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Abstract

Structural Design of the Islamic Center for Culture and
Media in Ramallah

Super visor
Dr. Mohammad Taha Alsayyed

Team
|zz Al-Deen Rajai Al-Hashlamoun
Wajdi Mahmoud Rezeq
Omar Jamal Al-Amleh

This project is aimed at the structural design of the Islamic Center for Culture and
Media Building located in Ramallah city. The building consists of severa types of
services distributed in a suitable way. These services are distributed to five floors
with total areaof 12267.5 m?.

The main objective was to design al of structura members of this building after
clearly understanding all of the architectural aspects in order to provide the suitable
structural system. The structural members were designed starting by the slabs to the
beams then to columns and walls finally to the foundations which transfer the loads to
the foundations soils.

It is very important to know that Jordanian Building Code was used to specify the
values of loads that building serves, American Concrete Institute Code (ACI 318-11)
used to design all structural members, and the UniformBuilding Code (UBC 1997) for
seismic load determination. It is worth mentioning thatsome software packageswere
used during this project; such as Office2013,AutoCAD2014, Atir 2016, Safe2016,
Etabs2016, Adapt2015 and others.
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1.1 Introduction:

The last century has witnessed a starting of an age of revolution and improvement in
al of the life aspects, and the Islamic building becomes one of them to create a
conscious young Islamic people to increase their knowledge about the Islamic
religion.

It is necessary to know that the Islamic religion is not limited by praying and reading
the Quran, it is how to have a brilliant cooperation with others especially whom out of
the Islamic religion, the good manners, to show the perfect sides of this religion. In
other words, it is very important to promote Islamic people in different sides of their
religion, also to provide an Islamic programs which increasing the awareness of the
people.

S0 it was necessary to think of an institution that includes many activities supporting
the media, so theideaisto establish a media center was in mind, which includes many
branches to serve the idea of the building.

1.2 General Identification:

The project is about Islamic center for cultura and media in Ramallah city. It
contains different branches to serve the main idea of this building. Its branches are
distributed in a suitable way that makes them cooperate with each other in an
organized way. These branches are: Theater, Library, Exhibition, Mosque,
Restaurant, Administration center, Radio and TV Centers, Lectures Room and other
serving rooms.

1.3 Project Choosing Reasons:

Choosing of project depends on the variety of the building types to enhance the ability
of dealing with different service requirements and purposes of the buildings, aso to
make a wide aspects of structural systems needed to treat the architectural design of
the buildings.

1.4 The Project Objectives:

Architectural Objectives
The main architectural aim is to create a design that is unique in views,
representative and breaks the lack of architecture that Palestine suffers. So the
Islamic center design shows the ancient Islamic decorations coated by a
modern architectural view.



Structural Objectives

The structural objectives can be summarized in the following points:
Increasing the ability to choose a structural system that suits the objectives
of the building.
To correlate what have taken in the design courses with the practical
thinking.
To get a new skills and experiences while facing problems and obstacles
rising while working in the project, which has not mentioned in the
theoretical studying.

1.5 The Problem of the Project:

The problem of the project is to find the most appropriate structural system that
satisfies the strength and serviceability requirements, and to design and analyze the
structural components of the project, so al of these components analyzed and
designed such like slabs, beams, columns... etc.After determining the loads on each
of the structural member so that the required dimensions and reinforcement can be
selected. After that, all of the design outputs will be presented in the structural
drawing that used to transfer the project from being a drawing to a practical field.

1.6 The Postulate of the Project:

This project aims to prepare the required structural drawings of the various structural
members existed in the buildings in such a way that takes the architectural design as
the main outlet.



Chapter Two

Architectural Description

2.1Introduction.
2.2 Basic | dentification of the Project.
2.3 Project Land L ocation.

2.4 Project Components Description.



2.1 Introduction:

Architectural description is the most important thing to define and understand the
nature of the project and its sections.

The soul of the architecture is to design a structure that will be suited for humans to
live in, work in, play in, etc. It is also to give comfort to its users, makes them feel
uplifted, and makes them feel that someone cared about their well-being enough to
design something that they would enjoy. A good Architect is more than just a
designer of buildings, he or she understands how people's surroundings make them
feel, and creates an environment that will meet their needs and desires.

Architectural study must be easy to handle and understand different events that it
contains building and functional relations among them, and the nature of the
association movement and using these parts, and other things of importance that give
aclear view of the project and therefore it will be possible to locate the columns and
other structural elementsto suit architectural design.

o
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2.2 Basic I dentification of Project:

From the importance of both traditional — SEEEEEES: LG
and new media to the flow of information -
in the field of religious, national and
socia, it is worked towards creating a
unified media entity able to accommodate
the requirements of the future in which it
seems that the gap between the possible
and impossible will almost fade.

Figure 2- 1. General Picture of the Project.

For that the ideaisto establish an integrate "Islamic center for culture and media’ that
includes a coalition of Journalists, governmental agencies, programs coordinators,
theatrical performances and all other organizations involved in the production of
radio, television, news, advertising and theatrical shows.

2.3 Project Site:

It's recommended that the project land has aready been approved by the loca
authorities as an “approved building lot”. That means all surveys, soil testing,
wetlands conservation, and site engineering work have been completed and approved.



2.3.1 Project land location:

The project land locates in Albireh-Ramallah with an area of 15000 m?, near Al-Waha
Roundabout. It is generally away of the city center which make it very desired for the
project and it is nature.

Figure 2- 2: Palestine Map. Figure 2- 3: Ramallah and Albireh location.

Figure 2- 4: The Project Land Location.



2.3.2 General climate description of the city:

This area generaly enjoys a Mediterranean Climate of a dry summer and mild, rainy
winter with occasiona snowfal. While the western and south western winds
dominate, the northern winds are light and the eastern winds are still blow on

occasion.
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Figure 2- 5: Environmental Analysis of the Project Land.

2.3.3 Topography of the project land:

The land declines about 10 meters from beginning to the end into Southern-Eastern
direction.

Figure 2- 6: Topography of the Project Land. Figure 2- 7: Section A-A



2.4 Project Components Description:

The architectural idea based on using rectangular shapes with an aesthetic
interlocking and connecting of the project parts which leads to attract attention.

2.4.1 Project plans description:

The total area of the building is[12267.5m?.

1- Basement Floor Plan

This floor consists of Car Barks, Theater Entrance, Storage, Electrical Room,
Mechanical Room and Exhibition. Thetotal area of this floor is 6138 m®.
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Figure 2- 8: Project's Basement Floor Plan.



2- Ground Floor Plan

The area of this floor is 2418m?, and this floor consists of four parts. The first
one is Restaurant and its facilities of Kitchen, Store, W.Cs and Reception.
The second part is a Studio Floor which consists of Radio Studio, Archives,
Control Room, Generator, and Production, Implementation of Programs,
Software Development, Stores and Reception. The third part is a Theater
lobby, Theater facilities, aso there is a Gallery. Finally, the fourth part is a
Mosgue for Men and its facilities.

Figure 2- 9: Project's Ground Floor Plan.



3-

First Floor Plan

The area of this floor is 2210m?, and this floor consists of three parts. The
first one is a T.V floor which consists of T.V Studio, Offices, Control,
Production, Software Development, Archive and Generator. The other
part is the Theater Lobby and second floor of seats and a Library with all
required facilities. The last part isa Mosgue for women and its facilities.

Figure 2- 10: Project's First Floor.



4- Second Floor Plan

The area of this floor is 1197 m? and it consists atwo part. The first one
is a Management Floor which contains an Offices, Archives, Stores,
Meeting Hall and W.Cs. The other part is an Educational part which
contains a Lecture Halls, Teachers Room, Stores and W.Cs.
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Figure 2- 11: Project's Second Floor Plan.

5- Third Floor Plan

This Floor constitutes the Administration of the building, since it consists of
The Manager Room, Deputy Manager Room and Security Room. There is
Hall, Stores, Kitchen and W.Cstoo. This Floor has an area of 304.5 m°.
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Figure 2- 12: Project's Third Floor.



2.4.2 Project elevation's description:

The interest of elevations for any architect is great as the elevations appearance
should besuitable with the kind of the building and its uses, so it’s a duty of the
engineer to consider every detail of the elevations in terms of materials used, the
distribution of the openings, and other factors that highlight the beauty of elevations
design.

1- South Elevation:

The main elevation and the main entrance of the building, it can observed the
creativity ofthis elevation that there is an amazing setbacksand contains glass with
embossed decoration integrated with stone to provide an Islamic vision of the
elevation.

Figure 2- 13: Project's South Elevation.

2- East Elevation:

This elevation shows a beautiful side of the building, since the setbacks are shown
comfortably and arranged carefully, also a glass with embossed decoration
integrated with stone is used. It is clear that a decoration column used to provide
more aesthetic show for the elevation and the building in general.

Figure 2- 14: Project's East Elevation.



3- North Elevation:

The backside elevation where the entrance of the Restaurant shown. In this
elevation the third floor, which the last floor, is shown approximately at the
middle of the elevation. Glass with embossed decoration integrated with stone is
used in this elevation too.

Figure 2- 15: Project's North Elevation.

4- West Elevation:

In this elevation, aregular setbacks and conglomerates provide a specia beauty of
the elevation, also a glass with embossed decoration integrated with stone is used.

Figure 2- 16: Project's West Elevation.

2.4.3 Vertical movement description:

The designer distributed the movement through the horizontal and vertical axes
through stairsand corridors, according to the number of users and the alowable
distance between each vertical axis for easy movements between the floors and to
facilitate exiting in case of emergency.
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Figure 2- 17: Project's Section A-A.

CEURRR

ol ol

=
T-}_T*! te

Figure 2- 18: Project's Section B-B.




