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Abstract

The main idea of this project is to design a new building for medical school
students. We worked on preparing the structural designs for this residential
building, which consists of six floors in addition to a ground floor and a
basement, with a total area of 18,199.55 m2. Our goal is to provide complete
structural designs for all building elements, including slabs, beams, columns,
walls, and foundations, among others.

The Jordanian Load Code was approved, while the American codes (ACI 318-14)
were adopted for various structural designs, and the American code (ASCE) was
used for seismic loads.

Structural analysis and design programs such as BEAMD, ETABS 18, and SAFE
were utilized, along with other software like Microsoft Office (Word,
PowerPoint, Excel) and AutoCAD. Finally, the required construction drawings for
all structural elements were prepared to ensure the design is ready for
implementation.
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1.1 Introduction:

The human being is the main axis around which the various and diverse research
and studies revolve, as all these works aim to try to make this person happy and
protect him at all levels and levels and work to reduce the risks surrounding him
or avoid their effects , as these research and projects vary between
environmental fields and urban projects and so on . The goal is always the human
being, regardless of his geographical location As a result of that, human from his
very beginnings has been searching for all the ways and means that help him to
facilitate his life and to provide all means in order to reach the comfort and
services that would provide the requirements of his life and his needs . With the
pursuit of man and his insistence, humans have reached the science of
engineering , and if we discuss in general, we will find that engineering is the body
that combines the available technical tools and knowledge activities. It is the
professional activity that uses imagination, wisdom and intelligence in the
application of science, technology, mathematics and practical experience so that

humans can Designs, produces, and manages processes that fit human needs .

Due to the presence of the medicine specialty at Palestine Polytechnic University
and the large number of students interested in the specialty, we designed this
building, which contains six floors in addition to the ground floor and basement,

to meet the needs of students and educational staff.

The architectural shape of the building has become one of the most important
attractive elements of the building and is also considered an advertising element,
which gives this building fame. The spread of these large buildings such as

university colleges, complexes, etc. is considered one of the main reasons that led
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to the emergence of a new architectural style that gives the city a modern

character due to the urban expansion we are witnessing.

In line with this construction development, the choice was made to design a
College of Medicine building consisting of Six floors in addition to the ground floor
and basement.This project meets all special architectural design requirements in
the design of university colleges in a way that is compatible with the function of
these buildings and the services they provide in terms of the project location and

the necessary large spaces for various activities.

It appears from the plans that the proposed building is a College of Medicine
building with a total area of 18199.55 square meters It consists of Eight floors
divided into: a basement floor, which includes garages, ground, first, second,
third ,forth, fifth, and sixth floor, which includes University college departments,
including lecture rooms, laboratories, and spaces for intelligence games, in

addition to teachers’ offices, libraries, and study spaces..

1.2 Research question:

Is it possible to design or complete this project structurally according to the used

codes, methods and programs?

The research problem here is to make the structural design of a College of
Medicine building. The project will be studied comprehensively, and this requires
complete knowledge of the load-bearing structural elements in order to find
optimal construction solutions that provide safety and economic factors, as the
economic factor is very important, provided that this factor does not affect the

Safety factor. Also, through this project, all designs are made for all structural
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elements, including foundations, columns, nodes, shear walls, and retaining walls,

and they are produced in the form of complete implementation plans.

1.3 Aims:

is to make all the structural designs necessary to make the building safe by using
the necessary programs and codes and linking all the information that has been

studied to complete the structural design for this project.

1.4 Objectives:

1. Acquiring the skill in the ability to choose the appropriate structural system for
different projects and distributing its structural elements on plans, in proportion

to its architectural planning.

2. Proficiency in the use of structural design software.

3. The ability to balance different design methods.

4. Dealing with various problems encountered in the design process.

5. Structural knowledge that enables us to handle various other projects.

1.5 Hypothesis:

If we use the approved programs, codes, and design parties in the correct order
and form, we will arrive at a correct and safe structural design that fulfills the

required purpose..

1.6 Methodology:

In this project, we went through several stages in order to reach the final stage,

and the stages were as follow:

16



1. Project Selection.
1.1: Search for architectural plans.

We went to the Department of Architecture in order to obtain a suitable project,

and this process took time and effort until we got to the appropriate project.
1.2: Study the project plan.

At this stage, we studied the architectural plans and identified the architectural
elements in order to start the structural design, as studying the project before

starting the design process is considered one of the important stages.

2. Structural elements study.

2.1: Study columns.

At this stage, we study the columns that the architect has placed, and if these
columns do not affect the structural design, then we adopt these columns, but if
there is a structural conflict with the columns, we work after that to change their

location in accordance with the structural design.
2.2: slabs plans.

At this stage, after making sure of the columns, we determine an initial width of
the Beams and draw them on the slabs plans, and we determine a direction, and
after that we choose the method of loading that we will adopt for the ribs so that
it gives us a safe and economical design, and after that we name the structural

elements.
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3. structural design.

3.1: slabs design.
At this stage of the design, we initially determine the thickness of the Slab, based
on the American code ACI 318-14, then we design the topping of the slabs, after

that we could start designing the ribs on the structural design program (Atir).
3.2: Beams design.

After slab designing, we could take the reactions of the ribs supports to carry the
loadings of the ribs on the beams to start the beam designing by the structural

design program (Atir).
3.3: columns design.

Now after designing the ribs and the beams, | can design the columns after

carrying the loads of the beams.
3.4: wall design.

At this stage of the design, we design all the shear walls in the plan, which come
in the staircase walls, and elevator walls, and the design is according to the

American code ACI 318-14.
3.5: Foundations design

The foundations are designed at the end after designing all the structural

members of the building and after calculating the loads on the foundations.
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4. Finishing the project.
4.1: Preparing the final blueprints.

After completing the structural design process, we prepare the plans for all the
architectural and construction elements, as each element must have a plan to

study each element separately during the implementation process.
4.2: Preparing the project book.

Where the project book contains an explanation that explains the constituent

elements of the project and also explains the mechanism of work in the project

until reaching the end of the project.

1 Project Selection. 4/2/2024 20 days 24/2/2024
1.1 Search for architectural plans. 4/2/2024 7 days 11/2/2024
1.2 Study the project plan. 12/2/2024 13 days 25/2/2024
2 Structural elements study. 26/2/2024 44 days 11/4/2024
2.1 Study columns. 26/2/2024 21 days 18/3/2024
2.2 slabs plans. 19/3/2024 23 days 13/4/2024
3 structural design. 14/4/2024 106 days 30/7/2024
3.1 slabs design. 14/4/2024 17 days 1/5/2024
3.2 Beams design. 2/5/2024 15 days 18/5/2024
3.3 columns design. 19/5/2024 23 days 12/6/2024
3.4 walls design. 13/6/2024 25 days 8/7/2024
3.5 Foundations design. 9/7/2024 26 days 4/8/2024
4 Finishing the project. 5/8/2024 30 days 5/9/2024
4.1 Preparing the final blueprints. 5/8/2024 20 days 25/8/2024
4.2 Preparing the project book. 26/8/2024 10 days 5/9/2024

Table (1-1): Timetable for the project
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Figure(1-1) : Methodology for the project.
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2.1 An overview of the project:

With the economic and social development and population increase and The
increasing interest of students in universities and the opening of new university
specializations, including medicine , there was a need to initiate a design proposal
for a new building for the Faculty of medicine, in order to meet all the services

needed by the citizens.

