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Abstract

Durais a Town in Hebron which is located 6 km to the west of Hebron city. the town had a
population of over 28,268. The total area of Dura town is estimated to be 17,600 dunums, of
which 7,100 are built-up areas 8,220 are agricultural lands, and 1,270 are forests, uncultivated
areas, or public lands. Patient suffer due to lack of hospital in Dura, they need to go to hebron
for treatment, so from this point we decide to design hospital. Our project aims to have the
ability and knowledge of the design of some components of a hospital locates in Dura, consist
of 5 stories (basement, ground, first, second and third floor). ACI-318-11 will be used in the
design while the Jordanian code will be adopted in the calculation of loads. The design will be
done both manually and using available software. In this semester we were studied the
architecture design, the units structurally to identify structural elements, loads on the buildings,
and selected the appropriate structural system, we designed one beam and one rib and we will
design all of structural members in the graduation project course.
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1.1 Introduction

Human nature needs to have places of curing in place of residence, and these places must have al 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 project includes the architectural and structural design of Emergency department, Pharmacy,
Department of Radiology, operation department, CCU, Bones department, Ear nose and throat
department, Obstetrics and Gynecology department, laboratory and blood bank, Internal Medicine
Department, gases room, boilers room, laundry, maintenance, stores and shops. Distributing columns
and bridges in line with architectural and design elements from components to bases and foundations

and structural schemes and processing in order to produce an integrated project and implementation.

1.2 Research Problem

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.

1.3 An Overview of the Project

This project includes the structural design of Emergency department, Pharmacy, Department of
Radiology, operation department, CCU, Bones department, Ear nose and throat department, Obstetrics
and Gynecology department, Children department, laboratory and blood bank, Internal Medicine
Department, gases room, boilers room, laundry, maintenance, stores shops and Patient rooms that
fulfilled all the requirements for comfort and safety according to usage requirements.

Basement Floor:




Gases room, Boilers room, Laundry, Maintenance and Stores.
Ground Floor:

Clinics departments have an area of 625 m.

Emergency department has an area of568m?.

Department of Radiology has an area of 264 m?.

Blood bank and laboratory have an area of 124 m?.
Administration department has an area of 380.1 m?

Shops have an area of 79.1 m?.

Cafeteria has an area of 103.6 m”.

First Floor:

Operation department has an area of 1733m>.

Bones department has an area of 625 m?.

Second Floor:

Ear nose and throat department has an area of 675 m-.
Obstetrics and Gynecology department has an area of 1066 m?.
Third Floor:

Internal Medicine Department has an area of 1066 m®.

Children department has an area of 675 m?.

1.4 The Objective of the Project

The objectives of the project are divided into two parts:

+ Architectura Goals:



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

facilities, which are the basic architectural design requirement.
# Structura Goals:

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

1.5 Project Steps

1. Architecture design (construction drawings, elevations, sections, public location).

N

Study the units structurally to identify structural elements, loads on the buildings, and the
selection of appropriate structural system.

Distribute columns to the chosen structural system.

Structural analysis of al structural elements of the units.

Structural design of al structural elements.

Preparation of construction drawings of the building to remove the executable image.

N o o bk~ w

Writing project in accordance with the requirements of the construction engineering.

1.6 Reasonsto Choose the Project

The reason of selecting the project back to several things, including the conquest of skill in design
for structural elements in buildings, in addition to increase the knowledge of construction systems in
our country and other countries, as well as the conquest of scientific knowledge and the process
followed in the design and implementation of construction projects and the structural engineer after

graduation in the work market in the future.



1.7 The scope of the Project
Project contains several chapters are detailed as follows:

Chapter One: A general introduction to the project.

Chapter Two: Includes description of architectural project.

Chapter Three: Contains a description of the structural elements of the project.
Chapter Four: Analysis and structural design of all structural elements.

Chapter Five: The results that have been reached and recommendations.

1.8 Action Plan

Prepare the architectural plans

Choose structural system
Structural analysis of elements

Complete all construction plans executive

Figure (1.1): The Stages of The Project.



Table (1.1): Time Table
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Inception report

Collect mformation

Architectural study

Structural study

Prepare the introduction

Display the introduction

Structural amalysis

Structural design

Prepare the project plans

Write the project

Project presentation
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2.1 Introduction

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 optima 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.

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.
2.2 TheMain Elementsin Al-Salam Hospital

The project areasis divided into internal and external spaces tied together to achieve the goal's that

were found for it.
2.2.1 Interior Spaces:

The interior area of the project is 4230.2m? and 1271.76 m? for movement spaces, thus the total

interior spacesis 5501.9 m*.

+ Interior spaces are divided into:

> Basement Floor:

This floor has an area of 990.8 m?

Gases room: 40 m?

Boilers room: 93 m?



Laundry: 129.5 m?
Maintenance: 40 m?

Stores: 88 m
» Ground Floor:
Clinics departments have an area of 625 m? divided into:
Pharmacy: 42m?
Examination room: 232.2m?
Bathroom: 54.8 m?
Stores: 54.8 m*
Medicine room: 8.5m?
Emergency department: has an area of 54.8 m?
Offices: 54.8 m?
Files room: 4.4 m?
Operation rooms; 26 m?
Examination room: 129.5 m?
Bathrooms: 36.7m?
Security: has an area 0of20 m?
Waiting area: 33.6m°
Department of Radiology: has an area of 264 m?
Offices: 27.5m?

Bathrooms; 8n?



Dark rooms; 16.6m?
Radiology room: 100.3m?
Files room: 7.5m?

Blood bank and laboratory: have an area of 124 m?
Lab rooms: 47.4 m?

Filesroom: 7 m?

Waiting area: 12.3 m?

Blood sampling room: 10.4 m?

Administration department: has an area of 380.1 m?
Offices: 105 m?

Meeting halls: 120.1 m?

Archive: 23 m?

Accounting: 24.4 m?

Bathrooms: 22.3m?

Shops: 79.1 m?

Cafeteria: 103.6 m?

> First Hoor:

Operation department: has an area of 1733 m?
Operation rooms: 197 m?
Sterile rooms: 32.7 m2

Anesthesiarooms: 34.1 m?

10



ICU rooms: 100.6 m?

Examination rooms; 14.2 m?

Bathrooms: 16 m?
Offices: 11.3 m?

Waiting areas: 64.8 m*
Filesrooms: 14.37 m?
Patient's rooms: 573.6 m?
Stores: 15 m?

Bones department: has an area of 625 m?
Patient's rooms: 261 m?
Medicine room: 4.5 m?
Linen room: 4.5 m?
Orthopedic chamber: 43.7 m?
Operation room: 67.8 m?
Doctors offices: 67.8 m?
Bathrooms: 10.2 m?
Waiting area: 30.2 m?
» Second Floor:
Ear nose and throat department: has an area of 675 m?
Stuff rest: 9.2 m?

Bathrooms; 9.7 m?

Room: 311.8 m?

11



Doctor office: 52.9 m?
Operation room: 53.3 m?
Obstetrics and Gynecology department: has an area of 1066 m?
Stuff rest: 23.8 m?
Archive: 8.5 m?
Doctor office: 81 m?
Operation room: 115.5 m?
Babies room: 59.5 m?
Bathrooms: 9.7 m?
Rooms: 327.5m?
Nurse room: 11.9 m?
Waiting hall: 30 m?

> Third Floor:

Internal Medicine Department has an area of 1066 m?

Patient's rooms; 499.4 m?
Stores: 43.4 m?

Doctors offices: 43.7 m?
Waiting hall: 23.2 m?
Stuff rest room: 25.5 m?
Archive room: 7.7 m?

Files room: 11.8 m?

12



Bathrooms; 9.6 n?

Children department: has an area of 675 m*
Patient's rooms: 356.8 m*
Toys room: 34.1 m?
Stores: 16.3 m?
Stuff rest room: 15.2 m?
Doctors offices: 16.4 m?

Bathrooms: of 5.8

2.2.2 External Spaces

Consist of:

Green spaces.

Parking: enough for 138 cars with an area 3036 m2.
Externa Theater.

External display spaces.

