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ABSTRACT

The structural design is the most important design of the building after the architectural design necessary
for the distribution of columns, walls, loads, the best prices and the highest levels of safety are the
responsibility of the structural designer. In this project, a structural design will be made for Al-Samu
Hospital with a total area of 9000 square meters.

The idea of this project is in the structural design of Al-Samu Hospital, the project includes the design of
all the details and the necessary structural elements used in this building. This building consists of 3
floors in addition of basement floor and ground floor. Which contains the main sections of the nursing
units, detection and treatment sections, outpatient clinics, general services, emergency department,
radiology department, laboratories, operations and surgery department, ...etc

The project was designed using ACI-318-11 will be used in the design and we were use some of
programs of structural design such as Autocad, Office, safe, Etabs, Atir...etc. We were refer to several
references and graduation projects for data and design calculations. So the project was include detailed
structural study, analysis of the structural elements, expected and calculated loads, the structural design
of the elements required and the preparation of construction plans.
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CHAPTER 1

INTRODUCTION
1.1.  Introduction
1.2. Research Problem
1.3.  General Overview
1.4.  Project Problem
1.5.  Project Objectives
1.6. Reasons to Choose the Project
1.7.  Work Procedure
1.8.  Project Scope
1.9. Project Timeline

1.10. Programs Used In The Project
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Civil engineering affects many of our daily activities: the buildings we live in and work in, the
transportation facilities we use, the water we drink, and the drainage and sewage systems that are necessary
to our health and well-being.Civil engineering is a professional engineering discipline that deals with the
design, construction, and maintenance of the physical and naturally built environment, including public
works such as roads, bridges, canals, dams, airports, sewage systems, pipelines, structural components of

buildings, and railways ... .

Human nature needs to have places of curing in place of residence, and these places must have all the
means to ensure comfort and safety. General design process requires the introduction of all aspects of the
building to be created both in the architectural appearance of the building and how to distribute the spaces
and areas within various service sections linked to each other, or structural terms dealing with structural
system capable of carrying the loads affecting the building taking into account the minimum possible

economical system construction as is compatible with the architectural design choice.

The problem centralized in the project analysis, architectural design and structural system of all sections
of the buildings. Forces and loads of structural components, such as beams and columns, ribs, etc. will be
analyzed in the project. Then the dimensions and the arming of various structural elements will be

determined.

The idea of this project is in the structural design of Al-Samu Hospital, this idea arose from the suffering
experienced by the population in the Hebron Governorate and in its south in particular; Because of the
lack of health services in the governorate, the idea behind the project was motivated. The importance of
providing a local hospital in the study area stems from that it gives part of this shortage and provides the

population with high-level health support.

This project includes the design of all the details and the necessary structural elements used in this
building, which is consists of 3 floors in addition of basement floor and ground floor. Also it contains the
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main sections of the nursing units, detection and treatment sections, outpatient clinics, general services,

emergency department, radiology department, laboratories, operations and surgery department, ...etc.

The problem of this project in the work of the structural design of the building that was chosen to be
the field of this research, where the study was done in the work of a study of the work of equilibrium of
the entire building on implementation to avoid any risk to users of this building, and in this project will
be analyzed each of the elements of construction such as : beams, columns, foundations, and other
structural elements, and determine the loads located on the structural elements of the loads of live or

dead loads resulting from the node and the entire elements built in the structure.

As well as taking into account the safety factor of the building and that the economic aspect and enable
the achievement of the highest resistance to safety, and then the work plans of the structural elements

that have been designed, to move this project from the proposal to the implementation.

The objectives of the project are divided into two parts:

*

« Architectural Goals:

In this project architectural design is not the main goal as civil and building engineers, however this
buildings where necessary to achieve beauty and utility requirements, cost and durability in thesefacilities,

which are the basic architectural design requirement.
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s Structural Goals:

v’ Structural design of the units will be done in this project with prepare all structural drawings for
beams, slabs, columns, footings and shear walls to be ready for fulfillment on the location of the
project.

v’ Correlate the theory that has been gained in the design courses with practical life.

v’ Increase the ability to choose a suitable structural system of elements that meets design

requirements.

v" Practice the structural analysis and design programs as well as theoretical knowledge.

The reason of selecting the project back to several things, including The need to increase the experience
and skill of structural design, which we studied and applied in practice by linking the relationship between
the theoretical aspects that have been gained from the courses studied in this specialization, and the
application of this in this project and its structural elements, and design of structural elements to suit the
loads On the structural elements, taking into account the provision of durability, strength, durability and

economy.

Also because this project is widely implemented in our society and the need toimplement buildings in an

engineering manner.

To achieve the objectives of the project following steps were followed :

1. Architectural study in which the site, building plans, and elevations were been studied.

2. Structural planning of the building, in which the location of columns, beams, and shear walls was
determined to fit with architectural design.

3. Structural study in which all structural members were identified and different loads were been
estimated.

4. Starting analysis and design for elements according to the ACI Code.

5. Preparation of Structural drawings of all existing elements in the building.
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6. Project Writing in which all these stages were presented in detail.

Architectural Structural Structural aggu:}::raﬂ d
Study Planning Study dgsign

Figure(1- 1) :Work Procedure

1.8 Project Scope

This Project will be contain the following Chapters :

CHAPTER 1: A general introduction.

CHAPTER 2: An architectural description of the project.

CHAPTER 3: A general description of the structural elements.
CHAPTER 4: Structural analysis and design of all structural elements.

CHAPTER 5: Results and Recommendations.
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1.9 Project Timeline

The following chart shows the project plan and timeline :

project selection | |

Architectural study

inception report

structural study

|
structural design L s ’
peeparing construction plans L S5 ’
projectwriting Timeline ] l
e /

Figure(1- 2):Project Timeline

1.10  Programs used in the project

There are several computer programs used in this project:

Microsoft Office: It was used in various parts of the project such as text writing and project output.
AUTOCAD 2021.: for detailed drawings of structural elements.

ATIR18: Structural design and analysis of structural elements.

ETABS: Structural design and analysis of shear wall.

Spcolumn: Structural design and analysis of column.

Found: Structural design and analysis of isolated footing.

o krwdpE
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CHAPTER 2

ARCHITECTURAL DESCRIPTION

2.1. Introduction

2.2. General Identification of the project
2.3. General site description

2.4. Floors Description

2.5. Elevations Description

2.6. Sections of the building
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Architectural description is the most important things that should be consider when preparing for any

project because of its importance in defining and understanding the nature of the project and its sections.

Architectural design requirements task must meet the desired job and human needs in the present time,
these terms are in the functional, lasting beauty and economy, it is important in these conditions can
interact between each other and in harmony to achieve our vision of optimal design and get an integrated
and comprehensive architectural design, and this is achieved by understanding the functional demands of

the building and space as well as taking into account nature movement of each part of the project.

An Architectural study that must precede the start of architectural design must be easy to handle and
understand different events that it contains building and functional relations among them, and the nature
of the association movement and using these parts, and other things of importance that give a clear picture
of the project and therefore it will be possible to locate the columns and other structural elements to suit

architectural design.

This Hospital is located in the Al-Samu area on a plot of 12910 m 2, with an area of approximately
9000 square meters. It consists of three floors in addition of basement floor and ground floor .

