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WORKING TEAM:
MOJAHED SHALALDAH QUSAI TARADAH
KHALEED ZABAINAH SALAMAH ARAR
SALIM ABU-RAIYA

Palestine Polytechnic University -2017

SUPERVISOR:
ENG. FAHED SALAHAT

Structural design is the most important design of the building after the necessary of architectural
design, the distribution of columns, loads, offer durability, the best prices and the highest degree of
safety are the responsibility of the structural designer. In this project we will do the structural design

of the Palestine Polytechnic University Hospital. The building consists of ten floors and the total
area of 21342 m?,

The architectural of the project is based on multiple steric blocks distributed consistently it terms
of aesthetic and functional purposes, aswell asit is designed in the form of distributing blocks that
provide comfort, ease and speed of access for users.

It is important mentioning that we will use the Jordanian code to determine the live loads, and to
determine the loads of earthquakes, for the analysis of the structural and design sections we will use
the US Code (ACI_318 14), it must be noted that he will be relying on some computer programs
such as. Autocad2007, Safe , Office2007, Atir, Etabs and others.

Expected after the completion of the project to be able to provide structural design of all
structural elements with permission of Allah Almighty.

List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

Ag = area of non-prestressed compression reinforcement.
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Ag = gross area of section.

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

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

b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

fc¢= compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axia load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.
Vn = nominal shear stress.
Vs =nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.
Wc = weight of concrete. (Kg/m?d).

W = width of beam or rib.
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Wu = factored load per unit area.

® = strength reduction factor.

€: = compression strain of concrete = 0.003mm/mm.
& = dtrain of tension stedl.
€s= strain of compression stedl.

p =ratio of sted area.
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1.1 Introduction:

Human nature needs to have places of worship in place of residence, and these
places must have al the means to ensure comfort and safety. General design process
requires the introduction of al 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 objective of this project is to carry out the structural design of the building,
which is a structural design for the Palestinian Polytechnic University Hospital which

will be built in the future city of Dora.
1.2 Resear ch 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 The Objective of the Project:
The objectives of the project are divided into two parts:

1. Architectural Goals:

In this project architectural design is not the main goal as civil and building
engineers, however in this building it was necessary to achieve beauty, utility
requirements, cost and durability, which are the basic architectura design

requirements.

2. Structural Godls:
Structural design of the units will be done in this project with preparing all
structura drawings for beams, slabs, columns, footings and shear walls to be ready for

fulfillment on the location of the project.



1.4 Project Steps:

1.

o g b~ W

Architectural design (construction drawings, elevations, sections, public
location).

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

Distributing of columns to the chosen structural system.

Structural analysis of al structural elements of the units.

Structural design of all structural elements.

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

Writing project in accordance with the requirements of the construction

engineering.

1.5 Reasonsto Choose the Project:

The reason of selecting the project back to several things, including the conquest of

skill in design for structura elements in buildings, in addition to increasing

knowledge of machine 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.

This research was done to submit it to the department of civil engineering and

architecture at the College of engineering and technology at Palestine Polytechnic

University to meet graduation requirements and a Bachelor's degree in civil

engineering for building engineering.

1.6 The scope of the Project:

This project contains severa chapters are detailed as follows:

Chapter One: a genera 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: Anaysis and structural design of all structural elements.

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



1.7 Schedule:

Prepare the architectural plans.

A 4

Choose structural system

Structural analysis of elements

A 4

Structural design complete

Complete all construction plans
executive

Figure (1-1): Shows the Stages of The Project.



CHAPTER

Structural Description

3.1 INTRODUCTION.

3.2THE GOAL OF THE STRUCTURAL DESIGN.

3.3SCIENTIFIC TESTS.

3.4 STAGESOF STRUCTURAL DESIGN.

3.5LOADSACTING ON THE BUILDING.

3.6 STRUCTURAL ELEMENTSOF THE BUILDING.
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3.1 Introduction:

The main objective of the design process 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 which is
capable of carrying it and meets 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 some tests must be done, tests of the
soil to check the breaking strength, specifications, type, the underground water level
and depth of the foundation layer. This is done through specific number of specified
depths exploring holes done by the appropriate International Center for Geotechnical
Engineering Studies (ICGES) in Bethlehem. Then the extracted samples were testedto
measure the previous mentioned properties.

19



3.4 Stagesfor Structural Design:
We will divide the structural design of the project into two phases: -

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

2. The second stage: - The structural design of each element of the set is
detailed and modified according to the chosen construction system and
structural executing blueprints.

