls (bank)
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3- ceiling (' suspended ceiling tiles)

[= ]

o D O O O O
(S

o,

100Hz

TkHz

10kHz

FreqHz)

16000

63 [125 [250 [500 1000 [2000 [4000 [snua

Value 018 017 035 [E:058 061 055 058 054 :l
Figure 102 : Absorption coefficient for ceiling (bank )
4- Floor ( glazed tile)
) ) = = =) 5 — e Swrar £
Hz kHz 10kHz
FreqHz) |63 [125 [250 [500 1000 [2000 [4000 [aonn 15000‘
Value ool o001 0o 001 002 002 002 002

Figure 103 : Absorption coefficient for floor ( bank )

The RT60 in bank is in standard range (0.40-0.8 ) sec. See figure and table below :

ms STATISTICAL REVERBERATION TIME Zone 2

Figure 104 : Reverberation Time in the bank
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Table 20 : summary results of RT60 in bank

Volume :

Surface Area:

441.350 m3

433.568 m2

Occupancy: 10 (20 = 50%)

Optimum RT (500Hz - Speech): 0.69 s
Optimum RT (500Hz — Music): 1.27 s
Volume per Seat: 22.068 m3

Minimum (Speech): 4.202 m3

Minimum (Music): 8.032 m3

Most Suitable: Millington-Sette

(Widely varying)

Selected: Millington-Sette (Widely wvarying)
o o e e e +
| | TOTAL | SABINE | NOR-ER | MIL-SE |
FREQ. | ABSPT. | RT(60) | RT(60) | RT(60) |
o o e e e +
| 63Hz: | 36.695 | 1.387 | 1.31 | 1.72 |
|125Hz: | 35.148 | 1.91 | 1.35 | 1.77 |
|250Hz: | 56.192 | 1.20 | 1.99 | 1.00 |
|500Hz: | 87.644 | 0.79 | 2.01 | |
| 1kHz: | 88.557 | .77 | 1.86 | |
| 2ZkHz: | 94.577 | 0.69 | 1.73 1| 0.47 |
| 4kHz: | 86.920 | 0.70 | 1.53 | 0.52 |
| 8kHz: | 91.142 | 0.57 | 1.10 | 0.43 |
|16kHz: | 85.414 | 0.58 | 1.08 | 0.46 |
o e e e o
Case 2 ( cafeteriain floor 1) :
it ,
1 LA\L &I‘\H N L
| e e . -
( “ \\‘ [‘ \T*'* ey — ‘/' “' f“ Fk\\\;;
Lo - | [
Ny | ‘ T T ! /\ ,/‘ ’3
] LA
— e, | ——
b Tl
2 \ >
;‘\‘\_l “I W - T‘
N L"\\ ‘ ‘ - Jr [
~~l L] T
A e
T~ f
. 4 ]

Figure 105 : 3D Model of cafeteria from ecotect

106 |Page




ABSORPTION COEFFICIENTS :

1- External walls (‘aluminum — isolation — gypsum board )

. [

B P P .- .
100Hz TkHz 10kHz

FreqHz) |63 [125 [250 [500 1000 [2000 [4000 [snua 13000‘
Value 001 001 0.02 003 004 005 005 005

Figure 106 : Absorption coefficient for external walls (cafeteria)

2- internal walls ( 200 mm hollow block with both plaster side )

E ] = :' T ' e Er 3
100Hz 1kHz 10kHz

FreqHz) [63 [125 [250 [s00 |[1000 2000 4000 [eooo 1000
Vaue 001 001 002 003 004 005 005 005 1

Figure 107 : Absorption coefficient for internal walls ( cafeteria )

3- ceiling (' suspended ceiling tiles )

o P e Sy
WSS (R N AL N S R RS L
0.2 I[.._{ & ]

100Hz I II Il'locH: I I I '-:‘u;H:
FreqHz) |63 [125 [250 [sou 1000 Fuua [4000 [euua 16000

Value 018 017 035 QR 058 061 055 058 054 :l

Figure 108 : Absorption coefficient for ceiling ( cafeteria)
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4- Floor ( glazed tile)

WLt

B = = = B = 3|
100Hz kHz 10kHz

FreqHz] |63 [125 [250 [500 1000 [2000 [4000 [aonn 15000‘
Value 001 001 oo 001 002 002 002 002

Figure 109 : Absorption coefficient for floor (cafeteria)

The RT60 in cafeteria is in standard range (0.70 - 1.3 ) sec. See figure and table below

.. STATISTICAL REVERBERATION TME Zone 2

Milington-Sette

Figure 110 : Reverberation Time incafeteria

Table 21 : summary results of RT60 in cafeteria

Volume:

Surface Area:

4€8.060 m3
510.350 m2Z

QOccupancy: 24 (30 = BO%)
Optimum RT (S500Hz — Speech) : 0.70 s
Optimum RT (500Hz — Music) : 1.28 s

Volume per Seat:
Minimum (Speech) :
Minimum (Music) :

Most Suitable:

15.602 m3
4.289 m3
8.151 m3

Selected: Millington—-Sette (Widely varyving)
TOTAT, SABTNE NOR—ER
FREQ. ABSPT. RT (60) RT (60)
63Hz: 53.588 1.35 1.53
125H=z: 51.664 1.39 1.&0
250HzZ: ©9.552 1.00 2.13
500Hz: 104.498 0.69 2.39
1kHz: 104.837 0.68 2.15
Z2kHz : 113.424 0.6l 1.83
4kHz : 105.138 0.63 1.58
B8kHz: 110.070 0.54 1.21
16kH=z: 103.299 0.5& 1.18

Millington—-Sette (Widely wvaryving)

MIT—SE
RT (&0)

1.

22

1.26

Lo I o o T Y

.84
.48
.47
.42
.47
.40
.43
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Most result <.7 so we need to improve RTgo

So we used ceiling (Plywood 12mm thick perforated 5Smm diameter holes 6200 m2 11% open

area with 60mm deep air space behind ) instead of ceiling ( suspended ceiling tiles ) with
Absorption coefficient :

2]

g

O o0 09
[ S
!
b
it
¥
|
|

100Hz TkHz 10kHz

[ Freq(Hz]

125 [250 [sno [mon [2000 [4000 [enon [13000

020 035 055 030 025 030 030 030

Figure 111 : Absorption coefficient for ceiling ( cafeteria) NEW 2

ng STATISTICAL REVERBERATION TIME

\
v
|
g

Figure 112 : Reverberation Time in the cafeteria after improve RT60

Table 22 : summary results of RT60 in cafeteria after improve RT60

Volume : 468 .060 m3

Surface Area: 510.250 m2

COccupancy : 15 (30 = 50%)

Optimaom RT (S500H= — Speaech) : O.70 s

Optimum RT (S500H= — Music) : 1.28 =

Volume per Seat: 15.602 m3

Minimuom (Speech) : 4,289 m3

Minimum (Muausic) : Z2.151 m3

Most Suitable: Sabine (Uniformly distributed)
Selected: Sabine (UTniformly distrilbuted)
F—— +——————— +——— +——— F—— +
| TOTAL | SABINE | NOR-ER | MIL-—-SE |
FREQ . | ABSPT. | RT (&0) | RT(&0) I RT(&0) |
+ +—— +—— + + +
| &63H=: I 56.931 | 1.29 | 1.54 | 1.15 1
l125H=: I Se.&e79 | 1.29 | 1.0 | 1.15 1
1 2Z250H= = I &89.552 | 1.02 | Z2.z2z4 | o.86 |
1 500H= = | &66.045 | 1.08 | 2.87 | .90 |
| 1kH=: I 58.02z24 | 1.1 | 2.47 | 1.01 1
|l 2ZkH=: I 53.237 | 1.12 | 1.94 | 1.02 |
| 4kH=: I &83.342 | o.89 | 1.50 1 o.80 |
| 8kH=: I &3.258 | o.6e7 | .98 | o.ez2 |
l1lekH=: I &3.174 | O.66 | oO.9s | o.&el1 |

F—— +——————— +——————— +——— +——————— +
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Case 3 (open offices) :

Figure 113 : 3D Model of offices from ecotect

ABSORPTION COEFFICIENTS :

1- External walls (‘aluminum — isolation — gypsum board )

2

)

100Hz

— . L Ll
)
L3 = = r——

- E——
= o

1kHz

=]
==

-
===t

£]

10kHz

' FreqHz)

63 [125 [250 [500

1000 Fnua [4000 [enua

16000 ‘

Figure 114 : Absorption coefficient for external walls (open office )

2- internal walls ( 100 mm hollow block with both plaster side )

2=t

- e
pm g T £1

= i
L e w——
(. = = —r—

00Hz TkHz 'ja;Hg
FreqHz) [63 [125 [250 [s00 |[1000 2000 4000 [eooo 1000
Vae |00 001 002 003 004 005 |0.05

0.05 1

Figure 115 : Absorption coefficient for internal walls ( open office )
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3- ceiling (' suspended ceiling tiles)

[= ]

o D O O O O
(S

‘H‘.
100Hz TkHz 'J;Hz
FreqHz) |63 [125 [250 [500 1000 [2000 [4000 [snua 16000
Value 018 017 035 (k2058 061 055 058 054 :l
Figure 116 : Absorption coefficient for ceiling ( open office )
4- Floor ( glazed tile )
b a a & & gttt
Hz kHz 10kHz
FreqHz] |63 [125 [250 [500 1000 [2000 [4000 [aonn 15000‘
Value 001 001 00 001 002 002 002 002

Figure 117 : Absorption coefficient for floor ( open office)

The RT60 in open offices is in standard range (0.80 - 1.2 ) sec. See figure and table

e STATISTICAL REVERBERATION TME

Music

Figure 118 : Reverberation Time in the open office
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Table 23 : summary results of RT60 in open office

Volume: 314.330 m3
Surface Area: 3536.990 mZ
Occupancy: 20 (20 x 100%)

Optimum RT (500Hz - Music):
Volume per Seat: 15.716 m3
Minimum (Speech): 4.202 m3
Minimum (Music): 8.032 m3

Most Suitable:

Optimum RT (500Hz - Speech):

0.65 s
1.21 s

Millington-Sette (Widely varying)

Selected: Millington-Sette (Widely wvarying)
TOTAL SABINE NOR-ER MIL-SE
FREQ. ABSPT. RT (60) RT (60) RT (60)
63Hz 37.841 1.24 1.50 1.12
125Hz 36.603 1.27 1.53 1.15
250Hz 47.122 0.94 1.87 0.80
500Hz 70.052 0.66 1.92 0.46
1kHz 70.305 0.64 1.72 0.46
2kHz 76.330 0.57 1.42 0.40
4kHz 71.070 0.57 1.21 0.44
SkHz 74.367 0.48 0.90 0.37
l6kHz £9.873 0.49 0.87 0.39

Most result < < .8 so we need to improve RTg

So we used ceiling (Plywood 12mm thick perforated 5mm diameter holes 6200 m2 11% open
area with 60mm deep air space behind ) instead of ceiling ( suspended ceiling tiles ) with
Absorption coefficient:

[ 1 1 O R PR Y AP JR JRS DU N PR IS JRURN NP (PR B R 4
0.3 N e
02} - s . <

A4 :
00Hz kHz 10kHz
| FreqHz) |62 [125 [250 [500 1000 [2000 [4000 [snua 13000‘
Value 020 035 05 030 025 030 030 030

Figure 119 : Absorption coefficient for ceiling ( open office ) NEW
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e STATISTICAL REVERBERATION TME

Zone 3

Nortis-Eyring Millngton-Sette

Figure 120 : Reverberation Time in the open offices after improve Rt60

Table 24 : summary results of RT60 in open office after the improve

Volume: 314.330 m3

Surface Area: 356.990 mZ

Occupancy: 20 (20 x 100%)

Optimum RT (500Hz - Speech): 0.65 s
Optimum RT (500Hz - Music): 1.21 s

Volume per Seat: 15.716 m3
Minimum (Speech): 4.202 m3
Minimum (Music): 8.03Z2 m3

Most Suitable: Sabine (Uniformly distributed)
Selected: Sabine (Uniformly distributed)

TOTAL SABINE NOR-ER
FREQ. ABSPT. RT (60) RT (60)
63Hz: 40.067 1.18 1.49
125Hz: 39.941 1.17 1.51
250Hz: 47,122 0.94 1.87
500Hz: 57.810 0.78 2.05
1kHz: 39.144 1.03 1.90
2kHz 36.266 0.96 1.47
4kHz: 43,247 0.76 1.14
8kHz: 43,205 0.55 0.73
16kHz: 43.163 0.54 0.72

MIL-

SE

RT (60)

.06
.05
.80
.61
.91
.88
.69
.22
.51

o0 o0 o000 o
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Case 4 (gyminfloor 15) :

Figure 121 : 3D Model of gym from ecotect

ABSORPTION COEFFICIENTS :

1- External walls (‘aluminum — isolation — gypsum board )

o P P .- .
100Hz TkHz 10kHz

| FreqHz) |63 [125 [250 [500 1000 [2000 [4000 [snua 13000‘
Value 001 001 0.02 003 004 005 005 005

Figure 122 : Absorption coefficient for external walls ( gym )

2- internal walls ( 100 mm hollow block with both plaster side )

.

h \ T T T
= e e = e T—r—— = H H
100Hz 1kHz 10kHz

PR 1
—rZT £]

FreqHz) [63 [125 [250 [s00 |[1000 2000 4000 [eooo 1000
Vae |00 001 002 003 004 005 005 005 1

Figure 123 : Absorption coefficient for internal walls (gym )
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3- ceiling (' suspended ceiling tiles)

[= ]

o D O O O O
(S
U]

100Hz 1kHz 10kHz

16000

FreqHz) |63 [125 [250 [500 1000 [2000 [4000 [snua

Value o1g 017 035 QR 058 061 055 058 054 :l

Figure 124 : Absorption coefficient for ceiling ( gym)

4- Floor ( glazed tile)

b a8 o ORI . S o = —
100Hz 1kHz 10kHz

FreqHz] |63 [125 [250 [500 1000 [2000 [4000 [aonn 15000‘

Value 001 001 oo 001 002 002 002 002

Figure 125 : Absorption coefficient for floor( gym )

The RT60 in gym s in standard range (1.0 - 1.5) sec. See figure and table below

e STATISTICAL REVERBERATION TIME

Figure 126 : Reverberation Time in the gym

115|Page




Table 25 : summary results of RT60 in gym

Volume: 292.200 m3

Surface Area: 335.825 mZ

Occupancy: 13 (25 x 50%)

Optimum RT (500Hz - Speech): 0.64 =
Optimum RT (500Hz - Music): 1.20 s

Volume per Seat: 11.688 m3
Minimum (Speech): 4.250 m3
Minimum (Music) : 8.097 m3

Most Suitable: Millington-Sette (Widely varying)
Selected: Millington-Sette (Widely varying)

TOTAL SABINE NOR-ER MIL-SE
FREQ. ABSPT. RT (&0) RT (60) RT (60)
63Hz 35.583 1.25 1.40 1.12
125Hz: 34.407 1.27 1.43 1.15
250Hz : 44,416 0.95 1.87 0.81
500Hz : 66.082 0.66 1.93 0.46
1kHz : 66.319 0.64 1.72 0.46
2kHz : 71.937 0.57 1.43 0.40
4kHz : 66.930 0.57 1.19 0.43
S8kHz : 70.039 0.47 0.86 0.36
16kHz : 65.796 0.48 0.84 lo.38

Most result < < 1 so we need to improve RTg

So we used ceiling (Plasterboard 10mm thick backed with 25mm thick bitumen ) instead of
ceiling ( suspended ceiling tiles ) with Absorption coefficient :

0.3| - W8
e I VR 1
) . EEEEL " re—*
100Hz TkHz 10kHz
FreqHz) 125 [250 [500 1000 [2000 [4000 [snua 16000
n
Value 030 020 15 005 005 005 005 005 |4

Figure 127 : Absorption coefficient for ceiling ( gym ) NEW

And we used Floor ( ConcSlab_Timber_OnGround ) instead of Floor ( glazed tile )
with Absorption coefficient :
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Figure 128 : Absorption coefficient for floor (gym ) NEW

Now the result OK as shown below :

STATISTICAL REVERBERATION TIME

#°| speech

Music

Figure 129 : Reverberation Time in the gym after the improve

Table 26 : summary results of RT60 in gym after the improve

Volume: 292 .200 m3

Surface Area: 335.825 m2

Cccupancy: 13 (25 = 50%)

Optimum RT (500H=z — Speech): 0O.64 =

Cptimum RT (500H=z — Music) : 1.20 =

Volume per Seat: 11.688 m3

Minimum (Speech): 4.250 m3

Minimum (Music) : 2.097 m3

Most Suitable: Sabine (Uniformly distributed)
Selected: Sabine (Uniformlwy distributed)
+—— +—— +—— +—— +—— +
| 1___TOTAL | SABINE | NOR-ER | MIL-SE |
FREQ. | ABSPT. | RT(60) | RT(60) | RT (&0) |
o e +——————— +———————— ————— +
| &63H=: | 52.389 | 0.88 | 1.33 | o.76 |
|I125H=: | 51.575 | 0.89 | 1.37 | Q.77 |
|250H=: | 35.236 | 1.21 | 2.11 | 1.12 |
|500H=: | 34.813 | 1.23 | 2.62 | 1.14 |
| 1kH=: | 24.719 | 1.44 | 2.11 | 1.38 |
| 2ZkH=: | z2z4.0929 | 1.14 | 1.44 | 1.11 |
| 4AkH=: | 22.952 | 0.82 | 0.91 | .80 |
| 8kH=: | 26.976 | 0.48 | 0.54 | 0.48 |
l16kH=: | 29.830 | 0.49 | 0.56 | 0.48 |

b b e b —— +
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3.2.6.3. Noise control @

to address speech privacy and noise control issues we used ( sound masking system ) see figer

Figure 130 : Sound masking system

A sound masking system basically consists of a series of loudspeakers installed in a grid-like
pattern in the ceiling, as well as a method of controlling their zoning and output. The
loudspeakers distribute a background sound, raising the facility’s ambient level in a controlled

fashion.

The premise behind this solution is simple: any noises that are below the new background level
created by the masking sound are covered up and the impact of those still above it is lessened
because the degree of change between baseline and peak volumes is smaller. Similarly,
conversations are either entirely masked or their intelligibility is reduced, improving occupants’
privacy and decreasing the number of disruptions to their concentration .

The Sound Masking System is easily installed in new or occupied facilities of any size , and
System that we used called (LogiSon) and consists of :
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1- Control panel :

The Network Control Panel (NCP-2) can be wall-mounted within a room or closet. It
provides the functionality of numerous rack-mounted components, reducing the costs,
energy and space needed for equipment.