Chapter Three

Structural Description

3.1 Introduction.

3.2 The Purpose of Structural Design.

3.3 Theoretical Study of the Structural Elements of the
Buildings.

3.4 Typesof Loads.

3.5 Practical Tests.

3.6 Structural Elements Used in this Project.



3.1 Introduction:

After the completion of the process of the project architect explanation of al details,
the construction phase starts by structural studying of the architectural analysis of the
project, in order to choose the appropriate structural system for each element in the
building so that provides all the requirements and work on the design of the elements
necessary for that system. This requires to take the loads affecting the project
elements into consideration, and show how to deal with them and work to resist. So,
al structural elements must be understood in a very small details in order to be
customized and analyzed accurately.

In general, the physical systems is the basic system broken down in the building.
They have the following types.

» STRUCTURAL SYSTEM.
» EXTERIOR SYSTEM.
» INTERIOR SUBDIVISION OF SPACE.

3.2 The Purpose of Structural Design:

Structural design is a systematic and methodical study of the stability of the structure,
strength and rigidity of structure to resist forces. Therefore, the basic intention of
design is to ensure that the structure/building withstands the entire probable loads for
astipulated period of time. The design also takes care of durability issues like cracks,
leakage, excessive vibrations and deflections. This means carefully structurally
designed buildings takes care of safety and well-being of its occupants, and this can
be and only be achieved by engaging consultants having relevant experience and
practice.

In structural terms, planning involves working out various aternative structural
systems considering the various functional requirements. Aesthetics, economics and
environment and constructability is also considered. So, when designing any element
of the structural elements the following points describe the most important factors to
be taken in consideration:

> Sdfety: is the essentia element that must be provided in the design, so
choosing the appropriate element of each region to resist loads that affecting
them.

» Economy: must be supplied when working on the selection of appropriate
materials, and sufficient for its desired purpose and appropriate quantity, with
lowest cost and highest quantity.

» Serviceability: work to avoid any external failures, such as the decline in soil
or any cracks in the externa shape, or anything that works to increase this
failure.

> Architectural side: work to take into account the architectural elements in the
building and try to keep it as much as possible.




3.3 Theoretical Study of the Structural Elements of the Building:

The most important step that should work out of the project before starting the
structural design, working on a comprehensive study of the project in terms of its size
the nature of its work, how to estimate the loads that effect on the building, choose
items that are exposed to these loads, and identify system construction, which used to
resist these |oads.

3.4 Types of Loads:

Loads are the base of design process, so they must have great consideration and
specia identifying and study. So the difference of building to another depends on the
architectural design, project site and materials used in construction and other
influences, therefore loads can be classified as follows:

1 Basicloads:
The loads which must be taken into account in the structural design of the
building in all cases, it includes: Dead load, Live load and Environmental
loads.

] Secondary loads:
The loads that should be take into account in the design in some buildings,
depending on the nature of the building and other influences, it includes:
Shrinkage load, Thermal load, Snows load, Dynamic load, and Seismic load.

3.4.1 Dead load:

Dead load includes loads that are relatively constant over time, including the weight
of the structure itself, and immovable fixtures such as walls, plasterboard or carpet.
Roof is also adead load. Dead |oads are also known as permanent loads.

Designer can aso be relatively sure of the magnitude of dead loads as they are closdly
linked to density and quantity of the construction materials. These have a low
variance, and the designer is normally responsible for specifying these components.

Table 3. 1: Specific gravity of materials used.

Type of Material Specific Gravity kN/m®
Tiles 23
Mortar 22
Course sand 17
Reinforced Concrete 25
Hollow Block 10
Plaster 22

3.4.2 Liveload:

Live load is imposed loads which are temporary, of short duration, or moving. These
dynamic loads may involve consideration such as impact, momentum, vibration, slosh



dynamic of fluids, fatigue, etc. Live loads, sometimes also referred to as probabilistic
loads include all the forces that are variable within the object’s normal operation cycle
not including construction or environmental loads.

This project depend on Jordanian Code for Loads and Forces (2006), and 4kN/m?was

selectedas a live load value in designing purposes after studying all services that the
building contains.

3.4.3 Environmental |oads:

Environmental Loads are structural loads caused by natural forces such aswind, rain,
snow, earthquake or extreme temperatures.

3.4.3.1 Wind load:

The forces that affect horizontally on the building appear especialy in high-rise
buildings, and it should be designed on the basis of wind speed and height of the
building, and the amount of buildings surrounding the building.

3.4.3.2 Show load:

The building must be designed to resist snow loads and to be taken into account in
design, and it depends on the height of the building and the area of this building. The
following table shows the relationship between the height of the building and snow-
load to be used in the case of design.

Table 3. 2: Snow Load according to Jordanian Code (2006)

Building height above sealevel Snow load on surface (kN/m?)
h <250 0
250 < h <500 (h-250)/800
500 < h < 1500 (h-400)/320

Megative
wind loads

Positive

1 wind loads
K
Hyd ru5t.dT_I-c

pressure from water
pressure in ground

Dead loads

Figure 3. 1: Loads affecting on building.



3.4.3.3 Seismic load:
Is the loads caused by earthquakes.

Buildings should be designed to withstand
minor earthquakes because they can occur

amost anywhere. During an earthquakes N e
the ground can move both horizontal and -\ e
verticaly in any direction. This exerts ‘-___...—-' f g |
tremendous horizontal loads on members. =T

Figure 3. 2: Seismic Load

The next figure explains the path that the load follow in its travel through the building
until reaching the foundation soil.
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Figure 3. 3: Loads Path.



3.5 Practical tests:

Before beginning of the process of design and construction, some of necessary tests
should be done at the site, especially on the soil, and work to see the quality of the
rocks in the region, and work to deviate place waterfalls groundwater and its impact
on the building, and work to resolve the problems if available of these problems, as
soil test.

3.6 Structural Elements Used in this Project:

This project have many types of structural elements which work together to construct
and serve the objectives of the building, such as dlabs, beams, columns, stairs, shear
and basement wall and foundations.

3.6.1 The dabs:

Concrete dab, a very common and important structural element, are constructed to
provide flat, useful surfaces. It is a horizonta structural component, with top and
bottom surfaces parallel or near so. Is an element which transfers the loads that are
exposed to other structural elements such as column, beam and wall.

Concrete Slab's Support:

The concrete slab may be supported by:

0 Masonry or reinforced concrete Walls
Monolithically casted reinforcement concrete beams
Structural steel members
Columns
The ground

© O 0O

In projects, there are different types of slabs can be used including:
3.6.1.1 One way ribbed slab:

A one-way joist floor slab consists of a series of small, reinforced concrete T beams
that are connected with girders that in turn carried by the building column. T beams
are known as joists which are formed by setting steel pan at a constant spacing.
Concrete is cast between those spacing to make those ribs and in this way, the dlab
also cast and the slab becomes the flange of T beam. In general, this type is most
commonly used in this project, this contains the steel bars use to transfer the loads,
and block and the concrete between this block and the topping of al.
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Figure 3. 4: One Way Ribbed Slab.



3.6.1.2 Two way ribbed dab:

Two way ribbed dlab is the type used when the length of the two direction in the space
approximately is equals, and the reinforcing bars of steel in two direction to transfer

the load.
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Figure 3. 5: Two Way Ribbed Slab.
3.6.1.3 Solid dlab:

This type of slab typically used with drop beams, it requires less thickness than ribbed
dlab with the same spans and criteria, which provide more clear height when the
spaces are important. This slab transfers the load into a beams then to columns, and it
has two types one way and two way solid slab.

3.6.1.4 Flat plate:

project.

- 1
_.I
Figure 3. 6: Two Way and One Way Solid Slab.
It is a two way dlab system consisting of a uniform dlab *c
that rests directly on columns and does not have beams or = ||| N\
columns capitals. This type has not been used during this il ||| 3 }\_
U

If capitals or drop panels are used in resisting the punching

'-J.l ||| |

U

shear, then the name of the slab will beflat slab instead of flat

plate.

Figure 3. 7: Flat Plate.



3.6.2 Beams:

Structural elements capable of withstanding load primarily by resisting bending and
shear. Bending moment is the bending force induced into the material of the beam as
aresult of external loads, own weight, span and external reactions to these loads. The
loads carried by a beam are transferred to columns, walls, or girders, which then
transfer the force to adjacent structural compression members.

Beams are commonly used as hidden beam with the same depth of the dab that it
supports, or drop beam that the required thickness of beam is large and the thickness
of the dlab is not enough.

Beam width
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Figure 3. 8: Rectangular Beam.

There is type of beam were used in this project with an identification of post-
tensioned beam, which can serve for long spans and a large value of load using a
reinforcing cables with a yielding stress can reaches to 1860 Mpa which is so larger
than typically reinforcing steel bars with yielding stress can reaches to 420 Mpa.

Grout

Stressing Anchorage
vent

Dead-end Anchorage

Grout tube

Local Reinforcemant (spiral)

Figure 3. 9: Multistrand Post-tension Schem.



3.6.3 Columns:

It isastructural element that transmits, through compression, the weight of the
structure above to other structural elements below. In other words, acolumnis
acompression member, and it has deferent shapes, the most common are rectangular and
circular shapes. In order to design the column, it is very important to specify wither the
column is short or long (check of slenderness).

{ah Rectangular ted Column (b Beend spimal Column

Figure 3. 10: Rectangular and Circular Columns.
3.6.4 Shear wall:

Shear wall isavery important structural element which resists vertical and horizontal
loads, but specially used to resist shear, wind force or the lateral force that causes the
damage to the building during earthquakes.

-
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Figure 3. 11: Shear Wall System in buildings. Figure 3. 12: Shear Force Transfer.



3.6.5 Basement wall:

In the case that a part of building exists underground, a reinforced concrete wall is
required to resist the lateral force from the soil in a name of basement wall. It should
be noted that the basement wall can also loaded vertically but it is not must.