2.3 Project Plans ket
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Figure (2.1): Basement Floor Plan.
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Figure (2.2): Ground Floor Plan
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Figure (2.3): First Floor Plan.
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Figure (2.4): Third Floor Plan.
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2.4 Project Elevations
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Figure (2.5): North Elevation.

E. ELEVATION

Figure (2.6): East Elevation.
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Figure (2.7): South Elevation.

W. ELEVATION

Figure (2.8): West Elevation.
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2.5 Project Sections
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SECTION A.A

Figure (2.9): Section A-A.
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SECTION B.B

Figure (2.10): Section B-B.
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Chapter Three

Structural Description

3.1 INTRODUCTION.

3.2 THE GOAL OF THE STRUCTURAL DESIGN.
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3.1 Introduction

The main objective of the process design is to ensure the existence of necessary operating
advantages with structural elements on the most suitable dimensions in terms of security and economic
terms.

The knowledge of structural elements of any project is essential in the design of reinforced concrete
structures to make comparisons between different types of these elements for the construction of safer
system. So the structural elements that go into the design of this project will be described.

3.2 The Goal of the Structural Design:

The structural design is an integrated and balanced structural system capable of carrying it meet the
established requirements and desires of users, and thus determines the structural elements from the
following:

1- Factor of Safety: Is achieved by selecting sections for structural elements capable of
withstanding the forces and resulting stresses.

2- Economy: Check by choosing the appropriate building materials and by choosing the perfect
low-cost section.

3- Serviceability: To avoid excessive landing (deflection), fissures (cracks).

4- Preservation of architectural design.

5- Preserving the environment.

3.3 Scientific Tests:

Before the design of any construction project must be doing some tests, tests of the soil to see
breaking strength, specifications, type, the underground water level and depth of the foundation layer,
and through holes up and depths measured by the appropriate International Center for Geotechnical
Engineering Studies (ICGES) in Bethlehem, and took samples of the soil, has been getting the value
soil durability of Earth-based project.

3.4 Stagesfor Structural Design:
We will distribute the structural design of the project in two phases:-

1. Thefirst stage:-
In this stage, the appropriate structural system of project construction and analysis for this
system will be determined.

2. The second stage: - The structural design of each element of the set is detailed and accurate
according to the chosen construction system and structural blueprints for executable.
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3.5 Loads Acting on the Building:

Isagroup of forcesthat is designed to endure, and that any building is subjected to several types of
loads must be calculated and selected carefully because any error in identifying and calculating loads
reflect negatively on structural design of various structural elements. The building is exposed to loads

of live and dead loads, wind loads, snow loads, loads of earthquakes.

The permanent forces and resulting from strong gravity which are fixed in terms of amount and
location and does not change during the age of the building, and the loads on the weight of structura
elements and the weights of the items based upon sustainably as cutters and walls, as well as the
weight of the body adjacent to the building permanently, and the calculation and estimate the loads by
knowing the dimensions of the structural elements and specific gravity of the material used in the
manufacture of structural elements, And are most often include: concrete, and Rebar, and plaster, and

bricks, tiles and finishes, and the stone used in building coverage abroad, there is aso a tube

extensions, as well as suspended ceilings and decorations for the building.

3.5.1 Dead L oads

Table (3-1) Dead load

Tiles 22
Mortar 22
Sand 16
Concrete 25
Plaster 22

Partition=1.5 KN/m?>

3.5.2LiveLoads

Which are the loads that are subjected to buildings and constructions depending on various uses,

including distributed and concentrated loads, which include the following:
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1. Theweights of the hospital's users.

2. Dynamic loads, such as devices that produce vibration.

3. Static loads, which can be changed from time to time, such as furniture, machines, static
unstable machines, stored materials, furniture, equipment.

Table 3-2 shows the value of live loads depending on type of building according to the Jordanian code.

We take live load for hospital =5KN.

Table (3-2) Determination of live load

1 School 5
2 Hospital 5
3 Hotel 2.5
4 Restaurant 5
5 Residential building 2.5
6 Barking 5
7 Sport Center 5
3.5.3 Snow L oads

Figure (3.1): snow loads.
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Snow loads can be calculated by knowing the atitude using the table below by Jordanian code.

(2l5) () e A () o g s L p Ly

0 250=h
(h-250)/800 500 = h =250
(h-400)/320 1500 = h = 500

Figure (3.2): Determination of snow load, Jordanian loads code

Based on the scale of previous snow loads and after selecting the high building surface and that equals
(900m) according to item 111 snow load is calculated as follows:

SL= (h-400)/320

SL= (900-400)/320= 1.56 KN/m?

3.5.4 Earthquake L oad:

Produce earthquakes of horizontal and vertical vibrations due to the relative motion of the Earth
rock layers, resulting in strong cut affect the origin, and these loads must be taken into account in the
design to ensure resistance to earthquakes. Thiswill be resisted by shear walls designed with sufficient
thickness and reinforcement to ensure the safety of the building when subjected to earthquakes loads
that must be considered in the design process to reduce the risk and maintain the performance of the
building, and determine the loads of earthquakes and shear forces depending on the American code
(UBC).
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Figure (3.3): Earthquake map for palestine

3.5.5Wind L oads:

Wind loads affect the horizontal forces on the building, and the wind load determination process is
depending on wind speed and change height from the surface of the Earth and the location of where his
high buildings or having established himself in the high or low position and many other variables.
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Figure (3.4): Wind Pressure on buildings.

3.6 Structural Elements of the Building:

All buildings are usually consists of a set of structural elements that work together to maintain the
continuity of a building and its suitability for human use, and the most important of these slabs and

beams and columns and | oad-bearing walls, etc.

Figure (3.5): Structural Elements of the Building.

3.6.1 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, In this project, two types of

26



components both in its appropriate place, and which will clarify the structural design in the subsequent

chapter, and below these types:

1- One Way Ribbed Slab.

2- Tow Way Solid Slab.

3- Hatdab

Figure (3.6) Solid Slab.

Figure (3.7) One Way Ribbed Slab.
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3.6.2 Stairs

The architectura elements used for vertical transmission between the different levels of the lever

through the building, and will be one of inclusion type design devel opment.

Figure (3.8) The shape of stairs.

3.6.3 Beams

The basic structural elementsin moving load [ - ' M
of tilesinto columns, and are of two types: S e .

1- Hidden Beam: Hidden inside Slabs.
2- Dropped Beam: (Paneled Beam).

Figure (3.9) Hidden Beam.
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Figure (3.10) Paneled Beam.

3.6.4 Column
The column is an important element in moving loads of bridges to the foundations, it is essentia to
transfer the loads and the building, and therefore must be designed so as to be able to download and

load them, and two rectangular and sgquare concrete columns.

Figure (3.11) Column.
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3.6.5 Shear wall

Isastructural system composed of braced panels (also known as shear panels) to counter the effects
of lateral load acting on the building, the building contains a number of shear wall continued from
Foundation to the end minaret.

Figure (3.12) Shear Wall.

3.6.6 Expansion joint

We can determine the maximum distance between the expansion joints for buildings as follow:

From 40 to 45 m in normal regions like Palestine.
From 30 to 35 m in warm regions like Palestine.
We can increase these distances by consider the effect of creep and shrinkage.

In retaining walls we must decrease distances between expansion joints, and

Figure (3.13): Expansion join
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3.6.7 Foundation

Although the foundations are the first element constructs, but we did the design after the completion
design al the structural elementsin the building.

The foundations are the link between the structural elementsin the building and the earth. The loads on
the slab move to the beams and then to the columns and finally to the foundations to the soil. The
foundation is responsible for carrying the dead |oads of the building and also the dynamic loads

resulting from wind, snow and earthquakes. Also Live loads inside the building.

We determined the type of foundations depending on the strength of the soil and the loads on each
footing.

3.6.7.1 Shallow Foundation

The foundation is close to the surface of the earth, and this type has several forms, such as strip (wall)
footings, isolated footing or mat footings.

(a) wall footing (b) isolated or single

column footing

A
100 (c) combined footing

Figure (3.14): Shallow Foundation
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3.7 Structural programs

AutoCAD (2007/2014) for Structural and Architectural Drawings.
Microsoft Office word (2010) For Text Edition.