3.5 Loads Acting on the Building:

There is a group of forces that the building must be designed to endure, this group
consists of several types of loads which must be calculated and selected carefully
because any errorsin identifying and calculating these loads can reflect negatively on

the structural design of various structural elements.
3.5.1LivelLoads:

Includes the loads which effect on the building base on the usage of it, they can be

classified into the following:
3.5.1.1 Dynamic L oads: like the machines that produce vibrations.

3.5.1.2 Static L oads: their location can be changed from time to time, like furniture,

partitions, machines, and stored materials.
3.5.1.3 People L oads: depends on the usage of the building.

3.5.1.4 Execution L oads: acts on the building during the execution process, like

cranes.

20
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3.5.2 Dead L oad:

The permanent forces resulting from gravity which are fixed in terms of amount and
location and do not change during the age of the building, including the loads of the
weight of structural elements and the weights of the permanent nonstructural elements
like walls. It also includes the permanent lateral loads like the soil pressure on the

basement walls.

The calculation of the loads requires the knowing of the dimensions of the structural
elements and specific gravity of the materials used in the manufacturing of the
structural elements.

Furthermore, falls within this definition the self-weight of the construction
materials, like concrete, reinforcement rebar's, insulation materials, plaster, mortar,

tiles, and electrical & sanitary installation.

Density KN/m? Material #
23 Tiles 1
22 Mortar 2
25 Reinforced Concert 3
10 Hollow Block 4
22 Plaster 5
17 Sand 6

Table (3-1): Density of materials.
3.5.3 Environmental L oads:

result from environmental factors, including snow loads, earth quick loads, and soil
loads. Theses loads vary in both magnitude and location, the wind load even varies in
direction, and it depends on the unit of area exposed to the wind.
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3.5.3.1 Snow L oads:

Snow loads can be calculated by knowing the altitude using the table below by
Jordanian code.

SNOW LOAD KN/m? | HEIGHT ABOVE SEA LEVEL(m)
0 H< 250
(H-150)/1000 500<200<H
(H-400)/400 1500<500<H
(H-812.5)/250 2500<1500<H

Table (3-2): Snow loads.

3.5.3.2 Earthquake L oad:

Earthquakes produce horizontal and vertical vibrations due to the relative motion of
the Earth rock layers, resulting in strong cut affects the origin and these loads must be
taken into account in the design to ensure the resistance against earthquakes. This will
be resisted by shear wallsin a building on the construction accounts.

The load is determined based on location. (Dura south west of Hebron) so (zone is
2A and Z=0.15).

Seismic Zone Factor,.Z

Figure (3-1): Earthquake map for Palestine.
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3.5.3.3Wind Loads:

Wind loads produce horizontal forces on the building, and the wind load
determination process depends on wind speed which changes with the height of the
structure from the surface of the Earth and the location of the building itself, the

surrounding buildings, and many other variables.

Wind direction

Positive pressure Negative pressure (suction)

Figure (3-2): Wind Pressure on buildings.
3.6 Structural Elements of the Building:

All buildings are usually consisting 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.
3.6.1 Slabs:

Structural elements are capable of delivering vertica forces due to the loads
affecting the building's load-bearing structural elements such as beams, columns and

walls, without distortions.
3.6.1.1 Ribbed Slabs:

In this project, two types of components both in its appropriate place, and which will

clarify the structural design in the subsequent chapter, and below these types:
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3.6.1.1.1 One Way Ribbed Slab:

rin Chnarians B Tavnarnher lares o
e way rib sleb % A,

Holew Bock 1 2 em)

Figure (3-3): One Way Ribbed Slab.
3.6.1.1.2 Tow Way Ribbed Slab:

Figure (3-4): Tow Way Ribbed Slab.
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3.6.1.2 Solid Slab:

3.6.1.2.1 One Way Solid Slab:

Figure (3-5): One Way solid Slab.

3.6.1.2.2 Tow Way Solid Sab:

Figure (3-6): Two Way solid Slab.
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3.6.2 Beams:
The basic structural elements in moving load of tiles into columns, and are of two
types:

3.6.2.1 Hidden Beam( Hidden inside Sabs):

Figure (3-7): Hidden beam.

3.6.2.2 Dropped Beam: (Paneled Beam):

T DR el

Figure (3-8): Dropped beam.
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3.6.3 Stairs:

The architectural 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.

— Tampraatimr & Shrinkags Bars

Figure (3-9): Stair.

3.6.4 Column:

The column is an important element in moving loads of bridges to the foundations, it

Is essential 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 square concrete

columns.

I :?-':
o —_-_;

Figure (3-10): Columns.
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3.6.5 Shear wall:
Is a structural 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.

3.6.6 Foundations:

Sejiiamii Fostig

Figure (3-11): Isolating footing.

39



CHAPTER

A

DESIGN OF STRUCTURAL MEMBERS

4-1 Introduction.

