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Project Summary

Structural Design and Details of Palestine TV& media center

Team :
Aziz N. Salaimeh

Sufian Natsheh
Ayman M. Salhab
Mohannad Ebiedo

Supervision :
D. Haitham Ayyad.

Palestine — Hebron
2013.-2014

The idea of this project is the structural design of Palestinian Radio and Television
Building. The project is integrated radio and television building with all needs of the
student and researcher, where there is a sufficient number of Decor Workshops,
makeup & clothes , Decoration Engineers offices , audience's Studios , Maintenance
Workshops , Stores , news Studio , Restaurant , Montage department and all services
needed .

The building consists of seven floors with a total area of 29,000 m2 approximately .
The design will be based on the requirements of the American Code (ACI -318-08),
and the Jordanian Code of loads. And we will use some of software like (Office
20013) and (AutoCAD 2014) to project output, and also we use some of programs
for structural design and analysis like, Atir , Safe 12.3,Etaps 9.7.1, Sap
2000,DeconSTDesign, Pca-column.
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Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.
C.= compression resultant of concrete section.
C; = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension
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f. = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.
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h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,
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LL = live loads.
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Chapter1: ASAM Introduction

1.1 Introduction

The last century has witnessed a starting of an age of revolution and improvement in all of
the life aspects, and with the increasing demand of the people in the cities, it was very
essential to cope up with this improvement in all of the fields, in such a way that suits and
controls the environment.

All of us knows the importance of media specially TV and Radio stations, in transferring the
information in all of the fields: political, financial, advertising, sport, and entertainment,
etc...,specially here in Palestine to spread the understanding of the danger of the occupation
and to visualize the latest news and activities of the occupation .

So it was necessary to think of a corporation includes many activities supporting the media,
so the idea is to establish a media city has been in minds, which includes two buildings TV
and Radio building, and Art building.

The city intended to improve the media in Palestine, in a way that serves and enhances the
awareness of people making information easy to reach and understand by providing the
accessibility for various media activities.

1.2 General Identification

The project is a Radio and Television Building designed in Ramallah city , it provides all
requirements needed for suitable workplace Like Decor , Workshops, Makeup & Clothes ,
Decoration Engineers Offices , Audience's Studios , Maintenance Workshops , Stores , News
Studio , Restaurant , Montage Department, Production Montage Department , Financial
Department , Central Administration and all services needed .



Chapter1: ASAM Introduction

1.3 Project Choosing Reasons

After more than one month of searching on a good project , we decided to choose the
Palestinian Radio and Television Building from a lot of other projects because of the large
size of the project and the including of various structural members , the most important thing
from this project is to have.

1.4 The Project Objectives

e Architectural Objectives

The main architectural aim is to create a design that is unique in views, representative and
break the lack of architecture that Palestine suffers. So the city is designed upon the latest
architecture views, so we can see the curves and the huge transmission station shaped as the
globe.

e structural Objective
1-Increasing the ability to choose a structural system that suits the objectives of the building.
2-To correlate what we have taken In the design courses with the practical thinking.

3-To get a new skills and experiences while facing problems and obstacles rising while
working in the project, which has not mentioned in the theoretical studying.

1.5 The problem of Project

The problem of the project is to find the most appropriate structural system that satisfies the
strength and serviceability requirements, and to design and analyze the structural components
that consists the project which is the TV and Media building, so we will analyses an design
these components like slabs, beams, columns,...etc, after determining the loads on each of
the structural member so we can select the required dimensions and reinforcement, after that
all of the design outputs will be presented in the structural drawing that used to transfer the
project from being a drawing to the practical field.
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1.6 The postulate of the project

Our study will aimed to prepare the required structural drawings of the various structural
members existing in the building in such a way that takes the architectural design as the main

outlet.

1.7 Chapters of Project :

Chapter one:

General Introduction of the project.
Chapter Two:

The architectural description of the project.
Chapter Three:

The structural studying of the project including: the structural members, the loads, and the
function description.

Chapter Four:

The structural analysis and the design of some structural members like: beams, columns, and
slabs.

Chapter Five:
Estimated cost.

Chapter Six :

Results and recommendations.




ASAM Introduction

Chapter1:

1.8 The timeline table of the project stages:

The table No.(1-1) shows the timeline table of the project stages upon the proposed steps

within the first semester.

Table(1-1). The timeline table of the project stages
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2.1 Introduction

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

Doing architecture requires strong technical knowledge in the fields of engineering,
logistics, geometry, building techniques, functional design and ergonomics. It also
requires a certain sensibility to arts and aesthetics. Finally, it also requires a
preoccupation for human questions and society's problems. Architecture is a very
broad and humanistic field that is at the same time technical, artistic and social.

2.2 Basic Identification Of Project

From the importance of both traditional
and new media to the flow of information
in the fields of national, social and
economics, we work towards creating a
unified media entity able to accommodate
the requirements of the future in which it
seems that the gap between the possible
and the impossible will almost fade.

fig(2-1) —general picture of project

For that the idea is to establish an integrate “Media City” that include a coalition of
Jjournalists, governmental agencies, publishing houses and all other organizations
involved in the production of radio, television, film, news and advertising .