Microsoft Office Excel (2010).

Atir 11.5 (BEAMD/FOUND).

SpColumn.

ETABS 2016.

SAFE 2016.

N o o M v DdRE
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Chapter Four

Structural Analysisand Design

4.1 INTRODUCTION
4.2 FACTORED LOAD
4.3 DETERMINATION OF THICKNESS
4.3.1 DETERMINATION OFTHICKNESS FOR ONE WAY RIBBED SLAB
4.3.2 LOAD CALCULATION.
4.4 DESIGN OF ONE WAY RIBBED SLAB
4.4.1 DESIGN OF TOPPING
4.4.2 DESIGN OF RIB R-2
4.4.2.1 DESIGN OF SHEAR FOR RIB R-2
4.4.2.2 DESIGN OF MAX NEGATIVE MOMENT FOR (RIB)
4.4.2.3 DESIGN OF POSITIVE MOMENT FOR (RIB)
4.5 DESIGN OF BEAM (B-20)
4.5.1 LOAD CALCULATION FOR BEAM
4.5.2 DESIGN OF SHEAR FOR BEAM
4.5.3 DESIGN OF BEAM OF NEGATIVE MOMENT
4.5.4 DESIGN OF BEAM OF POSITIVE MOMENT
4.6 DESIGN OF TWO WAY SOLID SLAB
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4.6.1 LIMITATION OF DEFLECTION
4.6.2 LOAD CALCULATION
4.6.3 ANALY SIS OF SHEAR FORCE
4.6.4 ANALY SISAND DESIGN OF BENDING MOMENT
4.7 DESIGN OF COLUMN (C111)
4.8 DESIGN OF STAIR
4.8.1 STRUCTURAL SYSTEM AND MINIMUM THICKNESS
4.8.2 DESIGN OF FLIGHT
4.8.3 DESIGN OF LANDING
4.9 DESIGN OF BASEMANT WALL
4.9.1 LOAD CALCULATION
4.9.2 SUPPORT REACTION
4.9.3 DESIGN OF SHEAR
4.9.4 DESIGN OF BENDING MOMENT

4.10 DESIGN OF FLAT SLAB

4.10.1 LOAD CALCULATION
4.10.2 CHECK FOR PUNCHING SHEAR

4.10.3 DESIGN OF BENDING MOMENT
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4.1 Introduction:
This chapter contains the structural analysis and design of some elements of Al-Salam Hospital.

The structural design of the project is the most important thing to be done, through design we
determine the amount of reinforcement in each part of the project to be realized all the conditions of

construction and safety.

Aswe mentioned before, ACI 318m-11, and some engineering program were used in the design of
the structures like: Atir, spColumn, Etabs and Safe to find the internal forces, deflection and moments,

and then hand calcul ation were done to find the required reinforcement for the structures.

4 .2 Factored Loads

The factored loads on which the structural analysis and design is based for structura members, is

determined as follows:

qu=12DL +16L.L ,AClI -318-11

4.3 Deter mination of thickness.

4.3.1 Determination of Thicknessfor One Way Rib Sab:
The structure may be exposed to different loads such as dead and live loads. The value of the load
depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):

The maximum span for one —end continuous is L= 6.41m

L _ 671

— =—=0.36m AcI-318-11
18.5 18.5

The maximum span for two - end continuousis L= 6.47 m
L 69

ZZEZO:’)?)?’R

Deflection is ok because one —end continuous span give deflection value less than L/240, So
Selected h=35cm
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Select 27 cm block + 8 cm topping = 35 cm

4.3.2 Load Calculation.
One- way ribbed dab.

For the one-way ribbed dabs, the total dead load to be used in the analysis and design is
calculated as follows:

One way rib siab - Sheinkage & Temperatuer Bar's —,

Hollow Block ( 28em ) —

Figure (4.1) Oneway rib slab
Cadculation of the total dead load for one way rib slab is shown in the following table:

Table (4.1) Calculation of the total dead |oad for one way rib dlab.

Parts of Rib DenS|ty Cal culation
KN m

1|  Tiles | 0.03*23*0.52 = 0.359 KN/m
2 Mortar 22 0.03*22*0.52 = 0.343 KN/m
3 Sand 17 0.07*17*0.52 = 0.619 KN/m
4 Topping 25 0.08*25*0.25= 1.04 KN/m
5 Rib 25 0.20*25*0.12= 0.6 KN/m

6 Block 10 0.210*0.4 = 0.8 KN/m

7 Plaster 22 0.03*22*0.52 = 0.343 KN/m
8 Partition 1.5%.52=0.78 KN/m

4.884 KN/m
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Nominal Total Dead Load:
D.L. tota = 0.359+0.343+ 0.619 + 1.04 + 0.6 + 0.8+ 0.343 + 0.78 = 4.884 KN/m of rib
L.L. ttg=5%* 0.52=2.6KN/m of rib

4.4 Design of One Way Ribbed Slab:

4.4.1 Design of Topping:

Table (4.2) Caculation of the total dead load for topping.

Mo Parts | Densty J|Caleletion _|

1 Tiles 23 23%0.03=0.69 KN/m

2 Mortar 22 22x0.03=0.66 KN/m

3 Coarse Sand 17 17x0.07=1.19 KN/m

4 Topping 25 25%0.08=2 KN/m

5 Partition 1.5x1=1.5 KN/m
6.04 KN/m

Figure (4.2): Toping of dab
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Design of Topping for Ribbed Slab asa Plain Concrete Section:-

qu= (1.2 * 6.04) + (1.6 * 5+1)
= 15.248 KN/m

-> For aone meter strip qu = 15.248 KN/m

Assume dlab fixed at supported points (ribs):

*12
Mu:qu |
12
* 2
Mu=M:O.ZKN.m/m
VU = q, | =15.248 0'4:3.05kN

2

Design of shear:

Used fy =420 MPa& fct=24MPa

F*V.=0.75" +/24° % 1000~ 80 = 49KN >> 3.05kN

No shear reinforcement is required.

Design of Moment:

* 2
Mn = 042" 24 %' 10°® = 2.19kN.m

f” Mn=0.55*219 =1.207kN.m.
f~ Mn =1.207kN.m > Mu = 0.16kN.m.

No structural reinforcement is required.

The strength of plain concrete section > loaded section.

The plain concrete section is safe; however, minimum reinforcement for shrinkage and temperature to
control the cracks should be used.

r =0.0018 , ACI-318-11

As=r * b* h=0.0018 * 1000 * 80 = 144 mm?/ m
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+ UseF 8 @15cm

As =335.1mm*/m> As . =144mm*/m

v Ok

4.4.2 Design of Rib R-2:

i I T I
i L. Wt (R o] BCGIO! L0 EGS  mecGiin
617 GIE WK [RF=0 BCG11 BG4 Elos  BECGL
£ JUHL
=
R4 k1 =
K
13
i il
-GET ®CGES G2 LGEIERCLY T co7zmm BEGY Cooses CGLIS BCOLL BG4 mCGle 2
ol E L7
2 BHRZ =5
(==
ACG1=4 CG125 BG5S  ECG1ZE
Jrie] GLES G LG G102
; TR 01T I L
| leea 130k CG1
il g
|

=064 fﬁ CGE B E0CGEEm Chi

[TTEMD 1

Figure (4.3) Rib location
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Figure (4.4) Geometry of rib R-2
Toad group no. 1
Dead/Live load - Service Load factors: 1.20,1.2001.60,0.00
4.9/2.6 4.9/2.5 4.9/2.5
¥ L
473 4.37 3.96

Figure (4.5) Loading of rib R-2(KN/m)

Moments: spans 1to 3

-23.2

189 2.84 2.18 2.19 | 2.38 . 158 |

40



Shear

-28.6
215 -224

5.2 16

0.7 _~]

13.7
17.4 7.2
19.3 =7

24.5 24.3

Figure (4.6) Moment and Shear Envelop for rib R-2

4.4.2.1 Design of shear for rib R-2:
Categories for shear design:
Vu=21.5KN
Use @8 with two legs
d=350-20-8-4=318
Region Il
1.1FVc3 Vu

w

24

1.1F Vc=11" 0.75° T 120" 318 =25.7KN

1.1F Vc=11F g b, d

25.7KN >Vu=21.7KN
05110 Ve =1258KN <v, =215 <110 «v. =257KN

No need for shear reinforcement (exception for joist constructions).