Control Performance

Masking Performance
Volume

Equalization (w/ PC}

Preset Contours

Paging Performance
Audio Inputs

Zone Configuration
Volume
Equalization (w/ PC}

Preset Contours

Timer Performance
Zone Number

Zone Size

Schedule

Volume Changes Per Day
Volume Increments

Rate of Change

Exception Schedules
Delayed Start Feature

Ramp Up Feature

Daylight Savings Adjustment

Components per Panel
Max. # of Componenets

Max. # of Loudspeakers

Network Type
Upstream from Panel Input

Downstream from Panel

MNetwork initialization, masking, paging, timer, keypad settings, zoning

paging/music inputs, system monitoring and diagnostics

3510 85 dBAIn 0.5 dBA steps + mute
1/3-octave, 23 bands, 63 to 10,000 Hz

50 preset options; ustomization of each band

3, any combination of auxiliary, telephone and microphone

Zone 1,2, 3 or none; unlimited zones with Page Director Software
3510 85 dBA @ 1 min 0.5 dBA steps + mute

1M-octave, 8 bands

50 preset options; customization of each band

Upto9

Unrestricted

Unique schedules for each day

Upto9

0.5 dBA steps

0 to 9 minutes perincrement

Up to 30 days, 3user defined schedules

Yes

Up to 15 days, user defined schedule in 0.5 or 1dBA steps
Yes

125 per panel
375 per panel

Open; protected with 128-bit AES encryption

Closed; standard RS-485
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Connections

Power Input 3-pin, screw terminal
Metwork Cuput G-pin

Ethernet Connections 10 Base-TRJ-45

Audio Inputs 3-pin, screw termainal X3
Priority Page 2-pin, screw terminal
Power

Input 30 wvdc

Output 30 Vdc

Consumption Maximum 12 W
Ground Earth Ground

Relay Outputs 2-pin, screw terminal x2
Battery

Size 172 AA

Vaoltage 36V

Life Expectancy 10 years

Physical Specifications

Dimensions (WxHxD) 28 % 23 x7.6cm; 11 x9 x3inches

Enclosure Steel with powdercoat finish

Caolor Charcoal grey

Weight 2 kg; 5 lbs

Keypad 20-key membrane panel

Display 4 x 20 backlit LCD
Meunting 4 keyhole mounting positions

Security

Physical Key-lock enclosure

Electronic Password required to access settings; 2 levels
Warranty 5 years; see LogiSon® Product Warranity for details
Certifications Meets UL, FCC and CE standards; RoHS compliant

Figure 131 : Control panel specifications

2- Hubs:
Primary Hubs are connected to the Network Control Panel in series and each one is
automatically assigned a unique operating address during system start up. The panel uses
these addresses to communicate with the hubs, allowing the administrator to program the
zoning and output variables for individual loudspeakers.

120|Page




Masking Performance
Sound Generation

Wolume
Equalization (wiPC)

Freset Contours

Paging Performance
Zone Configuration

Wolume
Equalization (w/PC)

Preset Contours

Timer Performance

Components per Hub
Mumber of SMH-1

Mumber of Loudspeakers

Connections
MNetwork Input

MNetwork Output

SMNH Output

Loudspeaker Assembly Cutput
Power Input (PNH-2F)
Accessory Input (PNH-2A)

Cabling
PMH to PMH

PMNH to SMNH

Power
Input

Consumption

Digital Signal Processor (DSP), truly random
(nondeterministic)

35 to 85 dBA In 0.5 dBA steps + mute
1/3-octave, 23 bands, 63 to 10,000 Hz

50 preset options; customization of each band

Fone 1,2, 3 or none
350 85 dBA @ 1 min 0.5 dBA steps + mute
1/M1-octave, 8 bands

50 options

Zoning and events set using Network Control Panel
or Acoustic Network Manager Software

0to 2
103

B-pin
6-pin
2-pin x2
2-pin
2-pin
B-pin

CAB series cable

CAZ series cable

40 Vdc

3.6 W at typical settings; 6.4 W at maximum settings

Power
Input

Consumption

Integrated Amplifier

Physical Specifications
Dimensions (W= H)

Enclosure

Colour

Weight

Mounting

Security
Physical
Electronic

Warranty

Certifications

40 Wdc

3.6 W at typical settings; 6.4 W at maximum settings

5 Watts

13.0 cm x 4.5 cm; 5.1 inches x 1.75 inches
Flenum-rated resin

Off-white or charcoal grey; custom colors available
*White available for use with LA-10P (not plenum
rated)

02 ka;041b

Flexible mounting options; see installation manual

Mo physical controls

Monitored of communication, power and
loudspeakers

& years; see LogiSon® Product Warranty for details

Meets UL, FCC and CE standards and is approved
for use in air-handling plenums; RoHS compliant

Figure 132 : Hub specifications
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3- Loudspeaker :

A loudspeaker is suspended from a hub and used to broadcast masking, paging and/or
music. The LA-1 model is very flexible and used throughout most LogiSon Sound
Masking System installations. The custom clip allows the length of chain to be adjusted
without tools. Slack cable retracts into the enclosure, ensuring tidy installation. The full-
range driver provides output exceeding the typical masking spectrum of 100 to 5,000 Hz,
including the lower frequencies needed for comfort.

Specifications

Audio Performance

Masking Output
Paging Output

Driver Specifications

Frequency Range
Dimension
Power Handling
Sensitivity
Magnet Structure

Impedance

Connections

Loudspeaker Input

Cabling

Loudspeaker to Hub

Physical Specifications

Dimensions (W x H)
Enclosure

Color

Weight

Mounting

Method
Chain Length
Chain Adjustment

Loudspeaker Crientation

Cable Management

Warranty

Certifications

87 dBA maximum
87 dBA maximum

90 to 10,500 H=
10.1 cm; 4 inches
25 W (RMS)

88 6 dBA @ 1TW ./ 1m
510 4g; 18 oz

186 ochms

2-pin

Integrated cable assembly

16.5x 9.0 cm; 6.5 x 3.5 inches
Plenum-rated resin

Off-white or charcoal grey;
custom colors available

0.95 kg; 1.9 lbs

Suspend from hub or from deck
61 cm; 24 inches
Tool-free clip

Upwards; tool-free reversibility to downwards if
necessary

Slack retracts into enclosure

5 years: see LogiSon® Product Warranty for details

LA-1 and LA-1CM meet UL, FCC and CE standards
and are approved for use in air-handling plenums;
LA-1OF meets UL, FCC and CE standards; all are
RoHS compliant

Figure 133

: loudspeaker specifications
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4- Audio Input Modules :

Audio Input Modules are used to connect paging and/or music sources to the Network
Control Panel. They offer analog to digital conversion and automatically adjust for input
sensitivity. Each panel accepts any combination of three inputs: Auxiliary (AIM-2A),
Microphone (AIM-2M) and Telephone (AIM-2T).

Specifications

Auxiliary
Input Impedance
Input Level
Input Sensitivity
Gain

Frequency Response

Microphone
Input Impedance

Input Level
Input Sensitivity
Gain

Frequency Response

Telephone
Input Impedance

Input Level
Input Sensitivity
Gain

Frequency Response
Warranty

Certifications

100 kohm

10V maximum

300 mV for maximum output

Maximum 20 dB, adjustable in thirty two 1 dB steps
2010 10,000 Hz

600 ohm

30 mV maximum

1 mV for maximum output

Maximum 70 dB, adjustable in thirty two 1 dB steps
2010 10,000 Hz

600 ohm

10V maximum

300 mV for maximum output

Maximum 20 dB, adjustable in thirty two 1 dB steps
2010 10,000 Hz

5 years; see LogiSon® Product Warranty for details

Meets UL, FCC and CE standards; RoHS compliant

Figure 134 : Audio Input Modules specifications
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5- Cable:

A single line of plenum-rated, low-voltage cable connects the components, carrying

power, control and audio signals across the LogiSon Sound Masking System.

c PP
SpecHications

Physical Specifications
Lengths

Connectors

Gauge
Material

Color
Warranty

Certifications

CA2-55M15m

CA2-1818M 55m
CA2-2525M 7.6 m
CA2-50501 152 m

CAB-55M15m
CAB-1818M 55m
CAB-25 251 7.6 m
CAB-5050M 152 m
CAB-1001001; 30.4 m

2- and G-pin over-molded micro-connectors featuring
orientation guides and positive-lock mechanism

20 AWG
Copper stranded

White or charcoal grey

5 years; see LogiSon® Product Warranty for details

Meets UL, FCC and CE standards and is approved for
use in air-handling plenums; RoHS compliant

Figure 135 :

cable specifications
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6- Power:

The LogiSon Sound Masking System’s energy consumption is very low: less than that of

a typical light bulb for an area of 13,500 ft2.

Distribution of system units on plan :

Figure 136 : Distribution masking sound system units in open office
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3.3.structural design

3.3.1. Introduction
In this chapter, the structural elements were designed by studying the loads and stresses that

these elements are subjected to. loads are divide to static loads such as gravity
loads(O.W,SID,live ..etc ) and dynamic loads such as earthquakes. This design expected to
protect the building from failure under loads to improve the safety needs for human.

Etabs 2015 software program was used to analysis the frames in the building. SAP2000v16 was
used to analysis and design the concrete water tank and safe v14.2 software program was used to
analysis and design the foundation.

3.3.1.1. Structural system
concrete frame system was used in the project , because the ratio between the long span and

short span less than one the two way ribbed slab system was used in the project It is usually used
to minimize the dead load of the slab by using special hollow blocks .

3.3.1.2. Material properties
The materials used consist the following properties:

Concrete:

- Compressive strength of concrete (f'c): it is the compressive strength of test cube of cylinder
measured after 28 days.

f'c(beam and slab,isolated footing ) =28 MPa (B350 ),

f'c (column ,shear wall and Foundation )= 48 MPa (B600)

- Modulus of elasticity: it equals 4700vf'c = 24870MPa.

- Modulus of elasticity: it equals 4700vf'c = 32562MPa.

Steel:
- Steel bars: yielding strength (Fy) = 420 MPa.

Soil : the soil in the site has the following properties:
- Allowable bearing capacity (g) = 300 KN/m2
- The friction angle (@) = 300
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3.3.1.3. Loads
Loads that effect on structures can be divided into three board categories: dead load, live loads,
lateral loads.

» Dead loads (D.L):- Own weight: the loads due to the own weight of the structure, which
will remain constant during the life of the building.

» Super Imposed dead load (SID):-it is considered as dead load it result from the own
weight of the backfill, the tile and mortar.

» Live Load (L.L):- The expected load that the structure will carry it, such as the people,
machines, and all movable loads expected during the life of the structure.

» Lateral loads consider earthquake load.
Sample calculation for SID loads on the slab

Filling: yfilling = 17 KN/m3, thickness = 6 cm
Weight =17 * 0.06 = 1.00 KN/m2

Mortar: ymortar = 22 KN/m3 ,thickness = 3 cm
Weight =22 *0.03 = 0.66 KN/m2

Tile: ytile = 20 KN/m3, thickness = 2 cm
Weight =20 * 0.02 = 0.40 KN/m2
the weight of the partition = 0.94 KN/m2

» SID =3.00 KN/m2
SID (on slab ) = 3KN/m2
SID (offices floors parameter )= 3 KN/m2
SID (commercial floors parameter ) = 23KN/m2
Live load for offices = 3 KN/m2, and for stores, parking,commercial floor and stairs = 5 KN/m2

3.3.1.4. Load Combinations
The following are the load combinations and factors of safety in design from ACI 318-08:

Ultimate combination

1) Wu=1.4D.L.

2) Wu=1.2D.L+ 1.6L.L + 0.5(Lror S or R).

3) Wu=1.2D.L +1.6(Lr or Sor R) + (1.0L or 0.8W).
4) Wu=1.2D.L+ 1.6W + 1.0L + 0.5(Lror Sor R).
5) Wu=1.2D.L £ 1.0E + 1.0L + 0.2S.

6) Wu=0.9D.L £ (1.6W or 1.0E).
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Where :
DL:dead load, L: live load , E: Earthquake Load
S: Snow Load, W: Wind load, Lr: Roof live Load, R: Rain load.

Service combination

D (12-7)

D+ L+ (L orS) (12-8)

D+ (w or ]%) (129)

09D + IL—4 (12-10)

D+ 0,75[L +(LyorS) + (Wor T%)] (12-11)

3.3.2. Preliminary design

3.3.2.1. Beams and Columns

we assumed dimensions for beam and column after analysis the dimensions was ok
Depth and width :
in the project we have one type of beams, wich is drop beam.

The selection of the depth of dropped beams made to meet the deflection requirements according
to the ACI318 code requirements .

the appropriate dimensions have be to chosen to satisfy the safety criteria. As preliminary
dimensioning, 70*60cm and are going to be used, column 1,2* 1.2 and 0.5*0.5.

3.3.2.2. Shear wall

The thickness of shear wall equal 40 cm .

3.3.2.3.slab
According to ACI Code 9.5.3 specifies a minimum slab thickness — for two way slab- to

control deflection.

For afm>2.

In(0.8+l)
—— 200" _ y(min
36+9B
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*Assume ( columnsis D = 1.2 m, beams width is 70 cm) .

long..clear.span _ 8.3-1.2
short..clear..span 8-1.2
7.1x1.1

36+9x1.04
Try ribbed section with block (40 * 20 * 24) :

=1.04

h(min) = =17cm , Try h =20 cm ( Igoliq) = 366*10° mm®) .

~—15c = Ocm———A5 cm——

rib section

Figure 137 : rib section

The section dimensions for the ribbed slab are shown in figure.
According to ACI code:
bw= 150 mm > 100mm
h =300 mm <3.5bw=3.5X150=525 mm.
S =400 mm <750mm.
hf=100mm > 50mm.

>S/12=400/12=33.33 mm.
= Rib dimensions are OK
1gqiny = 582*10° mm* >> 1gsoig) = 366*10° mm* ok

we must check section for shear :

55

20

15

20

Figure 138 : plane of two way slab
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slab own weight :

W, = {(0.55*0.55*0.3) - (0.2*0.2%0.2*4) }*25 + {4*0.2*0.2*0.2}*12
W, = 1.852KN/two way rib unit

W, = 1.852/(0.55*0.55) = 6.12KN/m’

Wu=12WD+16WL=12(6.12+3)+1.6(5)=18.94 KN/m?
WU distributed load on rib) = 18.94* 0.55 = 10.41 KN / m.rib

Check shear

= 10.41{ %8—0.26 }

=274 KN

DV, = %\@ *Pud*1.1
=284 KN>V,4 (good)

Check afm:

Figure 139 : Plane for check alpha

130|Page




_ 1.26%1010

. ofl =Ib/IS—m =2.88
12
1.26%1010
.af2=1b / Is Zm =1.44
12
%1010
Laf3=1b/Is =D =288
12
%1010
Lofd=Ib/Is - = 1.44

12

ofm= (afl + af2+ af3+ afd) / 4
ofm;= (afl + af2+ af5+ af6) /4 =2.16
afmy= (afl + af2+ af6+ af6) / 4 =1.92
afms= (af2 + af3+ af5+ af6) / 4 =1.92
least value of afm =1.92 .
0.2 < afmy <2 - use

™R 36 4+ 58(Afm—. 2)

_ 83-12
3-1.

=1B

oo
N

Rpmin = 18cm so ... use h=30 cm

b*h3 550%1803
19soliay = —- = " = 267*10°mm*

19 iy = 570%10° mm* >> Igsoliq) =267*10° mm* ok
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3.3.3. Analysis and Verification
3.3.3.1. 3D ETABS Model

The building is modeled as 3D structure using ETABS program, columns and beams are
modeled in Etabs as frame elements (lines), while, shear wall and slabs are modeled as area
elements (shells ).

There are many steps that must be followed on Etabs to reach the final design such as:
1. Define the unit: “kN, m, C” was usedin the model .

2. Draw grid lines, the spacing between these lines was taken from AutoCAD architectural
drawings.

3. Define materials, frame sections, and area sections.
4. Define load pattern and load cases.
5. Draw the model.

For defining materials, the material used for the slabs, beams,columns and shear walls is
concrete B600 (48 MPa) For each section, modifiers shall be defined. Figures shows the
modifiers for slab, beam and column.

Slab Modifier

Type Membrane Membrane Membrane Bending Bending Bending
11 22 12 mll m22 mil2
direction direction direction Direction Direction Direction
Slab
Modifier 1 1 1 0.25 0.25 0.25
Shear Shear Mass Weight
vl3 V23
direction direction
1 1 1 1
Beam Modifier
X
Type Cross Shear Shear | Torsional | Moment | Moment | Mass | Weight
section Area Area constant of of
Axial in 2 in 2 inertia inertia
area direction | direction about 2 | about 2
axis axis
Beam
Modifier 1 1 1 0.001 0.35 0.35 1 1
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Column Modifier

Type Cross Shear Shear Torsional | Moment | Moment | Mass | Weight
section Area Area constant | of of
Axial in2 in 2 inertia inertia
area direction | direction about 2 | about 2
axis axis
Column
Modifier 1 1 1 0.001 0.7 0.7 1 1
Shear wall Modifier
Type Membrane Membrane | Membrane Bending Bending Bending
f11 f22 f12 mil m22 mi2
direction direction direction Direction Direction | Direction
Shear
wall 1 1 1 0.7 0.7 0.7
Modifier
Shear Shear Mass Weight
vi3 V23
direction direction
1 1 1 1

»  After drawing the modal and defining sections property , loads shall be inserted in the

modal .
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3.3.3.2. Modal Verification

» Compatibility Check:

we make this check to insure that all the structural elements are compatible with each other
which main the all elements of structure are connected with other . This can be achieved and
improved by noticing and analyzing the deformed shape animation of the structure model from
Etabs. By start animation for the modal and display the deformed shape we notice that all the
structural elements are compatible with each other’s. The value of factor (T =1.7 s ) is within the

acceptable range which mean that our structure is OK .

The following figure explain the compatibility check

r
413-D View - Displacements (envelope service) Min [mm] | v X | | (d43-DView -Di

pe service) Min (mm]

Figure 140 : compatibility check

» Equilibrium check:

It’s the second main check in this check we compare between the ETABS results that concerning
with the dead ,live and SID load of the building with manual calculation with accepted
percentage error less or equal than 5%, in this check we insure that the load put on the modal is

correct.
Equilibrium from live load:-

Total area of the building = 19603.2m2.
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» Manual solution for building :
Total live load = {(live load/m2) * (Area)}

» By using excel sheets

G F E D C B A

live load live Area floor 4
10805.75 5 2121.15 1 5
10605.75 5 2121.15 2 6
10853.09 5 2170.618 3 7
6681.932 5 1336.386 4 8
5968.136 5 1193.627 5 9
1683.201 3 561.067 5] 10
1683.201 3 561.067 7 11
1683.201 3 561.067 8 12
1683.201 3 561.067 9 13
1683.201 3 561.067 10 14
1683.201 3 561.067 11 15
1683.201 3 561.067 12 16
1683.201 3 561.067 13 17
1683.201 3 561.087 14 18
1683.201 3 561.0687 15 19
1683.201 3 561.067 18 20
1683.201 3 561.067 17 21
1683.201 3 561.067 18 22
1683.201 3 561.067 19 23
1683.201 3 561.067 20 24
1683.201 3 561.067 21 25
1683.201 3 561.067 22 26
1683.201 3 561.067 23 27
1683.201 3 561.067 24 28
76695.48 29

30

31

Figure 141 : total live load by hand

» Total Live load by hand = 76695.48 KN
» Total Live load from Etabs = 76516.55 KN

Load Case/Combo Fx FY FZ
kN kN kN

v TR 0.0246 0.0942 280594,5238
i wor e

SID 0.0073 0.0199 72471.9021

Figure 142 : Total live load from ETABS

v’ % Error = 188934877651655 , 15094 = 0.233% < 5% Check is OK

76695.48

Equilibrium from SID :-
Total area of the building = 19603.2m2.