2.3 Project Site

Its recommend that you pursue land that has already been approved by the local
authorities as an "approved building lot". That means all surveys; soil testing, wetlands
conservation, and site engineering work have been completed and approved. While
raw land costs less, you will have to spend money to complete the required tests,
surveys and engineering work before you can get the land approved for building.
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2.3.1 Project Land Location

The project land located in the south of
Ramallah, about 2km away from the city
center (Al-Manara Roundabout).

west bank palestine map

Al-Masyoun Surrounding areas
neighborhood Uspanalt  ghiiall

Byt 20 5t
Om’ Al-Sharayet

i A
S by N
Empty Lands aitain o |

fig(2-2) —The location of the land.
2.3.2 General Climate of The City

This area generally enjoys a Mediterranean Climate of a dry summer and mild, rainy
winter with occasional snowfall. The recorded average of Ramallah’s rainfall is about
694 mm (27 in) and (minimum rainfall is 307 mm (12 in) and maximum rainfall is
1,591 mm (63 in))

while the western and south western winds dominate, the northern winds are light and
the eastern winds still blow on occasion.
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fig(2-3) —winds movement
2.3.3 Contour Lines of The Project Land

The project land on the top of a hill flat summit with 780m above sea level.

:’:' (,‘/"L\ P A “-‘
fig(2-4) —The topography of the land Ve e
g(2-4) pography “'_7'}:”_""7’."'4’" ..... _
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2.4 project components description

The designer used circular segments with different centers to attract attention, and
made various conglomerates on a shape of layers which show the copy and paste
action. Finally he used a steel sphere like the earth to show that media make's the

world small .

2.4.1 Project plans description

The total area of the building is29305m>.

1) basement Floor Plan

The area of this floor is 1915 m?, and its consist of Security room , Decor Workshops
,Decoration Engineers offices , audience's Studio and all services needed.

o

fig(2-5) —Basement floor

10
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2) Ground Floor Plan

this floor has an area of 7065 m? , the main floor which consist of Decor Workshops,
makeup & clothes , Decoration Engineers offices , audience's Studios , Maintenance

Workshops , Stores , news Studio , Restaurant , Montage department and all services
needed . '

fig(2-6) —ground floor plan
3) First Floor Plan

this floor has an area of 6410 m? , and its consist of Decor Workshops, makeup &
clothes , Sound Engineers offices , Photography rooms ,various Studios, Stores , news

Studio , Restaurant , rest , Engineering department , Medical clinic and all services
needed .

fig(2-7) —first floor plan

11
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4) Second Floor Plan

The area of this floor is 5815 m? , and its consist of Decor Workshops , makeup &
clothes ,Sound Engineers offices , Photography rooms ,various Studios , Stores , news
Studio , Montage department and all services needed .

fig(2-8) —second floor plan
5) Third Floor Plan

The area of this floor is 3635 m? , and its consist makeup & clothes ,Public Relations ,
Sound Engineers offices , video conference , Stores , Production department,
marketing department and all services needed .

fig(2-9) —third floor plan

12
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6) Fourth Floor Plan

this floor has an area of 2500 m?, and its consist of makeup & clothes rooms,
Photography rooms , Public Relations , Financial department , Personnel department
and all services needed .

fig(2-10) —forth floor plan
7) Fifth Floor Plan

this floor has an area of 1265 m? , full floor for the Central Administration with all
services needed .

fig(2-11) —fifth floor plan

13
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8) Sixth Floor Plan

The area of this floor is 350 m?full floor fora major conference hall with all services
needed .

fig(2-12) —sixth floor plan

9) Seventh Floor Plan

The area of this floor is 350 m? ,full floor for a major conference hall with all services
needed .

@.

fig(2-13) —seventh floor plan

14
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2.4.2 Project Elevations description

The interest of elevations for any architect is great as the elevations appearance must
be suitable with the kind of the building and its uses, so it's a duty of the engineer to
consider every detail of the elevations details in terms of materials used, the
distribution of the openings , varying elevations and setbacks, and other factors that
.highlight the beauty of Elevations design

1) North East Elevation

The main elevation and the main entrance of the building , we can observe the
Creativity in this elevation from the different waves of setbacks and curves , also we
can clearly see the beauty of the Glass spear which represent the earth and the media
broadcast tower cuddled that sphere to indicate that media domain the word , finally
we can notice the appearance of the edge column .

s

fig(2-14) — North East Elevation
1) South East Elevation

This elevation has a Secondary entrance , we can see the architectural beauty from the
regular setbacks and the Conglomerates of the building , also the appearance of the
Curves and edge column , finally we can observe the glass corridor .

fig(2-15) — south East Elevation

15
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2) North West Elevation

A wonderful Elevation , we can observe the Creativity in this elevation from how the
media broadcast tower curves cuddled the glass earth also we can clearly see the
beauty Conglomerates and setbacks with edge column , finally we can observe the
glass corridor .

3 .' : } -lll
}umlll Ilﬁ

fig(2-16) — North west Elevation

3) Southwest Elevation

The back side elevation, here we can observe the additional 2 parts clearly with the
Conglomerates, glass corridor and edge column it they had, and the main part with the
curves and glass wonderful elevation .

fig(2-17) — south west Elevation

16
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2.4.3 Vertical movement description

The designer distributed the movement through the horizontal and vertical axes
through stairs and corridors with the provision of elevators, according to the number of
users and the allowable distance between each vertical axis for easy contacts between
the floors and to facilitate exiting in case of emergency.

i1
]
=
b2
t%@;
SRy
O zy(‘

Section A-A

fig(2-18) — section A-A

Section B_B

fig(2-19) — section B-B
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3.1 introduction :

After the completion of the process of the project architect explanation of all the details, we must
move to the construction phase of the study for the project, in order to choose the appropriate
structural system for each element in the building so that it provides all the requirements and
work on the design of the elements necessary for that system. So that it is taking into account the
loads affecting the types of elements, and show how to deal with them and work to resist, so we
must know these structural elements in detail, in order to be customized and analyzed accurately.