4.4.2.2 Design of Max Negative Moment for (Rib):

Mu=-14.2KN.m
The section will be designed as arectangular section with b,= 120 mm

Assume bar diameter ®14 for main negative reinforcement.
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d =350 - 20 - 8-7=315mm

A's min =%(bw)(d) >=A S min :%(bw)(d) ACI-318 -05

A's min = £‘; (120)(315) = 110.22mm?

4(420)

A's min :%(120)(315) =126mm? control

oo fy 40 _
0.85fc’ ~ 0.85(24)

_ Mu 14 .2*10°
Fbd? (0.9)(120)(315)?

P2 * * lo} P> 2) * * o)
FoL1E. fo2rmrkn 0 1 & \/ (2720.6%1.33 0 im0
mé fy g 20.6§ 420 p

A s = 0.00328(120) (315) = 123.98mm’< A's min = 126 mm’
Asmin =126 mm? control
#of bars= As/ Aspy = 126/785=1.6  * Note Agio= 78.5mm>

Kn

= 1.33 Mpa

+ Sedlect bottombars 2 ®10

Total ASprovide=157 mm*>126mm?

* Check Strain for the magnitude of under strength factor ®:

Tension = Compression
157" 420=0.85" 24" 120" a

a=269m
a _269__
X=085 085 M
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_315-316,

e, 0.003 = 0.026
31.6

e, =0.026 > 0.005
v Ok

Mu =-9.6KN.m
The maximum negative moment from spans with support (3).

Assume bar diameter ®14for main negative reinforcement.
d=350-20-8-7=315mm
The section will be designed as arectangular section with bw=120mm

A's min =4£C()t(bw)(d) >=A'S min :%(bw)(d)ACI-:-}lS -05

24

(120)(315) =110.22mm?
4(420)

A S min =

A's min =£(120)(315) =126mm?* control
420
m= fy _ 420 =20.6
0.85fc  0.85(24)

S My 9.6*10°
Fbd?  (0.9)(120 )(315 )2

= 0.89 Mpa

P> 2) * * lo) p> 2) * *
. :iél_ \/1_ 2 m*kn O 1 §1' \/ 2*20.6%0.89
m fy 5 20.6 420

A's = 0.00217(120) (315) = 82 mm?< A's min = 126 mm?
A's min = 126 mm? control

#of bars= As/ Aspy = 126/785=1.6 * Note A= 78.5mm?

43
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+ Select bottombars 2 ®10

Total AS (provide =157 mm*>126mm’

* Check Strain for the magnitude of under strength factor ®:

Tension = Compression
157" 420=0.85" 24" 120" a

a=26.9m
_ @ _269__ .
x—@—ﬁ— omm
e, = 315 - 31.8. 003 = 0.026
31.6

e, =0.026 > 0.005
v Ok

4.4.2.3 Design of Positive Moment for (Rib):
Effective Flange width ( b.) , ACI-318-11

b For T- section is the smallest of the following:
b =(4950) / 4 =1237.5mm
b =120 + 16 (80) = 1400mm

be =520 mm.................. c

Use M, max positivefor span 1 =19.5 KN.m

44



Determine whether the rib will act as rectangular or T — section:
For hf =0.08 m

Assume bar diameter main positive reinforcement.
d=350-20- 10-7=313mm

F*Mn= 210 KN.m>> M, = 19.5 KN.m

The section will be designed as arectangular section with b, = 520mm

A's min =4£f;(;(bw)(d) >=A S min :%(bw)(d)ACI-:%lS -05

2

(120)(315) =110.22mm>
4(420)

ASmin =

A's min =Alf;24é(120)(315) =126mm?* control

o fy 40 _
0.85fc ~ 0.85(24)

N Mu 19.5*10°
Fbd? (0.9)(520)(315)?

& * m * 0 & * * 0
F21F po2rmrke 0 1 & \/ . 2%¥20.6*0.0418 O_ 1 111099
m§ fy g 20.6§ :

= 0.0418 Mpa

420 5
A s = 0.000099(520) (315) = 16.22mm’ < A's min = 126 mm’

A's min = 126 mm? control

#of bars= A/ Aspy = 126/78.5=1.6  * Note Agpio= 78.5mm?

& Sdect bottombars 2 ®10

Total ASprovide=157 mm*>126mm?

* Check Strain for the magnitude of under strength factor ®:

Tension = Compression
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A~ fy=085 f b a
157" 420=0.85" 24" 520" a

a=6.2mm

a 6.2
X=——=——=7.3mm

.85 .85

o = 0.315 - 0.0073 .
° 0.0073

&: =096 99905

v’ Ok

0.003 = 0.126

Use M, max positive for span 2 =8.7 kN.m

Determine whether the rib will act as rectangular or T — section:
For hf =0.08 m

~ Assume bar diameter ®14 for main positive reinforcement.
d=350-20-8-7=315mm

FMn =0.9*0.85* fc*b*hf* (d- hf/2)

= 0.9*0.85* 24*0.52* 0.08* (0.315-0.08/2)=210KN.m
FMn=210KN.m>> M, =8.7 KN.m

The section will be designed as a rectangular section with b, = 520mm

A's min = \/_ (b )(d)>=A's min :%(bw)(d)ACI-BB -05

_ m
4(420)

A's min =Alf;24é(120)(315) =126mm? |control

_ fy 420
0.85fc  0.85(24)
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. Mu 8.7*10°
Fbd 2 (0.9)(520 )(315)2

o * * o
! __él' L 2mkn 9__1 él \/1- 2*20.6*0.187 9 _ 0.00084
5 20.6 420 p

A s =0.00044 (520) (315) = 72.07 mm’<A s min = 126mm?
#of bars= A/ Agpy = 126 / 785 = 1.6 * Note Apio=78.5 mm?

= 0.187 Mpa

+ Sedlect bottombars 2 ®10

Total AS (provide =157 mm?*>126mm?

* Check Strain for the magnitude of under strength factor ®:

Tension = Compression
A~ fy=085 f."b" a
157" 420=0.85" 24" 520" a

a=6.2mm
_a 6.2 —73
X = .85_ .85_ O mMm
e, = 0.315- 0.0075 . 0.003 = 0.126
0.0073

8, =186 1.00805
v Ok

Use M, max positive for span 3= 14.1 KN.m
Determine whether the rib will act as rectangular or T — section:
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For hf =0.08m

Assume bar diameter ®10 for main positive reinforcement.
d=350-20-8-7=315mm

FMn=0.9%0.85* fc*b*hf* (d- hf/2)

= 0.9*0.85* 24*0.52* 0.08* (0.315-0.08/2)=210 KN.m
FMn=210KN.m>> M, =14.1 KN.m

The section will be designed as arectangular section with b, = 520mm

A'S min = \/_ (b )(d)>= A S min —ﬁ(bw)(d) ACI-318 -05

_ m
4(420)

A's min :%(120)(315) =126mm? control

_fy 420
0.85fc ~ 0.85(24)

_ Mu _ 14.1*10°
Fbd 2 (0.9)(520 )(315 )2

* * (0]
- 2mkn \/_2 206 03: 0.00072
§ 206§ p

= 0.3Mpa

@
A s =0.00072 (520) (315) = 117.9 mm*<A s min = 126mm’

As min =126 mm? control

#of bars= As/ Aspy = 126/785=1.6 * Note A= 78.5mm?

+ Select bottom bars 2 ®10

Total ASprovide =157 mm?*>126mm?

* Check Strain for the magnitude of under strength factor ®:

Tension = Compression
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A~ fy=085 f. b a

157" 420=0.85" 24" 520" a

a=6.2m
_a 6.2 —73
X=085 085 MM
_315- 7.3,

0.003 = 0.126

S

e, =0.126 > 0.005
v Ok

4.5 Design of Beam B-20

gwn Caoe | coomms | agngll cozs@—-
R7 HHMM i
Vﬂf M SRR
B BGAT 3 s E :
MK
Bcaan céaeB  BG20 mogey q%m
BG4 COMEE  FGD ] prernnccnny EDCpaE Coue

Figure(4.7)Beam location in ground floor slab
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45.1 Load calculations for Beam:

The distributed Dead and Live loads acting upon the Beam B-20can be defined from the support
reactions of therib R-7, R-8, R-9.

