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Project abstract

In this project, we will study the structural design of Al-Razi specialized hospital, which
is located in Ber Haram Alrama north of Hebron city. It consists of 7 floors, each floor area is
approximately 2700m2, and the total project area is about 17000m2, this project is supposed to
be built on a land with an area around 6 acres with 3 different levels.

Detailed structural study will be made by determining and analysing all the predicted
structural elements and loads, then the structural design for the elements and the structural
working drawing will be done according to the previous design for all project elements.

The Jordanian code will be used to determine the live loads, the British code (UBC) to
determine earthquake loads, and the American code (ACI) to design all the structural
elements . Moreover, we will use some structural design programs such as: Atir and Safe
programs, drawing programs like AutoCAD program, in addition to Microsoft office

programs.

At the end of this project, it is expected to be able to make complete detailed structural

working drawings that ensure achieving all project goals and carrying it out in reality.



€ 9ol (adle

:‘aﬂ\‘)“eﬁﬂmgéﬁgﬂ‘}w&‘gj\}‘w&m‘y‘ﬁd\&jw‘wq‘w
17000 < a8 Alan) dabiay | @2 30 5 2700 @ a8 At daluey ¢ 3ol sk 7 (e (S5 Cua ¢ JilA1 Jled
WL e OO 2393 6 Lginbua ) e | a0 e i

Aaliaal) Jlea¥) 5 4plisy) paaliell Jalat s aa (e doluadi 400550 daul 50 ey o 55 G sas all (3
ALy pealinl) auaad 2l apeaill e ey L8 cllaladial) slac) 5 jealiell SLESY) aranaill & (ha 5 4 giall
csbiinall 20L5Y) JSbell oSS Al

, oY Jleal 1aail (UBC) (Sld) 2580 5 ) daadl Jlaa) spasil a5V 0 oK) aladiin) o o g
2ol i Faasanal el l) ey hadiod ) ALY A6 ALY yealidl macall (ACT) oS e¥1 35S
Lot sl g 5 Sae el g, S 53 0W) sl el g, il g i)

alaay) (g8at ALalS Auliads ALl cillakadie slae) e o a8 0S5 0 g g piall 18 Ailed 8 a8 54
B Gl Slo 02 ey ¢ 5 pdall (a8 5a el

W



VII- VIIVII

Cover page.
Dedication. Vil
Thanks and appreciation. Vivil
Project abstract (in English). vil
Project abstract (in Arabic). viil
Contents index. VIV
List of abbreviation. Vil
Chapter I: Introduction
1-1 Introduction. 2
1-2 Reasons for choosing the project. 9
1-2-1 General reasons. 5
1-2-2 Personal reasons. 3
1-3 Project objectives. 3
1-3-1 Architectural Goals. 3
1-3-2 Structural Goals. 3
1-4 Research problem. 4
1-5 Methodology. 4
1-6 scope of the Project. A

Wl




1-7 Time schedule.

5
Chapter I1: Architectural description
2-1 Introduction. 7
2-2 Overview of the project. 7
2-3 Project location. 8
2-3-1 Proposed site. 8
2-3-2 Project land analysis. 8-10
2-3-2-1 Roads and Transport. 8
2-3-2-2 Movement of the sun. 8
2-3-2-3 Wind movement at the site. 9
2-3-2-4 Contour lines. 10
2-3-2-5 Project land. 10
2-4 Description of the project elements. 10-16
2-4-1 Basement (-2) floor. 11
2-4-2 Basement (-1) floor. 11
2-4-3 Ground floor. 12
2-4-4 First floor. 13
2-4-5 Second floor. 14
2-4-6 Third floor. 15
2-4-7 Fourth floor. 16
2-5 Description of elevations. 17-18

Vil




2-5-1 North elevation (main elevation). 17
2-5-2 South elevation. 18
2-5-3 East elevation. 18
2-5-4 West elevation. 18
2-6 Description of movement of the building. 19-20
2-6-1 Internal Movement. 19
2-6-2 External Movement. 20
Chapter I11: Structural description
3-1 Introduction. 22
3-2 The purpose of structural analysis and design. 22
3-3 Structural analysis steps. 22-23
3-3-1 Soil investigation. 29
3-3-2 primary structural design. 23
3-3-3 final structural design. 23
3-4 Loads classification. 23.95
3-4-1-1 Dead loads. 23
3-4-1-2 Live loads. 24
3-4-1-3 Environmental loads. 24
3-4-1-4 Wind load. 25
3-4-1-5 Snow loads. 25
3-4-1-6 Earthquakes. 25




3-5 Construction elements.

26-31

3-5-1 Slabs. 26

3-5-1-1 One Way Solid Slabs. 26

3-5-1-20ne way ribbed slabs. 26

3-5-2 Columns. 27

3-5-3 Beams. 28

3-5-4 Shear walls. 28

3-5-5 Foundations. 29

3-5-6 Stairs. 30

3-5-7 Expansion Joints. 31

Chapter IV: Structural analysis and design

4-1 Introduction. 33

4-2 Design Method and Requirements. 33
4-3 Check of Minimum Thickness of Structural Member. 34-35
4- 4 Design of Topping. 35-37
4-5 Design of One Way Rib Slab. 37-57
4-6 Design of Beam. 57-72
4-7 Design of One Way Solid Slab. 73-77
4-8 Design of Column (C28/GF). 77-78
4-9 Design of Isolated Footing. 79-84




4-10 Design of Stair. 84-91
4-11 Design of Basement Wall. 91-94
4-12 Design of Shear Wall(SW1,F1). 93-96
4-13 Column Coordinates. 97-101
Chapter V: Results and Recommendations

5-1 Results. 74
5-2 Recommendations. 74
5-3 References. 74-75
5-4 Appendix. 75

Table 1-1: time schedule table. 5
Table 3-1: specific density of the used materials. 24
Table 3-2: Live loads according to Jordanian code. 24
Table 3-3: snow loads according to Jordanian code. 25
Table 4-1: Check of minimum thickness of structural member. 34
Table 4-2: Dead load calculation of topping. 36
Table 4-3: Dead Load Calculation of Rib (R12). 40
Table 4-4: Dead Load Calculation of Solid Slab. 79
Table 4-5: Column Coordinates. 97-101

X




Chapter |

I: Architectural description

Figure 2-1: Project site. 8
Figure 2-2: Movement of the sun. 9
Figure 2-3: Wind movement at the site. 9
Figure 2-4: Contour lines of the land. 10
Figure 2-5: Project land. 10
Figure 2-6: Basement (-2) floor. 11
Figure 2-7: Basement (-1) floor. 12
Figure 2-8: Ground floor. 13
Figure 2-9: First floor. 14
Figure 2-10: Second floor. 15
Figure 2-11: Third floor. 16
Figure 2-12: Fourth floor. 17
Figure 2-13: North elevation (main elevation). 17
Figure 2-14: South elevation. 18
Figure 2-15: East elevation. 18
Figure 2-16: West elevation. 18
Figure 2-17: Section (A-A). 19
Figure 2-18: Horizontal movement. 19
Figure 2-19: Site plan. 20

Xl




Chapter I11: Structural description

Figure 3-1: One way solid slab. 26
Figure 3-2: One way ribbed slab. 27
Figure 3-3: Rectangular column. 27
Figure 3-4: Circular column. 27
Figure 3-5: Beams. 28
Figure 3-6: Shear wall. 29
Figure 3-7: Isolated footing. 29
Figure 3-8: isolated footing plan. 30
Figure 3-9: isolated footing section. 30
Figure 3-10: Stair diagram. 30
Figure 3-11: Expansion joint. 31
Chapter IV: Structural analysis and design

Figure 4-1: Topping load. 35
Figure 4-2: Moment diagram. 37
Figure 4-3: One way rib slab (R12). 38
Figure 4-4: Geometry of rib slab (R12). 39
Figure 4-5: Statically system and loads distribution of rib (R12). 39
Figure 4-6: Shear and moment envelope diagram of rib (R12). 41
Figure 4-7: Geometry of beam (B1). 57

X




Figure 4-8: Statically system and loads distribution of beam (B 1). 57
Figure 4-9: Shear and moment envelope diagram of beam (B1). 58
Figure 4-10: One way solid slab (S1). 71
Figure 4-11: Column (C28) section and reinforcement. 76
Figure 4-12: Foot plan. 78
Figure 4-13: Foot reinforcement details. 82
Figure 4-14: Stair plan. 83
Figure 4-15: Structural system of flight. 84
Figure 4-16: Structural system of landing. 87
Figurel4-17: Reinforcement for stairs. 89
Figure 4-18: Geometry of basement. 89
Figure 4-19: System and loads of basement. 90
Figure 4-20 Shear of basement. 91
Figure 4-21 Moment of basement. 91
Figure 4-22: Reinforcement for basement wall. 93
Figure 4-23: Moment and shear diagram for shear wall. 93
Chapter V: Results and recommendations.

Figure 5-1: Minimum thickness of nonprestressed beams or one way 104

slabs unless deflections are calculated.

XV




List of Abbreviation

e Ac = area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.

e Ag = gross area of section.

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

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

e b = width of compression face of member.

e bw =web width, or diameter of circular section.

e DL =dead load.

e d =distance from extreme compression fiber to cancroids of tension reinforcement.

e Ec = modulus of elasticity of concrete.

e Fy =specified yield strength of non-prestressed reinforcement.

e | =moment of inertia of section resisting externally applied factored loads.

e Ln = length of clear span in long direction of tow-way construction, measured face-to-
face of supports in slabs without beams and face to face of beam or other supports in
other cases.

e LL =live load.

e Ld = development length.

e M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

e Pn =nominal axial load.

e S =spacing of shear or in direction parallel to longitudinal reinforcement.

e \/c = nominal shear strength provided by concrete.

e \/n = nominal shear stress.

e Vs =nominal shear strength provided by shear reinforcement.

e Vu = factored shear force at section.

e \Wc = weight of concrete. (Kg/m?3).

XV



Chapter | Introduction

Chapter |

Introduction

Contents:

1-1 Introduction.

1-2 Reasons for choosing the project.
1-3 Project objectives.

1-4 Research problem.

1-5 Methodology.

1-6 Scope of the Project.

1-7 Time schedule.



Chapter | Introduction

1-1 Introduction

Civil engineering can design, build, and maintain the foundation for our modern society
“our roads and bridges, drinking water and energy systems, seaports and airports, and the

infrastructure for a cleaner environment", to name just a few.

Building engineering is considered as a branch of civil engineering, and it may be
considered as a whole branch standing by itself, it can study all the analysis and designs for
all constructions types with its variant applications taking into consideration all dynamic and
static effects and its relation with the environment effects involving winds, earthquakes and

weather.

In any construction project there are 3 main players:

e Owner: he decides the intended use and occupancy of the construction.

e Architect: he develops the architectural plans and layout.

e Building engineer: he decides a suitable structural framework, estimates the structural
loads depending on the building use and occupancy, analyses of the structure to
determine member and connection design forces, makes a good design for the
structural members and connections, and finally verificates this design with ensuring

the safety and serviceability of the structure.

So you can see the main role of the building engineer in the structural projects, involves
the structural design, executing the work according to the previous design and supervision of
the executed work.

1-2 Reasons for choosing the project:
1-2-1 General reasons

There are several reasons led us to the selection of this project; including reasons related
to the nature of the project as a specialized hospital, and the other belonging to personal
reasons can be summarized as follows:

1. Emphasis on health value because we live a state of population increasing in generally,

and accidents and diseases particularly nowadays.
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2. Providing building serves the surrounding environment and works to minimize damage as
much as possible.

3. The need for achieving building works to provide healthy atmosphere for Patients taking
into consideration their needs to have safe and comfortable environment inside the hospital.

1-2-2 Personal reasons

The need of a structural project as the project team desired, to acquire the structural
design skills by linking theoretical aspects that have been gained from the courses studied,
and apply it effectively in this project and the contents of various structural elements, the
design of these elements to fit with loads located them, taking into consideration the

provision of global and durability economy.

Moreover, we would like to submit this project to the architectural and civil engineering
department in the Engineering College at Palestine Polytechnic University for completing

graduation conditions and gaining a bachelor's degree in building engineering specialist.

1-3 Project objectives:

Obijectives of this project are divided into two parts:

1-3-1 Architectural Goals

In this project architectural design is not the main goal as civil and building engineers;
however; our role here as building engineers is to achieve this project with saving the beauty
and utility requirements, cost and durability in its facilities, which are the basic of

architectural design requirement.

1-3-2 Structural Goals

Structural design of the units will be done in this project by choosing the most appropriate
structural components with its different types for our project to achieve best serviceability,
factor of safety as well as the most appropriate economic cost and prepare all structural
drawings for beams, slabs, columns, footings and shear walls to be ready for executing the

project on reality.
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1-4 Research problem

The problem of our project is designing the structural elements of Al-Razi specialized

hospital, which is expected to be solved at the end of this project. Our structural design

consists of different structural elements involves slabs, beams, columns and foundations

taking into consideration its structural distribution without any conflict with the architectural

design.

1-5 Methodology:

1.

o g ~ w

Preparation of architectural plans completed and evaluated in terms of architecture

and its compatibility with the objectives of the project and its services.