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

4-5 Design of One Way Rib Slab.

4.6 Design of Beam.

4.7 Design of Two Way Rib Slab.

4.8 Design of Column.

4.9 Design of Basement Wall.

4.10 Design of Stair.

4.11 Design of I solating Footing.

40



4.1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls,

tunnels and others.

Reinforced concrete is logical union of two materials. plain concrete, which
possesses high compressive strength but little tensile strength, and steel bars
embedded in the concrete, which can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water,

and frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building
codes and specifications that give design procedures are continually changing to

reflect latest knowledge.

Structural concrete can be classified into: -

0 Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.

O Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.

O Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

4.2 Design M ethod and Requirements:
The design strength provided by a member is calculated in accordance with the

requirements and assumptions of ACI_code (318_08).

v' Strength design method: -
In ultimate strength design method, the service loads are increased by factors to

obtain the load at which failureis considered to be occurring.
This load called factored load or factored service load. The structure or structural
element is then proportioned such that the strength is reached when factored load is
acting.

The computation of this strength takes into account the nonlinear stress-strain

behavior of concrete.
The strength design method is expressed by the following, Strength provided >

strength required to carry factored loads.
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NOTE: -

The statically calculation and the key plans dependent on the architectural plans.

Code: -

ACI
uBC

2008

Material: -
Concrete: -B300

fc'= 30N / mm?(MPa) For circular section

but for rectangular section ( fc'=30* 0.8 = 24MPa ).

Reinforcement stedl: -

The specified yield strength of the reinforcement {fy = 420 N/mmz2 (MPa).

v Factored loads: -
The factored loads for members in our project are determined by: -
ACI-code-318-08(9.2.1)

Wy =12D_ +16L,

4.3 Check Thickness of Structural Member:

Minimum thickness (h)

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

Table (4-1): Check of Minimum Thickness of

Structural Member.
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For Rib: -

hminfor (one end continuous) = L/18.5 =5.85/18.5=31.6 cm.
hminfor (both end continuous) = L/21 = 6.21/21 = 29.5 cm..
hminfor (both end continuous) = L/21=4.49/21 =21.3cm.
hminfor (one end continuous) =L/18.5 = 4.75/18.5=25.6 cm .
Takeh=35cm

27 cm block + 8 cm topping = 35cm

For Beam: -

hminfor (one end continuous) = L/18.5=4.57/18.5=24.7 cm..

hminfor (one end continuous) =L/18.5=7.29/18.5=39.4cm .

control.

Takeh=50cm

4.4 Design of Topping:

v’ Statically System For Topping:-
Consider the topping as strip of (1m) width, and span of mold length with both
end fixed in theribs.

L] J
| ‘ |
= 40 cm -
“2 Iy d
12 12
T —

Fig (4-1): Topping Load.
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v" Load Calculations:

Dead Load: -
No. | Partsof Rib Calculation
1 Tiles 0.03*23*1 =0.69 KN/m
2 Mortar 0.03*22*1 = 0.66 KN/m

3 Coar se Sand 0.07*17*1=1.19KN/m

4 | Topping 0.08*25*1 =2 KN/m

5 Partitions 1*1=1 KN/m

Sum=5.54 KN/m

Table (4-2): Dead Load Calculation of Topping.

Teprg —.

Heallow Bleck | 27¢m} —

Fig (4-2): Detailing of topping .

LiveLoad: -

Nominal total live load = 5 KN/m?2.
Liveload calculation = 5*1=5 KN/m.

W, = 1.2xD+1.6xL= 1.2*5.54 + a.6*5 = 14.468 KN/m. (total factored |oad).
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Wu * 17
12

M, = = 0.192KN.m

2

80
OM,, = 0.55 % 0.42 * V24 » 1000 * v =1.21KN.m

@M, =1.21KN.m > M, = 0.192 KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature

reinforcement must be provided.

For the shrinkage and temperature reinforcement :-

p =0.0018

A.= px*xb*xh=0.0018 x 1000 * 80 = 144 mm2/ m strip.

As@8 = 50.24 mm? , 144/50.24=2.8=3 bars , S=1000/4=25 cm.

Take 3¢/m with As=150.8mm?/m strip or 8 @ 300 mm in both directions.
Step (S) isthe smallest of :

1. 3h=3x80=240 mm control ACI 1054 .

2. 450mm.
3. 5=380 2 —25C, =380 +— —25%20=330mm
fg i-‘i-ﬂ':l
S=380 =~ =380 f:_“: =380 mm
: ;

3

Use 18 @ 20 cm in both directions, 20 cm < 24 cm , OK.
Check shear strength :

Wy * L

0.75
6

61.25 > 2.88

=~ No shear reinforcement is requirement .