3.6.6 Staircase:

Staircase is an important component of a building providing access to different floors
and roof of the building. It consists of a flight of steps (stairs) and one or more
intermediate landing slabs between the floor levels. Different types of staircases can

be made by arranging stairs and landing slabs.
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Figure 3. 13:; Stair Description and Reinforcing Details.

3.6.7 Foundations:

The last element is to design after collecting all of
the loads of the building, so that this element
receive the loads and distributes them to the soil.
All foundations are divided into two categories:
shallow foundations and deep foundations, and in
regards to shape, there are a lot of shapes depend
on the distance between columns and the bearing
capacity of the soil and others. The most
important shapes of foundations and were used in
this project: Isolated Footing, Combined Footing,
Strap Footing and Strip Footing.

Figure 3. 14: Isolated Footing.



Section Section
F i J
Plan Hlan
(&) Fectangular combingd focting (b} Trapezaidal combingd footing

Figure 3. 15: Combned Footing.
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Figure 3. 16: Strap Footing. Figure 3. 17: Strip Footing.
3.6.8S¢ttlement Joint:

A joint between adjacent parts of a building, structure, or concrete work that per-
mits the adjoining massesto settle at dlightly different rates. In this project a 5
cm settlement joint width were used.
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Figure 3. 18: Settlement Joint Location in the Project.



Chapter Four
Structural Analysis & Design

4.1 I ntroduction.

4.2 Materials Propertieswere used.

4.3 Design of Rib 1-14.

4.4 Design of Beam (B, F5).

4.5 Design of Post-tensioned Beam (PTB2, F1).
4.6 Design of Staircase.

4.7 Design of Column 92.

4.8 Design of Shear Wall.

4.9 Design of Basement Wall and its Footing.
4.10 Design of I solated Footing.



4.1 Introduction:

The project consists of several structural elements that will be designed according to
ACI code using many of computer software programs, such as ATIR, SP column,
Safe and Etabs to find the internal forces, deflections, shear and moments for al
structural elementsin order to design them.

4.2 Materials Properties were used:

For concrete, it was used a B300 ( fc'=30* 0.8=24MPa) concrete compressive
strength for dabs, beams and columns and B350 ( fc'=35*0.8=28MPa) for
foundations.

For reinforcement stedl, it is used a 420Mpa stedl yielding strength.

For post-tensioned concrete beam, it was used fc'=35Mpaand prestressing steel
type with Low-Relaxation 7-Wire Strand Grade 270 with the following information:
fou = 1860 MPa

foy = 0.9f,, = 1674 MPa

E, = 196500 MPa

A, =98.71 mm*

4.3 Design of Rib 1-14:

!
i

Figure 4. 1: Rib 1-14 in the Project.

4.3.1 Determination of slab thickness:

According to ACI-Code-318-11, the minimum thickness of nonprestressed beams or
one way slabs unless deflections are computed as follows:



Table4. 1: Minimum Thickness Requirement of Nonprestressed Beams and One Way Slabs.

Minimum slab thickness(h)

Simply One End Both End Cantilever
Member state Supported Continuous Continuous
Solid One Way
Slabs L/20 L/24 L/28 L/10
Beams or One Way
Ribbed Slabs L/16 L/18.5 L/21 L/8

The largest spans to be checked are as follows:

+ hmin for both end continuous = L/21 = 618/21 = 29.43 cm.

The control is 32.108 cm, so select slab thickness of 32cm.

Note: h =32 cm (24 cm Hollow Block + 8 cm Topping), that all deflection values
checked using ATIR program when the slab thickness in other places required more
than 32 cm.

% Section :-
P B=520mm
P by=120mm
P h=320mm
P t=80mm

The Effective Flange Width (b according to ACI 8.12.2:

be isthe smallest of:
L
a) be< 3 ? =71 cm, (L =354 - 80/2 - 60/2 = 284 cm; the smallest span)

b) be<by, +16h=12+ 16* 8 =140cm.
c) be < center to center spacing between adjacent beams =40 + 12 =52 cm.

Take be =52 cm.

4.3.2 Determination of ribs loads:
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Figure 4. 2: Typical Sectionin Ribbed Slab.




4.3.2.1 Determination of dead load:

Table 4. 2: Dead Load Determination of Rib.

Dead load from: Oxyxb KN/m/rib
Tiles 0.03*23*0.52 0.359
Mortar 0.03*22*0.52 0.343
Course Sand 0.07*17*0.52 0.619
Topping 0.08*25*0.52 1.04
RC Rib 0.24*25*0.120 0.72
Hollow Block 0.24*10*0.4 0.96
Plaster 0.03*22*0.52 0.343
Interior Partition 2.3*0.52 1.196
Sum 5.58

4.3.2.2 Determination of live load:

From Jordanian Loads and Forces Code (2006), the live load for education centers = 4
kN/m?

For rib, liveload = 4*0.52 = 2.08 kN/m/rib.
4.3.2.3 Determination of factored loads of ribs:
Wu=12*558+1.6* 2.08 =10.024 kN/m/rib.

4.3.3 Design of topping:

Topping in one way ribbed slab can be considered as a strip of 1 meter width and a
span of hollow block length with both end fixed in theribs.

Wy, = 1.2D + 1.6L
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Figure 4. 3: Both Fixed End Static System of the Topping.



4.3.3.1 Determination of dead load of topping:
Table4. 3: Dead Load Calculation for Topping.

Dead Load From: dxyx1 kN/m
Tiles 0.03*1*23 0.69
Mortar 0.03*22 0.66
Sand 0.07%17 1.19
Topping 0.08*25 2
Partition 2.3 2.3
Sum 6.84

Liveload calculation: 4*1 = 4 kKN/m.
Factored load:
Wy = 1.2 x6.84+ 1.6x4 =14.61 kN/m.
Wy L#
12
_14.61 =047
- 12

My=

Mu = 0.195kN. m/m of stripwidth

4.3.3.2 Check the strength condition for plain concrete of topping:
@M, - M, where @= 0.55
M,=0.42\ f% Sm (ACI 22.5.1, equation 22-2)

b.h? 1000.80°
Srn"_" = =

@M, =0.55x1xv/24 x1066666.67 x10~% =1.21 kKN.m

= 1066666.67 mm=,

@Mp>>My= 0.195KkN.m

No reinforcement is required by analysis. According ACI 10.5.4, provide Agmin for
slabs as shrinkage and temperature reinforcement.

Pshrinkage = 0.0018 ACIl 7.12.2.1
As=pXbXyopping=0.0018 x1000x80 = 144 mm?/m.
Try bars @8 with As= 50.27 mm?

As 144 _ 500

As@E | 5027

Take 3 @ 8/m with As = 150.8 mm?/m strip or @ 8 @ 300 mm in both directions.

Bar numbersn =




Check for maximum step, (s) isthe smallest of:

1. 3h=3x80=240 mm. control ACI 1054
2. 450mm.
3. 5=380 2 —25(C =380 =L —25.20=330mm
s E-#Eﬂ
but
S$300 = =300 z_- =300mm ACI 10.6.4

4.3.4 Design of rib 1-14 for flexure:

20 21 Pt5 22 23
1 2 3 4
E A 1 A —1 A A :}
LI LI LI
A A A A
0.6 4.45 0.6 5.48 08 284 06 4.46 0.6
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52.
32
12.
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Figure 4. 4: Rib 1-14 Geometry and Spans.

load group no.

Dead load - Service Units:kN,meter
5.58 5.58 5.58 5.58
5.05 6.18 3.54 5.06

Live load - Service Load factors: 1.20,1.20/1.60,0.00

L ooy |} | | pos | | Jos| | | |208 |

5.05 6.18 3.54 5.06

Figure 4. 5: Loading of Rib 1-14.
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Figure 4. 6: Rib 1-14 Moment Envelop (Factored) Diagram.
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Figure 4. 7: Shear Envelop (Factored) Diagram of Rib 1-14.

4.3.4.1 Design of rib 1-14 for positive moments:
Assume bar diameter @ 12 for main positive reinforcement.

d = h - cover — dgirryp — do/2 = 320 — 20 — 10 — 12/2 = 284 mm.

As,min:'

Asmin= 0.25%t (ow)(d) ACI-318 (10.5.1)

24

Asmin=0.25* ~—(120)(284) = 99.38mn"
smin (420) ( )( )

14
Agmin=——-(bw)(d
: (fy)( w)(d)

Asmin :% (120)(284) =113.6mn¥ controls

The maximum positive moment in all spans of Rib 1-14 M, = +23.3 KN.m

Check if a> h to determine whether the section will act as rectangular or T- section



Mrs =0.85. £/ by. hy. (d =)

=0.85 % 24 x 520 x 80 x 284 —% % 10~ = 207.07 kN. m

M = 207.07 kN.m >>% = % = 25.9 kN.m which means a< h

S0, the section will be designed as rectangular section with b = 520 mm.

My 233w10®
"™ phdZ ~ 09x520M2842 0.617 Mpa
420
m= By = = 20.6
nasy ~ 085x24
1 4 _ q_EmRy _ 1 o 2X206x0617  _
= 1 a0 @i 1 1 oo —0.001493

Asreq = p-b.d = 0.001493 x520x284 = 220.432 mm?
ASe= 220.432 mm?® > Asyin= 113.6 mm*  OK

o= AR 36 mm>d, =12 >25 mm OK

1

Check for strain:
3, = 0.85-0.007(f. - 28) ACI 10.2.7.3
but f.'=24 < 28, so 3, =0.85

Compression = Tension
0.85* f*b*a= Agf,

_ .Fb.,r.]_r I, = ZEH)(-Q-ZI'I = 8948 mm
D.Hﬁh_ﬁ__ DBEx520=24
=2 =2 _ 10527mm
B 085
—0003 17¢ —oo03 284 10527 _ 1 07g < 0,005 0k
Es =5 e 10527 '

% Myfor2@12is

DM = 0.9*AgHf,* (d-al2) = 0.9% 226 * 420 * (284 — %) * 10°= 23.88

kN.m



% Mpfor2@10is

d = h - cover — dgjrryp — do/2 = 320 — 20 — 10 — 10/2 = 285 mm.