In generally, the physical systems is the basic system broken down in the building .So, they have
the following type:

®» STRUCTURAL SYSTEM
®» EXTERIOR SYSTEM
®» INTERIOR SUBDIVISIONS OF SPACE

Each of these, in turn, can be seen to be made up of linear and planar assemblies.

3.2 The purpose of structural design :

The purpose of structural design is the work to find the building is available where all safety
requirements, so be it by working on the Aegean all the structural elements of the crisis, in order
to resist all the forces that affect the building in different forms, whether powers internal, such as
loads of dead and live or external forces such as earthquakes, wind and landing in the soil. When
designing any element of these structural elements should be taken into consideration the
following standers :

1-Safety: is the essential element that must be provided in the design, so choosing the
appropriate element of each region so resist load that affect them.

2-Cost: must be supplied when working on the selection of appropriate materials, and sufficient
for its desired purpose and appropriate quantity.

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

4- Architectural side : Work to take into account the distinctive architectural elements in the
building and try to keep it as much as possible.
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3.3 Theoretical studies of the structural elements of the building:

The most important basic steps that should work out of the
project before starting the structural design, you must work on
a comprehensive study of the project in terms of its size and
the nature of his work, and how to work to estimate the loads
that strike building and selected in a corrective, and choose
items that are exposed to these loads, and identify systems
construction, which used to resist those loads.

3.4 Types of loads :

Loads are basically in the design process, so you must give
them great importance, so it must work to identify quality fig(3-1) —dead loads

Accurately, so as to differ from the building to another depends on the architectural design and
Materials used in construction and other influences, therefore divided loads to:
1- Basic loads:

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

2- Secondary loads:

Are the loads that take them into account in the design in some buildings, depending on the
nature of the building and other influences , It includes:

Shrinkage load, Thermal load, snows load, Dynamic load, seismic load.

3.4.1 Dead load:

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

The designer can also be relatively sure of the magnitude of dead loads as they are closely linked
to density and quantity of the construction materials. These have a low variance, and the designer
is normally responsible for specifying these components.
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Table (3-1) Specific density of the materials used

Number The type of material The value of load(KN/m?®)

1 Furniture 3.2

2 Reinforcement concrete 25

3 normal concrete 24

4 Sand 14-17

5 Tiles 24-25

6 Granite stone 28

7 Plaster 22

8 Hollow block 9-12

342 Liveload:

Live load is imposed loads, are temporary, of short duration, or moving.
These dynamic loads may involve considerations such
as impact, momentum, vibration, slosh dynamics of fluids, fatigue, etc.

Live loads, sometimes also referred to as probabilistic loads include all
the forces that are variable within the object's normal operation cycle not

including construction or environmental loads.

Table (3-2) : Live loads

fig(3-2) —live load

Number The type of material The value of Live load (KN/m?®)
1 Kitchens 3
2 Offices 3
3 Corridors and Stairs 5
4 stories 5
5 Roof 1.5
6 Hall Equipment 3

3.4.3 Environmental loads:

Are loads arising from the changes in the environment such as seismic, wind and snow.

3.4.3.1 Seismic load :

Are loads caused by earthquakes. Buildings should be designed to withstand minor earthquakes
because they can occur almost anywhere. During an earthquake the ground can move both
horizontally and vertically in any direction. This exerts tremendous horizontal loads onto

members.
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The methods of protecting against high winds can also be used for protecting against
earthquakes. To avoid collapse, oscillations are dampened to prevent damage to both structural
and non-structural members.

3.4.3.2 Winds load :
Is a forces that affect horizontally on the building, appear especially in high-rise
buildings, and are designed on the basis of wind speed and height of the building, and the
amount of buildings surrounding the building.
This has increased in the last few days and therefore to resort to high-altitude
construction.

3.4.3.3 Snows load:
The building must be designed to resist and to be taken into account in the design and it
depends on the height of the building and the area of this building.

The following table shows the relationship between the height of the building and carry

snow that we take him in the case of design:
Table(3-3) : Loads of snow by sea level

Building height above sea level The value of load in surface (KN/m?)
250>h 0
500>h>250 (h-250)/800
1500>h>500 (h-400)/320

Note: The building that we design located in masioon area in Ramallah, so it do take
snow in the accounts.

3.5 Practical tests :

Before you begin the process of design and construction, must be the work of some
necessary tests at the site, especially on the soil, and work to see the quality of the rocks
in the region, and work to deviate place waterfalls groundwater and its impact on the
building, and work to resolve the problems if available of those problems.

3.6 Structural elements used :
There are many structural elements used in the building as the slabs , Beam , Column,
Stairs , The Shear wall and Foundation .
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3.6.1 The slabs :
Is an element which transfers the loads that are exposed to other structural elements such as

column, beam ,wall and are selected based on several factors:

1) The distance between the spaces and columns
2) The desired function of the vacuum

3) Cost
4) Ease of implementation and duration available for building

Through our project this dumplings using different types including:

3.6.1.1 The Rib:

In general, this type is most commonly used in our ,this contain the pipe steel use to
transfer the loads , and Block and The concrete between this block and the topping of all
, and we have two types of this : one way rib an Two way rib ,this dependent of the load

and how you can transfer it.