» Manual solution for building :
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Total SID load = {(live load/m2) * (Area)}+( parameter * SID/m )

» By using excel sheets

R B o) N M L K | H G
SID tot Atotal *3
14122.68 0 o 0 1 3 2121.15 1
0 0 0 2 58809.614 3 2121.1% 2
0 0 0 3 3 2170.618 3
3927.94 23 170.78 4 3 1336.386 4
3927.94 23 170.78 5 3 1193.627 5
301.2 3 100.4 6 3 561.067 6
301.2 3 100.4 7 3 561.067 7
301.2 3 100.4 8 3 561.067 8
301.2 3 100.4 9 3 561.067 9
301.2 3 100.4 10 3 561.067 10
301.2 3 100.4 1" e —— 3 561.067 1"
301.2 3 100.4 12 ltotal for two 3 561.067 12
301.2 3 100.4 13 72932.294 3 561.067 13
301.2 3 100.4 14 3 561.067 14
301.2 3 100.4 15 3 561.067 15
301.2 3 100.4 16 3 561.067 16
301.2 3 100.4 17 3 561.067 17
301.2 3 100.4 18 3 561.067 18
301.2 3 100.4 19 3 561.067 19
301.2 3 100.4 20 3 561.067 20
301.2 3 100.4 21 3 561.067 21
301.2 3 100.4 22 3 561.067 22
301.2 3 100.4 23 3 561.067 23
301.2 3 100.4 24 3 561.067 24
544 17 32 raﬁ)

Figure 143 : total SID load by hand

> Total SID load by hand = 72932.29 KN
» Total SID load from Etabs = 72471.9 KN

Load Case/Combo FX FY FZ
ki

280594.5238
76516.556

Dead -0.0246 0.0942
0.0099 0.017

SID > 0.0073 0.0199

Live

Figure 144 : Total SID load from ETABS

72932.29-72471.9
72932.29

v' % Error = *100% = 0.63% < 5% Check is OK
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Equilibrium from dead load:-

Manual solution for all building :

— i G1DS00  parking

type floor dead 18
O.W slab 610 19 65241.2 19 .
O.W slab 4 7304.9 20 G2 D'I 200 parkmg
O.W slab 5 8178.6 21
O.W slab 1 13284 22 ,
oW .
owess |73 CTIEE. G3DA00  commercial
main beam 23 1041.78 25 .

in b 22 1045.45 26
e TR - R 6401200 commercia
main beam 20 1045.73 28
. a2 G5 D1200 offices
ma!n beam 17 1038.35 31
R R GED1N0 ofices
main beam 14 1039.91 34

main beam 1" 1039.25 37
main beam 10 1038.29 38
main beam 9 1039.91 39
main beam 8 1039.61 40
main beam 7 1039 41
main beam 6 1039 42
main beam 5 2450 43
secondary beam 5 427.2 44
main and secondary 4 2889.46 45
main beam 1+2+3 9399.72 46
shear wall 1to 3 19635 47
core shear 1to 24 80525.7 48

123.37
3560.76
5838
23738
1186.92
1293.66

mainbeam 12 fosese s G7D 1200 offices 1443h52 5

49
0
5
52
53
3

3

Figure 145 : Hand calculation for the daed load

Total weight from manual calculation = 272759.7 kN

» Total weight from Etab = 280594.5 kN.

Load Case/Combo FX FY
kM kM
> Dead 0024 0.0942
Live 0.0099 0.017 76516.556

Figure 146 : Total dead load from Etabs

280594.5—-272759.7
280594.5

v % Error = * 100% = 2.79 % < 5% Check is OK

Internal forces check (Stress — Strain Relationship) :

This check shows comparisons between internal forces results(moment ,axial,shear...etc )from

ETABS analysis and hand result.
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> Axial check for columns:

This check was carried out for five columns have been selected randomly, the table below show

comparison between the Etabs result and hand result.

Table 27 : percent of error in column axial force

Column Manual result(KN) | Etab result (KN)

Column (floor 502.26 510.59
Column (floor 756.85 705
Column (floor 7031.64 7161
Column (floor 10595.9 9715.6

Column (floor 19164.4 20074.2

1)(interior)

Sample calculation:
» Manual : Column (floor 11)(corner)

load on the column:

-live = (17.5*3) = 52.5 KN

- SID = (17.5*3) = 52.5 KN

- Dead load from slab = (17.5* 6.12) = 107.1KN

- weight of beam = (4.18*0.7*0.6*25*2) = 87.78 KN

- weight of column = (3.58*3.14*0.62*25 ) = 101.17 KN

Ultimate load on the column:

1.63 <10 ok

6.85 <10 ok

1.8 <10 ok

9 <10 ok

45 <10 ok

Pu(hand) = 1.2(52.5+107.1+87.78+101.17) +1.6(52.5)= 502.26*14 = 7031.64 KN

Pu (Etab) = 7161 KN

7161—-7031.64
v % Error=———

*100% = 1.8 % < 10% Check is OK
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[ Diagram for Brace D167 at Story Story11 (C1200)

Load Case/Load Combination End Offset Location

O Load Case @ Load Combination O Modal Case 0.0000
UDCon2 > JEnd | [35846

Length 3.5846

Component Display Location
Adal (Pand T) (@ Show Max O Scroll for Values

Axial Force P

-7161.060S kN
at 0.0000 m

Figure 147 : column axial forces from ETAB

» Check For beams :

This check shows comparisons between internal forces results(moment) from ETABS analysis
and hand result . This check was carried out for four beam have been selected randomly, the
table below show comparison between the Etabs result and hand result.

Table 28 : percent of error in the result

Beam Location W EQIEL Etab % Error
Moment Moment

Beam Floor 24 397.5 400.72 0.8< 100k

Floor 4 706.96 640.36 9.4 <100k
Floor 2 477.6 4335 9.2 <100k
Floor 6 642.36 616.4 4 <100k

Sample calculation:
» Manual :beam (floor 4)

load on the beam :

- Trebutary Area = 32 m?

-live = (32*5) =160 KN

- SID = (32*3) =96 KN

- Dead load from slab = (32* 6.12) = 195.84 KN
- weight of beam = (8*0.7*0.6*25*) = 84 KN
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Ultimate load on the beam :

Pu(hand) = 1.2(96+84+195.84) +1.6(160)= 707 KN
Wu = Pu/L = 707/8 = 88.37 KN/m

WuxL? _ 88.37x82

Mu(hand ) = . = 706.96 KN.m
M1+M2 373.53+314.2
Mu (Etab) = (*2*2) + M3 = 22222 1 996 5 = 640.36 KN.m
706.9—640.36 .
v % Error=—————%100% = 9.4 % < 10% Check is OK
—
[l Diagram for Beam B66 at Story Story4 (B 700 *600) <
Load Case/Load Combination End Offset Location
O Load Case (@) Load Combination (O Modal Case LEnd 0.6000 m
UDCon2 ~ | J-End | |7.7500 m
Length |8.0000 m
Component Display Location
Major (V2 and M3) et (O Show Max (@ sScroll for Values @\ m
Shear V2
-16.3144 kN
| [ ]
[
Moment 143
I\l\l\ m 296.5170 kN-m

Figure 148 : Ultimate moments from ETABS

» Check For slabs:

This check was carried out for three slab have been selected randomly, the table below
show comparison between the Etabs result and hand result.

Table 29 : percent of error in check rib result

Slab Location Manual Etab Moment | % Error
Moment KN.m/rib
KN.m/rib

Slab 1 Floor 24 62.45 43.67 30
Slab 2 Floor 5 69.8 48.6 30
Slab 3 Floor 4 62.45 48.73 22
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v" Sample calculation:

Manual:

Dead load =3.36 KN/rib.

Super imposed = 1.65 KN/rib .

Live load = 1.65 KN/rib.

Length of rib = 7.6 m.

The ultimate load on the rib = 1.2(3.36+1.65) + 1.6*1.65 = 8.65 KN/rib.

* 2 * 2 .
Mu(hand ) = 7= = 22272 = 62,45 KN/m.rib
From Etab:

M1 = 18.7 KN.m/m.

M3 =48.2 KN.m/m.

M2 = 44.1 KN.m/m.

Mu (Etab) = (*2*2) + M3 =

v %Error=%*100%=30%

18.7+44.1

+ 48.2 = 79.4KN.m/m = 43.67 KN/m.rib

> Note : the result of hand more than the result from Etab because the load transfer in the
opposite direction .
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3.3.3. Dynamic Analysis (Response spectrum analysis):

using Response spectrum analysis on the building perform the dynamic analysis , UBC97
design code was used in these stage .

3.3.3.1. Dynamic data input
» The following parameters are required to perform the dynamic analysis:
e 1. Importance factor: I =1 .
e 2. Peak Ground Acceleration (PGA): the value of (Z) = Rock acceleration/g, since the

3.3.3.2.Earthquake data input

building is located in Nablus city according to Palestine seismic map Zone is 2B with
Z=0.2.

e Soil profiles in the project (SD) & the soil stiff.

e Seismic coefficient (Cv) = 0.4.

e Seismic coefficient (Ca) = 0.28.

e The structural system to be designed is assumed to be Sway Intermediate.

e Response modification factor (R) =5.5.

3.3.3.3. Dynamic check

» Check Dynamic Analysis Results (Response spectrum analysis):
In order to make the results correct, the base shear from response spectrum function have to
be made close to the base shear from the equivalent static method (manual).

> Period:

We have to calculate the period manually and compare it with Etabs results.

Calculate the period for the building (Manually):

T=Ct » hn3/*

Where:

- Ct = 0.0488 When unit in m, for the building that classified as others building in UPC97
- hn= Total height of the building = 84 m.

Th=0.0488 * 843/* = 1.354 second .
T (allowable) = 1.4 * Tb =1.4 * 1.354 = 1.895 second

142 |Page




» The period from Etabs in y and x direction :

Ty = 1.7 second < 1.895 second ( OK)
Tx = 1.57 second < 1.895 second (OK)

J |41 Modal Participating Mass Ratios ] 141 Modal Participating Mass Ratios ]
1 Teae | P Pl | Reload Apply
Case Mode Period X Uy
sSec
» [ = 17 0.0096 0.4659
Modal 2 1.573 <= 0.465 0.0098
__

Figure 149 : period from ETab in X and Y direction

» Manual Base shear (V) :
Weight of the building(W) = dead load+ SID load+ 0.25 live load
W = 280594 + 72472 +(0.25*76516.5) = 372195.1 KN

2.5%xCaxI*w 2.5%0.28%1%372195.1
—_ . R — . 5.5
Base shear (V) = Min coepew = Min 0.4514372195 1
RT 5.5%1.354
. (47370.3
Base shear (V) = Mm{ = 19991.7 KN
V) 19991.7
Load Case/Combo Fx FY FZ
kN kN kN
» Dead -0.0355 0.0043 280593.9722
Live 0.0127 0.0014  EEmdvm76516.4619
SID -0.0157 0.0018 =P 72471.803

Figure 150 : load cases used for calculating base shear (V)

> Base shear from ETABS (V) :

Load Case/Combo FX FY FZ

kN kN kN
» EE 0.0355 0.0043 280593.9722

Live 0.0127 0.0014 76516.4619

SID 0.0157 0.0018 72471.803

EQx Max 20631.4372 6630.4953 emmmmmTbmrm—

EQy Max 6561.0485 2039248 eoqueemerieiiie—y

__

Figure 151 : Base shear From ETABS
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In X-direction :

EQx (ETAB)max = 20631.4 KN > 19991.7 KN OK .
EQy (ETAB) = 6630.49 KN > 0.3 * 19991.7 KN OK .

In Y-direction :

EQx (ETAB) = 6561 KN > 0.3 * 19991.7 KN

check for Modal participating Mass ratio :

OK .
EQy (ETAB)max = 20392.48 KN > 19991.7 KN OK .

41 Modal Participating Mass Ratios

4 4 5 Mgs | b Pl | Reload App
Case Mode Period ux uy vz Sum UX Sum UY Sum UZ
sec

Modal 23 0.064 0.0298 0.0224 0 0.9115 0.9291 <::E
Modal 24 0.062 0.0097 0.0061 0 0.9212 0.9352 ¢
Modal 25 0,059 0.0003 0,0013 0 0.9215 0.9365

Modal 26 0.059 4.398E-06 0.0004 [} 0.9215 0.9369 0

Figure 152 : result of Modal participating Mass ratio

The check for Modal participating Mass ratio is larger than 90% in X, Y direction after 23
mode , so The model is ok.

> Drift check :

In X-direction :

The result below show the displacement for the last floor which is the critical floor.
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| | i43Plan View - Story24 - Z = 84 (m) - Displacements (envelope service) Max [mm]

Joint Label 4
Story. Story24

Ux = 598 mm

Uy = 493 mm

Uz =-38 mm

Rx = 0000685 rad
Ry = 0 000652 rad

Rz
*

0.000940 rad

- X

Deformed Shape

Load Case  lLoad Combination/Modal Case

) Case (®) Combo O Mode
envalope serwvics ~ Max o
Scaling

(@) Austomatic

) User Defined

Corntour Options
Draw Contours on Objects
Cormtour Component
Show Contours for Despiacement UX

Cormtour Range

Minimum Value for Contour Range ! o

M=xdmum Value for Contour Range
Options

[] wire Shadow
Cubic Curve

oK Close Apply

o gy gy ey gy

=

Figure 153 : displacement(top) for the last floor in X- direction
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59.8+54+49.4+44.5

avg displacement (Top) in x- direction = ’ =51.9mm
avg displacement (bottom ) in x- direction = 57'4+51'3“;46'6+41'6 = 49.2 mm
I\ | .41 Plan View - Story23 - Z = 80.5 (m) - Displacements (envelope service) Max [mm] ] - X

oint Label: 8
Story. Story23

Ux = 574 mm

Uy = 46.1 mm

Z = -4 3 mm

Rx = 0000807 rad
Ry = 0000713 rad
Rz = 0000930 rad

Figure 154 : displacement(bottom ) for the last floor in X- direction

The differenace in displacement (Ax) =51.9 — 49.2 =2.7mm
AM=0.7*R*Ax = 0.7*5.5* 2.7 =10.4 mm

Since T> 0.7

Drift allowable = 2% * H = 2% * 3500 = 70 mm > 10.7 OK
Where :

H: height of floor .

AX: displacement in x .

R: response modification factor.

In Y-direction :
The result below show the displacement for the last floor which is the critical floor.
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L; .41 Plan View - Story24 - Z = 84 (m) - Displacements (envelope service) Max [mm] v X

Joint Label: 3
Story Story24
Ux= 445 mm

Uy = 642 mm
Uz=31mm

Rx = 0.000791 rad
Ry = 0.000535 rad

Rz = 0.000939 rad

Deformed Shape ﬂ

Load Case lLoad Combination/Modal Case

D Case (@) Combo ) Mode
envelope serviee ~ | | Mz ~
Scaling

(@) Automatic

D User Defined

Contour Options
Draw Contours on Objects
Contour Component

Show Cormtours for Desplacemeant LMY -~

Contour Range

Minimum Value for Contour Range |C-

Madmum Value for Contour Range [e ] rrwm
Options:

] wire Shadow

1 Cubic Curve

OK Close Apphy

Figure 155 : displacement(top) for the last floor in Y- direction
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64.2+59.1+54.1+49.3

" = 55.92mm

61.4+56.5+51.8+47.1
4

avg displacement (Top) in y- direction =

avg displacement (bottom) in y- direction = =542 mm

[ 41 Plan View - Story23 - Z = 80.5 (m) - Displacements (envelope service) Max [mm)] |

Joint Label: 7
Story: Story23
Ux= 428 mm
Uy= 61.4 mm
z=-37 mm

Figure 156 : displacement(bottom ) for the last floor in Y- direction

The differenace in displacement (Ay) = 55.92 — 54.2 = 1.72 mm
dM=0.7*R*Ay = 0.7*5.5* 1.72 = 6.62 mm
Since T> 0.7

Drift allowable = 2% * H = 2% * 3500 = 70 mm > 6.62 OK
Where :

H: height of floor .

Ay: displacement iny .

R: response modification factor

Rx = 0.000810 rad
Ry = 0000650 rad
Rz = 0.000936 rad

5 270 315 360 4 0 495 s—
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> Deflection check for slab :

The result below show the displacement for the last slab floor which is the critical floor.

Joint Element: 2779
Story: Story24
Ux = -61.0 mm
Uy =-523 mm
Uz =-42.1mm
Rx = -0.000749 rad
Ry = -0.002727 rad
Rz = 0.000598 rad

_ e

Figure 157 : displacement in mid span for the last slab floor

Deflection = Az3— (%) =421— @ = 16.4mm

Deflection allowable = —— = 2% — 333 mm > 164 0K

240 240
Where :
-Az1: displacement in end span .
-Az2: displacement in opposite end span.
-Az3: displacement in mid span .
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3.3.4. Design
3.3.4.1.Slab design

Check shear for slab: to insure that the thickness of slab is sufficient to resist the shear force
and the slab doesn't need for shear reinforcement.

The figures below show which floors have the critical shear forces in the structure .

> Indirection 1-1 (V13)

‘ Area Diagram
Floor F40
o Story Level Storyé
= \
value 31.525 kh/m
@
-0.60 -0.50 -040 -0

Figure 158 : Max shear force (V13) in floor 1
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e,
| 143 Plan View - Story11 - Z = 38.5 (m) Resultant V13 Diagram (envelope ultimate) [kN/m] ‘! - X

e — o
Area Diagram H
Floor F35
Story Level Storv11
+

value —48 588 kN/m

Figure 159 : Max shear force (V13) in floor
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[ (42Plan View - Story22 - Z = 77 (m) Result. Vi3 Di 17 Sope Ll

) [kN/m]

Area Diagram

Floor
Story Level

value 49 511 kN/m

Figure 160 : Max shear force (V13) in floor 17
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» The maximum shear force(critical):
Vuatd 49 KN/ m.
Vuatd =49*0.55 = 26.9 KN/ m.rib
1
@Vc = @*g*\/fc’*bw*d

DV, = % J28 *150*260*1.1 = 28.4 KN/m.rib

Vu<@Vc Check ok ...no need for shear reinforcement.
» Design for flexural reinforcement:

flexural reinforcement for Slab was done through assuming that there is a minimum
reinforcement in the rib which is:

As min = 0,0033 * bw * d = 0.0033*150* 260 = 129 mm? Use (2810 mm/rib)
As (2210 mm) = 157 mm?

v This area of steel can carry Moment which is :
@Mn= 0.9 * As * Fy *(d-—25Y_y *10-6

1.7+ fc*bw
157%420
1.7%28%150

@Mn= 0.9 * 157* 420 *(260- ) *1076 = 14,88 KN.m/rib = 27KN.m/m

» bottom reinforcement:

v' By showing the slab moment that lies between (-27, 27), it’s clear that most of the slab areas
need a minimum bottom reinforcement of 2810 mm/rib.
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84 (m) Resultant M11 Di

| [\ 43Plan View - Story24 - Z
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Ultimate moment on the slab (-53- 53 KN.m/m)

Figure 162




» All other areas that is not lies in the range (-27, 27), have a moment less than 53 KN.m/m,
which need a reinforcement of 2314 mm/rib.
» top reinforcement:

the same for bottom reinforcement.
v By showing the slab moment that lies between (-27, 27), it’s clear that most of the slab areas
need a minimum bottom reinforcement of 210 mm/rib.
»  All other areas that is not lies in the range (-27, 27), have a moment less than 53 KN.m/m,
which need a reinforcement of 2314 mm/rib.
» Shrinkage steel:

As =0.0018* b* h=0.0018*1000*100 = 180 mm2/m
Use (1@8mm)/25cm in both direction.

» Diaghragms steel ( Tension steel ) :

the avg tensile force equal = 35 KN/m
AS = T/0.9*Fy = 35*1*1000 / 0.9*420 = 92 mm2

198/25cm 2@14 188/25cm 148/25cm
. . — s L . 7 . - 7 o |
- = =
- - d hd <> g m
4 cm , 4L
2@14

—— T e

15 40 15cm 40cm 15

4
|
4
R

3
|
4
<)
|

B
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i
M
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i
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40cm 15

Figure 163 : Slab Reinforcement

» Indirection 2-2 (V23)
Check of shear :

The same of direction 1-1 .
Reinforcement :

The same of direction 1-1 .
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3.3.4.2.beam design

were obtained

the figure's below show The longitudinal reinforcement and shear reinforcement for floor 24
from ETABS.