Asmin:-

Asmin= 0.25% (bw)(d) ACI-318 (10.5.1)

/7

24
Asmin=0.25* > (120)(285) = 99.73mnT
smin (420) ( )( 5)

14
A&min - ﬁ (bW)(d)

Agmin= 14 (120)(285) =114mn¥ controls
420
A= 157.08 mm2.> Agnin = 114 mm?

Compression = Tension
0.85* f*b*a= Agf,

Asfy _ 157.08x420

= ;= =6.219 mm
0es5h 1 a5 520=24
== =2 =7317Tmm
Hy .85
0003 17 —go0s 285 7817 _
% =5 c 7317
0.1139 > 0.005 0k
6.219

BMn = 0.9*AsHfy* (d-a/2) = 09* 157.08* 420 * (285-~——) * 10°

=16.738 kN.m

__ 120-40=-20-(2x10) _

S
1

4.3.4.2 Design of rib 1-14 for negative moments:

40mm=>d,=12=>25 mm OK

% Myfor2d14is
As 2514 = 307.88 mm®
d=320-20-10- 14/2 =283 mm.



X/
L X4

Asmin:'

Asmin=0. 25*(/_)(b w)(d) ACI-318 (10.5.1)

24

Asmin=0.25* ~—(120)(283) = 99.03mn"’
smin (420) ( )( )

Asmin——b d
, (f)( w)(d)

Asmin :% (120)(283) =113.2mn¥ controls

As 2914 = 307.88 mm~.> Agnin = 113.2 mm?
Compression = Tension

0.85* f/*b*a= A¢* f,
Asfy 307.88x420

LHSh ,'I_ - 0BG 120x24
i L2.82

c=—=——=062144mm
d—c 283 —62.144

£, =0.003 = T 0.003 62144 =

0.0106 = 0.005 0k
@M, = 0.9* A fy*(d-a/2) = 0.9 * 307.88 * 420 * (283
=29.86 kN.m

=52.82 mm

5282
—)* 10°®

Mpfor2@12is
Ag 2p12 = 226.2mm?
d=320-20-10- 12/2 = 284 mm.

Asmin=0. 25*(/_)(b w)(d) ACI-318 (10.5.1)

24

Asmin=0.25* ——(120)(284) = 99.38mn"
smin (420) ( )( )

Asmin=—— (ow)(d
(f)( w)(d)

Asmin :% (120)(284) =113.6mnY  controls



X/
L X4

Asop12 = 226.2 mm?.> Agnin = 113.6 mm?
Compression = Tension

OB?ﬁ“Wa=AJU
_ Asfy _ 2262x420
T085h ] T 0BSH120x24
a __ 388

c= — = 45.657 mm

T @, 085

= 38.8mm

C
£, =0003 —— =0.003

0.01566 = 0.005

284 —45.657

45.657
0k

38.8
@M, = 0.9*AgHfy*(d-al2) = 0.9* 226.2% 420* (284 - —=) * 10°

=22.62 KN.m

Mpfor2@10is

As 2010 = 226.2 mm?
d=320-20-10-10/2 =285 mm.

As,min:'

Asmin:O-ZS@ (bw)(d)
(fy)

Agmin=0.25* £g (120)(285) = 99.73mn¥

(420)

14
Asmin —W (bW)(d)

Asmin _14 (120)(285) =114mnT controls
420
As 2 g10= 157.08 mm*.> Agnin = 114 mm?

Compression = Tension
0.85* f*b*a= A f,

As f 157.08x420
== = 26.95 mm
08s5h [ DB85=120=24
i 26.95
c=—=—-=3170mm
Hy 085

£, =0003 — =0.003

0.024 = 0.005

ACI-318 (10.5.1)

285 —31.70

31.70
0k



26.95
) 10°=16.13

@M, = 0.9* A fy*(d-a/2) =0.9* 157.08 * 420 * (285 -
kN.m

4.3.5 Design of rib 1-14 for shear:

Shear strength V., provided by concrete for the joists may be taken 10% greater than
for beams. This is mainly due to the interaction between the slab and closely spaced
ribs. (ACI, 8.13.8)

v Determining the excepted shear values:
Assume @ 12 flexural reinforcement in all spans, so
d=320-20-10-6=284 mm.
Ve== flb,d =="v24 x 120 x 284 x 10~* = 30.61 kN
@V, = 0.75 x 30.61 = 22.96 kN (@ = 0.75 for shear)
050V.=05x2296=17.2 kN.

All shear values < 17.2 kN needn't shear reinforcement, but as permits by
ACI Code that for concrete joist construction excepted of providing minimum
shear reinforcement when 0.5 @ V. < V< @ V. (case 2), so all shear values
less than 22.96 kN are excepted of shear reinforcement.

v Determining of shear values require minimum shear reinforcement:
V Smin =1—2 fbwd 2; bw d
Vnin == V24 =120 = 284 = 10.435kN
Or
VSmin :;1 bw d:;‘ +120 = 284 = 11.3kN (Control).

@ (Ve +VSnin) = 0.75(30.61+11.3) =31.43 kN

Case 3 in shear check requirements (3 Ve < V< @ (Ve +VSnin)) define that
minimum shear reinforcement must be provided (A, min) With:

i

S < 2

or  Sha< 600 mm.



Minimum shear reinforcement:

Usestirrups 2 leg @ 8, A, = 2 x50.24 = 100.5 mm?

Avefyt«d

Vs= P

, but Vs=11.3 kN(minimum), so

100.5« 420« 284

11.3* 10° = >>> S = 1060.85 mm.

Shmax = 600 mm. Or Spax = 284 + 2 = 142 mm (control).



4.4 Design of Beam (B, F 5):
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Figure 4. 8: Beam (B, F 5) in the Project

4.4.1 Beam loading and envelop diagrams:

BEAMD program was used for loading and getting the envel op diagrams for bending
moment and shear force as shown below:

C.F77 C,F76 C,F75 C.F74
1 2 3
E A . AL A j
A he A e A
0.25 5.98 0.25 3.31 0.25 4.03 0.25
‘ | i 6.23 ‘ | ‘ 3.56 ‘ | ‘ 4.28 | ‘
I I I |
52,
80.
A-A

Figure 4. 9: Beam (B, F 5) Spans and Geometry.



Live load - Service

Load factors: 1.20,1.20/1.60,0.00

R
6.23 3.56 4.28
load group no. 1
Dead load - Service Units:kN,meter
85.6 85.6 5.6
104
1U.4 U4 TUS
6.23 3.56 4.28

Figure 4. 10: Beam (B, F 5) Loading.

} 249 5535 374 | 214 . 142 | 235 ‘ |
Spanl Span2 Span3
Figure 4. 11: Beam (B, F 5) Moment Envelop (Factored) Diagram.
Shear
-610.7
-513.6

) -316.4
-149.2 246.3 219.3

| o

a28.9 18 422.7 325.7 409.8

Figure 4. 12: Beam (B, F 5) Shear Force Envelop (Factored) Diagram.

Load calculationsfor beam (B, F 5):
The distributed Dead and Live loads acting upon (B,F 5) can be defined from the
support reactions of the( Rib 1) and the beam self-weight.

P Servicedead load from ribl = 44.52 +~ 0.52 = 85.62 KN/m.
Weight of thebeam=h* b* y=0.52* 0.8* 25=10.4 kN/m.
Total dead load on the beam = 96.02 kN/m.

Serviceliveload fromribl = 16.5 + 0.52 = 31.7 KN/m.

4.4.2 Design the beam for bending moments:




Assume @ 25 for main reinforcement of the beam,

d: = depth of beam — cover — diameter of stirrup — bar diameter/2
=520 - 40 - 10 - 25/2 = 457.5mm. (for singly sections, d = d).

Maximum moment in span 1 with M, = 553.5 kKN.m.

0 Check whether the section is singly or doubly.

Maximum nomina moment strength from strain condition £, = 0.004,
c=2x dt_ 2+ 457.5 = 196.07mm,

3, = 0.85-0.007(f. - 28) = 0.85 - 0.007(24 - 28), take 3; = 0.85.

a=14*c=0.85* 196.07 = 166.66mm.

Mnmac = 0.85% f¢ =a*b(d - - ) =0.85* 24 * 166.66 * 800 * (457.5 - 166.66/2) *10°

=1017.7 KN.m.

®=0.82

M, =553.5kN.m < ®M,=0.82* 1017.7 = 834.514 KN.m,

S0, design the beam as singly reinforcement concrete section.

Asmin:-

Asmin = (b )( ) = \/_ ———*800* 457.5 =1067.3 mm
4(f Y) 4* 420

Asmin = (f y ( w)(d) = 0* 800* 457.5= 1220 mm? Controls
4.4.2.1 Design for positive moments:
» Designfor M, =553.5 kN.m:

i = M, i 553.5 % 10° — 3673M
"= Pbd? T 0.9 %800 x45752 ~ >olMpa
Y ..
== 08548 T 0.85x24 20.6
=1 4 _ _imiy - 1 . m o
=am 1 1-Z% = 206 1 1=—75— =000972

= p.b.d = 0.00972x800x457.5 = 3556.6 MM?>Ag min = 1220 mm>.



Check spacing:

__ BOO—40«2—20— Bx25

> 7

=7143mm=>dy = 25mm > 25mm OK

Check for strain:-

Agry 3960 =420

a =n.35uf; = DBSxE0ONZE 101.91 mm
i 10191
c= B = = 119.9 mm
—0003 T7¢ _ ooz B2 -1199 00845 = 0.005 0k
g =0 z T 1199 =Y '
» Designfor M, = 553.5 kN.m:
s M, _ 5535x 10" Ep——
"= Bbd? T 09 %800 x45752  UofsMpa
5 . 420
T oossft T oBEwae T 20.6
p= i 1= 1-— ——2:;‘;" = Eiﬁ 1= 1-— —”“fzf"‘” = 0.00972

As = p.b.d = 0.00972x800x457.5 = 3556.6 MM*>Agmin = 1220 mm?.

