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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, Pea-column. 
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Cfiapter1: 21.$.1.M 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 . 
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Chapter1: 2.$.1.3 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 

• 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. 

• structural Objective 

I-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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Cfapter1: A.$.21. Introduction 

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. 
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Cfiapter 1: Jl.S.Jl.:M Introauction 

1.8 The timeline table of the project stages: 

The table No.(1-1) shows the time line table of the project stages upon the proposed steps 
within the first semester. 

Table(l-1). The timeline table of the project stages 
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Cfiapter4: A.$.21.9M Jlrcfiitectura{ aescription 

Chapter Two 

Architectural Description 

2.1 Introduco n. 

2.2 Basic Identification. 

2.3 Project Site. 

2.3.1 Project Land Location, 

2.3.2 General Climate Of The City . 

2.3.3 Contour Lines Of The Project Land . 

2.4 project components description. 

2.4.1 project plans description. 

2.4.2 project Elevations description. 

2.4.3 Vertical movement description. 
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Cfiapter4: 1.$.21.M Arcfiitecturaf description 

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- l) -general picture of project 

For that the idea is to establish an integrate "Media City" that include a coalition of 
journalists, 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. 

7 



Cfiapter4: Jl.S.Jl.9,1 Jlrcfiitectura{ cfescription 

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 

I 
~ 

ti 
palestine map i 

~-- WWW:. 

Empty lands 

,, 
S,.,.f.JJ<J..j \ 

Empty lands (.)-'lll i...:,.,... _,;&. 1 

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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Cfiapter4: Jl.S. JI.. 5'vf_ Jlrcnitectura{ aescription 

a .% ASA s> so ! 
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s 

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. 

fig(2-4)-The topography of the land 

Section A-A 

SectiooB-B 
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Chapter A4: A.$,2.M Architectural description 

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. 

fig(2-5)-Basement floor 
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Cfiapter4: 2A.$,1.M Architectural description 

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 
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Cfiapter4: A.$.21.3 Arcfiitecturaf description 

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 
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Chapter4: 2A.$.1.M Jlrcfzitectura{ cfescription 

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(2-1 1)-fifth floor plan 
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Cfiapter A: 2A.$.2.M Jlrcliitectura[ aescription 

8) Sixth Floor Plan 

The area of this floor is 350 m2,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 
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Cfapter4: 1.$.21.M Architectural description 

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. 

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 
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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 . 

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. 

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 : 

I-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") 
I 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 

3.4.2 Live load : 

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. 

fig(3-2)-live load 

Table (3-2) : Live loads 

Number The type of material The value of Live load (KN/m") 
I 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 : 

3.6.1.2 Sold slab: 

fig(3-4)-real two way rib & sample in the project 

• " 
~~ 

We use this method when the height of the spaces s important , and we don't have 
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 
direction of transfer load: 

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: 

t-·-·-· 
l » - » ]loo 

, --- - -B- -- . , . __ -n- . 53 

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. 

fig(3-9)- circular column 

3.6.4 Shear wall: 

fig(3- I 0) - rectangular column 

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 . 

tHiwuHr#illy±+j 
\-+ _JJ 

fig(3- I l)-- shear wall 

26 
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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 : 

column rebars 

[all ll 
column , w--,__,_,__~., column stirrups 

spread footing's neck A~ 1 stirrups in the joint area 
, I . 
} ( {i { tooting ] r hook 
£ vs/ 

...... 
reinforcement bar grate 

fig(3-12)- isolated footing 

fig(3-13) - strip footing 
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m 
I I 

--$---$-- -m- 9I 

I I 

= +hA a a 

L _j 
I 

-DB­ m 

a-a 

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 

formwork 

fig(3-15) - stairs 
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m 
I I 

tpf} EB 

= +pA a a 

L _j 
I 

-EB­ EB 

a-a 

fig(3-14) - Mat footing 

.6.6 Stairs: 

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

~~ 

stringer 

fig3-15) - 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) 

\ 

?: 

; ::. 
U· 
i: 
'CL 
{­ ~: ,..........,_...--., ·~ 
~ ~ 
~ ~~ - 

♦• 

.. -~,- t"' \• ~--=-·_.. 
( 

s 

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 

29 



'fapter 4: A.S.1.34 Structura[ Jlna[ysis &Z Design 

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, ST AADpro, Safe And Etabs to find the internal forces, deflections, Shear and moments 

r 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 

= 567.8/18.5 = 30.69 cm. 

hma for both-end continuous (for Ribs)= L/21 

= 635/21 = 31.09 cm 

hmin for one-end continuous(for Beams)= L/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= 32cmwith hollow block 24 cm & Topping 8cm. 

4.3 Determination of Loads of ribs :- 

Tiles 3 cm 
Morar 2 om, 
'Coarse Sand fill 7 cm 
[R concrete Topping 8 cm 
'concrete block 
Concrete rib 
laster 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 
yb h KN/m/rib 

Tiles 0.03*0.52*23 0.359 

Mortar 0.03*0.52*22 0.343 

Course Sand 0.07*0.52* 17 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 
yb h KN/m 

Tiles 0.03*1 *23 0.69 
Mortar 0.02*1 *22 0.44 
Sand 0.07*17*1 1.19 

Topping 0.08*1 *25 2 

Partitions 2.3*1 2.3 

Sum 6.84 

Live Load= 2.5KN/m. (for Studies) 

W,,= 1.2 DL+1.6 LL 

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

Lr, w,, *z2 12.208*0.42 

).Iu= = 
12 12 

= O. l 628KN.m. i:' "" s 
t===== L =====t 

yw 

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

(/)Mn> Mu- Strength condition, where = 0.55-for plane concrete. 

>Ma=0.42fr+bh 
6 

Where Sm for rectangular section of the slab : 

bh? 1000 * 802 Sr =,= ¢ =1066666.67mm 
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=0.42 4,/37 4100080°_ 93,19KN.m. 
6 

¢*Mn= 0.55* 2.19 = l.2KN.m. 
) 
¢*Mn= 1.2 > Mu = 0.1628KN.m. OK! 

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

shrinkage and temperature reinforcement. 

According to ACI 7.12.2.1 ,Pshrinkage = 0.0018 

As= p * b * t = 0.0018 * 1000 * 80 = 144mm2 /m strip 

Try bars@8 with A,==50.27mm 

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

Take 308 with As=150.8mm2/m strip or 8@300mm in both directions. 

Step(s) is the smallest of: 

1. S= 3 h = 380 =240 mm( control) 

2. S=450 mm 

3. s = 380 (280)- 2.5cc = 380 (2 280 )- 2.5 » 20 = 349mm 
fs -»400 

3 

but 

(280) ( 280 ) s < 300 - = 300 2 = 315mm 
fs -»400 

3 

Take 08@200mm in both direction. 

s=200mm <smax=240mm - ok 
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4.5 Design of Ribl-17 :- 

1 2 3 4 5 6 
1 2 3 4 5 
A) : A) : A) A A) 

C : : J ~ ~ ~ ~ ~ 
0.8 3.48 0.8 3.93 0.8 4.7 0.8 5.97 0.8 5.14 0.5 

I I I I I I I I I I I I 4.28 4.73 5.5 6.77 5.79 
52. 

{7= 
12. 
AA 

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 

' " ,, ,,, I ,,, ' " ' l/ \l/ \l/ I ly h 
I 4.28 4.73 5.5 6.77 5.79 \ 

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

t 
hi.so, 

t 
Lil l 

t 
I i l 

4.28 4.73 5.5 t 
I li.ail I 

6.77 , I is l 
5.79 t 

Figure ( 4-5) : loading of Rib 0-17 
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ments: spans 1 to 5 

-37.1 
-30.6 

13.3 13. 
20.4 22.8 

Units:kN,meter 

1 

[1n1, 2s1 [ 237, 2.37 [ 248' iis, 3.39 3.39 3.47 I 2.32 

Figure ( 4-6) : Moment Envelope of rib 0-1 7. 

tear 

-31.4 
-23.2 

-27. 
-21.7 -26. 

-17.8 

15.3 

-16.4 
-21.7 

-16. 
-20. 

16.5 18.2 
21.9 23.5 24.2 

29.5 
26.5 

31.8 

Figure (4-7) : Shear Envelope of rib 0-1 7. 
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4.5.1 Design of flexure: 

4.5.1.1 Design of Positive moment of rib 0-17:- 

i\.ssume 2<1>12mm (+ve moment),.. 

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

A2<1>12 = 113.lmm2 

_{ v» 1.4 _ 
Asmin - ( )(bwXd)_ (bwXd) (ACI 10.5.1) 

4 ff ff 

,, s28_ goo)ass)> '©(aozso) 
"" 4(420) 420 

As min = 100.08 < 114 As,, =114.4mm cc to ... on o 

226.2 mm? > As min = 114.4mm2 

Tension = compression 

As * fy = 0.85 * fc' * b * a 

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

c = !!.... = 8·96 = 10.54mm 
B, 0.85 

& = 286-10.54 X0.003 
s 10.54 

&s = 0.0784 > 0.005 
h = 0.9. 

9 ·we Mn= As.fy(d=5)= 226.2 * 420 286-, = 26.745 kN.m 

¢Mn=Mu =0.9*26.745 = 24.071 kN.m. 
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ssume 2'1>10mm (+ve moment},., 

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

2a01o= 157.08mm? 

4E-4, = ts min 4(jy) bw d - jy (bw X d} (ACJ 10.5.1) 

Asmin = 100.43 < 114 As min = 114.8mm. control 

.57.08 mm? > As,, =114.8mm 

Tension = compression 

As * fy = 0.85 * ft' * b * a 

157.08 * 420 = 0.85 * 520 * 24 * a 
a=6.22mm 

a 6.22 
c = - = - = 7.32mm 

B, 0.85 

& = 287 -7.32 X0.003 
s 7.32 

&s = 0.115 > 0.005 
h = 0.9. 

( a) ( Mn= As.fy d=5'= 157.08 * 420 287--, = 18.73 kN.m 

6 Mn=Mu =0.918.73 = 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. 

\2a14= 307.88mm? 

_ ffe > 1.4= As min - 4(bl) (bw Xd) _ .bl (bw Xd) (ACJ 10.5.1) 

As, =99,73 <114 As,,, =l14mm,,, ... con ro 

307.88 mm? > As min = 114mm2 

Q 

Tension = compression 

As * fy = 0.85 * Jc' * b * a 

307.88 * 420 = 0.85 * 120 * 24 * a 
a=52.87mm 

c = !!.._ = 52·87 = 62.2mm 
B, 0.85 

, 285 - 62.2 X0.003 
s 62.2 
8s = 0.01075 > 0.005 
= 0.9. 

« (% asn Mn=As.fy(d-;)=307.8 »420(285-, l=33.43kN.m 

6 Mn=Mu =0.933.43 = 30.084kN.m. 

40 



apter4; Jl.S. JI.. 'lvf_ Structura{ Jlna{ysis cs{, (])esign 

Assume bars diameter of 12mm{-ve moment).,, 

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

A2a1a= 113.1mm? 

_Me JA As min - 4(,6;) {bw Xd) _ fy {bw Xd} (ACJ -10.5.1) 

«-,[,,of2so> ); eofso) 
mm 4 420 420 

Asmin = 100.08 < 114 As,,, =114.4mm ,, ... con ro 

226.2 mm > As min = l l 4.4mm2 

Tension = compression 

As * fy = 0.85 * Jc' * b * a 

226.2 * 420 = 0.85 * 120 * 24 * a 
a=38.81mm 

c = !!_ _38.81 45.66mm 
B, 0.85 

8 = 286-45.66 X0.003 
s 45.66 

&5 = 0.0158 > 0.005 
h= 0.9. 

a, 3(% asst Mn= As.fy (@-5)= 226.2 * 420 286-, = 25.33 kN.m 

d Mn=Mu = 0.9*25.33 = 22.797 kN.m. 
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ssume bars diameter of l0mm(-ve moment}.,, 

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

\2a1o= 157.08mm? 

e 414 As min = 4(DJ) (bw Xd) _ fy (bw Xd} (ACI -10.5.1) 

,_ s28 (po2sz)> tao)fzs7) 
"" 4(420) 420 

As,, = 100.43 < 114 Asmin = 114.8mm2 
... control 

157.08 mm? > As,, =114.8mm 

Tension = compression 

As * fy = 0.85 * Jc' * b * a 

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

c = !!.._ _26.95_ 31.71mm 
B, 0.85 

, 287-31.71 X0.003 
s 31.71 

&s = 0.02415 > 0.005 
h = 0.9. 

") ·( vs Mn= As.fy ( d -2 = 157.08 * 420 287--, = 18.045kN. m 

6 Mn=Mu = 0.9*18.045 = 16.241 kN.m. 
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'Ii.apter 4: ;I.S.;I.:M Structural Analysis &Z Design 

.5.2 Design of shear of rib 0-17 : 

) Vud = 25.9 KN➔at Support 5 

> V c= <I> * ffe bw * d 
6 

44 0.75, 120.286 

=21.015 KN 

l.1 * <I> Ve= 1.1 *28.02 = 23.118 KN. 