Which it contains the main sections of the nursing units, detection and treatment sections, outpatient
clinics, general services, emergency department, radiology department, laboratories, operations and
surgery department, meetings hall , managing ,director ,technical Director, secretarial, male sleep rooms
,doctors food hall ,children sleep room ,nursing break ,store, nursing rooms, doctor rooms ,female sleep

rooms and waiting rooms ...etc.
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2.3 General site description

2.4 Floors Description

1. Basement FLOOR

The basement floor consists of parking ,dead refrigerator ,administrator ,washing the dead, mechanical,
kitchen store ,medicine refrigerator, kitchen refrigerator, medicine store, kitchen ,wells and electricity

with an area of 2100 square metres.

2. GROUND FLOOR

The ground floor consists of waiting, tooth clinic ,outpatient clinic, reception, break, waiting,
doctor rooms ,ray unit, emergency ,pharmacy, food hall ,terrace, entrance, laboratory ,sampling

and store with an area of 1737 square metres.
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3. FIRST FLOOR:

The firs floor consists of after birth rooms , doctor rooms ,nursing break , nursing, store, food
hall, sleep rooms , birth rooms, terrace and prematurity rooms with an area of 1737 square

metres.

4. Second FLOOR:

The second floor consists of male sleep rooms ,waiting ,store ,doctor rooms , break, intensive
care ,operating room ,female sleep rooms ,nursing rooms and Patient anesthesia room with an

area of 1737 square metres.

5. Third FLOOR:

The third floor consists of meetings hall , managing ,director ,technical Director, secretarial, male sleep
rooms ,doctors food hall ,children sleep room ,nursing break ,store, nursing rooms, doctor rooms ,female

sleep rooms and waiting with an area of 1737 square metres.
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Fiaure (2- 2): Basement floor Plan
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The following is a description of different elements and components of the project elevations :

e North elevation :

The northern elevation shows the main entrance to the project .

EEEE
o o m m
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Figure (2- 7):North elevation

e South elevation:

Figure (2- 8):South elevation
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e East elevation:
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Figure (£- Y): East elevaton

e \West elevation:
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Figure (2- 10): West elevation

23| Page



These sections explain the movement inside the building through the stairs and elevator. It also

shows more details for the heights and levels for slabs, windows, and doors.
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Figure (2- 11):Section A-A
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Figure (2- 12):Section B-B
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CHAPTER 3

STRUCTURAL DESCRIPTION

3.1 Introduction

3.2 The Aim of the Structural Design
3.3 Scientific Tests

3.4 Loads Acting on the Building

3.5 Structural Elements of the Building
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3.1 Introduction

After completion of the architectural study of the building, A study of the structural elements was done
to determine the optimal structural system for the building to make the best design of all structural

elements.

After the human known the structural design, it was necessary to evolve its structural
design to provide two basic factors, namely safety and economy.

Therefore, it is necessary to identify the structural structures that make up the project
in order to choose the best and optimal elements so as to achieve safety and economy,
in addition to not to conflict with the architectural plans laid down, and the purpose
of the process of structural design is to ensure that the necessary operating
advantages, while preserving as much as possible On the economic factor.

So In this chapter, the structural elements of the project will be identified and explained.

3.2 The Aim of the Structural Design

The main purpose of structural design is to make a safe, economic, and serviceable design, so In designing

a structure the following objectives must be taken into consideration :
1- Safety: The structure should be able to carry all expected loads safely, without failure, that is, without

breaking or collapsing under the loads.

2- Durability: The structure should last for a reasonable period of time.

3- Stability: to prevent overturning, sliding, or buckling of the structure, or parts of it, under the
the action of loads.

4- Strength: to resist safely the stresses induced by the loads in the various structural members.

5- Serviceability: To ensure satisfactory performance under service load conditions - which implies
providing adequate stiffness and reinforcements to contain deflections, crack
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widths,and vibrations within acceptable limits, and also providing impermeability and durability
(including corrosion-resistance), etc.

There are two other considerations that a sensible designer must bear in mind, economy and aesthetics.
As any engineer can always design a massive structure, which has more than adequate stability, strength,
and serviceability, but the ensuing cost of the structure may be exorbitant, and the end product, far from

aesthetic.

3.3 Scientific Tests

Before the structural study of any building, there is the work of geotechnical studies of the site, which
means all work related to exploring the site and studying soil, rocks, and groundwater, then analyzing
information and translating it to predict the way the soil behaves when building on it, and the most
important thing is to obtaining soil durability (Bearing Capacity) required to design the building's
foundations.

3.4 Loads Acting on the Building

Loads that acting on the building must be calculated and selected carefully because any error in identifying

and calculating loads reflects negatively on the structural design of various structural elements. The

building is exposed to loads of live and dead loads, wind loads, snow loads, and loads of earthquakes.

Negative

wind loads 3 l Snow loads

Positive

‘ v-vind loads

Hydrostatic
pressure from water
pressure in ground

Dead loads

Figure(3- 1): Types of loads

27| Page



3.4.1 dead loads

Dead loads are permanent or stationary loads which are
transferred to structure throughout the life span. Dead load is
primarily due to self weight of structural members, permanent
partition walls, fixed permanent equipments and weight of
different materials. It majorly consists of the weight of roofs,
beams, walls and column etc. which are otherwise the permanent
parts of the building. The calculation of dead loads ofeach

structure are calculated by the volume of each section and

multiplied with the unit weight.

Figure(3- 2): Dead Load

3.4.2 live load

Live loads are either movable or moving loads with out any
acceleration or impact. These loads are assumed to be
produced by the intended use or occupancy of the building
including weights of movable partitions or furniture etc.. Live
loads keeps on changing from time to time. These loads are

to be suitably assumed by the designer.

3.4.3 sesimic load Figure(3- 3): Live Load

horizontal and vertical forces that generate torque, and can be resisted by using shear walls
designed with thicknesses and sufficient reinforcement to ensure the safety of the building.
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Figure(3- 4): Load Path

3.5 Structural Elements of the Building

All buildings usually consist of a set of structural elements that work together to maintain the continuity

of the building and its suitability for human use, The most important of these slabs, beams, columns, and

load-bearing walls, etc. are being defined.
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3.5.1 Slabs

Structural elements are capable of delivering vertical forces due to the loads affecting the building's load-
bearing structural elements such as beams, columns, and walls, without distortions.

There are many different Structural systems of reinforced concrete slabs, including the following:

Solid Slabs are fully customizable concrete slabs of
varying width, length, and thickness. They can be used
variety of applications such as bridges, piers, and

building floors. It is known that solid slabs should be

supported by drop beams.

Figure(3- 6): Solid slab

It’s the most common system used in Palestine. They are made up of wide band beams running between
columns with narrow ribs spanning the orthogonal direction. Normally the ribs and the beams are the same
depth. A thin topping slab completes the system. It can be designed to carry loads either in one direction

only, or in two directions.

coiumn

_A 4 l/__

primary beam
rlbs

v VYV m

I
!
A
v

Figure(3- 7):One way ribbed slab.
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3.5.2 Beams

They are basic structural elements in transferring loads from slabs to the columns, and they are of two
types, hidden inside the slab and Dropped Beams that emerge from the slab from the bottom.

ISR AR RN

Figure(3- 8):Rectangular Beam.

