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Abstract:

Availability of a safe place that secures the life of the student, the
teacher, and everyone who visits the school, protects him from dangers,
and provides him with all means of security and stability is an urgent
necessity and a goal that man has striven to achieve and has harnessed
for this purpose many studies and tests
until he reaches the material that achieves what he wants from security
and stability. This material was the cement that provided A person has
to spend a lot of time and effort to get a safe home.

This project is based on a review of a model of human creativity in
construction, in which the

architectural plans of a two-floor comprehensive school will be
addressed. In this project, these architectural plans will be worked on
and dealt with in terms of construction and implementation and the
application of all structural safety requirements and accordingly, the full
executive

construction plans will be prepared for the project to be ready for
implementation.

The Jordanian code for loads has been approved. And the adoption of
the American code in various structural designs (ACI-318-14). And the
adoption of the American code (ASCE) for earthquake loads. Analysis

and structural design programs have been used, such as (Atir18),
(ETABS18) and (SAFE), and other programs such as (Microsoft office
Word, Power Point, Excel, AutoCAD)
In the end, the necessary executive drawings for all the structural
elements were prepared to make it feasible.
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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 [1], as these
research and projects vary between environmental fields and urban
projects and so on [2]. 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 [3]. With the pursuit of man and his insistence, human has
reached the science of engineering [4], 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
human can Designs, produces, and manages processes that fit human
needs [5].




(1-2) Research guestion:

Is it possible to design or complete this project structurally according to
the used codes, methods and programs?

(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 a 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:

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.

: 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 studly.

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

3: structural design.

13




3.1 . slabs design.

At this stage of the design, we initially determine the thickness of the
Slab, based on the American code ACI318-14, 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.

. walls design.

At this stage of the design, we design all the shear walls in the plan,
which come in the basement walls, staircase walls, and elevator walls,
and the design is according to the American code ACI1318-14.

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.

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.




: 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. 15/2/2023 20 days 5/3/2023>
1.1 Search for architectural plans. 15/2/2023 7 days 22/2/2023
1.2 Study the project plan. 23/2/2023 13 days 5/3/2023>
2 Structural elements study. 6/3/2023 44 days 22/4/2023

2.1
2.2
3

3.1

Study columns.

slabs plans.

structural design.

slabs design.

6/3/2023°
28/3/2023
23/4/2023”
23/4/20223

21 days
23 days
106 days
17 days

27/3/2023>
22/4/2023
12/7/2023
10/5/2023

3.2 Beams design. 11/5/2023"> 15 days 21/5/2023>

Table (1-1) :Timetable for the project




Figure(1-1):Methodology for the project.
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14/02/2023.24/3/2023.23/5/2023.22/6/2023.31/6/2023.23/7/2023.20 /8/2023

search for archit. Pland

stady the project plans

study columns

slabs plans
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Beams design

columns design

walls design
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Preparing the final blueprints

Preparing the project book

Figure(1-2): Timetable for the project.
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(2-1) An overview of the project:




(2-2) Project Location:

Hebron -Dura

(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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)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.

» Ensure the efficiency of use (Serviceability): Avoid any
defect in the origin, such as the presence of some cracks

And 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 analyzes 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.




) 3-4 ( loads:

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

)3-4-1( Dead L oads:-

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.

Item No Material Specific Weight (KN/m3)
1 Tile 23
Mortar 22
Sand 17
Hollow Block 10
Reinforced Concrete 25
Plaster 22
Backfill 21
Table (3-1): Specific density of the materials used.

In addition to the dead load resulting from the breakers (Partition load) =

1.5 kN/m?




(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, and
table (2-3) shows the live loads in the project, which are specified by
reference to the Jordanian code.

—ii‘
Office rooms and bathrooms
Rest
Kitchens and stores
Auditoriums and theatres
Assembly halls with fixed seats
Public service halls
Stairs, corridors and rugs
Table (3-2):Live loads of building elements.

(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, and can be
considered as part of the live loads.