'L} 143 Plan View - Story24 - Z = 84 (m) Longitudinal Reinforcing (ACI 318-14)

Figure 164 : Beam longitudinal reinforcement (floor 19)
Beam Element Details (Summary)
Level | Element | Section ID | Combo ID | Station Loc | Length (mm) | LLRF Type
Story24 B40E | B 700 "800 | UDCon3 0 84181 0.781 | Sway Intermediate
Section Properties
b (mm) | h (mm) | b,(mm} | d.mm) | d.(mm) | d..(mm)
S00 70O ag0 a a0 g
Material Properties
E . (MPa) r.(MPa) | LLW Factor (Unitless) f,(MPa) . (MPa)
24870 27.58 1 413,09 413 .06
Design Code Parameters
q’ T ¢ CMiea ¢ SZpral ¢ e 3 m e @ woeint
0.e 0.85 0.75 Q.75 0.8 I 0.85
Design Moment and Flexural Reinforcement for Moment, M.,
| Design | Design | -Moment | «+Moment | Minimum | Required
Moment +Moment Rebar Rebar Rebar Rebar
KN-m kKN-m mim* mm* mm* mm*
Top (+2 Axis) -Fr25 8028 | 2208 o] 1280 3268
Bottomn (-2 Axis) 241.0342 o | 1040 | 1280 1280
Shear Force and Reinforcement for Shear, V.
Shear V Shear @V . Shear @V, Shear V. Rebar A /S
kN KN kKN kN mm*im
359.0112 251.1722 107.839 120.8052 1 S43.08
Torsion Force and Torsion Reinforcement for Torsion, T,
T, [ Tth I Ter I Area A, Perimeter, p, Rebar A.ls Rebar A
KMN-m kN-m kN-m cm? mm mm*m mim*
1.0807 25,2957 |101.1827| 268548 2244 .4 o [
Figure 165 : Beam shear reinforcement.
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From the result of reinforcement above
Flextural reinforcement

Top steel use (7 @ 25 mm)

Bottom steel ( 7 316 )

Shear reinforcement

Use 1 @10/ 250 mm

NOTE: See attached AUTOCAD sheets that shows more details for beams .

3.3.4.3.column design

Design of column have been done according to Etabs results, the longitudinal rebar percentage
(1%)

The longitudinal rebar percentage for column — dimension (D1200)

Figure 166 : rebar percentage for column

Using As=p * Ag

Where:

As = area of steel.

p = rebar percentage.

Ag = area gross for section

v' As=0.01*%3.148* 600%= 11304 mm2.

Note: ACI318-08 requires the spacing between longitudinal bars in column should not exceed
150 mm.

Assume we want to use (@ 25 mm) bars.

Area for each Bar = 491mm2.

11304/491= 23 bars . >>> Use 23 @ 25 mm.

Stirrups reinforcement :

Vu < @Vce

Use (12 10 mm)/250 mm
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Spacing between stirrups in the column as ACI-318 requires:

least column dimension/2
8d,
24d,
300 mm

5o = Min

16d,
48d,

least column dimension
5, = Min

la= development length of the steel reinforcement in tension

maximum column dimension
450 mm

clear height of column/6
lo =Max ]

Figure 167 : Spacing between stirrups in column

\ | N | |

\ |,\||

Figure 168 : stirrups detailing in column

NOTE: See attached AUTOCAD sheets that shows more details for columns.
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3.3.4.4. Shear wall design

In the project there are more than shear wall

The outer shear wall

For the outer shear wall which the thikness is 0.4 m and the length is 187m .
And it rotate around all building.

v The outer shear wall is exsposed to latral force by soil :
Where :

H : height of wall = 1.5 m

K : Coefficient of lateral earth pressure = 0.333

ys: soil coefficient = 18 KN/m3.

- Internal friction angle = 30

Qg: pressure = ys* H* K
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Figure 169 : Soil pressure

» from Etabs we get:
the result for the shear wall shown in figure below

| I
N N
iz

AL
w
&
4
Fa it
¢

Figure 170 : plan shear wall
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Result from Etabs

ETABS 2015 Shear Wall Design
ACI 31814 Pier Design

Plar Datalla
story ID | Per ID | Centrola X (mm) | Centrold Y (mm) | Length (mm) | Thickness (mm) | LLRF
oyl | Bl | 18829 Z3s | e a0 045

Material Properties

E.(MPa) | T (MPa) | LLWTFaclor [Unitiess) | 7 (MPa) | 1 [MPa)
§2662.54 ] - 41368 41169

Design Code Parameters

L & + & |3alamic) Pus | Puss | P
(1] T (R[] [T} oo4 | ooos | oa

Plar Lag Locatlon, Length and Thickneds

stafion | 1D | LeftX. | Lefty. | Rigntx, | Righty. [Length |Thickness
Location mm mm mm mm mm mm

Tep | Leg! | -20802 |-23436.8 | 243278 | -a34358 |449298 |  dgo
Botlom | Leg 1 | -20802 | -adéd6 | 243278 | -2dddBA |4eszna a0

Flexural Designfor P, M, and M,

Statlon Reguired Required Current Flaxural P, M, M, Plor &
Localion |Rebar Area (mm') | Relnf Ratio | Reinf Rallo Combo kN KM-m EN-n mm!
Tep s 73518 "’ 0.0041 00023 |envelcpe ultimate | 37992805 | 46484333 |-23932.7106 (17571918
Bodam 930 [T 06023 |enveiope uttimate | t2822.0274 | 30173 [Brabzgaes [1eTien
Ghear Deslgn
Station D Rébar | Shaar Combo P M v, v &V,
Location mm'im KN kN-m EN kN kN
Tep Leg 1860 envelope ullimate ITORIN0N | TTATA RN | 40D TONG |2104C 9220 102190 0009
Betiom | Legt | 1000 |envelope utimate | 481714782 [ 318030019 |SOCAETEY [21182,7818 [32344 030"

Boundary Element Check [Part 1 of 2)

Station (i} Edge Govarning P, M S§traas Comp | Streas Limit
Locatlon Length (mm) Comba kH EN-m MEa MHFa
Top=Leh Leg ! ¢ envelope ulimate | 9045 Y906 | -390 7106 p ] 1%
Top=Right g 1 o ervelope afimate | 9026 0986 | 1TATE2RAE 768 14
Betiom=Left | Leg ! @ envelope ulimate | 128330374 | 510828300 1 14
Bolttom-Right | Leg ! ¢ envelope ulimate | 128320374 | 18030119 ok 14

Boundary Element Check [Part 2 of 2)

CDepth | CLimit
mm mm

Mot Required | ol Required

Mot Reguired | Net Required

Mot Required | Nt Required

Mot Required | Nt Required

Figure 171 : Result from Etabs for shear wall design
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Reinforcement

Vertical reinforcement

As= 73518/45=1633 mm?/m (use 6&14 / m) in both face .
Horizontal reinforcement

As = 1000 mm? /m ((use 112 / 200 mm ) in both face .

NOTE: See attached AUTOCAD sheets that shows detail of shear wall wich optained from Etab
detail .
3.3.4.5. Stair Design design

Stairs are a continuous substructure which are used for moving from one floor to another in a
structure, types of supporting required for stair different such as shear wall and beams.
the figure below show the type of supports used in the stairs which is shear wall from all side.

SOOI

c—fmes — A—165—
A= 020

11.85

l ol

Figure 172 : Stair plan.

ETABS software program was used to design the stair in the structure . assumed The thickness
of slab in the stair equals 15cm as solid slab (as shown in figure below ).

161 |Page




tile 3 cm

mortar 2 cm
sand 5cm

concrete 15cm

Figure 173 : Section in stair which shows the details of components stair.

Load on the stairs :
Dead load = super imposed load + own weight =5 + 25*0.15 =9.75 = 10 KN/m2
Live load =5 KN/m2

3D model :

the 3D model of staire was done by using ETABS software program. the elevation of staires
was 3.5 m in height The steps and data that were inserted to make this model (as shown in figure

below ) were as following:

» Define the unit and draw the stair on ETABS

» Define materials (Concrete B350 - Fy = 420MPa).
» Define load patterns and load combinations.

Figure 174 : 3D stair model in ETABS.
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Check's model

There are some checks should be made in order to be insure that ETABS model gives correct
results. These checks include :

1. Compatibility check .

2. Equilibrium check.

3. Stress- strain check .

4. Deflection check.

1. Compatibility:

we make this check to insure that all the structural elements are compatible with each other
which main the all elements of structure are connected with other . This can be achieved and
improved by noticing and analyzing the deformed shape animation of the structure model from
Etabs. By start animation for the modal and display the deformed shape we notice that all the
structural elements are compatible with each other’s.

Figure 175 : The deformed shape of stair.

2. Equilibrium check:
Area stair = 31.24 m?
Table below show the Difference between manual weight calculation and ETABS results

Table 30 : Difference between manual weight calculation and ETABS results

Load type Hand results (KN) | ETAB results (KN)

Dead load 312.4 312.4 0<50K

156.2 156.2 0<50K
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Load Case/Combo FX FY FZ

kM kM kM
Live 0 0 156.1813

Figure 176 : ETABS results for weight.

3. Stress - Strain relationship:

12 w2 72
Mu(hand ) = =5 = 227 — 182 KN.m/m
M1+M?2 13.4+8.3

Mu ( Etab ) = (*5*2) + M3 = 2422 4 3.5 = 1435KN.m/m

%error = (18.2-14.35)/18.2 = 21 % (accepted )
4. Deflection check:

Az1+Az2 0.0001+0

Max Deflection = Az3— ( ) =12-— = 1.2mm
Deflection allowable = — = 2% = 134mm > 1.2mm OK
240 240
Where :
-Az1: displacement in end span .
-Az2: displacement in opposite end span.
-Az3: displacement in mid span .
Joint Element: 756
3‘xo:y-§:(:¥é 06 mm
Uy= 0.7mm

Uz=-12mm
Rx = -0.0000860 rad
Ry = 0000635 rad
Rz = 0.000372 rad

Figure 177 : max deflection in stairs

Steel Reinforcement for stairs :
Asmin = As-shrinkage = 0.0018*bw*h

=0.0018 * 1000 * 150 = 270 mm2 (use 5 @10 mm/m, As= 392.5mm? )

v This area of steel can carry Moment which is :
@Mn= 0.9 * As * Fy *(d-—25Y_y 106

1.7+fcxbw

392.5%420

@Mn= 0.9 * 392.5* 420 *(120- ) *107° = 17.3 KN.m/m
1.7%28%1000
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v" By showing the slab moment that lies between (-17.3, 17.3), it’s clear that all of the slab
stairs areas need a minimum reinforcement of 5 @10 mm/m.

Case @ Combo O Mode

Component Type

Resuktant Forces v

Component
O M O FMax O vi3 O Mn O MMax
O F22 O FMin O va3 ® M22 O MMin
O F12 O FvM O VMax O m12

Contour Appearance

Contour Option Dizplay on Undeformed Shape ~
[] Show Lines
[41 Show Fill Transparency 0.0 ~

[] Show Values

Contour Values

Min/Max Range -17.3 17.3 kN-m/m
Contour Averaging at Nodes By Selected Groups
Scaling

OK Close Apply

Figure 178 : The expected min. and max. moment values in the stairs.

E—

|

Figure 180 : The moment values in the stair from ETAB(M11).
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5¢10mm/m

510mm/m

shear wall

7

Figure 181 : Stair details

> The maximum shear force

Vu<@Vc Check ok ...no need for shear reinforcement.
NOTE: See attached AUTOCAD sheets that shows detail of stairs .

3.3.4.6. ramp design

design of external ramp

Reinforcement:

As shrinkage = 0.0018 *1000*200 = 360 mm2

Use 4 @12 / m , 1@12mm /25 cm in both sides and in two layers

4

44

SN

\\\\\\\

- o=

Figure 182 : Ramp plan

NOTE: See attached AUTOCAD sheets that shows detail of external ramp.
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Internal ramp design :

ramp are a continuous substructure which are used for moving from one floor to another in a
structure, types of supporting required for stair different such as slab and beams and columns.
the figure below show the type of supports used in the ramp which is beam and columns.

Figure 183 : support of ramp .

Sap software program was used to design the ramp in the structure . assumed The thickness of
slab in the ramp equals 30 cm as solid slab

Load on the stairs :

Dead load = super imposed load + own weight =5 + 25*0.3 = 12.5KN/m2

Live load =5 KN/m2

3D model :

the 3D model of ramp was done by using sapv.16.0 software program. the elevation of ramp
was 3.5 m in height The steps and data that were inserted to make this model (as shown in figure
below ) were as following:

» Define the unit and draw the ramp on sap

» Define materials (Concrete B350 - Fy = 420MPa).

» Define load patterns and load combinations.
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Figure 184 : 3D ramp model in sap.

Check's model

There are some checks should be made in order to be insure that sap model gives correct results.
These checks include :
1. Compatibility check .

2. Equilibrium check.
3. Stress- strain check .
4. Deflection check.

1. Compatibility:
we make this check to insure that all the structural elements are compatible with each other
which main the all elements of structure are connected with other . This can be achieved and
improved by noticing and analyzing the deformed shape animation of the structure model from
sab. By start animation for the modal and display the deformed shape we notice that all the
structural elements are compatible with each other’s.

[ 35 Deformed Shape (service) | =

Figure 185 : The deformed shape of ramp.
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2. Equilibrium check:
Area ramp = 63.5 m?
Table below show the Difference between manual weight calculation and ETABS results

Table 31 : Difference between manual weight calculation and sap results

Load type Hand results (KN) | Sap results (KN)

Dead load 794 794 0<50K

317.5 3175 0<50K

OutputCase | CaseType GlobalFX GlobalFyY
Text Text KN KN

DEAD LinStatic | 000000001381 000000001102
live | LinStatic |  2.085E-13/ 000000004353

Figure 186 : sap results for weight

3. Stress - Strain relationship:

Mu(hand ) = %42 = 2% _ 503 KN.mm/m
Mu ( Etab ) = (ML1+M2)/2)+M3=(206+0.8)/2+120=223KN.m/m

%error = (223-203)/223 = 9 <10 % (accepted )

4. Deflection check:

Max Deflection = Az3-((Az1+Az2)/2)=0.02 mm

Deflection allowable = L/240= 8500/(240 )=35mm>0,02mm OK
Where :

-Az1: displacement in end span .

-Az2: displacement in opposite end span.

-Az3: displacement in mid span .

[ 3% Deformed Shape (service) | .

Figure 187 : max deflection in ramp
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Steel Reinforcement for stairs :
Asmin = As-shrinkage = 0.0018*bw*h
=0.0018 * 1000 * 300 =540 mm2 (use 5 @12 mm/m, As= 565mm? )

v This area of steel can carry Moment which is :
@Mn= 0.9 * As * Fy *(d-—2Y_ x1(~6

1.7xfc*bw

@M= 0.9 * 565* 420 *(270-—220

2051320y %106 = 56.5 KN.m/m
1.7x28%1000

v By showing the slab moment(M11) that lies between ( -75, 75), it’s clear that all of the slab
ramp areas need a minimum reinforcement of 5 @14 mm/m.

Member Force Diagram

Case/Combao Component Type
Case/Combo Name UDCON2 - % Resulant Forces —
" Shell Stresses
" Conciete Design
Component
(a2} @ MN © i3
— (E Uz e
= { 2 ( 2 { ax
" FMax  MMax
I R " FMin = MMin
ontous Range c P
Min |75 Max [75.

Set To Defaul Contour Range

Shess Averaging
" None
+ AtAlJoints

(™ DOver Objects and Groups

Miscellaneous Options
™ Show Deformed Shape
[~ Show Continuous Contours [Enhanced Graphics)

oK Cancel

Figure 188 : The expected min. and max. moment values in the ramp and The moment values(M11).
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v" By showing the slab moment(M22) that lies between (-215, 215), it’s clear that all of the
slab ramp areas located in the rang .

Member Force Diagram
Case/Combo Componert Type
Case/Combo Name UDCONZ ~] & Resulant Forces - 215
© Shell Sussses 182
 Concrete Design 149
Mui D Component 116
D o m ~ oMM ~ V13 83
| CF2 - M22 vz3
o || cme2 C M12 C VMax 50
© FMax MMax 17
Commr P © FMin MMin -
ontour Range ~ P
Min |-215 Max [215 -50
Set Ta Diefault Contous Range 83
Stress Averaging 116
" None
= ALANJoints 149
Over Dbjects and Groups 182
Miscellaneous Options v 21
I~ Show Deformed Shape
[~ Show Continuous Contours [Enhanced Graphics)
0K Cancel

Figure 189 : The expected min. and max. moment values in the ramp and The moment values(M22).

So >> Mu= 215 KN.m/m d= 260 mm , b=1000mm

0.85f' 2.61My, _
P = Tc(l - ‘fl N bde'c) , As = pxbxd , p=0.0043.

A; = 0.0043 1000 * 270 = 1164 mm2/m
Use 5 @18 mm/m.

» The maximum shear force(critical):
Vuatd 125 kN/ m.

1
@ch(z)*g*\/fc’*bw*d

OV, = 0—675 J28 *1000%270 = 178 KN/m

Vu<@Vc Check ok ...no need for shear reinforcement.

5014 mm/m

518/ m (T&B)

Figure 190 : reinforcement of ramp

NOTE: See attached AUTOCAD sheets that shows detail of ramp .
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3.3.4.7. Water Tank design

In this project, there are one Square concrete water tanks located in the top of building ,These
tanks must be designed to resist the earthquake loads. Therefore, the ACI 350.3-06 code was
used to calculate these earthquake loads and then SAP2000v16.0.0 software program was used
to design this tank. the tank has 8*8 m dimensions, and 2.5m height.

8.00

Figure 191 : plan of water tank

load Calculations

Before starting the calculations, there are some values had to be determine. These values were
summarized in the table shown below

Table 32 : required values to design water tank

Hw 2.5 m

Wall height

L 22 om
L s m
ww 200 KN
WL 108 KN

Earthquake spectral response accelerations at short Ss 0.5 m/sec2
period
Earthquake spectral response accelerations at 1 sec S1 0.25 m/sec2
period

Soil classification D
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Short-period site coefficient (at 0.2 s-period) Fa 1.4 ---

o 18 -
The design spectral response acceleration at short SDS 0.46 m/sec2
periods
The design spectral response acceleration at a 1 sec SD1 0.31 m/sec2
Importance Factor I 1.25 ==
Response modification factor for the convective Rc 1
component of the accelerating liquid
Response modification factor for the impulsive Ri 2 -
component of the accelerating liquid
Seismic weight of water YW 10 KN/m3

> Pressure from water:

Pressure = yw * HL = 10*2.2 = 22 KN/m2 (as shown in figure below)

Figure 192 : Pressure from water on the wall tank
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» Pressure from water (earthquake):
By using ACI 350.3-06 code as a reference to calculate the convictive, impulsive, wall, and
vertical pressure from earthquake we find the result as the following:

WL =1408 KN, = =2 =36
HL 2.2

hc: height above the base of the wall to the center of gravity of the convective lateral force for
the case excluding base pressure (m).

hi : height above the base of the wall to the center of gravity of the impulsive lateral force for the
case including base pressure(m) , were obtained from figure shown below .

IMPULSIVE AND CONVECTIVE HEIGHT FACTORS vs. L/H; RATIO

0.90

B
0.80 l\

0.70
—+—hi/HL
l\ —m— hc/HL

0.60
‘-\"\—\.

0.50

hilHL & he/HL

<

0.40

0.30

05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8.0
L/HL RATIO

Figure 193 : impulsive and convection height factors

M 038 » hi=084m
HL

"¢ _ 054 —» hc=1.2m
HL

Wec: equivalent weight of the convective component of the stored liquid (kN).
Wi : equivalent weight of the impulsive component of the stored liquid (KN) .