V%a='» /2412028610 ®=112.088 KN 

Vs=V,-V,-?5-9 30.824 = 3.7 
0.75 

The Section is large enough 

Check for items:- 

Case I: 

Vu<d Vc/2 

25.9> 11.559 ( Not Ok ) 

Case II: 

<I> Vc/2 :S Vu< d Ve 

11.559<25.9 >23.118 ( not ok ) 

Case III: 

Ve[;·fr -, +a 

- 
1 * -v'24 * 120 * 286 * 10-3 16 

=10.508 KN 
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Cfapter 4: Jl.S. JI.. 9vl Structura{ Jlna{ysis ct!, (J)esign 

Or: 

1 1 Vsmia,by d=;120»286+107°= 11.44KN .....control 

<l>(Vc+Vs,min)=3 l.668 KN 

q>Vc=23.l 18 :S Vu=25.9 :S<l>(Vc+Vs,min)=31.668 KN ... (OK) 

Av 1 F hw 1 r;:;-;- 120 -==-.f, --=-V24=(),087 s 16 ye 16 420 

Or: 

A, 1 b, 1 120 
-=-=-=()()95 .«..%.,,c0nr0l 
s 3 fyt 3 420 

Use stirrups 2U-shape (2-lg stirrups) D 8 mm with Av=l00.53 

S=1055.65mrn 

S < 600 or d 286 S<- = - = 143mm 2 2 

Take s=125mrn 

Use stirrups 2U-shape (2-lg stirrups) <I> 8 mm@l25mm 

2) Vud = 23.6 KN➔at Support 4 

Case I: 

Vu :S <l> Vc/2 

23.6> 11.559 ( Not Ok ) 

Case II: 

<l> V c/2 :S Vu :S <l> V c 

11.559<23.6 >23.118 ( not ok ) 
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Case III: 

Var,]';·/E? <, -@ 

) 4,/2K» 120 » 286 » 10-3 
16 

=10.508 KN 

Or: 

· 1 1 
Vs,min- 3 b, d =; 120 * 286 * 10-3 = 11.44KN ....... control 

<l>(Vc+Vs,min)=31.668 KN 

~Vc=23.118 :S Vu=23.6 :S<l>(Vc+Vs,min)=31.668 KN ... (OK) 

Av 1 F hw 1 . r;:;-;- 120 =-,f, -=-V24=(0.087 
s 16 fye 16 420 

Or: 

A, 1 b 1 120 
-=-*- =-*-= 0.095 control 
s 3 [yt 3 420 

Use stirrups 2U-shape (2-lg stirrups) <l> 8 mm with Av=I00.53 

S=1055.65mm 

S < 600 d 286 S<- = - = 143mm 
2 2 

Take s=125mm 

or 

Use stirrups 2U-shape (2-lg stirrups) <I> 8 mm<@125mm 

3) Vud = 17.6 KN>at Support 3 

Case I: 

Vu:::; <l> Vc/2 

23.6> 11.559 ( Not Ok ) 
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Chapter 4: A.$.21.9 Structura{ Jlna{ysis <tl, (J)esign 

Case II: 

<I> Vc/2 :S Vu :S <I> Ve 

11.559<23.6 >23.118 ( ok ) 

Minimum shear reinforcement is required except for concrete joist construction.So,No shear 
reinforcement is provided . 

4.6 Design of Beam: > Beam (0-55) 

Figure ( 4-8) : Beam 0-55 Plan 
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4.6.1 Determination of Dead load of beam:­ 

Table(4-3) : Dead load of beam 

Type KN/m yb h 

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.lDetermination 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= l .6*live load= l .6*35.42= 56.67 KN/m 
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Cfapter4: A.$.1.3 Structural Analysis &Z Design 

Geometry Units:meter,cm 

t 2 3 4 5 1 2 
Al ;;J 3 4 

C = = ;;J = Al 

J ~ ~ ~ ~ 0.4 4.96 0.6 4.35 0.6 4.25 0.6 4.67 0.4 I I 5.46 I I 4.95 I I I I I I 4.85 5.17 

0 
80. 
A-A 

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

Loading 
load group no. 1 
Dead load • Service 

74.8 71.8 71.8 71.8 

~ - A 4 ¢ a r A 

6.46 495 4,35 6.TI 

Live load - Service 

Unlts:kN,meter 

Load factors: 1.20,1.20/1,60,0.00 

i f l l I 1 l I 
6.46 4.95 f -4JS5 5.17 t 

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

M o m e n t / s h e a r E n v e I o p e (Factored} Units:kN,meter 

Moments: spans 1 to 4 
-490.5 -449.9 

395.8 
355.1 

2.18 3.28 2.72 2.23 2.18 2.67 3.1 2.07 

Figure (4-11): Beam (0-55)Moment diagram 
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Shear 
-514.6 

439.2 
Reactions 

Factored . I 
I' I I I I I I I I I ,, 

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 201.24 727.75 513,29 697.78 488.25 
Service 
DeadR 178.59 498.49 357.19 476.66 168.4 
LiveR 85.52 228.99 200.24 220.89 81.58 
MaxR 264.11 727.49 557.43 697.55 249.99 
MinR 470.42 579.47 410.4 555.28 159.76 

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 <I> 18 bw=80cm h= 32 cm 

l) M,=395.8 KN .m 

d = 520 - 40 - 18/2 = 4 71 mm 

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

<I>Mn max= <P 0.85 fc' *a*b (d-a/2) 

0.820.85 24171.57800(471-171.57/2)10-6 = 884.46 KN.m>Mu =395.8 KN.m. 
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fapter4: A.,$.21. Structura{ Jlna{ysis <d, (J)esign 

❖ Design as Singly :­ 
tin= Mu/0.9= 395.8/0.9 = 439.77 KN.m 

Mn 
3»a? 

395.8106 
800*(471)2 

2.23 Mpa 

1 ( I 2(2.23)(20.6) 
J = -- 1 - ____.:__:......:...___:_ ) = 0. 00 5 63 

20.6 420 

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

ffe X 1.4 As min , @)> ff (bw Xd) (ACI -10.5.1) 

✓24- 1.4 
As,57, ,y(800)471) <4; ; (8oo)471) 

4 420 420 

As . = l256mm2 
mm 

2123.94 mm > As min =1256mm OK. 

# of bars= As/ As bar= 2123.94 /254.34 = 9 bars. * Note A<1>1s=256.34mm2 

❖ Check for strain: 

Tension = compression 

As * fy = 0.85 * Jc' * b * a 

_ 2123.94 *420 54 66 a----= . mm 0.85+24+800 

so 



iapter 4: A.$.1.9 Structura{ Jl.na{ysis (t[, (J)esign 

c = 64.31 mm 

( d-c (471-64 31) €=0.003» ,)=0.003% ,4al =0.00632 > 0.005 
(/J=0.9. 

Mn= 0.85fc' ab ( d -f) = 0.85 * 24 * 64.31 * 800 * ( 471- 6\31) 
= 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) I 8 = 67.25 mm> 25 mm Ok 

2M,=193.9 KN .m 

) = 520 - 40 - 18/2 = 4 71 mm 

:max= 3/7 d= 3*471 /7=201.85 mm a=0.85 C= 0.85*201.85=171.57 mm 

l>Mn max= <I> 0.85 fc' *a*b (d-a/2) 

0.820.85 24171.57800(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 
Rn=-­ bd? 

215.44106 
800*(471)2 

1.214 Mpa 

-e p=-(1- 1---) 
m .fy 

=-± - hy. 24.214920.6),,- 6.00298 
20.6 420 
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apter 4: Jl.S. JI .M Structura{ Jlna{ysis ~ (])esign 

s = 0.00298(800) (471) = 1123.64 mm? 

I - ffe )> 1.4 
~min - 4(.,6,) (bwXd - fe (bwXd) (ACJ -10.5.1) 

ls min 3,toe- ',, ceooreno 4 420 420 

ts . =1256mm mm 

123.64 mm? > As min =1256mm 
OK. 

of bars= As/ As bar= 1123.64 /254.34 = 5 bars. * Note A<1>1s=256.34mm2 

,"7pg_, 
' .... .-.t..;....,t, - • 

❖ Check for strain: 

Tension = compression 

As * fy = 0.85 * Jc' * b * a 
a = 1271.7-420 32,72 mm 

0.85+24+800 

c = 38.5 mm 

a-c. (±-a@sy 0.oos E = 0.003 * (-c-) = 0.003» ae.s = 0.0336 > . 

(/J =0.9. 

Mn= 0.85/ c' ab (d S)= 0.85 * 24 * 32.72 * 800 * ( 471- 32~72) 
= 242.773KN.m 

(/JMn = 0.9 * 242.77 = 218.5 KN.m > 193.9KN.m 
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iapter4: A.$.1.9 Structural Analysis &Z Design 

❖ Check for spacing 

= (800 - 402 - 210 -5*18) / 4 = 152.5 mm> 25 mm Ok 

1 M,=192 KN .m 

} M .. =355.1 KN .m 

.6.2.2 Design of negative moment: 

\.ssume bars of <I> 18 

w=110cm h=32 cm 

l= 520 - 40 - 18/2 = 4 71 mm 

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

pMn max = <I> 0.85 fc' *a*b (d-a/2) 

0.820.85 24171.57800(471-171.57/2)10-6 = 884.46 KN.m>Mu =395.8 KN.m. 

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

• • ' ' l - • ' • ._. , • , ; - - • ' , r, 1 
~ - - - - • ~, - - - -- ...... _..!') 

2) Mu= 195.3 KN .m 

3) Mu= 326.0 KN .m 

53 
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.6.2.3 Design of shear : 

) Vu = 245.3 KN ➔ support (1) 

1 
'=z1%W24»800 » 471 » 107° = 307.65 KN 

. 1 
~ * (/) * Vc =5+0.75 * 307.65 = 115.37 KN 

Case I: 

(Not Ok) 

Case II: 

+V,= 0.75 * 307.65 = 230.73KN 

1 50+V.<V,<+0»V, (Not Ok) 

Case III: 
1 s an = 77 V24 %800 »«471 » 107°= 115.37 KN 

1 
stn =>5 800 » 471 % 107° = 125.6 KN 

</J(Vc +Vs.min)= 0.75(307.65 + 125.6) = 324.93 

230.73 < 245.3 < 324.93 ( Ok) 

Use stirrups U - shape(4- leg stirrups )(/)10 with Av.min= 4 * 78.54 = 314.159 mm2 

Aotn _ 1 [t: bw 1 r,,; 800 Aymin_ 583 '-r> J, >t>k\//4k) ' = n 
S 16 C [yt 16 420 S 
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.!!!!!! _ ;_ * bw = ..!,_ * ~ ➔ Av.min _ 
s - 3 /yt 16 420 s - 0,635 control 

L4.159 - = 0.635 > s = 494.8mm 
s 

d 471 
a S5=F> =235.5 or Smax 5< 600 mm 

ake s=I5cm. 

2)Vu = 393.2 KN➔ support (2) 

1 ~ = 6* 1 * ff4 * 800 * 471 * 10-3 = 307.65 KN 

. 1 
: * (ih l{; = 2 * 0.75 * 307.65 = 115.37 KN 

Case I: 

(Not Ok) 

Case II: 

(/J V, = 0.75 * 307.65 = 230.73KN 
1 50·V.<V,<+©+V, (Not Ok) 

Case III: 
1 

sin +z V24 »800 »471 % 107° = 115.37 KN 

1 
snn =z 800 » 471 + 107° = 125.6 KN 

r/J(Vc +V,a) = 0.75(307.65 + 125.6) = 324.93 

0V. <V, < d(V+Vs,») 

230.73 < 393.2 < 324.93 (Not Ok) 
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ase IV: 

1 [ '=5[f% ·+d 

1 :' = 3 * ..fi4 * 800 * 471 * 10-3 = 615.30 Kn 

(V, + V') = 0.75(307.65 + 615.30) = 692.21 KN 

07.65 < 393.2 < 692.21 Ok 

Jse stirrups U - shape(4- leg stirrups )010 with Av= 4 * 78.54 = 314.159 mm2 

393.2 
1s =,-V,= 0_75 - 307.65 = 216.61KN 

4% V, 314.159%10-3 216.61 
;,a' s «20-m7°·=2a6.s9mm 

d 471 
Sax 55=, =232.5 or Smax 5 600 mm 

Takes= 15cm 

3)Vu = 254.1 KN➔ support (3) 

1 
V. = - * 1 * ..fi4 * 800 * 471 * 10-3 = 307.65 KN 6 

1 1 z * 0 * 'Vc = 2 * 0.75 * 307.65 = 115.37 KN 
Case I: 

(Not Ok) 

Case II: 
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V,= 0.75 * 307.65 = 230.73KN 

* </J * Vc < Vu :5* 0 * Vc (Not Ok) 

'ase III: 
1 

'smtn 7 7zV24+800 + 471 » 107° = 115.37 KN 

1 
r • = -3 * 800 * 471 * 10-3 = 125.6 KN s,min 

~(Vc + Vs,min) = 0.75(307.65 + 125.6) = 324.93 

V, <V, <0(V,+ V,) 

230.73 < 254.1 < 324.93 ( Ok) 

'lse stirrups U - shape( 4 - leg stirrups )010 with Ay,min = 4 * 78.54 = 314.159 mm2 

A · ° 1 800 A · v,min p! 'W _ r.p-4 v,min _ 0583 =®»k fr k, > k\// k» J 
S 16 c /yt 16 420 S , 

Av,min 1 by 1 800 Ay.nin _ () 635 t l -- - - * - - - * ➔ - • . .......•.... con ro s 3 fyt 16 420 s 

314.159 --- = 0.635 > s = 494.8mm s 

d 471 Siar S5=,=235.5 

Take s=l5cm. 

or Smax 5 600 mm 

4)Vu =367.9KN support {4) 

1 V,=--%1%W27» 800 + 471 ± 1073 = 307.65 KN 
6 

1 1 
2 * </J * 11c = 2 * 0.75 * 307.65 = 115.37 KN 
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iapter4: tl.S.Jl.:M. Structura{ Jlna{ysis <d, (])esign 

se I: 

(Not Ok) 

se II: 

* t1c = 0.75 * 307.65 = 230.73KN 

(Not Ok) 

ase III: 
1 

smtn 7 4z V24 » 800 « 471 + 107° = 115.37 KN 

1 
s,min = 3 * 800 * 471 * 10-

3 = 125.6 KN 

{t'c + V,) = 0.75(307.65 + 125.6) = 324.93 

1V, <V, < d(V,+Va) 

230.73 < 393.2 < 324.93 (Not Ok) 

Case IV: 

/ 1 ,:; Vs = 3 * ✓fc * bw * d 

' =1,2@» 800 »471 » 107° = 615.30 Kn 
3 

0(V+ V') = 0.75307.65 + 615.30) = 692.21 KN 

307.65 < 367.9 ::;; 692.21 Ok 

A, V -=-- 
s fyt * d 
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'Jse stirrups U - shape( 4 - leg stirrups )10 with Av = 4 * 78.54 = 314.159 mm2 

367.9 
7,=V,= l1c = 0_75 - 307.65 = 182.88KN 

A, V, 314.159 ±1073 182.88 
sv = /yt * d ➔ s = 420 * 471 ➔ s = 339.81mm 

d 471 
S <-➔=-= 232.5 max - 2 2 or Smax 5 600 mm 

Takes= 15cm 

5)Vu = 226.8 KN➔ support (5) 

\'c = ! * 1 * ..fi4 * 800 + 471 * 10-3 = 307.65 KN 6 

1 1 50+V = 2 * 0.75 * 307.65 = 115.37 KN 

Case I: 

(Not Ok) 

Case II: 

+V,= 0.75 * 307.65 = 230.73KN 
1 50+V,<V,<+d»V (Not Ok) 

Case III: 

V. . = ...!:_ * ..fiA * 800 * 471 * 10-3 = 115.37 KN s,mun 16 

Vs.min=½* 800 * 471 * 10-3 = 125.6 KN 
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o(. + Vs,min) = 0.75(307.65 + 125.6) = 324.93 

0. <V, <0(V.+V,,) 

230.73 < 226.8 < 324.93 ( Ok) 

Use stirrups U - shape(4 - leg stirrups )010 with A,min = 4 » 78.54 = 314.159 mm? 