By using ATIR program we get the envel ope moment and shear diagram as the follows:-

-
]
[
.
5]

E A . B ey 8 A j
L,C L,L
A A i 2
I]'I.EI‘B 575 ﬂ|.2|5 4.16 P.EI 3.74 ﬂl.2|5 6.76 II].En:
III 6. T 454 T 411 TT 7.44 1

50,

0.
A-A

Figure (4.8) Geometry of Beam B-20

Moments: spans 1io 4

-457.7
-402.2 -410.8

| 24 36 | 212

Shear

-451.5
-435.8 39g.7 ~H09.1
2—334.?
3485 -306.
-217.2

Pl P

181.9

2147
209.5293.9

agg, AT

Figure (4.9) Moment and Shear envelop for Beam B-20
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Assume bar diameter ®20 for main reinforcement.

Selected dropped beam

b, =80cm, h =50cm

d =500- 40- 8- 1—26 = 444mm

4.5.2 Design of shear for Beam
ACI - 318 - Categories for shear design:
Vu critical =471.7 KN

Ve=:vich, d
Ve= évﬂ* 800 * 444

V= 290KN.
® Vc=0.75290=217.5 KN

1 —
Vs min = E\/fc’bw d

1
Vs min = E\/24 * 800 % 444

Ve.min = 108.76KN

Vsmin = §bw d

- g* 800 * 444 = 118.4 KN ... control..

Vs,min
D(Ve + Vsmin) < Vy <30 *V,
0.75(290.05+118.4) <471.7 <3* 0.75*217.5
306.3<471.7<652.5

So, shear reinforcement are required.
Use2leg @ 10.

Av =157 mm2.

4717

Vs=Vn-VC= —290= 339KN

75

o _ Avind _ 157 +420 5444

v, 339x1000  ooAmm
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d
Siiax & > Or Spax < 600 mm

d 442

Smax = 5 = > = 222 mm ... control

+ Seect ®10@8cm(2Legs)or ®10 @ 16 cm (4 Legs).
Let S2=2S51=160mm < S max =222mm

. Avfyt d - 157 « 420 * 444
s 160
Vn=Vs+Vc

=183+290
=473KN
Vu=gVn = 0.75(473)
=354.75KN < V critical=471.7KN

Vs = 183 KN

From the similarities of triangles:

486  354.7
422 X
X=3.1m.

After x=3.1 muse @10 @ 16 cm (2 legs).

4.5.3 Design of Beam of negative moment :
Mu =-410.8KN.m at support (2).

Mn= Mu/0.9
=410.8/0.9 =456.4 KN.m

= fy - = 420 =206
0.85* fc  0.85*24

Mn _ 456 .4*10°

Kn = =
bd > (800 )(442 )2

= 2.92 Mpa

s min :ﬂ(sooxm) =1031.118mm?
4(420)
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A's min :% (800)(442) =1178.67mm?*~ control

2 0 2 * * 0
i :iél' g 2mkn 0 1 &= \/1_ 2720.6%2.92 0_ ) 4oy
m p 20.6§ 420 p

A s = 0.00754 (800) (442) =2666.144mm>> A s min = 1178.67mm?
#of bars = Aq/ Aspy = 2666.144 /491 = 5.43 * Note Agos = 491 mm?
+ Sdect bar 6 ® 25

Total ASprovide) =2945.24 mm?> 4632mm’
* Check strain for the magnitude of under strength factor ®:
Tension = Compression
A~ fy=085 f."b" a

294524 420=0.85" 24" 800" a
a=758mm
a 75.8

X = 085 085 89.176mm

o L 442-80.176.
*" 89176
e, =0.011> 0.005

v Ok

0.003=0.011

Check for bar distance:
_800- 2" 40- 2" 8-6" 25
5

S =110.8mm > 25mm

v’ Ok
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Mu =-87KN.m at support (3).

Mn= Mu/0.9
=87/0.9=96.7 KN.m

m=_ ¥ - 40 _.46
085* fc _ 0.85* 24

* 6
oM 970100 o
bd 2 (800 )(442 )
_ 24

" 4(420)

A's min =i;2‘:) (800)(442) =1178.67mm? ~ control

2 0 2 * * 0
:ié 2mn 0 1 & \/1_ 2*20.6%0.67 9_ 0.0015
m p 20.6% 420 p

A s = 0.0015 (800) (442) =530.4mm°<A s min = 1178.67mm?

Use As=1178.67mm

#of bars= As/ Aspar = 1178.67/252.46 = 4.67 * Note Agis = 254.46 mm?
+ Sclectbar 59 18

Total ASprovide = 1272.3 mm?.

* Check strain for the magnitude of under strength factor ®:
Tension = Compression

A~ fy=085 f."b" a

12723" 420=0.85" 24" 800" a

a=32.74mm

¥ = a _32.74_3852
085 085 ovemm

54



_442- 3852,

e 0.003=0.0314
38.52
e, =0.0314 > 0.005
v’ Ok

Check for bar distance:
:800- 2" 40- 2" 8-5"18
4

S =153.5mm > 25mm

v Ok
Mu =-513.8KN.m at support (4).

Mn= Mu/0.9
=513.8/0.9 =570.88 KN.m

_Mn_ s
Kn=b"d?= 27088 10" _565ppa
800" (442)
m=_ Y -_40 _op
0.85fc¢ 0.85" 24
s min :ﬂ(sooxm) =1031.116mm?
4(420)

A's min :% (800)(442) =1178.67mm?~ control

1
0=206 (1- \/1- 2A200)E69) _ 55965
420

As=p* b*d=0.0965(800) (442) = 3412.24 mm? >Asmin =1178.67mm?

As,, 3412.24
491

# of bars = =6.94 *Note Agos= 491 mm?

ar
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# Select 7025in one layer

Total AS (provide) = 3436.116mm?

* Check strain for the magnitude of under strength factor ®:
Tension = Compression
A~ fy=085 f."b" a

3436.116" 420=0.85" 24" 800" a
a=388.43mm

_a 88.43 — 103.88
085 085 oeemm

_ 442-103.88,

e
° 103.88
e, =0..0097 > 0.005

v Ok
Check for bar distance:

_800- 2°40-2"8-7"25
6

X

0.003 = 0.0097

S =88.167mm> 25mm

v Ok

4.5.4 Design of positive moment

Take Mu =382.7 KN.m at span (1).

o fy 40 _
0.85* fc  0.85*24

_Mn _ 382.7*10°

"~ bd 2 (0.9)(800 )(442 )2

20.6

Kn

= 2.72 Mpa

J24

4(420)

A's min = (800)(442) = 1031.1mm?
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A's min :% (800)(442) =1178.6mm* ~ control

4

x 0 x * * 0
_15 2 mkn - 1_\/1_ 2*20.6%2.72 0_ ) 4369
m§ fy & 20.6§ 420 ps

A s = 0.0069 (800) (442) =2467.3 mm*> A's min = 1178.6mm?
#of bars= As/ Aspa = 2467.3/314=7.8 * Note Agzo = 314 mm?
+ Select bar 8 d 20

Total AS (provide) = 2512 mm?*> 2467.3 mm?