It appears from the plans that The proposed building is a new building for the
College of Medicine With a total area of 18199.55 square meters It consists of
Eight floors divided into: a basement floor, which includes garages, ground, first,
second, third ,forth, fifth, and sixth floor, which includes University college
departments, including lecture rooms, laboratories, and spaces for intelligence
games, in addition to teachers’ offices, libraries, and study spaces... Figure (2-1)

shows the general location of the project.

Figure (2-1) : A picture showing the location of the plot of land.
22



2.2 project Location :

The plot of land is located in the Hebron city In the Palestine polytechnic
University. The site also shows the surrounding streets from all sides .And its

distinctive geographical location.

2.3 importance of the site:

There are foundations and criteria that help in making a decision that takes the
project towards integration and compatibility with the general urban fabric. The

following are several important points in the site selection process:

> Geography of the site : It is the aspect that specializes in studying the
location of the land in relation to the urban fabric in general, and the
impact of the site on the function of the building, and the study of the
climate and topography of the land.

> Transportation network : The building is easily accessible from roads and
transportation.

> Vegetation: It is the aspect that talks about the nature of the land in terms
of vegetation, including trees and plants.

> Patterns and types of surrounding buildings: commercial, industrial,
residential, or service, and how these buildings affect the plot of land and

their impact on the building to be built .
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2.4 Movement of the sun and wind:

The city of Hebron is exposed to southwesterly winds that bring rain and lower
the temperature in the highlands. It is also exposed to cold eastern winds in

winter, and dry winds such as the Khamaseen winds blow in late spring.

Studying the movement of the sun and the wind is one of the important factors in
analyzing the building, because the sun is a desirable energy, and directing the
building towards the sun while protecting it from the brightness that falls on it
from the western region is a successful way to obtain the largest possible amount
of solar energy in cold days, and reduce the amount of energy consuming heating,
and the wind has a great impact on buildings, as it is considered a horizontal load
that affects the walls of the building, and therefore on its structural structure, so
the effect of wind and sun on the building must be taken into account in order to

be designed in a way that meets the design requirements related to ventilation.

2.5 Humidity :

The average humidity in Hebron ranges between 43-67% in the winter season.

The city's elevation above sea level reduces the moisture

content of the air coming from the sea. Hebron is located at an altitude of 1025

meters above sea level.
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2.6 Description of the project floors:

Where the project consists of three floors in addition to the ground floor.

2.6.1 Basement floor:
Its level is (- 4.00 m) and an area estimated at (4019.33 m2 ).The basement floor is
the garage floor, It also contains an electrical room, and the following picture

shows the details.
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Figure (2-2):basement floor.



2.6.2 Ground floor :
Its level is (+0.00 m) and an area estimated at (2132.9m2 ).This floor contains a
theater, lecture halls, teachers' offices, a cafeteria, bathrooms, in addition to

shops., and the picture below shows the details.
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Figure (2-3): ground floor.
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2.6.3 First Floor:
Its level is (+4.00 m) and an area estimated at (2132.9m2 ).This floor contains
lecture halls, teachers' offices, laboratories, bathrooms, in addition to meeting

rooms. and the picture below shows the details.
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Figure (2-4): first floor.
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2.6.4 Second Floor:
Its level is (+8.00 m) and an area estimated at (2132.9m2 ).This floor contains
lecture halls, teachers' offices, laboratories, bathrooms, in addition to Special

spaces for games. and the picture below shows the details..
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Figure (2-5): second floor.
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2.6.5 Third Floor:
Its level is (+12.00 m) and an area estimated at (2132.9m2 ).This floor contains
lecture halls, teachers' offices, laboratories, bathrooms, in addition to Special

spaces for games. and the picture below shows the details.
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Figure (2-6): Third floor.
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2.6.6 Fourth Floor:
Its level is (+16.00 m) and an area estimated at (2132.9m2 ).This floor contains
lecture halls, teachers' offices, laboratories, bathrooms, in addition to Library and

computer laboratories. and the picture below shows the details..
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Figure (2-7): fourth floor.
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2.6.7 Fifth Floor:
Its level is (+20.00 m) and an area estimated at (1757.887m2 ).This floor contains
lecture halls, teachers' offices, laboratories, bathrooms. and the picture below

shows the details.
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Figure (2-8): fifth floor.
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2.6.8 Sixth Floor:
Its level is (+24.00 m) and an area estimated at (1757.887m2 ).This floor contains
lecture halls, teachers' offices, laboratories, bathrooms. and the picture below

shows the details.
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Figure (2-9): sixth floor.

32



2.7 Elevations :

2.7.1 Northern Elevation:

The northern fagade ,windows appear in this facade in addition to protrusions

and architectural shapes, and it contains various structural elements of stone,

glass, and aluminum, as this diversity gives the building a special aesthetic. As

shown in the following figure .
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Figure (2-10):Northern Elevation.
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2.7.2 Eastern Elevation:

This Elevation shows the eastern side . It shows the main entrance to the
building.This elevation shows the building's floors, and it contains various
structural elements of stone, glass, and aluminum, as this diversity gives the
building a special aesthetic. It also shows aesthetic architectural features. As

shown in the following figure.
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Figure (2-11):Eastern Elevation.
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2.7.3 Western Elevation:

This Elevation shows the western side. This facade contains another entrance to
the building. This elevation shows the building's floors, and it contains various
structural elements of stone, glass, and aluminum, as this diversity gives the

building a special aesthetic . As shown in the following figure.
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Figure (2-12):Western Elevation.

35



2.7.4 Southern Elevation:
This Elevation shows the southern side , this elevation shows the building's floors, and it
contains various structural elements of stone, glass, and aluminum, as this diversity

gives the building a special aesthetic. As shown in the following figure
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Figure (2-13):Southern Elevation.
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2.8 Longitudinal sections:

The sections show the internal details of the building, such as partitions, drawers,
and doors. The number of sections increases the more ambiguous details within
the project. The more details there are, the more we take a section for each detail
to clarify it separately in the sections drawing, so that each section illustrates a
different idea in the design until we have the result. The end is a complete
explanation through drawings of the apparent or ambiguous details so that the
executive engineer can perform his task without any problems or without

returning to you for your question.