Slab Hidden beam

Figure(3- 10):Hidden Beam.
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3.5.3 Columns

Columns are the main member in transporting loads from slabs and beams to foundations, and as such,
they are a necessary structural component for conveying loads and building stability. Therefore, they
must be designed to be able to carry and distribute the loads on them.

| Types of Column used in Construction I

<

L

Rectangular Circular Axially Loaded
Column Column Column

Reinforced Concrete Column

Figure(3- 12):Different types of Columns
3.5.4 Shear walls

They are structural load-bearing elements that resist vertical and horizontal forces located on them

and are mainly used to resist horizontal loads such as wind and earthquake forces.

These walls are armed with two layers of steel to increase their efficiency to resist the horizontal
forces. The two directions taking into consideration that the distance between the center of resistance
formed by the shear walls in each direction and the center of gravity of the building is minimal. And
that these walls are sufficient to prevent or reduce the generation of torque waves and their effects
on the walls of the building resisting horizontal forces.
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Figure(3- 13):shear wall

3.5.5 Foundations

Loads act on foundations came from the loads on the slabs which transferred to the beams, then

to columns, and finally to foundations. and these loads are the design loads for the foundations.

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

wWaAaLL
CoLuMN CovuMN
PEDESTAL
OR STEP

(el WwWALL FOOTING (D) SIMPLE SFPREAD (c)STEPFPED OR
FOOTING FPEODESTAL FOOTING

(S)SLOPED FOOTING  (e)COMBINED (t) STRAP FOOTING
s UMM _SHAFT
PILE CAFP
PRLES sELL
(9) MAT OR RAF T (R)PILE FOUNDATION (i)DRILLED BELLED
FOUNDATION PIER

FICURE 931 Common typcs of foundations for bualdings.

Figure(3- 14):types of footing
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3.5.6 Stairs

Stairs must be provided in almost all buildings. It consists of rises, runs, and landings. The total
steps and landings are called a staircase.

There are different types of stairs, which depend mainly on the type and function of the building
and the architectural requirements.
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0.90 can (weintimo)

NN Escalones

SEGUNDG TRAMD

Aponw en viga L
o Nidro

Ancha sde paso

min, 2% om

Alrura de contrupaso

Espesor
losu 15 em

Mum

FRIMER TRAMO
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Figure(3- 15):stair detail

3|Page



CHAPTER 4

STRUCTURAL ANALYSIS AND DESIGN
4.1 Introduction
4.2 Factored load
4.3 Determination of slab thickness
4.4 Design of one-way ribbed slab
4.5 Design of solid slab
4.6 Design of Beam
4.7 Design of Column
4.8 Design of Isolated Footing
4.9 Design of Stairs

4.10 Design of Shear wall

4.11 Design of Basement wall
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4.1 Introduction

Concrete is the only major building material that can be delivered to the job site in a plastic state.
This unique quality makes concrete desirable as a building material because it can be molded to virtually
any form or shape.

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

A bond forms between the steel and the concrete, and stresses can be transferred between both
components. In This Project, there are two types of slabs: solid slabs, one-way ribbed and . They would
be analyzed and designed by using finite element method of design, with aid of a computer Programs
called " ATTIR " to find the internal forces, deflections and moments for ribbed slabs.

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

NOTE:
*Concrete B300, {fc= 24 MPa for rectangular and L section}.
*The specified yield strength of the reinforcement {fy = 420MPa}.

4.2 Determination of slab thickness

Determination of Thickness for One Way Ribbed Slab:
According to ACI-Code-318-08, the minimum thickness of non prestressed beams or one-way slabs unless
deflections are computed as follow:
The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5
=625 /18.5 = 33.78cm
The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21

=671/21 = 31.95cm
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Select Slab thickness h= 32cm with block 24cm & Topping 8cm.

4.3 Determination of Loads of ribs :-

4.3.1 Determination of Dead load:-

Table (4 — 1) Calculation of the total dead load for one way rib slab

Type /b h KN/m
Tiles 0.03*0.52*23 0.359
Mortar 0.02*0.52*22 0.229

Sand 0.07*0.52*16 0.5824
Topping 0.08*0.52*25 1.04

Hollow block 0.4*0.24*9 0.864
Plaster 0.02*0.52*22 0.229
R.Crib 0.12*0.24*25 0.72

Partitions 2.3*0.52 1.2
Sum 5.22

4.3.2 Determination of live load:-

Nominal Total live load =5 * 0.52 = 2.6kN/m of rib

4.3.3 Determination of factored dead & live load

Factored dead load = 1.2*Dead load = 1.2*5.22 = 6.27 KN/m.

Factored Live load = 1.6*live load = 1.6*2.6 = 4.16 KN/m
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4.3.4 Design of topping

The calculation of the total dead load for the topping is shown below:

Table (4 — 2) Calculation of the total dead load on topping

Type Jbh KN/m
Tiles 0.03*1*23 0.69
Mortar 0.02*1*22 0.44

Sand 0.07*16*1 1.12
Topping 0.08*1*25 2

Partitions 2.3*1 23
Sum 6.55

Wy,=12DL+16LL

=1.2*6.55+ 1.6 *5=15.86 KN/m?. (Total Factored Load)

w.

* 2 . .
Worl _ 15.86 *0.4*0.4/12 = 0.211 KN. m/m of strip width .

M. =
u 12

@Mn = 0.42%/fc Sm = 0.55 *0.42*1%3/24 « 1*‘;'83 =121 KN .m >> 0.211KN.m

NO reinforcement is required by analysis. According to ACI 10.5, provided As.minfor slabs as shrinkage

and temperature reinforcement. According to ACI 7.12.2.1, Pshrinkage = 0.0018.

As= pxbxh=00018+1000 = 80 = 144 mm?/ strip.

Minimum (As) =0.0018 * Ag = 0.0018 * 100 * 8 = 1.44 cm?m
As = 144 mm?/m

Try bars @8 with A, = 50.27mm?
n= i _ 144
Bar number Aspg  50.27

= 2.87

Try 398/m with A; = 150.8mm?/m strip or ®8@300mm jn hoth directions.
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Step (5) is smallest of:

3h =3 %80 = 240mm — control
450mm

s = 380 (@) —2.5C, =380 (222 ) — 2.5 % 20 = 330mm
I 5420

s

Take @8@200mm in both directions. S = 200mm < 5,4, = 240mm — ok

Take @8 at 200 mm in both directions

4.4 Design of one way Ribbed slab

(Rib No#G.R1)

Material: - .
Section: -
concrete  B300 Fc' = 24 N/mm? b =12cm bg=52 cm
Reinforcement Steel fy = 420 N/mm? h =32cm T;=8 cm
Geometry Units:meter,cm
1 2 3
1 2
E: A . A :
A A
05, 5.08 L 08 5.45 0.8
bl 573 ' ' 6.25

A—A

Figure (4-1): Rib geometry.
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Loading

load group no. 1
Dead load - Service

Units:kN,meter

522 5.2
573 6.25
Live load - Service Load factors: 1.20,1.20/1.60,0.00
260 2,60
573 6.25
Figure (4-2): loading of rib (18)
Moment/Shear Envelope (Factored) Units:kN,meter

Moments:

spans 1o 2

I "H-.._\_\_x 1
L e ! |
~ !
| /
56 - . %7
265 e
333
. 2.29 I 3.44 | 375 | 25 |
Shear
-38.1
3] -26.4
_— 193 _—
,.—-f"')- i T —
: — I : T :
—18. _—
235 L
33
401
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Figure (4-3): Moment Envelop And Shear Envelop of rib (18)
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4.6.1 Design of flexure: -
4.6.1.2 Design of Positive moment of rib (RIB 1):

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=320-20-8-—=284 mm.