@ xVc = V24 x1 %100 = 61.25 KN
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4.5 Design of One Way Rib Slab( Rib3(28)):

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

design is calculated as follows.

PR ———— Shrinkege B Temperstusr By

Moo Bicck { B em }

Fig (4-3): Detailing One Way Rib Slab ( Rib3(28)).

/ ; ) _;:

sy
AL

q T :

) il

. !cu'i .1"..
T

il

LY

: 4*#4&

i o
F

]
|
|
|
Al
[
|
|
|
¥

TS

{
e 1

L

E-E'h-_
?.—-@_a:,'_ ]

-m‘-'l..ﬂ

Fig (4-4): Statically System of ( Rib3(28)).
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v" Load Calculation: -

Fig (4-4): Geometry of ( Rib3(28)).

Dead L oad: -
No. | Partsof Rib Calculation
1 |Tiles 0.03*23*0.52 = 0.359 KN/m/rib
2 Mortar 0.03*22*0.52 = 0.343 KN/m/rib
3 | Coarse Sand 0.07*17*0.52 = 0.620 KN/m/rib
4 | Topping 0.08*25*0.52 = 1.04 KN/m/rib
5 RC. Rib 0.27*25*0.12 = 0.81 KN/m/rib
6 Hollow Block 0.27*10*0.4 = 1.08 KN/m/rib
7 | plaster 0.03*22*.52= 0.343 KN/m/rib
8 partions 1*0.52= 0.52 KN/m/rib

Sum =5.1 KN/m/rib

Table (4-3): Dead Load Calculation of ( Rib3(28)).
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Momeni/Shear Envelope (Faclored) Lings ki meter

it a e sl S

-41.8
243 275 -2B.5 _,*\,"-17.3
133 o 148 18- 158 / .
139, ™ <149 i 1.8
=S — T Y| M .
= T T e .
u P i T e Y e N ’
B s = T e . e ¥ P
1.1 Prem — -
29.2
| 218 2er | 224 . 228 | 28 341 | 351 , 234 |
T L L] T T T T 1
Shear
29.8 o
-26.8 283 245
et 188 - L w2 -
o -~ ;
,, " P >4
! = el § ~ ;"f o
\7 .'__..-"' I .,-”f 3 - 53 =
< 148 — "'13_1 _,x""’ ’_f/
s 255 " 249 "
314 L~ 3
a3

Fig (4-5): Shear and Moment Diagram of ( Rib3(28)) .
Dead Load /rib = 5.1 KN/m
LiveLoad: -
Liveload = 5 KN/m?
Liveload /rib = 5 KN/m®x 0.52m = 2.6 KN/m.

<% Effective Flange Width ( b.): - ACI-318-11 (8.10.2)
be For T- section is the smallest of the following: -

be =L /4=369/4=92.2cm

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

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

b. For T-section = 52cm.

v Moment Design for (R3(28)):-
Design of Positive Moment for Rib :-(Mu=21.1 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dsimps— = = 350 — 20 — 10 —= = 314 mm.

48



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

My =0.85. f. b,. h. (d __"‘_2:)

B

=0.85 % 24 % 520 % 80 X 314*? ¥ 107" = 232.5KN.m

Mn>>% = #: 23. 55 KN.m, the section will be designed as rectangular section with
be =520 mm.
My 2raxie®
"™ gad? T 09x520x3148 0.459Mpa
m=—, =0 — 206
OLES 0.85=24
p=— 1- 1-220 =L g 1 -ZEER = 0,0011065

Asreg = p.b.d = 0.0011065x520x314 = 180.67 mm’ .

Check for Asmin: -

Asmin= \/ﬁ(bw)(d) ACI-318 (10.5.1)
4(fy)

N
4(420)

Asmin= (120)(314) =110mn7.

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= % (120)(314) =125.6mnT controls

Ase= 180.7 mm? > Asyin= 125.6 mm*  OK
Use2 312, Asprovided= 226 MM? > Agequires= 180.7 mm* Ok

_ 120-420-20-({2x12}

S =36 mm >d, =12 =25 mm OK
Check for strain: -
A a2 :
- s = ._Eﬁx--’l-ztl — 8.94 mm
0.85h [ DES=520=24

49



a _ 894 _

X=—=—=10.53mm

d—x 314 —10.53
£, =0.003 —— =0.003 ————— =0.0864 = 0.005
' X 10.53

Design of Positive Moment for Rib: - (Mu=9.6 KN.m)

d =h- cover - dgimps— 2 = 350 — 20 — 10 — = = 314 mm

My 9Exi0f®
Ri= Phd®  09x520x314% 0.208Mpa
[y 420
m=—%, = = 20.6
OLES 0E5=24
= s _ZmRBy _ 1 _ 2X20.6x0208 _
P=n 1 1 420 208 1 1 420 = 0.0004977 .