Therefore, the greater the number of ambiguous internal details of the design,
the more sections are drawn. Therefore, we may find in a project that one section
is sufficient to clarify its design idea, and in another project its idea is not
explained except by drawing 6 sections, for example, each drawing illustrates a
different idea in a different part of the design. The project, until the project finally
becomes readable and understandable, and the pictures below show the sections

in our project.
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2.9 Description of Movement and Entrances :

Movement takes many forms, whether from outside the building towards the
inside, or movement inside the building itself. Movement from outside the
building to inside it is smooth because there is no significant difference in the
external level of the building and its internal level. As for movement inside the
building, it is divided into horizontal movement within one floor and vertical

movement between different floors.

Movement on floors takes two forms: linear movement and vertical movement.
Linear movement takes place in the corridors on floors, unlike vertical movement
between floors, which takes place through stairs and elevator, and this in turn
facilitates horizontal movement within floors and vertical movement between
them, The building contains three stairs in addition to four elevators distributed

throughout the entire building .
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Chapter 3

4

“Structural Description’

3.1 Introduction.

3.2 The objective of the structural design.
3.3 stages of structural design.

3.4 loads.

3.5 practical tests.

3.6 the structural elements of the project.

3.7 expansion joints.
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3.1 Introduction:

After studying the project from the architectural point of view, it is necessary to
move to the structural side to study the structural elements and describe them
accurately, where the nature of the loads placed on the building and how to deal
with them are studied to come out with a structural design that meets all the
requirements of safety and use and takes into account the economic aspect of the

project.

The project also requires the structural design of the building and the selection of
appropriate structural elements for the project to be constructed and taking into
account the feasibility of its implementation on the ground so that the building is

safe, and we preserve the architectural designs.

3.2 The objective of the structural design:

Structural design is an integrated, interdependent process that satisfies a range of
Objectives and factors that will lead to a facility that achieves the desired

objective, and these objectives are as follows:

> Safety: Where the building is safe in all circumstances and is resistant to

changes and various natural disasters.

> Economical cost : It is to achieve the greatest degree of security for the

origin at the lowest possible economic cost.
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> Ensure the efficiency of use (Serviceability): Avoid any defect in the origin,
such as the presence of some cracksAnd some types of landing that would

annoy the users of the building.
> Preserving the architectural design of the establishment.

3.3 Stages of structural design:

The structural design stages can be divided into two main stages:-

1- The first stage:-

It is the preliminary study of the project in terms of the nature and size of the
project, in addition to understanding the project in all its various aspects and
determining the building materials that will be approved for the project, then
doing the basic structural analysis of this system, and the expected preliminary

dimensions of it.
And study the nature of the climate and the land on which the building is located.

2- The second stage: -

It is represented in the structural design of each part of the structure, in a
detailed and accurate manner, according to the structural system that was
chosen, and the work of the necessary structural details and designs for it in
terms of drawing horizontal projections, vertical sectors, and details of the

reinforcement steel.
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3.4 loads:

The loads to which the building is exposed are divided into different types, which

are as follows:

3.4.1 Dead Loads:-

They are the loads resulting from the self-weight of the main elements that make
up the structure, on a permanent and fixed basis, such as tiles, cement mortar,
and reinforced concrete, in terms of quantity and location, in addition to
additional parts such as internal partitions of different types and any mechanical
works or additions that are carried out permanently and permanently in the
building, and can be calculated by determining the dimensions The structural
element, and the densities of its constituent materials, and Table (1-3) shows the

specific densities of the materials used in the project.

1 Tile 23
2 Mortar 22
3 Sand 17
4 Hollow Block 10
5 Reinforced Concrete 25
6 Plaster 22
7 Topping 25

Table (3-1): Specific density of the materials used.

In addition to the dead load resulting from the breakers (Partition load) = 2.38
kN/m?
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3.4.2 live loads:

They are the loads that change in terms of amount and location on an ongoing
basis, such as people, furniture, devices, equipment, and execution loads such as
wood and equipment. The value of these loads depends on the nature of the use

of the facility.

Its amount is usually taken from special tables in the different codes. The value of
the live loads was approved at 5 KN/m2 , which are specified by reference to the

Jordanian code.

3.4.3 Environmental loads: -

It includes the loads that result from the natural changes that pass through the

structure, such as snow, winds, and heavy loads

Earthquakes and loads resulting from soil pressure, which vary in magnitude and
direction and from one region to another, can be considered as part of the live

loads.

3.4.4 Snow Loads:

It is the load resulting from snow on various surfaces.As for its value, it depends
on the height of the geographical area in which the building is located above sea
level. It also depends on the degree of inclination of the snow-covered surfaces

from the horizontal. Snow loads can be calculated using the Jordanian code.

Due to the scarcity of snowfall in the project area, in addition to the small loads it
affects on building roofs compared to live loads, they will not be calculated in the

project.
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3.4.5 Earthquake loads:

Earthquakes result from horizontal and vertical vibrations, due to the relative
movement of the rock layers of the earth, which results in shear forces that affect
the facility. These loads must be taken into account when designing in order to
ensure the building’s resistance to earthquakes in the event that they occur, and

thus reduce potential damages as a result of an earthquake.

In this project, it will be resisted by the shear walls distributed in the building
based on the structural calculations for it, which will be used for it, to avoid the

effects resulting from earthquakes such as:

> The limits of the validity of the building for operation (Serviceability)
in terms of avoiding any excessive subsidence (Deflection) and
avoiding (Cracks) that negatively affect the required architectural

appearance.

> The shape and aesthetic aspects of the establishment.

3.5 practical tests:

The construction study of any building precedes the geotechnical studies of the
site, and it means all the work related to the exploration of the site and the study
of soil, rocks and groundwater, and the analysis of information and its translation
to predict the way the soil behaves when building on it, and what the structural
engineer is most interested in is obtaining the necessary soil bearing strength To
design the foundations of the building, and from this step, the type of foundation

that will be used for the building can be approved.
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3.6 Structural Elements:

Buildings usually consist of a group of structural elements that intersect with each
other to withstand the loads on the building, and they include:Slabs, Beams,
columns, stairs, walls, and foundations. Figure (3-1) shows an illustration of some

structural elements of the building.

Shcis ] | . i siab

Figure (3-1): lllustration of some structural elements of the building.

The elements are divided into:

3.6.1 Slabs: -

They are the structural elements that are capable of transferring vertical forces
due to the loads affecting them to the load-bearing structural elements in the
building such as bridges, columns, walls, steps and foundations, without

subjecting them to deformations.
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3.6.1.1 Solid slabs:

are divided into:

> One way solid slab .

> Two way solid slab.

3.6.1.2 Ribbed Slabs:

which are divided into:

> One way ribbed slab

> Two way ribbed slabs.

Where one way ribbed slab was used in the design of the building in the project.

The one-way ribbed slabs are used to cover the spaces in which the dimensions
between the columns range from six to seven meters. As for the two-way ribbed

slab, they are used in the case of relatively large areas.

> One way ribbed slabs:

It is one of the most famous methods used in designing slabs in these countries,
and it consists of a row of bricks followed by nerves, and the reinforcement is in
one direction as shown in Figure (3-2). It is characterized by its light weight and
effectiveness, and it is the most widely used in Palestine and in our project as

well.
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Figure (3-2):0ne-way ribbed slabs.