A . l [t: bw 1 . ,,;. 800 Av min wl-- ,f, =-V24-·""=0,583 s 16 ye 16 420 s 

A . 1 by 1 800 Av.min O 635 um kk>>-'= j,1 '·+·+ss,,,,,COlllO] s 3 fyt 16 420 s 

314·
159 

= 0.635 ➔ s = 494.8mm 
s 

d 471 s <-➔=-= 235.5 
max - 2 2 or Smax < 600 mm 

Take s=l5cm. 

4.6.2.4 Cut of Bars Calculations :­ 

According to German code (DIN 1045-1) :- 

Required Reinforcement At End Supports: 

❖ The first & final support :­ 

Fsd,R = VEd.O 4 NEd.O > VEa.o 
' ' z ' - 2 

VEd,0 A = 245.3 KN. 

al= 0.54 * d = 0.54 * 245.3 = 132.46 mm. 

z=0.9 * 245 .3 = 220. 77 mm. 

Fsd,R = 245.31 *132.46 + 0.0 2'.: ~ 
220.77 2 

Fsd,R = 147.17 2'.: 122.65. 
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Fsd,R 147.17 =4.672 c 2 Asreq o.75 x fy o.75 X42 m · 

As,prov = 9018 = 9*2.54 = 22.86 > 4.67 > 0.25* AsPos=0.25*22.86 =5.715 cm2 

Lbd. = !.. * Lb,net *a> 15 cm > 6*db 
' Jr 3 

Lb,net= Ldt 

9 fy pt+peps ,7 
Lav= rt7 c+tr lb 10 Wfc' ai 

cb=.!..*67.25 = 33.625mm. - control. 
2 

20 
Or = 40 + 10 + - = 60mm 
' 2 

9 420 1-1-0.8 ()=493.82 Ldt=-kk2 = mm, 10 /z@ 2.5 

a. As,req = 4.67 = 0.204 
As.prov. 22.86 

Lbdir = !.. * 493.82 * 0.204= 67.16 mm> 150mm.> 6*db=108mm. 
' 3 

Lavailable= 600 - 40 =560 mm >Lb,dir, •, • Ok. 

❖ Lab Splices :- 

Lu-?%.,,";g.a 
10 /fc' ai 

Cb=.!..*306.7 = 153.33mm- control. 
2 

20 or, = 40 + 1 0 + - = 60mm. 
2 

L 9 420 1*1*0.8 20 - 493 82 mm ([f k » pk w , s'.% 
10 /24 2.5 

L%= 1.30 La= 641.966 mm. 
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.7 Design of Two Way Rib Slab (R0-15): 

Span= 9.81 

Figure (4-13): two-way rib slab(0-15). 

14 / ··/ 
40 

Two Way Ribbed Slab 
Figure (4-14): T Section . 
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(4· -----------a:Q:•~s!.L.•tlh;-:M~-------..!,5.m~ruL~fu~!&.oo 
~ Structura{ Jlna{ysis ~ <Desi9n 

~ 40*8*4+32*14*16 =llcm 
y:::-40*8+32 *14 

52x(I1)3 (40)x33 + 12x(25)3 
I,ib::: 3 3 3 

/ ::: 85930.66cm4 

rib 

, Exterior beams : 

L,9=.l_bh
3 =__!.._*50*(36)3 =194400cm4 =J 

B.,.... 12 12 B0-51 

• Interior beams : 

h,,='-hr =' #go(56)° =311040cm =I, s, 
12 12 

1. The exterior beam :(beam 0-49 & 0-51& 0-50): 

✓ The short direction = 9 .20 m = 920cm 

(,= ImB(l/2+bw) = (85930x (920 +50))/54 = 811561.lcm4 
b, 2 

✓ The long direction= 11.45 m = 1145cm 

Is2= ImB(l /2 + bw) = (85930 x (1145 + 50)) / 54 = 990581.944cm 
b, 2 

' The interior beam :(beam 0-50 & 0-56): 
✓ The long direction = 11.45 m = 1145cm 

1,-(ls ho a, /::: wo 'ji++b,) 920 943 .g)/54=1609596.2cm 
S) 2 =(85930x, 2 + 

b, 
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]bl - 194400 = 0.239 
a,7 777 811561 

sl 

_[E_== 194400 = 0.196 
d, I 990581 

s2 

- h1 == 311040 = 0.314 
a3- J 990581 

sl 

_h_ 311040_ g.193 
0, 1s2 1609596 

a,+a, +0, +, 
d7 4 

lU' ------ 
-r 

N#hf5 7fl? 0.239+0.196+ O.314+O.l 93 
4 0.2355 

0.2<a<2==>O.2< 0.2355 < 2 

According to ACl-code: 

h = l(0.8+ jy/14OO) 
m 36 + 5,B(a fl" - 0.2) 

L, 1145 
P=-=-=1.244 

Lb 920 

h = 1145*(0.8+420/1400) 
m 36+5*1.244*(0.2355-0.2) 

347.75mm 
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L ad Calculation:­ t.2 
4,7,2.1 Determination of Dead load:­ 

Table(4-4) : Dead loads of tw .: o way ribbed slab 

- Type 
yb h KN/Rib 

- Tiles 0.03*0.522*23 0.187 - Mortar 0.020.52-22 0.119 
Sand 0.07*0.522* 17 0.322 

Topping 0.080.52-25 0.541 
Hollow block 0.42*0.28* 10 0.448 

Plaster 0.03*0.522*22 0.178 

R.C rib 0.12*0.28*25*(0.52+0.4) 0.7728 

Partitions 2.3*0.522 0.621 

Sum 3.19 

Nominal Total Dead Load = 3.19 KN/Rib 

3,19 /(0.52) = 11.8 KN/m2 

Nominal Total live load for studios = 2.5 KN/m? 

4-7.2.2 Determination of factored dead & live load 

Factored dead load= 1.2*Dead load= 1.2*11.8 = 14.16 KN/m? 

Factored Live load= 1.6*Iive load = 1.62.5 = 4 KN/m
2
· 

Total factored load =14.16 + 4 = 18.16 KN/m2 
· 
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A.$.1.9 
Structura{ Jlna{ysis e/Design 

. n for moment: ,7.3 Des1g 

I bis discontinuous from two sides , so it will be assumed as . The s a • 
• - . nalysis for moments ) (ease6 in 

• The moment at discontinuous ed es will be taken as: [1/3M+ve in each direction. 

re 
. : .. ·. ~ - ~ 

- -- 

., ~ ,; : . . . . ·, \ .- 

Figure (4-15): Moment Slab. 

Short- direction (a) case 4 : 
Max Positive Moment :- 

Assume <I> 14 

d=360--20- 10-14/2= 323 mm 

L/Ls = 9.20/11.45 = 0.8 .... ····· .. Case 6 

Casar= 0.045 

Casn= 0.05 I 

* 2*0 52)Figure (4-16): coec Ma(+ve)== (Caa WaLa?0.52)+(Can W La · 

+49,20-0.52) =(0.04514.169.20°0.52)+(0.05 1 . 

37.02KN.m/Rib 

ient of Slab. 
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~ ,2 ructura Jl.na[ysis ~ (J)esign 

positive moment for a-direction== +31.9IKN.m/Rib. 
---- 

fy = 420 = 20.6 
111 == Q.85* Jc' 0.85 * 24 

Mn = (37.02/0.9)*106 =0.731M a 
R5%77 540(323° ' 

1 ✓ _ 2mRn) 
p=--(l- [I fy 

Ill 

1 - 1 2(0.731)(20.6) ) = 0.00177 
p=-0 420 20.6 

As=pbd= 0.00177*540*323= 309 mm2 

A (ao)sos)> '.(uoszs) 
4(420) 420 

As . = 131.9 < 150.8 mm 

So:Asmin = 150.8 mm2 

As,, 

Asmin < As = 309mm2 

❖ Check for strain: 

a- A,x fy _ 401.92x420 15_32mm 
0.85 x fb 0.85x243x540 

15.32 
C===-=l8.02mm 0.85 

s ,3-18.02,, 993 = 0.0507 > 0.005..0k 
18.02 . 
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~ Structura{ Jlna{ysis ~ (J)esign 

t. e moment for a-direction at the discontinues d negate edge 
~ 
~Ma (+ve} = (1/3)* 37.02 = -12.34KN.m/Rib. 

<I> 12 ssum© 

j=360-20- 10-12/2= 324 mm 

fy = 420 = 20.6 
,n::: 0.85* Jc' 0.85 * 24 

Mn = (12.34 I 0.9) * 106 = 0.932 Mpa 
,17 140 * (324 )2 

1 ✓ 2mRn p=-(1- 1---) 
111 .fy 

- I 2(0.932)(20.6) ) = 0.002274 p=(1- {I 420 
20.6 

As=pbd=.002274x 140x324= 103.17mm2 

,, 28, aoss)> '-(6uo)2s) 
" 4(420) 420 

4s,, =132.27 < 151.2 

Asnin == 151.2 mm2 -contro I 

, =151.2<As= 103.17 mm. 

lake the minimum. 
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ca'' "291.9M Structural Analysis el Design 

4 Check for strain: 
A,x fy = 157. lx420 _ 

a== o.ssxfc'xb 0.85x24x140 - 23·lmm 

_2Bl 27.18mm 
c- 0.85 

_524-2718,0,003 = 0.0327> 0.005.o 
1 27.18 

De negative moment for a-direction a continuous edge:- 

d=360-20-10-14/2= 323 mm 

L/Ls= 9.20/11.45 = 0.8 Case 6 

Ca,neg= 0.086 

Ma(+ve)= ('Ca,, Wa La0.52) 

= (0.086*18.16*9.202*0.52))=68.73KN.m/Rib 

Negative moment for a-direction at continues edge =-68.73KN.m/Rib. 

m == fy 
0.85 * Jc' 

420 =20.6 
0.85* 24 

r- _Mn_ (68.73/0.9910° .5.19Ma 
b a? 140 * (324)2 

p• _I_(!_✓!- 2mRn ) 
m fy 

a p), 26.19920.6) 6.01455 
20.6 420 ) . 

As::: Pbd = 0.001455 x 140 x 324 = 660.23 mm 
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6a!''"h92. Structura{ Jlnafysis et, (J)esign 

± soy)>]",6soya) 
ks» j(420) 420 

,~ . :::: 132.27 < 151.2 
JJ.'(1110 

,. . ::: 151.2 mm2 -contro I 
/JJnlll 

As. ==151.2<As= 660.23 mm. 
min 

❖ Check for strain: 

a As xfy = 157.lx420 = 23.1mm 
0.85xfc'xb 0.85x24x140 

23.1 c=-=27.18mm 
0.85 

324-27.18 
8, - 

27
_ 1
8 

x 0.003 = 0.0327 > 0.005 ... ok 

► Long - direction:(case4) 
❖ Max positive moment : 
Assume <I> 12 

d=360-20- 10-12/2= 324 mm 

La/Lb== 9.20/11.45 = 0.8 Case 4 

Cb= 0.015 

Cb,r=0.019 

Ma(+vc)== ( Cbd1*Wd1*Lb2*0.52)+(Cbn *W n*Lb2*0.52) 
/R.b 

=(0 9,52,=19,66KN.ml.{ 
- .015*14.16*11.452*0.52)+(0.019*4*1 l.45 · - • 
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cal' Structural nalysisf Desian 

. . moment for b-direction = + 19.66KN.m/Rib 
Pos1tive • :--- 

~ = 420 = 20.6 
m = 0.85* Jc' 0.85 * 24 

Mn - (19.66/0.9) * 106 - 0.385Mpa 
° ,1,77 540(324° 

I 1 2(0.385)(20.6) ) = 0.000926 
p=- (l- 420 

20.6 

As== pbd = 0.000926 x 540 x 324 = 162.1 mm2 

,±F a)> ''oxa) " 4() f 

,, 2 (pas)> (6ao)3as) 
nnn 4(420) 420 

4s,,, = 113.4 < 129.6 

Asnin =129.6 mm2-control 

s,, = 129.6 <As= 172.3 mm2 

❖ £,heck for strain: 

as. 4,xfy _ 226x420 .g.61mm 
0.85 x fc 'xb - 0.85x24x540 

C 8.6} 
==-=IO 13mm 0.85 . 
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Jl.S.JI. 'M rapt!" <Structural Analysis &Z Design 
~ x 0.003 = 0.092 > 0.005 ... ok 

c,' 10.13 

ti ve moment for b-direction at the discontinuous edge= (l/3)*19.66 = -6.SSKN.m/Rib The I&ldy""°""FY'Y"Vt"t'.ttttiEL''!'~ _ 's's'l 
Assume <I> 12 

0 20-10-12/2= 324 mm d==36 - 

y = 420 = 20.6 
111 == 0.85 * Jc' 0.85 * 24 

Mn - (6.55 I 0.9) 1o 0.495Mpa 
Rn== b*d2 - 140*(324)2 

1 ~mRn p=-(1- 1---) 
Ill /y 

1 2(0.495)(20-6)) = 0.001194 
p=-(1- I 420 20.6 

As=pbd= 0.001194*140*324 = 54.l7 mm2 

, ±.Ga)> '!ofe) " 4() » 

As. = F4 (120X324)~ l.4 (12oX324) 
nun 4(420) 420 

s,,, =113.4 < 129.6 

Asrrin ==129.6 mm2-control 

Asmin =129.6<As= 54.17 mm2 
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Structural Jlna{ysis &/ Design 

Check for strain: " As xfy = 157.lx420 _ 
a ,755x f,'xb 0.85x24x120 - 26·95mm 

2695.31.71 
c= 85 o. 

324-31.71 
6 

== x 0.003 = 0.0276 > 0.005 ... ok 
s 31.71 

4,7.4 Design for shear: 

The shear in the slab calculated by using tributary area for shear: 

wu == 1.2 DL+ l .6LL = 1.2 * 11.88 + 1.6* 2.5 = 18.256 KN/m 2 

Vud =wuxbf(ln/2-d) 
Vud = l8.256x 0.52x (9.2/2-0.324) = 40.6KN 

n-'![pow a 
6 

n-,54xi4» 324*101'-3 = 40.74KN 
6 

¢Ve= 0.75 * 40.74 = 30.55KN 

¢Ve =30.55< Vud =40.6 

V:· 1 1 ,z; smin =-bwx d >x,/.fc' x bw x d 
3 16 

V: . 1 smin =--x140x324x10--3 = 15.1 lKN 
3 

s. re: j7 V24 x140 324x 10--3 = 10.03 

¢Ve= 30.55 < Vu = 40.6 ~¢(Ve+ Vs min) = 45.65 
? 