Asreq = p.b.d = 0.0004997x520x314 = 81.26 mm? .

Check for Asmin: -

Jice

Asmin=— ") (bw)(d) ACI-318 (10.5.1)

N
4(420)

Asmin=

(120)(314) =110mnv’
.14
A =—— (bw)(d
smin (fy)( w)(d)

.14
A s min=——(120)(314) =125.6mnt controls
420
Asrequired= 82.26 MMP < Agpin = 125.6 mm?®
Provided Agmin=125.6 mm?.

Use2812, Asprovided = 226.2 mm® > Agmin= 125.6 mm? ... Ok

_ 120-420-20-({2x12}

S =36mm=>d,=12>25mm 0K
Check for strain: -
As fir 2ER.ZM4Z0
= — = : = 8.95 mm
0.85h [ DES=520=24
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i B.95
X=— =
By 085

= 10.53 mm

d—x 314 -10.53

£, =0.003 5 = 0.003 31 = 0.086 = 0.005

Design of Positive Moment for Rib :-(Mu=21.2 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dsimps— = = 350 =20 — 10 — = = 314 mm.

My  21Zw10%

Rn= OBdZ  09%520x3142 0.459Mpa
; 42
m=—2. =1 —706
nasy  085x24
1 N _zmBy _ 1 . _ Zx20.6X0459
p=— 1 1 B8 " %E 1 1 S gEm =(0.0011065

Asreg = p.b.d = 0.0011065x520x314 = 180.67 mm’ .

Check for Asmin: -

Asmin= \/ﬁ(bw)(d) ACI-318 (10.5.1)
4(fy)
Asmin= V24 (120)(314) =110mn7.

4(420)

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= % (120)(314) =125.6mnT controls

Ase= 180.7 mm? > Asyin= 125.6 mm*  OK
Use2 312, Asprovided= 226 MM? > Agequires= 180.7 mm* Ok

_ 120=40=20=(Zx12)

S= ; =36 mm >d, =12 > 25 mm OK
Check for strain: -
As fir 226420
= = : =8.94 mm
0.85h [ DES=520=24
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d—x 314 —10.53
£, =0.003 —— =0.003 ————— =0.0864 = 0.005 0k
X 10.53

Design of Positive Moment for Rib: - (Mu=29.2 KN.m)

Assume bar diameter g 14 for main positive reinforcement

d =h- cover - dgimps="2 = 350 =20 — 10 == = 315 mm

My 29.2x108
= = - =0.632 Mpa
"™ ghd? ~ pow520x315E p
T 420
m= i = =20.6
0857 0.85x24
1 2.m.Ry 1 2w 20.6x0.632
=— 1= 1=—= = 1= 1—=—"——""" =0.00153
P= 420 20.6 420

Asreg = p.b.d = 0.00153x520x314 = 250 mm*

Check for Asmin: -

Asmin= m(bw)(d) ACI-318 (10.5.1)
4(fy)

24
4(420)

Asmin= (120)(314) =110mn?
. _ 14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= % (120)(314) =125.6mnT controls

ASieq = 250 mm? > Asyin= 125.6 mm*  OK

Use 2 314, ASprovided= 307.87 MM*>Ag;equired= 250 mm? ... Ok

_ 120=40=20=(Zx 14}

S =32mm=>d,=14>25mm OK
Check for strain: -
A . Ty i
a= s fv = I07.8 _mau — 5282 mm
[.85h ,'I_ 0.85x120=24
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5282
X=— =22 =62.14 mm
By 085

d—x 315 -62.14
£, =0.003 —— =0.003 ————— =0.002408 = 0.005
' x 62.14

Design of Negative Moment for Rib: - (Mu=-13.3 KN.m)
Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dsimps—— = 350 =20 — 10 — = = 314 mm

My  133w10%

Ri= QhiZ  09x120:x314% =1.25 Mpa
[y 220
m=—2— = =20.6
OLES NB5=24
=2 — _ZmBy _ 1 . _ 2x20.6x1.25
P=n 1 1 420 20.6 1 1 = 0.00307

Asreq = p.b.d = 0.00307 x120x314 = 115.71 mm®
Check for Asmin: -

Asmin= fee (bw)(d) ACI-318 (10.5.1)
4(fy)

22
4(420)

Asmin=

(120)(314) =110n7
.14
A =—" (bw)(d
smin (fy)( w)(d)

.14
A s min=——(120)(314) =125.6mn¥ controls
420
ASeq = 115.71 mm® < Asyin= 125.6 mm®

ASieq = 125.6 mm?