Wi & Wc obtaind from the figure shown below .
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IMPULSIVE AND CONVECTIVE MASS FACTORS vs. L/H; RATIO

L — & ———
T 7
0.70 "
N
Z 0.0 < = WiAWL
—e— Wi
o
3 0.50 '5/ —m— We/WL
s / \\
g 0.40

L/HL RATIO

05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Figure 194 : impulsive and convection mass factors

Wi

=031 » Wi=436.5KN
% =0.67 » W =943.4 KN
And then,we find the Seismic response coefficients (Ci, Cc):
Ci=SDs=0.46
Ts=32L =231 _ 067
SDs 0.46
Tc= %JL =2
Ce =222 = 22220 = 0.23 < 1.5 5Ds = 0.69
Cc=0,23

» Then we find dynamic lateral forces as follow :

Pw(KN) = lateral inertia force of the accelerating wall with Ww .

exWw

Pw=Cix*Ix*( Y

)

Pc(KN) = total lateral convective force associated withWc , Pc = Cc = I * (%)

Pi(KN) = total lateral impulsive force associated with Wi .
Pi=Cixl*(>)

» Pw=30.5KN ,Pc =271 KN ,Pi=1255KN

Pv(KN) : unit equivalent hydrodynamic pressure due to the effect of vertical acceleration.
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Pv=Ugh

gh = yw * HL = 10*2.2 = 22 KN/m2
=Ctxl%>2>025Ds
Ct=0.4SDs=0.4*0.46 = 0.184

(i =0.184 * 1.25 = % < 0.2 SDs

use U=0.25Ds=0.2*0.46 =0.92

Pv=0.092*22=2.02 KN/m2
The figure below summarizes the dynamic lateral forces .

i
i1

)

Figure 195 : The dynamic lateral forces

Then we find the resultant of these lateral forces
V1=/(Pi+Pw)?+Pc? +Pv> =,/(215+30.5)2+212+0 =39 KN/m2
V2 =/(Pi+Pw)? +Pc? +Pv? =,/(1215+30.5)2 4+ 92 +2.022 = 43.6 KN/m2
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39 KN/m2

AVAVAVAVAVAN
<'/_ ,\><\<><X

NN

AV VAN AN
SS8K

43.6 KN/m2

Figure 196 : The resultant stresses of the dynamic lateral forces

Analysis and Check's model

the 3D model of water tank was done by using SAP2000 v.16 software program. with 2.2m

water height, 2.5 m wall height, and 8*8m dimensions. The steps and data that were inserted to

make this model (as shown in figurebelow ) were as following:

» Define the unit, define materials (concrete B600), and area section (wall = 40cm and
basement = 40cm thickness).

» Define load patterns and load combinations.

Figure 197 : 3D model of water tank
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Check's model

There are some checks should be made in order to be insure that ETABS model gives correct

results. These checks include :
1. Compatibility check .

2. Deflection check.
3. Stress- strain relationship.

Compatibility:

we make this check to insure that all the structural elements are compatible with each other
which main the all elements of structure are connected with other . This can be achieved and
improved by noticing and analyzing the deformed shape animation of the structure model from
sap . By start animation for the modal and display the deformed shape we notice that all the

structural elements are compatible with each other’s.

|
520, =

480
440
400
360.
320
280
240
200
160.
120 |
80
40

Figure 198 : The deformed shape of water tank.

Deflection check:
Max Deflection intop = Az3— (%) =0.006

Deflection allowable = 10 mm > 0.006 mm OK
Where :

-Az1: displacement in end span .

-Az2: displacement in opposite end span.

-Az3: displacement in mid span .

Max Deflection in base = Az3— (A21+A22

) = 0.0001 mm
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Deflection allowable = 10 mm > 0.0001 mm OK

Where :

-Az1: displacement in end span .

-Az2: displacement in opposite end span.

-Az3: displacement in mid span .

Max Deflection inwall = Az2—Az1 = 0.0002 mm < 10mm ok
All values of deflection in wall and base and roof less than 10 mm

Check walls thickness for shear:

@Vc = 0.75 *%* V48 * iggg ¥320 = 277 KN/m

Vu (fromsap ) = 68 KN/m < 277 OK

( B Resultant V13 Diagram (envelop ultimate - Max)
: 1 — 1 1
:XI Stress Diagram X

Area Object 3530
Area Element 3530

153,
136
n19.

noz.
85.

value 67.936838 KN/m

51.

17.

l 67.9361]38

Hr-

E2i

ur

68

Figure 199 : shear force in wall

Stress — Strain relationship:

From PCA table
AtZ=4 . AtZ=3
Mu= 9.2 KN.m , Mu=9.2 KN.m
AtZ =32
Mu= 9.2 KN.m

MSAP = 9.02KN.m
Difference = 1.95 % < 10%
Stress-Strain check was satisfied
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* Steel Reinforcement
M11 max = 31 KN.m/m (as shown in figurebelow )

—
[ )
1% Stress Diagram

Area Object 3578
AreaElerment 3578

value 30.821993 KN-m/m

Figure 200 : stress diagram M;;

Mudesign = 1.06 Sd Mu

H=04m » Fs max =210 mpa
*F 0.9+ 420
sd =21 -
vy fsmax 1.4x210

Sd=1.3

Mudesign = 1.06 *1.3*31 =42.7 KN.m/ m

0.85f'c 2.61My, _
p :T(l_ ’1_bd2f'c) y Asg :P*b*d ,p=0,0011

As =0.0011*1000*320 = 352 mm2

As horizantal. min = pmin * b * h =0.005 * 1000 * 400 = 2000 mm2/m

Use 14 @ 14 mm/m (in two layers )
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In Vertical direction:

M22 max = 107 KN.m/m (as shown in figure below )

I Stress Diagram X

Area Object 3530
AreaElement 3530

-

value 106.680478 KN-m/m

Figure 201 : stress diagram M22

Mudesign = 1.06 *1.3*107 = 147 KN.m/ m

085f'c 2.61My, N
p=—p— (= J1-3G5) As=p=bxd, p=0,00386

As =0.00386*1000*320 = 1235.2 mm2

As vertical min = pmin* b * h =0.005 * 1000 * 400 = 2000 mm2/m

Use 14 @ 14 mm/m (in two layers)) .
For basement and roof use As min(felxture steel) = 0.0018 * 1000 * 400 = 720 mm2
Use (5 @ 14/m)

Diaghragms steel ( Tension steel ) :

the avg tensile force equal = 115 KN/m

AS = T/0.9*Fy = 115*1*1000 / 0.9*420 = 304 mm2 ( use 2@ 14/m)
We add (2@ 14/m) for horizontal steel and for roof and base.

The reinforcement become as follow :

Wall horizontal steel Use 16 @ 14 mm/m (in two layers).
Roof and base steel use 8 @ 14 mm/m (in two layers and both direction ).

Wall vertical steel Use 14 @ 14 mm/m (in two layers ) .

NOTE: See attached AUTOCAD sheets that shows detail of water tank.
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3.3.4.8. single footing for columns design

footing for column :

/’ ; “w [

Figure 202 : location of column

=300 KN/m?
The axial load(service) =955 KN (from sap)
The axial load(ultimate)=1227 KN(from sap)

Dimensions :

Omax =( P/B*L)= 300

Guess Bto find L , so B = \/(P/ alt)
B=V(955/300)=1.78m use B=1.8m

Omax =( 955/1.8*L)= 300>> L=1.76 use L=1.8m
Omax= (955/1.8*1.8) =295< 300 (0k)

Thickness :
P,=12*Pp +1.6*P_ =1227 KN (from ETAB)
Ou, = (Pu/B*L)= 1227/1.8*1.8 = 379 KN/m2
Assume the punching failure will occure first
Guess thickness acoording to punching  d= 10VP,
.d=10V1227 =350mm use d = 360mm
h=d + cover = 360+90= 450mm

dinmm, Pin KN
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check punching:

. 1/3 - _ .
P, = (Z)mm{l/6(1 +2/Bc I f'chyd  BC =aseall skl axdl/ jaa¥) aail)

Qv = .75%1/3*1%V/28*  (4270)*360 /1000 = 2034 KN
Vyp = Py — (stress *area p) = 1227 -(379*1.45) = 650 KN
chp > VUP (OK)
Wide beam shear :
Qv =0 {g} Mf'c *bwxd = .75%1/6 * /28 * 1000*360 /1000= 238 KN
V, = 8y~ (L-d) = 379(0.75-0.36) =148 KN
Vi < @v. (0k)

Reinforcement :

Longitudinal direction : (along B)

M, (along B) =( 8, * L?) /2 = 379*.0.75%0.75 /2 = 107KN.m /m
Mu= 107 kNmm . d= 360 mm , b=1000mm

_085f'c . _ 2.61My _ _
p= 5 (1 /1 bdzf,c) ,As = px b *xd , p=0.00218,

A; = 0.00222 % 1000 = 360 = 800 mm2/m
Asmin = p * b xh = 0.0018*1000*450 = 810 mm2/m >As (use As=810 mmz2/m)
Total Longitudinal steel = As* L =810*1.8= 1458 mm2 (13g12)

Transverse direction: (along L)
M, (along B) =( 8, * L?) /2 = 379*.0.75*0.75 /2 = 107KN.m /m
Mu: 107 KN.m/m ,d = 360 mm , b=1000mm

_085f'c . , _ 2.61My _
p_ fy (1 1 bdzf’(,‘) ’AS_p*b*d

p=0.00218,

As = 0.00222 * 1000 * 360 = 800 mm2/m

Asmin = p * b xh = 0.0018*1000*450 = 810 mm2/m >As (use As=810 mm2/m)
Total Longitudinal steel = Ag * L =810*1.8= 1458 mm2 (139¢12)
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Figure 203 : reinforcement of footing

Ld bottom bar = 50db = 0.6m
Available length > Ld No need hooked.

Design single footing for column :

Figure 204 : location of column

=300 KN/m?
The axial load(service) =765 KN (from sap)
The axial load(ultimate)=1025 KN(from sap)
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Dimensions :

Omax =( PIB*L)= 300

Guess B to find L, so B = V(P/ qan)
B=\(765/300)=1.59 use B=1.6m

Omax =( 765/1.6*L)= 300>> L=1.59 use L=1.6m
Omax= (765/1.6*1.6) =299< 300 (0k)

Thickness :
Puw=12*Pp + 1.6*P_ =1227 KN (from ETAB)
Ou, = (Pu/B*L)= 1025/1.6*1.6 = 400 KN/m2
Assume the punching failure will occure first
Guess thickness acoording to punching  d=10VP, dinmm, P in KN
.d=10V1025 =320mm use d = 360 mm
h=d + cover = 360+90= 450mm

check punching

. 1/3 .
vy = @ ml"{1/6(1/+ /e NFTebod B =asmel J5bl and] ool e

DV = 75%1/3*1*/28* (4270)*360 /1000 = 2034 KN

Vyp = Py — (stress *area p) = 1025 -(400*1.45) = 445 KN
Dvep > Vup (oK)
Wide beam shear :

1

Qv. =0 {g})l f'c xbwxd = .75*%1/6 * /28 * 1000*360 /1000= 238 KN
V, = 0y~ (L-d) = 400(0.55-0.36) =76 KN
Vy < @v, (ok)

Reinforcement :

Longitudinal direction : (along B)

M, (along B) =( 8, * L?) /2 = 400*.0.55*0.55 /2 = 60.5KN.m /m
Mu=605 KN.m/m d= 360 mm , b=1000mm

0.85f" 2.61My, —
p="0 (= [1-2008 A= pxbad |, p=000124,

A; = 0.00124 % 1000 * 360 = 449 mm2/m
Asmin = p * b xh = 0.0018*1000*450 = 810 mm2/m >As (use As=810 mmz2/m)
Total Longitudinal steel = Ag * L =810*1.6= 1296 mm2 (129¢12)

Transverse direction: (along L)
M, (along B) =( 8, * L?) /2 = 400*.0.55*0.55 /2 = 60.5KN.m /m
Mu: 60.5 KN.m/m ,d— 360 mm , b=1000mm
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0.85f' 2.61My, —
p= %(1 = |1~ papd As =pxbxd, p=000124,

A; =0.00124 + 1000 * 360 = 449 mm2/m
Asmin = p x b xh = 0.0018*1000*450 = 810 mm2/m >As (use As=810 mmz2/m)
Total Longitudinal steel = As * L =810*1.6= 1296 mm2 (129¢12)

Figure 205 : reinforcement of footing

Ld bottom bar = 50db = 0.6m
Available length < Ld need hooked.

Design single footing for column :

Figure 206 : location of column
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=300 KN/m?
The axial load(service) =765 KN (from sap)
The axial load(ultimate)=1025 KN(from sap)

Dimensions :

Omax =( P/B*L)= 300

Guess B to find L, so B = V(P/ qan)
B=\(765/300)=1.59 use B=1.6m

Omax =( 765/1.6*L)= 300>> L=1.59 use L=1.6m
Omax= (765/1.6*1.6) =299< 300 (0k)

Thickness :
Puw=12*Pp + 1.6*P_ =1227 KN (from ETAB)
du. = (Pu/B*L)= 1025/1.6*1.6 = 400 KN/m2
Assume the punching failure will occure first
Guess thickness acoording to punching d=10VP, dinmm, P in KN
.d= 101025 =320mm use d = 360 mm
h=d + cover = 360+90= 450mm

check punching

) 1/3 .
Dvgp = Qmm{l/6(1{l— 2/Bc I f'chod  Bc =aseall Jsha¥l sl jaa¥) aall)

Dvep = 75%1/3*1*/28*  (4270)*360 /1000 = 2034 KN
Vyp = Py — (stress *area p) = 1025 -(400*1.45) = 445 KN
Dvep > Vip (oK)
Wide beam shear :
Qv. =0 {%}/’l f'c *bw*d = .75%1/6 * /28 * 1000*360 /1000= 238 KN
V. = dy= (L-d) = 400(0.55-0.36) =76 KN
Vi <0v, (0k)

Reinforcement :

Longitudinal direction : (along B)

M, (along B) =( 8, * L?) /2 = 400*.0.55*0.55 /2 = 60.5KN.m /m
Mu=605 KN.m/m d= 360 mm, b=1000mm

0.85f" 2.61My, -
p="0rt (= [1-200 A= pxbad , p=000124,

Ag = 0.00124 % 1000 * 360 = 449 mm2/m
Asmin = p * b xh = 0.0018*1000*450 = 810 mm2/m >As (use As=810 mmz2/m)
Total Longitudinal steel = As* L =810*1.6= 1296 mm2 (12¢12)
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Transverse direction: (along L)
M, (along B) =( 8, * L?) /2 = 400*.0.55*0.55 /2 = 60.5KN.m /m
Mu=605 kN.m/m ¢ = 360 mm , b=1000mm

0.851’ 2.61My, _
p =t [1-25 4 = pubud ,p=0.00124,

A; =0.00124 + 1000 * 360 = 449 mm2/m
Asmin = p x b xh = 0.0018*1000*450 = 810 mm2/m >As (use As=810 mm2/m)
Total Longitudinal steel = As * L =810*1.6= 1296 mm2 (129¢12)

Figure 207 : reinforcement of footing

Ld bottom bar = 50db = 0.6m
Available length < Ld need hooked.

NOTE: See attached AUTOCAD sheets that shows detail of footing .
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3.3.4.9. Mat Footing design

In this project, mat foundation was used because the bearing capacity is low and the project
consist from 23 floors . Etab 2015 software program was used to design the mat foundation .

Figure 208 : Mat footing in safe program .

First of all , we assume the thickness of mat 1700 mm. Therefore, the deflection, punching, and
wide beam shear must be checked to insure the modal and thickness is ok .

» Defelction check

qall __ 300

: = =10 mm
spring force 30000

The max deflection allowable in footing =

Max Deflection(ETAB's) = 11.6 mm
The figure below show the maximum deflection in mat from ETAB'S program = 11.6 mm

Aallowable < AETABs not OK but we accept that
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Joint Label: 111
Story: Base

Ux = -3.520E-11 mm
Uy = -6.286E-12 mm

Figure 209 : MAX deflection and deflection shape in mat footing from ETABs.

» Check Punching Shear :
ou = gall =300 KN/m2

Center column(critical ):
Vu =Pu - ogu A =21464 — 300 (6.15)

= 19617.6 KN

O Ve = —2> 48 bo d = 27+48 (8792) * 1600
3%x1000 3000

@ V¢ = 24365 KN

@ Vc>Vu OK

» Wide Beam Shear:
v, =0 {%}A f'c xbw*d = .75%1/6 * v48 * 1000*1600 /1000= 1385.6 KN/m

Vu| max = 1270 KN/m  as shown in the figure belolow.
d
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Figure 210 : max shear in matt foundation
» Reinforcement steel:
First, 8 @ 25 mm/m was used. Then:
As*F 3925%420
= a— = 40.4 mm
0.85*fcxbw 0.85*48%1000
40 -
_7 *10 6

n. min,max = u. S ) - = =0.
oM i 0.9*As*Fy*(d ; *1076 = 0.9 * 3925 *420 *(1600

@Mn. min,max = 2344 KN.m /m

From figure shown below , 8 @ 25 mm/m was enough to resist the moment 1-1 accept in blue
regions And from next figure shown below , 8 @ 25 mm/m was enough to resist the moment 2-2

accept in blue regions.
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Figure 211 : The moment 1-1 values in mat from ETABs (when 8 @ 25 mm/m was used).
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The moment 2-2 values in mat from ETABs (when 8 @ 25 mm/m was used).

Figure 212 :

In these(blue regions), the enlarge area of steel were needed. Therefore,
16 @ 32 mm/m was used. Then:

As*F 12861420
= L = =132 mm
0.85*fcxbw 0.85%¥48x1000

@Mn. min,max = 0.9 * As * Fy *(d-5) *1076 = 0.9 * 12861*420 *(1600-—>) *10~°

@Mn. min,max = 7457 KN.m /m

From figure shown below these regions are in moment range(-7457,7457). Therefore,

16 @ 32 mm/m was used.
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3.4.Mechanical design
3.4.1. Introduction

Mechanical systems involve any building service using machines. They include water supply and
drainage system. heating and air-conditioning systems (HVAC), vertical transportation
(elevators and escalators), fire protection .

3.4.2.Water Supply Design

Offices building require an adequate supply water for bathrooms, kitchen,

Laundry room, fire resistance ...etc . Which require well-design of piping system to have suitable
pressure at the point of use inside the offices to achieve required flow. These convenience and
sanitation objectives result in prescribed pressures that must be maintained at the various fixtures
to ensure the proper flow rates.

i

Figure 215 : zones for Water Supply Design
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Design for zone 1 which include floors (15,16,17,18) :

Table 33 : Total fixture unite in zone 1

Lavatory 2 8 4 64
Kitchensink 2 2 4 16
Water closet 5 8 4 160
(flush tank )

240

v' Total fixture unite in this floors = 240 FU's.
v' FU's (vertical line) = 240 Fu’s.
v' FU’s (horizontal line) = 60 Fu’s.

- The worst case which have the max. Pressure that is shower =12 psi
v' FU's (branch line) = 5 Fu’s.

=  Water Demand : ( depending on # of FU’s)
- Vertical line = 100 gpm.

- Horizontal line = 55 gpm.

- Branch line =5 gpm.

v Length of vertical line = 52 ft

v Length of branch line = 23 ft

= Approximately equivalent length of :
- Vertical line (metal pipe) =52*1.5=78"
- Horizontal line (PVC pipe) = 36* 1.2 = 44°
- Branch line (PVC pipe) = 23 * 1.2 =28’
A Available pressure = h * 0.433.
= (52) *0.43 = 22.5 psi.
= Critical fixture unite pressure (shower ) = 12psi.
v" Available pressure to lose by fitting = 22.5 - 12 = 10.5 psi

For vertical pipe
100 gpm
Length = 78 ft
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Table 34 : pressure loss in vertical pipe

LGS0 015 045
Poss/78" 1 0.117 0.35 0.7 1.56 3.51

For horizontal pipe
55 gpm
Length = 44 ft

Table 35 : pressure loss in horizantal pipe

oSS0 017 033
NEoss/44 1 0.075 0.145 0.352 0.748 2.42

For branch pipe
5gpm
Length =28 ft

Table 36 : pressure loss in branch pipe ( zone 1)

IGSS/A001) 0.2
FCoss/28° 1 0.056 0.14 0.392 1.68 8.5

Best choice :

Table 37 : best choise of pipes

Tyee  Dametr s
Vet 25 251
Horizontal 2 2.42
[Bianch o 075 168
ol i0s5651000 SN 7t
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e available pressure to lose by fitting = 10.5 psi > 7.61 psi —ok

We have to reduce the pressure by using globe valve before collection by 3 psi

Figure 216 : mechanical plan for zone 1
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Design for zone 2 which include floors (11/12/13/14)

Table 38 : Total fixture unite in zone 2

Lavatory 2 : ; o4
Kitchen ink ~ 7 : ; 16

R 240

v Total fixture unite in this floors = 240 FU's.

v' FU’s (vertical line) = 240 Fu’s.

v' FU’s (horizontal line) = 60 Fu’s.