(3-4-4) Wind L oads:

Wind loads affect horizontal (lateral) forces on the building, and to
determine the wind loads, the maximum wind speed was relied upon,
which changes with the change in the height of the structure above the
ground and its location in terms of being surrounded by tall buildings or
the presence of the structure itself in a high or low location, and many
other variables .High buildings must be designed to resist the force of
horizontal winds.




(3-4-5) Snow L oads:

Snow loads depend on the height of the area above sea level and the
shape of the roof, and they are determined using different building
codes, through tables that take the height of the structure above sea level
and the angle of inclination of the roof as a basis for determining the
value of the forces that affect the structure, and the following table
shows the values of snow loads according to The height above sea level
is taken from the Jordanian building code.

(3-4-6) Earthguake 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.

(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, and
foundations. Figure (2-3) shows an illustration of some
structural elements of the building.




Figure (3-2): lllustration of some structural elements of the building.

The project contains the following elements:-

(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.

Given the presence of many different activities in the building and
taking into account the architectural requirements, the following types of
Slabs will be used in the project.

(3-6-1-1) Solid slabs:

are divided into:

» One way solid slab .
» Two way solid slab.

One way solid slab were used in this project.




(3-6-1-2) Ribbed Slabs:

which are divided into:

» One way ribbed slab
» Two way ribbed slabs.

Where both were used in the design of the building in the project.

The one-way ribbed slab 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. In the structural design of this project, the one-way ribbed slab
and all Types of ribbed slab.

» 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 (3-3). It is
characterized by its light weight and effectiveness, and it is the most
widely used in Palestine and in our project as well.

fofowBlock [ 2 em ) '

Figure (3-3):0One-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 (4-3) and we also used this type in our project

Figure (3-4): Two-way ribbed slabs.

» 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 (5-3)




Figure (3-5):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

)3-6).

Figure (3-6): Two-way solid slabs.




(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 (7-
3) shows the types of beams that were used in the project.

Etonge Block

Figure (3-7):Types of beams that were used in the project.




(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:-

Short columns.

Long columns.

As for the architectural form or the engineering section, the project
contains three types of columns, which are square, rectangular and
circular.

Figure (3-8):Some Types of columns that were used in the project.




(3-6-4) shear walls:
Shear wall is a vertical structural element used to resist vertical and horizontal
forces such as wind force and seismic force.

The reinforcement is provided in both horizontal and vertical directions. But
at the end of each wall, bars are closely spaced and anchored. So, the end
zones of RC shear wall is called as boundary elements or barbells. The wall
thickness of RC shear wall is varied depending upon many factors like
thermal insulation requirements of building, age of building, number of floors

f building.
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(3-6-5) Foundations:
foundation is the lowest part of the building or the civil structure that is in
direct contact with the soil which transfers loads from the structure to the soil
safely.

Loads act on foundations came from the loads on the slabs which transferred
to the beams, to the columns then to the foundations. And the foundations
transfer the loads to the soil.

There many types of foundations that can be used in each project it depends
on the type of loads and the nature of the soil in the site.




1 | : }

o
Strip footing Isolated footing \/

Mat foundation

1, Column

| -

Stepped footing Combined footing Deep foundation system
with piles and pile cap

Figure (3-10): Foundation types.
(3-6-6) Stair:

A staircase is an important component of a building that is planned and
designed based on the type and orientation of the building. Therefore, it is
impossible to recommend a definite dimension for the stair without a clear

idea about, it is consisting of rise and landing.

|

Figure (3-11) Stair.




(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:

» 40m 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 metres

In this project, a vertical expansion joint was used.
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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 design calculation 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).

» Strenath desiogn method:
In ultimate strength design method, the service loads are increased by
factors to obtain the load at which failure is considered to be occurring.
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This load 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?(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:

i¢ = 0.75 + (& - 0.002)(50)

@ = 0.70 + (g,- 0.002) (200/3)

Compression Tension
controlled — - Transition _ | controlled

£ = 0.002 £ = 0.005

c _ c _
d, = 0.600 d, 0.375

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;
Wau: 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 deflectionsare calculated. (ACI 318M-11)

Minimum Thickness, h

Simply One-end Two-ends
Supported continuous continuous

Ribs & Beams Span(L)/16 Span(L)/18.5 Span(L)/21 Span(L)/8

Member Cantilever

Table (4-1): Determination of minimum thickness of structural member.