Study of structural elements and choosing the most appropriate mechanism for the
distribution of these elements as columns, beams, ribs which don’t collide with
architectural design topic and achieve the economic aspect and Security.

Analysis of the structural elements and loads affecting them.

Design of structural elements based on the results of the analysis.

Design by different design programs.

Completion plans of structural elements which have been designed to project the final

and executable drawings.

1-6 scope of the Project

Project contains several chapters as follows:

7.
8.
9.

Chapter One: general introduction to the project.
Chapter Two: architectural description of the project.
Chapter Three: description of the structural elements of the project.

10. Chapter Four: Analysis and structural design of all structural elements.

11. Chapter Five: The results that have been reached and recommendations.
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1-7 Time schedule

The expected time table of the first and second semester of the year 2017\2018.

Introduction

Suggested Time

ubwﬁﬂD.J—

SEPP

Project Selection

ol

Site Study

Collect  information
about the project

Architectural study of
the building

Structural study of the
building

Preparation of gradu-
ation project introduc-
tion

Make the presentation

Structural analysis

Structural design

Preparation of con-
struction drawings of
the project

Writing the document

Stand by time

Presentation of the
project

Table 1-1: time schedule table.
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2-1 Introduction

Public Art is an example of media that has been planned and executed with the intention
of being staged in the public realm. The public realm refers to publicly-owned streets, parks
and rights-of-way, which is where buildings are situated. Architecture clearly meets this
definition. All of us, as the public, interact with architecture. We are affected on a practical
and emotional level by both the way a building appears in its context and by its interior

environment.

The design for any structure or building should be processed in many stages; first stage is
architectural design which starts with determining the shape of the building taking into
consideration achieving the various functions and requirements for which this building will
be constructed. So, the initial distribution of its facilities will be done, in order to achieve the
required spaces, dimensions and the location of columns and axes. Moreover, in this stage a

study of lighting, ventilation, movement and other functional requirements will be done.

After the completion of the architectural design stage and its final output, the structural
design process begins, which aims to determine the dimensions of the structural elements and
their characteristics, depending on the different loads that are transported through these

elements to the foundations and then to the soil.

2-2 Overview of the project

There are good numbers of hospitals in Hebron city in general, but because of the
continuous increase of population, diseases and pollution in the city, it is necessary to build a

new hospital as a specialized hospital.

There is no doubt that the role of hospitals in our time is no longer limited to the
provision of therapeutic service only, also it is no longer known as a place to accommodate
patients and injured as in the past. However, the modern definition of hospital is an integrated
medical organization aims to provide health services in its comprehensive concept of
prevention, therapy and medical education in addition to conducting health researches in

various branches.
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2-3 Project location

For the design of any project, its location should be considered to create the building
carefully whether relating to geographical location or the impacts of climatic prevailing in the
region, so the existing elements and their relations with the proposed design should be
studied to achieve the optimal design. Therefore, project location should give a general idea
about the elements around the site, to know the relationship between project and surrounding
streets, the height of surrounding buildings, the direction of the prevailing winds and the path

of the sun

2-3-1 Proposed site

The project is suggested to be located in Ber Haram Alrama north of Hebron city. It is
supposed to be built on a land with an area of 6acres with 3 different levels. The land is
located at a height of 990m above sea level next to a main street.

O 5 OS2 ! —
Figure 2-1: Project site.

2-3-2 Project land analysis:

2-3-2-1 Roads and Transport
Project site is one of the active sites in Hebron city, and the services there are easily

accessible by public transport. Because the site can be accessed through main street.

2-3-2-2 Movement of the sun
The amount of solar radiation varies throughout the year and reaches its maximum rate in

the city in June. The annual average number of hours that the sun radiate is 3300 hours / year.

8
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Moverient of the suninthe wirfer

Hovened of the sua in the svrner

Figure 2-2: Movement of the sun.

2-3-2-3 Wind movement at the site
Wind affects the buildings either on the walls or the structure in addition to erosion
processes, therefore, taking into account the wind direction when directing the building is
essential in design process. Usually Wind direction and its speed are different from one
region to another, but the usual known wind blowing on the city of Hebron and affect the
proposed site is south-east wind blows in winter, North West wind blows in summer and
winter, so it’s important to pay attention when directing the building to avoid the winds that

have a negative impact on the building.

Wind Directions:

I et Nodbuest vind \ \
W Cold Savtheastem vind \

W 110t Norheast vind
Dry Southernwind

.

Figure 2-3: Wind movement at the site.
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2-3-2-4 Contour lines

Figure 2-4: Contour lines of the land.

2-3-2-5 Project land

Figure 2-5: Project land.

2-4 Description of the project elements
The project total area is about 17000m?, it consists of 7floors , two of them are below

ground level as basement floors and the others are above ground level described as follows:

10
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2-4-1 Basement (-2) floor
The area of this floor is 1654.2m?, on a depth of 7.0m below ground level (0.0), it consists
of a large entrance that allows ambulances to enter. It’s also has cars park allows all vehicles
to pass easily. In addition to gas heater room, generator room, equipment maintenance room,

staircase and electric elevators.

¢
|

(===

i

Q_

Figure 2-6: Basement (-2) floor.

2-4-2 Basement (-1) floor
The area of this floor is 1654.2m?, on a depth of 3.20m below ground level (0.0), it

consists of:

1. Dead Rooms: this floor contains a room for dead washing and a refrigerator room for
the dead.

2. Guest rooms: on this floor there are rest rooms for staffs and guest lounge.

3. Drug stores.

4. Department of kitchens and food storage: the floor includes a large kitchen that
includes all the necessary equipment to prepare food for all patients and employees,

large storages and large refrigerators for food.

11
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5. Laundry rooms: there is a full section on this floor with laundry and has three laundry

and drying rooms, folding and ironing room, and registration and delivery area.

Figure 2-7: Basement (-1) floor.

2-4-3 Ground floor
The area of this floor is 1891m2, on a height of 0.6m above ground level (0.0), it consists

of:

1. Entrance, consists of: entrance hall, reception, and elements of the movement
(elevators, stairs).

2. External clinics.

3. Master cafeteria, kitchen, storage room and gifts shop.

This floor has two entrances, main entrance and sub entrance.

12
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Figure 2-8: Ground floor.

2-4-4 First floor.
The area of this floor is 2687m?, on a height of 4.39m above ground level (0.0), it consists

1. Department of Administration consists of: meeting hall, the office of the hospital
director, the secretariat, archivist, public relations office and the accounting office.

2. It has a pharmacy, a drug store and a staff lounge.

3. There is a special ward consisting of two sections: the laboratory section and the
radiology department, it also has a staff lounge.

4. Emergency department: It has a large entrance, next to the security department; there
are also security, guest and staff lounges.

5. Reception :It has a guest lounge, reception and registration desks and staff lounge.

6. Department of examination: divided into two sections one for women and the other

one for men. In addition to, rapid operations room.

13
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Figure 2-9: First floor.

2-4-5 Second floor
The area of this floor is 2815m2, on a height of 8.2m above ground level (0.0), it consists

of:

1. Special section for operations: It consists of a clean corridor along the section that
reaches the sterilization chambers, also it consists of two operating rooms each one is
containing an anesthesia room that has a special part for washing.

2. Department of intensive care: consists of ICO and CCU rooms ,in addition to two
rooms for rapid operations with the necessary preparations of sterilization and

anesthesia.

14
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G)_
Figure 2-10: Second floor.

2-4-6 Third floor
The area of this floor is 2464m2, on a height of 12.0m above ground level (0.0), it consists
of:

1. The Department of Obstetrics: Patient’s rooms section has the largest part of it. The
second part consists of the natural and caesarean delivery rooms, the examination and
preparation rooms, the preterm section, and doctors’ rest rooms.

2. Children's section: consists of: patient’s rooms, playroom for children, queries and

rest rooms for visitors and nurses.

15
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2-4-7 Fourth floor
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Figure 2-11: Third floor

The area of this floor is 2000m?, on a height of 15.8m above ground level (0.0), it consists

of:

Department of Internal Medicine: it consists of patients rooms, rest section for staffs

and visitors, and nurses' inquiries.

sterilization section.

Ear, nose and throat Department.

Department of Surgery: it consists of several rooms for its patients. In addition to its

16
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Figure 2-12: Fourth floor.

2-5 Description of elevations

Building elevations give the first impression of the idea of the building and its
interconnection with the surrounding. Project elevations here are simple and having a
traditional nature. Moreover, the difference in the levels of the building blocks helps in giving
the idea and the aesthetic of the project elevations. In addition to the salience and retreating

are clear in the elevations as follows:

2-5-1 North elevation (main elevation)
It is the main elevation with a clear difference in the levels, showing all the blocks of the
building. It contains the main entrance of the hospital and several forms of windows. This

elevation consists of various types of materials such as stone and glass.

Figure 2-13: North elevation (main elevation).

17
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2-5-2 South elevation
It shows the different levels of the land, in addition to the outer columns.

[TTTT11
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¥

Figure 2-14: South elevation.

2-5-3 East elevation

It contains an emergency entrance surrounded by glass.

Figure 2-15: East elevation.

2-5-4 West elevation
Car parking entrance is appearing in this elevation. Moreover, levels difference and

building blocks retreating are clear here.

Figure 2-16: West elevation.

18
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2-6 Description of movement of the building:

2-6-1 Internal Movement
The vertical movement between the floors is based on its elevators and stairs. In each

floor, there are elevators for patients and elevators for visitors, as well as a staircase and

elevators for hospital services. Moreover, the horizontal movement is applied to transport

freely in the hospital sections.

LR

£
- ——
)

- Im | FFl” I

:
= o - o

Figure 2-17: Section(A-A).
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Figure 2-18: Horizontal movement.
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2-6-2 External Movement

Project land is divided into 3 levels; the difference between each level is 4m, so the
construction of the hospital will be built on 3 levels.

The lowest level contains the garage with a comfortable ramp and some external car
parking. The middle level contains a free cars path to reach the entrance of the hospital with
some external parkings. Finally, the highest level contains an emergency entrance with an
excellent path for the ambulance to reach it, in addition to external parking for the visitors

and the ambulance.

Figure 2-19: Site plan.

20
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3-1 Introduction

The process of structural analysis and design of any building is integrated and
indivisible, so after study the description of the architectural elements in our project, we
started to Study the existing structural elements in constructions so we can choose the
accurate structural system for the building which we are planning to design.

In this chapter, different structural elements will be discussed such as columns, beams,
foundations and other structural elements, in addition to determine the value of the loads
affecting on these elements, such as dead and live loads and other loads which will be

mentioned later.

3-2 The purpose of structural analysis and design

Structural design is a connected process which depends on the structural elements that is
supposed to act as one unit, so it is important to make the best design of the building to
achieve these wanted aims:

1. Safety: it is supposed to do the design taking into consideration the safety of the
building in every condition.

2. Economical Coast: Achieving the best level of safety with the least coast.

3. Serviceability: avoiding deflection and cracks which can make the building weak.

4. Save the architectural design of the building.

3-3 Structural analysis steps:

3-3-1 Soil investigation
The purpose of soil investigation is to explore and evaluate the subsurface conditions at
various locations in the project site in order to develop geotechnical engineering

recommendations for foundation design and construction.

Before the construction analysis of any building, geotechnical studies for the site must be
done, it means every process to explore the site and study the soil, rocks and groundwater
must be done, then analysis the previous study information and translate it, in order to predict
the soil .behaviour .The most important thing is to get the soil bearing capacity in order to

know how to design and execute the building.
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3-3-2 primary structural design
In this stage, the appropriate structural system of project will be determined, according to

the site of the project, its size, and the nature of the project.

3-3-3 final structural design
Final structural design of each element will be done with high accuracy according to the
chosen construction system, in addition to make structural details appears in the structural

drawings.

3-4 Loads classification
Loads which are directly affects the building classified into:
1. Main loads (direct): which include dead and live loads and environmental loads.
2. Secondary loads (indirect): These include shrinkage of concrete drought, heat

impact and crawl and consolidation.

So, in structural calculation, we must consider the accuracy in the process of representation
of loads on structural elements as the previous classification. Concrete, for example, has an

expansion and shrinkage factor different than its reinforcement steel factor.

The designed structural elements must be able to carry loads without the occurrence of
any failure, and these loads are:

1. Dead loads.

2. Live loads.

3. Environmental loads.

3-4-1-1 Dead loads
Loads resulting from the self-weight of building, which consists of the weights of the
materials used in the building which include all the structural elements and fixtures weight.

There is some of the specific density of the materials used as follows:
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Material Density (KN/m?3)
1 Mortar 22
2 Tiles 23
3 | Reinforced concrete 25
4 Coarse sand 17
5 Plaster 22

Table 3-1: specific density of the used materials.

3-4-1-2 Live loads
Loads act on buildings and construction because of their different uses, including
distributed and concentrated loads, which include:

1. Dynamic loads: such as the equipments which create vibrations affecting the entity.

2. Static loads: such as weights of people, the stored material and furniture. The table
below shows the values of the live loads depending on the use of our building
according to the Jordanian code.