The one way rib slab contain the bar steel in one direction as you see in the next figure :

fig(3-3) —real one way rib & sample in the project
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The two way rib slab is the type use when the length of the two direction in the space

approximately is equals , and we used in this type bar of steel in two direction to transfer the
load in this direction as you show in the next figure :

1”\
..—»4/‘ .
\%\ SR T
Jg e s\
§ B i
i \
S\ \
%\ < L
@ | jreas) i
Pl i
\a B
\8\ !
\Yi\'-\ T
a 3 o Za(50%25)
N
Lo
fig(3-4) —real two way rib & sample in the project
p proj
3.6.1.2 Sold slab:

We use this method when the height of the spaces s important , and we don’t have

direction of transfer load:

problem when show the drop beam, and this transfer the load to the beam to the column
,and we have two types one way and two way and different between two types is the

fig(3-5) — solid slabs

% Note: This type has not been used during this project .
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3.6.1.3 Flat plate:

Use this type two transfer the load through it to the column directly ,don’t use the beam
,as show :

fig(3-6) —flat slabs

3.6.2 Beams:

Use this element to transfer the load from the slab to the column, and have the type as Hidden
Beam when have the same thickness of slab and drop beam when have different thickness.

fig(3-7) — drop beam fig(3-8) — hidden beam
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3.6.3 column :

The element is use to transfer the load from the slab to the foundation, and it helps in the stability
of the building, and when design we will know the type design if short column or slender
column.

Main Bars ~~__

= Colum

fig(3-9) — circular column fig(3-10) — rectangular column

3.6.4 Shear wall:

Shear wall is the important of the element structures because use to resist the vertical and
horizontal load; Shear walls are a type of structural system that provides lateral resistance to a
building or structure. They resist in-plane loads that are applied along its height, these loads as
the wind and earthquake. When design this wall, we use to layer steel to give it more strength,
and this type use in stairs I generally and sometimes use in other place depend of the required of
design of this building .

fig(3-11) — shear wall

26




Chapter3: ASAM structural description

3.6.5 The Foundation :

The first element we implemented on the ground, but is the last element we design, because all
loads are transmitted to him whether the basic load as dead or live load or secondary load . So is
the basic element, which receives all the loads and distributed it to the soil, so when you take into
account the design of soil that we created it, and we designed after identifying all loads
transmitted to him.

There are many types of foundations and this is the most important :

T column rebars

column stirrups

spread fooling’s neck - stirrups in the joint area

column Ak
\.‘
| ;
——__|!
PP
AGN
itk N

4
i A
v -I i
fooling — 39t el
> =L
Prr -
_d £

reinforcement bar grate

fig(3-12) — isolated footing

A EEEEE f

fig(3-13) - strip footing
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1

!
B -~ B — -

fig(3-14) - Mat footing
3.6.6 Stairs:

The stairs is a vertical transmission elements between the layers, and we used the one way solid
slab in the lending .

( riser
( stringer ) _ L2
/

fig(3-15) - stairs
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,6.6 Stairs:

he stairs is a vertical transmission elements between the layers, and we used the one way solid
lab in the lending .
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fig(3-15) - stairs
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3.6.7 Expansion Joints :Is a spacers which are used in order to avoid getting any
expansion or other effects that may impair the building, where the building is
separated entirely, and the building is separated after increasing distance (35-45 m)

fig(3-16) — expansion joints

> joints are used to separate the building so the foundation up to the roof without a
separated , When you use joints must take into account the vast spaces of the building:
1) 40m Areas with high humidity
2) 36m Areas with normal humidity
3) 32m Areas with Medium humidity
4) 28 m with dry areas

» Will have the minimum thickness 3cm.
»> We use 5 expansion joints with 3cm
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Chapter Four

Structural Analysis & Design

4.1 Introduction.

4.2 Determination of Slab Thickness.
4.3 Determination of Factored Load of ribs.
4.4 Design of topping.

4.5 Design of Rib 0-17.

4.6 Design of Beam 0-55.

4.7 Design of Two way Rib Slab 0-15.
4.8 Design of flat plate.

4.9 Design of Stair.

4.10 Design of short Column.

4.11 Design of Long Column.

4.12 Design of tow way punching shear .

4.13. Design of Shear wall.

4.14 Design of Isolated Footing.
4.15 Design of strip Footing.
4.16 Design of steel.
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1 Introduction:-

The project consists of several structural elements that will be designed according to the
CI code and by using the finite element method using much of computer software such as "
TIR , STAADpro, Safe And Etabs to find the internal forces, deflections, Shear and moments

or the all structural element in order to design them.

1.2 Determination of Slab Thickness:-

Figure (4-1): Ground Floor Slab.

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or one

way slabs unless deflections are computed as follow:
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hmin for one-end continuous(for Ribs) = L/18.5
=07:8/18.5 = 30.69 cm.

hmin for both-end continuous (for Ribs) = L/21
=635/21 =31.09 cm

hmin for one-end continuous(for Beams) = 1./18.5
=551/18.5 =29.78 cm.

hmin for both-end continuous (for Ribs) = L/21
=500/21 =23.81 cm

The controller slab thickness is 31.09 cm.

But by deflection checked it was controlled at 32 ¢cm thickness.

SO

Select Slab thickness h= 32emwith hollow block 24 cm & Topping 8cm.