For beam F1-BF9 Ground floor:

L =°" =36 cm ...For one end continuous. (for beam(9))

185 185

For Rib F1-RF3 Ground floor:

=" =36 cm ...For one end continuous. (for Rib(3,5))

18.5 18.5
Select Slab thickness h=36 cm but we run it on safe and Atir and the
deflection was ok.




(4-5) Design of one way ribbed slab (F1-R21):

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.

| Loals on Topping

‘ f

Figure (4- 2):System of Topping.

(4-5-1-1) Calculation of L oads on Topping:

Dead loads that act on Topping can be calculated as shown in the
following table :
— Dead Load For 1m strip:




Topping, - 25 05 0.08%25x1=2 . | >
Coarse Sand, | 17 17 0.07x17x1=1.19
Mortar:, - 22 o> 0.03x22%1=0.66 ) .,
Tile . 23 23 0.03x23x1 =0.69
interior, partion,, 2.3*1=2.3 KNIm?y 2
Z: > 6.84 (u.N—lKN/m KN/m
' aTable(4- 2): Dead L.oad Calculation:For Topping: .

Live lLoad Fordmstrip:= 5%;1 = 5. kN/mFactoredload
Factored W) = 02xDL+D.6xuL | 61
=1.2%6.84 +1:6x5 = 1.6+2/08 ,kN/m.,: 1 (Total Factored|,

Wy+l2 162 %042

M, = 2 - 12 = 0.2kN:m. 11 .

I AN

Figure(4-3)Moment Shape For Topping.







280
24 420
3

S <300 % ( ) =300 mm.

2) S<3xh=23x80=240 mm controlled.
3) S<450 mm.
Take S=200 mm < Spax =240 mm - ok .
» Select mesh ¢8/20 cm in both directions.




(4-522)DDesignof one-way- ribbed slab:

Rib (5)is selected to be designed , the following figure shows itslocation in

Z
o

1
2
3
4
5
6
7
8

Material

Topping
Coarse Sand
RC Rib
Mortar
Hollow block
Tile
Plaster
interior partion

First floor
Quality Density
KN/m?3
25
17
25
22
10
23
22

DL (KN/m)

0.08x25 x0.52=1.04
0.07x17x0.52 =0.6188
0.28x25x0.12 =0.81
0.03%x22x0.52 =0.3432
0.28x10x0.4 =1. 12
0.03%x23x0.52 =0.3588
0.03%22x0.52 = 0.3432
2.3*0.52=1.196

5.55 KN/m




4-5.3: DesignofRib 05 :

By using ATIR program we get the envelope moment and shear
diagram as the follows:

Figure: Moment and shear

e Concrete B300 / Fc’=24 / Fy=420

e Section: B=520mm / Bw=120mm / h=360

o Moment design (positive):

Design of large Positive moment Mu= 7.2
D= 360 — 20 -10 —(10/2) = 325mm
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Use T10 for Positive

MF = 0.25 * fc ** B * hf *(d-(df/2)) * 10E-6

= 0.25 * 24 * 520 * 80 * (325-40) * 10E-6
=71.13

Mf>Mu/ @ = 71.13>8 Design rectangular section
m= 20.6
Mu
Rn = @bd?

0.145

1 2*m*Rn
p_ﬁ(l_ == )_

3.46*10E-4
As (req) = p * b *d = 3.46*10E-4 * 520 *320 = 58.5 mm2

Check For As(min) :

/7
4fy
As (min) =

Asmin =

(bw)(d) = ﬂ (bw)d
fy

As(min) =113.72 mm2
As(min) =130 mm2

As (min) > As(req)




Use2¢ 10

e Check for strain
_ (fy=4s) _
T B5%24+520

(130 *420) / ( 0.85 * 520 * 24) = 5.14

C=a/B =5.14/0.85 = 6.04 mm

0.003* (d-c/c) = 0.003 * ( 325-6.04/6.04) = 0.158

0.158>0.005
OK

4-5.3: Design of Beam B28 :