So, in our project as a hospital building, we will take the live load in our calculations

as 5KN/m according to Jordanian code.
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Table 3-2: Live loads according to Jordanian code.
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3-4-1-3 Environmental loads
loads caused by the environmental effects on the building.
3-4-1-4 Wind load
Horizontal forces affect the building which can clearly appears in the high ones, it has a
positive value as a result of pressure and negative value as a result of tension, measured in
kilo Newton per square meter (KN / m2). The determination of wind loads depending on the
height of the building above ground level, and its location in compared with the surrounding
buildings, whether higher or lower. Wind loads can be resisted through shear walls which are

designed according to the loads acting over them.

3-4-1-5 Snow loads
loads affect the building due to snow accumulation, snow loads can be evaluated as the
following:
1. The height of the building above sea level.
2. Slope of roof.

The following table shows the value of snow loads according to height above sea level by

the Jordanian code.

Height of building above sea level (m) | Snow load (KN /m?)

1. h<250 0
2. 500> h > 250 (800 ) /h-250
3. 1500 > h > 500 (h-400) / 320

Table 3-3: snow loads according to Jordanian code.

The height of the project land=990m above sea level, so case (3) from the table above
will be considered,and snow load will be equal to (990-400)/320=1.84KN/m?

3-4-1-6 Earthquakes
One of the most important environmental loads affecting the building, consist of
horizontal and vertical forces which create moments, including overturning and torque
moments. It can be resisted using shear walls with a good thicknesses and enough
reinforcement to assure the safety of the building. Earthquakes must be considered in the
structural design to reduce its risk and improve the performance of the building. Code (UBC
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1997) will be used in order to define and determine the seismic loads and shear forces
according to it.

3-5 Construction elements

The building is a set of construction elements related for each other and acting as one
unit. There are some of the construction elements used in the buildings like slabs, columns,

stair, beams, and foundations. Here are some of the construction elements used in our project:

3-5-1 Slabs
Slabs are structural elements that transfer the vertical forces due to the loads affecting the
structural elements of the building such as beams, walls and columns, without any distortions.
There are different types of commonly used reinforced concrete slabs, including the
following:
1. Solid slabs.
2. Ribbed slabs.

But in our project only two types of slabs are suggested to be used:

3-5-1-1 One Way Solid Slabs: which have been used in some stairwall slabs.

/~ one way solid slab

Figure 3-1: One way solid slab.

3-5-1-2 One way ribbed slabs: which consists of hollow slabs with total
depth greater than solid slabs depth. This system is economical for buildings
where superimposed loads are small and spans are relatively large, such as

schools, hospitals, and hotels etc... .

26



Chapter 111 Structural description

One way rib slap Shrinkage and tempretute bars

Hollow block

Figure 3-2: One way ribbed slab.

3-5-2 Columns
Columns are considered as the main component in the transfer of loads from slabs, beams
and transferred it to the foundations, so it is an essential structural component of transfer the
loads and the stability of the building. it must be designed to be able to carry and distribute all
the loads act on it.
there are two types of columns, short and long columns. Columns sections have many
forms, including rectangular, circular, polygon, box and the boat. Another classification of

columns is according to the type of construction material used such as concrete, metal, and

Figure 3-3: Rectangular column. Figure 3-4: Circular column.

wood.
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3-5-3 Beams
They are essential structural elements transport loads of ribs and solid slabs to columns.
Concrete beams divided into two types:-
1. Hidden beams: beams hidden inside the slab so that its height equals to the height of
the slab.
2. Drop beams: beams with height greater than the height of the slap, the excess part of
the beam is in both directions, lower one (Down Stand Beam) or upper (Up stand

Beam),so these parts are called L —section and T-section.

Rib

Beam flang Hollow block

Main b.
m Beam web

Support 1

Support 2

Bottom bars

Figure 3-5: Beams.

3-5-4 Shear walls
Structural elements resist the vertical and horizontal forces which affecting the building,
such as strong winds and earthquakes.

These walls resisting the vertical loads transferred to them, and resist the horizontal forces
that affecting the building, so they must be available in both directions, taking into account
that the distance between the centre of rigidity where the shear walls should be built and the
centre of gravity of the building must be as less as it possible, and be enough to reduce the

torques and their effects on the building walls that resist the horizontal forces.
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Steel bars

—-——=
-_—
T ——
- —
—

Figure 3-6: Shear wall.

3-5-5 Foundations

Foundations are the link between the structural elements of the building and the land, the
weights and loads which have been carried by foundations come from the loads located on
slabs moves into beams then to columns and finally to footings into the soil. The foundation
must be responsible for carrying the dead loads of the building and also dynamic loads
resulting from wind ,snow, earthquakes and also live loads within the building.

it is expected in our project to use different types of foundations depending on soil
bearing capacity and loads along each foundation.

Square footing._

Figure 3-7: Isolated footing.
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tJ h M|
- _T ( ”“." [}~ Dowels

B“Reﬁtﬁocemef(teel
Figure 3-8: isolated footing plan. Figure 3-9: isolated footing section.
3-5-6 Stairs

Structural element responsible for vertical movement between floors in the building.

Staircase design is structurally as a solid slab in one direction.

Shear wall

Stairs

" Temperature and
shninkage bars

~ Shear wall

Figure 3-10: Stair diagram.
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3-5-7 Expansion Joints
It can be used in buildings with large horizontal dimensions or special shapes and

situations. Expansion joints have some requirements and recommendations as follows:

e From 40 to 45 m in normal regions like Palestine.

e From 30 to 35 m in warm regions.

e We can increase these distances by consider the effect of creep and shrinkage.
e Inretaining walls we must decrease distances between expansion joints.

e Expansion joint width should not be less than (3cm).

P
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<
1

|
==
B
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Figure 3-11: Expansion joint.
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Chapter IV

Structural analysis and design

Contents:

4-1 Introduction.

4-2 Design Method and Requirements.
4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping.

4-5 Design of One Way Rib Slab.

4-6 Design of Beam.

4-7 Design of One Way Solid Slab.

4-8 Design of Column(C28/GF).

4-9 Design of Isolated Footing.

4-10 Design of Stair.

4-11 Design of Basement Wall .

4-12 Design of Shear Wall(SW1,F2).
4-13 Column Coordinates.

32



Chapter IV Structural analysis and design

4-1 Introduction

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels
and others. Reinforced concrete is logical union of two materials: plain concrete, which
possesses high compressive strength but little tensile strength, and steel bars embedded in the

concrete, which can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures. Understanding of reinforced concrete behavior is still far from complete,
building codes and specifications that give design procedures are continually changing to reflect
latest knowledge.

Structural concrete can be classified into:

e Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.
e Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
e Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

4-2 Design Method and Requirements

The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318 _08).

Strength design method:

In ultimate strength design method, the service loads are increased by factors to obtain the
load at which failure is considered to be occurring, this load called factored load or factored
service load, the structure or structural element is then proportioned such that the strength is
reached when factored load is acting, the computation of this strength takes into account the

nonlinear stress-strain behavior of concrete.

The strength design method is expressed by the following,
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Strength provided > strength required to carry factored loads.

NOTE:

The statically calculation and the key plans dependent on the architectural plans.
Code: ACI 2008 UBC

Material: Concrete B300
_ 2 . i
Fcu =30N/mm*(MP&) £or circular section.

But, for rectangular section ( fc'=30*0.8 = 24M Pa).

Reinforcement steel:

The specified yield strength of the reinforcement {fy = 420 N/mm?2 (MPa)}.
Factored loads:

The factored loads for members in our project are determined by:

Wu=12DL+16LL ACI-code-318-08(9.2.1)

4-3 Check of Minimum Thickness of Structural Member

Minimum thickness ( h)

Simply One end Both end
Member supported continuous continuous Cantilever
solid one way
slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

Table 4-1: Check of minimum thickness of structural member.
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For Rib :

hmin for(one end continuous)=L/18.5=6.16/18.5=33.3cm.
hmin for(both end continuous)=L/21=5.9/21=28.1cm.
hmin for(simply supported )=L/16=4.97/16=31cm.

Take h =35 cm.

27 cm block + 8 cm topping = 35cm.

For Beam:

hmin for(one end continuous)=L/18.5=5.85/18.5=31.6¢cm.
hmin for(both end continuous)=L/21=5.95/21=28.3cm.
hmin for(cantilever )=L/8=2/8=25cm.

Take h = 35 cm, but in some regions we have a drop beam.

4-4 Design of Topping
Statically System For Topping :

Consider the topping as strip of (1m) width, and span of mold length with both end fixed in
the ribs.

Wu

- - 40 cm -

Figure 4-1: Topping load.
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Load Calculations:

Structural analysis and design

Dead Load:
No. Parts of Rib Calculation
1 Tiles 0.03*23*1 = 0.69 KN/m
2 Mortar 0.02*22*1 = 0.44 KN/m
3 Coarse Sand 0.07*17*1 = 1.19 KN/m
4 Topping 0.08*25*1 = 2.0 KN/m
5 partions KN/ml1=11*
Sum = 5.32KN/m

Table 4-2: Dead load calculation of topping.

Live Load:

LL =5 KN/m2.

LL =5 KN/m2x1m=5KN/m.

Factored Load :

WU = 1.2 x5.32 + 1.6%5 =14.4 KN/m.

Check the strength condition for plain concrete, @Mn > Mu, where o = 0.55.

Mn = 0.42 A /f Sm (ACI 22.5.1, equation 22-2).

2 2
S = = = 20 = 1066666.67 mm?>.

@Mn =0.55x0.42x1x+/24 x1066666.67 x107¢ =1.21 KN.m

w

2
Mu = %ZL = 0.192 KN.m (negative moment)
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W,L2
Mu = —

= 0.96 KN.m (positive moment)

gMn>> Mu = 0.192 KN.m

wil?

12 FT

Figure 4-2: Moment diagram.

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

as shrinkage and temperature reinforcement.
pshrinkage= 0.0018. ACl17.1221

As = pxbxhtopping =0.0018 x1000x80 = 144 mm2/m
Step (s) is the smallest of:

3h = 3x80 =240 mm control ACI 10.5.4 450mm.

280

S :380(?) —2.5C, = 380 <

280
2
5420

> —2.5.20 = 330mmACI 10.6.4.

Take 6 8 @ 200 mm in both direction , S =200 mm < Smax =240 mm ...
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4-5 Design of One Way Rib Slab
Requirements For Ribbed Slab Floor According to ACI- (318-08) .

BW > TOCIML. oo, ACI(8.13.2)

h<3.5%DW oo ACI(8.13.2)

Select h=35cm<3.5*12= 49 cm

tf>Ln/12=600/12 >50mm ........cceevevviniiiiniiiieinieanen, ACI(8.13.6.1)
Select tf=8cm

Material :concrete B300 Fc' =24 N/mm?2

Reinforcement Steel fy = 420 N/mm2

Section :

B =520 mm ,Bw= 120 mm ,h= 350 mm ,t= 80 mm , d=350-20-10-12/2= 314 m.

Statically System and Dimensions:

BILEO7

0

Hr 8502 =] =1 -l

Bl 2
D

BZ,.B03

=T G2
[
—
Tl [T

EZ.BDS
[ | { | i { | [ |
() [ Sy = -y = [ - I [

D .

Figure 4-3: One way rib slab (R12).
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Geometry

Units:meter,.cm

1 2 3 4 5
1 2 3 4
A Al A A
|:: 1 T 1T ::l
A A Ay Ay
0.6 4.46 0.8 M 0.8 4.2 0.8 549 0.6
— . } . . } i
t 5.16 o 4.51 ' 5. o 6.19 o
I i Il Il |
I 52, T T T 1
35,
12.
A-A
Figure 4-4: Geometry of rib slab (R12).
Loading
Toad group no. 1
Dead load - Service Units:kN,meter
510 510 5.10 510
516 4.51 5. 6.19
Live load - Service Leoad factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60 2.0
516 4.51 5. 6.19

Figure 4-5: Statically system and loads distribution of rib (R12).

Load Calculation:

Dead Load:

No. Parts of Rib

Calculation

1 Tiles

0.03*23*0.52 = 0.359 KN/m/rib

2 Mortar

0.03*22*0.52 = 0.229 KN/m/rib
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3 Coarse Sand 0.07*17*0.52 = 0.620 KN/m/rib

4 Topping 0.08*25*0.52 = 1.04 KN/m/rib

5 RC. Rib 0.27*25*0.12 = 0.81 KN/m/rib

6 Hollow Block 0.27*10*0.4 = 1.08 KN/m/rib

7 plaster 0.02*22*.52= 0.229 KN/m/rib

8 partions 1*0.52= 0.52 KN/m/rib
Sum = 5.1 KN/m/rib

Table 4-3: Dead Load Calculation of Rib(R12).
Dead Load /rib =5.1 KN/m.
Live Load:
Live load = 5 KN/M2.

Live load /rib =5 KN/m2 x 0.52m = 2.6 KN/m.