- The worst case which have the max. Pressure that is water closet =10 psi

v' FU’s (branch line) = 5 Fu’s.

=  Water Demand : ( depending on # of FU’s)
- Vertical line = 100 gpm.

- Horizontal line = 55 gpm.

- Branch line =5 gpm.

v Length of vertical line = 98 ft

v Length of branch line = 23 ft

= Approximately equivalent length of :
- Vertical line (metal pipe) =98 * 1.5 =147 °
- Horizontal line (PVC pipe) = 36* 1.2 = 44°
- Branch line (PVC pipe) =23 * 1.2 228"
A Available pressure = h * 0.433.
= (98) *0.43 = 42.4 psi.
= Critical fixture unite pressure (water closet) = 10psi.
v" Available pressure to lose by fitting = 42.4 - 10 = 32.4 psi
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For vertical pipe
100 gpm
Length = 147 ft

Table 39 : pressure loss in vertical pipe

JLGSS00NY 015 045
PLCoss/a47 1 0.22 0.66 1.32 2.94 6.615

For horizontal pipe
55 gpm
Length = 44 ft

Table 40 : pressure loss in horizantal pipe

0.33
0.145 0.352 0.748 2.42

For branch pipe
5gpm
Length =28 ft

Table 41 : pressure loss in branch pipe

‘Loss/28 0.056 0.14 0.392 1.68 11.2

Best choice

Table 42 : best choice of pipe in zone 2

Tyee  Dameter s
Vertial 3 156
Horizontal 2 2.42
[BEaRG 0.75 112
TotalIosses. . I 15 18
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e available pressure to lose by fitting = 32.4 psi > 15.18 psi —ok
We have to reduce the pressure by using globe valve before collection by 17 psi

Design for zone 3 which include floors (5/6/7/8/9/10)

Table 43 : Total fixture unite in zone 3 floors

Lavatory 2 4 ; 18
Kitchen ink 2 4 : 15

216

v Total fixture unite in this floors = 216 FU's.

v' FU's (vertical line) = 216 Fu’s.

v' FU’s (horizontal line) = 36 Fu’s.

- The worst case which have the max. Pressure that is water closet =10 psi

v' FU’s (branch line) = 5 Fu’s.

= Water Demand : ( depending on # of FU's)
- Vertical line = 95 gpm.

- Horizontal line = 45 gpm.

- Branch line =5 gpm.

v' Length of vertical line = 167 ft

v" Length of branch line = 48 ft

= Approximately equivalent length of :
- Vertical line (metal pipe) = 167 * 1.5 =251"
- Horizontal line (PVC pipe) = 36* 1.2 = 44°
- Branch line (PVC pipe) = 23 * 1.2 =28’
A Available pressure = h * 0.433.
= (167) *0.43 = 72.3 psi.
= Critical fixture unite pressure (water closet) = 10psi.
v Available pressure to lose by fitting = 72.3 - 10 = 62.3 psi
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For vertical pipe
95 gpm
Length = 251 ft

Table 44 : pressure loss in vertical pipe (zone 3)

WEGSAO0NN 013 041
Poss/251 1 0.33 1.03 2 4.5 10.54

For horizontal pipe
45 gpm
Length = 44 ft

Table 45 : pressure loss in horizantal pipe (zone 3)

EGsS/A001 017
NEoss/44= 4 0.062 0.176 0.44 1.32 5.28

For branch pipe
5gpm
Length =28 ft

Table 46 : pressure loss in bravch pipe (zone 3)

‘Loss/28 0.056 .14 0.392 1.68 11.2

Best choice

Table 47 : best choice of pipe in zone 3

Tyee  Dametr s
Vertigal i 25 1054
IForizontall . 15 5.25
(BRI 05 112

Totallosses o
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e available pressure to lose by fitting = 62.3 psi > 27 psi —ok

We have to reduce the pressure by using globe valve before collection by 36 psi

Design for zone 4 which include floors (1/2/3/4)

Table 48 : Total fixture unite in zone 4 floors

Lavatory 2 4 4 2
Kitchensink 2 4 4 3

R 144

v Total fixture unite in this floors = 144 FU's.

v' FU’s (vertical line) = 144 Fu’s.

v' FU’s (horizontal line) = 36 Fu’s.

- The worst case which have the max. Pressure that is water closet =10 psi

v' FU's (branch line) = 5 Fu’s.

= Water Demand : ( depending on # of FU's)
- Vertical line = 80 gpm.
- Horizontal line = 45 gpm.
- Branch line =5 gpm.
v' Length of vertical line = 213 ft
v' Length of branch line = 23 ft
= Approximately equivalent length of :
- Vertical line (metal pipe) =213 *1.5=320"
- Horizontal line (PVC pipe) = 36* 1.2 = 44°
- Branch line (PVC pipe) = 23 * 1.2 =58"
A Available pressure = h * 0.433.
=(213) *0.43 = 92.3 psi.
= Critical fixture unite pressure (water closet) = 10psi.
v Auvailable pressure to lose by fitting = 92.3 - 10 = 82.3 psi
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For vertical pipe
80 gpm
Length = 320 ft

Table 49 : pressure loss in vertical pipe (zone 4)

JEGSSAO0N 011 03
P0ss/320 1 0.352 0.96 1.92 4.16 9.6 28.8

For horizontal pipe
45 gpm
Length = 44 ft

Table 50 : pressure loss in horizontal pipe (zone 4)

EGsS/A001 017
NEoss/447 4 0.075 0.176 0.44 1.32 5.28

For branch pipe
5gpm
Length =28 ft

Table 51 : pressure loss in branch pipe (zone 4)

‘Loss/28 0.056 0.14 0.392 1.68 11.2

Best choice

Table 52 : best choice of pipe in zone 4

Tyee  Dametr s
Vertial 2 288
Forizontall . 15 528
(BRI 05 112
otallosses. . I 45 28
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e available pressure to lose by fitting = 82.3 psi > 45.28 psi —ok

We have to reduce the pressure by using globe valve before collection by 37 psi

Figure 217 : mechanical plan for floor 1

Design for zone 5 which include floor (podium 2)

Table 53 : Total fixture unite in podium 2 floor

Lavatory 2 ; 1 16
Kitchensink 2 4 1 ;

e, 64
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v Total fixture unite in this floor = 64 FU’s.

v' FU's (vertical line) = 64 Fu’s.

v" FU's (horizontal line) = 64 Fu’s.

- The worst case which have the max. Pressure that is water closet =10 psi

v" FU's (branch line) = 5 Fu’s.

=  Water Demand : ( depending on # of FU’s)
- Vertical line =54 gpm.

- Horizontal line = 54 gpm.

- Branch line =5 gpm.

v Length of vertical line = 230 ft

v Length of branch line = 17 ft

= Approximately equivalent length of :
- Vertical line (metal pipe) =230 * 1.5 =345 "
- Horizontal line (PVC pipe) = 58* 1.2 = 70°
- Branch line (PVC pipe) =17 * 1.2 =21°
A Available pressure = h * 0.433.
= (230) *0.43 = 99.6 psi.
= Critical fixture unite pressure (water closet) = 10psi.
v Auvailable pressure to lose by fitting = 99.6 - 10 = 89.6 psi

For vertical pipe

54 gpm
Length = 320 ft

Table 54 : pressure loss in vertical pipe (podium 2)

[LGSSA00N 013 025
NEoss/345° 1 0.45 0.86 2.07 5.18 15.5
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For horizontal pipe
54 gpm
Length =70 ft

Table 55 : pressure loss in horizontal pipe (podium 2)

oS00 043 025
PEoss/70m 1 0.091 0.175 0.42 1.05 3.15

For branch pipe
5gpm
Length =21 ft

Table 56 : pressure loss in branch pipe (podium 2)

[oss/1001] 02
MEoss/21 1 0.042 0.105 0.294 1.26 8.4

Best choice
Table 57 : best choice of pipe in podium 2

Ty Diametr s
Vertical 2 155
Horizontal 7 3.5

[Bianch ] 05 a4

TatalGsses M 2705

e available pressure to lose by fitting = 89.6 psi > 27.05 psi —ok

We have to reduce the pressure by using globe valve before collection by 63 psi
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Design for zone 6 which include floors (podium 1)

Table 58 : Total fixture unite in podium 1 floor

Lavatory 2 : 1 :
Kitchen ink ~ 7 ] 1 :

N 16

v" Total fixture unite in this floor = 16 FU’s.
v' FU’s (vertical line) = 16 Fu’s.
v' FU’s (horizontal line) = 16 Fu’s.

- The worst case which have the max. Pressure that is water closet =10 psi
v' FU’s (branch line) = 5 Fu’s.

=  Water Demand : ( depending on # of FU’s)
- Vertical line =32 gpm.

- Horizontal line = 32 gpm.

- Branch line =5 gpm.

v Length of vertical line = 247 ft

v Length of branch line = 12 ft

= Approximately equivalent length of :
- Vertical line (metal pipe) =247 *1.5=371"
- Horizontal line (PVC pipe) =41* 1.2 = 50°
- Branch line (PVC pipe) = 12 * 1.2 =15°
A Available pressure = h * 0.433.
= (247) *0.43 = 107 psi.
= Critical fixture unite pressure (water closet) = 10psi.
v" Available pressure to lose by fitting = 107 - 10 = 97 psi
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For vertical pipe
32 gpm
Length = 371 ft

Table 59 : pressure loss in vertical pipe (podium 1)

IEGSSA00N 023 0S5
Poss/374 ] 0.85 1.89 6.3 24.1 59.36

For horizontal pipe
32 gpm
Length = 50 ft

Table 60 : pressure loss in horizontal pipe (podium 1)

0.51
0.255 0.85 3.25 8

For branch pipe
5gpm
Length =15 ft

Table 61 : pressure loss in branch pipe (podium 1)

[LGSS/100111 0.2
NEGss/as T 0.03 0.075 0.21 0.9 6

Best choice
Table 62 : best choice of pipe in podium 1

Vertical 1.25 59.36
Horizontal 1.25 8
Branch 0.5 6
Total losses 73.4

e available pressure to lose by fitting = 97 psi > 73.4 psi —ok
We have to reduce the pressure by using globe valve before collection by 24 psi
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3.4.3. Water Drainage Design

The water piping system for drainage design depends on the natural flow and diameter of pipe.
during the design phase the following steps will be used .

1- Determine drainage fixture unit value (dfu) for each unit

PART A. BY TYPE OF FIXTURE
Drainage Fixture Minimum Trap Size
Fixture(s) Units (dfu) it

51
51

Automatic clothes washers: Commercial®
Residential

Bathroom group: Water closet (1.6 gpf [6 Lpf]), lavatory, and bathtub
or shaowver; with or without a bidet and emergency floor drain

Bathroom group: Water closet (>1.6 gpf [6 Lpfl), lavatory, and bathtub
or shower, with or without a bidet and emergency floor drain

Bathtub® (with or without overhead shower or whirlpool

Bideat

Combination sink and tray

Dental lavatory

Dental unit or cuspidor

Dishwashing machine?, domestic

Drinking fountain

Emergency floor drain

Floor drains

Kitchen sink, domestic

Kitchen sink, domestic, with food waste grinder and/or dishwasher

Laundry tray (1 or 2 compartments)

Lavatory

Shower

Sendice sink

Sink

Urinal

Urinal, 1 gal (3.8 L) per flush or less

Urinal, nonwater supplied

Wash sink (circular or multiple) each set of faucets

Water closet, flushometer tank, public or private

Water closet, private (1.6 gpf [6 Lpf])

Water closet, private (> 1.6 gpf [6 Lpf])

Water closet, public (1.6 gpf [6 Lpf])

Water closet, public (flushing >1.6 gpf [6 Lpf])

un b g

*h

b O N B b B By = b b B B D D b s b e s

Figure 218 : Drainage fixture units (DFU's) (24)
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2- Diameter of pipe and slop:

Maximum Total Number of dfu Allowable
Diameter of Pipe Stacks®
Horizontal One Branch Three Branch Greater than Three

in. mm¢ Branch Interval Intervals or Less Branch Intervals
1% 38 3 2 4 8
2 51 6 6 10 24
2Y2 64 12 9 20 42
3 76 20 20 48 72
4 102 160 90 240 500
5 127 360 200 540 1100
6 152 620 350 960 1900
8 203 1400 600 2200 3600
10 254 2500 1000 3800 5600
12 305 3900 1500 6000 8400
15 381 7000 d d d

(25)

Figure 219 : Horizontal fixture branches and stacks

the slope of 4” equals 1% and for 2” equals 2%.
3- Make vent to avoid water siphonage

Diameter Total Maxii Developed Length?® of Vent. Feet (m)®
of Soil or Fixture PR (mm)®
Waste Stack Units Being D afMeat e
in. (mm)® Vented (dfu) 1% 1% 2 22 3 B 5 6 8 10
32) (38) (1) (64) (76) (102) 127) (152) (203) (254)
1% 2 30
8 50
1 30
(3 (9.1)
) 2 30
(5 S
2 20 26
(57 7.9
212 2 0
(63 9.1
3 4 360
7€ (12.8 1
(7€ ) 9.8 (335 (82
27 34 230
{75 = (28.7 70.1
3 02 3 86 210
(76 7€ 26 (64.0
. 35 85
10. (10.7 (259
3 ) 27 6
) 8.2 (1
. 0 23
102 7.0
7 6 52 -1
> 20 28
8.C (250 )
190 21 63
& (6.4) 19.2) =
5 940 18 53
127, 5.5) {(16.2 2)
5 1400 49
127) 4.9 (14 9 (179.8)
6 500 33 200
152 0.1 (121.9)
6 1100 26 31
152 79 30.5) 845

Figure 220 : Size and length of vent 26)
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4- Put clean out at the end of each branch which is used for maintenance

Figure 221 : plan of Water Drainage system in floor 1

A Drainage Calculations:

e Each W.C represents 4Dfu.

e Each Lavatory Represent 1 Dfu.

e Each kitchen sinks Represent 2 Dfu.

e Max. total Dfu of stakes is less than 240 Dfu so use main sakes 4" .
Use ventilation stakes 4" .

e The sewers for lavatory which reach to the main drainage = 2"

e The sewers for kitchen sink which reach to the main drainage =2"
e The sewers for W.C which reach to the main drainage = 4" .
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3.4.4. HVAC system

The primary function of all air-conditioning systems is to provide thermal comfort for building
occupants. There are a wide range of air conditioning systems available, starting from the basic
window-fitted units to the small split systems, to the medium scale package units, to the large

chilled water systems, and currently to the variable refrigerant flow (VRF) systems.

Variable Refrigerant Flow System

Variable refrigerant flow (VRF) is an air conditioning system configuration where there is one
outdoor condensing unit and multiple indoor units. The term variable refrigerant flow refers to
the ability of the system to control the amount of refrigerant flowing to the multiple evaporators
(indoor units), enabling the use of many evaporators of differing capacities and configurations
connected to a single condensing unit. The arrangement provides an individualized comfort

control, and simultaneous heating and cooling in different zones.

Electronic expansion valve

/— or
///////////f”/\\\zf\\\\fﬁﬂii:ifdubnngvaWe
! ,/

P
2 >
\\\\\\\ ////// ‘\\\(JUMOorawcuomd

condenser

Figure 222 : VRF System with multiple indoor evaporate units

Refrigerant piping runs of more than 200 ft are possible, and outdoor units are available in sizes

up to 240,000 Btu/ h (60478.98 kW).
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, Separation tube

Header \

Refrigerant

branch unit

Outdoor unit

Transmission
adaptor

= ==} -
PC controller (mm- ﬂ
Ll \
.---I :
Central remote Wireless

controller remote

controller

Wired remote
controller

Indoor unit

Wired remote
controller

:

Wired remote
controller

Figure 223 : A schematic VRF arrangement

A separation tube has 2 branches whereas a header has more than 2 branches. Either of the
separation tube or header, or both, can be used for branches. However, the separation tube is
never provided after the header because of balancing issues.

> e
K
,\."__, ~ 1 N 2o
I3 > %
Header Liquid Pipe

[l 10

OO T

Seperation Tube

Header Gas Pipe

Figure 224 :

Separation and header tubes
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Selection units

This section talks about selection of outdoor and indoor units of VRF system, depending on the

“Samsung VRF catalogue”,
Outdoor and indoor units are selected according to the thermal load of the building.

Convert kilowatt to ton of refrigeration

87593 kw

248 9526971505933 ton

Outdoor unit
It was chosen 7 outdoor units with capacity of individual is 249 Ton (AM432FXVAJR/AA)

Each outdoor unit = 36 ton

Indoor unit
In this project there are two types of indoor units selected, which are split and cassette units. The

split unit is used for manager room , and the cassette units are used for staff room ,circulation ,

shops , cafeteria , and mall .
The figure below shows the two types of selected units:

Figure 225 : Spilt and cassette indoor units
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The selected indoor units for the building are listed in the tables below:

Room Name

mall

Office store
Open office

Circulation

Shop 11
Shop 1
Shop 7
Shop 8
Shop 9
Shop 10

Circulation

Circulation

Manage
office

Shop 2
Shop 3
Shop 5
Shop 6
Shop 4

20.44

2.44

10.88

5.36
5.05
3.41
1.49
1.78
1.78
2.02

21.49

2.58
2.53

1.21
1.17
1.79
1.19
1.32

Table 63 : Indoor units for (podium1) floor

Flow rate
Load (Kw) | (m®/sec)

.6

327

277

187

.085

.097

.098

107

13

.158

144

.066

.063

.096

.065

.032

Indoor

Unit Type

Cassette
Cassette
Cassette
Cassette
Cassette
Cassette
Split
Split
Split
Split
Cassette
Cassette

Split

Split
Split
Split
Split

Split

Indoor Unit
Name

AMOO9FNNDCH/AA

AMOO9FNNDCH/AA

AMOO9FNNDCH/AA

AMOO9FNNDCH/AA

AMOO9FNNDCH/AA

AMOO09FN4DCH/AA

AMOO7FNTDCH/AA

AMOO7FNTDCH/AA

AMOO7FNTDCH/AA

AMOO7FNTDCH/AA

AMOO9FNNDCH/AA

AMOO9FNNDCH/AA

AMOO9FNTDCH/AA

AMOO7FNTDCH/AA

AMOO7FNTDCH/AA

AMOO7FNTDCH/AA

AMOO7FNTDCH/AA

AMOO7FNTDCH/AA

Dimension
(Mm)

575 x 250 x

575

575 x 250 x
575

575 x 250 x
575

575 x 250 x
575

575 x 250 x
575

575 x 250 x
575

825 x 285 x

189

825 x 285 x

189

825 x 285 x

189

825 x 285 x

189

575 x 250 x
575

575 x 250 x
575

825 x 285 x
189

e}

e - T N S S S O C RN R U

825 x 285 x

189

1 825 x 285 x
189

1 825 x 285 x
189

1 825 x 285 x
189

1 825 x 285 x

189

[EEN
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Table 64 : Indoor units for floor 12

Room Name Cooling Indoor Unit | Indoor Unit Number | Dimension
Load (Kw) | Type Name of indoor | (Mm)

unit

575 x 250 x 575
825 x 285 x 189

staff room 7.52 Cassette AMO09FNNDCH/AA

Office room 4 1.67 Split AMOO7FNTDCH/AA
Office room 3 3.32 Split AMO12FNTDCH/AA

Office room 2.80 Split AMOO9FNTDCH/AA
Reception 2.97 Cassette AMO12FNNDCH/AA

Store room 2 2.67 Cassette AMO12FNNDCH/AA
Reception 2 3.39 Cassette AMO12FNNDCH/AA
Office room 2 1.49 Split AMOO7FNTDCH/AA
staff room 7.46 Cassette AMOO9FNNDCH/AA
Store room 3.48 Cassette AMO12FNNDCH/AA

825 x 285 x 189

825 x 285 x 189
575 x 250 x 575
575 x 250 x 575
575 x 250 x 575

825 x 285 x 189
575 x 250 x 575

L L S N e o S = S S %)

575 x 250 x 575
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3.4.5. Safety Design:

3.4.5.1. Introduction:
The first aim of safety engineering is to control and reduce risk to acceptable levels. Risk is the

combination of the probability of a failure event, and the severity resulting from the failure.