> Two-way ribbed slabs:

It is similar to the previous one in terms of components, but differs in terms of the
reinforcement being in two directions, and the load is distributed in all directions,
and two bricks and a beam are taken into account when calculating their weight

in both directions, as shown in Figure (3-3)

Rib (1)

Hollow Block ( 17 cm )

Figure (3-3): Two-way ribbed slabs.
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> One way solid slabs:

They are used in areas that are frequently subjected to dynamic loads, in order to
avoid vibration due to the low thickness. They are usually used in stairs slabs, as in

Figure (3-4).

Figure (3-4):0ne-way solid slabs.

> Two way solid slabs:
It is used in the event that the effective loads are greater than the amount that

the one-way solid slabs, and at that time the design of this type of slabs is
resorted to, because this can resist the loads more, as the main reinforcement is

distributed in two directions as shown in Figure (3-5).

Figure (3-5): Two-way solid slabs.
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3.6.2 Beams:-

They are basic structural elements in the building that transfer the loads on the

ribs to the columns, as they are divided into:
1- Hidden beams, whose height is equal to the height of the slab.

2- Dropped beams, which are higher than the height of the slab, and the extra
part of the beam is highlighted in one of the lower or upper directions, and it is

called L-section or T= section

The reinforcement shall be with horizontal steel bars to resist the moment on
the beam, and with stirrups to resist shear forces. Figure (3-6) shows the types of

beams that were used in the project.

Etonge Block

Figure (3-6): Types of beams that were used in the project.
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3.6.3 Columns:

They are basic and major structural elements in the structure, where the loads are
transferred from the slab to the beams, and the beams transfer them in turn to
the columns, then to the foundations of the building, so they are an essential
intermediate element, and they must be carefully designed to be able to transfer
and distribute the loads located on them and the columns are of two types in

terms of dealing with them In structural design:-
1- Short columns.

2- Long columns.
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Figure (3-7): Some Types of columns that were used in the project.
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3.6.4 foundation :

The first thing that begins to be implemented when constructing a building is the
foundations, but their design comes after the completion of the design of all the
structural elements in the building, as they transfer and distribute the loads
transferred from the walls and columns to the soil. Based on the loads imposed

on them and the nature of the site, the type of foundations used was determined.
They are of several types:

e Isolated footing: They are used as a foundation for concrete and metal
columns and are often square in shape.

e Combined footing: These are foundations for two or more columns for a
specific purpose, such as the proximity of two or more columns or resisting
the eccentricity of a column, which causes the column bases to overlap.

e Continuous foundations (strip footing): They are used as a foundation for
walls of all types and for close columns located in one row, especially if the
loads and distances of those columns are close.

e Mat footing: It is the foundation for the entire structure or part of it, to

which the loads of the columns are transferred to the soil.
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3.7 expansion joints:

In building blocks with large horizontal dimensions or with special shapes and
conditions, thermal expansion joints or subsidence joints are implemented. The
joints may be for both purposes. When analyzing the facilities to study them as
resistant to earthquake actions, these joints are called seismic joints. These joints
have some requirements and recommendations for them, and they should also
be used Thermal expansion joints in the building block according to the approved
code, provided that these joints reach the upper face of the foundations without
penetrating them, and the maximum distances for the dimensions of the building

block are as follows:

> (40)m in areas with high humidity.
> (36m) in areas with normal humidity.
> (32m) in areas with medium humidity.

> (28m) in dry areas.
The width of the separator shall not be less than 3 cm

In this project, a vertical expansion joint was used.
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Chapter 4

“Structural Analysis & Design”

4-1 Introduction.
4-2 Design method and requirements.
4-3 Factored loads.

4-4 Determination of minimum thickness of structural

members.
4-5 Design of one way ribbed slab.

4-6 Design of Beam Gf-B2 .
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4.1 Introduction:

Concrete is the only major building material that can be delivered to the job site
in a plastic state. This unique quality makes concrete desirable as a building

material because it can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structure members must resist extreme tensile stresses, steel supplies the
necessary strength. Steel is embedded in the concrete in the form of a mesh, or
roughened or twisted bars. A bond forms between the steel and the concrete,

and stresses can be transferred between both components.

In this project, all of the design calculations for all structural members would be

made upon the structural system which was chosen in the previous chapter.

So, in this project, there are many type of slabs such that “one way ribbed slab”,
They would be analyzed and designed by using finite element method of design,
with aid of a computer program called "Beam-D- Software” to find the internal
forces, deflections and moments for ribbed slabs, and then handle calculation

would be made to find the required steel for all members.

4.2 Design method and requirements:

The design strength provided by a member, its connections to other members,
and its cross sections in terms of flexure, and load, shear, and torsion is taken as
the nominal strength calculated in accordance with the requirements and

assumptions of ACI-318-14 code.

The design strength provided by a member is calculated in accordance with the

requirements and assumptions of ACI code (318 _14).
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> Strength design method:
In the ultimate strength design method, the service loads are increased by
factors to obtain the load at which failure is considered to be occurring.
This load is called factored load or factored service load. The structure or
structural element is then proportioned such that the strength is reached
when factored load is acting. The computation of this strength takes into
account the nonlinear stress-strain behavior of concrete.
The strength design method is expressed by the following,
Strength provided = Strength required to carry factored loads.

> Material:
Reinforced Concrete: B300, fc' = 24 N/mm? (Mpa)
Reinforcement Rebars: fy = 420 N/mm?2(Mpa)

> Strength reduction factors (@):
According to ACI a reduction factor for structural elements must be included
in the calculation of concrete sections, these factors are less than 1.0 for safety
purposes, 0.9 for tension controlled sections, 0.75 (Spiral) or 0.65 (Stirrups)
for compression controlled sections, 0.75 in shear calculation and 0.6 for plain
concrete sections. The strength factor (@) changes with net tensile strain of

the cross section as illustrated in the following figure:
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Fig. (4-1):Variation of @ factor with net tensile strain (ACI 318)

4.3 Factored loads:

The factored loads used in the structural analysis and design according to ACI-
318-11(9.2) eq.

, is determined as follows:

Wu =1.2DL + 1. 6LL

Where;

Wu: Ultimate Load (kN)

DL: Dead Load (kN)

LL: Live Load (kN)

4.4 Determination of minimum thickness of structural members:

Minimum thickness of non-prestressed beams or one-way ribbed

slabs unless deflections are calculated. (ACI 318M-11)

Minimum Thickness, h
Member Simply One-end Two-ends Cantilever
Supported continuous continuous
Ribs & Beams Span(L)/16 Span(L)/18.5 Span(L)/21 Span(L)/8

Table (4-1): Determination of minimum thickness of structural member.
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For one end continuous L.x=6.54 m then:

And this value is considered an initial value and is not relied on definitively .

Select h = 35cm .