. A =250=100mm Proia, . 2 p 8 for stirrups v - e mm1mum shear reinforcement ... use 
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Structura{ Jlna{ysi,s rd, (J)esi.en 

b l * 140 ~:::: 3Fy, = 3 420 = 0.1111 
s 
~ === 0.1111,,,,, s = 900mm 
s 

=324/2=162 mm -control s <dh2= 

<600 mm. 
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etets: "R98.9M Structural analysis &Z Design ~ Structural Jhla[ysis <tl, (J)esign 

sian Flate plate. 4..' =s 

We use SAFE Program to design the flat plate in the project. The plan of ground floor was divided 
. 6 parts by expansion joints three of theme was flat plate into · 

We will show you one of theme as sample of solution, the first flat plate entered into the SAFE 
Program and this is the procedure . 

4.8.1 Drawing the Plan as DXF : 

We draw the plan on the AUTOCAD as DXF format . After entering the drawing into SAFE Program 
we define all materials (slap, column, beams, shear wall, ..... ), members and combinations, and 
' redraw it there . 

□ ; Q 

/ 
i:, 

O 

('.I 
i:, 

(l 
0 

0 0 

0 

> 0 

Fig (4-16 ):plan on AutoCAD as DXF 
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Structura[ Jlna[ysis &Z Design 

4,8.2 Determination of Slab Thickness: 

Fig (4-17 ):plan on SAFE Program 

We can determine min. thickness of Flat plate which is without interior beams and drop panel (with fy = 
420 Mpa ) , as following : 

I. for Exterior panels without edge beams: 

·an length (L = 8.0m)>3->h,,, =._ ]= o.2666 
· mm 30 30 

2· for Interior panels: 

span length (L = 8 Om) ➔➔➔ h . = .!!:. = ~ = 0.2424 · min 33 33 

Se slab thickness =30 cm. 
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3 Determination of the Loads: 
48 

for the 1floor : 

Tiles==23*.03=0.69 KN/m2 

far=220.3=0.66 KN/m? 

sand== 170.7=1.19 KN/m? 

partition=2.3 KN/m2 

Concrete=.0.35*25*1 = 8.75KN/m2 

Total Super dead load =0.69+.66+ 1.19+2.3 + 8.75 = 13.59 KN/m? 

Live load = 5 KN/m2 

Then, we enter these values into the SAFE drawing and apply the self weight as service loads . 

Lr» 

I : 

i .1. 1 I···! 

r ! 

s.00 
L. - ;_... 5.00 I ; 

s.00 

l 
J!!1 
so 
I 

i I I 

Fig (4-19 ):live load 
Fig ( 4-18 ): dead load 
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Structura{ J-1.na{ysis ~ (})esign 

Cb k the Allowable deflection: 4,8.4 1ec 

After finishing the whole procedure(initial dead load deflection , intial dead + live load deflection , 
deflection , and the load compensation required) , when we running the program take the tong term 

following result . 

b Id compare the deflection with the maximum one. we shou 

L 
max.def. (A)= 360 

8.0 an L - 8 Om ➔➔➔ max. Ii.= - = 22.22 mm for max. sp - · 360 

A== -8.0mm <max.A= -27.8 
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5 pesign of Moment: 4,8, 

Fig(4-21 ): moment in X-direction 

I 
I 4 

· I +· 11 L 1

. L . --~ .. 
I.' '. 

• ~: ~ ; i 

I ' . 

:_jF l·· 
·-- -= 

l ··1 
I 

Therefore , the Bottom reinforcement is <j> l 2@150 cm c/c in both direction and the Top reinforcement is 
$14@15 cm c/c in both direction . as Basic Meshes with additional reinforcement in some areas as 

shown in the next figures . 

, -~-l ..i--1- 
: ·j . 

: . l 200: ......,:'-l--1-1-: ...c:--i: 60; - 

..9, 
, i l~ 
!' a 
++%, 

;-!.lo: J : 

Fig (4-22 ):moment in Y-direction 

E•3 
E•3 

13.0 

12.0 

fl:O 

10.0 
9.0 

8.0 

7.01 
6.0 

6'.o· l 
..... 4:0 

3.0 

2.0 

1.0 

o.o 

@20 cm c/c in both direction 
Fig (4-23 ):Bottom reinforcement of <j>lZ 

26.0 

24.0 
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4. ----------L.!ll~.S:.:..c)!:!.,l,!M!R_ Structural Analysis el Design ate' g, ,f 
~ ,2tructura 71.na{ysis ~ (l)esign 

! I 

T - 
·­ 

---! 

Fig (4-24 ): Top reinforcement of <j>l4@15cm c/c in both direction 

4.s.6 Design of punching shear: 

\{i., 1 .l I ! , ·-+--- , , , 
! T" r + I , 

• hear of slab Fig ( 4-25): punching s 

l'.!!tt.e is NO problem in punching shear. 

80 
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4 9 
oesign of Stairs : 
~ 

D termination of Slab Thickness: 4,9.1 e 

for Flight: 

j-(5.353) =7.4 m. 

req =L/ 20. 
- 7 4 /20 = 0.3665 m = 36.65 cm. hreq · 

In the case presented here, where the slab end is cast with the supporting beams and additional negative 
reinforcement is provided, minimum thickness can be assumed to be: 

req=L/28 . 

hreq == ( 7.40/28) = 0.264 m. = 26.4 cm 

Take h= 30 cm. 

❖ Minimum slab thickness for deflection is (for a simply supported one-way solid slab). 

Minh= (L/20) _53539,2677m= 26.77 cm. 
20 

5.353 And h = (L/28) =--- 0.1912 m = 19.12 cm. 
28 

Take Minh =250 mm. 

0,30, 1.70 3.30 o.so 
,I ; 

B 

N .. 

N 

© r"l 5 
~ 
-..0 a - & 

["-: c 
\ 

., 
A, '% "s 

' p 9,29. 1.70 
3.30 JJ.50,, 

Fig ( 4-26): stairs details 

81 



Structura{ Jlna{ysis <t{, (J)esign 

L ad Determination: 4,9,2 0 
dead load computation: 
~ 

s")y = tan (") = 29.059. a:: tan run 300 

0-0.25-1) 5,72KN/ 
ete-~-- . m. Coner - cos 29.059 

(22+0.03+1)_ 4/ 
Plastering= cos29.059 0.7S5KN m. 

(
25) (0.1667*0.3) 

stair steps= - * ( 2 ) = 2.0838 KN/m. 
0.3 

((94667+032) 9.02 1=0.6845 KN/ Mortar= 22 ..:.---- * • * - . m. 0.3 

mes - 27+(4667±0352) 2 9.03 » 1= 1.3951 KN/m 
0.3 

Total Dead Load = 10.61 KN/m 

landing Dead load computation: 

Concrete = (200.251) = 5.0 KN/m 

Plastering = (0.03221) = 0.66KN/m2 

Mortar = 0.02221 = 0.44 KN/m 

liles = 0.03221 = 0.66KN/m2 

Total Dead Load = 6. 76 KN/m 

Factored Total Dead Load= 1.2*D+l.6L 

lve load = 5 KN/m. 

~- I 1 ght: w =1.210.61 + 1.6 *S*l = 20.732 kN m 

For landing: w = 1.26.76 + 1.6 *S*l = 16.112 kN/m 
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ter4. --------....L.ll!!..!·•~~- Yl&.~<1L_" ~ __ JYL 

Structura{ Jlna{ysis c1, (J)esign 

L ad Determination: 
4,9,2 0 

dead load computation: 
~ 

s/"y = tan ('@") = 29.059. a:::tan run 300 

20-0.25-1] 5,72KN/ te-~-- . m. oncre! cos 29.059 

(22+0.03+1) 4/ 
stering ,%s 29.0ss 0.755KN/m. 

(
25) (0.1667*0.3) 

stair steps= ( 2 ) = 2.0838 KN/m. 0.3 

-(94667+030) 9,02 1= 0.6845 KN/ Mortar = 22 * • * - . m. 0.3 

mes - 27+(466740352)2 9.03 » 1= 1.3951 KN/m 
0.3 

Total Dead Load = 10.61 KN/m 

landing Dead load computation: 

Concrete = (200.251) = 5.0 KN/m 

Plastering = (0.03221) = 0.66KN/m2 

Mortar = 0.02221 = 0.44 KN/m 

liles = 0.03221 = 0.66KN/m2 

Total Dead Load = 6. 76 KN/m 

Factored Total Dead Load= 1.2*D+1.6L 

Uve load= 5 KN/m. 

~- I 1 ght: w = 1.2*10.61 + 1.6 51 = 20.732 kN/m 
For landing: w = 1.2*6.76 + 1.6 51 = 16.112 kN/m 
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at"98.9M 9tructuraf Analysis &f Design ~ Structura{ Jlna{ysis <t(, <Design 

D sign of tligbt : 4,9,3 e 

I dead load for flight= l.2*10.61 = 12.73 KN/m rota . 

I dead load for landing= l.2*6.76*0.5 = 4.056 KN/m rota . 

ing A TIR program use b = 100 cm. ayus 

Loading 
oad group no. i 

oead load - Service 
Units:kN,meter 

1 .7 

3.55 

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

f I I I I I he r r I I l t l I I 2lo I I 
1.85 3.55 

Fig ( 4-27): loads on stairs 

~ 2.94 

.=- 
I 241 

Fig ( 4-28):Moment on stairs 
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Structura{ Jlna{ysis cZ Design 

Fig (4-29):Shear on stairs 

9.4 Design of Shear for flight: 

1 Assume 0 14 for main reinforcement: 

So,d=200-2O-(14/2) = 173 mm .. 

• Vu=39.2 KN. 

0.75+24 100017310° • ~Ve -------- = 105.94.KN 
6 

1 Vu=39.2 KN<0.Vc = 105.94 KN. 

lath of flight is ok. Since, there is no shear Reinforcement · 
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JI.s. tl.!M 
Structura{ Jlna{ysis ct[, (f)esign 

. n of Bending Moment for Flight: 
5 8 

691 I{N.m. 
y " 

_ lA'u / 0.9 == 69.1/ 0.9 = 76.78 KN.m. 
yr] ·" 

bar diameter 14 for main reinforcement. 
\sun© 

~:::zoo-Z0-( 14/2) == 173 mm. 

Mn 
R ==--T • b·d 

76.78 * 106 = 2.56MPa . 
R,== 1000*(173)2 

fy 
m = 

0.85x Jc' 

m - 
420 = 20.588 

0.85x 24 

A[.,] 
m ~• ~ l ( ---1- 

20.588 
_ 2 * 20.588 * 2.56 J == 0.00653 

l 420 

Asreq = 0.00653 X 1000 XI 73= I 130.52 mm2··· ••••••.••.• control 

Asmin=0.0018 X 1000 X 200 = 360 mm2 

S=il30.5/113.1= 0.10 m 

•'• Ch ' - eek for spacing: 

3h:::3x2so == 750 mm. 
6(g 

'( 280 ) 0 
0 6 - 2.s * 20 = 330mm 

· 67 * 420 
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( 
280 ) s ~ 300 o.667*420 = 300mm control. 

❖ Secondary Reinforcement: 

for shrinkage &Tempreture As provide equal : 

As min = 0.0018 X b X h = 0.0018 X 1000 X 200 =360 mm? 

Use 8 48 /m or 1 4 8@ 12.50 cm. 

❖ Check for strain: 

Tension = Compression 

As * fy = 0. 85 * Jc' * b * a 
1130.5 * 420 = 0.85 24 * 1000 a 
a= 23.275mm 

c=.!!:_=23·275 =27.38mm 
B, 0.85 

& = 173-27.38 * 0.003 
s 27.38 
es = 0.0159 >0.005 >ok 
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es'h92.M Structural Analysis &Z Design ~ Structura[ Jlna[ysis ~ <Design 

6 pesign of landing: 49., 

thickness =20 cm. 
samt© 

I Dead Load For Flight= 1.2x 8.01 + I.6x 5 = 17.612 KN/ rota . m. 

ad group no. 1 _ 
pead load • Service 

Loading 

Units:kN,meter 

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

z I I I SR r t t • I I I I I i I r 
1.65 1.65 

Fig( 4-30) Loads on Landing. 

==, --------- 
Fig( 4-31) Moment Diagram for landing 

16. 

. for landing. 
Fig( 4-32) Shear Diagram 
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Structura[ 'A.na[ysis ~ <Design 

I) S
jan of Shear for Landing: 

J,9,7 e t, 

, »= 16.7KN. 

4fr-,@ 
, ¢Ve== 6 

O.75 * ✓2A * 1000 * 17310° 
, ¢Ve== 6 = 105.94 KN 

1 , vu== 16.7 KN< 20.Vc = O.5*105.94 = 52.97 KN. 

Deoth of flight is ok. Since, there is no shear Reinforcement 
---- 

49.8 Design of bending moment for landing: 

Mu= 15KN.m. 

Mnreq = 15 / 0.9 = 16.67KN.m. 

Assume diameter bar 14 for main reinforcement .because the bar in the landing will be placed on the top 
of the main reinforcement . 

d=200-20-14-(14/2) = 159 mm. 

1. » 'b-a? 

Rn::: 16.67*106 

1000*(159)2 = 0.659MPa . 

I = 
0.85x Jc' 

m - 420 --=--- 0.85 X 24 = 20.588 

P::!(,-~I- 2mR,, J 1 ( 2*2o.sss*0.65iJ==o.ooI595 
ni =-- 1- 1 420 f, 20.588 
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Structura{ J-1.na{ysis ~ (J)esign 

_ 0001595 X 1000 X 159= 253.64 mm? 
yyl." 

, ::= O.OO 18 X 1000 X 200 = 360 mm2 ... control gut 
s min .. 

}6 

& = · rs 

, Check for spacing: ... ~ 

Jh==3*250 == 750mm 

S::450 

( 
280 ) 

S-380 0 - 2.5 * 20 = 330mm - .0.667 * 42 

( 
280 ) s=300 --- = 300mm control. 

0.667*420 

Usel«I> 10@ 15 cm. 

❖ Secondary Reinforcement : 

For shrinkage &Temperature As provide equal: 

Asmin==0.0018X bX h=0.0018X lOOOX200=360mm
2 

Use4<lll4/m or 14 8 @ 12.5 cm. 