Use 2 @10, ASprovided = 157.07 MM*> Ag;equired = 125.6mm?... Ok

_ 120=40=20=(Zx10)

S= ; =40mm=>d,=12=25mm 0K

Check for strain: -
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_ Asfy  _ 157.07=420
nE5h fF DESx1Z0=24

= 26.94 mm

o _ 2694
X: —_— =
H 085

=31.7mm

d—x 314 —=31.7
£, = 0.003 5 = 0.003 317 - 0.0267 = 0.005 0k

Design of Negative Moment for Rib: - (Mu=-18 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dsimps—— = 350 =20 — 10 — = = 314 mm

My 18x100
"™ gaaZ T poxizoxii4d p
v 420
m=——,;= = 20.6
OLES 0.85=24
o= 1 1— _2ZmRy _ 1 1— 1— Zx20.6%17 0.0042
m 420 20.6 420 '

Asreq = p.b.d = 0.0042 x120x314 = 158.5 mm’

Check for Asmin: -

Asmin= fee (bw)(d) ACI-318 (10.5.1)
4(fy)

24
4(420)

Asmin=

(120)(314) =110n7
.14
A =—" (bw)(d
smin (fy)( w)(d)

14
Asmin= 220 (120)(314) =125.6mnT  controls

ASeq = 158.5 mm? >Asyin= 125.6 mm?
AS.q = 158.5 mm?
Use 2 812, ASprovided = 226.19 MM> Agequired = 158.5 mm?... Ok

_ 120=40=20=(Zx12)

S= ; =36mm=>d,=12>25mm 0K

Check for strain: -

54



_ Aspy  _ 22619x420
nE5h fF DESx1Z0=24

= 38.8 mm

38.8
X=— == = 4565 mm
By 085

d—x 314 —45.65
£, =0.003 —— =0.003 ———— =0.0176 = 0.005
' x 45.65

Design of Negative Moment for Rib: - (Mu=-28.5K N.m)

Assume bar diameter g 14 for main positive reinforcement

d =h- cover - dsimps— = = 350 =20 — 10 —— = 313 mm

My 28.5x 100
"™ ghd?  powi120xi13d p
v 420
m=——; = =20.6
0857 0.85x24
1 Zm.R 1 2w 20.6% 27
=— 1= -1 = 1—- 1=————F =0.0069
P= 420 20.6 420

Asreq = p.b.d = 0.0069 x120x313 = 259.16 mm?

Check for Asmin: -

Asmin= fee (bw)(d) ACI-318 (10.5.1)
4(fy)

2
4(420)

Asmin=

(120)(313) =109.5m"
.14
A =—" (bw)(d
smin (fy)( w)(d)

Asmin= i—;) (120)(313) =125.2mnY controls

ASeq =259.16 mm® >Asyn= 125.2 mm’
ASeq = 259.16 mm?
Use 2 @14, ASprovided = 307.9 MM*> Agequired = 259.16 mm?... Ok

_ 120=40=20=(Zx 14}

S

=32mm=>d,=14 =25 mm OK

Check for strain: -
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As fyr 307.9:4 20

a= i = : =15.1 mm
[.85h _|IL 0.85x120=24
x=2 =11 — 1776 mm
Hy 085
d—x 315 =17.76
£, =0.003 —— =0.003 ———— =10.0502 = 0.005 0k
X 17.76

v Shear Design for ( Rib3(28)) : -

V, at distanced from support = 30 KN

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

Assume bar diameter @ 10 for shear reinforcement.

dj 10

d =h- cover - dsimps—— = 350 =20 — 10 —— = 315 mm
Ve== fibh,d =24 x 120 x 315 x 10~% = 33.95 KN
2V =0.75%33.95 =25.46 KN

0.5aV:=0.5%x25.46 =12.73 KN

V> oV,

for shear design, shear reinforcement is required (4,,),

V Smiin :1—; fibwd = l{ bw d

Vsmin=—+/24 « 120 « 315 = 11.57 KN

VSmin :_,—: bw d:_,—: %120 315 =12.6 KN

2(V +VSnin) = 0.75(33.84+12.56) =34.8kn

AV <VU <@ (V+VSmin)
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25.38< 27 <34.8
for shear design minimum shear reinforcement is required (A, ,,:»), Reinforcement.

Use stirrups (2 leg stirrups) @ 8@150 mm, A, = 2 x50.24 = 100.5 mm?

1 bys

1 =7 bws
L= ! =
AVmin 14 i/ vt T3t

1205
420

- 5 =1.145m

AV,,in=100.5 :1—; V24

1120

100.5 =

3 420

— 5§ =1.055m

S max :g = 157mm
S max —<600mm

Take(2leg stirrups) 28 @ 150 mm

__ 2x50.3
0.15

A, = 670.67 mm*/m strip

4.6 Design of Beam B2(02):

< Materid: -
b concrete B300 Fc' = 24 N/mm?