4.5 Design of one way ribbed slab (R20):
One way ribbed slab Design procedure is explained in the following steps:

4.5.1 Design of Topping:
Topping in One way ribbed slab can be considered as a strip of 1-meter width

and span of hollow block length with both ends fixed in the ribs.

‘ | Loads on Topping ‘
| | | |
|
|

/ |

12em | 40 em 12em

Figure (4- 2):System of Topping
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4.5.1.1 Calculation of Loads on Topping:

Dead loads that act on Topping can be calculated as shown in the following
table :

— Dead Load For 1m strip:

1 Topping 25 0.08x25 x1=2
2 Coarse Sand 17 0.07x17x1 =1.19
3 Mortar 22 0.03x22x1 =0.66
4 Tile 23 0.03x23x1 =0.69
5| interior partition 2.3*1=2.3 KN/m

> = 6.84 KN/m

Table(4- 2): Dead Load Calculation For Topping.

W,=12DL+16LL

=1.2*6.84+1.6*5=16.2 KN/m?. (Total Factored Load)

_ W,x1? 162 x 0.4°

M, = = (0.216 KN.
v Ty 12 m/m
Vu T :; 04m R T Vu
N N
Mu ‘ Mu
Figure(4- 3)Moment

Shape For Topping.
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4.5.1.2Design Strength of Topping

> Moment Design Strength :
For Plain concrete section with “b=1m & h=8cm”

h2
@M, = 0.55 % 0.42 x \[fc * b =

@M,, = 0.55 * 0.42 * /24 + 1000 * 80%/6 * 107® = 1.2 KN.m
®M,,(plane concrete ) = 1.2KN.m > M, max = 0.216KN.m
No structural reinforcement is needed .
Therefore, shrinkage and temperature
reinforcement must be provided.
For the shrinkage and temperature reinforcement :-
Pmin = 0.0018
A; = pxb*h=0.0018 * 1000 = 80 = 144 mm?2.

_ ASpeq _ 144 .
Number Of @8= TS 503 " 2.87-> Takeit3

> Select mesh @8/20 cm in both directions.
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4.5.2 Design of one way- ribbed slab (R20)

8-1.817 [*)

0-1.81% [*)

Figure(4-4): Spans of rib (R20
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4.5.2.1 Loads Calculation for Rib (R20)

1 Topping 25 0.08x25 x0.52=1.04

Coarse Sand 17 0.07x17x0.52 = 0.619
3 RC Rib 25 0.27x25x0.12 = 0.81
4 Mortar 22 0.03x22x0.52 =0.343
5 Hollow block 10 0.27x10x0.4 = 1.08
6 Tile 23 0.03x23x0.52 =0.359
7 Plaster 22 0.03x22x0.52 =0.343
8 interior partition 2.38*0.52=1.23

3= s8 Km0

> DL=5.83 KN/m
» LL=5%0.52=2.6KN/m
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[Dead loads - Service Units:kN,meter

Figure (4- 5): service load For R20

Rib geometry

Figure (4- 6):geometry of Rib (R20
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Requirements for Ribbed Slab (T-Beam Consideration According to ACI) are as follows :

> bw > 10cm - select bw =12 cm.
>» h <35bw=35%x12=42cm - select h=35cm.

> Tf Zi—ZZSOmm - select tf=8cm.

4.5.2.2 Analysis:

Figure (4-7)& (4-8) shows the shear and Moment envelope of the rib
(R20) obtained from Atir:

Shear

Figure (4- 7):Shear envelope for rib (R20) — (KN)
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spans 1to 5
459 40.3

30.5/,-31.4 -32.8 234 48
& 19.7 5 -21.3 & Yo

T =t H s

Moments:

\ A131.22 047 48,1,
6:3 | /098 : “

Figure (4- 8 ):Moment envelope for (R20) — (kN.M)

4.5.2.3 Design of flexure:-

4.5.2.3.1 Design of Positive moment of rib (R20):

Maximum Positive moment Mu (+) = +36.2 KN.m.

*determination whether the rib acts as rectangular or T-section:

For a=t=8cm
d=h-cover-d-d/2=350 - 20 - 10 - (12/2) = 314 mm
Mn = 2% — 3%2 _ 4022 KN.m

0.9 0.9

Mnf = 0.85 * fc * b, =y (d - L)

=0.85*24*520*80 (314-40)*107° = 232.5KN/m
Mnf =232.5 KN.m > Mn req = 40.22 KN.m

Design as a rectangular section .
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Mu=36.2 KN.m
362

Mn =——=40.22 KN ..m
0.9
Mn 40224 10
Rn= b*d’ =——— = (.78 Mpa
520 314
m=—Jr = 0 _ 559
0.85* fc' 0.85 * 24 '
1 - 2mRn
p=m@-V
1 2% 0.78 x 20.58
P =2t \/ ==
p =1.89* 7077
ASieq=p.b.d. = 1.89 * 107% * 520 * 314 =309.26 mm?
a 14
Asmin= 45 bwrd = Hbw*d......... (ACI-318-14)
V24 14
Asmin=0.25* = « (120)%(314) 2 - (120)* (314)

=109.87 mm? < 125.6 mm?

As min =125.6 mm?

ASreq = 309.26 mm? > Aspin =125.6 mm?
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Check for strain :

As * fy
a =
0.85* fc *b

402.12 * 420

a = =15.9 mm
0.85 * 24 x 520

c =2=22 =187
B 0.85

¢ =0.003 (£=%)

Cc

= 0.047 >>0.005 = ok - ¢$=09...OK!

4.5.2.3.2 Design of negative (R20):

Maximum negative moment Mu (-) = 31.4 KN.m.

d=h-cover-d-d/2=350 - 20 - 10 - (12/2) = 314 mm

Mu=31.4 KN.m
314

Mn =——=34.88 KN .m
0.9
Mn 6
— 3488+ 10
Rn= 0%*d" = —— =2.94 Mpa
120 = 314
_ Jfy 420
m = - = = 20.58
0.85 * fc 0.85 24
1 l_2m{'{’n
p=m@-V M)
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1 2% 2.94%20.58
P ‘—(1'\/1_ )

" 20.58 420
p=76*10"°
ASieq=p.b.d. = 7.6 * 1073 * 120 * 314 =286.36 mm?
v 14
Asmin= 4 bwrd = Pbw*d......... (ACI-318-14)

« V24 % 14 «
ASmin=0.25 - " (120)*(314) = 5(120) (314)

=109.87mm? < 125.6 mm?

As min =125.6 mm?

ASreq = 286.36 mm? > Aspin =125.6 mm?