Effective Flange Width ( bE):-ACI-318-11 (8.10.2)

b

E For T- section is the smallest of the following:-
be = | /4 =619/ 4 =154.75cm

be =12+ 16t=12 + 16 (8) = 140 cm

be — be < center to center spacing between adjacent beams = 52 cm. Control

Dg For T-section =52cm .
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Moment/fShear Enwvelope (Factored) Units kM meter

WMoments: Spans 110 &

-39.8

-28.9 -27.8 _25.3
-16.9 -18.5 -AT.8
_/\?%1 I I1 :
0. Es'q b2 \__/ ihl ' '1 b7
a1
| 208 3.4 | 2.48 . 203 | 225
I t T t 1
Shear
-32.1 32
-24.8 -22.9 247 -26.3

-20.1

20.8

30.9

Figure 4-6: Shear and moment envelope diagram of rib (R12).

Moment Design for (R 12):

Design of Positive Moment for (Rib12 ):-(Mu=23.7 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups—% =350—-20—-10 — % = 314 mm

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

Mnf =0.85. f.. b,. h. (d——
:0.85x24x520x80x(314——)><10 6 = 232.5KN. m

Mn>; l\fp“ = 203—';: 26.33KN.m, the section will be designed as rectangular section

withbe =520 mm.

M, _ 23.7x10°

Rn= =
¢bd? 0.9x520x3142

= (0.514 Mpa

fy _ 420 =206

T 0.85f.  0.85x24
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p=1<1 _ 1 _ﬂ> _ L(l _\/1 _w> = 0.00124
m 420 20.6 420

As,req = p.b.d =0.00124 x520x314 = 202.5 mm2

Check for As min:

. E(bW)(0|)
AS min = 4(fy) ACI-318 (10.5.1)

ﬂ(120) (314) =110mm?

A'S min = 4(420)

1.4
—— (bw)(d
AS min:(fY)( v

%(120)(314) =125.6mm*

AS min=4 controls

Asreg=202.5mm2 >Asmin=125.6 mm2 OK

Use 2 g 12 ,As,provided= 226 mm2>As,required= 202.5mm?2 .... Ok

S= 120—40—210—(2><12) =36mm>d, =12 >25 mm OK

Check for strain:

_ Asfy  226x420

= - = = 8.94 mm
0.85bf. ~ 0.85x520x24

8.94
X= = =>2=10.53 mm
B, 0.85

d— X) _ 0 (314 —10.53

ss=0.003< TR

" ) = 0.0864 > 0.005 Ok

Design of Positive Moment for(Rib12 ):- (Mu=11.7 KN.m)
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d =h- cover - dstirrups—dz—b =350-20—-10— % = 314 mm

M, _  11.7x10°

Rn: =
@bd? 0.9x520x3142

= 0.25 Mpa

f 420
=2 = = 20.6
0.85f.  0.85x24

m

p= 1(1 _ 11 _ﬂ> = L(l _Jl _M> = 0.000599
m 420 20.6 420

As,req = p.b.d = 0.000599x520%314 = 97.8 mm?2

Check for As min:-

_ E(bW)(d)
AS min = 4(fy) ACI-318 (10.5.1)

22

A'S min = 4(420)

(120)(314) =110mm’

14
—— (bw)(d
AS min:(fY)( D)

) ﬂ(:|.20)(3:|.4) =125.6mm?
AS min =420 controls

As,required=125.6 mmz2.

Use 2 0 10 ,As,provided= 157.08 mm2>As,required= 125.6 mm2 ... Ok

_120-40-20—(2x10) _
= - =

S

40 mm > dy, = 10 > 25 mm OK

Check for strain:

_ Asfy  157x420

= - = = 6.22 mm
0.85bf.  0.85x520x24

a 6.22
X=—=—="7.31mm
B, 0.85
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d—x 314 —7.31
& = 0.003( " ) = 0.003 (7—31> = 0.125 > 0.005 Ok

Design of Positive Moment for (Rib12 ):- (Mu=12.9 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups—dz—b =350—-20—-10— % = 314 mm

My 129x10%
Rn= gbd2 ~ 0.9x520x3142 0.28 Mpa
f 420
Y — = 20.6

m= — =
0.85fc 0.85%X24

p= i<1 _ 11 _ﬂ> = ;<1 _\/1 _w) = 0.000671
m 420 20.6 420

As,req = p.b.d =0.000671x520%314 = 109.56 mm?2

Check for As min:

_ Vi (bw)(d)
AS min = 4(fy) ACI-318 (10.5.1)

ﬂ(120) (314) =110mm?

A'S min = 4(420)

14
—— (bw)(d
AS min:(fY)( v

1'7‘:)(120)(314) —125.6mm?

AS min=4 controls

Asreq = 125.6 mm2

Use 2 10 ,As,provided=157.08 mm2>As,required= 125.6 mm2... Ok

_120-40-20—(2x10) _
= - =

S 40 mm > dy, = 10 > 25 mm OK
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Check for strain:

AS.
_ fy, _ _157x420 _ 6.22 mm

0.85b fC 0.85%X520%24
X=i=@=7.31mm

B, 0.85

d—x 314 — 7.31
e = 0.003 (—) = 0.003 (—) = 0.125 > 0.005 Ok
X 7.31

Design of Positive Moment for (Rib12 ):- (Mu=33.7 KN.m)
Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dstirrups—% =350—-20—-10— % = 314 mm

M 33.7x10°
Rn: u =
¢bd? 0.9x520x3142

= 0.73 Mpa

f 420
m=—L = = 20.6
0.85f. ~ 0.85x24

p=i<1 _ 1_m> =L<1 _Jl _M) =0.00177
m 420 20.6 420

As,req = p.b.d =0.00177x520x314 = 289 mm2

Check for As min:

. E(bW)(0|)
AS min = 4(fy) ACI-318 (10.5.1)

Vo4 (120)(314) =110mm?

AS min = 4(420)

1.4
—— (bw)(d
AS min:(fY)( "D

] ﬂ(lZO)(314) =125.6mm?
AS min =420 controls
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Asreq= 289 mm2 >Asmin=125.6 mm2 OK

Use 2 g14 ,As,provided=308 mm2>As,required= 289 mm2... Ok

s 120—40—210—(z><14) =32mm>d, =14 >25 mm OK

Check for strain:

_ Asfy  308x420

a= - = = 12.2 mm
0.85b fl  0.85x520x24

12.2
X= = = == = 14.35 mm
B, 0.85

d—x 314 — 14.35
& = 0.003( " ) = 0.003 (TSS) = 0.0626 > 0.005 Ok

Design of Negative Moment for (Rib12 ):- (Mu=-16.9 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups—% =350—-20—-10— % = 314 mm

Rn= Mu _ 16.9x10°

T 0bd?  0.0x120x314% 1.59 Mpa

f 420
m=—% = = 20.6
0.85f, ~ 0.85x24

p:l<1 -1 _ﬂ> — L(l _Jl _w> = 0.00395
m 420 20.6 420

As,req = p.b.d = 0.00395%120%314 = 148.8 mm?2

Check for As min:

_ Jfe! (bw)(d)
AS min = 4(fy) ACI-318 (10.5.1)

ﬂ(120) (314) =110mm?

AS min = 4(420)
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1.4
—— (bw)(d
AS min:(fY)( "D

. ﬂ(:|.20)(3:|.4) =125.6mm?*
AS min =420 controls

Asreq = 148.8mm2 >Asmin=125.6 mm20K

Use 2 g 10 ,As,provided= 157.1 mm2>As,required= 148.8 mm2... Ok

_ 120-40-20—(2x10) _
= - =

S

40 mm > dyp, = 10 > 25 mm OK

Check for strain:-

_ Asfy  157.1x420

= - = = 26.95 mm
0.85bf.  0.85x120x24

a 2695
X=—=—>==31.7mm
B, 0.85

d—x 314 —31.7
& = 0.003( " ) = 0.003 (T) = 0.0267 > 0.005 Ok

Design of Negative Moment for (Rib12 ):- (Mu=-18.5 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups—% =350—-20—-10— % = 314 mm

Rn= Mu _ 18.5x10°

T 0bd?  0.0x120x314% 1.74 Mpa

fy 420
m= — =
0.85f¢ 0.85%24

p:l<1 -1 _%> — L(l _\/1 _w> = 0.00434
m 420 20.6 420

As,req = p.b.d =0.00434x120%314 = 163.5 mm?2

= 20.6

Check for As min:-
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Chapter IV Structural analysis and design

_ Vi (bw)(d)
AS min = 4(fy) ACI-318 (10.5.1)

ﬂ(120) (314) =110mm?

AS min = 4(420)

14
—— (bw)(d
AS min:(fY)( v

1'7‘:)(120)(314) —125.6mm?

AS min=4 controls

Asreq = 163.5mm2 >Asmin= 125.6 mm20K

Use 2 g 12 ,As,provided= 226 mm2>As,required= 163.5 mm2... Ok

S = 120—40—210—<2Xl2> =36mm>d,=12>25mm OK

Check for strain:-

Asfy 226X420

= - = = 38.77 mm
0.85bf. ~ 0.85x120x24

a 38.77
X=—=——=45.62 mm
By 0.85

d—x 314 — 45.62
& = 0.003( " ) = 0.003 (W) = 0.0176 > 0.005 Ok

Design of Negative Moment for (Rib12 ):- (Mu=-9.5 KN.m)
Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dstirrups— 2 = 350 — 20 — 10 — 2 = 314 mm

Rn= Mu _ 9.5x10°
" gbdZz ~ 0.9x120%x3142

= 0.892 Mpa

fy 420
m= — =
0.85f; 0.85%24

= 20.6
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Chapter IV Structural analysis and design

p=1<1 _ 1_m> =L<1 _Jl _M> = 0.00217
m 420 20.6 420

As,req = p.b.d =0.00217 x120x314 = 81.76 mm2

Check for As min:

_ Vi (bw)(d)
AS min = 4(fY) ACI-318 (10.5.1)

a4 (120)(314) =110m?

AS min = 4(420)

14
—— (bw)(d
AS min:(fY)( v

14 (120)(314) =125.6mm?

AS min =420 controls
Asreq = 125.6 mm2

Use 2 10 ,As,provided= 157.08 mm2>As,required= 125.6 mm2... Ok

_120-40-20—(2x10) _
= - =

S

40 mm > dy, = 10 > 25 mm OK

Check for strain:

_ Asfy  157x420

= - = = 6.22 mm
0.85bfl.  0.85x120x24

a 6.22
X=—=—-="7.31mm
B, 0.85

d—x 284 —7.31
gs = 0.003 (T) = 0.003 (T) = 0.125 > 0.005 Ok

Design of Negative Moment for (Rib12 ): (Mu=-9.1 KN.m)
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Chapter IV Structural analysis and design
Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dstirrups—dz—b =350—-20—-10— % = 314 mm

Rn= M, _  9.1x10°
T gbd?z ~ 0.9x120x3142

= 0.855 Mpa

fy 420
m= T =
0.85f¢ 0.85x24

p:l<1 -1 _w> = L(l _Jl _M> = 0.00208
m 420 20.6 420

As,req = p.b.d =0.00208x120%314 = 78.37 mm?2

= 20.6

Check for As min:

Jie (bw)(d)

As min=4(1Y) ACI-318 (10.5.1)

a4 (120)(314) =110m?

AS min = 4(420)

1.4
—— (bw)(d
AS min:(fY)( "AD

] ﬂ (120)(314) =125.6mm?
AS min =420 controls

Asreq = 125.6 mm2

Use 2 010 ,As,provided= 157.08 mm2>As,required= 125.6 mm2... Ok.

_ 120-40-20—(2x10) _
= - =

S

40 mm > dyp, = 10 > 25 mm OK

Check for strain:

Agt 157x420
=—Y_ = = 6.22 mm
0.85b fl.  0.85x120x24
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Chapter IV Structural analysis and design

a 6.22
X= B_1 = E = 7.31mm
d—x 284 —7.31
e = 0.003 (—) = 0.003 (—) = 0.125 > 0.005 Ok
X 7.31

Design of Negative Moment for (Rib12 ): (Mu=-27.8 KN.m)
Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dstirrups—% =350—-20—-10— % = 314 mm

Rn= Mu_ _ 27.8x10°
T ¢bd2 ~ 0.9x120x3142

= 2.61 Mpa

f, 420

Yy
m=——7= = 20.6
0.85f,  0.85x24

p=1<1 _ |1 _ﬂ> - L(l _\/1 _w> = 0.00667
m 420 20.6 420

As,req = p.b.d =0.00667 x120x314 = 251.3 mm2

Check for As min:

_ Vi (bw)(d)
AS min = 4(fY) ACI-318 (10.5.1)

a4 (120)(314) =110m?

1.4
—— (bw)(d
AS min:(fY)( (@)

) £(120)(314) =125.6mm?
A min =420 controls

Asreq = 251.3 mm2 >Asmin=125.6 mm20K

Use 2 g14 ,As,provided= 308 mm2>As,required= 251.3mm2... Ok
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Chapter IV Structural analysis and design

_ 120-40-20—(2x14) _
= - =

S 36 mm > dp = 14 > 25 mm OK

Check for strain:

_ Asfy  308x420

= - = = 12.2 mm
0.85b fl  0.85x120x24

12.2
X= = = == = 14.35 mm
B, 0.85

d-— X) —0 (284 —14.35

gs = 0.003 (T 1435 ) = 0.0626 > 0.005 Ok

Design of Negative Moment for (Rib12 ): (Mu=-25.3KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups—% =350—-20—-10— % = 314 mm

_ My _ 253x10%
Rn= ¢bd2 ~ 0.9x120x3142 2.38 Mpa
fy 420
m = = 20.6

"~ 0.85f,  0.85x24

p=i<1 |1 _ﬂ> - L(l _Jl _w> = 0.00604
m 420 20.6 420

As,req = p.b.d = 0.00604 x120x314 = 227.59 mm2

Check for As min:-

_ Jfe (bw)(d)
AS min = 4(TY) ACI-318 (10.5.1)

o4 (120)(314) =110m?