P Reinforcement Steel fy = 420 N/mm?

«» Section: -
P B=80cm
P  h=500cm

P d=500-40-10-20/2= 440 mm
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v/ Statically System and Dimensions: -

Geometry Uriitemastar, om
1 2 3 4
1 H 3
Tt
4 4 TN A
Iil.l? 5.3 ]IH.EI 646 JIl'.'.'_‘inI 4.35 EIIJJI
5.8 .66 4.75
- + t 4
50
BO.
A=A
Losding
Toad group no, 1
Dead load - Service Units:kN.meter
(%] +L T0.0 TAT T4.T
; -] I [ '] T ] ¥ T () 3
S5 I B P - 198
| I
Liwe load - Service Lo factors: 1.20,9.2001.60,0.00
350 *b k3 0 !441 ,
554 q.? 442 I FF 475

Fig (4-6): Statically System and Loads Distribution of B2(02) .

v' Load Calculations: -
Dead L oad Calculationsfor Beam (B2(02)): -

The distributed Dead and Live loads acting upon B2(02) can be defined from the
support reactions of the R3(28).
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Fig (4-7): Shear and Moment Diagram of B2(02)

v Moment Design for (B2(02)): -

Flexural Design of Positive Moment of Beam :-(Mu=413.8 KN.m)

Determine of My, max
d=500-40-10-20/2= 440 mm

—Sd—g 440 = 188.6
x=od=-. = 188.6 mm

a=H.x =188.6 x 0.85 = 160.28 mm

M= 0.85+ f{ xa*b (d - = )=0.85*24* 160.28* 800* (440-160.28/2) *10°=
941.31KN.m

@ Mnma = 0.82* 941.3 = 771.87 KN.m >413.8 KN.m.
Design as singly reinforcement:

M, 413.8 x 10°

Bn = =2.97 Mpa
0bdZ ~ 0.9 X 800 X 4402 p
m=—r. =—20_—206
n8sf’ 08524
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1 ZmR 1 2x20.6x2.960
p=— 1— 120w - 1 g g Zre0OxEse

m 4240 20.6 4240

= 0.00776

As=p.b.d = 0.00767x800x440 = 2701.53 mm?

CheCk fOI’ As’mm'

- I oy = V2

ASpin= ——— * 800 * 440 = 1026.45 mm?
Sin 4( fy) 4% 420
1.4 14, . ’
ASnin = —— (bw)(d) = —=*800* 440= 1173.34 mm Controls
(fy) 420

Agnin=1173.34 mm® < Ageq = 2701.53 mm?

Use 9220 Bottom, A provided= 2827.43 MM*>Agequired= 2701.53 mm* Ok

Check spacing: -
G = BeiTe0E ;" 2 — 65mm>d, =20 >25mm OK
Check for strain: -
As fyr 2E27.43 =420
= — = =72.76 mm
0858 [ D85 B0 24
=== 7278 85.6 mm
By 085
d—x 440 — 85.6
£, =0.003 —— =0.003 ———— =0.0124 > 0.005 Ok
x 85.6

Flexural Design of Positive Moment of Beam : - (Mu=367.4 KN.m)

My 3674x10°

N~ DBdZ  DOXBOUWAR0E 2.64 Mpa.
it 420
m=—% . = =206
0BS5S [ DES=24
1 2.m.R 1 2x20.6x%2.64
p=— 1— 1= = 1 1 -2 = 0.00674
m 420 20.8 G20

As=p.b.d = 0.00674x800x440 = 2373.9 mmn?.
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Check for Agmin:-

T g = 328

ASnin= —~——— *800* 440 = 1026.45 mm’
T 4(ty) 4 420
1.4 14, s 2
ASnin = — (bw)(d) = —=*800* 440= 1173.34 mm Controls
(fy) 420

Agnin=1173.34 mm® < Ageq = 2373.9 mm®

Use 8220 Bottom, Asprovided= 2513.27 MM*>Ag;equired= 2373.9 mm?

Check spacing: -
= B = 77.04 mm > dy, = 20 > 25mm  OK
Check for strain: -
As fyr 2513.27 =420
= — = = 64.68 mm
0858 [ DB 80024
=== o168 76.1 mm
By 085
d—x 440 - 76.1
£, =0.003 —— =0.003 ————— =0.0143 = 0.005
¥ 76.1

Flexural Design of Positive Moment of Beam :-(Mu=293.6K N.m)

My 2936w10° — 21 Mpa
"™ ghd?  poxB00x440E ’ Pa.
i F20
m=——= = 20.6
085, 0.85x24
p:l 1— _2ZmE, _ 1 1— 1 _ 2m20.6x21 0.0053
m 420 20.6 420 '

As=p.b.d = 0.0053x800x440 = 1867.3 mm?.