•'• Ch • eek for strain: 
Tension== Compression 

A,* fa== 0.85 *Jc' * b * a 
360420 = 0.85 24 * 1000 * a 
a:::7.4llmm 

=®_7.411 
fJ1 -ois" = 8. 72mm 
--8.r2 8,72 )*0.003 
G 'O '051>0.005 > ok 
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Structura[ .?lna[ysis <t(, <Desi.gn 

.6,001595 X 1000 X 159= 253.64 mm? 
jr]7 
ASllllll::::0.0018 X 1000 X 200 = 360 mn. control 
ys min .. 

AS 

,,, Check for spacing: . - 
Jh==3*250 == 750mm 

y450 

( 
280 ) 

5-380 420 
- 2.5 * 20 = 330mm 

- 0.667 * 

( 
280 ) s= 300 --- = 300mm ...... control. 

0.667»420 

Usel(J) 10@ 15 cm. 

❖ Secondary Reinforcement : 

For shrinkage &Temperature As provide equal : 

Asmin=0.0018X bX h=0.0018X lOOOX200=360mm
2 

Use4<1>14/m or 1d 8 @ 12.5 cm. 

❖ Check for strain: 
Tension= Compression 
A *Jy ' == 0.85 *Jc' * b * a 
360*420 = 0.85 * 24 * 1000 * a 
@= 7.411mm 

c::::.!:__ 7.411 , oss 8.72mm 
·,\59-8.72 

8.72 ) * 0.003 
e,:::: O.os 1 > 0.005--ok 
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4. --------...1.tle!:.:·.i.!!s•L!tl;J...5\1L __ lM ~ Structura{ Jl.na{ysis <:1, (J)esien 

.6,001595 X 1000 X 159= 253.64 mm? 
,gs 

. _ .0018 X 1000 X 200 = 360 mm2 •.• control gull 
As min .. 

AS 

y Check for spacing: 

Jh==3*250 == 750mm 

s::450 

( 
280 ) 

5-380 0 - 2.5 * 20 = 330mm 
- 0.667 * 42 

( 
280 ) s=300 --- = 300mm ...... control. 

0.667-420 

Use 1 ct> 10@ 15 cm. 

❖ Secondary Reinforcement : 

For shrinkage &Temperature As provide equal : 

Asmin==0.0018X bX h=0.0018X IOOOX200=360mm
2 

Use4<!)14/m or l<I> 8@ 12.5 cm. 

❖ Check for strain: 
Tension== Compression 

4. fy = 0.85 *Jc' * b * a 
360420 = 0.85 * 24 * 1000 * a 
a::::7.411mm 

c=®_ 7.411 
p

1 
~w=8.72mm 

·-l59-8.72 s.72 * 0.003 
e,:::: O.os 1 > 0.005---ok 
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Structura[ Jlna . 

+3 7 00 

308125(------------= 
(16)D11~D Q)---- T 

Section A-A 

(12)@10@15 7 

0,20 7 / 
3.25 

Fig( 4-33) Sections Details for 
st
airs. 
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A.$.31.93 
Structu c/ Design 

~ 
c:.i 

(11)~1.J Q)------------ 
(16)012@10 (D---- T 

3y035212.5 (S-------is,, 

Section A-A 

1 (!}}2@10 

(12)@10@15 7 

0,20 
I / 7 

3.25 OJ9 
7 / 

Fig(4-33) Sections Details for 
st
airs. 
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capt'' "98.9t Structuraf Analysis & Design Structura{ Jlna{ysis ~ <Design 

10 Design of Short Column: 
4, 

colu!lln (C-I-60) in the Ground Floor of the Medical College. 

410.1 Load Calculation: 

,= 7900 KN. 

¢P%=P» 

Let p =0.02 

A,=0.02 Ag 

6P%a= 60.8[0.85f{'(A, = A,) + 4.f,] = 0.65 x 0.8[0.85 x 24(A,-0.024,) + 0.02 x 4204,] 

(o=0.65 for tied column). 

7900x 10=14.764, 

,\g,req= 535230.4 mm2
• 

Assume Ag= ab and b = 2/3a , then Ag= 2/3a2 , a= 896.1 mm 

Take a =900 mm ,b =600 mm 

4.10.2 Check Slenderness Effect: 

In both direction: 

Klu <34-12% r M2 

, Ag= 540000 mm2 > Agreq 

ACJ(10.12. 2) 

ok. 

Lu: Actual Unsupported Length. 

r·R d' fi' · a ms Of Gyration= 0.3xh N 
. h factor (K) shall be permitted to be 

K== LO, According to ACI 318-08 (10.12.2) the effective lengt 
taken as 1.0 

La=3.0- 0.3 = 2.7 m. 
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clef' "98.9M Structural Analysis el Design 

- 1.0 
M; 

for the width b=0.9 m 

,-0.3 x 0.9 = 0.27 

~ ::; 34 - 12 X 1.0 
0.27 

10 < 22 , short column in first direction direction. 

for the width b=0.6 m 

r=0.3 x 0.6 = 0.18 

~ < 34 - 12 X 1.0 
0.18 

15 < 22 , short column in both directions. 

4.10.3 Select the longitudinal bars: 

~ Pn,max=0.65 X O.8[O.85 x 24(540000 -A,) + 420As] 

As,req = 10451.22 mm2 

Use 22 4625 with As = 10800 mm2 > As,req ok 

- e 100_ 
Ag s40o0 > 0.02 

, try 425 with As =490.9 mm2 

4.10.4 Design for ties: 

use ties ~ 10 with spacing shall not exceed the smallest of : 

> 48xd,= 48 x 10 = 480 mm, 
· 16 x db= 16x 25 = 400 mm. 
- The least dim. Of the column= 600 mm. 

Use $10@250 mm. 

Cont. 
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Structura[ Jlna{ysis ~ (J)esign 

0 5 
Check for code requirements: 

4l 
. clear spacing between longitudinal bars _ 900-40x2-10x2--25x8 

7 == 85.7mm 

85.71 mm> 40mm 
> 1.5 db= 37.5 mm. Ok 

. Gross reinforcement ratio= 0.02, 0.01 <0.0215 <O 

.O of bars== 28 > 4 bars for square columns. .08 ok 

.Min ties diameter: cl> 10 for 432 longitudinal bars and smaller. 

90 
12/ 59 

'\ 

I' 
12f"'----S9 12 

I ----- 

12 52 2 lD : 60 

~ 

52 2 12 
59 27 27 S2 

59 
82 12° 

22025 201O@25,L--246 1010@2S,L==242 010@2S,li=76 

Fig (4-34 ): C-1-60 detail 
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4 ----------t.ll:!!.:-,.l.!,5-L!3~-:M.L Structural_lnafysis e& Design A!S' ~ Structura[ Jlna[ysi,s rt(, <Desi,gn 

D Sign of long column (C6-58): 
J,11 e 

circular Column. 

, so0 KN 

,,-900 KN 

Lu::: !100 KN 

4_11.1 Check the slenderness effect: 

(Non sway system) 

- 1a(") r Mo 
ACJ(l0.12.2) 

r=$~ 0.25D = 0.25 X 0.7 = 0.175 
Lu= 5.0- 0.4 =4.6m 

kLu = lX4.G = 26.3 > 34 - 12 = 22 
r 0.175 

So the column is long. 

4.11.2 Calculate emin ,Mmin: 

emin=l5 +0.03h =15+0.03x700 =36mm. 

Mr= P x emin=S000x0.033 =180 KN.m 

nmoo,f7? = 4700v24 =23025.2 Mpa. 

I _rr.D4 g~~;-== 1.18 xl010mm4. 

~dns-::: ~- 3900 
Pu -5000 =Q.78 <1. 

E.1~ _ o.4x2302s.2x11.s _ 61055 6 KN. m2 
14g4, " ,., ns 1.78 
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4,$.21. 
Structura{ JI.na[ysis <ti., (J)esign 

3
oetermine of Euler buckling load: 

th 

±a_r'«61i • 28478 KN 
nil? @.6) 

4
,ll.4 Calculate the moment magnifier factor: 

Cm==0.6 os() =1 
Cm 1 i-%,= sos = 1.31 > 1 

f.'k ]­ 0.75Pc O.75X28478 

Themagnified (e) and (M): 

e=onsemin=l.31 x36 =47.2 

M=6nsMmin =1.31 xl80 = 235.8 KN.m 

From the interaction diagram constructed in PCA _ COLUMN program: p= 0.0114% 

• • • 
• • 

• y • 
]- 

• • 
• • 

• • • 
700mm diam. 
1.147. relnf. 

P(kN) 
7000 

7lll 
M,JkNml 

COLUMN program. 
Fig (4-35): the results from PCA_ 
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Structura{ 'A.na{ysis <t{, (J)esign 

5 
Select the longitudinal bars: 

(th 

As"'P )(Ag== 0.0114 x rr x (700)2 / 4 =4387.23 mm? 

~== 13.96 
1» 314.16 

e 14420 

4,11.6 Design the stirrups: 

The spacing of ties shall not exceed the smallest of: 

. 16% d»= 16x20 =320 mm 

. 48xd, =48 x 10 =480 mm 
- Least diminution of the column = 700 mm 

Use 410@250mm. 

cont. 

4.11.7 Check for code requirements: 

I 
. b l . . nx580-14X20 - c ear spacmg etween longitudinal bars= = 110.15mm 14 

110.15 mm> 40mm 
>1.5 db= 30 mm. Ok 

· Gross reinforcement ratio= 0.0114, 0.01<0.0114 <0.08 ok 
-NO of bars= 18 > 4 bars for square columns. 
-Min ties diameter: <p 1 O for 432 longitudinal bars and smaller. 

14020 

Fig (4-36 ; C6-58 detail 
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PW 

A.$.1. 
Structura[ Jlna[ysis e/ Design 

unching (two way shear) at interior column in flat plate: Desigt1 of p . . . ,· , w w/, 
/ ,, 
, _, 
/ 

C6-58 
@ 

J 
Flat plate 

. . 700mm cirular Column section is 

huas= 400mm. 

4.12.1 Load calculations: 

ad of the slab: Dead lo 

0.66 

I 

material 
0.03 X 

1.19 
Tile 

Mortar ,- 

Sand 

,- 
~ 

Li KN Ve load = 5 - 
m? 
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rka Sa.9M Structural/Analysis el Design 

_ h b- cover - db = 400 - 20 - 12 == 368 de sla mm. 

jtical section for 2-way shear is at ( ~) from th f: The or 2 · e ace of the column. 

d_~ == 184 mm. 7 2 
Th P

erimeter length of the critical section = b· = nx(700+368) _3 e =355.22 mm. 

The area enclosed within the critical section = nx 1.0682 /4 = 0_896 m2. 

4,12.2 Compute the shear force acting on the critical section: 

W= 1.2 D+ l.6L =1.2 xl4.84 +1.6x5 = 2s.sos " m 
The column reaction from "SAFE" program is 2450 

The factored shear force on the critical section Vu =2405-(0.896x25.808) = 2381.88 KN 

4.12.3 Compute oV: 

-° 4 700 • 

a= 40 , for interior column. 

Ve is the smallest of: 

· ~ ( 1 + ¼) jll. \> . d = o.s x ,/f.- d 
- 

1
~ ( 2 + \d) jll. b0• d = 0.366 x /7].b. d 

5/fE.a = 0.3a3 x ,/f2..d 

Vc==0.3333-JM x 3355.22 x 368/1000 == 2016·3 KN 

cont. 

0V, =0.75 x2016.3 = 1512.22 KN. 

0 Ve< Yu Shear reinforcement is required 
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-------<..::.ll.~S:.c.•ll~-:M.~-----__Jll~'.ill4.~ify_g~~"ien 
~ Structura[ Jlna[ysis <t(, (J)esign 

. 1 ear stirrups as shear reinforcement: 
lz 

4 lJs1ng s l 
" 1 
,9-±6,[EE .d = =/24 x 3355.22 x 368/1000 = 1008.15 y 

forthtS 6 
V 2381.88 1008 _ v, ::: ...!!. - l1c = os 3.15 = 2167.69KN 

p2 h '< s 

q:::: 2167.69KN. ~ Vs,re 
lue of 0 V n allowed with headed shear ties is : 

pe max Y@ 

V%au =o",ff].s .a = 0.75 x-/2@ x 3355.22 39 
2 1000 == 2419.SSKN > Vu = 2381.88KN ok. 

ine the properties of shear ties reinforcement the trial and error process will be used. Todetern11 

0 u u O U u O u 
u 

~ 
c::i 

0 0 o 0 
0 0 0 0 0 

0.15 0.10 
1.15 

Fig (4-38 ): detail of stirrups. 

% ·ties (As=113.1 mm2), 
tya 16 stirrups, each with nine 12mm diameter 
lo Mpa, 

< ~ == 184mm, lb ) · to be taken - 2 Spacing to the first set of shear studs (s0 is 

'le it= 15 mm. 

The area provided by the inner row of shear studs is: 

=, 113.1 = 1809.6 mm2 

and fr = 
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Structura[ Jl.na{ysis ~ (f)esign 

a 1809.6 x420x368 , 

\
, ,~:::: ioo 1000 = 2796.92 KN >V 
s s - s,req 

er most studs at: 1 Ox 100 + 150 =1150 mm f 11te o , rom the face of the l co umn 

d the outer critical section at 115 0+ ©=1334 m ~ · A0 2 2m, trom the face of colu mn. 

.4500 

> 
1.0747 20747 

~--V 
Fig ( 4-39 ): Ties Details 

The perimeter of outer critical section = 4(700 +2074.7)= cmm. 

The area inside the outer perimeter = 7 .09 

4·12·5 Now check the force stresses at the outer critical section: 

Vu== 2405 - (7.09 x 25.808) = 2222.02 KN 

0Vc===0.75 x -24 x 11098.8 x 368/1000 = 5002.3 K 

oy.>y. .: : u the assumption is correct. 

Also Check 

•V,•o.75 x¼-JM x 11098.8 x 368/1000 ~ 2501-
15 KN OK 
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~---------'-tI~ ... S.JI.:M 
Struc a[ysis . 

,gear wall design: 

,::...- 
~ 
~­ 
~- __.-:3. 

Fig ( 4-40 ): the shear wall. 

1380lN 

33 

133kN 

340kN 
30 

3812kN.M 

moment di agram 

640kN 
0 
0. en 

, 480 
shear force diagram 

Fig ( 4-41 ): shear and moment for the shear wall. 

g ear Wall thickn - ess, h- 20 cm 
Story h . • 
ight, h» = 4.0 m 
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e'198.9M Structural tnalysis el Design 

,,1J.1 Check max shear strength permitted: 

oVn,rnax-;:;Q,75 x0.83x.J7l xhxd 

letthatd-;:; 0.8 Lw =0.8 x4.80 =3.84m 

oVn.rnax-;:;Q,75 x0.83x.J24 x200x3.84 = 2342.10 KN > Vu= 640 KN ok. 