* Check strain for the magnitude of under strength factor ®:
Tension = Compression

A~ fy=085 f."b" a

2512" 420=0.85" 24" 800" a

a=64.6mm

¥ = a 64.6 — 76
085 o085 o
_442- 76,

0.003=0.0144

S

e, =0.0144 > 0.005

v Ok
Check for bar distance:
800- 2" 40- 2" 8-8" 20

S= 3 =181.3mm> 25mm

v Ok

TakeMu =155.3 KN.m at span (2).

fy 420
0.85* fc  0.85* 24

=20.6
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Mn _ 155 .3*10°

Kn = > = > =1.104 Mpa
bd (0.9)(800 )(442)
Asmin = V24 (800)(442) =1031.1mm?
4(420)

Asmin = i—;; (800)(442) =1178.6mm?* ~ control

2 0 e * * 0
c LB fo2mn O 1 & \/ 02720651104 O_ 4
mé fy & 20.6§ 420 p

A s = 0.0027 (800) (442) =956.14 mm’< A's min = 1178.6mm?
#of bars= A/ Aspy = 1178.6/314 = 3.7 * Note Ao = 314 mnm?
+ Sdect bar 4 ® 20

Total AS (providey = 1256 mm*> 1178.6 mm®

* Check strain for the magnitude of under strength factor ®:
Tension = Compression

A~ fy=085 f."b" a

1256° 420=0.85" 24" 800" a
a=32.32mm

@ 3232
085 085 ~omm

442- 38,
e, =
38
e, =0.0318> 0.005

v’ Ok

0.003=0.0318

Check for bar distance:
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_800- 2" 40-2"8-4" 20

S 3 = 208mm > 25mm
v Ok
Take Mu =94.8KN.m at span (3).
m= fy - = 420 =20.6
0.85* fc  0.85*24
* 6
kn = Mn ___ 94.8710 = 0.673 Mpa

" bd?  (0.9)(800 )(442 )

A's min = N4 (800)(442) =1031.1mm?
4(420)

Asmin = i—;) (800)(442) =1178.6mm’~ control

2 0 2 * * 0
. fp.2mkn O 1 & \/ . 2720.6%0.673 O_ ) g6
é fy & 20.6§ 420 &

A s = 0.0016 (800) (442) =577.1 mm’*< A's min = 1178.6mm?
#of bars = Ag/ Aspy = 1178.6/314 = 3.7 * Note Agzo = 314 mm?
+ Seect bar 4 ® 20

r =

3|+

Total AS (provide) = 1256 mm?*> 1178.6 mm’

* Check strain for the magnitude of under strength factor ®:
Tension = Compression

A~ fy=085 f."b" a

1256° 420=0.85" 24" 800" a
a=32.32mm

a 32.32
X=——=—=38mm

085 0.85
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_442- 38,

e 0.003=0.0318
38
e, =0.0318>0.005
v Ok

Check for bar distance:

S:800-2 40-32 8-4 20:208mm>25mm

v Ok

TakeMu =491.1KN.m at span (4).
42
SO B Y

© 085* fc 0.85*24

* 6
Kn = an _ 491 .1* 10 _ = 3.49 Mpa
bd 2 (0.9)(800 )(442)

A's min = REZS (800)(442) = 1031.1mm?
4(420)

Asmin = i—;) (800)(442) =1178.6mm?*~ control

e O e * * o)
_ 1= 2 mkn §__12 1_\/1_ 2*20.6%3.49 9_ 1001
mé fy & 20.6§ 420 p

A s = 0.0091 (800) (442) =3246.3 mm*> A s min = 1178.6mm?*
# of bars = A/ Aspa = 3246.3/314 = 10.3 * Note Agzo = 314 mm?
+ Select bar 11 ® 20

Total AS (provide) = 3454 mm?*> 3246.3 mm’

* Check strain for the magnitude of under strength factor @:
Tension = Compression

A~ fy=085 f."b" a

3454 420=0.85" 24" 800" a

a=88.8mm
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a 888

=085 085 Lo4smm
e, = 2-1045 4 403 0.0096
1045

e, =0.0096 > 0.005
v Ok

Check for bar distance:
_800- 2" 40- 2" 8-11" 20
3

S =161Imm> 25mm

v Ok

4.6 Design of Two way solid slab (ST-1)

=

& Swld

Figure(4.10) ST-1 location in third floor slab
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M aterial
Concrete B300 fc' = 24 N/mm?
Reinforcement Steel Fy = 420 N/mm?

4.6.1 Limitation of deflection

h min = clear span\180
= 2*(5.1+5.6)/180
=0. 11m

Select h =20 cm.

Solid dab is supported on shear walls.

Stiffness of shear wall isvery great.

afm> 2.0

h min=Lnc (0.8 + fy /1400) \ (36 + 9B )
Lnc=5.6m.

B=5.6/5.1=1.098

h min =5.6(0.8+420\1400)\(36+9* 1.098)= 0.134m
select h=20cm.

4.6.2 L oad calculation

For 1 m*
20 cm concrete = 25+0.2= 5 KN\m®
D=5KN\m2
L= 10 KN\m2
Factored |oads:
qu=1.2D+1.6L
=1.2*5+1.6*10
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=22 KN/m2

4.6.3 Analysis for shear force:
Approximate method for determination of max Vu
Assumption
Slab is one way with short direction.
Wa (La/lLb =0.91) =0.59
The total load on the panel =22*5.1*5.6 = 628.32KN.
The load per meter on the long beam is:
Vu =0.59*628.32/2*5.6
= 33.1KN.
d=200- 20 - 10/2 =175 mm

i
GVc=®x?><bw><d

=0.75 % % x 1000x175 = 107.16 KN.

05¢0Vc=5358KN >Vu=334KN
The thickness of the slab is enough.

No shear reinforcement is required.
h=20cmissafe.

4.6.4 Analysis and design of bending moment

Positive Moments cal cul ations
Cadpps %‘i =091 =0.044 from table by interpolation
b

Mu.8p0s = Cad * wd * L&’

Mu. a,,s =0.044 +6 5.1 = 6.86 KN.m
Ch. Dyyos (ii = 0.91)= 0.0298 from table by interpolation

Mu.b.pos = 0.0298* 6*5.6%=5.6 KN.m
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Call,s %Z =0.91 =0.044 from table by interpolation
MU. 805 = 0.044 % 16 512 = 18.311 KN.m
Ch. Dpos(ii = 0.91)= 0.0298 from table by interpolation

Mu. b,y; = 0.044 * 16 +5.6% = 15 KN.m
Mu a= 6.86+18.31 =25.17 KN .m

Mu b= 5.6+15 =20.6 KN.m

Design of Positive moment
Mu=25.17 KN .m

fy 420

m= = = 2058
0.85fc ~ 0.85(24)

S My 2217*10°
Fbd?  (0.9)(1000 )(175 )2

P> 2) * * lo) P> 2) * * o}
colF. fo2mrn 0 1 & \/ 27205870910 0
mé fy 5 20.6§ 420 p

A s = 0.0022(1000) (175) = 385 mm?

A's min =0.0018*1000* 200=350 mm?

Use ®10

#Of bars = As/ Aspar = 385/785=5  * Note Agio= 78.5mm’

= 0.91 Mpa

& Sdectbas 6 ®10/m or ®10/15cm

Total AS (providey =471 mm?> 385 mm’
S= 15 cm < 2h =2*200 =400 mm < 450 mm.
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4.7 Design of column C111

Material
Concrete B350 fc' = 28 N/mm?
Reinforcement Steel Fy = 420 N/mm?
The Column is an interior one.
DL =1362.82 KN
LL = 668.18KN
qu=1.2DL+1.6LL
=1.2(1362.82) +1.6(668.18)
= 2704.5KN

Check for slenderness
kin_ 34— 121 < 40
£ (Mz) -

My

0 1 Braced framewith M,,;,,

K=1 for column in non-sway frames.

k In

. <34-12=22<40

kin 1+4 . .
— = = 22.22 > 22 Column islong about x-axis
Ty 0.3=0.6

kin 1=4 . .
— =——=22.22 > 22 Column islong about y-axis
Ty 0.3<0.6

Calculate the minimum eccentricity e,i,and the minimum moment M,in,
emin= (15+0.03h) = 15+0.03*600 = 33 mm

Pusqctored = 2T04.5KN.
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Mypin= Pu* e, = 2704.5% —— =89.25K N.