1.4
—— (bw)(d
AS min:(fY)( ()
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Chapter IV Structural analysis and design

) ﬂ(120)(314) =125.6mm?
AS min =420 controls

Asreq = 227.59 mm2 >Asmin= 125.6 mm20K

Use 2 g14 ,As,provided= 308 mm2>As,required= 227.59 mm2... Ok

S = 120—40—210—<2Xl4> =36mm>d,=14>25mm OK

Check for strain:-

_ Asfy  308x420

= - = = 12.2 mm
0.85bf;,  0.85x120%x24

a 122
X=—=—"-=14.35mm
B, 085

d-— X) —0 (284 —14.35

gs = 0.003 (T 1435 ) = 0.0626 > 0.005 Ok

Shear Design for (R 12):
Vu at distance d from support= 30.9 KN

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

Ve == ffib,d = =-v24 x 120 X 314 X 1073 = 33.84 KN
Ve =0.75%33.84 =25.38 KN

0.5 9 Vc =0.5%x25.38 =12.69 KN

0.58 Vc<Vu< g Ve

Vu>g Ve

For shear design, shear reinforcement is required (A, ),

53



Chapter IV Structural analysis and design
. 1 1

Vsmin =—./fflbwd = = bwd

Vs min=—1/24 120 = 314 = 11.54kn

Vsmin =2 bw d=— * 120 * 314 = 12.56kn

g(Vc+Vsmin)= 0.75(33.84+12.56)=34.8kn

gVc<Vu <g (Vc+Vsmin)

25.38<30.9<34.8

For shear design, minimum shear reinforcement is required (A, nin), Reinforcement.

Use stirrups (2 leg stirrups ) 8 8@150 mm , Av = 2 x 50.24 = 100.5 mm2

.1 7 byws 1bys
Avmin —1—6w/fc— > ——

fyt = 3 fyt
. 1 120s _
Avmin=100.5 —1—6\/24 220 - s=1.145m
1005 =1 2% 5 — 1.055m
3 420

S max—»% = 157mm

S max —»<600mm

Take (2 leg stirrups) g 8 @ 150 mm

2x50.3
A, =
0.15

= 670.67 mm2/mstrip

Vu at distance d from support=24.7 KN

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

Ve == [fib,d = 24 x 120 x 314 X 107° = 33.84 KN
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Chapter IV Structural analysis and design

gVc =0.75x33.84 =25.38 KN

0.5 9 Vc =0.5%x25.38 =12.69 KN

Vu=24.7< 0.5 Vc=12.69 no

0.59 Vc<Vu< g Ve

12.69<24.7 < 33.84 ok.

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

Vu at distance d from support=20.8 KN

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

Ve == [fib,,d = V24 x 120 x 314 X 107% = 33.84 KN

gV =0.75x33.84 =25.38 KN

0.5 2 Vc =0.5x25.38 =12.69 KN

Vu=20.8<0.50Vc=12.69 no

0.58Vc<Vu<gVc

12.69< 20.8 < 33.84 ok.

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

Vu at distance d from support= 24.8KN

Shear strength V¢, provided by concrete for the joists may be taken 10% greater than for
beams. This is mainly due to the interaction between the slab and closely spaced ribs.(ACI,
8.13.8).
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Ve =2 [fb,,d = =24 x 120 X 314 X 107° = 33.84 KN

gVc =0.75x33.84 =25.38 KN

0.5 8 Vc =0.5%25.38 =12.69 KN

Vu=24.8<0.50Vc=12.69 no

0.58Vc<Vu<g Vc

12.69< 24.8 < 33.84 ok.

Structural analysis and design

Minimum shear reinforcement is required except for concrete joist construction.

So, no shear required reinforcement is provided.
So we take for all rib the maximum case:

Take (2 leg stirrups) g 8 @ 150 mm

_ 2%50.3
V" 015

= 670.67 mm2/mstrip

4-6 Design of Beam
Material : concrete B300 Fc' =24 N/mm2
Reinforcement Steel fy = 420 N/mm2
Section :
B=60cm
h=35cm

d=350-40-10-18/2= 291 mm
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Chapter IV Structural analysis and design

Statically System and Dimensions:

Geomeiry Units:meter.cm
1 2 3 4 &
1 2 3 4
E Al A Al A ::|
| S | S |-
A A A A
ICl GI 4.7 IIJ.EI 5.02 IIJ.EI 5.35 II] G 4.6 IU.GI
o 5.3 s 5.62 s 5.95 s 5.2 v
I } } } f
3b.
&0.
A-A
Figure 4-7: Geometry of beam (B1).
....... »
Toad group no. 1
Dead load - Service Units:kN,meter
25.9 25.9 24.9 25.9
24.3 24.3 24.3 24.3
53 B LT 5P
Live load - Service Load factors: 1.20,1.20/1.60,0.00

I Jias] Vodoads boboads J Jassl |
5.3 5.62 5.2

5.95

Figure 4-8: Statically system and loads distribution of beam (B 1).

Load Calculations:
Dead Load Calculations for Beam (B1):

The distributed Dead and Live loads acting upon B1 can be defined from the support reactions of
the R12.
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Chapter IV Structural analysis and design

From Rib12

The maximum support reaction from Dead Loads for R12 upon B1 is7.54 KN, The
distributed Dead Load from the R12 on B1.

DL =(12.68/0.52) = 24.38 KN/ m

Self-weight of beam = 0.35*0.6*25 = 5.25 KN/ m
DL =24.38+5.25 =18.83 KN/ m

Dead Load from External wall

D =3.45*0.3 *25 = 25.9 Kn/m

Live Load calculations for Beam (B1):

From Rib12

The maximum support reaction from Live Loads for R12upon B 1 is 6.69 KN The distributed
Live Load from the Rib 12 on B1.

LL =6.69/ 0.52= 13.38 KN/m.

MomentiShear Envelope (Factored) Units:kMN meter

Moments: __spang 110 4

-294.6

-215.7 -212.9
1.4
I =

-280.2

1983 5 -205.1
| A3TT ,
t } |

-250.5

-179.1 -176.2
1.
4=l |

1.59

N, RPETY
MHH
127.3

203.7
2.81

ol
lola7
1.02
157.9

2.97

188.5

3.2

| 212 348 |
f f

2.81 |
T

2.98 | . 208 |
T t i

Shear

-286.2
-234.2

-199.5

-251.4

-278.6

-226.7 _182.2

-130.3

137.5
189.4

211.6
263.6

210.7
262.7

233.6
285.6

Figure 4-9: Shear and moment envelope diagram of beam (B1).
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Chapter IV Structural analysis and design

Moment Design for (B11):
Flexural Design of Positive Moment for(B1):-(Mu=203.7 KN.m)
Determine of Mn,max

d =350 — 40 -10 — 18\2 = 291 mm
—3d—3 291 = 124.7
x=-d=-. = .7 mm

a=B.x=124.7 x0.85 = 106 mm

Mnmax= 0.85x f; *a *b( d - % ) = 0.85*24*106*600*(291-106/2 ) *10-6= 308.8 KN.m
® Mnmax = 0.82* 308.8 = 253.22 KN.m >203.7 KN.m .

Design as singly reinforcement

R = My 203.7 x 10° _ 445M
0= 0bdZ ~ 0.9 x 600 x 2012 _ ~r>Mpa

f 420
=2 = = 20.6
0.85f.  0.85x24

b= i<1 _ 1o 2.m.Rn> _ <1 _ Jl _ 2><20.6x4.45> — 00121
m 420 20.6 420

As =p.b.d =0.0121x600%x291 = 2112.66 mm2

Check for As,min:

— ( w)(d ) V24 *600 * 291

Asmin = 4(f y) 4*420 =509.14 mm?2
—( w)(d) 14 —*600*291

Asmin = (%) = 420 = 582 mm2Controls

As=2112.66 mm2

Use 7g 20 Bottom, As,provided= 2200 mm2>As,required= 2112.66 mm2... Ok
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Chapter IV Structural analysis and design

Check spacing :

600—40%2—20—(7%20)
6

S= =60 mm >d, =20 >25mm OK

Check for strain:-

Asfy _ 2200x420
0.85bf. ~ 0.85x600x24

= 75.5 mm

a 75.5
X=—= ——888mm

(291 —88.8

—0003(d_x)—0003
& = U x ) 88.8

) = 0.00683 > 0.005 0k

Flexural Design of Positive Moment for (B1):-(Mu=127.3 KN.m)

M, _  127.3x10°

Rn= =
¢bd? 0.9X600x2912

= 2.78Mpa.

_fy 420
0.85f;,  0.85x24

p=l<1 -1 _m> = L(l _Jl —w> = 0.00714
m 420 20.6 420

As =p.b.d =0.00714x600%x291 = 1246.6 mm2.

= 20.6

Check for As,min:

S OE) Y2 w0

Asmin = 4(fY) 4*420 = 509.14 mm2
—( w)(d) 14 —*600*291

Asmin = () = 420 = 582 mm2Controls

As= 1246.6 mm2.

Use 5g18Bottom, As,provided= 1272.35 mm2>As,required= 1246.6 mm2 ... Ok
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Check spacing :

600—40%2—20—(5+18)

Structural analysis and design

S= - =102.5mm >d, =18 >25 OK
Check for strain:-
_ Asfy 1272.35 X420
- = = 43.66 mm

0.85b fC 0.85X600%x24
x=2 =295 _ 5136 mm

B, 085

= 0.003 (d _ X) = 0.003 (291 _ 51'36) = 0.01399 > 0.005 0k
& = U x ) 51.36 /) '

Flexural Design of Positive Moment for(B1):-(Mu=157.9 KN.m)

R = M,  157.9x10° 345 M
M= 0bdZ ~ 0.0 x 600 x 2912 _ > pa
= b 420 906

0.85f.  0.85x24

o= i<1 _ - 2.m.Rn> _ L<1 B \/1 _ 2X20.6X3.45
m 420 20.6 420

As = p.b.d =0.00906 x600x291 = 1581.9 mm2

Check for As,min:

) = 0.00906

S OE) Y2 w0

Asmin = 4(fY) 420 = 509.14 mm2
—( w)(d ) L4 — " *600*291

Asmin = () 20 =582 mm2

As = 1581.9 mm2Controls

Use 79 18, As,provided= 1781.3 mm2>As,required= 1581.9 mm2... Ok
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Chapter IV Structural analysis and design

Check spacing:

600—40%2—20—(7+18)
6

S= = 62.33 mm > d, = 18 > 25 OK

Check for strain:

Asfy 17813 x420
0.85bf. ~ 0.85x600x24

=61.12 mm

a 6112
X=—=——="71.9mm
B, 085

d—x 291 -719
gs = 0.003 (—) = 0.003 (—) = 0.00914 > 0.005
X 71.9

Flexural Design of Positive Moment for(B1 ):-(Mu=188.5 KN.m)

oMy 1885x10°
M= 0bdZ ~ 0.0 x 600 x 2012 ~-=pa
fy 420
m= —%_ = =206

0.85f,  0.85x24

p:l<1_ 1_ﬂ>_ <1_\/1—w>=0.0111
m 420 20.6 420

As=p.b.d=0.0111 x600%291 = 1938.1 mm?2

Check for As,min:

— ( )() V24 * 600 * 291
Asmin = 4(f y) 4*420 =509.14 mm?2

L4 pwyd) L4 xg00 201
Asmin = (V) = 420 =582 mm2

As = 1938.1mm2Controls

Use 8 g 18 ,As,provided= 2035.75 mm2>As,required= 1938.1 mm?2...
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Chapter IV Structural analysis and design

Check spacing :

600—40%2—20—(8+18)
7

S= =50.85mm >d, =18 >25 OK

Check for strain:-

Asfy _ 2035.75 X420
0.85b f. ~ 0.85x600x24

= 70 mm

x=2="2—8235mm
B, 0.85

= 0.003 (d _ X) = 0.003 (291 _ 82'35) = 0.00758 > 0.005
& = U x ) 8235 ) '

Flexural Design of Negative Moment for(B1):-(Mu=-198.3 KN.m)

My 1983x10°
M= 0bdZ ~ 0.0 x 600 x 2012 _ > Mpa

f 420
=2 = = 20.6
0.85f.  0.85x24

p=i<1_ 1_m>_ <1_J1_w>=0.0118
m 420 20.6 420

As=p.b.d=0.0118 x600%291 = 2060.28 mm?2

Check for As,min:

S ewE) 2 g0z

Asmin = 4(fy) 4*420 = 509.14 mm2
—( w)(d) 14*600*291

Asmin = () = 420 =582 mm2

As =2060.28 mm2Controls

Use7 g 20 ,As,provided= 2200 mm2>As,required= 2060.28mm?2...
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Check spacing :

_ 600—40+2—20—(7%20)

Structural analysis and design

S - = 60 mm > d, = 20 > 25 OK
Check for strain:

AS.