Check for strain :

As * fy
a =
0.85* fc *b

307.87 420
a = =52.8 mm
0.85 %24 %120
a 52.8
C =—=—— =62.11 mm
B 0.85

e=0.003 (==)
=0.012 >>0.005 = ok ~$=09... OK!
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4.5.2.4 Design of Shear for rib (R20):

Vu max =33.1 KN
1
= * k _ % Yk *
O Ve=0* L1 *=* [fc *b*d
1
= 0.75*1.1*3*\/24*120*314*10_3: 25.38 KN

1
® Vsmin=0.75 * 3 * 120 * 314*/0~° =9.42 KN

Vu=33.1 KN> ® Vc=2538 KN
Use ® 10 @ 15

4.6 Design of Beam Gf-B2:

Figure (4- 9 ):Geometry Of Beam Gf-B2
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- Reactions from (rib 22):
Self wieght =0.55*0.8*25 =11

D.L =32.24/0.52 = 62 kKN/m
L.L =15.288/0.52 = 29.4 KN/m

+ loads - Service Load factors: 1.20,1.20/1.60,0.00

Figure (4- 10 ): Load On Beam Gf-B2
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4.6.1 Design of flexure:-

4.6.1.1 Design of Maximum Positive Moment:

spans 1to 3

883.8
817.
1351 -747. 684. 701.9

Moments:

2/213.01 ! 261
vam ' 531l |
——— Ly
/1.3611.62 1.65
/P A

426.3

Figure (4- 11 ): Moment Envelope for beam Gf-B2.

Material: -
concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section: -
B =80cm

h =55cm "choose h =55, for deflection requirements L/240"
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—Mu max =747 KN.m

bw=80Cm. h=55Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=550 -40-10-=>= 490 mm
Crax=2*d =2%490 = 210 mm.
f{ =24 MPa <28 MPa->p1=0.85
amax = f1* Cmax = 0.85 * 210 =178.5 mm.
*Note:
Mpymax=0.85*% f!/ *b*a* (d-%)
=0.85*24*0.8 *0.1785 * (0.490 - 0.1785 /2 ) * 10°

=1167.4 KN.m

es=0.004

250
$=0.65+ 3 *(0.004-0.002) = 0.82

“>¢Mnmax = 0.82 * 1167.4 = 957.29 KN.m
- Mu =747 KN.m < dMnmax =957.29 KN.m

~.Singly reinforced concrete section.
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1) Maximum positive moment Mu ™ = 664.2 KN.m

Mn = Mu /¢p=664.2/ 0.9 =738 KN.m .
—m=20.58

M 738%10°
=—L = = 3.84MPa
bxd? 800 * (490)2

1 2*%Rp*m
- 1_ 1 n
p=—( / 3 )

1 <1 B \/1  2+3.84+ 20.58): 0.01
20.58 420

As=p *b*d=0.01*800*490 = 3920 mm?

Ry

Jr 1.4
xbxd > —=x*xbxd

A —
min = ) =7,
/24 800 * 490 > 14 800 * 490
*k *k *k *k
4 % 420 = 420

=1143.1 mm? < 1306.66 mm? .... Larger value is CONTROL
As= 3920 mm?
Use @25.... As=490.8 mm?
#of bars= (3920 /490.8) =8
-~ Use8 ®25...As =3926.4 > 3920 mm?

— Check for strain:-(e; > 0.005)
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Tension = Compression

c*fy=085*f/*b*a
3926.4*420=0.85*24 * 800 * a
a=101.04 mm.

fl =24 MPa < 28 MPa — g, =0.85

c=2=0%- 1188 mm.
B1 085
e = 5% 0.003

490 - 118.8
118.8

4.6.1.2 Design of Maximum Negative Moment :

—Mu max =747 KN.m

M, _  747%10°

Ry = brd? _ 0.9 800 490% 4.3 MPa
m=20.58 mm
1 2*xRy*xm
= — 1 — 1 2 -
p=—( )

_ 1 <1 _ \/1 _ 2*4.3*20.58>= 0.011
20.58 420

Asreq = p x b xd =0.011 x 800 x 490= 4312 mm?

0.25./f/

ASpin = ———— ) * b, *d =
y
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1.4
——xb,

=3
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_0252% 0004490 > %4800 % 490
4 420

=606 mm? < 1306.66 mm?.............

%ASmin = 1143.1mm2<ASreq= 2419 mmz.

Use 9 @ 25 with As =4417.86 mm?>As req= 4312 mm?

— Check for strain:-(e; = 0.005)

Tension = Compression
A*fy=085*f/*b*a

4417.86 * 420 =0.85* 24 * 800 * a
a=113.69 mm.

fi =24 MPa < 28 MPa — g, =0.85

o= & - 11369
B1 085

=133.75 mm.

e, = 225+ 0.003
C

_ 490 —133.75
133.75

*0.003=0.0079 >0.005 - ¢=0.9...0K!
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4.6.2 Design of Shear For Beam Gf-B2:

Shear

Figure (4- 12 ): Shear Envelope for beam Gf-B2.

1) Vu = 5168 KN .
pVe=* L xpxg

V24

=0.75* e 800 * 490 * 10-® = 240 KN.

\— Check For Cases:-

1- Casel :

v, < ¥e
2

240

516.8 < — = 120
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=~ Case (1) is NOT satisfied

Case 2 :

Te<V, < @V

120 < 516.8 = 240

=~ Case (2) is NOT satisfied

3- Case 3

(bvc< Vy < (}_)Vc + <1)Vs min

b Vsmn 2 % fl*by*d = % 24 * 0.8 *0.490 * 103 =90 KN.
> %*bw*d: ()'32*0.8*0.490*103':98 KN ...

CONTROL.

'.-Q)VSmin:gs KN

bV + hVsmin = 240 + 98 = 338 KN.
(ch< Vu < q.)Vc"'q)VSmin
240 < 516.8 < 338

. Case (3) is NOT satisfied

4.case(4):

bdVe+ VS min S v s @(Vc"'vs‘)
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Vs'=—\/f, *bwd

Vs'=—v/24 * 800 * 490 *10™? = 640.13 KN
dVe+ dVsmin £ Vy < d(vetvs)

338 < 516.8 < 720 OK

Case (4) is satisfied

Try ®10 with 4 legs =4 * 78.5 = 314 mm?.

g < gz‘*;ﬂ=245mm .... CONTROL

< 600 mm.

-~ Use @10 @ 10 Cm .

4.8 Design of Column (C4):

v Material :-
= concrete B350 Fc' =28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

Load Calculation:-

Service Load:-

Dead Load = 1000 KN
Live Load =500 KN
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Factored Load:-

Pu =1.2 x1000 + 1.6x500 = 2000 KN

v Dimensions of Column:-

Assume b =500 mm , h =300 mm

Check for slenderness :

Kiv - 34 12
Tr

1= 1%4.00
T 03%05
1< 34—12(1)=26.6 <40

A =26.6 <22 long about X

= 26.6

System about Y
1*4.00
S AT 0z M
A< 34—-12(1)=22 <40
A=44> 22

=~ Short about X and long about .