—Mymax = 33.3 KN.m

be < Distance center to center between ribs = 540 mm............ Controlled.

<L/4+ by =5080/4 +120 = 1390 mm.

(Where L is taken as the smallest clear span of the rib.)
< (16* t) + bw =(16* 80) +120 =1400 mm.

—be= 520 mm.

— My = 085 f x by » ty + (d — L)

0.08

= 0.85 % 24 * 0.52 * 0.08 * (0.284 - T) «103 = 207.1 KN.m

¢dMns=0.9* 207.1 = 186.4 KN.m

—$Mnr =186.4 > My max= 33.3 KN.m.

~ DESIGN AS RECTANGULAR SECTION.
Maximum positive moment Mu ) = 33.3 KN.m

M,, = Mu /¢ =33.3/ 0.9 = 36.9 KN.m

m=-—L_=_%20 _5,58
0.85f;  0.85%24
_ My, _ 36.9%10° _
R, = bed?  520- (288)2 - 0.88 MPa

p=i(1— [1-ZEmy_ L (g g 2:0882058)_ 5 o1g
m fy 20.58 420

—As=p * b *d=0.00214* 520 * 284= 316.4 mm?,
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N by kd = 2wby,xd o, (ACI-10.5.1)

V24
4x420

£120 %284 > ~2 4120+ 284
420

=99.4mm3<113.6 mm? ............. Larger value is control.
— Asmin = 113.6 MM?<Asreq = 316.4 mm?.
~ As = 316.4 mm?,
2 ®16 =402.12 mm?>Asreq = 316.4 mm?. OK.
= Use 2 @16
— Check for strain:-(g; = 0.005)
Tension = Compression
As*fy=085*f/*b*a
402.12*420=0.85*24* 120 *a
a =68.99mm.

f! =24 MPa< 28 MPa— f3, = 0.85

59.1468.99
c=—= =81.17 mm.
B1 0.85

g, = 5% 0.003
c

_ 284-81.17
81.17

*0.003=0.0075>0.005 -~ ¢=09...0k

4411 Maximum negative moment

Mu® =326 KN.m

M, =Mu /¢ =32.6/ 0.9 = 36.22 KN.m

m=-—2Y_=_%0 _9958

T 085f/  0.85%24
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_ My, _ 36.22%10°
bxd2  120% (284)2

_l _ _Z*Rn*m — 1 _ _2*3.74*20.58 —
p=-Q /1 ) 2058(1 J1 MR >0.0099

—As=p * b *d=0.0099* 120 * 284= 337.96 mm?,

R, =3.74 MPa

fe
ASpin = F\/:) x b, *d = %4 xby,*xd ... (ACI-10.5.1)
= V2 120+284 > 24120« 284
4%420 420
=99.4mm?<113.6 mm? ............. Larger value is control.

— Asmin = 113.6 mm? <Aseq = 337.96 mm?,
=~ As = 337.96 mm?,

2 ®16 =402.12 mm?>Asreq = 337.96 mm?. OK.
= Use 2 @16
— Check for strain:-(g; = 0.005)
Tension = Compression
As*fy=085*f/*b*a
402.12*420=0.85*24* 120 *a
a =68.99mm.

f¢ =24 MPa< 28 MPa— f3; =0.85

59.1468.99
=== =81.17 mm.
B1 0.85

g, = £5*0.003
c

_ 284-81.17
81.17

*0.003=0.0075>0.005 - ¢=0.9... OK!
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4.6.2 Design of shear of rib (RIB 18):

—Vu=33 KN.

I
\A;: ——'*'bw’kd
6
=11* \/%_4 *0.12* 0.284*10° =30.61 KN.

dVe=0.75* 30.61 =22.96 KN.

—Check for Cases: -

1- Case 1: Vi< %

22.96

33 < ——=11.48 KN.
~ Case (1) is NOT satisfied
2- Case 2:%<Vu <pVe

1148 <33<22.96 KN.

=~ Case (2) is NOT satisfied — shear reinforcement is required.

Vs = % — Ve = 13.39 KN.
. 1
Vs min=—x\/f/ * bw* d =10.43 KN.

Vs min:§* bw*d =11.36 KN.....Control.

VS =1043 < VSmin = 11.36 KN. ..... OK!
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=~ Case (3) is NOT satisfied — shear reinforcement is required.
Vs' =2« /I * bw* d =55.65 KN.
Vs = % — Ve =13.39KN.

Vs =13.39 < Vs =55.65KN......OK!
CASE 4 : stirrups are required
Try 208: -

2
(2+27)+420+284

5 =13.39*%10° — S = 895.3 mm.

S sg = 2;;4 = 142 mm. ... Control

< 600 mm.

= Use 208 @ 15

4.5 Design of solid slab

(SLAB NO¥#S5)

Material: concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section: -
B =100 cm

According to ACI-Code-318-08, the minimum thickness of no prestressed one way
solid slabs unless deflections are computed as follow:

hmin for one end cont. = L/24 =573/24 =23.9 cm.
hmin for both ends cont. = L/28 =628/28 = 22.4 cm.

—Select Total depth of slab h=25cm. Assume bar diameter @ 16 for main
reinforcement. d = 250 -20 -14/2 = 222 mm
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Determination of Dead load:-

Table (4 — 1) Calculation of the total dead load for one way solid slab

Type Jbh KN/m?
Tiles 0.03*23 0.69
Mortar 0.02%22 0.44
Sand 0.07*16 1.12
Plaster 0.02*22 0.44
R.C solid slab 0.25*25 6.25
Partitions 2.3 2.3
Sum 11.24
Determination of live load:-
Nominal Total live load = 5 = 5 kN/m?
Dead Load for 1 m strip of slab=11.24 *1 =11.24 KN/m
Live Load for 1 m strip of slab =5.0 * 1= 5.0KN/m
Geometry Units:meter,cm
1 2
—— A e A e
L« 5 1, - a |
R 51 08 20 2y
: Sk : == |
25

100.
AA
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Figure (4-4): solid slab Geometry.




Loading

load group no. 1

Dead load - Senvice Lhnits: kM, meter
112 11.2
5.75 8.28
Live load - Service Load factors: 1.20,1.20/1.80,0.00
500 5.00
; A Y '
575 8.28

Moment/Shear

Figure (4-5): Load of solid slab

Envelope (Factored)

Units:kH.meter

Moments: spans 1to0 2

a7.4
676 88,
, _ 211183 |
I - I e 1
et — : : — —
™. T 1.25/1 21 | P
N~ P LT 128
545 - —
BB.4
! 23 I 3,45 . 378 | 25 |
_Shear
8.7
65.8_— 54.2
— 443 -
.'-'-"f-'----'--- -"'"--F--F---FF-
— " ! L e ,
} — } } —— —
L‘* 385 _—
48.4 e
— 8a7
B28
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Figure (4-6): Moment And Shear Envelop for slab




According to ACI 8.9.2 — In analysis of frames or continuous construction for determination
of moments, span length shall be taken as the distance center-to-center of supports.
According to ACI 8.9.3 — For beams built integrally with supports, design on the basis of
moments at faces of support shall be permitted.