By using ATIR program we get the envelope moment and shear
diagram as the follows:




Figure: Moment and shear

Section: B=800mm / h=360 /d =360-40-10-(16/2) =302

o Moment design (negative):

Design of large negative moment Mu= 179.2
D= 302mm

C=3/7* 302 =129.42 mm

a= B.C = 0.85*129.42 = 110.02

Mn= 0.85 * fc’ * a * B * (d-a/2) *10E-6

= 0.85*24*110.02*800*(302-(110.02/2))*10E-6
= 443.47 KNm

@ Mn=0.9%443.47=399.2>179.2
2.7:

Design for reinforcement:

Mu
Rn = ——=

M= 420 / (0.85*24) = 20.6

1 2*m*Rn
p—;(l— 1= fy )

=6.97*10E-3
53




As (req) = 6.97*10E-3 * 800 * 302 = 1683.9 mm2

Check For As(min) :

As (min) =
Jre

Asmin =
4fy

(bw)(d) = 2 (bw)d
fy

As(min) = 704.5 mm2
As(min) = 805.3 mm2
As (min) < As(req)

Use7¢ 18

e Check for strain
_ (fyxas) _
aq@ = —— =
.85+24x520

(As *420) / (0.85 * 800 * 24) = 45.83

C=a/B = 45.83/0.85 = 53.91 mm

0.003* (d-c/c) = 0.003 * ( 302-53.91/53.91) = 0.013

0.013>0.005
OK

o Moment design (positive): Mu=190.5 KN




2.9:
Design for reinforcement:

2.9

nre
Rrn — —
o le b

M= 420/ (0.85*24) = 20.6

1 2*m*Rn
p—;(l— 1==5 )_

= 7.5*10E-3

As (req) = 7.5*10E-3 * 800 * 302 = 1812 mm2

e Check For As(min) :

JFe

Asmin = T (bw)(d) = f_ (bw)d

As(min) = 704.5 mm2
As(min) = 805.3 mm2

As (min) < As(req)

Use1l0 ¢ 16

e Shear Design for Beam B28:

Vu=165.2 KN

1 I
VC:E5 fc'bwd=




=197.26 KN
50vc<Vu< @Vc -case?2

74 < 165.2
Smax =d/2 =151
Smax < 600

Use2lego 10

(4-6) Design of Column (G2)):
Material:
Concrete B300 Fc' = 24Mpa
Reinforcement Steel Fy = 420Mpa

stirrup = 10 mm

Loads acting on column (G2) are as follows:
Dead Load = 1000 kN .
Live Load =500 kN.
Factored loads (Pu) = 1.4 DL = 1.4 x 1000 = 1400 kN.
OR
(Pu)y=12DL+1.6 LL=1.2x1000+ 1.6 x 500 = 2000 kN ..... Cont.
Calculation of Required Dimension of Column (G2):
Total load Pu =2000 KN.
Pn =2000/ (0.65) = 3076.9 kN
Assume pg = 1.0 %
Pn=0.8 *+ Ag{0.85 = fc' + pg(fy — 0.85fc")} 3076.9 » 103
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=0.8 x Ag[0.85 * 24 + 0.01 * (420 — 0.85 * 24)] Ag = 1572.41 cm2 Select
60*40cm with Ag = 2400 cm?.

Check Slenderness Effect:

For braced system if A < 34-12 M1/M2 <40, then column is classified as
short column and slenderness effect shall not be considered.

A= Klu/r

Lu: Actual unsupported (unbraced) length = 3.29 m
K: effective length factor (K= 1 for braced frame).

R: radius of gyration — for rectangular section =V(I/A) 0.3 h

System about X:

— A= (1*3.29)/ (0.3*0.4) =27.4
A <34-12(1) =22 <40
A=27.4> 22
= long about X axis.

System about Y
— A= (1*3.29)/ (0.3*0.6) =18.3
A < 34-12(1) =22 <40
A=18.3< 22
=~ Short about Y axis.