Check spacing:

B00—4{«2=20— BXZI5

S= -

=7143 mm > dy = 25mm = 25mm OK

Check for strain:-

a= Agpy 3960 =420
T08sh £ T 0.BSxBO0x24

= 101.91 mm

oo @ _ 10191
B, T 085

= 119.9 mm

—0003 7€ _ ooz B2 -1199 ;00845 = 0.005 0k
=" e 1199 :

Design for span 2:

In span 2, the bending moment envelop diagram shows that there is no positive
moment in this span 2, so it must provide the minimum reinforcement in this
region.

Asmin = 1220 mm?,

Check spacing:



Check for strain:

Asr 1256 =420
— F = G
a 0850 £ T 085xBOON2ZE 32.32mm
n 3232
= E = E = 38.03 mm

d =520 - 40 - 10 - 20/2 = 460 mm.

» Design for M, =301.6 kN.m:

4 M, 301.6 x 10" » 0O L
" = = = .
Obd? ~ 0.9 % 800 x 457 52 pa
7 f_].- Tk #20 7
Tooasft T oBGwae T 206
p=— 1- 1-Z2% = 3 1 ZEEEIR 0005025

As = p.b.d = 0.005025x800%457.5 = 1839.2 MM?>Agmin = 1220 mm?.

Check spacing:

Check for strain:

_ Aspy 1980 =420

a 085D £ T 0.85xB00X24 = 50.96 mm
@ 5094
C—_BTL _E = 59.95 mimn

4.4.2.2 Design the beam for negative moments:

» Design for M =-532.6 KN.m:

4 M, 532.6 x 10" -
n = = = .
Obd? ~ 0.9 % 800 x 457 52 pa
5 . 420
M= 085S T 0.BGm2d 20.6
1 2R 1 22063534
p=— 1- 1- 42']“ = 30E 1- 1_T = 0.0093



A= p.b.d = 0.0093x800x457.5 = 3406.12 MM?>Agmin = 1220 mm?.

Check spacing:

Check for strain:

_ Aspy 3465 X420

a 085D £ T 0.85xB00X24 =89.17mm
o B9.17
C_E _E = 10491 mm

Design for M, = -204.5 kKN.m:

s M, _  2045x10% 1 3574
"= Bbd? T 09 %800 x45752 o MPA
& . 420
e 0BS5S T 0.AGw2d 206
=¥ . _imBy, 1 . 2X306xL357
P=a 1 420 T 206 1 1 420 =.00335

As = p.b.d = 0.00335x800x457.5 = 1224.74 mm>>Agmin = 1220 mm?,

Check spacing:-
s= R L < 206.67 mm > dy, = 25mm > 25 mm 0K
Check for strain:-
_ Aspy  1258x420

a 0850 £ T 085xBOON2ZE 32.32mm

a 3231
C=!Tl =m = 38.03 mim
d =520 - 40 - 10 - 20/2 = 460 mm.

d—c 460 - 38.03

£, = 0.003 = = 0.003 “ 3803 " 0.0333 = 0.005 Ok



4.4.3 Design of beam for shear forces:

Beams must be designed to resist shear forces acting on, but the shear values should
be checked in which case it exists in order to provide the required shear
reinforcement. The cases are described as follows:

o Casel:
If V<= ®V, no shear reinforcement is required.
2

o Case2:
If % PV < Vi< OV, minimum shear reinforcement must be provided, and the

maximum spacing between stirrups is the lowest of 600 mm or d/2.
Minimum shear reinforcement is the larger of:

vsmi,]:,-;umd or 1—‘h_ fc' by*d (which is greater).

o Case3:

If ®V.<V,, shear reinforcement isrequired and can computed as:

Vu
Vs= E -V,

v If V< Vgmin, minimum shear reinforcement is to be provided

v' If Vgmin< Vs< Vs, Which V¢ = 1{ fc' by*d, s0 design for the Vs value and the
maximum spacing is the lowest of 600mm or d/2.

v 1f Vo< Ve<Vsmax, Which Vgma = ‘—Fi fc' by*d, so design for the Vs value and

the maximum spacing is the lowest of 300mm or d/4.
v If V& Vsmax, the section dimensions must be changed.

The section capacity for shear forceis:

1

Ve= = fc'by*d=—v24* 800* 457.5*10° = 208.84 kN.
® V= 0.75+298.84 =224.13 kN.
~® V¢ =112.06 kN.

For minimum shear reinforcement:

Vsmin = * 800+ 457.5*10° = 122 kN. (Control)
OF Vmin = — V24 *800457.5 * 10° = 112.06 kN.
Assume 2leg@10 with A, = 2¥78.54 = 157.08 mm?,

. Ayfud 157.08 =420 =457.5
T 122 = 1000

= 2474 mm



Maximum spacing,

Smax = 600 or 457.5/2 = 228.75 (Controls), use 2leg@10 at 225mm.

The maximum shear value that minimum shear reinforcement can resist:
VU =@ (VS min+ V) =0.75* (122 + 224.13) = 259.6 kN.

Check the shear values under the three cases described before:

0 Thereisno shear value existsin the first case.

o Case?2:
Shear force values 219.3 and 149.2 are exist in this case,
112.06 < (149.2/219.3) < 224.13.
Minimum shear reinforcement is required.

0 Case3:
v V=< fc'by*d=-v24* 800* 457.5*% 10°=597.7kN.
Y Vemx == [€ by*d==v24*800.4575* 10° = 1195.35 kN.

For shear values (312.7, 325.7 and 331.8 kN), check for the greatest value of
331.8 kN.

Vs =331.8/0.75 - 224.13 = 218.27 kN, Vsmin= 122 kKN < 218.27 kN < V¢ = 597.7
kN.

Assume 2leg@10 with A, = 2*78.54 = 157.08 mm?,

Aty d _157.08 420 = 457.5

S v,  218.27=1000

= 138.3 mm

Maximum spacing,
Shmax = 600 or Syax = 457.5/2 = 228.75 (Controls) >138.3 mm, use 2legd10 at
125mm.

For shear value 513.6 kN:

Vs = 513.6/0.75 — 224.13 = 459.95 kN, Vsmin= 122 kN < 459.95 kN < V¢ = 597.7
kN.

Assume 4leg@10 with A, = 4*78.54 = 314.16 mm?,

_ Af,d 31416+420=4575

S v, 459.95 = 1000

=131.24 mm

Maximum spacing,
Shmax = 300 Or Syax = 457.5/4 = 114.375 (Controls) <131.24 mm, use 4legd10 at
100mm.



4.5 Design of Post TensonedBeam (PTB2, F1):

Figure 4. 13: Beam (PTB2, F1) in Project Plan.

» Slab information:
Slab typeis one-way ribbed slab
Slab thicknessis 32 cm
Materia properties:
f.t =24 MPa
f, =420 MPa NA

» Beam information:
» Concrete properties:
f'.=35MPa
f'.i =075f.+ =26.25 MPa

» Stedl Reinforcement:Figure 4. 14: Cross Section of the Beam.
fy =420 MPa
fur =420 MPa

> Prestressing stedl:
Prestressing steel type is Low-Relaxation 7-Wire Strand Grade 270
fou = 1860 MPa = 1860 MPa



f,y =09f,, = 1674 MPa

E, = 196500 MPa
A, =98.71 mm*

» Cross section of the beam:
Width = 150 cm and Depth = 170 cm

A, = bh = 18400 ¢m?

v, =85cm and y, = 85¢cm
I, == bh?® = 61412500 cm*

%

5, =2 =722500 cm*

¥y

45.1 Load Calculations:

X

S, =—=722500 cm*

_}"h

Liveload =2 KN/m2 (Roof live load)

Table 4. 4: Determination of Loads Acting in the Beam.

Load Name Type of load Load(KN/m) Load(K
N)

slab’s self weight Uniform load 25%0.32*34=272 | --—---
beam’s self weight Uniform load 25%1.5%1.7=63.75 | ----
Liveload Uniform load 2*49=98 | ----
Superimposed  from  the| Concentratedload | ------ 1028.02
column
Live load from the column Concentrated load | - 146.7

126

241

e L,

Figure 4. 15: Beam General Information.
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Figure 4. 16: The Beam loads.

4.5.2 Design of the PTBeam:

4.5.2.1 Assumptions to start the design processes:

Balancing 90% of self weight
Assume Drape (a) = 36 cm The balancing load is:
Whr.zn!:z'm'.:uy =09 I"i"rtr.ltun'.';eif welght =81.86 KN/H‘T

]
A0 35

Figure 4. 17: Tendon Profile of the Beam.