= Check whether thickness is adequate for shear;
Vimax = 69.7KN/1 m strip
1 1
V= E,}\fﬁbwd =c L VZ24-1000- 0.222=181.2 KN/ 1 m strip

¢ = 0.75 - for shear.

@V. = ' 0.75*0.223 = 135.9 KN/ 1 m strip

Vymax = 69.7KN/1m strip < 135.9 KN/1 m strip

The thickness of the slab is adequate enough.

Design of flexure: -

e Design of negative moment: -
—Mumax = - 67.6 KN.m

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

d=250-20-142=222 mm

M, 67.6
MH—E— ﬁ—?S.lKN*mfm
My, 75.1 £ 420
= = = = = = 206
R =3~ Tovo.zzzz ~ LS2MPa M= 9857~ 085.24
pzi 1— 1_2R,.,-m —. _L z*zu.ﬁu.ﬁz_ﬂm%
fy =208 (171 420 -

49 |Page



A, =pbd = 0.0038 * 1000 * 222 = 835.8 mm?

p= 0038 >p,,=00018 - 0K
Use @16 then
A, 8358
ﬂ:As = 201.06—4‘.2
Take 5016 with A, = 1005.3mm2/1m or  $16 @ 200mm

Step (5) is the smallast of:

1. 3h= 3¥250=750mm

2. 450 mm.
280 280 \\
3 5= 3313( ) —2.5C, =380 '~ 25.-20= 330mm but
L 7 420
280 280
553{10( ): 3005 | =300mm - control
Iz 420

3
s=200mm < sy, =300mm -0OK

¥ Check for strain (tension-controlled section - £, = 0.005):

Asﬁ: 1005.3 * 420 |

= = =1 20.7

@~ 0857b 085 241000 mm
a 20.7

=, —085 = - =243mm

Tk s “= 085
d—rc

& = 0.003 ) _ 0.024 >0005  OK

e Design of positive moment: -
—Mumax =68.4 KN.m

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

d =250 -20 -14/2 = 222 mm
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=76.0 KN « m/m

0.9
My, 76.0 £y 420
= = = = = = 206
Rn =3~ Tooo.azzz =~ WS4 MPa ™= 0857 08524
p=t[1- [1-2Bm)_ _ 1 f,_2v208.154
fy 206 T T Ta0 Y
A, =pbd = 0.0039 * 1000 * 222 = 865.8 mm*
p= .0039 = p,;,=0.0018 - 0K
Use @16 then
A, 865.8
[ 0106
Take 5016 with A, = 1005.3mm2/1m or  #16 @ 200mm
Step () is the smallast of:
1. 3h= 3*250=750 mm
2. 450 mm.
280 280 \
3.5:3&% )—1&;:3&)5—— —25-20= 330mm but
’ﬁ" 3 420

<300 (zan) 300( 220 \
5= = —_ - o=
7 )

. 420
3

s=200mm < 5,,, =300mm -O0K

300mm  — control

e Temperature and shrinkage reinforcement

A_(Temperature and shrinkage) = 0.0018bh = 0.0018 - 1000 -

A, 450
Ao 1131

Take4212/m or @12@ 250 mm.

n= 3.9

250 =450 mm2

Step (s — for shrinkage and temperature reinforcement) is the smallest of:

1. Sh = 5%250=1250 mm
2. 450 mm — control.

s=250mm < s, = 450 mm - OK
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4.6 Design of Beam
(Beam No. #20)

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

Reinforcement Steel fy = 420 N/mm?
Section: -
B =80cm

h =42 cm "choose h=42, for deflection requirement’s L/240"

According to ACI-Code-318-08, the minimum thickness of no prestressed beams or
one way slabs unless deflections are computed as follow:

hmin for one end cont. = L/18.5
=518/18.5 =28 cm.

—Select Total depth of beam h=42cm. (32cm slab and10cm drop)

Geometry Units:meter.cm

3 4
1 2 3
E A A A
A A A
Q25 475 06, 34 06, 462 0.25
T 5'18 T T 4 T T 505 1

ATA

Figure (4-4): Beam Geometry
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Loading

load group no. 1
Dead load - Service

Units:kN,meter

542 542 542
518 4. 505
Live load - Service Load factors: 1.20,1.20/1.60,0.00
292 292 292
5.18 4. 5.05

Figure (4-5): Load of Beam

Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 3

2974 2824
Lt ol
32 g
280.7
! 207 29?-4 311 | 5 { 3. | 278 | 227 I
_Shear
352 7
sy B 24632615
LL 1 1 1 1
T T T T T
251.8 2371
266.9 2735 326.1
3625
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Figure (4-6): Moment and Shear Envelop for Beam



Design of flexure: -

e Design of Positive moment: -
—>MUmax =292.4 KN.m
bw=80Cm. h=42Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=420 — 40 — 10 — % =361mm

Crax = * d == * 361 =154.7mm.

f¢ =24 MPa <28 MPa—f31=0.85

amax = B1* Crmax = 0.85 * 154.7= 131.5 mm.

*Note:

Mymax=0.85* f/ *b*a*(d->)
=0.85*24 *0.8*0.132 * (.361—0.132/2 ) * 10
=635.5 KN.m

€s=0.004

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

_>annmax3= 0.82 * 635.5=521.1 KN.m

— Mu = 292.4KN.m< pMnmax= 521.1 KN.m

~Singly reinforced concrete section.

e Maximum positive moment
Mu®=292.4 KN.m

Mn = Mu /p=292.4/ 0.9 =324.9 KN.m .
—m=20.58

R = Mn _ 324.9x10°
" pxd2 800+ (361)2

1 2%Rp*
pra(l- [1-Emy

1 <1 B \/1 B 2*3.12*20.58>=0.0081

420

=3.12 MPa




As=p * b *d =0.0081*800*361=2339.3 mm?

A VIe bxd > 14 bx*d
S. = * * > — % *
4 () fy
V24 1.4

>
4*420*800*361 > 420*800*361

=842.2mm?<962.67mm? .... Larger value is CONTROL
As, min = 962.67 mm?
Use5 ®25.... As= 1963.5 mm?
— Check for strain:-(g; > 0.005)
Tension = Compression
As*fy=085*f/ *b*a
1963.5* 420 = 0.85* 24 * 800 * a
a =50.53 mm.
f¢ =24 MPa< 28 MPa— f3; =0.85

c=2=3%3_5945 mm,
B1 085

g, = £5*0.003
c

_ 36;;?}‘:45 *0.003 =0.0152 >0.005 -~ ¢=0.9 ... OK!

—Vu=335.2KN.

e
(ch=q)*£*b*d

V24
6

=0.75* 800* 361 * 10-* = 176.85KN.

— Check For Cases:-

Casel :

Ve
Vy < 4’7.

3352 < 7885_gg 43

2
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=~ Case (1) is NOT satisfied

Case 2:

Peavy <pVe

88.43<335.2<176.85

=~ Case (2) is NOT satisfied
3-Case 3: pVe< Vu < dpVe+ dVsnmin
0.75

G Vsmin > % fd*bw*d= o V24 * 0.8 *0.361 * 10° =66.32KN.