1000

Compute EI
7 o bh? 600 = 600° — 10.8 * 10%mm®
912" T 12 T mm

12 D (sustaind) 12+

Pans =—5p 1161~ 27045 0Ot

_0.4+4700 fc' Ig _ 0.4%4700 28 +10.8¢1079

= 66732.09KN. m?
1+Bans 1+0.61

El

Determine the Euler buckling load, P.

n2El w2 +66732.09

= HLR - @eay " AL63TIKN

Fe

Calculate the moment magnifier factor 8,4

M
Cm:0.6+O.4H1:0.6+0.4*1:1>0.4
2

a 1

8ns= Pu s7oas— — 1.1
T 0.75P¢ 0.75+41163.71
14>11>1

v Ok

The magnified eccentricity and moment
€=€nin * Ops = 33 % 1.1 = 36.3mm
M, = 6,5 * M, =1.1%89.25 =98.17 KN.m

Sdlect column reinforcement

We will use the tide column interaction diagrams
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v' Computeratio y

d—d 600—-2x%x40—-2x10—-16

Yy =-—5 600 =0.81

OFR, _ R _21045+10° __
T4, 06x06 oM™

py =0.01

Select column reinforcement
Ag = pyA,; = 0.01 %600 * 600 = 3600mm?
A,016 = 201.1 mm?

s

4,016 17.9

Use 18016 with Ay = 3619.8mm? > 3600mm?

v Ok
+ Select 18916

Figure (4.11): cross section in column (C111)
Design of ties

Useties @10 with spacing of ties shall not exceed:
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1) 48timesthetiediameter , 48d, = 48 * 10 = 480mm

2) 16 timesthe longitudinal bar diameter 16d;, = 16 * 16 = 256mm ...........
3) Thelest dimension of column =40 mm
Useties 10@ 200 mm

Check for clear spacing between longitudina bars

600-40+*2-10+2-6%16

Clear spacing = Z =80.8 > 40 mm
80.8>15%16 =24
4.8 Design of Stair
I
= -
0y
7
Tl
£

Figure (4.12): Stair plan
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Material

Concrete  B300 fc' = 24 N/mm?
Reinforcement Steel Fy = 420 N/mm?
Height=4m

Rise=4/22=0.18m
Run =30 cm
Live Load on Stair (Landing & Flight) =5 KN /m? (Horizontal projection)

4.8.1 Structural system and minimum thickness

The structural system of this stair was taken as a simply supported (one-way solid slab) since
that the flight of stair will be supported at the ends of upper and lower landings.
Minimum Slab thickness for deflection is (for simply supported one-way solid slab) according

Jordanian codeis:

hgin = Z—LU = % = 32.9cm , but in this case presented here where the slab ends are cast white the

supporting beams and additional negative reinforcement is provided , minimum thickness can be

L 58 _ 23.5¢cm.

assumed to be hy,;, = w5

+ Take hy,i, =25cm

-1 rise

+ The Stair Slope by 6 = tan . =tan

_1 180

=31.10°
0

4.8.2 Design of Flight
Load Calculations
> Flight Dead Load computation
Dead |oad:

25cm flight: 25*0.25* 1/cos31.10= 7.3KN/m

3cm plaster: 22*0.03* 1/c0s31.10=0.771 KN/m
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Horizontal mortar: 22*0.03* 1=0.66KN/m
Vertical mortar: 22*0.03*1*(18/30) = 0.396KN/m
Horizontal tiles: 23*0.03*1*(35/30) =0.805KN/m
Vertical tiles: 23*0.03* 1*(18/30) =0.414KN/m
Vertical mortar: 22*0.03*1*(18/30) = 0.396KN/m
Triangle: 25*0.18*1/2=2.25 KN/m

> D=13 KN/m

L=5*1=5KN/m

Factored load:

qu=1.2*D +1.6*L

qu=1.2*13 + 1.6*5

=23.6 KN/m

DL=13 KN/m
LL=5.00KN/m

AR AAAAA A A

Figure (4.13) structural system of flight 1

4.8.3 Design of Landing
Load Calculations
» Landing Dead Load computation
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Dead |oad:
25cm concrete  25%0.25* 1=6.25 KN/m
7cm sand 16*0.07*1= 1.1 KN/m
2cm mortar 22*0.03*1 = 0.66 KN/m
3cmtiles 23*0.03*1 = 0.69 KN/m
3cm plaster 22*0.03*1 = 0.66 KN/m
>D =9.36 KN/m
L =5KN/m
Factored |oad:
qu=1.2*D +1.6*L
qQu=1.2*9.36 + 1.6*5

=19.23 KN/m
Because the load on the landing is carried into two directions, only half the load will be considered in

each direction % =9.616 %N .

System (1) of Landing:
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DL=9.6KN/m

OL=13KN/m
LL=5.00KN/

LL=5.00KN /m

YYELY

IRREARRRAAN

DL=4.BEN /m
LL=2.50KH/m

YYYYYYYYYY

1.2Q0

2.80m

JAY

1.80m

Figure (4.14) structura system of landing system (1)

MomentiShear Envelope (Factored) LUnits:kN meter

Moments: spans 1to 1

5.7
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Moment/Shear Envelope (Factored) Units:kN meter

Shear

435 ~46.3

e

52.8
58.5

Figure (4.15) Moment & shear Envelope of system (1)

> Shear and moment calculations:
Check for shear strength:

Assume bar diameter @14 for main reinforcement.

dy, 14
d=h-cover —— =250 —-20 —— =223 mm

2 2
Assume beam width 25 cm
1 — 1 —
Ve = 3 fobyd = 5 X V24 x 1000 x 223 = 182 kN .. fot 1 m strip

¢ = 0.75 — for shear
¢V, =075 x 182 =136.5kN .. for 1m strip

Vumax = 52.8 kN < iq)vc =68.3kN ...... No shear reinforcement is required.

The thickness of the slab is enough

» Calculation of maximum moment and steel reinforcement
Mymax = 88.7 kN.m/m.
assume bar diameter @14for main rinforcemnt with ,d = 223 mm

M, 88.7 x 10° fy 420
— — - = 19Mpa ’m — T =
@bd 0.9 x 1000 x 2232 085f., 0.85x (24)

R, = 2058
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1 2R,m 1 2.1.9-2058
p=r - 1-— e g o

= = 0.0047
y 20.58 420

A = pbd = 0.0047 x 1000 x 223 = 1048.1 mm?

A min = 0.0018bh = 0.0018 x 1000 x 250 = 450mm?

A =1048.1mm? > A yin = 450 mm? , use P12

Use $12@10cm with Ag proy = 1130 mm? > Ag = 1048.1 mm?for 1m strip
Check maximum step for main reinforcement (the smallest of):

3h =3 x 250 = 750 mm.

450mm.
s=38 2% _25C, =380 —> —25x20 =330mm.
s x420
Smax =300 == =300 222‘2’0 =300mm.......... Control
s EX

S=15cm < Spax =30cm
v Ok

» Temperature and shrinkage reinforcement
A, = 0.0018bh = 0.0018 1000 300 = 540 mm?*
Use 5012@20 cm with Ag oy = 565.48 mm? > A = 450 mm?for 1m strip
Check maximum step for temperature and shrinkage (the smallest of):
5h =5 x 300 = 1500 mm
450mm. - controled
S=20cm < S,.x =45cm

v Ok
» Check for strain

Asfy  1077.5x420 — 2218 mm

T085bf.  0.85x1000%x24

a 22.18
C=— =

B ShE 26 mm
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g, = 0.003 % = 0003 === =0022 > 0005
System (1) of Hight:-
DL=13KN/m
LL=5.00KN/rm
DL=4.8 KN/m
LL=2.50KN /m
YYVYVVVYVVY
3.30m 1.80m

Figure (4.16) structura system of flight System (11)

Moment/iShear Envelope (Factored) Units:kMN meter

Moments: spans 1 fo 1

| 23 63.1 2.8

75



Moment/Shear Envelope (Factored) Units:kN meter

Shear

Figure (4.17) Moment & shear Envelope of system (1)

» Shear and moment calculations:
Check for shear strength

Assume bar diameter @14 for main riforemnt.

dy 14
d=h—-cover —— =250 —-20 —— =223 mm

2 2
Assume beam width 25 cm
1 — 1 _
Ve = 6 fob,,d = g X V24 x 1000 x 223 =182 kN .. fot 1 m strip

¢ = 0.75 — for shear
¢V, =075 x 182 = 136.5kN .. for 1m strip

Vumax = 45.8kKN < iq)vc = 68.3kN ...... No shear reinforcement is required

The thickness of the slab is enough

» Calculation of maximum moment and steel reinforcement:
Mymax = 63.1 kKN.m/m.
assume bar diameter ¢14for main rinforcemnt with ,d =223 mm

My 63.1 x 10° f, 420

R, = — =1.4M = —
"= 3bd _ 0.9 x 1000 x 2237 P& M =851, ~ 0.85x (24)

= 20.58
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1 2R,m 1 2.1.4-2058
p=r - 1-— 1w g =

= 1 = 0.0034
y 20.58 420

A = pbd = 0.0034 x 1000 x 223 = 752.2 mm?