The effective forcein tendons (F,) is:

2
W = 8 F; A vields — Whﬂft!'.‘lt.'t:lly!
halancing = !2 g 8 a

F, =11346.04 KN

Find the usable stress to each tendon (£,./tendon):
According to ACl, stress and seat an anchor at 70% of f,,,,, S0 :
fu =07 f,, = 0.7 #1860 = 1302 MPa

Assume a loss that applies to al reasons is 100 MPa, and it’s going
conservatively cover them, so:

foe = 1302 — 100 = 1202 MPa



=f.*A, =1202+9871+10% = 11865

tendon tendon
F .
i g foi*A,, =1302%98.71 *10™* = 128.52 i
>>> S0, the number of tendons required is:
_ E, 11346.04
#of tendons = = = 95.63 tendons

Fe_—  118.65

tendon

So, use 95 tendons

" tendon

«#of tendons = 1127175 KN

F
F = "~ «#of tendons = 12209.4 KN
tendon

8F:n
e

=8132 KN/m

SO, Wh alancing —

4.5.2.2 Check for Stresses:

1. Stresses At transfer:

Ft Mnyt
= _Lfl_ = 5 <

o ¢
f — Ft +Mnyt
BT AT S,

Assumed the compression stress is negative (-), and the tension stress is positive

(+).
Allowable stresses based on ACI:
The allowable of maximum compression stress in the cross section of the beamis:
f.1=06 [, =0.6=%2625=1575MPa
The allowable of maximum tension stressin the cross section of the beam is:

f,;,=025 f,=128MPa “At mid of the span”

f,y=05 f, =256MPa “At edges of the simply supported”
WmJt = I"i"rtutun'.';eu welght Whun!tz'.'u'my =9.63 KN/m
For simply supported with uniform load, the moment is:

Wiel?  9.63%19.987
8 8

Find stress at the left support, M,,,., =0 :

Mnyt = =48054 KN.m



12209.4

T 184
12209.4

184

¢ =

10°* = —6.6 MPa < —15.75 MPa

fui= 10"% = —6.6 MPa = —15.75 MPa

Find stress at the left support, M,,., =480.54 KN.m = :
12209.4 480.54

= - 3 — _ -
” e 10 7.3 MPa < —15.75 MPa
o 122094, 48054 oy o Ba = —1575 P
b 184 07225 o ‘ | ’

Find stress at the Right support, M,,., =0 :

= 12294 143 = 66 MPa < —15.75 MP
L= 1.84 i ' ¢
12209.4 ,
»= ——Taz 107 = —6.6 MPa < —15.75 MPa

2. Check for effective stresses after |osses:

f — E Mnyt
A Ay~ S,
f ~ 'F; _I_Mnyt
o Ay~ Sy

Allowable stresses based on ACI:
The allowable of maximum compression stress in the cross section of the beam is:
f. =045 f' =045=35=1575MPa
The allowable of maximum tension stress in the cross section of the beam is:
f,= f.=592MPa  “Class cracked*
Find stress at the left support, M,,,., =0 :

11271.75 :
, = —————— 107% =—6.13 MPa < —15.75 MPa
1.84
11271.75 ;
s = —‘W 107% = —=6.13 MPa < —=15.75 MPa

Find stress at the left support, M,,., =480.54 KN.m ::



11271.75 480.54
1.84 0.7225

11271.75 4 480.54
1.84 0.7225

fi = 10"% = —=6.8 MPa < —=15.75 MPa

fo= 10 3 = =55 MPa < —15.75 MPa

Find stress at the right support, M,,,., =0 :

11271.75 :
fi= -2 10"% = —6.13 MPa < —15.75 MPa
1.84
11271.75 ;

3. Check for stresses at service loads:

~ E Mtr.ltun'
fi=—7 =%
A, S,
— F: Mtr.ltun'
Joa = _.-H_ + I3
d b

Allowable stresses based on ACl:

The allowable of maximum compression stress in the cross section of the beam is:

f. =045 f', =0.45#=35 = 1575 MPa

The alowable of maximum tension stress in the cross section of the beam is:

I = ﬁ =592 MPa “Class cracked“

Find M, ;.-
Live load - Service
¢146.
9.8
10.2 ‘ 9.7
[
Dead load - Service Units:kN,met
i1028
9.6
10.2 ‘ 9.7
T

Figure 4. 18: Beam (PTB2, F1) Loading System.

Moments® spnans 1 tn




Figure 4. 19: Beam (PTB2, F1) Bending Moment Diagram (service).

Find stress at the left support, M, s,y =0 :

11271.75 ;

11271.75

= _— 3 = = —
fu 1ad 10 6.13 MPa < —15.75 MPa

Find stress at the left support, M, ¢, = 6830.8 K N. m:

Se Dt ts 10"* = —=15.6 MPa < —15.75 MP
184 07225 bt | 4

1127175 68308 | s oonupn < 4500 MP
184 07225 T ’ | ’

=

h

Find stress at the right support, M, ,;.; =0 :

1127175 .
fi= —=—=Z—— 10"*=-613 MPa < —15.75 MPa
1.84
1127175 .
fo= ——g4— 107?=-613MPa < -1575MPa

So the assumptions are okay for stresses check.
4.5.2.3 Design for flexural strength:
4+ Factored Mu:

|
487.2

10.2 13552.3
|
\

9.76

Figure 4. 20: Beam (PTB2, F1) Bending Moment Diagram (Factored).



18595 -1998.

1964.2 1825.7

Figure 4. 21: Beam (PTB2, F1) Shear Diagram.

Find Prestressing steel nominal failure stress (f,,,) according to ACI, Bonded system:

— _._E _,f’;,“ d xF_v A - "qf-"'
-lfi?h_-lfi‘ffl:l B, Py 1?;:_ * dpﬂ‘-'f"r b=d b=d

Thisequation is appliesif:

0.5fu = fe

foe =0.7f,, — losses = 0.7 = 1860 — 100 = 1202 MPa
0.5f,, =05 #1860 = 930 MPa < 1202 MFPa = okay

The values of equation parameters:

f; =0.85-0.007 f' —28 = 0.85-0.007 35—-25 =0.801

¥, fromtable (4.5)

Joy _ 09 fou
=——=09 =y,=028
_r;m: f;m: FF
Table4. 5: Vaues of ¥,

SosFou ¥
=080 0.55
=085 0.4U
=090 0.28

Ay = Ay min = 0.0044,, = 0.004 =85 = 150 = 51 cm?

use 11@25 —+ A, =53.9 cm*

Spacing for 1 layer (S) = 11.65 cm = 2.5 cm = okay




d=170-2-1-=2=16575¢cm
cover =2cmand @10 for stirrups
d, =y, +a=85+36=121lcm

_ Aps __ 95+98.71+107
.ID;'J —

i .
= : =517=10""
by 1500121

. . A’
No compression reinforcement (h—; =0)

o,
= 1860(1 0.28 517 =103 1860
Jos = ( 0.801 35
165.75 = 420 53.9

121 #35 150 = 165.75 R

T,=A, *f, =539+420+10"" = 2263.8 KN
Tpo = Ay * fr, =95 %98.71 = 165831 = 10~3 = 15550.72 KN

+— Coc

sy o r» Tps

........... —pls

Figure 4. 22: Forces Acting Through PTBeam Section

T“f + T‘;I.‘-. = |l|::IZ'

2263.8 +15550.72 =085%35*15+10"*=a = a=0.3992 m
=39.92 cm

UM, =M, =22638 1.6575 —1.21 + 0.85#35 =15 = 0.3992

0.3992 s
= 121~ +*10% =19012.62 KN.m
Check for strain:
5 853992 49.84 cm
B, 0801
(d—rc) 165.75 — 49.84
#0.003 = #(0.003 = 0.007 = 0.005

B = 2984



Tension control = @ = 0.9

= @M, =09+19012.62 = 1711136 KN.m > M, = 135523 KN.m =
= okay

Check for cracking moment:

Sp

M,=F=* e+
cr £ € A

+_|rr *Sh
.4

f. =062 f,=367MPa

1.84
12M,., = 133625 KN.m < @M, = 17111.36 KN.m = okay

5 ,
M, =11271.75+% 0.36 + +3.67 #10% *0.7225 = 111354 KN.m

4.5.2.4 Design for shear:

= Vudy,
V.= 005 ff+48—7" b,d

To satisfy this equation must:

_I.-" a ) : ,  18955+1.2
“ <1 = at the face of the columnis ———— =454 >1
LY 3

o take 28 — 1

My
2. d =08h =08#+170 =136 ¢cm
sotaked = 136 cm

1.

So,
V.= 0.05V35 + 4.8+ 1 1500 = 1360 * 103 = 10395.44 KN
But, not exceed the following equation “The upper limit according to ACI”:
V. =042 f'+h,+=d=50689 KN < 10395.44 KN
So, the control is:
. =50689 KN = @V. =0.75 =5068.9 = 3801.675 KN
0.5 @V, =1900.84 KN
050V <V, <0V, = The minimum shear reinforcement is required

According to ACI, the minimum reinforcement is the smallest of:

Ay By Ay 1500 . mnt
1. ==-*2 L =—"—=10%=357143

5 3y 5 Feq 20 m

Ay Apsfpu d A 95e9R7141860 1360 . mm?
2. £ = P — = Z= : 10* = 363.5

s BOfyed by s B0+42041360 1500 m



m rr1"3

So the minimum is? =3635

m
__ 2e78.54

use ©10/400 mm (ﬂ,‘ prov. T

T m rna:l

—=3927"" < 3635

(1.4 m m

Check for long term deflection from ADAPT program:
100% of dead load and 0% of live load are sustained loads

. i 19980
Total long term deflection = .46mm < _—- = —— = 8325 mm - okay
Deflection Diagrams
File: PT2
o Service Env. Max Total Service Env. Min Total
2T
of
;
£
S10f
31t
14%
16+
18*%
20 ] | !
Span 1

Figure 4. 23: Deflection Diagram for Beam (PTB2, F1).



4.6 Design of Staircase:
4.6.1 Minimum slab thickness:

Minimum slab thickness for deflectionis

(for simply supported one-way solid slab):

hmin = 5.25/20 = 26.25 cm

Minimum slab thickness for deflectionis
(for the slab end are cast with support):

hmin = 5.25/28 = 18.75 cm
Takeh=25cm

4.6.2 Load Calculation:

TR

Figure 4. 24: Staircase Dimensions.