413.2 Calculate shear strength provided by concrete: 

Critical section for concrete is the smallest of: 

Lw - 4.80 - 2 40 ---- . m ...... cont. 
2 2 

h 243 5.5 m 
2 2 

Story height= 3.0 m. 

Ve is the smallest of : 
Vc-:ffl hd =-V27 x 200 x 3.84 = 627.07 KN ,cont. 

Vc=0.27 'fl h d + Nu.d = 0.27-JM X 200 X 3.84 + 1380*3·94 = 1291.85 KN 
yJc 4ly 44.8 

l ( r{tj Nu)] Lw 0.1" fc +0.2- . V10.05./r7 4 hlw hd -VJc Mu Lw v> 
Mu at critical section= 2276 KN.m 
~ 4.80 
64o - -

2
- = 1.156 > 0.0 ok. 

Vc=[0.05-v'z4 + 4.so( o.1ffe+o.2~)] 200 X 3.84 ::: 1811.5 KN 
1.156 
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u!'188.9M Stnucturaf Analysis el Design 

13 3 
Determine required horizontal rein"o 4 1' rcement: 

Vu::::640 KN. 
o.seVc:::: o.sx0.75x627.07 = 235.15 KN. 
y,> 0.50Ve need reinforcement. 

V -V - V c= Vu - V c = 
640 
- 627 07 =226 26 KN s- n (<l 0.75 · · • 

As ~ == As = 226.26x103 = ), mm? 
p==~ ' s [y,d 420X3800 •

141 -;:;; 

P
::::~ == 0.0007 < 0.0025 

200 

by using 410 

.200.5 = 0.0025 p sxzoo 
max. spacing is the smallest of: 

..° 0.96m 
5 5 

3h= 0.6m. 

- 450 mm cont. 

s = 314mm. 

For horizontal reinforcement use <I> 10@300mm. 

4.13.4 Determine required vertical reinforcement: 

Lhw 2X4+3 i:;=-;:a-=2.29m. 
Pv.min> 0.0025 + 0.5(2.5 - Lhw) (pt- 0.0025)2:: 0.0025. 
tak 

Lw . 
e pv== 0.0025. 

max spacing is the least of 
L ' • w 4.80 y=,=1.60m 
3h=0.6m. 
• 450mm cont. 

Use 4 1 0@3o0 mm. 
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cap"h92.9t Structural naysis e Design 

,j3.5 Design for flexure (uniformly distributed fie . , xure reinforcement): 

C
heck moment strength based on required vertical . le: 

l d
. tribut d . rem1orcement fo h 

The uniform y is n u e vertical reinforcement 410@300mm.' s ear, 

_4soo x 2 x 78.5 = 2512 mm2 

~ 

(
Ast) /y _ ( 2512 ) 420 

(J) :::: °Ch, f~ - 4800X200 24 = 0.0457 

- ~ = 1380000 = 0 
"Lili 4800+24-206 3.059 

c +a 0.0457+0.059 
i::::: 2w+0.85J51 = 2X0.0457+0.85X0.85 = 0.1297 

au/s.s (+,';)(6-£)] 
=0.9 [0.5 X 2590.5 X 420 X 4800(1 - 0.1297)] x 107°=2272.54 KN.m 

0Mn<Mu, 

The uniformly distributed vertical reinforcement 410@300, is not adequate for flexure therefore the 
amount of vertical reinforcement must be increased. 

Try 412@2.00, 

4800 As- 
200 

x 2 x 113.1 = 5428.8 mm2 

o=( 5428.8 ) 420 = 0.0989 
4800X200 24 

C -- by 
0.0989+0.059 = 0.171 

2x0.0989+0.85x0.85 

0Mn ==0.9 [0.5 X 5428.8 X 420 X 4800(1 - 0.0989)] X l0-
6 
=4437·92 KN.m >Mu 

Use ~12@200 for vertical reinforcement. 
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r k 
Structura{ Jl.na(ysis ct(, (J) . esgn 

A 

Yar 

A 

tll28f0. 
9#10 Q80m 

ito LM 

1Q, so 20, 50 JO, 

10 120 10 

{ 
]AO -7' 

section A-A 

Fig ( 4-42 ): top view & section for the wall 
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r sv shear wall using Etabs ~ program· . 

1.0487 

- __ ... -· . 
5;? 39.8;,,,· 

\?>U' - A 

ra[ JI na[ysi.s ct{, (J) . esgn 

Fig (4-43 )· th . e shear wall (w13). 

, 
' shear f iorce fo th r e shear wall 

( 4-45 ): Area of steel required for the sheanvall 

~~ , X 2x 11 3.1 = 5428.8 mm? > 4528....0 
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A.$.1.3 
Structura[ Jl.na[ysis <t{, (J)esign 

ry displacement allowable for earthquake design as in the ACI code is equal to = ,·mum sto so e ma! 
3000 ., 60mm. ;..,-- ., 

spjs olacement in this building= 5.52 mm which is acceptable. story Isp 
pe mi@N 

Maximum Story Displacement 
I I [ I I 
1 l I I Story3- j { 

I 
l : 
I 
! 

Story2- 

I 

I 
I 
I 

Story1 ~ · I. 

I 

.\. - 

I 

\ 
I 
I 

. '1 I , i \ • ' I I l : I ' I ' l t I I I 

' { % '3zo4sos.Ao60 Base 1 2403.003.¢ 
o oo o.601.201.80 . mm 
. Displacement, 

. Min: (0, ease) 
Max: (5.255551, story1), 

displacement. • um story (4-46 ): maxim 
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rfi411~--------L:!2l~.s!LJ..Jl!::l,:Mit__ ---.l51mf1m'f!UMh/.§1§.j,l!!)_WfJ11 
~ Structura{ Jl.na{ysis <t{, (J)esign 

4 oesign of Isolated Footing (F4): 4.1 

I 
j 

y' 

g 08.@25c 

I\ I I .. - ' ,. 
-.R 1£1 1£1 ~ Y5:l&JI \ia...R ~ 11,;1 R,_F{__~ » +-= p ·-...,- 

3O8 Z=4ES I I 
s218 2=gs ! b_ -~ 

I 
-L ' ............ ..I 

I I, 
EX , . 3 
uo l.d5 090 0,10 

1.75 0.s90 

Fig ( 4 -4 7 ):detail for the footing 

Po= 5425.75 KN (service). 

P=856.93KN (service). 

Pu=7882.l KN ( factored). 

Column Dimensions 90 x 60 cm. 

Allowable bearing capacity qair= 400 K.N/m2
• 

414.1 Area of Footing: 

Soil Density = 18 KN/ m 3 

live load= 5 KN/ m?. 

assume h = 70 cm. 

{at.er =400- 5 -0.95 x 25-0 .4 x 18 = 364.05 KN/m 
2 

Area A== PD+ PL_ 5425.75 + 856.9 == l ?.25 
qall.net 364.05 

Use L == 4.20 m, B = 4.10 m, A == 17 .22 m 2 
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Jl.S.Jl.~ 
ctura[ Jl.na[ysis ft{, (J) . esgn 

th of footing: 
+pP 

,-95cm. 
,')Ille 

' check one-way shear: 

Inclined crack 

a a 

. I 
Critical section for I 
one-way shear -1 Tributary area for 

1------+-,-_L.. one-way shear 

Column 
-I d 

o. One-way shear. 

Fig (4-48):one way shear. 

, 7882.12 457.72KN/ m'. 
Area 17.22 

'9S0- 75- 20 = 855 mm 

lV- 1 JZ o.75 * J24. * 4100* 0.855 * 1000 == 2146.67KN 
.=0--,f, b d = 6 6 C II" 

Vu- (B-a I al,=@[U 

Y,ut.457_73x( 4·10;0·9 0.855 }4.2 ~ 1432.23.KN 

oVc "'0 75 23 ok ' X2146.67 = 1610.00 KN> Vud === 1432. .. .... 
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r tura{ Jl.na{ysis rt(, (J) . esgn 

Ir two-way sbear: 
(s 

I 

Inclined crack 
1 

g! qj 
a o 

Critical section 
for two-way shear 

Tributary area for 
two-way shear 

l'T.T7-r+-....l. 

Two-wav shear. 

Fig ( 4-49 ):two way shear. 

ms j== 0427mm. 

ltalculate Vu at the critical section which take rectangular shape as shown in the last fig. 

irarea= (0.9 +0.855) x (O.6+O.855) = 2.553 m2 

·-er area= area of the footing = 17 .22 m2 

i"qu(outer area-inner area)= 457.72 (17.22- 2.553) =6613.37 KN 

1~ordin t g O ACI , V c shall be the smallest of : 

#21, r {"ill. B,a= 0.5yf,b,4 
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u''"191.9M Structural mnaysis e Design 

{w® 

/b:::: 90 / 60 = 1.5 
lt8 

Perimeter of critical section taken at ( d/2) from the 1 d d ~::: oa e area 
I 

.40.9+0.855)+ 2x(0.6+0.855)= 6.42 m. 

a :::40 
I 

1v, ::0.75x 0.33-J24 x 6.42x 0.855 x 1000 = 6655.52KN 

for interior column. 

oVc = 6655.2 KN > Vu = 6613.37 KN 
so h== 95 cm Is OK. 

4.14.3 Design of flexural reinforcement: 

,4.«) 

.uo 0.1!) 

D.90 

s 

E 

Fig (4-50 ):Max. moment. 
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A.$.1.3 
Structura( Jl.na(ysis &Z Design 

,
4
,z X 1,75 X 1·;5 = 2943.71 KN.m. g» 

lo 9"" 3270.8 KN.m. tl ,if' 

l/11 « ? 
~=1.065Mpa 
@iv @855) 

fy 420 
,,.....:.:--:-; = ---- 20.59 

: 0.85* fa° 0.85 * 24 

I f 2mRn) [f. []­ 
~ fy 

I l 2(20.59)(1.065) ) * _3 :-(1- --'----'----'- = 2.605 10 
10.59 420 · 

rcFPx bx d = 2.605 x 10-3 x 42QQX 855= 9356.75mm
2 

,□=0.0018X4200X950 = 7182 mm2 
..... control 

i, Use 32 <I> 20 with As= 10048 mm2 > As req = 9356.75 mm
2
••• in long direction . 

Use 30 <I> 20 with As= 10048 mm2 • • • • in short direction . 

UM Development length of flexural reinforcement: 

ld for <D 20: 

l
1
:::.2_ fy axf3xyx,?., 9 420 lxlx0.8xlx20==493.82mm 

10 X 5T" 10X ✓24 X 2.5 

Available length= (( 4100-900)\2)- 75= 1525 

~ 1525mm > 493 8 . 2mm ok 
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Jl.S, JI. :M. 
Structura{ flna{ysis rt{, (J) . eszg_n 

ment length of column reinforcement: al 
11'· 

0 I 
420 

hi _ --x25 = 535.82mm 
) 414 f +w 

r.,==O 043 x 25 x 420 = 451.5 mm 
_~Jxdbx JJ' • 

sat mum 

Ut6Load transfer at the column-foundation interface (Dowels design): 

I~ ~~ih==QJ(0.85fcA1 x ~Ai) 
-09 x 0.6 = 0.54 m2 

,b=4.2 x 4.1 = 17.22 m2 

LF 5.64 > 2 
j4 .54 

hb = 0.65 x (0.85 x 24 x 0.54 x 2) x 1000 = 14320.8.KN 
0Pn==l4320> Pu= 7882.1.. ........ ok 

In column: 

~Pn,b = <D(O.85 fc'AI) 

h1,b = 0.65(0.85 24 x 0.54 x 1000) = 7160.4KN 
0
~b"?i60 KN< Pu= 7882.1 KN 

¼iwe~~ 7882.1-7160 = 2652 mm2 
<I> fy 0.65*420 

lnd them· . 
Ihimum reinforcement of dowels: -, · OS x 0.54 x 1000000= 2700 mm2 ,,.. 

"imum .... Ok 
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f column: splice o 
;!,SP _ 0 071 X 420% 25 = 745.5 mm. Use 750 mm. db - . 
,0.071 fy. 
;' 4a 

O,._l,0 4.20 

O,lO r, ru,o 1.S DlO 
77 

I / 
I ii"' 

,- ~ y ' 

/ 
I/ 
/ 

V 

/ tiff y 
JV 

3 V 

s ./ 
/' ., ,,v 22m5 

~ ~ ~ 
.a-1 

- SI· SI 
D D 

0,0 165 

13' 

090 

()JIQ 

,4jQ 

s 
0 
0 

ing . fthe foot1 
51 )·details 0 Fig (4- . 
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ral tnafysis (}{(, (J)esi n 

. f strip Footing: si"® 

Figure ( 4-52): location strip footing 

US.I Determination of load: 

from slab and Wight wall 

Total factored load = 300 KN/m. 

!oil density= 18 Kg/cm3. 

Allowable soil Pressure = 400 KN/m2. 
Assume footing to be about (30 cm) thick. 
live load =5 kN/m? 