4.3 Determination of Loads of ribs :-

Tiles 3 cm

Mortar 2 cm

Coarse Sand fill 7 cm

R concrete Topping 8 cm
Concrete block

R Concrete rib

Plaster 2 cm

Figure (4-2):Typical Section in Ribbed slab
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3.1 Determination of Dead load:-

Table(4-1) : Dead loads of the one way rib slab

Type bh KN/m/rib
Tiles 0.03*0.52*23 0.359
Mortar 0:03*%0,52%29 0.343
Course Sand 007052 1§ 0.619
Topping 0.08%0:52*25 1.04
Hollow block 0.4*0.24*10 0.96
Plaster 0:03%0.52%22 0.343
R.Crib 0.12*0.24*25 0.72
Partitions 2.3%0.52 1.196

Sum 5.58

4.3.2 Determination of live load:-

Nominal Total live load for studies =2.5 * 0.52 = 1.3kN/m/ rib

4.3.3 Determination of factored dead & live load :-
Factored dead load = 1.2*Dead load = 1.2*5.58 = 6.696 KN/m.

Factored Live load = 1.6*live load = 1.6*1.3 = 2.08 KN/m
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.4 Design of Topping:-
4.1 Determination of dead load of topping

Table(4-2) : Dead loads of the topping

Type /bh KN/m
Tiles 0:03%1%23 0.69
Mortar 0102*%1%22 0.44

Sand 0E07+17*1 119
Topping 0.08*1*25 2

Partitions 2:3%] 23
Sum 6.84

Live Load = 2.5KN/m. (for Studies)
w,=12DL+1.6LL

=1.2*6.84+ 1.6 * 2.5 =12.208 KN/m. (Total Factored Load).

.._JjHHHiLED

Figure (4-3):Both fixed end static system

w, ¥ 12.208*0.4*
12 12 |
= 0.1628KN 1m. WLt

9Mll=

®M,, > M,— Strength condition , where @ = 0.55 —for plane concrete.

2
> Mn=0.42, fc '*bh

Where S,, for rectangular section of the slab :

bh?> 1000 * 802 ¥
Sm == = ———— = 1066666.67mm
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) * 2
B =042 +/24 *m%_i(?_ =2.19KN.m.

@* Mn=0.55%2.19=1.2KN.m.
@*Mn=1.2> Mu=0.1628 KN .m. OK!

No Reinforcement is required by analysis . According to ACI 10.5.4 , provide Asmin for slabs as

shrinkage and temperature reinforcement.

According to ACI 7.12.2.1 ,psprinkage = 0.0018
A=p*bxt=0.0018 * 1000 * 80 = 144mm? /m strip
Try bars@8 with A=50.27mm?>

n=As/100=144/50.27= 2.87 bars

Take 38 with A=150.8mm?/m strip or 38@300mm in both directions.

Step(s) is the smallest of :

1. S=3h=3%*80 =240 mm(control)

2. S=450 mm
280 280
S8s — 380 ( ) —2.5C, =380 5 — 2.5%20 = 349mm but
280 280
s <300(=—) = 300/ 5 = 315mm
s = 400

Take P8@200mm in both direction .

s=200mm <Smax=240mm - ok
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4.5 Design of Rib1-17 :-

1 2 3 4 5 6
1 4 2 3 4 5
1 -~ Al Al Al ey Al
E R N Tl B T A
038 348 038 3.93 08 4.7 08 5.97 0.8 5.14 0.5
| | |
T' s . Sy ] ' 5.5 £ 6.77 R 5.79 =
ey ] l | f %
% l:ls.
25.
15
A-A
Units:meter,cm

Figure (4-4): Rib 0-17 geometry.

Dead load - Service Units:kN,meter
5.58 5.58 5.58 5.58 5.58
4.28 4.73 5.5 6.77 5.79

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

V1300 L 1o | 10 U | sl | 1o

4.28 4.73 G =0

Figure (4-5) : loading of Rib 0-17
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ments: spans 1to 5
-37.1
-30.6
-18.8 -19.6
-10.3 , -10.8 -11.6 , -10.9
1.16 %38 14 1

49
f

13.3

s | 237

1.85 1.74
H H-H - 1
0.84\/ 112 123
3.85 117 \/ 1.32 \/
13.
20.4 22.8

Units:kN,meter

DS 248, 308 |

Bes e b3 | 3ar - 2m
| I I | | | [ I I 1
Figure (4-6) : Moment Envelope of rib 0-17.
lear
: -31.4
-27. -26.
= -21.7 207 -20.
-17.8 -16.4 -16.
H - L - = H
17/9.9
15.3 16.5 182
21.9 23.5 24.2 26.5
29.5 31.8

Figure (4-7) : Shear Envelope of rib 0-17.
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I.5.1 Design of flexure:
1.5.1.1 Design of Positive moment of rib 0-17:-

Assume 2@12mm (+ve moment),,,

d= 320-20-8-6= 286 mm.

A2¢12= 113.1mm?

As. ;. _“1/(;)(13 Xa)=L 4(b | 1) ool (ACI -10.5.1)

24
i 4(4 20

As )(120)(286)> o (120)(286))

ik o 2
s =100.08 <114 As,o =1144mmt

2262 mm? > 4, =114.4mnt’

Tension = compression
RsEiy=0.85* ' *b*a

226.2*%420=0.85*520*24*q
a=8.96mm

S 06 _ 1 0.54mm

o ss
. _286-10.54
T 1054
£, =0.0784 > 0.005

$=0.9.

X0.003

i 8.96
Mn = As.fy(d - E) — 9060 =420 (286 = —2—) = 26.745 kN.m

¢ Mn=Mu =0.9%26.745 = 24.071 kN.m.
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ssume 2&@10mm (+ve moment),.,

d=320-20-8-5= 287 mm.

2010 = 157.08mm?