Load: the applied live loads are based on the plan area (horizontal) projection, while
the dead load is based on the sloped length to transfer the dead load into horizontal

projection.
The Stair Sloped by 8 = tan™(riser / run)

= tan'(16.7 / 30) = 29.1°

+ Flight dead load computation:

Table 4. 6: Flight Dead Load Computation

Parts of Flight Quality De;nsity Calculation of( W ) kN/m
kKN/m
Tiles 27 27* 0.03* 1* ((0.35+0.167)/0.3) = 1.34
Mortar 22 22* 0.02* 1* ((0.3+0.167)/0.3) = 0.685
Stair Steps 25 (25/0.3) * ((0.167 * 0.3)/2)) *1 = 2.09
R.C Solid Slab 25 25% 0.25* 1/ (c0s29.1°) = 7.15
Plaster 22 22* 0.03* 1/( c0s29.1°) = 0.76
Total Dead L oad 12.03 kN/m




4 Landing dead load computation:

Table4. 7: Landing Dead L oad Computation.

. Quality Density _
Parts of Flight 3 Calculation of(W ) kN/m
kN/m
Tiles 27*0.03*1*=0.81
Mortar 22 22%0.02* 1* =0.44
R.C Solid Slab 25 25*0.25* 1=6.25
Plaster 22 22 * 0.03* 1= 0.66
Total Dead L oad 8.16 kN/m

0 LiveLoad: LL =4 kN/m?.
0 Tota factoredload: w=12DL +16LL

For flight w=12%*12.03+16* 4* 1=20.84 kN/m°.
For landing w=12*816+1.6* 4* 1=16.2kN/m*

Because the load on landing, where the shear wall surrounding it, is carried into
two directions, only half the load will be considered in each direction (16.2/ 2 =
8.1 kN/m).

4.6.3 Design of slab S1:

6L cHim

Figure 4. 25: Stair Loading.




4.5
16.6

2.36 63.1 2.89

Figure 4. 26: Stair Bending Moment Diagram.

-34.7 874

39.8
44.16

Figure 4. 27: Stair Shear Force Diagram.

4.6.3.1 Check for shear strength:
Assumeinitial bar diameter 14 formainreinforcement, ® =0.75 fors(ear

Assume bar diameter 14 for main reinforcement
d =h- cover —522 =250 — 20 —g =223 mm
Ve=: fc'b,d == -v24+1000 =223 = 182.1kN.

® V.-0.75* 182.1 = 136.6 kN

4.6.3.2 Design the flight for bending moment:

Mu=51.5 kN.m

My B3axio®
Rn= PbdZ ~ 09x1000x223% 141 Mpa
m=-—2r =_*0__506

T oasy! T oesw24



_ZmRBy _ 1 1— 1_zxzn.ﬁx141

4240 20.6 420

p=£ 1— = 0.0035

Asreq = p.0.d = 0.0035 x1000x223 = 780.5 mm?/m
Asmin= 0.0018* 1000* 250 = 450mm?/m

As,rm = 780.5 mm2>As’m|n=450mm2/m

Check for which maximum spacing is control:

1. S=3h=3*250=750 mm

2. S = 380* (-

3 =300 mm control
avhe

) - 25%20 =330 mm OR 300 * ( i

3. S=450 mm

Check for strain:-
am—ly o _N0TH o 44
08se ! T 085x1000x24
c=2 =21 5487 mm
H 085
~0003 12° —0003 2222487 _ 02450005 0k
Es =0 c 2487 D e

Temperature and shrinkage reinforcement:

Asreg= Asmin =0.0018* 1000* 250 = 450mm?



4.6.4 Design of dab S2 (landing):

1 2
1
L A L
‘ 0.25 ‘ 3.2 ‘ 0.25 ‘
I 1 345 1 1

25,

100.
A-A

Figure 4. 28: Landing Bending Moment Diagram.

Dead load -Service

Units:kN,mete

4‘5.1‘2 15 02, 15 0.1
Live load - Service
Y S e A R Y ™ R
?.1‘2 15 02, 15 0.1

Figure 4. 29: Landing Loading System.

Moments: snans 11tn

1.73 173

Figure 4. 30: Landing Bending Moment Diagram.




Shear

122 -13.8

13, 12.2

Figure 4. 31: Landing Shear Force Diagram.

4.6.4.1 Check for shear strength:

Assume bar diameter g 14 for main reinforcement
d =h- cover —i‘zﬁ =250 — 20 —1—2‘* =223 mm
Ve=: fc'b,d== -v24+1000 =223 = 182.1 kN

®* V. -0.75* 182.1 = 136.6kN

4.6.4.2 Design the landing for bending moment:

Mu=13.3 KN.m
My 133x10%
Rn= obdZ T 0O0x1000%223% 0.3 Mpa
m= —2* ;= 21 —206
nass T nssxz4
p=— 1- 1-20 = g 1 - ZEEDE - 000072

Asreq = p.b.d = 0.00072 x1000%x223 = 160.5 mm*/m
Asmin= 0.0018* 1000* 250 = 450mm?/m

As,ra] = 160.5 mm2< As’m|n:450mm2/m, use As’m|n:450mm2/m.

Check for which maximum spacing is control:

1. S=3h=3*250 =750 mm

2. S=380*(z z‘:‘; ) - 2.5+20 = 330 mm OR 300* (3 z‘:‘; -) =300 mm control

p— — .
3 3

3. S=450 mm




Temperature and shrinkage reinforcement:

Asreg= Asmin =0.0018* 1000* 250 = 450mm?



4.7 Design of Column:

Select column 92 from Group (H):

Assume column dimension of 45cm in x-direction
and 55cm in y-direction.
4.7.1 Load Calculation:

4+ Service Load:
Dead Load =2300 kN.
Live Load =760 kN.
4+ Factored Load:

P, = 1.2 x2300+ 1.6x760 =3976 kN. y

4.7.2 Check Slenderness Parameter:

Ku _gq .10 MLy
M 2

Lu: Actua unsupported (Unbraced) length.

K: effective length factor. According to ACI 318-02 (10.10.6.3) the effective length
factor k, shall be permitted to be taken as 1.0 for bracing system.

R: radius of gyration = \/% =0.3h .o For rectangular section
Lu=3.0-0.52=248m

M1

('E) = 1.0 braced frame with M .

K=1.0 - for columns in nonsway frames.

KU a4 10 =20 £ 40
r

Klu = 1.0%2.48 =18.37 < 22 - Short column for bending about x-axis.
rx 0.3*0.45

*
klu = 107248 =15.03 < 22 - Short column for bending about y-axis.
ry 0.3*0.55

4.7.3 Design of the Short Column for longitudinal bars:

fPn=Pu =f*f*(0.85* fc*(Ag - Ast)+ Ast * fy)

3976 *10 = 0.65* 0.8* (0.85* 24 * (45 * 55 - Ast) + Ast * 420)
Ast = 65cm?
Ast _ 65
Ag 45 * 55
use16f 25 3 ® Ast = 78.56 > 65(ok )

r = =0.0262 > 0.01 ok




4.7.4 Design of column Stirrups:

The spacing of ties shall not exceed the
smallest of:

spacing £16° d, =16" 2.0=32cm
spacing £48° d, =48" 1.0=48 cm
spacing £ least dim = 35 cm

Usef 10@ 20 cm

Figure 4. 32:Column Reinforcement Details.



4.8 Design of Shear Wall:

4.8.1 Shear wall genera information:

b Shear Wall Thickness h=25cm

P Shear Wall Width Lw=53m
P Shear Wall Height Hw =4.0m
;| € kil el
1\\&. i
_I-'":.:ﬁ" hik m STREN S —

2
e 134 EH ik O —
9
7?.4:7kNm R s e s R
Ciending kicment Dlagrem Shegr Morse 2iaomm S Cimensiang
Figure 4. 33: Shear Wall Dimensions and L oads.
4.8.2 Check for shear strength:

4.8.2.1 Maximum shear strength permitted:

OVymar = B/ hd, d = 0.8L,, = 0.8*5.3 = 4.24m.

4.8.2.2 Shear strength provided by concrete Vc:
Critical Section for shear isthe smaller of:

M = 5—23 = 2.65m- control

2
h—W:1—1:5.5m
2 2

Story height = 3m.
Iisthe smallest of :

1— V., ==\/f 'hd =-V24 =250 = 4.24 = 8655KN ....... Control

— N _
2V, =027\ hd + 7~ = 027V24 250 = 424 + 0 = 1402.1KN

by



l, 01 f'+022x

3— V.= 005 f + Wh b

My _ tw
Vg 2

= M, =1364 +326 = 3—2.65 =1478.1kN.m

%f-‘—‘ - ig.' = 1:’_;1'1 - i; = —0.19 <1, so the previous equation does not available to
1L}

apply for shear calculations.

« Determine required horizonta shear reinforcement:
Vu=601=> ?:_ Ve = ?:_ = (0.75 = 865.5 = 324.6kN .....reinforcement is required.

Shear reinforcement must be provided in accordance with 11.9.9.
Assume @10 for shear reinforcement.

Vu<@Vn =0(\Vc +Vs)

Minimum shear reinforcementis required,
Maximum spacing is the least of:

Lw 5300 _ 1060 55
5 5 '

3h =3 %250 = 750 mm.
450 mm — control.

Select @10, two layers:

__Avi_2+785
P =75, T 200 =52

= Determine vertical shear reinforcement:

hw 11.00 _ 0075
Ilw 53 7

= 0.0025

pl =[0.0025 +05 25— pt—00025 | =0.0025

=[0.0025 + 0.5 25 =2.075 0.0025 —0.0025 | = 0.0025
So, pl = 0.0025.

Maximum spacing is the least of:

Lw _5300
5 - 5 - .



3h =3 250 = 750 mm.

450 mm — control.