Calculate the minimum eccentricity and minimum moment:
emin=15+0.03h
e min =15 + 0.03 x 400 = 27mm.
M min= Pu* e min
M min= 3076.9*0.027=83. 1KN.m

Magnification Factor:
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ons=[Cm/ 1 —(Pu0.75 xPcr)]>1.0and <14
cm=0.6 + 0.4 « ( M1/ M2)
cm=06+04x*(1)=10
Pcr=n2 x (E x I)/ (k X Lu)
E | = 0.4xEcxlg/ 1+Bdns
Bdns = 1.2xPD/ (1.2xPD+1.6%PL)
Ig = b( h"3)/ 12
Ec = 4700 x fc'.
Bdns = 1.2* 1000/ 2000 = 0.39
E *1=0.4 %4700 x \24 x {0.6 x (0.4”3)/ 12}/ 1+ 0.39 = 15239.7 kN.m2
Pcr=m2 x 18.8 * 1000/ (1 x 3.29) * 2 = 10913 KN
ons =1.0/ 1 —{3076.9/ (0.75 x 10913) } =1.37>1.0and <14
e=0ns X emin = 1.37 X 27 =36.99 mm.
ey/ h=36.99/ 329 =0.11
y=d—d/h=400-2x (40+10+9)/329=0.71
@ x Pn/ Ag ={ 2000 x 10”3/ 400 x 600} x0. 145 =1.86 ksi.
use Diagram A-9a (for y=0.6), pg =0.013
use Diagram A-9b (for y=0.75), pg =0.012
By use interpolation (for y=0.71): pg = 0.01227 > 0.01 .... Ok
Asreq = p x Ag =0.01227*600*400 =2944.8 mm2
Select 12018 with As prov = 3054 mm?2

Check spacing between the bars :
S = (600-2*40-2*10-5*18)/4=102.5 mm
S=102.5mm >40mm
>1.5db =27 mm
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S = (400-2*40-2*10-3*18)/2=123 mm
S=123mm >40mm

>1.5db =27 mm

Figure (4- 13): Section of column(G2)
Design of the Stirrups:

b=60cm, h=40cm

Lap splice at the foot of column:
Try 100% - lap splice (12 @ 18 with 12 @ 18)
p =As/Ac =(24*2.54)/(60*40) =2.5% <8 % ... OK
closely stirrups :S smallest of
1-48*dbs. = 48*10 = 480 mm
2-16*db. = 16*16 =256 mm control ~~~selected 20cm
3- The least dimension of the column =450 mm.

At end support and below:
X=max (Ldc OR b) + cover — (h slab or beam)
Ldc = (0.24*420*18)/ (1*V24) = 370.4mm > 200 mm ...
— b>Ldc — 60 cm > 37.04 cm
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X=(60) +2 - (36) =26 cm
X>05h—26cm>(0.5*40)=20cm ... OK
X<2hcolumn —-26 cm <80 cm ... OK
— Selected X =26 cm ¢ = 8 cm — control
#NO of Stirrups = 26/8 +1 =5
— Selected 5010/8 cm
Below and above beam or slab:
Fy =420 Map Fc = 24Mpa.
Lsc =0.071 *420*18 = 536.76 mm > 300 mm
b =60 cm.
Selected b = 60 cm with e = 10 cm
— Selected 7010/10 cm
At the points of bend:
Selected b = 60 cm<53.676 cm.
Selected b = 60 cm with e = 12 cm
— Selected 6010/12cm.

Normal Region:

Select S normal =20 cm.
(L1/20)+1 = (243/20)+1=14
— Selected 14010/20 cm.
(L2/20)+1 = (209/20)+1=12
— Selected 12010/20 cm.
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Figure (4- 14): Stirrup’s detailing.

(4-7) Design of isolated footing (F1(1.45*1.45))):
Loads that act on footing
PD =500 kN PL =250 kKN
Pu=1.2*500 + 1.6*250 = 1000 kN
The following parameters are used in design :

v concrete = 25 kN/m3
v soil = 18 kN/m3
callow =400 kN/m2
clear cover =7.5cm
fc'=28

Determination of footing dimension:

Footing dimension can be determined by designing the soil against bearing
pressure.