. Column is long about Y, so slenderness effect

will be considered.

v Minimum Eccentricity: -

emin= 15+0.03*h= 15+0.03*300 = 24 mm
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v Magnification Factor: -

Pu= 2000 kN
Mumin = PU* emin= 2000*0.024 = 48 KN.m

Ec= 4700 ,/fc = 4700*V28 = 24870 MPa

lg= b’ 500+300°
=7 12

= 1.125 % 10°mm?*

12D 1.2°1000
Pans = 5D ¥ 16L - 2000

[ 04Eclg 04 % 24870 * 1.125
Ry 1+06

_ wEl _m? %6016.9
~(kl))? (I 3.06)?

= 6016.9 kN - m’

P, = 6342.1

M,
Cn=06+04—=06+04%1=1
M;

= m_ ! = 713> 1
Sns — Dy 560 = [.13>

1 — _
0.75p. 1 0.75 * 6342.1
e=e,. *8, =24%113 = 27.12 mm

M, = M, = 13.44 kN.m

M.=6:M,=1.13%1344=1518kN.m
e 2712 0,00
h o 300
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v Longitudinal bars: -
2000 * 70° = 0.65 * 0.8 { 0.85 * 24 (150000 - Ast ) + 420 Ast }

Ast = 1539.9 mm?
Select 10214 with As prov = 1539.3 mm?2

p = Ast/Ag =1539.3/150000
= 0.010262

Check spacing between the bars:

500 — 2%40—-2%10—4+14
S= 3 =114.6 mm

S=114.6 mm = 40mm

2 1.5db =21 mm

Design of the Stirrups:

b=50cm,h=30cm

Lap splice at the foot of column:

Try 100% — lap splice ( 10 2 14 with 10 @ 14)
p =As/Ac =(20*153.86)/(500*300) = 2.05% < 8 % ... OK

closely stirrups :S smallest of
1) 48*dbs. = 48*10 = 480 mm
2)16*db. = 16*14 =224 mm......... control ~~~
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3) The least dimension of the column = 250 mm.

At end support and below:
X=max (Ldc OR b) + cover — (h slab or beam)

Ldc = (0.24%420%*14)/ (1*28) = 266.7 mm > 200 mm -

— b > Ldc— 50 cm > 26.67 cm

X= (50) + 2 — (26.67) = 25.33 cm

X > 0.5h = 25.33 cm > (0.5°30) = 30.5 cm ... OK
X< 2 h column —25.33cm < 50 cm ... OK

— Selected X = 25.33 cm e = 8§ cm — control

#NO of Stirrups = 25.33/8 +1 = 5§

— Selected 5010/8 cm

Below and above beam or slab:

Fy =420 Map Fc = 24 Mpa.

Lsc = 0.071 *420*14 = 417.48 mm > 300 mm
b =50 cm.

Selected b =50 cm with e =10 cm

#NO of Stirrups = 50/10 +1 = 6

— Selected 6@10/10 cm

Normal Region:

Select S normal =20 cm.
(L1/20)+1 = (209.6/20)+1=12
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— Selected 12¢10/20 cm.

Fig.(4-7).
Detail column (C4)

4.9 Design of Isolated Footing:

Loads that act on footing F1 are :

PD =1000 kN, PL = 500kN
Pu=1.2 *1000 + 1.6*500 = 2000 kN

The following parameters are used in design :
- ¥ concrete = 25 kKN/m?3
- Yeoit =17 kN/m?
- Oallow — 500 kN/m2
- clear cover =5cm

Determination of footing dimension (a)

Footing dimension can be determined by designing the soil against
bearing pressure .
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— Assume h =45 cm
— Ob(allow)net =500 —25*0.45 - 0.25*17 -5 =480.75 kN/m2
- g P _ 1ooo+soo=3.1m2
danet 480.75
— l=vVA=+V31=176m
— Selectl =1.80m

Determination of footing depth (h)

To determine depth of footing both of one
and two way shear must be designed.

2000

" 3.234
Design of one way shear

d=h — cover — @ =450— 50— 10 =
390mm

_ Py

Qu =~ 617.284 KN /m?

—

Vu at distance d from the face of
column V, = qub(é —~—d)

—

1.8 0.3
=617.284 % 1.8 (7 5T 0.390) = 400 KN

@Ve= 075*=* [fc *b*d
= 0.75*%*\/2_8*1800* 390 = 464.329 kN > Vu

~h=45cm is correct
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Design of Punching (two way shear) G +d

— d =390 mm

—  b,=2(0.3+0.390) +2(0.5+0.390) | __ L2
=3.16 mm Gabd ' [
— as = 40 (interior column) ! e +

b,
Vu =

617.284 (1.8*1.8 -
(0.3+0.390)(0.5+0.390)) = 1317.66 kN

@\ is the smallest of :

1 Ve=2(14+2)xfe xboxd  =2(1+2)x 28 x 3160 x 390 x

1073 = 3727.95KN

2. Ve = — (2224 2) x \[fc x b, x d

_ i 40 X 940 _3
= 12( 2 2) X V28 x 3160 X 340 x 10~3 = 6584.7 KN

3. chéx fc Xb, xd

=1 /28 x3160 x 390 x 1073 = 2143.7 kN s cont.

T3

— @Vc =0.75 x 2143.7 =1507.775 kN >Vu = 1317.66 kN

~h=45cm is correct I

Design of Reinforcement long direction

Mu = 617.284 * 1.8 * 0.3 * (0.3/2) = 50 KN.m

Fy 420
= - = =17.6
0.85+Fc’  0.85%28

—m
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— Mn =50/0.9 =55.5kN.m

Mn 55.5%10°
—Rn = = - =0.202 MPa
bxd? 1800%3902
1 2xRnxm
N - _ % - —
p= (1 [1=——)

—*(I- \/ — 222200 ) = 0.000482

42
— Asreq=p * b *d = 0.000482 * 1800 * 390 = 340.62 mm?
— As (min) = 0.0018*b*h = 0.0018*1800 * 450= 1458 mm?
— Asreq < As (min)

Select for long directions: 8 @ 16with As = 1612.8 mm? > As min...

(0k)

\/ N7 <\ .-,..,,,_q.d relected A 4o 05X
\ >‘\\\»< AV W5 Oam i each lapere

\%//\t/ S

0 a(r-*.ol atiected il %o =X
appled an 20cm b roch by

Section (A-A)in F | (180X 180X45 cm)
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Fig (4-8): Footing (1) Detail.

4. 10 Design of stairs:

Fig.(4-9): Stair Details
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Design of flight
The structural system of the flight is shown in figure (4-9) and the following steps
explain the design procedure of the flight :

1. Determination of flight thickness :
Limitation of deflection: h 2 minimum h

h (min) = L/20 = 390/20 = 19.5cm
~ Select h = 20 cm, but shear and deflection must be checked

Angle (a): tan(a) =17/30 - o =29.5

2. Loads calculation

=27*((0.17+0.35)/0.3)*0.03*1=1.4
22 =22*((0.17+0.3)/0.3)*0.02*1=0.69
25 =(25/0.3)*((0.17%0.3)/2)*1=2.1

25 (25%0.20%1)/(cos 29.5) = 5.74

22 (22*0.03*1)/(cos 29.5) = 0.75
10.68 KN/m

Table(4- 2): Calculation of Dead Loads that act on Flight

Live load= 5 KN/m?
Wu=1.2*10.68 + 1.6*5=20.816 KN/m

3. Analysis :

The following figures show shear and moment Diagrams resulted from
analysis of the flight:
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20.87 6k, 1
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A 240

Figure (4-10) : Load distribution for flight.