_JF 14
&~ ) (Bw)d)> — BWNa)............... (ACI —10.5.1)
V24
i 2020 (120)(287)_ (120)(287))
ASmin =10043<114 ASmin =1148mm2 ... control

(57.08 mam* > ASmin =114.8mm*

[ension = compression
Asfy=10.85 * £z' *b*a

157.08*420=0.85*520*24*q
a=6.22mm
g 6.22
~ B 085
. 287—-17.32
=0
ER—RIS > 0.005
¢ =0.9.

=7.32mm

X0.003

a 6.22
Mn = As.fy(d - E) — 157.08 * 420 (287 ——2-—) =18.73 kN.m

¢Mn=Mu =0.9%18.73 = 16.86kN.m.
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.5.1.2 Design of negative moment of rib 0-17:-

\ssume bars diameter of 14mm(-ve Moment),,,

d=320-20-8-6= 285 mm.

L014= 307.88mm?

r. - ;/(;)(b )(a’)>14(b Moo (ACI ~10.5.1)

.

= 4(420)(120)(285)> 0(120)(285))

As. =99.73<114 As . =114mm’

... control

307.88 mm? > A, =114mnt’

Q

Tension = compression
RsEiy=0.85 * £2' *b* a

307.88*%420=0.85*120*24*qa
a=52.8Tmm

287 _ o5 9mm

,Bl 0.85
= 285-622 X0.003
62.2

g, =0.01075> 0.005
$=0.9.

a 52.87
Mn = As.fy(d - ?2-) = 307.8 * 420 (285 = —2—) =33.43 kN.m

¢ Mn=Mu =0.9%33.43 = 30.084kN.m.
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Assume bars diameter of 12mm(-ve moment),,,
d=320-20-8-6= 286 mm.

Aso12= 113.1mm?

As = ;/(;)(b === L4 (bw)(d) ............... (ACI -10.5.1)

=220 )(1 0)(286)> (120)(286))

As,;, =100.08 <114 AS i, =114 Amm’

.. control
226.2 mm? > As_. =114.4mm’

Tension = compression
RSiA=0.85* 12! *b* a

206.2%420 = 0.85%120% 24 * g
a=38.81mm
L _ELR T
~ 5 085
. _ 286—45.66
5 oo
£, =0.0158 > 0.005

$=0.9.

X0.003

8.81

38.
Mn = As. fy (d — -;3) = 226.2 + 420 (286 : —2—) — 2533 kN.m

¢Mn=Mu = 0.9%25.33 = 22.797 kN.m.
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\ssume bars diameter of 10mm(-ve moment),,,

d= 320-20-8-5= 287 mm.

Lo10= 157.08mm?

J7e 1.4
Ay =~ BwNd) = = (Bw)d)oooeeeeeeenn.. ACI -10.5.
4(ﬁ)(w)() ﬂ(w)() (ACI -10.5.1)
_ 24
e 2020) (120)(287)> (120)(287))
4s . =10043<114 As . =114.8mm’ ... control
157.08 mm?> > 4s,.. =1 14.8mm*

Tension = compression
SR RVI0IR5 * 2! *b*a

157.08*%420 =0.85*%120*24* q
a=26.95mm

05 _ 31 Timm

"B 085

RN
T 71

£, =0.02415 > 0.005

$=0.9.

X0.003

; 26.95
Mn = 4s.fy (d - 5) = 157.08 + 420 (287 t T) — 18.045kN. m

¢Mn=Mu = 0.9%18.045 = 16.241 kN.m.
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.5.2 Design of shear of rib 0-17 :

) Vud = 25.9 KN—>at Support 5

JF
6

pRVo="@ * bw *d

v 24
075 * : *120*.286

=21.015 KN
B+ @ Ve=1.1*28.02 =23.118 KN.

Vs,max=§ % \/24%120%286%1073=112.088 KN

B W259 a
Vs—Vn-Vc—o_75 30.824 = 3.7

The Section is large enough

Check for items:-

Case I:

Vu<® Vc/2

5E9>111.559 ( NotOk )

Case II:

@ Ve/2<Vu<d Ve

11.559<25.9 >23.118 ( notok )

Case III:
Vs,min=1—16 %/ f.' * by, *d
=% « 120 + 286 * 10~3

16

=10.508 KN
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©Or:

1 il
Vmin= * by * d=-+120+%286+10"3 = 11.44KN ......control
(D(V c+Vs,min)=3 1 668 KN

Ve=23.118 < Vu=25.9 <O(VetVsmin)=31.668 KN ...(OK)

A, 1 1 120

e = 2R =

B fo'* fyt i B et
Or:

Ea), 1 120 - GeE
—_— = —— = — %k —— =
== fyt 3 420 S ancontrol

Use stirrups 2U-shape (2-1g stirrups) @ 8 mm with Ayv=100.53

S=1055.65mm
S <600 or SS% = 226 = 143mm
Take s=125mm

Use stirrups 2U-shape (2-lg stirrups) ® 8§ mm@125mm

2) Vud = 23.6 KN—>at Support 4

Case I:

Vu<® Ve/2

23.6>11.559 ( NotOk )
Case II:

® Ve/2<Vu<® Vc

11.559<23.6 >23.118 ( notok )
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Case I1I:
Vemin=c \/f x by, *d
24 % 120 * 286 = 1073
=10.508 KN
Or:
Vsmir=s * by * d = =% 120 * 286 * 10 = 11.44KN  ....... control

D(VetVs,min)=31.668 KN

¢V=23.118 < Vu=23.6 <B(Ve+Vsmin)=31.668 KN ...(OK)

A, , 22

?“E fyt 16 2o Eo"0087
Or:

ERei® b, 1 120 0.095 S
—_——— = — X — = ses ses

- g contro

Use stirrups 2U-shape (2-lg stirrups) @ 8 mm with Av=100.53

S=1055.65mm
S <600 or SS% = 226 = 143mm

Take s=125mm

Use stirrups 2U-shape (2-lg stirrups) ® 8§ mm@]125mm
3) Vud = 17.6 KN->at Support 3

Case I:

Vu<® Ve/2

23.6>11.559 ( NotOk )
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Case II:

<Vu<® Ve

@ Vc/2

@0k )
Minimum shear reinforcement is required except for concrete joist construction.So,No shear

11.559<23.6 >23.118
reinforcement is provided .