~:llow==400- 5- 0.4*18- 0.3*25 = 380.3 kN/m 
~ For one meter strip 
, 300 
"F 380,3 == 0.79 m2 

B::: I 111, h= 30 cm 

300- 75 20 = 205 mm 
~~,"'300/ 1]= 300 kN/m?. 
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Structura[ Jlna[ysis ~ (J) . sgn 

,j5.2 Check of One Way Shear: 

l*(O 40-0.205)*300 = 58.5 kN i= " 
V _ !ffec * d * b 0 c- 6 

i1v - ~..fiA * 0.205 * 1 = 125.5 kN 
fl c- 6 

gyc> Vu 

4,15.3 Design of Bending Moment: 

y longitudinal direction 

Mu=300*0.42/2 = 24.0 kN.m 

.2 26.66KNm 
0.9 

Kn= Mn = 26.666 * 10-
3 = 0_634.Mi a 

bd? 1 * 0.2052 rp 
fy 420 m= , = --- = 20.588 

0.85 * Jc 0.85 * 24 

{\"] 
p=~(l- 1 2x20.588x0.634J=l.533*10-3 

20.588 420 

s,,, =pb * d = 0.0001533 205 1000 = 314.416 mm 
As Shrinkage= 0.0018 * b * h = 0.0018 * 300 * 1000 = 540mm

2 

AsReq. = 314.416 <Ass,,,,,,,,= 540mm 1rin ·ge 

Use rp 12 
No. = 540/113.1 = 4.77 , Use 5 bars 

¢ 12 at 20 cm c/c 
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ural_ (nafysis ct{, (J) . si n 

kof strain: (® 
5*f *b*a -0.8: c u I} 

- 0,85 24 1000 a 
\. lwu 

a -~==13.08mm 
7 ass 
- 205-13.08 X0.003 

,,- 13.08 
,-0044 > 0.005 
'I 

/ntra11sverse direction : 

L,=0.0018 B * h 

Asnun=0.0018 * 800* 300 = 432 mm
2 

Use¢ 12 
No.=432/113 = 3.82 , Use 4 bars 

Use 4¢ 12 

tlS.4 Development Length of main Reinforcement: 

ldre == ~ * ..!L * 1Pe1PsVlt * db 
q 10 Ji. ff: ktr+cb 

'\J Jc db 

ldreq::: ~ * 420 * 1 * 1 * 0.8 * 12 == 296.6 rnrn 
10 1 * ffi 2.5 

Ldavailab\e== 500 - (200/2) - 75= 325mm 

4,, Vaiab!e== 325 mm< ldreq == 296.6mm 
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1.,$.A.3 
Structura[ Jlna[ysis cZ Design 

l/fl11 

10, 37,5,25,37.5 19 
)() 100 Jc()r 

Figure (4-53) Strip Footing Detail 
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10, 37,5,25,37.5 10 
10 100 10 
/ 120 / 

Figure (4-53) Strip Footing Detail 



--------..L.tl=.s~.n~.-=!5W.!:...._ -1Urlli11m~!Efu~~~ 
~ Structura{ Jlna{ysis ct(, (J)esisn 

on Of Dom: • Des!s 
~p2000" Program to draw and design of the lightest member: ti# 

P Model of the Dom Figure (4-54): SA 
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- __,_Jl~,,~5-L!:.Jl.~5',1'.!:._----~>l!:ffi~!I2J~~~§YJ!.! ' Stnucturaf /tnalysis &t.design 

Load calculation 
jiik 

pead Load:­ I 
surface layer of double glass with thickness of 10mm each. Neglected 

• And the self-weigh of the steel members. 

2 snow load 
· s== 2 KN/m? / 2 meters of dry sand. 

KN/m2 

1.66 

1.51 

1.36 

1.21 

1.06 

0.91 

0.76 

0.60 

0.45 

0.30 

0.15 

0.00 

load on SAP model 
Figure (4-55): Snow 

3- Wind load 

o» = C,€,q­ 
From the normal force method 
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A.$.1.3 
Structural JI r. . alysis «1 q, ­ 9 esgn 

. d ,ed 70mph, Exposure factor (Ce) B Pres w,n s . ' sure factor C 
rtance faction 1. q 0.8 for inward d 0 U '@ld0.5 outward and 

KN/m' 

300. 

238. 

177. 

115. 

54. 

-8. 

-69. 

-131. 

-192. 

.254.4­ 
1 

-315 . 

• 377. 

-438. 

-500. 

Figure (4-56): Wind load on SAP model 

4.16.2:- Steel members design 
After analyzing of the model, we check for the lightest weight of all members, till all sections 

pass the design check. 
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A.$.21. 
Structural 'Analysis ef(, (J) . esgn 

Figure (4-57): Member . s sections on SAP d mo el 

sections are as follows: 0­ 
,,,3 embers section: HSS 8x2x0.125 (continuous) 

(«is@ 

.,tal members section: HSS 2x2x0.125 
grt@ 

h
orizontal member section: HSS l0x2x0.125 (contin . f 1uous circle) 

,.13.4:- Design of weld:- 

pe calculations of weld based on the following: 

!)Fillet Weld is used. 

1)The HSS sections are A36 (Fy = 36 ksi, Fu= 58 ksi). 

l)The electrodes having FExx = 70 ksi. 

)The shielded metal arc welding (SMAW) is used. 

A. (1st)- Design of weld between the vertical member HSS 8x2x0.125 and the horizontal members 

HSS 2x2x0.125 of the Dom: 

ical and horizontal 
Figure (4-58): Joint between Vert 

From . )25 in thickness is 0.125 in. 
Table J2.4 (AISC 201 0) minimum weld size for O. 
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Jl..S.Jl..<M. 
Structura[ 71.na[ysis <t(, (J) . eszgn 

1 . 

Id size (a) == - m. 
,r•el'le 8 
;vi 

, strength of weld:­ 
el#" 
-¢'1- te x 0.6 x FExx 

al 
- O 75 x (0. 707 X l /s) X 0.6 X 70 = 2. 784 kips /in 

gt" 
sign strength of material:- 

1. Jd'no· t1.Rn == (/J X (0.6 Fy) X t [eliilg· 

/Rn::: 1 x (0,6 x 36) x .0.125 = 2.7 kips/in 
Rupture: ¢Rn== (/J x (0.6 Fu) X t 

/Rn== 0.75 X (0.6 X 50) X .0.125 = 2.8125 kips/in 
:.¢Rnw = 2.7 kips/in 

•• Ez= ~ = 7 .40 7 in take 8in (sections premeter) 
oRnw 2.7 

·11 Id -1" F1 etwe a-s 

. tal shoW the welding 
. 1 nd horizon 

Figure (4-59): Joint between Vertica a 

123 



tu"k8A.9 Structura{ Jl.na{ysis <t{, (J) . sgn 

0 
Design of weld between the vertical memb H v• er ISS 8x20 1 
I-l
ss 1ox2x0.125: x · 25 and the top ho · l nzonta member 

Tube 8x2x0.125 

Tube 8x2x0.125 

Tube 8x2x0.1 .25 

max shear 
25 Kips 

pal as, 
45 Kips 

Figure (4-60): Joint between Vertical and top horizontal 

From Table J2.4 (AISC 2010) minimum weld size for 0.125 in thickness is 0.125 in. 

:. Use weld size (a)= I. in. 
8 

Design strength of weld:- 

0Rnw = d x te x 0.6 x FExx 

0Rnw == 0.75 x (0.707 x 1/ 8) x 0.6 x 70 = 2.784 kips /in 

sD, ° esign strength of material:- 

Y ielding: r/JRn = (/) x (0.6 Fy) x t 
Rn = 1 x (0.6 x 36) x .0.125 = 2.7 kips/in 

Rupture: r/JRn =X (0.6 Fu) x t 
0Rn = 0.75 (0.6 x 50) x .0.125 = 2.8125 kips/in 
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'A.s. 'A. :M. 
Structura{ Jl.na[ysis ~ (J) . eSgn 

.27 kips /in 
g' 

1 
force=-= {452 + 252 = 51.48 Kips 

ult 
F 51.48 . =.,=19.07in use 20 in (sections premeter). 

!IV::: ~RnW 2. 

Fillet weld a ! 7'77 8 

Tube 10x2x0.125 
Figure (4-61): Joint between Vertical and top horizontal show welding 
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Chapter five 

Estimated Cost 

5.1 Excavation and backfilling work. 

5.2 Concrete work. 

5.3 Stone work. 



~ 
ion and backfillin work : 

2A.$.1.3 
Estimated cost 

G 
eral notes for excavation: 

3 3" 

1 

Excavation for foundation, trenches. Etc. shall be th . 1e actual dimensions shown on Dr . 

1
. d' d awmgs 

including b m mg area, an to be measured from N atural Ground Level or Reduced Level 

(which is lower), i.e. 

l. From Reduced Level when R. L. is lower than N. G. L. 

2. From N. G. L. when N. G. L. is lower than the Reduced Level. 

2 Allowance for working space is not applicable, unless it is clearly specified in the Special 

Conditions. 

3. Excavation for foundation of retaining walls is to be measured from Lower Reduced level, or 

from lower Natural Ground level (as stated in Item 1 above.) 

4. Price to include removal of site obstacles, rocks, trees and all debris from site, including any 

necessary rerouting of infrastructure works, such as piping, conduits, etc. Price also to include 

· . . . ildi: b undary walls courts and roads. 
maintaining all trees that are not obstructing the ui mgs, 

0 
' 

5 E h tr actor's expense, prior to applying 
· ach layer of back filling shall be tested separately, on t e contra 

the next layer. 6 . . . ks removal of obstacles or for 
. Co-ordination with all local authorities to facilitate 

th
e war ' ·,y and are deemed to be included 

dive si» tor's responsl! 
ersio of roads, services, etc. is the contrac 0 

in his rates. 
7. Exe d . d to back fill with suitable fill 

avated soil shall be classified an retame ' 
Aed as shown in th© 

material and to place agricultural soil as where nee e 
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_-" ea ·. _Estimated cost 

ings and as instructed by the Engineer Th Ara < 1€extra and unsuitable soil 

I II 
be removed, on the contractor's expense 'th shah 'WItl.no extra cost s. 

prior to commencement of site leveling or any exca ~. vation, the Contractor shall obtain E . , ngmeer s 

Vr
jtten approval on the contour grid of Sm x5m h w map, c ecked · · tl b Jom y y the contractor and the 

Engineer, the excavation profiles and sections showi lll ng a evels and dimensions, and the 

calculations of excavation quantities. 

9, Excavation shall be in Cubic Volume, the net measurements of the excavated elements as 

shown in the 

drawings, no allowance shall be made for increase in bulk after excavation. 

10. Hard Core beds shall be of not less than 15 cm. thick. And measured in Meter Square, (the net 

measurement of the finished surface). No extra rate shall be paid for Leveling, ramming and 

filling of voids under the hard core. 

11. Rate of Excavation shall include: ­ 

• Excavation to any depth, in any shape, in any type of soil, 

k 
:. cavation free of water. 

below water table level and eeping eX 
. . d ding excavation bottoms. 

• Leveling, ramming, tnmmmg an gra 

• Planking and strutting. 

• Cost of lab. Tests of works and materials. 
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~ 

1.5.1.9 
Estimated cost 

,ated quantities and prices: 
rest6! 

' EXCAVATION AND BACK FILLI NG (5.1.2) 

j/ DESCRIPTION UNIT 

! 
QUANTITY RATE AMOUNT 

y 

EURO CE EURO CENT 

\ 
ravation, Back filling and Site Works. 

NT 

Site Leveling to reduced level (Excavation and/or make r 
#l up of levels for all Site including External Works). Cut 

in any kind of soil, concrete, or asphalt; to the required 
Levels (reduced levels as required on drawings). 

price to include back filling with excavated suitable soil, or 
imported approved materials if needed, removal of extra 
soil, debris, and organic materials to the approved sites 
specified by authorities. Back filling material shall be 
applied on layers, 200 mm thick, watered and compacted to 
min 95% according to modified AASHTO Density Test T­ 50000 
80. Price also includes preparation of agricultural areas 
according to the levels in the general site layout plan. Price 
to include removal of any construction elements not needed 
in the site or filling cavities and wells with suitable 

materials. 
L.S. 1 50000 

' 

1.02 Excavation for foundations; in any kind of soil to the 
dimensions and levels shown in the drawings. 

Price to include back filling with excavated soil if suitable 
or imported approved materials up to bottom of base course, 
removal of extra and unsuitable soil. Back filling shall be on 
layers of 200 mm thick with watering and compacting to 
min 95% to comply with modified AASHTO F.D.T. (T-80) 14400 

M.C 1800 8 

I--- 
l.03 Supply and Well Compact Base Coarse, average 40 cm. 

Thick, for underground slab. Price includes leveling, 
watering, compacting to 98%, leveling and compacting of 
ground (sub-base) under base coarse to min 95% according 7000 7 

49000 

t F M.S 
0 ·ield Density Test. 

r-- I--. 
113400 

TOTAL 
r-- 

113400 - TOTAL CARRIED TO SUMMARY . 

.__ 
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I .,,.. 

LS.U 

AL for weris sane St! 
-l ,1o 1·1• •• , \ .......... ~~:_p;: ..l...-~#-~--. ... - . 

~~- ~.:-,,;. -=-·-: ::!! I... :•>-,1 ,: 'f..~.:,','' .._•:,- . ' 

5
;:>t; .:'S.;:_::,::_ · ::c i: .... .:-~ r~,-~," -~ ,' · ~~,, •':- '.', . 
..sing o;a±l exposed tie wires and rods, 
......... _ - ,, .. making good the harmed surfaces and cage> 
:::::1 :• :··-1":Cf -:_:,,r,:.'R 

.,. ",-,-,:,.:- .,..~<:~-cr ,,;',r:ll:.,.,, ·>t)u_.,:-1\l'ilh .':-- 111.'1 
--~~_..iL,..~.:::.._-.'--- .. -"'.::-' ...... "".;::-,.__ ... ..::. r 

ge:::.n-:::.::..:i::5. 
:. 4roved additives and admixtures. 
~ -,;,:_,...__.., v-.-~, rr Go---~~,.- \.F:-. Dl""i,•n:-- • ~--.!~-~~-- L!- ......._\,.. .. "'-~ ,. :.._. -.:J ~~ ~ 

5•:-je-:.- :c~ :esr:::g_ ac_d providing te 
:-efil_:S_:-=:tm~:.-es .. storing_ al1lls;1:Yi ng_l."i f 
£mj5: r.-::1_-;i:qar:ati-on of bar bcn:c.fo~_ 

, ~~_;::-7-, \:51r:·i." uTkshops. 
:: 5u;ijyi:l~::-eirrforcement of any g,rad:c. :-.i,,.,, .@1 

l :e:Jd as.de12iied..in the drn\\'inr:s. swring ,111 
sit;_n:2ud::.ng,curting~ bending and fixing 
p:isitioa ~d..proYid:ing all tying wires. :,p:l1'i.'!'I, 
snap ci.cl\\in~, testing and bar bcndi11g 
~6e-.illles 

6. Paiming,af exo0serl.S1..1rfacc1 ol undnr:to1111,i 
re:nfo;ccic:J~r:~ec1e:ne1ts with two co:llt> ,,c 
horoinuninous paim or sp•.:(;ial cdd b11u111,:n 
(75/J'>'J: die £rol:es cf C{..t.-ch la)<:; IG \:1· 1•,v': 11: 
to eru:;i <JTI1~ ":er 11.e cw·;e<.: •~;~1..,:.)., 

7- Ste:r!L ;;n.-:;- ·,c,,_,; ~er a·1; rrr.m•~••\· "l'\' ;'' !I:' ,>I L.J..;: ~-....- - --~! "'""'"" •◄ .... t t.;,, 

reinforcement works. and extra steel added {0 
assure proper detailing and safety. 