Assume h =50 cm.




ob(allow)net =400 —25*0.50 — 0.5*18 = 378. 5 KN/m?

P, 500+ 250
A= = = 1.982 m?
Qa.net 378'5

l=vVA=+1982=141m
Selectl =1.45m
Determination of footing depth (h):

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

Py _ 1000

_ Py _ _ 2
Qu=" = oo 475.62 KN/m

Design of one way shear
Use @10.
d=h—-cover —@9=500—-75-10= 415mm

Vu at distance d from the face of column ¥}, = qub(é - % —d)

1.45 0.35

= 475.62 * 1.45( Ty 0.415) = 93.1KN

@ Ve = o.75*§*x/€*b*d
= 0.75* % * /28 * 1450 * 415*10"-3 =398.02 kN >Vu
~h=50cm iscorrect v
Design of Punching (two way shear)

d=415mm
b_=2(0.55+0.415) +2(0.35+0.415) = 3.46 m.
B=1.6
as = 40 (interior column)
Vu =475.62 (1.45*1.45 -(0.55+0.415)(0.35+0.415)) = 648.98kN
@\ is the smallest of :

1. Vc=%(1+%)x\/ﬂ X by X d

1 2
= g(1 + R) x V28 X 3460 X 415 X 1073 = 2849.29KN
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xXg X d

2.Vc=1—12( b +2)><,/fc X b, Xd
i 40 X 659 3
12( 63 +2)><\/281>< 3460 x 415 x 1073 = 4304.13 KN
3.Vc=§>< fc Xby,xd

= g X V28 % 3460 x 415 x 1073 = 2532.7 kN < cont.
@Vc =0.75 x 2532.7 = 1899.53 kN > VVu = 648.98 kN

~h=50cm iscorrect v
Design for flexure in long direction

Mu = 475.62 *1.45*0.55*(0.0.55/2) = 104.31 KN.m

F 420
m=—>2— = = 17.65
0.85*Fc 0.85%28

Mn=104.31/0.9 =115.9 kN.m

Rp = Mo - 1159+10° _ 4 4en MPa

bxd? 1450%4152

1 2*Rnx*
p:;*(l-\/l— Fr;m)

= ——*(1- J 1 - 22202720 = 0.001116

Asreq=p*xb*d = 0.001116 * 1450 * 415 = 698.1 mm?
As (min) = 0.0018*b*h = 0.0018*1450 * 500 = 1305 mm?
Asreq < As (min) ,

Take As = As(min)

Take 12 @12 As=1357.2 mm?

Design for flexure in short direction

Mu = 475.62 *0.45*1.45*(0.45/2) = 69.83 kN.m

Fy 420

m = - = = 17.65
0.85*Fc 0.85%28
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Mn = 69.83/0.9 =77.6 kN.m

Rn = MO = 776:10° _ 4399 MPa

bxd? 1450%4152

1 2*Rnx*
ng*(l-\/l— F’;’")

= ——*(1- \/ 1222020 = 0.00113,

Asreq=p*b*d = 0.00113 * 1450 * 415 = 679.98 mm?
As (min) = 0.0018*b*h = 0.0018*1450 * 500 = 1305 mm?
Asreq < As (min) ,

Take As = As(min)

Take 12 @12 ,As=1357.2 mm?

Figure (4- 15): isolated footing (F1(1.45*1.45))) detailing.




(4-9) Design Stairs

Figure (4- 16): Section of Stair.
Material :

Concrete B300 Fc' =24 N/mm2
Reinforcement Steel Fy =420 N/mm2
Design of Flight :
Determination of Thickness:

h min = L/20 = 5.25/20 =26 cm .

h min =L/28 =5.25/28 = 18.7 cm
Take h=25cm.