In our project Fire protection design include: sprinklers, smoke detector, fire extinguishers , and
fire alarm

3.4.5.2. Sprinklers

Figure 226 : Sprinklers

In our project we use sprinkler can cover 12 mzas maximum protection area and the maximum
distance between two sprinklers is 4.6m.

Table 65 : The type of the hazard and the area covered by one sprinkler

Type of hazard Low Moderate High
Area 20m 12m om2

Table 66 : The type of the hazard and the maximum distance between two sprinklers

Type of hazard Low Moderate High
Max .distance 4.6m 4.6m 3.7m
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* Sample Calculation:
the staff room was taken to make a sample of calculation for the distribution of sprinklers.

—Area of staff room =102 m2.
—Number of sprinkler = 102 / 12 = 8.5 use 9 sprinkler.

3.4.5.3. smoke detector :

It gives an indication about the location of smoke in the building

Figure 227 : smoke detector

3.4.5.4. fire extinguishers
Portable extinguishers are designed to control or extinguish small fires. They are placed through

the building to be ready when someone finds a fire. and there is many type of fire extinguishers
As shown below

Figure 228 : fire extinguishers
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3.4.5.5.Fire alarm :

It gives an indication about the location of the fire alarm bottom as pictures below:

Figure 229 : Fire alarm

3.4.5.6. Safety signs

1- Exits &EXxit signs:

Exit signs should be visible from any place in the corridor. Those that are not near
an exit door will have an arrow showing the direction to the nearest exit.

Figure 230 : Exit signs
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Figure 231 : distribution of safty system on plan floor

o smoks detecter
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3.4.6. Elevators

An elevator is a mean of vertical transportation equipment that efficiently moves people or goods
between floors of a building. The provision of elevators in multistory buildings (above 3 stories)

is a requirement by the Jordanian Engineers Association in Palestine.

The following steps can be used to calculate the number of elevators need in the building:

1. The Population in the building:

P =10-12 m2/person
Area of the building = 615*19 = 11685m2
Max population = 11685/12 = 973.75

2. Percent Handling Capacities:

The min. PHC = (14-16) %

~HC =973.75* 16 % = 155.8 person/ 5 minutes
Rise =4.6*19=874m

Speed =800 fpm

The possible types of elevators in the building
will be( 2500 Ib/800fpm , 3000 1b/800 fpm , 3500 1b/800 fpm )
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Table 67 : number of Elevators needed in tower

| | 25001b/800 fpm 3000 Ib / 800 fpm 3500 Ib / 800 fpm

Car Passenger Capacity [k
(P)
Round-trip time (RT) k¥ 125 136

Handling Capacity 300*13/112 = 34.8 300*16/125 = 38.4 300*19/136 = 41.9
(H.C.)

Number of elevators  [REIRIEIR:ER NS 155.8/38.4 = 4.05 155.8/41.9 = 3.7
Q)

User number of il 4 3
elevator (N)

Percent Handling 4*34.8/973.75=14.2  4*38.4/973.75=15.7 3*41.9/973.75=12.9
Capacity (PHC)

SRV CIEIN( 112/4 = 28 125/4 = 31.25 136/3 =45.3

four elevators from type (2500 Ib, 800 fpm) are suitable to the building

. —

|
<t
O M
~ [

8.3
]

Figure 232 : plan of elevators
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3.5.Electrical Design

3.5.1. Introduction
Vision is the most important of all the five senses — and the one were on most heavily at work.
So correct workplace lighting is matter of particular importance. As numerous scientific studies
have shown, close links exist between the quality of lighting on the one hand and productivity,
motivation and well-being on the other .In the modern working world, however, we need more
than just the right amount of light for workplace tasks. We need a succession of stimulating and
relaxing situations throughout the day .So creating different lighting scenes in rooms with
different functions(workrooms, meeting rooms, recreation/regeneration zones)helps boost
motivation and promote a sense of well-being .So the natural lighting and artificial lighting are
integrated to increase occupant comfort.

In order to get the best artificial lighting arrangement, DIALux evo. software was used for
analysis and calculations. Different spaces where analyzed the following aspects were
considered:

1. Hluminance (E): is a luminous flux per unit area and measured in lux (Ix).
Glare index (or unified glare rating-UGR): is a visual impression created by the
presence of illuminated area in the field of view.

3. Uniformity(U): is the ratio between the minimum illuminance and the average
illuminance in the space. And it equals (0.6-1).

Table 68 : recommended Illuminance **

General offices 500

Computer work stations s00 {Ij_xmcfal lighting may be required for reading a
ocument

Drawing work stations 750 Local lighting 1s appropriate

Other areas, e.g. file storage and
reception, telephone operators

300

Areas common to most Lux (Imvm=2)
buildings

Entrance hall, lobby, waiting room 200
Enquiry desk SO0
Corridor, passageway, stairs 100
Atria S0-200
Changing room, cloakroom, 100
lavatory

Rest room 150
Canteen, cafeteria. dining room 200
Kitchen 300
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3.5.2. DIALux evo. Design

Many spaces in the building were taken and designed in DIALux4.12 software. These

spaces are in first, fifth, and seventh floor.
e Type of luminaires® :

There are five types of luminaires used in this project as shown in figure

Luminaire

Total Lamp Flux
Light Output Ratio
Luminous Flux
Power

LxBxH

Ballast

Maxos LED, recessed

RC300B L600 1xLED10S/830 PO
1200 Im

1.00

1200 Im

12w

0.60x0.10x0.12 m

RC300B L600 1xLED10S/830 PO

1 x 1200 Im

Polar intensity diagram
120" 180 120

estimation diagram UGR diagram

120}

Utilisation factor table Luminance Table

Rofoctances for coling, walls aad workeng phane (CIE

Luminaire

Total Lamp Flux
Light Output Ratio
Luminous Flux
Power

LxBxH

Ballast

Figure 233 : luminaire 1 specification

Savio TBS760/770

TBS760 2¢TL5-25W HFP AC-MLO_830
5200 Im

058

3016 Im

55 W

1.20x0.30x0.11m

HF Performer

TBS760 2xTL5-25W HFP AC-MLO_830

2 x 2600 Im

Polar intensity diagram
120 10 120°

Quantity estimation diagram UGR diagram

Utilisation factor table Luminance Table

Tafiectances for ceng, walks and wosdng pisoe (CIE

Room|

Figure 234 : luminaire 2 specification
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Luminaire : BBS560 1XLED35S/830 AC-MLO-C

Total Lamp Flux 3500 Im

Light Output Ratio :1.00 o —
Luminous Flux £ 3500 Im e ) >
Power S 39w ~
LxBxH : 0.60x0.60x0.05 m

Ballast -

BBS560 1xLED35S/830 AC-MLO-C

1 x 3500 Im

Polar intensity diagram Quantity estimation diagram UGR diagram
120 tao 120 o of einsies
e A l Per 28

v > Rofectances 070,050,020
Meimiononc

90 24

- ¥ e
. 1%

I
| \\i

t o T
e00— o f—T —1 | o

7 =X e s e
a0} 750- x BE—F" 0

(canocow @ LOR=100 o m % 7o 90 om) a0 B0__ 120 m 1o

Luminance Table
Light output rateo 100
Servwce upsaes 000

Servce downward 100

CIE fux code 68 9 98 100 100

SM a0 crosswise max 14
mas 14

UGReen (4Husi_0 250) 1
EN12465.1 85 og. 1500 caw2

UTE71121 100C +000T

Figure 235 : luminaire 3 specification

Luminaire

Luminaire data shest

L | :

OMEGA C LED1600-830 HF R200 [STD]
] ] 96627763

OMEGA2 4X18W T26 HF DMEB L840 [STD]
96547240 Total luminous fiwe 16592 Im

Total luminous fiuxx 4000 - 5400 Im Connected load  16.4 W

Connected load 74.0 W

Recessed modular luminaire for 4 x 18W T26 lamps with A versatile, circular edge lit panel for recessed mounting in a

electronic - fixed output dircuit. Body: white painted steel with @200mm cutout. Electronic, fixed output control gear. Class IT
double parabolic mimorbrite aluminium louvre, For exposed tee . s e ]
ek 155 2wl e e et ] i e 121 e electrical, IP20. Eu_ﬂdy: alurl_uruum and steel,. Diffusar: acrylic
wedge brackets) or plasterboard (using wadge brackets). Class opal. Complete with 3000K LED.,

1 electrical, IP20. Electrical connection via factory fitbed 3 x 2 x
1.5mm? piano key terminal block. Complete with 840 lamp{s). Dimensions: G230 x 78 mm
Dimensions: 620 x 595 x 80 mm Total power: 164 W

Total power: 74 W Luminaire luminous fle: 1692 Im

Weight: 3.6 kg Luminaire efficacy: 103 Im/\W
Weight: 1 kg

Figure 236 : luminaire 4,5 specification
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Spaces and result :

1- Mall (podium 1)

In podium 1 floor, the mall was selected to calculate and distribute the lighting in it and
it was considered as general space . This space has 166 m? area. The luminaire was a
surface type ( 4*18w T26 HF DMB L840 (STD). After the build the model in the DIALux
evo. program, the results of the distribution of luminaries and the illuminance in room
were shown in figure below:

B¢ sie1 [ Bulding1 - l_:’_JmaIIv I @i 8 O ﬁ][ Results overview

Jas 00, ' ' ' Obsolete results available (recalculation required)

Results

Seardht
@ ~ [ mall
@ ¥ &r Caloulation surface 1
v [me] 12.0
Calculation surface (Unified Glare Rating (UGR))
Actual Target
<10 -

12.0

Parameter

Height offset 0.80
Step width 15.00
Viewing angles from 0.00
to 360.00

@ v a» Workplane 5 | |
~ E 0.65 u
Workplane (Perpendicular illuminance)
Actual
Average 386 ke
249 |
543 Ix

Min/average 0.65
Min/max 0.46
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M sict [ Buidingt -~ () storey1 - [ p—
st 0T T et T " s N obscict= resuits available (recalculation required)
Results
Search 2
® F ar Caloulation surface 1

b foe] 12.0 <10

© » & Workplane 5

» [EH 386 b 0.65

Figure 237 : illuminance in mall

The average illuminance in the room (386 lux) which larger than the recommended value
(300 lux) as mentioned before in table 63. The uniformity in the mall (0.65) which was between
(0.6-1.00). That means the uniformity in the mall very good and acceptable. On the other hand,
the glare index shall be calculated to insure that there are no problems. The maximum glare
index in the mall (12) which is less than the recommended value (22) .

The figure below shows the 3D-modal to the mall and the distribution of luminaires in it.

Figure 238 : 3D-modal to the mall and the distribution of luminaires in it
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2- Hole space (podium 2)

In podium 2 floor, the hole space selected to calculate and distribute the lighting in it and
it considered as general space . This space has 539 m? area. The luminaire was a surface
type ( OMEGA C LED 1600-830 HF R200 (STD) ). After the build the model in the
DIALux evo. program, the results of the distribution of luminaries and the illuminance in

room were shown in figure below:

M« sie1 () Buldingl - @sturey2-|| IElj]f@ﬂ]Elw Results overview

T ™ B T L L P Y

T e T e o Results

Search £

@ )} a» Caloulation surface 3

= 208

Parameter

Height offset 0.0 m

Step width 15.00 =

Viewing angles from 0.00 =

to 360.00 *

& Workplane 40 [ ]
~ E 616 I 0.68 [

Workplane (Perpendicular illuminance)

Actual Target

Average 616 I = 500 Ix

Min 47 Ix

Max 783 Ix

Min/average 0.68

Minfmax 0.53

Parameter

Heghtoffst  0.00 m

Figure 239 : illuminance in hole space ( podium 2)

The average illuminance in the room (616 lux) which larger than the recommended value
(500 lux) as mentioned before in table 63 . The uniformity in the HOLE (0.68) which was
between (0.6-1.00). That means the uniformity in the hole very good and acceptable. On the
other hand, the glare index shall be calculated to insure that there are no problems. The
maximum glare index in the hole (20.8) which is less than the recommended value (21) .

The figure below shows the 3D-modal to the mall and the distribution of luminaires in it.
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Figure 240 : 3D-modal to the mall and the distribution of luminaires in it
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3- Manager room (1-18 floor)

In 1-18 floor, the manager room selected to calculate and distribute the lighting in it and
it considered as office space . This space has 25 m? area. The luminaire was a surface type
(TBS760 2*TL5-25WHPF AC-MLO-830). After the build the model in the DIALux evo.
program, the results of the distribution of luminaries and the illuminance in room were

shown in figure below:

@ b

3

Figure 241 : illuminance in manager room

& Calculation surface 9
B 501 b

- [ 14.1

Calculation surface {Unified Glare Rating (UGR))
Actual Target

Min <10 <= 19.0
Max 141 <= 19.0

15.00 =
Viewing angles from 0.00 °
to 360.00 °

oss [l m
Workplane (Perpendicular illuminance)

Actual Target
Average 589 b > 500 I
Min 375 b -
Max 691 I
Min/average 0.64
Min/max [

The average illuminance in the room (589 lux) which larger than the recommended value
(500 lux) as mentioned before in table 63. The uniformity in the manager room (0.64) which
was between (0.6-1.00). That means the uniformity in the hole very good and acceptable. On the
other hand, the glare index shall be calculated to insure that there are no problems. The
maximum glare index in the manager room (14.1) which is less than the recommended value

(19) .

The figure below shows the 3D-modal to the manager room and the distribution of

luminaires in it.
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Figure 242 : 3D-modal to the manager room and the distribution of luminaires in it

4- Waiting room (1-18 floor)

In 1-18 floor, the waiting room selected to calculate and distribute the lighting in it and it
considered as office space . This space has 45.6 m? area. The luminaire was a surface type
(TBS760 2*TL5-25WHPF AC-MLO-830). After the build the model in the DIALux evo.
program, the results of the distribution of luminaries and the illuminance in room were
shown in figure below:

M+ pivateofice  [f] Buiding1 () Storey 1 | (L) waiting
e [2loa s oo ade 140 280 [.da .02 5

re)

o=t 174 <10
Calculation surface (Unified Glare Rating (UGR))
Actual i
Min <10
Max 17.4

Parameter

Average
Min

Max

Min/average

L Y L L P P L L Y P B L Y L P

Figure 243 : illuminance in waitting room
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The average illuminance in the room (345 lux) which larger than the recommended value
(300 lux) as mentioned before in table 63. The uniformity in the waiting room (0.64) which was
between (0.6-1.00). That means the uniformity in the hole very good and acceptable. On the
other hand, glare index shall be calculated to insure that there are no problems. The maximum
glare index in the waiting room (17.4) which is less than the recommended value (22) .

The figure below shows the 3D-modal to the waiting and the distribution of luminaires in it.

Figure 244 : 3D-modal to the waiting room and the distribution of luminaires in it
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5- Open office — stuff room - (1-10 floor)

In 1-10 floor, the stuff room selected to calculate and distribute the lighting in it and it
considered as office space . This space has 48 m? area. The luminaire was a surface type
(BBS560 1*LED35S/830 AC-MLO-C). After the build the model in the DIALux evo.
program, the results of the distribution of luminaries and the illuminance in room were
shown in figure below:

Results overview

M Obsolet= resuits available (recakculation required)

Target
<= 19.0

Height offset 050 m
Step width 15.00 =
Viewing angles from 0.00 °

360.00 ©

o7 [ =
Workplane (Perpendicular iluminance)
Actual Target
Average 599 b > 500 b
Min 343 b
Max 713 b
Min/average 0.57
Min/max 0.48

Figure 245 : illuminance in stuff room

The average illuminance in the room (599 lux) which larger than the recommended value

(500 lux) as mentioned before in table 63. The uniformity in the stuff room (0.57) which was
nearly 0.6 between (0.6-1.00). That means the uniformity in the hole very good and acceptable.
On the other hand, the glare index shall be calculated to insure that there are no problems. The

maximum glare index in the stuff room (17) which is less than the recommended value (19) .

The figure below shows the 3D-modal to the stuff room and the distribution of luminaires in
it.
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Figure 246 : 3D-modal to the stuff room and the distribution of luminaires in it.
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6- corridor (1-18 floor)

In 1-18 floor, the corridor selected to calculate and distribute the lighting in it and it
considered as general corridor space . This space has 44 m? area. The luminaire was a
surface type (OMEGA C LED 1600-830 HF R200 (STD)). After the build the model in

the DIALux evo. program, the results of the distribution of luminaries and the illuminance
in room were shown in figure below:

s private office  []) Building 1[5 Storey 1 -

brridd ®

(o]

ol 21.8 <10 [ ]
Calculation surface (Unified Glare Rating (UGR))
Actual
Min <10
Max 21.8
Parameter
Height offset 0.50 m
Step width 15.00 =
Viewing angles from 0.00 =
to 360.00 °
aw Daylight factor effective area 21
£ 3 0000 %
a» Workplane 24
| 164 I
Workplane (Perpendicular illuminance)
Actual
164 I
Min 856 Ix
Manc 187 Ik

Average

Min/average
Miny/miax

Parameter

Figure 247 : illuminance in corridor

The average illuminance in the corridor (164 lux) which larger than the recommended value
(100 lux) as mentioned before in table 63. The uniformity in the corridor (0.58) which was
nearly 0.6 between (0.6-1.00). That means the uniformity in the hole very good and acceptable.
On the other hand, the glare index shall be calculated to insure that there are no problems. The
maximum glare index in the corridor (21.8) which is less than the recommended value (28) .

The figure below shows the 3D-modal to the corridor and the distribution of luminaires in it.
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Figure 248 : 3D-modal to the corridor and the distribution of luminaires in it.

7- kitchen (1-10 floor)

In 1-10 floor, the kitchen selected to calculate and distribute the lighting in it and it
considered as cutting food space . This space has 6.4 m? area. The luminaire was a
surface type (OMEGA C LED 1600-830 HF R200 (STD). After the build the model in the
DIALux evo. program, the results of the distribution of luminaries and the illuminance in
room were shown in figure below:

Results averview

Obsolete results available (recalculation required)

Min

Max

Parameter

Height offset 120
Step width 15.00 =©
Viewing angles from 0.00 *
to 360.00 ©

s Workglane 5
H 571k 0.65 ]

‘Workplane (Perpendicular illuminance)

Actual Target
Average 571 Ix > 500 b
Min 74 I
Max 668 I
Min/average 0.65
Min/max 0.56

Parameter

Figure 249 : illuminance in kitchen
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The average illuminance in the kitchen (571 lux) which larger than the recommended value
(500 lux) as mentioned before in table 63. The uniformity in the kitchen (0.65) which was
between (0.6-1.00). That means the uniformity in the hole very good and acceptable. On the
other hand, the glare index shall be calculated to insure that there are no problems. The
maximum glare index in the kitchen (18.5) which is less than the recommended value (22) .

The figure below shows the 3D-modal to the kitchen and the distribution of luminaires in it.

Figure 250 : 3D-modal to the kitchen and the distribution of luminaires in it.