> %* bw*d= 0'775 *0.8 *0.361* 10° = 72.2KN .... CONTROL.

Vs min =72.2KN.

¢Ve+ GVsmin = 176.85+ 72.2=249.05KN.
¢oVe< Vu < dVe+ GVSmin

176.85 < 335.2<249.05

~ Case (3) is NOT satisfied
4-Case (4):- d(VctVsmin)< Vu < p(VetVs)
Vs == /fc'bwd=; 24 + 0.8  0.361*10°=471.6 KN
O(Ve+Vsmin)=0.75(235.8+96.3)= 249.1 KN
d(Ve+Vs)=0.75(235.84+471.6)=530.55KN
G(VetVsmin)< Vu < d(VetVs)
249.1<335.2 < 530.55

=~ Case (4) is satisfied

Try 210 =2 * 78.5 = 157 mm?.

Vs= 2322 9358=211.1 KN

0.75
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2x78.5 _ 211.1* 103

= s=112.75 mm .... CONTROL
S (420 *361)

~ Use @10 @ 12 Cm 4L.

4.7 Design of Column

Calculation of Loads act on Column (C22)

Loads acting on columns are obtained from support reaction when analyzing the system
on (BEAMD) .

Dead Load = (Service Dead reaction from BEAMD15)
=1300 KN

Live Load = (Service Live reaction from BEAMD26)
=180 KN

PU factored =( 1.2*1300) + (1.6*180) = 1848 KN

e Calculation of Required Dimension of Column (C1)
Total load Pu =1848 KN
Pn = 1848 /(0.65) = 2843.1KN g =0.65 — for tied column
pg =2.0%

Pn = 0.8 x Ag{0.85 * fc' + pg(fy — 0.85fc")}
2843 + 103 = 0.8 * Ag[0.85 * 24 + 0.02 * (420 — 0.85 * 24)]
Ag = 125167.3mm?=1251.67cm?

~Select 70*55cm

Check Slenderness Effect :
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For braced system if A < 34 — 12 % < 40, then column is classified as short column

and slenderness effect shall not be considered.

Klu
A= —
T

Where :
Lu: Actual unsupported length = 3.75 m

K: effective length factor (K= 1 for braced frame).

R: radius of gyration — for rectangular section = \/% =0.3h

System about X

System about Y

- A= T=19.23 1%3.75

= ——=3125
0.3 % 0.55

1< 34-12(1) =22 <40

A< 34-12(1)=22 <40
A =19.23 < 22 «shortcolumnabout X. A=
31.25 > 22 - long column about Y

Minimum eccentricity emin and Minimum moment Mmin:

E min = (15+0.03*550) = 27mm
M min = 1848*0.027 = 49.9 KN.m

Compute EI :

Ec = 4700*v/24 = 23025.2 Mpa
Ig = 3.47 « 109mm*

1.2D 1560
12D + 1.6L 1848
_0.4Ec1g . 0.4%x23025.2%x3.47
“1+Bdns 1+0.84

pdns = = 0.84

= 17369.01KN.m?

Buckling load :
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mEl mw?+17369.01

= = = 12190.24KN
(Klu)? 3.752

pc

Moment magnifier factor dns:
Cm:O.6+O.4%:0.6+0.4*1:1 0.4<Cm<1

cm 1

8ns=1 pu = 1848 =1.253 1< 6ns <1.4

T0.75pc 1~ 075%12190 24

emin = 1.253*27 = 33.84 mm
Mmin = 1.253*49.9 = 62.52 KN.m
e/h = 33.84/550 =0.085< 0.1 the limit for concentrically loaded short column

@Pn=0.65*0.8*Ag(0.85*fc'+ pg(Fy-0.85Fc’))

1848*10° =0.65*0.8*550*700*(0.85*24+ (420-0.85*24))
— pg=0.017> pmin=0.01 & < pmax =0.08

As req=0.017*550*700=4420mm?

4420
=17.4
201.06

~ Use 18@ 18with As =4580.4mm?2 >AS req = 4420 mm?

used18— # of bars =

Check spacing between the bars :

_ 650—-2%40—-2+10—6%16
5

S

=90.8 mm

S=90.8 mm >40mm

>1.5db=24 mm

Determination of Stirrups Spacing_:
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According to AClI :

Spacing < 16 x dy,(Longitudinal. bar. diameter) = 16 X 1.6 = 25.6 cm.
Spacing < 48 X d(tie. bar.diameter) = 48 X 1.0 = 48cm.

Spacing < Least.dim e nsion = 55 cm

= Select @ 10/20cm

\{0

) 70 .
A A

T 14 62

0
L
L
47 X1 4%
82
L X1
62 >

18018 310@20cm

Figure (4-7): section of column
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4.8  Design of Isolated Footing

Footing (F2)
Pu survice— 144OKN
PUfactoreda=1900KN

Load factor =—22 = 1 32
1440

o Loads that act on footing F2 are :

The following parameters are used in design :
¥ concrete = 25 KN/m?

v soil = 16 KN/m3

Gallow = 400 KN/m?

clear cover = 7.5 cm

service surcharge=5 kN/m?
e Determination of footing dimension (L)

Footing dimension can be determined by designing the soil against bearing pressure .
Assume h =60 cm

W footing= 25*0.6=15 kN/m?

W soil = 16*0.7=11.2 KN/m?

Total surcharge(W)= W footing *W soit + service surcharge = 31.2 kN/m?
q(aliow)net = T allow — Total surcharge(W)= 400 —31.2= 368.8kN/m?

A= pn/ga,net= 1440/368.8 = 3.9m? L=1.97m

. 1900
Bearing Pressure cbu = Pu/A: 197197
. o

= 489.6 kN/m?
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To determine depth of footing both of one and two way shear must be designed.
Design of one way shear

Assume h=55 cm and 16 for main reinforcement and 7.5cm cover
d= 550-75-% = 467 mm
Vu= qu*b*(; -5-d

1.97 0.65

=499.67*1.97*(*2" - %% 0.467) = 189.98 KN
VC:% * fC’ *bw *d
:% *\/24 * 1970*467*10°=751.2 KN

@V c=0.75*751.2=563.4 KN

..safe

d =467mm
b, =2*(0.65+0.467)+2*(0.4+0.467)=3.97
f=650/400=1.625
as = 40 (interior column)
Vu =499.67(1.97*1.97-(0.4+0.467)*(0.65+0.467))= 1455.32kN
@Vc is the smallest of :

)2

3 * 3970 * 467 x 1073

Vo= (142)x 0 b, xa= (14
R ) A R G WY

= 33769 KN

Ve= (2544 2) x T x by x d = (22227 1 2) 28, 3970 « 467« 107 =
bo 12 3.97 12
5075.2KN

Ve =0.333 X ,/fc Xbyxd=0.3333 %24 %3970 467 * 1073 = 3024.53KN<
cont.