4. Design :
Design for shear:

R=W*L/2=(20.816*2.4)/2=24.97 KN

d=200-20-(14/2) = 173 mm
@Vc=0.75* %*\/FC’ *pbw *d
= 0.75 * %* 24 * 1000 * 0.173

= 105.9 KN
0.5* @Vc=0.5*%105.9= 52.9 KN
0.5 @Vc =52.9 > Vu max = 24.97 kN

~ No Shear Reinforcement is Required

Design of bending moment:
Mu= 24.97 (0.75 + 1.2)- 23.5%(1.2%/2) = 31.77 KN/m
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Fy 420

m = = = 20.59
0.85*Fc 0.85%24

Mu/® 31.77 ¥10%/0.9

Rn = = =1.2 MPa
b*d?2 1000%1732
p:i*(l- 1_2*Rn*m): 1 * (1- Jl_w):2_895*10'3
m Fy 20.59 420

As,req=p*bxd = 2.895*10—3 %1000+ 173 = 500.77 mm?

As min = 0.0018 *1000*200 = 360mm?
As, req > As, min

Select 5@14 with As= 769.5 mm? > As, req=500.77

For secondary Reinforcement select @14 /20 with As = 769.5 mm2 > As min

Check Strain:
C=T
0.85*fc’*a*b = As*fy
0.85*24*a*1000 = 769.5 *420
a=15.84 mm
c=a/f=15.84/0.85=18.64 mm
es =((d-c)/c) * 0.003
=((173-18.64)/18.64) *0.003
=0.025 < 0.005
Check spacing:
S=20cm > 3h = 3*200= 600 mm

=450 mm

280
0.67%420

= 380%(

)-2.5%20=32.8 mm
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Design of Landing
e Determination the thickness:
Limitation of deflection: h 2 minimum h
=~ Select h = 20 cm, but shear and deflection must be checked
d=200-20-(14/2) = 173 mm

e Load calculation:

22*0.03*1=0.66
22 22*0.02=0.44
25 25*0.20*1=5

22 22*0.02=0.66
6.76 KN/m
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Table(4- 3) : Load calculation for the landing
Live load= 5 KN/m?
Wu= 1.2*6.76+ 1.6*5= 16.112 KN/m

[
e Analysis.

The following figures show shear and moment Diagrams resulted from

analysis of the landing:

® Design.

Design for shear:

R=36.975 KN

@Vc = 0.75 * %*\/FC' *bw * d
=0.75 * %* 24 * 1000 * 0.173 = 105.94 KN

0.5* @Vc=0.5%105.94 = 52.97KN
0.5 @Vc =52.97 > Vu max = 36.975 KN

~ thickness is enough
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Select h =20m

Design of bending moment:
Mu= 36.975 * 0.75 - (16.1 * 0.75%)/2-(16.6 * 0.75%)/2-(16.6 * 0.75%)/2 = 13.866 KN/m

F 420
m=—=>—= = 20.59
0.85*Fc 0.85%24

Mu/® 13.866 x10°/0.9

RN = = =0.514 MPa
bxd? 1000%1732
p=lwqq [y _zRnemy_ 1 *(1_\/1_M):0,001247
m Fy 20.59 420

As,req=p*b*d = 0.001247 * 1000 * 173 = 215.73 mm?
As min = 0.0018 *1000%200 = 360 mm?
As, reg < As, min
Select 5312 with As= 565.5 mm?> As, req
For secondary Reinforcement select @12 /20 with as=565.5 mm2 > As req
Check Strain:
C=T

0.85*fc’*a*b = As*fy
0.85*24*a*1000 = 565.5 *420
a=11.6 mm
c=a/f=11.6/0.85=13.7 mm
es =((d-c)/c) * 0.003

=((173-13.7)/13.7) *0.003

=0.035 > 0.005
Check spacing:
S=20cm > 3h = 3*200= 600 mm

=450 mm
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= 380* (—2)- 2.5%20= 32.8 mm

0.67%420

avieaze(®
208

208
@ vreesc
190

@ nrdn20
Dorea20 | O oranzo
13
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@400
@oreos0 12215

4
@er4020 Q14010
Drrees0

@ 91420 @arge it

188 ~
|
)
&y, Dr1eee @erdmzs
7
-, & RIS

‘o0 @ rer40:0 =32

@ Briezmzo
134

Ty

Section 3—3
STAIR FLIGHT REINFORCEMENT
Scale 71:50

Figure (4- 12) : Stair reinforcement

4.11 Design of Basement wall
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

-113.5
1.27 ;
1
1 |
51.8
2.81 , 2.29 |
I T 1
Shear
-35.9 -36.6
I i i
0.
131.3

Figure 4-17: Moment & Shear Envelope deagram for Basement Wall
[l Maximum moment Mu ©=113.5 kN.m
/y 420

m = == 176
0.85/ c0.85x28 d = depth -

cover — (diameter of bar/ 2)

16
=300-70 - 2 =222 mm

M 113.5 *10°©
= = =2.22
R, 09+bxd?  0.9+1000+ (222)2 MPa

=— (1 -~ \/1 St )— 0.00666
17.6 420

As = p * b *d =0.00666*1000*222 = 1479.2 mm? /m

p

V! 14 Asmn=d
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——xhxd > —x*xbx*x y

t) b __Vz8 10005222 > 2 4 1000 + 222
~4+420 * = 220 *

=699.23 mm?/m <740 mm?/m .... As, min = 740 mm?
/m As = 1479.2 mm?> As, min = 740 mm? OK

Use 16/10cm .... As= 2010.62 mm? /m for Negative reinforcement

Asprovia= 2010.62 mm2 /m > Asreq= 1479.2 mm2 /m

Maximum positive moment Mu )= 51.8 kN.m

Mp 51.8 *10°
R, 9+bx 2 2 T d ~ 09+1000%(222) , =1.16 MPa

:;(1 _ 1 _2*‘17.6*‘1.16): 000285
17.6 420

As = p*b*d =0.00285*1000*222 = 633.12 mm2Z /m

As =633.12 mm2 < As, min = 740 mm?2

O As, min = 740 mm2 .... control

Use d©16/25cm .... As= 803.84 mm? /m for Positive reinforcement

Asprovid = 803.84 mm2 /m > Asreq = 740 mm2 /m

[7Design for Shear

(Vua=131.3 KN)
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Ve
dVe=p © * *p*d=
Vu < pVe

131.3 > 146
Thickness is ok .....

V28
6

*1000* 222 * 10-> = 146
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0.75* KN.



Figure 4-18 : Basement Wall detailing
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