4.8.3 Design of shear wall for flexure:

Uniformly distributed flexure reinforcement method was followed.
The uniformly distributed vertical reinforcement @10 @ 200 mm

5300 5
Ay = 00 *2 #785 =4160.5 mm

Ay £, 41605 420
L,h f. 5300 =250 24

R =0
LR

C_ wt+a 0.055 +0 - 0,066
l, 2w+0.856, 2=0055+085%085

w =

@M, =0 054, f 1, (1+-—)(1 ——]

Ht.f}"

=0.9 0.5%4.160.5 = 420 *5.300(1 + 0)(1 — 0.066) = 3892.5kN.m
= 2342 kN.m



4.9 Design of Basement wall and its Footing:

4.9.1 Basement wall design:

4.9.1.1 General information:

Height of the basement wall =3.9 m.

Thickness of the basement wall is 30 cm.

Soil internal friction angle ® = 30,density = 18 kN/m?®, and 12 kN/m? surcharge.
L oads acting on basement wall:

q, = Earthpressuresoil

g, =¥y * h= ky

ky= 1-5in® =1-5in30= 05

g, = 18 = 39= 05 = 351 kN/m?

g. = Surchargepressure = Qg charge vertical * Ko

g, =12 =0.5 = 6 kN/m?.

% Designed the basement wall as pin-pin.

1 ' 39000

—

= H
RIBENIMT 351K im

Figure 4. 34: Loads effects on Basement Wall.



Moments: spans 1to

2.36 59 1.84

Figure 4. 35: Bending Moment Diagram of Basement Wall.

-73.5
-51.8

46.1 414

Figure 4. 36: Shear Force Diagram of Basement Wall.

4.9.1.2 Check basement wall for shear design:

From atirprogram¥, = 51.8 kNN, assume @16 for main reinforcement,

16
d =300—20—7=272mm

4.9.1.3 Design for vertical reinforcement:

v Tension side:

M, =59 kN.m
i o M, _  518=10° = 0886
" T 0.9hd? T 09 =1000 %2727
Iy =20.6 MPa

™ = 085f_



1 2R,
p=— 1= 1= =0.0021 »»» A, =pbd =573 cm*/m
m Fy
0.25 = ! o 1.4
smin = —-F: bd=793 — OR —bd= 91 cm*/m
| Fy m Fy

Ay min = 9.1 ecm?*/m - is control
So, use @14/15¢cm
v' Compression side:
Use Ay min = 0.0012bh = 0.0012 = 100 = 30 = 3.6 cm?*/m
So,use@10/20em

4.9.1.4 Design for horizontal reinforcement:

Use A min = 0.002bh = 0.002 =100 =30 = 6 cm*/m
For oneside isg =3cm?/m

4.9.2 Design of basement wall footing (strip footing):

%+ Theserviceloadsform ETABS program:
Dead load “including self-weight”= 300 kN/m.
Liveload = 90 kN/m.

4+ S0il density = 18 KN/m3

=% Allowable soil Pressure = 500 KN/m2

4.9.2.1 Determination of g4
Assume footing thicknessis 40 cm,

Gne: =500 — 25% 04 — 18x 11 =470.2 KN/m*

= total service loads = 390 — 083 m?
et 470.2
1.2 x 300 + 1.6 % 90
Qnet = %1 =504 KN/ m*
4.9.2.2 Check for one way shear:

d =400 — 75 —9 = 316 mm.

@V. =075 x0.17 x V24 x 1000 x 316 x 10~% = 197.4kN



4.9.2.3 Design for main reinforcement:

M, =504 x1x 035% =#05=3087KN.m

R, =0343 MPa

m = 20.6

p=0.000825 =+ A, =261cm*/m

As jnin =0.0018 bh = 5.7 cm* /m

As ynin = 5.7 cm* /m —control

So,use@ 1215¢m.
For shrinkage and temperature reinforcement, use As iy = 5.7 cm* /m

So, use @ 12/15 cm.



4.10 Design of I solated Footing: (Footing Group 6)

Material:
Concrete  B300 Fc' = 24 kKN/m?
Reinforcement Steel Fy = 420 kN/m?

4.10.1 Load Calculations:
Dead Load = 1643 kN*included own weight”
Live Load = 496 kN

Total servicesload = 1643 + 496 = 2139 kN

Total Factored load = 1.2*1643 + 1.6*496 = 2765.2 kN
Column Dimensions (a*b) = 4050 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 500 KN/m2

Assume h = 60cm

Ohes. atiow = 500 — 25 0.6 — 18 = 0.9 =
468.8 KN/m?

4.10.2 Areaof Footing:

A= Ptr.ltaf.'.'}-'r't:l:r.'ﬂ ] 2139 = 4563 2 "
" g “ 2688 oM
Inet- allow
Assume Square Footing Figure 4. 37: Footing description.

brequired =2.14 m
Selectb=225m
Bearing Pressure:

PE otal factored 2765.2

— — — 2
q:.:,ng-'t A 225 % 225 54321 K-N/m

4.10.3 Design of Footing:

4.10.3.1 Design footing for one way shear:
Critical Section at distance (d) from face of column.
Assume h = 60cm, bar diameter @ 12 for main reinforcement and 7.5 cm Cover.

d=600-75-12=513 mm



B=n

—d =L

Vu= Qu =+ 5 K
Z
o o Lo
= s i ]
Vu=54321 = 0513 =225 e ———— 1 —
- 579.98 KN E:';'_“:;:‘Hﬂ;:': "'"'-_.F TrEDULErY Arga far
F/' f_'/' nnm-way Shaar
- )
OV, =075%0.17= f' =bh,=d _|JZ';,
B Pobyiiwint 5 TP J'/I//;,::;
V. = 0.75 * 0.17 = V24 = 2250 513 = 10~3 L ? !
=720.97 KN A
lf:'" .ﬁ“_fl

_ SR

Figure 4. 38: One Way Shear of Footing.
4.10.3.2 Design Footing for two way shear:
V,= E, —FR,
FRy, = q, e * area of critical section
V, =27652—-54321+ 0540513 = 04+0513 =22628KN

The punching shear strength is the smallest value of the following equations:-
v, =f 18+ 295 % g
6 b. g
1za 0
fv, =f. o s 422 % d
¢ 12§b0/d 5

(4]
fV, =f .%E%od

Where:-
_ Column Length (a)

€ Column Width (b)

»» =125
20

o = Perimeter of critical section taken at (d/2) from the loaded area
s =2=% 513+50 +2= 51.3+40 =385.2cm

s =40 for interior column
£V, =f %?eri%/ t % d = 3146.25 kN
c@

o = T

leea,
128, /d

fV, =f. +29/1 %,d= 243324 kN
a

f v, =f .%\/E%Od = 2420.2 kN



4.10.3.3 Design of Bending Moment:

Critical section at the face of column.
225 225-04°

M, =54321% = = 5 =522.88 KN.m
= Muz = 522..3833(1!]5 - 0.98 MPa
@hd D9=2250=513
m=—, =—*1_ _>06
OLES I NES5=24
p=— 1— 1200 = 1 1 -T2 = 00024

Asreq = p.b.d = 0.0024x2250x513 = 27.61 cm’
Asmin = 0.0018* 2250* 600 = 24.3 cm?

Asreqiscontrol

Check for Spacing:
S=23h=3*60=180cm

S = 380% () — 2.5+ 75 = 192.5 cm

3 & 4200
S=45¢cm ......... is control

4.10.3.4 Development length of steel reinforcement in footing:

4+ Tension development length in footing:

F
Ly roq = 15 % 3% * Bt « db = 300mm
it

Ktr =0 Nostripes

12
cb=75+?=81mm

875 )
Orech = — = 43.75 mis control

ktr +ch ~0+4375

= T, =365>25
ktr +ch

—ap %0

p=_21s %0 B85 —2096.3mm < 300mm

10 1=/24 25



So, Ldy 1.y = 300 mm

2250 — 500

LdT awallabie T ) 75 - 800 LR

4 Compression development length in footing:

024 =Fy=dB
Ld”gq = — =0.043 =f, =dg =200mm
0.24 =420 =12
Ld, o = — =2469mm = 0.043 %420 =12 =216.72mm
e V24
= 200mm

Ld, ., = 246.9mm
Ld, yyo =600 —=75—=12 =12 =501mm > Ld,,., »>>> okay
« Lap splice of dowelsin column:

Ly =0071 = f, *dgy = 357.8 mm > 300mm

e 5
o o — o
o
&
o
i
=
5 = " = [
™ o L o
e balile

[l=h}

= =

o =]
0.0 LBE 0.4 AR 0.m
a0 : o

Figure 4. 39: Plan with Reinforcement of the Footing.
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Figure 4. 40: Section in the Footing.



Chapter Five

Results, Recommendations and References

5.1Results:

1. Each student or structural designer should be able to design manualy, so
hecan get the experience and knowledge in using the computer software.

2. One of the factors that must be taken in consideration is the environment
factors surrounding the building, the site terrains, and the forces effects on the
site.

3. One of the important steps of the structural design is how to connect the
structural members to work together, then to divide these members and design
them individually, and should take the surrounding condition in the
consideration.

4. Various types of slabs have been used: two way and one way ribbed slabs, in
some dlabs that have a regular or nearly regular distribution of columns and
beams. One way solid slabs mainly in the stairs, because it has high resistance
to the concentrated forces.

5. The useful software programs were used:

AutoCAD 2014, to draw the detail of drawings for structural drawings.
ATIR, Etabs, Safe, Sp column, Adapt to analysis and design the
structural members.

5.2 Recommendations:

This project has an important role in widening and enhancing the understanding to the
nature of the structura project including al the details, analysis, and designs. It is
very helpful-through this experience-to introduce a group of recommendations. At
the beginning, the architectural drawings have to be prepared and ordered and the
construction material and the structural system have to be choose alongside. And itis
essential at this stage to have information about the project site, the soil, the soil
strength capacity at the site from the geotechnical report, after that the bearing walls
and the columns is going to be set up alongside the architectural team in a compatible
manner. The civil engineer tries at this stage to plant as much as possible the
reinforced concrete walls, which should be use after that in resisting the earthquake
loads and other lateral loads.
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