Rise =170 mm, Run =300 mm

The Stair Slope by 6 =tan-1(17/ 30) =29.53°
Load Calculation
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Dead Load for Flight for 1m Strip:-

Parts of
Flight

Calculation

Tiles

27*0.03*1*((0.35+0.17)/0.3) =

1.4Kn/m

22*0.02*1*((0.3+0.17)/0.3 ) =

0.69Kn/m

(25/0.3)*((0.17*0.3)/2) = 2.13Kn/m

R.C

25*%0.25*1 / c0s29.53° = 7.18Kn/m

Plaster

22*0.03*1 / c0s29.53° = 0.76 Kn/m

Sum

12.16Kn/m

Table (4- 4) Flight dead load computation.
Dead Load For Solid Landing For 1m Strip:-

Parts of
Landing

Calculation

Tiles

22*0.03*1= 0.66Kn/m

Mortar

22*0.02*1= 0.44Kn/m

R.C

25*0.25*1= 6.25Kn/m

Plaster

22*0.03*1= 0.66Kn/m

Sum

8.01 Kn/m

Table (4- 5) Landing dead load computation.




RE=31.5 KN

RA=38.5 ki

. 0.75,

Figure (4- 17) Structural analysis of the stairs.

Live Load For Landing For 1m Strip = 5*1 =5 Kn/m
Factored Load For Flight :-Wy =1.2 x12.16 + 1.6x5 =22.6 Kn/m
Factored Load For Landing :- Wy = 1.2 x8.01 + 1.6x5 =17.6 Kn/m

Ra=36.5kn.
Rb=31.3 kn.

Deign of shear:

Assume bar diameter g 14 for main reinforcement
d =h-cover-db/2

=250-20-14/2 = 223 mm.
Beam width =30 cm

@xVe = 0.75 * %*x/Fc' * hw * d

= 0.75*=*v/24 * 1000 * 223 = 136.56 KN/1m strip

Vu=36.5 < 136.56/2 =68.3 KN .
The thickness of the slab is adequate enough.

Design of Bending Moment for Flight :- (Mu=82.3 Kn.m)

Fy 420
0.85xFc’  0.85%24
67
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Mu/® _ 82.3%109/0.9

Rn = =
bxd2 1000%2232

= 1.83MPa

pZ%*(l-\/l—z*?;*m) 206*(1\/ 2*183*206)_00048

Asreq=p=*b*xd = 0.0048 * 1000 * 223 = 1070.4mm?/m
As min= 0.0018*1000*250 = 450mm?/m.
ASreq = 1070.4 mm?>As min=450mm?/m ....OK
Select 14 @ 15 cm. .
Check for Spacing: -
S =3*250 =750 mm
S =450 mm
S =380*(280/274.67) — 2.5*¥20 =337.4 mm control.
S =150 mm<337.4 -ok.
Temperature and shrinkage reinforcement :

As min= 0.0018*1000*250 = 450mm?.
Select g 10/ 20.

Design of landing :
Mu = wl"2/8
=8.01*2.25"2/8 = 5.6 KN . M
d =250-20-14-14/2= 209 mm

M 5.6 ¥10°/0.9
Rn = MW@ _ /99 _ 0.14MPa
bxd? 1000%2092

p:%*(l-\/l—z*Rn*m) 206*(1\/ 2*014*206)_000033

Fy

Asreq=p*bx*d = 0.00033 * 1000 * 209 = 68.67 mm?2/m
Asreq < As min.
Take As min =450mm?

Select g 10/ 15cm.




#10/16cm | L=58.Y0m@

Figure (4- 18): stairs detailing.

(4-10) Design Shear walls

Analysis and design were done using ETABS program in which the seismic
loads were taken into account. The following is a sample calculation for one
of the walls, S.W1.

The following data that used in design:
Shear Wall thickness = h =25 cm
Shear Wall length Lw = 6.20 m
Building height Hw=10.00 m
Critical section shear:
Lw/2=6.2/2=3.1 .... control
Hw/2=1012=5
story height=3.65m
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d =0.8*Lw =0.8*6.2= 4.96 m

(4.10.1)Design of Horizontal Reinforcement
Vu =920 KN.