@Vc = 0.75*3024.53 =2268.4 kN >Vu =1455.32 kN
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1.005

~h=55cm iscorrect

e Design of Reinforcement
Take steel bars with &16
d= 550-75-2 = 467mm

Mu = 499.67 *1.97*0.65*(0.65/2) = 207.94 kN.m

Fy 420
0.85+Fc’  0.85%24

Mn = 207.94/0.9= 231.05kN.m

= 20.6

Mn 231.05 *10°

Rn = T - 197002672 =0.54 MPa
1 2*xRnx*
p= ~ * (1- 1-— FZ] U )

= L * (1_ /1 _ 2%0.54 *20.6) - 0.0013
20.6 420

Asreq=p*b*d = 0.0013 x 1970 * 467 =1193.94mm?
As (min) = 0.0018*b*h = 0.0018*1970 * 550 = 1950.3mm?
Asreq < As (min)

. Select for both directions: 8316@15cm with As = 1608.5mm? > Asreq ... (0k)

| Q.1 1.95

0.1

.....

|

|

l

1

=
Se
01

[
#10/20cm ; P
;p, - ¥

0.23%

EASE | RS T —

7
1.95

o

. #16 L=2., ~
—

ettt — | JDBS18 [=2.3(

\
\
| DEAL
\
\

SH e RN SR ARER R TR, v 28916 L=2.30m
01 1.95 0.1 4
< "
~
o 1.8
BP16 L=2.30m

Figure (4-8): section of footing
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4.9 Design of Stairs

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

Reinforcement Steel fy = 420 N/mm?

1

—) 40 3.60 =) 40—

4.40

7.35

Figure (4-8): section of stair

Determination of flight thickness
hmin for one end cont. = L/20 =4.4/20 =22.0 cm.
—Select Total depth of slab h=22cm.

: Determination of Dead load:-

Flight Dead Load computation

g = tan~! (ﬂ) = 28.07
run )
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Table (4 — 1) Calculation of the total dead load for Flight Dead Load computation

Type | (knm?) W (KN/m)
Tiles 23 23% (22324 93%121.17
3
Mortar 22 22% (22X3)% 02*1=0.67
3
Stair steps 25 25 " (-16* -3)*1 20
0.3 2 o
Plaster 22 (22 %.03*1)
cos28.07
Reinforced Concrete 25 (25 x 272 % 1) 623
solid slab = 0.
cos 28.07
Sum 10.82

e Landing Dead Load computation:

Table (4 — 1) Calculation of the total dead load for Landing Dead Load computation

Type X (KN/m3) W (KN/m)

Tiles 23 23*.03*1=0.69
Mortar 22 22% .02*1=0.44
Plaster 22 22*.03*1=0.66
Reinforced Concrete 25 25*% 22*%1=5.5
solid slab

Sum 7.29

Determination of live load:-

Nominal Total live load = 5 = 5 kN/m?

e Total factored Load:

For Flight =1.2 *10.82 + 1.6*5*1 = 21.0 KN/m

For Landing=1.2 *7.29 + 1.6*5*1 = 16.75 KN/m
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e Design of slab S1 FLIGHT:
Slab S1 is supported at the centerline of slabs (S2) landing

Assume bar diameter @ 14 for main reinforcement. d = 220 -20 -14/2 = 193 mm

21.0 KN/m

Y Y vy ovov vy

R= 37.8KN

< 0.4

R=137.8 KN
The reaction at each end

v Check for shear strenght:
Assume bar diameter @ 14 for main reinforcement.

d
d=h—20—?b=193mm
Take the maximum shear as the support reaction V, = 37.8KN

fﬁb d= \/—_ 1000 - 0.193 = 157.6 KN

¢ = 0.75 - for shear.

¢V. = 0.75*157.6 = 118.2 KN
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Vu.ma.x

1
= 37.8KN< §¢Vc = 59.1 KN

The thickness of the slab is adequate enough.
v Calculate the maximum bending moment and steel reinforcement:

M, = -21*1.8%1.8/2 +37.8%(.4+1.8)= 49.14 KN.m

M, 4914
M, =—*=22="=546KN
"¢ 0.9
Assume bar diameter @ 14 for main reinforcement.
R, = — = 1.47 MPa m = Jy = 20.59
" bd? g 0.85f. '
1 2R, m
p=—{1—~ [1-"B"].00036
m fy
A; = pbd =701.77 mm?
Asmin = 0.0018bh = 396 mm?
Ac= 70177 > Agpin = 396 mm? — OK
Use @ 14 then
i1 = 145 = 4.55
5@
Take 5 @ 14/m with A, =769.7 mm?/m strip or @ 14@ 200mm.
Step (5) is the smallest of:
1. 3h = 660 mm
2. 450 mm.
280
3, s =380 (—) ~25C. = 330mm but
f
280
5= 3(1(}( ] = 300 mm — control

5

5=200mm < 5., = 300mm -0K



e Temperature and shrinkage reinforcement

A (Temperature and shrinkage) = 0.0018bh = 486 mm

= —_—

= 4,28

=
lI‘I.S'Iir.:'lz

Take5@12/m or @12 @200 mm.

Step (s — for shrinkage and temperature reinforcement) is the smallest of:
1. 5h =1350 mm
2. 450 mm — control.

5= 200 < Spae = A450mm -0K

e Design of slab S1 landing :

Slab 52 is supported on the beams located on axis 1,2 at the floor level. The reaction of the
slab 51 is applied at the centerline of the slab 52, Since the width of 52 is m, the reaction
R will be distributed along this width. Thus the load per meter wg equals

R.'s'l(pnr mater) _ 378

- =252 KN
B 15

WR =

W= 252 KN/m W= 252 KN /m

Y Y Y Y Y Y Y Y Y Y Y Y ¥ Y VY Y |
Vippns® 16.75 KN/m

EEAEEEEENEEENERENRENERENERXN
AN a

R = 65.4KN T‘ - Fln;i 1.5m 1} R=654kN

Y

p* 33m

L J

The reaction at each end

R = 252 KN

v Check for shear strenght:
Assume bar diameter @ 14 for main reinforcement.

d
d=h —20—-7b=j193mm
Take the maximum shear as the support reaction V, = 25.2 KN

1 1
V.= ng_;bwd - V24 -1000 *0.193 = 157.58
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¢ = 0.75 - for shear.
V. = 118.2 KN

1
Vimax = 25.2KN < Er;.-lf; = 59.1 KN

The thickness of the slab is adequate enough.

¥ Calculate the maximum bending moment at midspan and the steel

reinforcement:

M, = 65.47%1.65- 16.75%1.65 *1.65 /2 - 25.2 *1.5%(1.5/2+.05)= 54.87 KN.m

Mu
M,: = ? = 60.1 KN.m

Assume bar diameter & 14 for main reinforcement.

HJ‘I
Ry =1—5 = 1.6MPa

bd
1, 2R,m 0030
p=— - — =
m fy

A, = pbd = 766.6 mm?*

Asmin = 0.0018bh = 396 mm?

A; = 766.6 > Asmin = 396 mm? - OK
Use @ 14 then
n= 4 | 4.014

L]
Take 5@ 14/m with A, = 769.7mm /m strip or

Step () is the smallest of:

1. 3h = 660 mm

2. 450 mm.
280
3. 5=380 (—) —25C, = 330 mm
Ie
280
g = 3(){}( ] = 300 mm — control

=

5=200mm < s,,, = 300mm -0K
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Temperature and shrinkage reinforcement

A (Temperature and shrinkage) = 0.0018bh = 396 mm

n= = 3.5

Take 4@ 12/m or @12 @ 250mm.
Step (s — for shrinkage and temperature reinforcement) is the smallest of:

1. 5h = 1100 mm

2. 450 mm — control.