- fy, — 2200%x420 — 755 mm

0.85b fC 0.85xX600%x24
x=2 =725 _ 888mm

B, 085

d—x 291 — 88.8
gs = 0.003 (—) = 0.003 (—) = 0.00683 > 0.005 0k
X 88.8

Flexural Design of Negative Moment for(B1):-(Mu=-205.1 KN.m)

M, _ 2051x10°
~ @bd2 ~ 0.9 x 600 x 2912

Rn = 4.49 Mpa

f 420
m=—L = = 20.6
0.85f. ~ 0.85x24

o= i<1 _ 1o 2.m.Rn> _ L<1 B Jl _ 2X20.6x4.49]
m 420 20.6 420

As =p.b.d =0.0122 x600%291 = 2130.12 mm?2

Check for As,min:

I @y V2

*600 * 291
Asmin = 4(fY)

1.4
=2 owyd) 1% ~600*201
— 420

Asmin = (fy) =

As =2130.12 mm2Controls

=582 mm2

) = 0.0122

4*420 =509.14 mm2

Use7 g 20 ,As,provided= 2200 mm2>As,required= 2130.12 mm2... Ok
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Check spacing :

_ 600—40+2—20—(7%20)

Structural analysis and design

S - = 60 mm > d, = 20 > 25 OK
Check for strain:

AS.

- fy, — 2200%x420 — 755 mm

0.85b fC 0.85xX600%x24
x=2 =725 _ 888mm

B, 085

d—x 291 — 88.8
gs = 0.003 (—) = 0.003 (—) = 0.00683 > 0.005 0k
X 88.8

Flexural Design of Negative Moment for(B1 ):-(Mu=-179.1 m)

R = My  179.1x10° _39M
0= 0bdZ 00 x600x2012 ~~pa
fy 420
m=—_ = — 206
0.85f.  0.85x24

1 2.m.R 1 2X20.6X3.9
p=—(1— [1-22n) = 1 [ [ 222039
m 420 20.6 420

As =p.b.d =0.0104 x600%291 = 1815.84 mm?2

Check for As,min:

) = 0.0104

fc'
VI bwy) Y2 w0 %201
Asmin = 4(fy) = 4*420 =509.14 mm2
1.4
=2 owyd) 1% ~600*201
Asmin = (V) = 420 = 582 mm2

As = 1815.84 mm2Controls

Use 6 g 20 ,As,provided= 1885 mm2>As,required= 1815.84 mm2... Ok
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Check spacing :

600—40%2—20—(6+20)

Structural analysis and design

S= . =76 mm > d, = 20 > 25 OK
Check for strain;

As,

_ fy, _ _1885X420 _ 4o

0.85b fC 0.85X600%x24
x=2 =27 _ 76.12mm

B, 085

= 0.003 (d _ X) = 0.003 (291 _ 76'12) = 0.00847 > 0.005 0k
& = U x ) 7612 ) '

Flexural Design of Negative Moment for(B1 ):-(Mu=-176.2m)

R = M, 1762 x10° 385 M
M= 0bdZ ~ 0.0 x 600 x 2012 _ 0> P2

f; 420
m= y =

- = 20.6
0.85f,  0.85x24

o= i<1 _ - 2.m.Rn> _ <1 _ Jl _ 2x20.6x3.85
m 420 20.6 420

As=p.b.d=0.0106 x600%291 = 1850.76 mm2

Check for As,min:

> = 0.0106

— ( w)(d ) Joa * 600 * 291

Asmin = 4(f y) *420 =509.14 mm2
L4 owyd) 14 «go0*201

Asmin = () = 420 =582 mm2

As = 1850.76 mm2Controls

Use 6 g 20 ,As,provided= 1885 mm2>As,required= 1850.76 mm2... Ok
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Check spacing :

600—40%2—20—(6+20)

Structural analysis and design

S= . =76 mm > d, = 20 > 25 OK
Check for strain;

As,

_ fy, _ _1885X420 _ 4o

0.85b fC 0.85X600%x24
x=2 =27 _ 76.12mm

B, 085

= 0.003 (d _ X) = 0.003 (291 _ 76'12) = 0.00847 > 0.005 0k
& = U x ) 7612 ) '

Flexural Design of Negative Moment for(B1 ):-(Mu=-215.7 kn.m)

R = My 215.7 x 10° 17 M
M= 0bdZ ~ 0.0 x 600 x 2012 ~/<Mpa

f; 420
m= y =

- = 20.6
0.85f,  0.85x24

o= i<1 _ - 2.m.Rn> _ <1 _ \/1 | 2X20.6x4.72
m 420 20.6 420

As =p.b.d =0.013 x600x291 = 2269.8 mm2

Check for As,min:

> =0.013

— ( w)(d ) Joa * 600 * 291

Asmin = 4(f y) *420 =509.14 mm?2
L4 owyd) 14 «go0*201

Asmin = () = 420 =582 mm2

As =2269.8 mm2Controls

Use 8g 20,As,provided= 2513.3 mm2>As,required= 2269.8 mm2... Ok
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Check spacing :

600—40%2—20—(8+20)

Structural analysis and design

S= > = 48.6 mm > d,, = 20 > 25 OK
Check for strain:-
_ Asfy 2513.3X420
- = = 86.24 mm

0.85b fC 0.85x600x24
x=2 =22 _ 101.46 mm

B, 085

= 0.003 (d _ X) —0.003 (291 _ 101'46) = 0.0056 > 0.005 0k
& =5 x ) 10146 /)~ '

Flexural Design of Negative Moment for(B1 ):-(Mu=-212.9 kn.m)

My 2129x10°
M= 0bdZ ~ 0.0 x 600 x 2012 _ ot Mpa

fy — 420 =206

T 0.85f.  0.85x24

o= i<1 _ - 2.m.Rn> _ L<1 B Jl _ 2X20.6X4.66
m 420 20.6 420

As=p.b.d=0.0128 x600%291 = 2234.88 mm2

Check for As,min:

) = 0.0128

— ( )() V24 * 600 * 291

Asmin = 4(f y) *420 =509.14 mm2
—( w)(d ) 14*600*291

Asmin = (%) 20 =582 mm2

As =2234.88 mm2Controls

Use 80 20,As,provided= 2513.3 mm2>As,required= 2234.88 mm2... Ok
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Chapter IV Structural analysis and design

Check spacing :

_ 600—40%2—20—(8%20)
- 7

S = 48.6 mm > d,, = 20 > 25 OK

Check for strain:-

As
— fy = 2513.3X420 — 8624 mm
0.85b fc 0.85xX600%X24
x=2 =22 _ 101.46 mm
B, 085
= 0.003 (d - X) =0 (291 — 101'46) = 0.0056 > 0.005 0k
& =5 x ) 10146 /)~ '

Shear Design for (B 1):

Case 3:

for shear design, minimum shear reinforcement is required (Ay nin), Reinforcement.
Use stirrups (2 leg stirrups ) @ 8/ 150 mm , Av = 2 x 50.24 = 100.5 mm2

Vu =234.2 KN

Ve==vVich, d = =VZ4& * 600 + 291 = 142.56 KN

Check for section dimensions:

2342
075

Vs= ‘;T“ — Ve 142,56 = 169.71
Vs,max = 2Vic'b,, d= 224 * 600 * 291=570.24 KN

Vs=169.71<Vs,max =570.24 - the section is large enough .

Find the maximum stirrups spacing:

If Vs<Vi= %\/@bw d then Smax < or Smax < 600 mm

N |

Vi=2Vich,, d =2v24+ 600 + 291 * 10-3= 285.12 KN
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Chapter IV Structural analysis and design

291
Smax < 600 mm, Smax Sg = 2 =1455mm Control

Check for Vs, min:

Av, min = Vi 25 put not less than
16 fyt

. 1bw S 1 4.9 1
Av, min==-222 Control ( —=Vfc'===<= )
3 fyt 16 16 3

Vs,min=—vfc'b,, d = =2 600 x 291 * 10-3 =535 KN

Vs,min= by, d =2+ 600 + 291 *10-3 = 58.2KN Control

® Ve=0.75*%142.56 =106.92 KN

1 1
@ Vsmin> 0.75 (3) * bw * d =0 .75* (3 )*600*291*10-3 = 43.65 KN Controls

Jfe! V24
® Vsmin >0.75( 16 Y*pw*d=0.75%( 16 )*600 * 291*10-3 = 40.1 KN

D Ve<Vu <P Ve + ® Vsmin
106.92<234.2 < 106.92+43.65=150.57 ...... not satisfied
Cases 1&2&3 is not suitable

Case 4 :

vy = zVic'b, d = V24 + 600 + 291 = 285.12KN

Q)(Vc + Vs,min) <vy = Q(Vc + Vs’)
0.75(142.56+ 43.65) < 234.2< 0.75(142.56 + 285.12)
139.66 < 234.2 <320.76

Use2leg @ 10
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As =158 mm?2

234.2

Vs=Vn-Vc= oo 142.56 = 169.7KN

. A fy d 158 %420 * 291

= = 113.95
Ve 169.7 * 1000 mm
d 291
Smax = S=5 = 145.5 mm control
or Smax < 600 mm

Use2leg ® 10 @120

4-7 Design of One Way Solid Slab.

Structural analysis and design

Figure 4-10: One way solid slab(S1).

Material:-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel Fy = 420 N/mm?

Slab Thickness Calculation:-
The overall depth must satisfy ACI Table (9.5.a):
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Chapter IV Structural analysis and design

Min H (deflection requirement) : “For one end continuous”

24 24

For One way solid slab, will use thickness of slab 15 cm.

Load Calculation:-

For the one-way solid slabs, the total dead load to be used in the analysis and design is

calculated as follows:

-Load Calculation For the Horizontal Slab:- (For one Meter Strip)

# material calculation
1 Tiles 0.03*22=0.66
2 mortar 0.03*22=0.66
3 Coarse sand 0.07*16=1.12
4 RC concrete 0.15*25=3.75
5 plaster 0.02*22=0.44
Sum 6.63

Table 4-4: Dead Load Calculation of Solid Slab.

Live load =5 KN/m
v' Design of Positive Moment :

Design of Positive Moment :-(Mu=16.5 KN.m)

Assume bar diameter @12 for main reinforcement .

Y- 420 5059

©085*fc 0.85*24
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Rn= Mu/é
b*d?

*1A6
1000* (124)2

p :l(]__ [1_ 2m*Rn)
m fy

1 . \/1_2(20.59)(1.19)

P~ 5059 ¢ 420

) = 0.0029

As=p *b *d =0.0029* 100 *12.4= 3.6cm?

Check for As min:
As min=p_ . *b*h =0.0018*100*15 = 2.7cm?

Asieq= 3.6cm” >Aspin=2.7cm*  OK

Structural analysis and design

USE %) 12/25Cm y Asjprovided: 4520m2>A5 required: 36cm2 ceee Ok

Design of Positive Moment :-( Mu=12.2KN.m)

fy - 420 _,559

m=——~— =
0.85* fc 0.85*24

Mu/ ¢
b*>d?

Rn =

P g
Rn= 12:2*10°/0.9 _ gg q\nay
1000* (124)2

P :i(l_ 1_2m*Rn)
m fy
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oo 1 (1_\/1_ 2(20.59)(0.88)):0.0021
20.59 420

As=p *b *d=0.0021* 100 *124= 2.6cm*

Check for As min:
As min=p_ . *b*h =0.0018*100*15 = 2.7cm’

ASreq= 2.6cm* <Asmin=2.7cm?  Not OK

USE 3ﬂ12/1m Strip y Asypro\/ided: 3.3gcm22Asﬁrequired: 2.60m2 .

v Design of Negative Moment:

Design of Negative Moment:- (Mu=15.9 KN.m)

m = L - 420 _ 20.59
0.85* fc 0.85*24
Rn = MU—/¢
b*d?

*106
Rn= 15:9*10°/0.9 _ 15 q\nay
1000* (124)2

p :l(l_ [1_ 2m*Rn)
m fy

o 1 (1_\/1_2(20.59)(1.15)):0_0028
20.59 420

As=p *b *d=0.0028* 100 *124=3.47 cm?
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Chapter IV Structural analysis and design

Check for As min:-
As min=p_. *b*h =0.0018*100*15 = 2.7cm?
Asreq= 3.47cm? > Aspin=2.7cm?  OK

USG ﬂ12/250m y Asyprovided: 4.Szcm22As,required: 3.47cm2 coce Ok
Shrinkage and Temperature:-

—p = 0.0018
As min=p,_ . *b*h =0.0018*100%15=2.7cm’ (control)

Use 3®12/1m strip.
Shear Design:-

Check Whether Thickness Is Adequate For Shear:-
Vi max = 29.3 KN/ 1m strip

d=h-15—db =200 - 15 — (12 /2) = 124 mm
dVe= %*d)*,/fc'*bw*d

= %*0.75*\@ *1000*124 = 75.9 KN / 1 m strip

®dVc/2=37.95 KN >V =29.3 KN/ 1m strip.

u,max

The thickness of the slab is adequate enough.
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Chapter IV Structural analysis and design

4-8 Design of Column (C28/GF).
Material :

concrete B350 Fc' = 24 N/mm?
Reinforcement Steel Fy = 420 N/mm?