8. T::c =-':-~-- ,1'< ,0._4..,... .,. CO"J ..... •1 ... ! )r \ \'h ( tt'• ---#~--•4 _.'\,.,..._.,.\,.,. ,.. .,, ., . 
stc::~c :,e: 

b-B25'J 

350g/m3 
9 T · ,11\1!•\ · esting SJ)C(:imtn!-, :ot r,0,,<" £,,{,, tl•{:hl) 
during constructior. ~.ha.l be cubes of i& 
l5x1Sx15 cm 

c--B3'JJ 

l 
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W 

Jl.S.Jl..:M ,-s: 'E:tima tef 

rete work: 

cot 

~ 

',,gcarTioN UNIT QUANTITY 
g' 

RATE 
- 

! 
EURO 

AMOUNT 

}aarTov WORKS. 
CET EURO CST 

I/ 
cONCRETE WORKS. 

Ir [ante 
Rates of Concrete Works shall include:- 

I. All form works and shuttering in any form, 
shape and size. Making chamfered and curved 
edges, allowing for and making grooves and 
sleeves and the like; removal of forms and 
cleaning of all exposed tie wires and rods; 
making good the harmed surfaces and edges 
and all surface finishing. 

2. Supplying, Casting, vibrating and curing as per 
specifications. 

3. Approved additives and admixtures. 
4. Incurred costs on Concrete Mix Designs, 

Sample taking, testing and providing test 
results certificates, storing and saving of 
samples, and preparation of bar bending 
schedules and workshops. 

5. Supplying reinforcement of any grade, size and 
length as detailed in the drawings, storing on 
site including cutting, bending and fixing in 
position and providing all tying wires, spacers, 
shop drawings, testing and bar bending 
schedules 

6. Painting of exposed surfaces of underground 
reinforced concrete elements with two coats of 
hot bituminous paint or special cold bitumen 
(75/25), the strokes of each layer to be opposite 
to each other (for the buried parts) .. 

7. Steel bars used for alignment and fixing of 
reinforcement works and extra steel added to 

' assure proper detailing and safety. 
8· The minimum cement contents for concrete 

should be: 
a-B200 250kg/m3 - 
b-B250 300kg/m3 - 
c-B300 350kg/m3 

9. Testing specimens for concrete quality control 
during construction shall be cubes of size 
lSxl5xl5 cm 

._____ ~ 
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4,8$.1.9 
Estimated cost 

5 2 concrete work : ~ -- ITEM 
DESCRIPTION UNIT QUANTITY 

NO. 
RATE AMOUNT 

[» SKELETON WORKS. 
EURO CENT EURO CENT 

CONCRETE WORKS. 

- Preamble. 

Rates of Concrete Works shall include:­ 

I. All form works and shuttering in any form, 
shape and size. Making chamfered and curved 
edges, allowing for and making grooves and 
sleeves and the like; removal of forms and 
cleaning of all exposed tie wires and rods; 
making good the harmed surfaces and edges 
and all surface finishing. 

2. Supplying, Casting, vibrating and curing as per 
specifications. 

3. Approved additives and admixtures. 
4. Incurred costs on Concrete Mix Designs, 

Sample taking, testing and providing test 
results certificates, storing and saving of 
samples, and preparation of bar bending 
schedules and workshops. 

5. Supplying reinforcement of any grade, size and 
length as detailed in the drawings, storing on 
site including cutting, bending and fixing in 
position and providing all tying wires, spacers, 
shop drawings, testing and bar bending 
schedules 

6. Painting of exposed surfaces of underground 
reinforced concrete elements with two coats of 
hot bituminous paint or special cold bitumen 
(75/25), the strokes of each layer to be opposite 
to each other (for the buried parts) .. 

7. Steel bars used for alignment and fixing of 
reinforcement works, and extra steel added to 
assure proper detailing and safety. 

8. The minimum cement contents for concrete 
should be: 

a-B200 - 250kg/m3 

b-B250 - 300kg/m3 

c-B300 - 350kg/m3 

9. Testing specimens for concrete quality control 
during construction shall be cubes of size 
15x15x15 cm 

...__ 
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(atet: "9AM Estimated cost er Estimated cost ---- 
Measurement of Concrete elements shall be the net 
dimensions as detailed in the drawings. All recesses 
openings and voids shall be deducted. 
Measurement shall be only for the seen surfaces of 
elements. Overlapping and measuring items twice 
under separate headings shall not be allowed. 

Slabs measurement should be: 

a- from the center to center for external stone walls 
b­ from the external to the external face of the outer 

drop beams for stone cladding walls 
The columns necks shall be measured from the top 
level of the foundation or footing to the bottom level 
of the tie beam. 

(All beams, drop beams, projection including sun 
breakers and any part casted together with the slab 
shall not be measured and is deemed to be included in 
the price of the slab). Columns are to be measured 
from the top level of the slab to the bottom level of 
the beam or dropped beam. 
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1A,$.1. 
Estimated cost 

,,...,- - 
rE! DESCRIPTION UNIT QUANTITY 
NO. 

RATE AMOUNT 

L SKELETON WORKS. 
EURO CENT EURO CENT 

CONCRETE WORKS. 

100 
Supply and Cast Plain Concrete; 

a) a) Blinding Concrete B150 under foundations 
footings & tie beams. Thickness should be 1oc:n M.S 2000 8 16000 
or according to drawings. 

b) b) Rubble Concrete B200 with Max. 30% 
crushed stones for filling cavities and voids 
which appears under foundation and according to 
Project manager 

M.C 100 70 7000 

2.02 Supply and Cast Reinforced Concrete Grade 'B 300' 

I M.C 1500 180 270000 

a). Foundations and Wall Footings. 

2.03 Supply and Cast Reinforced Concrete Grade 'B 300'. 

a). Tie Beams. M.C 80 180 14400 

b) Reinforced Walls (Shear walls or/and Basement M.C 50 180 9000 

walls) below Ground Slab Level including the columns 
on these walls. 

la 

2.04 Supply and Cast Reinforced Concrete Grade 'B 250'. 
For Slab on Hard Core. Ten (15) cm. thick Slab Including 
surface leveling, finishing, polyethylene sheets 125 micron, 
construction joints and steel reinforcement overlapped to tie 
beams, and all related works.(measured for projected area) 12 84000 

7000 

M.S 

1---. 
2.05 'B 300' for: Supply and Cast Reinforced Concrete Grade 

154 200 30800 

a). Stairs, landings, fighting's and where required. 
M.C 
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(aptel' 898.M £Estimated cost Estimated cost 
pr 

b). Reinforced Shear Walls above ground slab on hard 
M.C 1460 core including the columns on these walls. 150 219000 

c) Basement walls above slab on hard core including the 
columns on these walls. M.C 120 170 20400 

Supply and Cast Reinforced Concrete Grade 'B 300' for 7no the following: 

a). Column portions. (Necks). 
M.C 60 290 17400 

b). Columns. 
M.C 1043 175 182525 

TOTAL 870725 

TOTAL CARRIED TO NEXT PAGE 870725 
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claptell'197.M £Estimated cost Estimated cost 

SKELTON WORKS - CONCRETE WORKS 

--- ITEM 
DESCRIPTION UNIT 

NO. 
QUANTITY RATE AMOUNT 

EURO CEN EURO CENT 
T - SKELETON WORKS. 

CONCRETE WORKS. 

- FORWARDED TOTAL. 
870725 

707 Supply and Cast Reinforced Concrete Grade 'B 300' 
Price to include projected beams, other beams and 
projections as per drawings. 9485 50 474250 

a- 30 cm thick for flat slabs. M.S. 1046 60 62760 

b­ 35 cm thick for flat slabs. 
1325 70 92750 

C­ 40 cm thick for flat slabs. 

2.08 Supply and Cast Reinforced Concrete Grade 'B 300' 
suspended ribbed slabs. 

Price to include projected beams, other beams and 
projections, and polystyrene for beams projections,, 
Supply, lay and arrange hollow concrete blocks 'Grade 
35' for ribbed slabs, using closed end blocks as required 
by the project manager at all ends, edges, openings, 
services location etc as per drawings. 

a. 32 cm one way ribbed slab M.S. 8865 60 53 1900 

b. 36 cm one way ribbed slab 520 65 338000 

c. 36 cm tow way ribbed slab 8150 70 570500 

- 

TOTAL 
2070160 

2940885 
egos» 

TOTAL CARRIED TO SUMMARY 
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~--~---------2!ll,J.SJ!.Jll,.l.:M.!L_ _j~~l= 
Estimated cost 

5 3 Stone work : ~ 

on 
ITEM 

DESCRIPTION UNIT QUANTITY 
NO. 

RATE AMOUNT 
EURO CENT EURO CENT 

SKELETON WORKS. 

STONE WORKS. 

PREAMBLE. 

All Stone works shall be of local white & yellow 
stone of First Choice. 

Stone material, size, and texturing shall be in 
accordance with detailed drawings and Engineer's 
instructions and approval. 

Stones shall be ofnot less than (5 cm. thick, 50*50 
cm. high and of length.) 

Stones shall be homogeneous in color and texturing 
and free of any defects. 
Cutting, shaping and building of stone shall be in 
straight angles, no twisting, distortion or uneven sizes 
shall be allowed. 

Measurement of all types shall be in Meter Square, 
for the net dimensions of the vertical plan of the 
elevations excluding openings of any area. 

No measurement will be made for any recesses, 
projections or sides of stone pieces. 

Measurement of door and window jambs and reveals, 
comer peaces, and the like is not applicable. The 
stone facades ( either built or clad) shall be 
measured according to their vertical elevations 
excluding the openings. Neither the projections 
(including the sides of the stone cladded 
columns .. etc) nor the recesses from the relevant 
facades shall be subjected to measurement as these 
are deemed to be included in the unit rates of the 
relevant stone works. No extra over shall be given 
to stone angles or any other special stone piece 
deemed necessary to properly complete the works 
according to the drawings and specifications. 

SKELETON WORKS -STONE WORKS 
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Gallowances shall be made for stone pieces in any 

shape. 

No allowances or extra rates shall be considered for 
stone courses in lintels, overhanging slabs and roof 
slab courses. 

Taking all the above-mentioned into account 3 
measurement for stone cladding works will follow the 
shape of the clad element. 

Rates of stone works shall include:­ 

Supplying, storing, protection and removal of 
rejected and surplus materials. 

Shaping, cutting and fitting. 

Mortar and backing concrete (plain concrete 
and/or cement blocks and plain concrete). 

Galvanized steel ties, dowels, hangers, steel mesh 
and all tying tools. 

Erecting and dismantling of scaffoldings. 

Pointing and pointing materials of any type, and 
cleaning of walls. 

Lintels and other reinforced concrete elements 
embedded in the stone walls including 
reinforcement. 

. 3Cm Polystyrene boards for insulation between 
concrete and concrete blocks. 

Note : The stone concrete backing should be cast 
against proper formwork. After deshuttering the 
formwork, the polystyrene can be fixed and the 
10cm block can be built. Casting directly against 

- 

the polystyrene and block is NOT allowed. 
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SKELETON WORKS - STONE WORKS - 
ITEM 

DESCRIPTION UNIT QUANTITY RATE AMOUNT 
NO. EURO CENT EURO CENT 

SKELETON WORKS. 

STONE WORKS. 

3.01 Stone cladding facades over reinforced concrete walls 
above side walk level ( apparent facades), R.C. ground tie 
beam with its exterior drop recess and slab beams. Price to 
include concrete filling of plain concrete Grade B-250, steel 
mesh and all ancillaries. 

The price include supply and installation of jambs and 
reveals stone. 

Price not to include for the reinforced concrete elements to M.S. 7205 50 360250 

be cladded, which is to be measured under another item. M.S. 313 60 1 8780 

a. white little rough textured "Mofajar" for facades 

b. yellow smooth "Tafoh stone" for projections. 

TOTAL 
379030 

3319915 
TOTAL CARRIED TO SUMMARY 

134 



Chapter Six 

Results and recommendations 

6.1 Appendix A: Architectural Drawings. 

6.2 Appendix B: Structural Drawings. 

6.3 results. 

6.4 Recommendation. 

6.5 resources and references. 
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6.1 Appendix A: Architectural Drawings 
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6.2 Appendix B: Structural Drawings 
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fa pter 6: 

6.3The Results : - 
results and _recommendations 

1 Each student or structural designer should be able to d • 
perience and knowledge in using the computerized a,,,,," ""®""@'ly so he can get the programs. 

2 one of the factors that must be taken into consideration is the · · . • .s · environment factors 
surrounding the bmldmg, the site terrams, and the forces effects on the site. 

3. One of the important steps of the structural design is how to connect the structural 
members to work together as a whole, then to divide these members and design them 
individually taken the surrounding condition into consideration. 

4. The soil strength capacity is 400 KN/m2. 

5. Various types of slabs have been used: two ways and one way ribbed slabs, in some 
slabs that have a regular or nearly regular distribution of columns and beams. One way 
solid slabs mainly in the stairs, because it has high resistance to the concentrated forces. 
Two ways solid slab in flat plates due to irregularities. 

6. The used computerized programs are: 

a) AUTOCAD 2013/2007, To draw the detailed drawings for structural drawings. 
b )ET ABS, to analyze and design the structural members. 
c) STAAD PRO, to analyze and design the structural members. 
d)A TIR, to analyze and design the structural members. 
e)SAFE, and design the structural members. . . 
f)Microsoft Office, To write, layout and outputtmg the project text. 

7.We have used the live loads using the Jordanian code of loads. 
: ld have is the engineering feeling that 

8.One of the characteristics that the designer shou 
he use it to overcome any problem in a convenient way. 
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6
.4 The recommendations: 

--- This project has an important role in widening and enhancing d . 

t
ure of the structural projects including all the details analy~t undedr

st
~
nd

mg to the 
na! shthis .:. :. IS,anc designs 

We want here-throug t is experience- to mtroduce a group of rec d .' 
1 .c h 1 . ommen atlons· we 

hope it to be usefu 1or w om p annmg to select a structural project. ° 

At the beginning, the architectural drawings have to be prepared and ordered and the 
construction material and the structura~ system have to be chosen alongside. 
And it's essential at this stage to have information about the project site, the soil, the soil 
strength capacity at the site from the geotechnical report ,after that the bearing walls and 
the columns is going to be set up alongside the architectural team in a compatible 
manner. The civil engineer tries at this stage to plant as much as possible the reinforced 
concrete walls, which should be placed uniformly as possible as it can be all of the 
building; so it will be used after that in resisting the earthquake loads and the other lateral 

loads. 

6.5 The resources and references: 
1. American Concrete Institute (A.C.I), Building code Requirement for structural 

concrete (ACI-3 1 8M-08). 

2. National Jordanian Construction codes ,loads and forces code, the National 

Jordanian construction council , AMMAN, JORDAN, 2006. 

3. German code for the design of concrete structures (DIN 1045 - concrete). 

4. The Uniform Building Code (UBC) For earthquakes and wind loads. 
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