5= EEDmm*i 5_1;!:.:'._.1' = -d-EDmm _G-ﬁ,

\fx‘ﬁg (1081830 1=310em

2 (5)0612820pm L~2BBem

22

(7)em14820am L~246em (G)av14mR0cm L-1890m

(2) ga2@20em L=2¥em

Figure (4-8): section of stair
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4.10 Design of Shear wall
Analysis and design were done using ETABS program in which the seismic loads were
taken into account. The following is a sample calculation for one of the walls

The following data that used in design:
Shear Wall thickness = h =25 cm
Shear Wall length Lw = 4.4m
Building height Hw=16.3 m
Critical section shear :
Lw/2=4.4/2=2.2 ..... control
hw/2=16.3/2=8.1

— d =0.8*Lw =0.8%4.4=3.5m

Design of Horizontal Reinforcement

Calculation of Shear Strength Provided by concrete Vc:

Shear Strength of Concrete is the smallest of :

Vc=%1/fc’><b><d

:g 24 x 250 x 3500 = 710.35KkN <« Controlled

Nuxd
4Lw

Vc=0.27/fc' xhxd+

=0.27V24 x 250 x 3500 + 0 = 3068.7 KN

Lw (0.1/f¢’ +0.2 L]\V';fh

Mul _ L_w
Vu 2

Ve =|(0.05%*./fc"+ ) X hxd
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Where:
Mul=762.8kN.m

Mul Lw 762.7 4.35

e B 2B 0177>0
Vu 2 324.4 2
4350(0.1v24 + 0.2
Ve =0.05 V24 + ( T ) X 250 X 3480 = 14751.2kN

~Vc= 710.35kN - @Vc = 532.8 < Vumax! = 324.4 kN —Horizontal
Reinforcement is Required.

V _ Yu Ve = s24.4 710.35 = 277.8 kN
S = @ Cc= 0.75 . = .

Avh Vs 277.8% 103

0.19

s fyxd  420+%3480

Avh
but (%) min = 0.0025 * h = 0.0025 % 250 = 0.625 « Controlled.

Avh : For 2 layers of Horizontal Reinforcement

Select @8 :
Avh =2 *79 = 158mm?
Avh 0.625 S 158 252.8
_— . - = ——= .
S "9 = 0625 mm
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Smax= Lw/3 =440/3 = 1450 mm

= 3h =3*250 =750mm

= 45cm « Controlled.

~Select P10 @ 200 mm at each side.

Design of Vertical Reinforcement

_ hw, , Avh
AW = [0.0025 +0.5 (2.5-2) (z—-- — 0.0025)] * h * Sver
w16 5 <250
w 6 '
Avv _ 2x79
= = [0.0025 +0.5 (1.5) (5o — 0.0025)] * 250
AVV: 0.63
Sver

Smax= Lw/3 =4400/3 = 1450 mm
= 3h = 3*250 =750mm

= 45cm « Controlled.

~Select @16 @ 150 mm at each side.

A T L e A
Bl S om
ol I
LA
sl
Y @G 15 cm :“::“: J:,«
=: T * L=5dm ! -
Vertical barz
—3.35
—
i TR i T
3

Figure (4- 13):section of shear wall

73| Page

i L

I'1||

41



4.11 Design of Basement wall :

Weight of dry backfill= 16 KN/m?
Weight of surcharge = 5KN/m3
Angle of internal friction = -35°
Fc'=24 Mpa

Fy=420Mpa

Co=1- sin @= 1-sin (35) =0.426
hs (due to surcharge )=% = 136 =0.3125m

Due to soil pressure at rest, Po = Co * w*h = 0.426*0.3125*3.75 = 25.56KN/m?

oh 25.56%3.75
HO:pT =

Due to surcharge, Ps = Co * w*hs= 0.426*16*0.3125= 2.13KN/m?
Hs = Psh =2.13*3.75=7.99 KN

=47.93KN

MU=1.6% Ho*—=+1.6* Hs *=
7.5 8

1.6*47. 93* 5+ 1.6%7. 99* =44.33 KN.m

Ho  Hs 47.93 7.99, 44.33

Re =16 (S+—) - 25 = L6(*o2 + 22) -2 = 20.13KN

Ra = 1.6(Ho+ Hs)- Re=1.6(47.93+7.99)-20.13=69.33KN

Maximum positive bending moment within the span occurs at the section of zero shear

Vu = Rg— 1.6%(=7) X2 1.6* P X =0.0
= 20.13-1.6%(20) X2 1.6%2.13*X=0.0
X=1.63m

For the positive moment

Mc = Re*X-1.6%[5 *- *X2 *X 4 P2 |

25 56 1.63 1.632

=20.13*1.63-1. 6[— *1. 632 *— -t 2.13 *—] 24.1KN.m
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Assume h= 600mm and &20 for bar diameter
d= h-cover-@

600-75-10=515mm

For Mu = 44.33KN.m

M, _  44.33%10°

R. = =
m " pxd2  0.9¥1000%5152

=0.185 Mpa

_Fy 420
T 0.85%Fc/  0.85%24

1 2*%Rp*
pra(l— [1-2my

:.l—(1—-J1-—393§593)=000044
20.6 420

=20.6

m

As = p xb*d=0.00044*1000*515=226.6mm?/m

!

fe
ASpin = 20y *b*xd =1501.8 mm2/m

% * b *d=1716.7 mm?2/m........... control
y

Use 9716 ..... As =1809.6mm2>AsS req=1716.7mm?
Spacing=%= 11.11 ... take J16@10cm (vertical outside)
For Mu = 24.1KN.m

Assume h=600mm and <16 for bar diameter

d= h-cover-@ = 600-75-8=517mm

M. 24.1%10°
R,=—2% = =0.1 Mpa
m " pxd2  0.9¥1000%5172 P
F 420
m= —= =20.6

T 0.85%Fcr  0.85%24

1 2*Rp* 1 2%0.1%20.6
pm- JI-EEy = - f1-2e=000024

As = p ¥b*d=0.00024*1000*517=123.4mm?/m

4

fe
ASpin = 20y *b*d =1507.6 mm?2/m
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% * b x d=1723.3 mm?/m........... control
y

Use 9016 ... As =1809.6mm?2>AS req=1723.3mm?
take @16@10cm (vertical inside)

Minimum horizontal reinforcement

forgd < @16

ASpin= p*b*h=0.002*100*30=6cm?/m both sides

Use 10 @ 20cm ( horizontal reinforcement each side)

@16@10cm

P

216@10 rm

Figure (4-9): section of BASMENT WALL
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CHAPTER 6

RESULTS AND RECOMMENDATIONS

6.1 Introduction
6.2 Results

6.3 Recommendations
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6.1 INTRODUCTION

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

The most prominent of these problems was deflection in beams and long term
deflection in slabs that could have been solved by using drop beams . So that another
solution had been found, and that was through changing the structural system by
changing the bearing direction of ribs and beams. After dealing with that problem a
complete design for all slabs and beams were done and the results of the design is
presented in a form of drawings.

6.2 RESULTS

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

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

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

When choosing the structural system it is better to distribute ribs in the long direction
and beams in the short one that will reduce loads that act on beams which leads to
reducing of reinforcement which meant reducing costs.

6.3 RECOMMENDATIONS

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

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