A min = 0.0018bh = 0.0018 x 1000 x 250 = 450mm?

A =758.2mm?* > Agin =450 mm? |, use @12

Use@12@15cm with Agproy = 753.3 mm? > Ag = 752.2 mm=for 1m strip
Check maximum step for main reinforcement (the smallest of):

3h =3 x 250 =750 mm

450mm.
s=38 2% _25C, =380 > —25x20=330mm
fg ;><42{)
Smax =300 == =300 222‘2’0 =300mm ......... Control
s EX

S=20cm < S.x =30cm
v Ok
» Temperature and shrinkage reinforcement
A, = 0.0018bh = 0.0018 1000 300 = 540 mm?
Use 5012@20 cm with Ag oy = 565.48 mm? > Ag = 450 mm?for 1m strip

Check maximum step for temperature and shrinkage (the smallest of):
5h =5 x 300 = 1500 mm
450mm.
S=20cm < S,.x =45cm
v Ok
» Check for strain

Asfy _ 1077.5x420

T085b (. 085x1000x24 22.18 mm

a

a 22.18
=—="—"—=26mm
=3 = s 6

223-26

gs = 0.003 % = 0.003 = = 0.022 > 0.005
v Ok
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4.9 Design of Basement wall

Material

Concrete  B300 fc' = 24 N/mm?
Reinforcement Steel Fy = 420 N/mm?
Allowable Bearing Capacity qal|I=400K N/m?
®=30 S=20KN/m®

4.9.1 Load calculation
Ko =1-—sing =1 —-sin30 =05
0o =Ko *h*y =05%4.175 % 20 = 41.75 KN/m
Qo =05*4175* 4175=87.15KN
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o

0o=41.75 KN/m

Figure (4.18): Loads on Basement wall.

4.9.2 Support reaction

£9.02
2905 o g, 2905

4.175
24

6012

seT—> A7

Sheor Moment

Figure (4.19): Envelope diagram of Basement Wall.
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MRA=0

87.15* 4175/3-B*4.175=0
B=29.05KN

MRB=0

87.15* 4175*2/3-A*4.175=0
A=58.1KN

Max V =58.1 KN

Max M at V=0

V=0at Y=?

41.75/4.175=P(Y) IY
P(Y)=10Y

V=0

29.05-10*Y*(Y/2) =0

Y=2.4m

Max M =29.05* 24-05* 10*2.4* 2.4/3=60.12 KN.m
pu isrelative low

Design as aslab with b=1m

Vu =1.6*58.1=92.96 KN
Mu=1.6*60.12=96.19 KN.m

4.9.3 Design of Shear
h=30cm
d= 300-20-14 =266 mm
Vumax =92.96 KN

J24

F Vc=0.75 T' 1000 266=162.8 KN >Vu max = 92.96KN
» NOTE: No shear reinforcement is required.

4.9.4 Design of Bending M oment:

Tension face:
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My = 96.19 KN.m/m

k = Mn
b xd?
*
0= 9615710 =151MPa .
0.9* 1000* 266"
f, 420
m = 20.58

T 085+f. 08524

12 2mk, 9 ® *20.58* 1510
r=—d 1- ==L g \/1- 2720871512 4 00374
& y g 20.58 420 p

Asreq = 0.00374 *100*26.6= 9.95 cm*m
Asmin = 0.0012 *100*30=3.6 cm?’/m
Use ®14 @15¢m, with Ag providea =10.3 cm’/m

» Vertical reinforcement of compression face:
Asmin=Asreq/3=9.95/3= 3.32 cm2/m
Use ®10 @15cm, with Ag provided = 5.2cm2/m
» horizontal reinforcement
for two layers... Asmin = 0.002bh = 0.002 * 300 = 1000 = 600 mm?/m.
for one layer ... As req = 600/2 = 300 mm?*/m.
Use ®10 @20cm, with A provided = 395mm?/m ... In both sides.
» NOTE: the structural system for this basement wall assumes as pin and roller supports, so must
be connected with slab before put a backfill.

4.10 Design of Flat slab:

The design done by using SAFE program.

4.10.1 L oad calculation
Assume dab thickness 35cm.
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Table (4-3) Calculation of thetotal dead load for flat slab.

[\[o} Material Thickness Qual [ty Calculation
I Density
] cm KN/m?®
35

1 Slab 25 0.35%25 = 8.75
2 Sand 7 17 0.07x17=1.19
3 Mortar 3 22 0.03%x22 =0.66
4 Tile 3 23 0.03x23 =0.69
5 Plaster 2 22 0.02x22 =0.44
6 Partitions 15

y =13.25 KN/m2

4.10.2 Check for punching shear

| _0.0309 | 0.9075 A, 0.7D52

T o et
| +_l:l.3285

_| 0.3977 | 0.7355 | 0.50734

| 03515
_| 0.3926 | 0.5706 | 0. 44474

| 0.7323

| | 01371 0.4183

Figure (4.20): Punching Shear Capacity Ratios/ Shear Reinforcement for flat slab

82



Asshown all ratios less than 1, so we don’t have punching reinforcement.

4.10.3 Design for bending moment
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Figure (4.21): moment distribution in x-direction
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Figure (4.22): moment distribution in y-direction

84



The design of flat slab done by using Finite Element method.
Selected 14/15cmin both direction for top reinforcement.

Selected 14/15cm in both direction for bottom reinforcement.

.I:Egi R mLE3S
o35 K= T4
i 7| rm—;

| | |
CEL34 LR139

Basic Mesh At bottom : @ 14/ 15
Bazic Mesh At Top: @ 14 / 15

53431--31 " @ CCRES

CRB&LEA

CE4cmmCEes | CE7D 7O

CED E7S

CEYS [CEs0

C Bﬁ?i.

Figure (4.23): Reinforcement for flat.
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Chapter Five

Results and Recommendations

5.1 INTRODUCTION

5.2RESULT

5.3 RECOMMENDATIONS
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5.1 Introduction

In this project, architectural plans lacked for a lot of things. After studying all the requirements, the
architectural plans and the structural plans were prepared.

This report provides an explanation of all architectural and structural design steps of the building.

5.2 Reaults

1 Each student or designer must be able to design manually, so he or she can use design

programs.

2 The natural factors surrounding the building, the nature of the site and the impact of natural

forces on the site are factors that must be considered.

3 Themost important steps of structural design, how to connect the various structural elements
through the overal view of the building, and then divide all of these elementsto design

individualy.

4 One-Way Ribbed Slab has been used in most slabs due to the shape of building. Solid Slab
and flat slab system was also used.
5 Software programs Used:

There are several computer programs used in this project:

a) AUTOCAD 2010/2007: for detailing drawings of structural elements.
b) ATIR: Structural design and analysis of structural elements.
c) Microsoft Office: It was used in various parts of the project such as text writing, formatting
and project output.
d) Etabs for the design and reinforced Shear Walls).
€) Safe design of solid and flat slabs and foundations.
6  Theliveloads used in this project were from the Jordanian Code.
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5.3 Recommendations

This project has a maor role in expanding and deepening our understanding of construction
projects with al the details, analyzes and designs. Here we would like to offer recommendations,

which we hope that will benefit those who are planning to choose projects of a structural nature.

Initially, all architectural plans must be coordinated and prepared, so that the building materias
are selected and the structural system of the building is determined. At this stage, the overall
information about the site, soil and the soil strength of the site must be provided through a
geotechnical report. Then the locations of the basement and shear walls and columns will be

determined with architectural engineering team.

At this stage, the structural engineer tries to obtain as many shear walls as possible, and
distributed them regularly throughout the building; that will be used to resist earthquakes and

other horizontal forces.
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