8- bathroom (1-10 floor)

In 1-10 floor, the bathroom selected to calculate and distribute the lighting in it and it
considered as toilet & bathroom space . This space has 6.4 m? area. The luminaire was a
surface type (RC300B L600 1*LED10S/380 PO0). After the build the model in the DIALux
evo. program, the results of the distribution of luminaries and the illuminance in room
were shown in figure below:
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L}

225 k 0.83

<10 <10 ]
‘Calculation surface (Unified Glare Rating (UGR))

Actual
Min <10

g T

Max <10

Parameter

L

£o3 & Workplane 4 [ |
o+ 255 I o6e [l =

Workplane (Perpendicular illuminance)

Average

Min

Max
Min/average
Min/max

Figure 251 : illuminance in bath room

The average illuminance in the bathroom (255 lux) which larger than the recommended
value (200 lux) as mentioned before in table 63 . The uniformity in the bathroom (0.68) which
was between (0.6-1.00). That means the uniformity in the hole very good and acceptable. On the
other hand, the glare index shall be calculated to insure that there are no problems. The
maximum glare index in the bathroom (less than 10) which is less than the recommended
value (25) .

The figure below shows the 3D-modal to the bath room and the distribution of luminaires in
it.

Figure 252 : 3D-modal to the bath room and the distribution of luminaires in it.
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The figures below show ( 3d model ) for external lighting of the podium and site plan :

Figure 253 : ( 3d model ) for external lighting of the podium and site plan
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Manual Design

After using DIALux software, the luminaires were distributed on other space in the building .
And then, total consumption power in the building were calculated.

Table 69 : total consumption power in podium 1

podium 1

Space Em Luminaire type Fl n (unit) N (unit) Watt/unit Watt
(Tux) (lum)

mall 300  4*18w T26 HF DMB L840 4000- 4 13 74 962
(STD) 5400

Shops 500 C LED1600-830 HF R200 1692 1 15 16.4 246
TOTAL 1208

Table 70 : total consumption power in podium 2

Podium 2
Space Em Luminaire type Fl n (unit) N (unit) Watt/unit Watt
(Tux) (lum)
ol 300 4*18w T26 HF DMB L840 4000- 4 15 74 1110
(STD) 5400
Shops 500 C LED1600-830 HF R200 1692 1 18 16.4 296
TOTAL 1406

Table 71 : total consumption power in 1st floor

1% floor
Space Em  Luminaire type Fl n(unit) N (unit) Watt/unit Watt
- (lux) (lum)
200 RC300B L600 1*LED10S/380 1200 1 12 12 144
PO
500  C LED1600-830 HF R200 1692 1 24 16.4 394
100  C LED1600-830 HF R200 1692 1 8 16.4 132
VENERER 500  TBS760 2*TL5-25WHPF AC- 3016 2 36 55 1980
WETIEMS 300  TBS760 2*TL5-25WHPF AC- 3016 2 28 55 1540
Stuff 500 BBS560 1*LED35S/830 AC- 3500 1 52 39 2028

TOTAL 6218 watt

The floors from (2-10 ) as the same as 1* floor = 9*6218 = 55962 watt
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Table 72 : total consumption power in floor 11

Floor 11

Space Em  Luminaire type Fl n(unit) N (unit) Watt/unit Watt
- (lux) (lum)
200  RC300B L600 1*LED10S/380 1200 1 6 12 72

PO

500  C LED1600-830 HF R200 1692 1 12 16.4 197
100  C LED1600-830 HF R200 1692 1 8 16.4 132

VETEGE® 500  TBS760 2*TL5-25WHPF AC- 3016 2 36 55 1980
MLO-830

WETTEIS 300  TBS760 2*TL5-25WHPF AC- 3016 2 14 55 770
MLO-830

Stuff 500  BBS560 1*LED35S/830 AC- 3500 1 26 39 1014

TOTA 4165 watt

The floors from (11-18 ) as the same as floor 11 =7*4165 = 29155 watt
Total power in the building = 1208 + 1406 +62180 + 33320 = 98114 watt = 99 KW

3.5.3. Sockets design

The sockets arrangement :

Table 73 : sockets arrangement in podium 1

floor Typeof |# Socket | # special | Special | Total Voltage | DF Watt
area socket | current | socket socket | current

current
Podium Jy:tl 10 2 3 10 30 220 0.2 962

Shops 45 2 0 0 90 220 0.2 246
# of Circuit Breaker =15 C.B

I.

Table 74 : sockets arrangement in podium 2

floor Typeof | # Socket | # special | Special | Total Voltage | DF Watt
area socket | current | socket socket | current
current
50 220 0.2

=ole|[0173l Cafeteria 15 2 5 10 1110
2

Shops 54 2 0 0 108 220 0.2 296
# of Circuit Breaker =15 C.B
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Type of
area

Table 75 : sockets arrangement in 1st floor

Bathroom 4
Kitchen 20
Corridor 4
Manager 12
room

Waiting 8
room

Stuff 80
room

# of Circuit Breaker =10 C.B

Socket | # special | Special | Total Voltage | DF
current | socket socket | current
current

2 0 0 8 220 0.2
2 4 10 40 220 0.2
2 0 0 8 220 0.2
2 0 0 24 220 0.2
2 0 0 16 220 0.2
2 0 0 160 220 0.2

# of circuit breaker for each floor from (2-10) =10 C.B

Type of
area

Table 76 : sockets arrangement in floor 11

144
394
132
1980
1540

2028

Bathroom 2
Kitchen 10
Corridor 4
Manager 24
room

Waiting 8
room

Stuff 40
room

# of Circuit Breaker = 10 C.B

Socket | # special | Special | Total Voltage | DF
current | socket socket | current
current

2 0 0 4 220 0.2
2 2 10 20 220 0.2
2 0 0 8 220 0.2
2 0 0 48 220 0.2
2 0 0 16 220 0.2
2 0 0 80 220 0.2

72
197
132
1980
770

1014

# of circuit breaker for each floor from (11-18) = 10 C.B
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3.5.4. Circuit breakers (C. B.)

After the calculations of power and lighting design, the circuit breaker must be designed.
A circuit breaker is an automatically operated electrical switch designed to protect an electrical
circuit from damage caused by overload or short circuit. Its basic function is to detect a fault
condition and interrupt current flow.
Two types are used:

1- 1 -10amp circuit breaker for lighting.

2- 2- 16 amp circuit breaker for outlets.

Calculation of circuit breakers for lighting in each floor

# Circuit breakers = total lighting*DF+SF / voltage*current for lighting
Where DF for lighting= 0.8, SF=1.2

e Sample calculation for podium 2 floor :

#CB= (6218*0.8*1.2)/(220*10) =2.7=3C.B

Table 77 : # Circuit breakers

1

Podium 1
1
(1-10) each floor 3

(11-18) 2

To determine the cross sectional area of the circuit breaker the following equation should be
applied:

I = {(I Lighting = Diversity Factor) + (I socket * Diversity Factor) + (I special load* Diversity
Factor)}* 1.15

Where: I= Total current.

D.F. of lighting = 0.8

D.F. of socket = 0.2

D.F. of special load = 1
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Sample calculation for the second floor :
I=(6218/220)*0.8) + (216*0.2) + (40*1) = 105.8

Where 3 phase have been used
Then, 105.8 /3=35.3
from below table the cross section of the CB = 10 mm2.

| cable=1.15 IcB
1.15*35.3=40.5 from the below table the cross sectional area

(Burned and enclosed in conducting) equals 16 mm?2.

Table 78 : summary of Electrical design

Area Electric item

Circuit beaker Cable Lighting Socket

Podium 1 4 mm? 4 mm? 1.5 mm’ 2.5 mm?
Podium 2 4 mm? 4 mm? 1.5 mm? 2.5 mm?
(1-10) 10 mm? 16 mm? 1.5 mm? 2.5 mm?
(11-18) 6 mm? 10 mm? 1.5 mm? 2.5 mm?
conductor Burned and enclosed in conducting Clipped direct to the surface and unclosed
osixtrunk (¢ 58 B slas)
Nominal cross Single phase Three phase Single phase Three phase
sectional area (mm?2) Current rating Current rating Current rating (Amp) Current rating
(Amp) (Amp) (Amp)
1.0 11 9 13 12
1.5 13 11 16 15
2.5 18 16 23 20
4.0 24 22 30 27
6.0 31 28 38 34
10 42 39 51 46
16 36 50 68 61
25 73 66 89 80
35 90 80 109 98
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3.6.Quantities surveying & cost
3.6.1. Introduction

In this part of the project, the overall cost of each type of building was estimated. And the
operation of them cost was also estimated. The table below show the The price of materials

Table79 : The price of materials

_ v

Concrete 310 NIS/m3
Steel (bars and stirrups) 2800 NIS/ton
Block (10cm)+ Plaster 56NI1S/m?
Block (20cm) (use in slab) 2.6 NIS/unit
Traditional stone wall 220-250 NIS/m?

Sand 100 NIS/m3

3.6.2. cost and quantity for Excavation work

Quantity cost/m3 (include
labore

leveling m3 2380 25 59500
Excavation m3 30000 35 1050000
Base coarse m3 123 90 11070

1120570
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3.6.3.Construction Cost

3.6.3.1.Footing

4185.7 1590566
Blinding 250 m3 310 77500
764 Ton 2800 2139200

3.6.3.2.Columns and Shear Walls

Columns 1150 437000
Shear wall 3670 m3 380 1394600

Columns steel 111 Ton 3000 333000
(bars,
stirrups)
Shear wall 762 Ton 3000 2286000

steel
(bars,stirrups)

4450600
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3.6.3.3.Slab and Beams

Beam concrete 2361

Slab 4500 m3

concrete
beam steel 114
(bars, stirrups)
Slab steel 702
(bars,stirrups,shrinkage)

3.6.4.cost and quantity fo

type

Tiles
glass
Block 10 cm+plaster
Block 20 cm
Sand
Stone

Ceiling

External wall
(aluminum,isoulation,gypsum)

I

Total cost for all building =

Cost /m2 = 868 NIS

nit Cost /unit | Total cost -
m3 310

731600

310 1395000

Ton 3000 342000
Ton 3000 2106000
4574600

r Finishes work

m?2 90

14690 1322100
3060 m? 200 612000
7945 m? 57 452865

133895 Number 3 401685
927 m3 130 120510
5350 m(length) 55 294250

14690 m? 80 1175200

3850 m? 300 1155000
5533610

19486646 NIS
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3.7. Conclusions and summary

In this project, an office building built downtown Nablus have been selected built downtown
Nablus for design. This building has 25 floors with concrete structure and Alaminum panels
facade. The main purpose is to build twest office tower .

3.7.1. Architectural

In Architectural design we designed 25 floors with areas of about 20000 m? include :
1- As main function : offices , open and close

2- Bank
3- Cafeteria
4- Gym

The building has twist shape .

3.7.2. structural

In this project we used concrete and steel as main material in design , the type of steel has f, =
420 Mpa and the type of concrete we used is B600 for columns and mat foundation and type
B300 for other .

We designed :

1- Slabs.

2- Beams.

3- Columns.
4- Ramps.

5- Water tank .
6- Stairs .

3.7.3. Hvac system

In this project we used (VRF) system After calculate the cooling , heating , and simulation for
tower as shown in design chapter .
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3.7.4. acoustics and lighting

- Inlighting design we used 5 types of luminaires after calculate the daylight in the tower

- Inacoustics design we calculate STC and we compare values with recommendation STC
, and we calculate RTeg

- For noise control in office space we used (masking sound system) .
3.7.5. Quantities surveying & cost

After finish design phase we calculate nearly total cost for building (19486646 NIS )
And for M? (870 NIS)
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Appendix A

hiHL & he/HL

IMPULSIVE AND CONVECTIVE HEIGHT FACTORS vs. L/H; RATIO
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Figure A.1 : impulsive and convection height factors
IMPULSIVE AND CONVECTIVE MASS FACTORS vs. L/H; RATIO
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Figure A.2 : impulsive and convection mass factors
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Appendix B

B.1. Water Drainage

PART A. BY TYPE OF FIXTURE
Drainage Fixture Minimum Trap Size
Fixture(s) Units (dfu) It

51
51

Automatic clothes washers: Commercial®
Residential

Bathroom group: Water closet (1.6 gpf [6 Lpf]), lavatory, and bathtub
or showver; with or without a bidet and emergency floor drain

Bathroom group: Water closet (>1.6 gpf [6 Lpf]), lavatory, and bathtub
or shower; with or without a bidet and emergency floor drain

Bathtub® (with or without overhead shower or whirlpool

Bidet

Combination sink and tray

Dental lavatory

Dental unit or cuspidor

Dishwashing machine?, domestic

Drinking fountain

Emergency floor drain

Floor drains

Kitchen sink, domestic

Kitchen sink, domestic, with food waste grinder and/or dishwasher

Laundry tray (1 or 2 compartments)

Lavatory

Shower

Senrace sink

Sink

Urinal

Urinal, 1 gal (3.8 L) per flush or less

Urinal, nonwater supplied

Wash sink (circular or multipke) each set of faucets

Water closet, flushometer tank, public or private

Water closet, private (1.6 gpf [6 Lpf])

Water closet, private (> 1.6 gpf [6 Lpf])

Water closet, public (1.6 gpf [6 Lpf])

Water closet, public (flushing >1.6 gpf [6 Lpf])

U b g

*h

b S M B g b b = b b B B D D b s ik ) s

Figure B.1 : Drainage fixture units (DFU's) (@4)
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Figure B.2 : Horizontal fixture branches and stacks

Maximum Total Number of dfu Allowable
Diameter of Pipe Stacks®
Horizontal One Branch Three Branch Greater than Three

in. mm¢ Branch Interval Intervals or Less Branch Intervals
1% 38 3 2 4 8
2 51 6 2] 10 24
2Y2 64 12 9 20 42
3 76 20 20 48 72
4 102 160 90 240 500
5 127 360 200 540 1100
6 152 620 350 960 1900
8 203 1400 600 2200 3600
10 254 2500 1000 3800 5600
12 305 3900 500 6000 8400
15 381 7000 d o d

(25)

Diameter Total Maxii Developed Length® of Vent. Feet (m)°®
of Soil or Fixture IS m)°
Waste Stack Units Being O af Veat. frx o
in. (mm)® Vented (dfu) 1% 1% 2 2> 3 L 5 6 8 10
(32) (38) (51) (64) (76) (102) 127 (152) (203) (254)
2 30
8 50
30
(9.1)
2 30
> 9
2 2C 2
(51 9)
212 2
(64
e i 82 246.9
3 230 680
(76 2 1) (207.3
> 02 S = ) € O
(7 .€ 6 64.0) 189
35 S0 380
7 (10.7 c (76.2 o8 7
) 27 ' 00 )
T 82 I8 (€
0 23 55 170
1 7.0 16.8) (51.8
1 ® 1 2) 15 7
90 28 82
Iz (8.5 {25.0)
490 21 63
127 (6.4) 9.2)
940 18 3
7 (5.5) 5
1400 16
S00 - 1000
I 39 304.8
1100 100 780
7 30.5) (237.7

Figure B.3 : Size and length of vent

(26)
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B.3. Elevators

Table B.2:

Population of Typical Buildings for Estimating Elevator and Escalator Requirements

Building Type

MNet Area

OFFICE BUILDINGS

FT2 PER PERSCON (MZ/PERSCN)

Diversified (multiple

tenancy)
MNorma 110130 (10-12)3
Prestige 150250 (14-23)
Single tenancy
Norma 90-110 (8-10)
Prestige 130—200 (12-19)
HOTELS FPERSOMS PER SLEEPING ROOM
Mormal use 1.3
Conventions 1.9
HOSPITALS WVISITORS AND STAFF PER BED”
General private 3
General public 34
(large wards)
APARTMENT HOUSES PERSONS PER BEDROOM
High-rental housing 1.5
Moderate-rental 2.0
housing
Low-cost housing 25-3.0

Table B.3: Elevators Equipment Recommendations

Car Capacity? Minimum?® Car Speed
Building Type Ib kg ft m fpm m/s
0-125 0-40 350-400 2.0
{2500 1 2501 126-225 41-70 500-600 25
Office building {3000 1250J 226-275 71-85 700 3.15
- - 276-375 86-115 800 4.0
{3500 1600 Above 375 >115 1000 5.0
[2s00  1250] As above As above
Hotel “
13000 1 zsoj
0-60 0-20 150 0.63
I §1-100 21-30 200-250 1.0
) 3500 1600 101-125 31-40 250-300 16
Hospita Y4000 2000} 126-175 41-55 350-400 2.0
176-250 56-75 500-600 3.15
>250 >75 700 4.0
I l 0-75 0-25 100 0.63
. 2000 1000 76-125 26-40 200 1.0
Apartments *12503 1250 126-200 41-50 250-300 16
>200 =60 350-400 2.0
[3500 1600 0-100 0-30 200 1.0
A 101-150 31-45 250-300 16
Stores {4000 2000 151-200 46-60 350-400 2.0
15000 2500 =200 =60 500 25
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Percent of Population to Be
Facility Carried in 5 Minutes
OFFICE BUILDINGS
Center city 12-14
Investment 11.5-13
Single-purpose 14-16
RESIDENTIAL
Prestige 57
Other i
Dormitories 10-11
Hotels—Ifirst quality 12-15
Hotels—second quality 10-12

Table B. 4: Recommended Elevator Intervals and Related ¢ Lobby Waiting Time:

Interval  Waiting Time?
Facility Type (sec) (sec)
OFFICE BUILDINGS
Excellent service 15-24 9-14
Good service 25-29 15-17
Fair service 30-39 18-23
Poor service 40-49 24-379
Unacceptable service 50+ 30+
RESIDEMNTIAL

Prestige apartments 50-70 30-42
Middle-income 60-80 3648
apartments

Low-income apartments 80-120 48-72
Dormitories 60-80 3648
Hotels—Tfirst quality 30-50 18-30
Hotels—second quality 50-70 30-42

*Based on the relationship: waiting time = 0.6 x intenval.
Table B. 5: Car Passenger Capacity (P)

Normal
Elevator Maximum Passenger?
Capacity Ib Passenger Load
(kg) Capacity per Trip
2000 (907) 12 10
2500 (1134) 17 13
3000(1361) 20 16
3500 (1588) 23 19
4000 (1814) 28 22
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B.4. Water supply

Table C. 6: Water Supply Fixtures Units (WSFU):

Load Values in WSFU
Fixture Occupancy Type of Supply Control Cold Hot Total
Bathroom group Private Flush tank 2.7 1.5 3.6
Bathroom group Private Flush valve 6 3 8
Bathtub Private Faucet 1 1 14
Bathtub Public Faucet 3 3 4
Bidet Private Faucet 1.5 1.5 2
Combination fixture Private Faucet 2.25 2.25 3
Dishwashing machine Private Automatic 14 1.4
Drinking fountain Offices, etc. 38in. (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 (1 to 3) Private Faucet 1 1 14
Lavatory Private Faucet 0.5 0.5 0.7
Lavatory Public Faucet 1.5 1.5 2
Service sink Offices, etc. Faucet 2.25 2.25 3
Shower head Public Mixing valve 3 3 4
Shower head Private Mixing valve 1 1 14
Urinal Public 1in. (25 mm) flush valve 10 10
Urinal Public 34 in. (19 mm) flush valve 5 5
Urinal Public Flush tank 3 3
Washing machine, 8 Ib (3.6 kg) Private Automatic 1 1 1.4
Washing machine, 8 Ib (3.6 kg) Public Automatic 2.25 2.25 3
Washing machine, 15 |b (6.8 kg) Public Automatic 3 3 4
Water closet Private Flush valve 6 6
Water closet Private Flush tank 2.2 2.2
Water closet Public Flush valve 10 10
Water closet Public Flush tank 5 5
Water closet Public or private Flushometer tank 2 2
Fixture Units
|
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Figure B.5: Estimate curves for flow based upon total water supply fixture units, curve 1is for a system
with predominantly flush valves; curve 2 is for a system with predominantly flush tanks
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Figure B.6: Friction loss chart for smooth pipe. Velocity is shown to assist in noise control efforts: above
10 fps (3 m/s), moving water can be clearly heard within pipes.
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Figure B.7: Pressure losses in disk-type water
meters.
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