-55)

=> Beam (0

4.6 Design of Beam

Figure (4-8) : Beam 0-55 Plan

46




Chapters: ASAM Structural Analysis L Design

4.6.1 Determination of Dead load of beam:-

Table(4-3) : Dead load of beam

Type Vil KN/m

Reinforcement concrete 25%0.80*0.52 10.4

From rib 0-18 = 36.5/0.52= 70.19 KN/m
From rib 0-17 = 37.02/0.52= 71.19KN/m
From rib 0-16 = 37.36/0.52= 71.84 KN/m
4.6.1.1Determination of live load of beam:-
From rib 0-18 = 18.02/0.52= 34.65 KN/m
From rib 0-17 = 18.42/0.52= 35.42KN/m
From rib 0-16 = 18.55/0.52= 35.67 KN/m

4.6.1.2Determination of factored dead &live load:-

Factored dead load = 1.2*Dead load = 1.2*71.19=85.42 KN/m.

Factored Live load = 1.6*live load = 1.6%*35.42= 56.67 KN/m
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Geometry Units:meter,cm
! A 3 4 5
1 'l 2 3 "
Al
L e A e A A
:l
B A —— x
i g 28 436 0.6 4.25 0.6 4.67 0.4
i E Uiy 1 T
! 5.46 : 4.95 L : 4 %.35 — 547 —
B ; i } i
52.
80.
A-A

Figure (4-9): Beam (0-55) geometry

Loading “.
foad group no. 1
Deﬂd 'oad - Service Unm:kN,meter
71.8 71.8 7.8 71.8
: y
~ £5%6 18 158 ]
Live load - Service Load factors: 1.20,1.20/1.60,0.00
| 356 35.6 | 35.6 35.6 |
5.46 4.95 4.85 547 1

Figure (4-10): Beam (0-55) loading

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 4

490!5 _449.9
343.4 N\ 362.5 3004 -326. 5 -310.1
4947 , 1953

. £382.38 ¢ 6 -

7 1 A
' /09'511=12 = .?20:6 l—;io:il &
6%4 I—————l\_/&—ﬁ—'?\_/ 1.06 4

193.9 192.
= 356.1

LZJB : 3.28 ! 212, 223 ! 248 267 ! 3.4 | 207 !

Figure (4-11): Beam (0-55)Moment diagram
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Shear
-514.6
-393.2 3765 -436.2
254 3148 -332.6
/ / e
Lt L (l )\ N
V i o b "
K. 7/
¥ s b % 252.2 il
450, : ’
489.2
Reactions
Factored
H - H t f

DeadR 214.31 598.19 428.63 572. 202.09
LiveR 136.83 366.39 320.39 353.42 130.53
MaxR 351.14 964.58 749.02 925.42 332.61
MinR 201.24 721.75 513.29 697.78 4188.25
Service
DeadR 178.59 498.49 357.19 476.66 168.4
LiveR 85.52 228.99 200.24 220.89 81.58
Max R 26411 727.49 557.43 697.55 249.99
Min R 170.42 579.47 4101 555.28 159.76

Figure (4-12): Beam (0-55)shear & reactions diagram

4.6.2 Design of flexure:-

4.6.2.1 Design of positive moment:-

Assume bars of @ 18 bw=80cm h=32cm

1) M,=395.8 KN .m

d=520-40-18/2=471 mm

Cunax= 3/7 d=3*471 /7=201.85 mm a=0.85 C=0.85*201.85=171.57 mm
®OMn max = @ 0.85 fc’ *a*b (d-a/2)

0.82%0.85 *24*171.57*800*(471-171.57/2)*10"-6 = 884.46 KN.m>Mu =395.8 KN.m.

((i __,;Z{::.,. B CTEIS

A Pt DAL REIVE

f\/% %\ ?’:.'lt.-ziine Pe
v
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« Design as Singly :-
/n= Mu/0.9= 395.8/0.9 = 439.77 KN.m

Mn  395.8*1076
n= = 5 = 2.23 Mpa

b*d*> 800%*(471)

2mRn

1
= = (il (.
1 2(2.23)(20.6)
= 1- Jl-—————"""y=.
¢ 20.6( \/ 420 U 000303

As = 0.00563 (800) (471) = 2123.94 mm>

As = ;/(;)(b )(d)>14(b M@t (ACI -10.5.1)

As . = 2020 )(800)(471)_ (800)(471)

s, =1256mm’

1 bx 2
2123.94 mm?® > A, =1256mm OK.

# of bars = As/ AS par = 2123.94 /254.34 = 9 bars.

* Note Aep1s=256.34mm?

% Check for strain:

Tension = compression

As*fy=085*% *b*a

2123.94 *420
= 4. m
Dhssomaog 20
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¢ =64.31 mm
Al g—_c - 471-64.31
€= 0.003 * (=5)=0.003 « (Tm) = 0.00632 > 0.005

¢ =0.9.