Load Calculation:-

Service Load:-

Dead Load =1553.9KN
Live Load =858.65 KN

Factored Load:-

Pu =1.2 x1553.9+ 1.6x858.65 =3238.52KN

Dimensions of Column:-

Assumepg = 0.01

#*Pn=065x0.8xAg{0.85 fc (1- pg) + pg * Fy}
3238.52*1000 = 0.65x 0.8x Ag {0.85* 24 (1-0.01) + 0.01* 420}
Ag=255605.37 mm2

Assume Rectangular Section

Try h =600mm
b =450mm
D@ 10820
L=200
E
S| s " 410@20
@ S =y
Nevjoazo
©810@20
11 =
16618 =54
650cm

Figure 4-11: Column (C28) section and reinforcement.
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Chapter IV Structural analysis and design

Design of the tie reinforcement :

S <16 db (longitudinal bar diameter)
S<48dt (tie bar diameter).

S < Least dimension.

spacing <16xd,=16x2.8 =44.8cm ....
spacing <48xdt=48x1.0 =48 cm
spacing < least.dim =45cm control

Use¢p10@40 cm

For Using Column We have using [16v18.

4-9 Design of Isolated Footing.
Material :-

concrete B350 Fc' = 24 N/mm?
Reinforcement Steel Fy = 420 N/mm?

Load Calculations:-

Dead Load = 2207.78 Kn , Live Load = 1066.15 Kn

Total services load = 2207.78 + 1066.15 = 3273.93 Kn

Total Factored load = 1.2*2207.78 + 1.6*1066.15 = 4355.18Kn
Column Dimensions (a*b) = 60*60 cm

Soil density = 20 Kg/cm3

Allowable Bearing Capacity = 350 Kn/m2
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315

Structural analysis and design

025

035

3514 =365

3,30
B0emn

1Be25

60cm

330

3.15
jeisE S W

025

Figure 4-12 :Foot plan.

Assume h = 80cm
Oreteaiiow = 350 — 25*0.8 — 20*0.6 — 0.7*25 = 300.5kn/m2

Area of Footing :-

Pt 3273.93

—_ 2
3005 10.89m

A=

Onet-aliow
Assume Square Footing
B required =3.3 m
SelectB=3.3m
Bearing Pressure :-
qu = 4355.18/3.3*3.3= 399.92 Kn/m?

Design of Footing :-
Design of One Way Shear Strength :-

Critical Section at Distance (d )From The Face of Column

Assume h = 80cm , bar diameter g 14 for main reinforcement

d=800-75-14 =711 mm

78
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Chapter IV Structural analysis and design

B—-a
2

Vu:qu*( —d)*L

3.3-0.6

VU = 399.92 ( — 0.711) % 3.3 = 843.31Kn

¢Vc=¢.%*ﬁ*bw*d

pVC = 0.75*%* J24*3300*711=1436.8Kn

#NVc =1436.8KN >Vu=843.31Kn
. Safe

Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu = 4355.18 — 399.92[(0.6 + 0.711) * (0.6 + 0.711)] = 3667.8Kn

The punching shear strength is the smallest value of the following equations:

(. 2)\[.7
¢.\/c =¢g(l+ﬁ—cj\/?bod
A =¢.$( % +2)\/f7b0d

b, /d
oV, = ¢.%w/ £ b,d
Where:-

_ Column Length (a) 60
© " ColumnWidth () 60

b, — Perimeter of critical section taken at (d/2) from the loaded area
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Chapter IV Structural analysis and design

b, = (0.6+0.711)*4 = 5244 mm

s =40 for interior column

AV :¢%(1+ﬂ£}l fclbod :%*(1+%j* 24*5244*711=6849.7Kn

075 40*711
V. = 2 1. bd_ +2 |*\/24*5244*711=8474.6Kn
e = [b /d j [ 5244 j
PV :¢%\/ fc'bod :%* 24 *5244*711 = 4566.4Kn

OVe =4566.4 Kn>Vu=3667.8Kn

Design of Bending Moment :-

Critical Section at the Face of Column

FR = qy» (52) + L =399.92 * (222) *3.3 =1781.6Kn

Mu =1781.6*0.675 = 1202.58 Kn.m

M, 1202.58x10°
R=—"%= = 0.8Mpa
"™ @bd2 ~ 0.9x3300x7112 p

f 420
X_ = = 20.59

T 0.85f!  0.85x24

o= i(l _ 11 _ﬂ> - ;<1 ‘\/1 _M> = 0.00194
m 420 20.59 420

Asreqg = p.b.d =0.00194x3300%x711 = 4551. 82mm?

As min = 0.0018*3300*800 = 4752 mm?
Asyreq < Asymin = 4752 mmz'

As,min is control.
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Chapter IV Structural analysis and design

Check for Spacing :-

S =3h = 3*80 = 240cm
280

3 )—2.5*75=192.5cm

S = 380%(

S=45cm ......... is control

Check for strain:

Tension = Compression

A x fy=085xf 'xbxa

5033.7x 420 = 0.85x 24x 3300x a

a=31.4mm

:31—'4:36.9

0.85

£, = %x 0.003 = 0.0548 > 0.005...0k

Design of Dowels :-

®dPnb = d(0.85 fc'A, x \/%)

A; = 60* 60 = 0.36 m?
A, =3.3*3.3=10.89 m?

®Pnb =0.65%(0.85x24x0.36x 2) = 9547.2Kn
OPn=9547.2 > Pu=4355.18........ ok

No Need For Dowels
As,min = 0.005 * Ac = 0.005 * 600* 600 = 1800 mm2
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Chapter IV Structural analysis and design

Use 12814, As provided= 1847.25 MM*>A; required= 1800mmZ... Ok

Development Length In Footing :-

Tension Development Length In Footing :-

2 Ty Yelsle , gh> 300mm

Ldr req — E A\/_ ktr+cb

Ktr = 0 (Nostripes)
ktr +cb
db

LdT req

=25

9 420 1*1*0.8

* 14 = 345.7mm >300mm

1*\/_ 2.5
I—dT available = 33002600 -75= 1275 mm
LdT a\/ai|ab|e: 1275 mm >ldreq == 34’5.7 MMeeeeconee OK

Compression Development Length In Footing :-

Ldcreq™ “22"2 >0.043*Fy*dB >200mm
Ldcreq= et = 288.05 >0.043*420*14 = 252.84>200mm

V24

LdCreq: 288.05mm

LdCava”ab]e 800 75 14 14 697mm >LdCreq 288 O mm...c.e.e Ok

Mesh #10820cm Mesh #10820cm
- T~ ’rT

--------------------------------

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

_____

1 35814 L=3.65
e —

35814 L=3.65

Figure 4-13:Foot reinforcement details.
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4-10 Design of Stair.

268 i " L
-
ST o g
P
A7 g
L1 a3
ol
(s2) | §
%
1] “
—
P g
P “
L1
L1

Figure 4-14: Stair plan.

Material:-

Concrete  B300 Fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?
Determination the Thickness of Slab (flight and landing):
L=4.4m
Nreq = 4.4/ 20 =0.22m
Take h=25cm.
= Use h =25cm.

Rise = 15cm, run = 30cm
= -1 ﬂ o -1 1_5 =
0= tan (Tun) = tan (30) 26.57

Cos 6=0.894

Load Calculations at section:

Load on Flight:

Dead Load:

For 1m strip:
Flight = (25*0.20)/(C0s26.57) = 5.59KN/m.
Horizontal Mortar = 0.03*22*1 = 0.66 KN/ m.
vertical Mortar = 0.03*22*1*(15/30) = 0.33 KN/ m.
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Chapter IV Structural analysis and design

Plaster = (0.02*22)/ (Cos 26.57) = 0.49 KN/ m.
Horizontal tiles =23*0.04*(33/30) = 1.012KN / m.
Vertical tiles =23*0.03*(15/30) =0.345 KN/m
Triangle = 25*%0.15*1*0.5 = 1.875KN/m
Total dead load =10.564 KN/ m.

Live load:
Live load for stairs =5 KN/ m?.
Factor Loads:
Q,=1.2*10.502+1.6*5 = 20.67 KN/m.

20.67TKN/m

S N S " S N S S S A Y N N

T o

Q.4 3.6m 9.4y

Figure 4-15: structural system of flight.
Au =20.67*3.6%0.5=37.21 KN
Max Vu =37.21
Max Mu =(37.21x(0.4+1.5))-(20.67x%(1.5*1.5 /2))
=47.4 KN.m

Design of Shear:

Assume @ 12 for main reinforcement:-
So, d = 250-20 -12\2 = 224 mm

Max Vu = 37.21 KN.

Wczwfgbw*d

~0.75*+/24 *1000 * 224
6

Ve =137 .2KN

Vu =37.21 KN<?C= 1372 KN,
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Chapter IV Structural analysis and design

No shear Reinforcement is required. So the depth of the stair is OK.

Design of Bending Moment:
Max Mu =61.4 kN.m

Mn iy _474

== === =527 KN.m.
09 09
K - Mn
b-d?
6
(= 270 e
1000 x 224
__
0.85x fc'
m :4—20:20.6
0.85x 24
=a —
m
y )1 1_\/1_2 20.6%1.05 | _ ) 1006
20.6 420
A

Srea = 0,0026*1000%224 = 682.4mm?2.

ASmin=0,0018*b*h = 0.0018*1000* 250 = 450mm

Smin= 450mm< 5 = 682.4mm?2

Use @ 12@15cm
As provided =753.9 mm2>As req.

A

Step(s) is the smallest of :
3h = 3*250 = 750mm.
450mm

280 280

S=380(2)- 2.5c = 380(1,)- 2.5+20 = 330mm .

S=150mm < Smax

Check Strain:
T=C

f

As*fy = 0.85* ¢ *h*a
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Chapter IV Structural analysis and design

420%753.9 = 0.85x24x1000xa

a=15.5 mm
X = Bi == =18.3mm x Note: f. = 24 MPa< 28 MPa— B = 0.85
1 .

g = (5% 0.003

_ (224—18.3
183

~0=09.. OK

5 -Lateral reinforcement:

)% 0.003 = 0.0337> 0.005

Asmin=4.5cm2
Use @10 @ 20 cm
As = 4.74cm2/m

Design of landing:

Load on landing:

Dead Load:

Slab = 0.25 *25*1 = 6.25 KN/ m.

Tiles = 0.03*23*1 = 0.69 KN/m.

Mortar = 0.02*22*1= 0.44 KN/ m.

Plaster = 0.03*22*1 = 0.66 KN/ m.

Sand = 17*0.08*1=1.36 KN/m
Total dead load =8.15 KN/ m.

Live load:

Live load for stairs =5 KN/ m.

Qu=1.2*8.15+1.6*5=17.78KN/m.

Au or Bu from Analysis:
Au =37.21 KN

AU 37.21
w=22 =322
B 2.15

W= 17.3KN/m
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17.3KN/m 173K N/m

A O AN ' 7+ I I I B
RN DNNNN

2.15m 0.3 2.15m

Figure 4-16: Structural system of landing.
Vu = (17.78%4.6/2) + (17.3x2.15)
Vu =78.1KN.
Mu max =(78.1%2.3)-(17.78x2.3*2.3/2)-(17.3x2.15%1.225)
Mu max= 87.04 KN/m
Design of Shear for landing:
Assume @12 for main reinforcement:-
So, d = 250-20 -12\2 = 224 mm
Max Vu As the support reaction = 78.1KN.

Wczwfgbw*d

~0.75* /24 *1000 * 224
6

Ve =137 .2KN

Vu = 78.1KN<#VC= 1372 KN.

No shear Reinforcement is required. So the depth of the stair is OK.

Design of Bending Moment for landing :
Max Mu = 87.04 kN.m

Mn =M% _87.04 _ g6 21 KN.M.
0.9 0.9
B Mn
n bdZ
* 6
k, = 0107 _ 4 s3mpa .
1000 * 224
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Chapter IV Structural analysis and design

__ b
0.85x fc'

0.85x 24

1( 2mknJ
m
y )1 1_\/1_2><20.6><1.93 —0.0048
20.6 420

ASreq - 0.0048*1000*224= 1075.2mm2.

ASmin=0,0018*b *h = 0.0018*1000* 250 = 450mm

ASwin= 450mm2< > = 1075.2mm2
Use ® 12@15cm

As provided =1130 mm2>As req.
Step(s) is thr smallest of :

3h = 3*250 = 750mm .

450mm
280 280

S=380(2)- 2.5cc =380 )- 2.5*20 = 330mm .

S=150mm < Smax

Check Strain:

T=C

Asxfy = 0.85x f°'><b><a

420x1130= 0.85x24%x1000xa

a=23.26 mm

X = Bi = % =27.37 mm x Note: f. = 24 MPa< 28 MPa— [, = 0.85

g = () x 0.003
224-27.37

= (W) % 0.003 = .0215> 0.005
~ 9 =009... OK.