Calculation of Shear Strength Provided by concrete Vc:

Shear Strength of Concrete is the smallest of:

1-Vc:%,/fc’ Xbxd

:é 24 x 250 X 4960 = 1012.45 kN « Controlled

_ 7 Nuxd
2-Vc=0.27,/fc X hxd+ Ao
=0.271vV24 x 200 X 4000 + 0 = 1640 KN

Lw(0.1/fc’+0.2- Y
3-Ve = [0.05 « /¢ + W VTt )| h x a

Vu 2

Where:
Mul=879.5 KN.m

879.5

= - 2= -127<0 > This equation is not applicable.
Vu 719.17 2

~Vec= 1012.45kN - @Vc/2 = 379.66 < Vumax = 920 kN —Horizontal
Reinforcement is Required

Vu 920
Vs = E —Vc = 075~ 1012.45 = 214.22 kN needs renforcement

Avh Vs 214.22

s fyxd  420+4960 0.000102

0.000102
0.25

TAKE pt = 0.0025¢

= 0.000408 < 0.0025

Avh : For 2 layers of Horizontal Reinforcement

Select P10 :
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Avh =2 *79 = 158 mm?
0.0025=(158/(250*S2)
S=252.8<450

Smax= Lw/3 = 62005 = 1240 mm
=3h =3*250=750mm
= 450mm. Controlled

~Select @10 @ 250 mm at each side.
(4.10.2)Design of Vertical Reinforcement
hw _ 10 _
lw 5
Avv 2%79

= =0.0025 +(0.5 *0.5) (o

~ AW _ 0 626

Sver

Smax= Lw/3 = 6200/3 = 2066.67 mm
= 3h = 3*250 =750mm
= 450mm <« Controlled.
Select @10 :

Avv =2 *79 = 158 mm?
Avv 158

— = 0.5 - Sreq = —— = 252.3mm
S 0.626

~Select 10 @ 200 mm at each side.
Designe of Flexure:
Ast = (6200/ 200 ) * 2 = 79 = 4898mm2
w = (Ast/ Lw*h)* (fy/ fc') = (4898/6200*250)*(420/24) = 0.0553
a=Pu/ lw*h*fc'=0
Cllw=Ww+ a) /(2w + 0.8541 )=
(0.0553+0)/((2*0.0553) + (0.85*0.85)) = 0.0294
@Mn = @ [0.5Ast*fy*Iw(l + (Pu/Astfy) )(1—c/ lw)
=5570.73KN>1935KN......0K
Check Boundary Element:
X=>Lw/ 600%0.015 = 6200 /600*%0.007 =1476.2mm
Lb > X/2 =738.1mm
Since Smallest value of Lb & Mub not requires Boundary..

—0.0025)] * 250




- P10@Z5cm,L=6.15m
(3) . , .
1 Horizontal bars Both sides

3.60 m
Vertical bars Both sides
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Figure (4- 19): Shear wall (S.W1) detailing.







(5-1) INTRODUCTION:

After starting the project and start dealing with problems that had been faced
during the work on it, it is necessary to summarize the results that were
reached and to give some recommendations that will be helpful for students
who will work on such projects.

One of the most prominent problems that we faced in the project was the
presence of two different levels of the basement floor slab, where one of these
slabs was one way ribbed slab and the other one is one way solid slab, we
solved it by making drop beams to connect between them.

(5-2) RESULTS:

The following are results that had been reached during the work on this
project:

The most important step before starting a design is to study the
architectural plans carefully to distribute the columns correctly.

Gaining experience in using structural programs cannot be reached
without an understanding of basic concepts of the structural design.

1. When choosing the structural system, it is better to distribute ribs in
the short direction and beams in the long one that will reduce loads

that act on beams which leads to reducing of reinforcement which
meant reducing costs.




(5-3) RECOMMENDATIONS:

After starting the project and start dealing with problems that had been faced
during the work on it, some recommendations should be mentioned that may
help students who will work on such projects after us.

First of all, the architectural drawings had to be prepared and studied
carefully to choose the most appropriate structural system. Collecting data
about the project is an important step as the study of the site and the type of
soil are important in choosing the construction materials to be used. Before
starting the design of the building a good structural planning must be done to
determine the location of columns, beams, and shear walls to fit with
architectural plans.