Ma=0.85fc'ab (d ~£) = 0.85 » 24  64.31 + 800 « (471 — £21)
= 460.58 KN.m

@Mn = 0.9 * 460.58 = 414.52 KN.m > 395.8 KN.m

«* Check for spacing
= (800- 40*2 -2*10-9*18) / 8 = 67.25 mm >25 mm Ok

) My=193.9 KN .m

)=520-40-18/2 =471 mm
ma= 3/7 d=3*471 /7=201.85 mm  a=0.85 C= 0.85*201.85=171.57 mm
DMn max = @ 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24*171.57*%800*(471-171.57/2)*10"-6 = 884.46 KN.m>Mu =193.9 KN.m

% Design as Singly :-
Mn= Mu/0.9= 193.9/0.9 =215.44 KN.m

. Mn  215.44*10"6
b*¥d>  800*(471)

=1.214 Mpa

~ L. [[_2mRn
)

p=;a-\/l-w@_‘)@)=o.@m
20.6 420
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s=0.00298(800) (471) = 1123.64 mm>

JFe 1.4
B wld)=—(bw)d)................... ACI -

4(;5»)( Xd) ﬁ)( Xd) (ACI -10.5.1)

I

800)(471

0. (420)( X )< (800)(471)
fs . =1256mm’
123.64 mm? > 48, =1256mm’ o
of bars = As/ A v = 1123.64 /254.34 = 5 bars. * Note Ao1s=256.34mm?

+* Check for strain:

Tension = compression
SRy = 0.85* ' *b*a

_ 1271.7 420

Ogceoawg00 — S2/2mm

¢ =38.5 mm

€= 0.003 * (£5)=0.003 (522 £72385) = 0.0336 > 0.005

G019,

Mn = 0.85fc’ ab(d__)—085*24*3272*800*(471—ﬂ)

=242.773KN.m

@Mn = 0.9 x 242.77 = 218.5 KN.m > 193.9 KN.m

52




lapters: ASAM Structural Analysis I Design

< Check for spacing
= (800 - 40*2 - 2*10 -5*18) /4 =152.5 mm > 25 mm Ok

L. My=192 KN .m

) M,=355.1 KN .m

+6.2.2 Design of negative moment:

\ssume bars of ® 18

yw=110cm h=32cm
1=520-40-18/2 =471 mm

Coax=3/7 d&=3*471 /7=201.85 mm  a=0.85 C=0.85*201.85=171.57 mm

®Mn max = ® 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24*171.57*800*(471-171.57/2)*10"-6 = 884.46 KN.m>Mu =395.8 KN.m.

¢ Design as Singly :-
1) Mu=-362.5 KN .m

2) Mu=195.3 KN .m

3) Mu=326.0 KN .m
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e

.6.2.3 Design of shear :

) Vu = 245.3 KN - support (1)

1
2:-6-*1*\/ﬁ*800*471*10‘3 = 307.65 KN

! 1
- 0 = > * (0.75 x 307.65 = 115.37 KN
Jase I:

1
’uS'z'*(b*Vc (Not Ok)

p*V, = 0.75 x 307.65 = 230.73KN

xP*xV. <V, <x@ =V, (Not Ok)

N =

Case I1I:

1
Vsmin = 16 * V24 x 800 x 471 = 1073 = 115.37 KN

il
Vsmin = i 800 * 471 x 10™3 = 125.6 KN

B(V + Vs min) = 0.75(307.65 + 125.6) = 324.93
¢Vc < Vu = ¢(Vc ar Vs,min)

230.73 < 245.3 < 32493 (0k)

Use stirrups U — shape(4 — leg stirrups Y910 with Aymin =4 * 78.54 = 314.159 mm?

Av min 1 ' bw 1 800 Aymin
prne _ ° el ae—— - emit g 5g3
C R TR TR
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in 1 by _ 1 800 _Aymin
ﬂ__*__—*——)T=0.635 ............. control

s 3 fyr 16 420

.159
lisl— = 0.635 = s = 494.8mm

d 471

o< = B - 235.5 0T Smax < 600 mm

ake s=15cm.

2)Vu = 393.2 KN=> support (2)

%1 %+v/24 800 x 471 x 10~3 = 307.65 KN

c

o\

-k @ * V. ==%0.75 * 307.65 = 115.37 KN

N =

1
/;IS-E*QS*VC (Not Ok)

@*V, = 0.75 » 307.65 = 230.73KN

1
PN, <+ 0+, (Not Ok)
Case I11I:
1
smin = R* 24 % 800 * 471 = 1073 = 115.37 KN

1
Vsmin = = 800 * 471 * 10~3 = 125.6 KN

B(Ve + Vomin) = 0.75(307.65 + 125.6) = 324.93
Ve <V, < O(Vz + Ve min)

230.73 < 393.2 < 324.93 (Not Ok)
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—_—

1

3 %24 % 800 * 471 « 10~3 = 615.30 Kn

(. + V") = 0.75(307.65 + 615.30) = 692.21 KN
07.65 < 393.2 < 692.21 Ok

b %
fyt*d

N B

Jse stirrups U — shape(4 — leg stirrups )@10 with A, = 4 * 78.54 = 314.159 mm?

393.2
b=V =V =5 —307.65 = 216.61KN

., A 314.159 % 10~ 216.61

—s-=fyt*d—> : =420*471—>s=286.89mm

=232.5 Or  Smax < 600 mm

Take s = 15¢cm

3)Vu = 254.1 KN-> support (3)

1

1 1
2" 9*Ve=5+0.75+307.65 = 11537 KN

(Not 0k)
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