Lateral reinforcement:

Asmin=4.5cm2
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Chapter IV Structural analysis and design

Use @10 @ 20 cm
As =5.53cm2/m

(10000

Figurel4-17: Reinforcement for stairs.

4-11 Design of Basement Wall .

L= 5KN/m
s %j LITLILL L]
A S SR AN S
N
<
>
>
345 //
> @=30
> £=19 KN/m3
>
<
>

Figure 4-18: Geometry of basement.
Material:-
Concrete B350 Fc' = 28 N/mm?
Reinforcement Steel fy =420 Mpa
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Chapter IV Structural analysis and design

@ =30° y=19.00KN/m3

e Soil at rest

Ko=1-sin®
=1-sin30
= 0.50

Load on basement wall:

362.5

| I e.=3444KN/m2  L=2.5KN/m2

Figure 4-19: system and loads of basement.
For 1m length of wall:
e Weight of backfill:
e=Koxy=xh
=0.50 X 19.0 x 3.625 =34.44KN/m

01 (Factored) = 1.6xe

e Load from live load:
LL=5 KN/m2
g2 = Ko X LL

=0.50 * 5=2.50 KN/m
02 (Factored) = 1.6 *2.50 =4.0 KN/m
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Chapter IV Structural analysis and design

Design of the shear force:

e Assume @14 for main reinforcement.
e Assume h =300 mm,
d=300—-20—-14 = 266 mm

By using ATIR program, we get the envelope moment and shear force diagram

-ra.5

439 427

Figure 4-20 shear of basement.
Max Vu = 79.5 KN.

Wcjﬁ;bw*d

~0.75x+/24 x1000 x 266
6

Vu =79.5 KN < ¢Vc=162.9 KN.

=162 .9KN

Nc

No shear Reinforcement is required.

Design of bending moment:
By using ATIR program, we get the envelope moment and moment force diagram

= -

1.88 538

1.54 |

Figure 4-21 moment of basement.

Mu max =53.8 KN.m
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o Mu_538_ o
N=09 09 enhm
o Mnx10°  598x10°
" Ty xd 1000 x 2662 pa
F 420
y =206

M =085 xfc  085x 24

1 1 1 2 X kn Xm
= — X — _
p Fy

m

1 2 %X 0.845 x 20.6
= X|1— |1-—
20.60 420

=2.06x 1073
Asreq=p Xbxd=2.06x%x10"3x 1000 X 266 = 5.4674 cm?/m
Asmin = 0.0012 X b x h =0.0012 x 1000 x 300 = 3.60 cm?/m

As = 3.60 cm?/m < As ., = 5.4674 cm? /m
Use @ 14@20cm
As provided =6.16 cm?/m >As req =5.4674 cm?/m.
Step(s) is the smallest of :
e 3h=3*300=900mm.

e 450mm

o S= 380(%)- 2.5¢; = 380(=0)- 2.5%20 = 330mm .

S=200mm < Smax
Select 14@20cm/m in one direction.
With as =6.16 cm?m

Select 10@20cm/m in the other direction.
With as =3.92 cm?/m

Design of the horizontal reinforcement:
Asmin = 0.0012 *b xh = 0.0012 * 1000 * 300 = 360cm?/m
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Chapter IV Structural analysis and design

Selectp10@20cm/m, in two layer.

= —
m |—\\-
DI i
B14@20em : [ mg%mcall}m
Tetion vertical bate [,
G10@20cm b o
Horizostal bars . o
#10@15em -

10

e T T e B
e e Gl M T

Figure 4-22: Reinforcement for basement wall.

4-12 Design of Shear Wall (SW1, F2).

Moment

Figure 4-23: Moment and shear diagram for shear wall.
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Chapter IV

Material:-
Concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
h=30cm .shear wall thickness

Lw = 6.12m .shear wall width

Hw for one wall = 3.8 m story height
*Design of shear

> Fx=Vu=840KN

Design of the Horizontal reinforcement:

The critical Section is the smaller of:

%W:E:B.OGm ...... control
2 2

storyheigh(Hw) = 3.8m
d=0.8xIlw=0.8x6.12=4.9m

Design as rectangular section:
d=4.9m, b=h=30cm

5
(Dvnmax =0 g\/ahd

Structural analysis and design

= 0.75 X 0.83 X V24 x 300 x 4900 x 10~3 = 4482.93KN >V,

V. is the smallest of :

1 1
1-V. = gw/fc’hd = 2V/24 x 300 x 4900 x 102 = 1200.2KN

N,d
4l,

2— V. =0.25/f hd +

%94

= 0.25v24 x 300 x 4900 x 1073 + 0 = 1800.4KN



Chapter IV Structural analysis and design

L, (0.1\/F +0.2 %) hd

My _ lw 10
Vy 2

6.12(0.1v24 + o)l 4900
3

3— V. =[05/F +

= [o.sx/ﬂ + 300 X —7= = 830.4KN ......cont

6172.5 — 4789.5 M, —4789.5
3.8 ~ 3.8—3.06

M, 1, 50588 6.12

_- — —_ =3

|4

= M, = 5058.8KN.m

il
2 840 2

Vu = 840KN>0.75*830.4 = 622.8KN. ‘Horizontal reinforcement is required’
Ve + Vs =V,

u,<
I
|
I
(9}

= 289.6
Avh Vs

s fyxd
Avh _ 289.6 « 10°3

s 420 x 4900

(’*Sﬂ)min = 0.0025 X h = 0.0025 x 300 = 0.75 > 0.14 ... cont

o~
I

=0.14

Maximum spacing is the least of:

w :—6120 =1224mm
5 5

3xh =3x300 = 900mm

450 mm ....... Control
Try ¢ 12 (As = 113.09 mm2) for two layers
Avh
p - h*S2 - 27113.09 _ 0.75
S2

S2 =301.57mm , select $12@250 mm

—usedp12@250 mm in two layer

Design of uniform Vertical reinforcement:-
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Chapter IV Structural analysis and design

N _28_y3
L 6.12

w

hy
pomin > 0.0025 + 0.5 (2.5 - T) (p; — 0.0025) > 0.0025

hw
For this wall with W =43>25

22200025 + 0.5 (2.5 — =) (222 - 0.0025) x h

A - 0.82

Sv

Select @ 12@200mm. In two layer
-Maximum spacing is the least of :

lﬂ = @ =1224mm
5 5

3xh =3x300 = 900mm
450 mm ....... Control

Select @ 12@200mm In tow layer

Design of bending moment (vertical steel in boundary) :

(6120> 226.2 = 6921.72 2
= X L= .
sv 200 mm
A 6921.72 \ 420
=( “)f—y,z( ) = 0.066
L,/ £~ \6120 * 300/ 24
P,
a=——=0
lwhfe
C w+a 0.066 +0
l, 2w+0.858, 2x0.066+ 0.85x 0.85
B, c
OM, = @ [0.545,f,1,,(1 +—)(1 —7)
Astfy lw

= 0.9[0.5 x 6921.72 X 420 X 6120(1 + 0)(1 — 0.077)] = 7389.7KN.m > Mu.

Select @ 12@200mm for vertical reinforcement.
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Chapter IV

4-13 Column Coordinates.

Structural analysis and design

Column NO. X-AXIS Y-AXIS
C1l 33.23 48.48
C2 26.54 48.48
C3 21.2 48.48
C4 51.73 43.95
C5 45.97 43.95
C6 40 43.95
C7 33.23 43.95
C8 25.94 43.95
C9 20.37 43.95
C10 16.7 43.95
C11 51.73 39.67
Ci12 45.97 39.67
C13 40 39.67
C14 33.38 39.67
C15 26.54 39.67
C16 20.37 40.13
C17 134 40.9
C18 51.73 30
C19 45.97 34.2
C20 40 34.2
C21 34.45 34.2
C22 27.15 34.2
C23 20.37 34.13
C24 17.38 36.38
C25 23.5 30.8
C26 51.73 25.72
C27 45.97 27.43
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Chapter IV

Structural analysis and design

C28 40 27.43
C29 34.45 27.43
C30 27.15 27.43
C31 30.32 24
C32 51.86 20.39
C33 45.97 20.39
C34 40 20.39
C35 33.76 20.6
C36 33.38 20.2
C37 29.95 23.63
C38 26.54 27
C39 23.11 30.47
C40 19.84 33.6
C41 17.1 36.5
C42 12.97 40.46
C43 9.16 36.5
C44 6.63 33.95
C45 2.1 29.56
C46 12.97 32.5
C47 10.34 30
C48 6.03 254
C49 8.62 22.55
C50 4.5 18.52
C51 0.44 13.98
C52 13.4 17.97
C53 9.16 13.74
C54 4.5 9.22
C55 7.72 6.46
C56 10.34 3.82
C57 14.64 8.27
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Structural analysis and design

C58 18.88 125
C59 23.5 17.11
C60 25.94 19.6
C61 29.59 15.94
C62 33.23 121
C63 27.15 13.43
C64 22.57 8.81
C65 18.33 4.58
C66 13.95 0.46
Cc67 74.4 4.58
C68 69.1 4.58
C69 63.5 4.58
C70 57.5 4.58
C71 52.33 4.58
C72 52.28 10.87
C73 57.5 10.87
C74 63.5 10.87
C75 69.1 10.87
C76 73.96 10.87
Cr7 74.4 15.97
C78 69.27 15.97
C79 63.5 15.97
C80 57.5 15.97
C81 52.33 20.39
C82 57.5 20.39
C83 60.45 20.39
C84 63.5 20.39
C85 69.1 20.39
C86 73.96 20.39
C87 74.4 25.72
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Structural analysis and design

C88 70.51 25.72
C89 66.2 25.72
C90 61.8 25.72
Ca1 57.5 25.72
C92 52.33 25.72
C93 61.95 30

C94 58.23 33.8
C95 55.95 36

C96 52.28 39.67
C97 52.28 30

C98 70.51 30.23
C99 66.55 34.32
C100 62.6 38.16
C101 59.69 40.9
C102 56.7 43.95
C103 52.18 43.95
C104 52.18 48.48
C105 52.28 52.24
C106 56.5 52.24
C107 60.96 47.96
C108 63.64 45

C109 66.55 42.1
C110 70.27 38.38
Cil11 74.56 30.8
Cl12 73.96 34.32
C113 73.96 42.6
C114 70.76 46.3
C115 67.84 49.32
Cl16 64.9 52.24
Ci117 64.9 52.24
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Chapter IV Structural analysis and design

C118 69.65 52.24
C119 74.56 47.34
C120 69.65 56.91
Cl21 73.96 60.89
C122 76.57 57.95
C123 97.52 55.1
Cl24 83.2 51.32
C125 87.41 47.18
C126 83.43 43.13
C127 78.67 38.38
C128 79.22 47.34
C129 75.85 o1

C130 51.73 34.32
C131 52.18 34.32

Table 4-5: Column coordinates.
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Chapter V Results and recommendation

5-1 Results

Through this research, and after analyse each part of the project, the results we got can be
summarized as:
1- study the architectural plans and understand them have a major role in finding the
most appropriate solutions to find the best type of construction system used in the building.

2- The ability to do manual calculation for the elements is necessary to create a good
structural designer and to compare the manual solutions with the structural programs results

and understand how they work.

3- Identify the structural elements, and how to deal with it, with its mechanism, and

it is very important to design it taking into consideration safety and structural strength.

5-2 Recommendations:

1- There should be coordination between the architect and the structural designer during the
design process to build an integrated building structurally and architecturally.

2- Recommends executing the project according to the architectural plans attached with the

least changes.

3- It is advised to have a structural engineer in the project site to insure executing the work

according to the required structural drawings.

4-it is essential to complete the electrical and mechanical design of the project before the start

of any editing on it according to the final structural design of the project.

5-3 References:

1- Jordan’s national building codes, coded loads and forces, the National Building
Council
Jordan, Amman, Jordan, 1990.

2- Supervising professor notes.

3- ACI Committee 318 (2008), ACI 318-08: Building Code Requirements for Structural
Concrete and Commentary, American Concrete Institute, ISBN 0-87031-264.
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Chapter V Results and recommendation

4- Nawy, Edward, Prestressed Concrete Fifth Edition Upgrade: ACI, AASHTO, IBC

Codes
Version (5th Edition), 20009.

5-4 Appendix:
1-Appendix (A): Architectural Drawings"this appendix is an attachment with this project".

2.Appendix (B): Structural Drawings "this appendix is an attachment with this project".

3.Appendix (C):

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members not supporting or attached to parfitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-
way slabs £f20 £124 £28 £M0

Beams or

ribbed one-
way slabs {6 LtHB.5 £/ (4}

Mates:
Values given shall be used directly for members with normalweight concreta

{density w, = 2320 kg/m?} and Grade 420 reinforcement. For other condi-
ticns, the values shall be modified as follows:

a) For structural ightweaight concrete ha'u_inP unit density, w.. in the range
1440-1920 kg/m?, the valugs shall be multiplied by (1,65 - 0.503w,) but not

less than 1.09.
b) For £, other than 420 MPa, the values shall be multipliad by {0.4 + £, /700]

Figure 5-1: Minimum thickness of nonprestressed beams or one way slabs unless deflections

are calculated.
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