Check for Agmin:-

m(bw)(d) - Y

* 800 * 440 = 1026.45 mm?
4( fy) 4* 420

ASnin =
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1.4
Smin (b )(d) = —* 800* 440= 1173.34 mm? Controls
( fy) 420

Agnin=1173.34 mm® < Age = 1867.3 mm?

Use 6220 Bottom, Asprovided= 1884.95 MM*>Ag;equired= 1867.3 mm?

Check spacing: -

Bl0=40+Z=20=({6x20)

S= = =116 mm >d, =20 =25mm OK
Check for strain: -
A 4,95 w4z

a= s fv = 188495 =420 — 48.5 mm

[.85h ,'I_ 085 B00=24
x=2L =293 _ 5707 mm

Hy 085

d—x 440 =57.07
£.=0.003 —— =0.003 —————— =10.0201 = 0.005
X 57.07

Flexural Design of Negative Moment of Beam :-(Mu=507.4 KN.m)

My _ 507.4x10°

Ro= OhdE | 09xB00=440% =3.64 M‘na'
v 420
m= —2 i = = 20.6
OLES 0.85=24
— l . . Zm.Ry = L . . 2x20.6x3.64 =
p= m 1 1 420 20.6 1 1 420 0.00962

As=p.b.d = 0.00962x800x440 = 3386.3 mm’,

CheCk fOI’ As’mi n: =

_ fee N 2
ASnin = 4(y) (bw)(d) = 2% 220 800 * 440 =1026.45 mm

1.4
Smin (b )(d) = —=*800* 440=1173.34 mm? Controls
( fy) 420

Agnin=1173.34 mm? < Age = 3386.3 mm®

Use 11220 Bottom, Asprovided= 3455.75 MM>>Ag;equired= 3386.3 mm?
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Check spacing: -

G = BeiTe0E jl" U120 — 48 mm >d, =20 >25mm OK
Check for strain; -
A = !
- s.fy = A455.75 =420 —88.93 mm

.B5hH fl_ D85 B0 24
x=2 =% _ 104,63 mm

By 085

~ 0003 2T% _ggo3 010463 10062 > 0.005 0k
B =0 x 10463 '

Flexural Design of Negative Moment for Beam :-(Mu=431.6 KN.m)

My _ 4316x10°

Rn= OBdE . DOXBOONARIE 3.1 Mpa.
; 42
m= ﬂ P = - = 20.6
nasy’ ~ 0a5x24
=1 4 _ q_E2mf _ 1 _ g _2X206x31  _
P=n 1 1 420 20.6 1 1 e 0.00804

As=p.b.d = 0.00804x800x440 = 2827.22 mm>.

CheCk fOI’ As’mm'

- I oy = V2

=N *800* 440 = 1026.45 mm?
4( fy) 4* 420

ASnin

14
ASmin = ﬁ(bw)(d) = ——*800* 440= 1173.34 mm? Controls
(fy) 420

Agnin=1173.34 mm® < Ageq = 2827.22 mm’
Use 9220 Bottom, A provided= 2827.43 MM*>Agequired= 2827.22 mm* Ok

Check spacing: -

_ B00=40%Z2=20={9x20)

S= 5 =65mm=>=d,=20=25mm OK
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Check for strain: -

As 2H27.43 =420
a=—tr = =72.76 mm

ToashJ T 0.B5xB00x24

a _ 7176
X= —_— =
E 085

= 85.6 mm

d—x 440 — 85.6
£, =0.003 —— =0.003 ————— =0.0124 > 0.005 0k
x 85.6

v Shear Design for (B2(02)): -

1. Cased: -
for shear design, minimum shear reinforcement is required (A, ,ni»), Reinforcement.
Use stirrups (2 leg stirrups) @ 10/ 150 mm, A, = 2 x78.54 = 157.08 mm?

Vy=442.9 KN
Ve =ﬁ fc'b, d == ﬁ\/ﬁ * 800 * 440 * 10~* = 287.40KN

® V= 0.75*287.40=215.56 KN

, 1 1 .
® Vsminz 075 (5) * bw * d=0.75* (3)*800*440*10° = 88KN  Controls

® Vsmin >0.75 (%) * bw* d = 0.75*(%4) * 800 * 440*10° = 80.83 KN

D Ve<Vu<d Ve + d Vsmin
215.56<442.9 < 303.56...... not satisfied

Cases 1&2& 3 isnot suitable

v =< fc'b, d=-V24« 800 440 =57481KN

Q)I:i"lt + v.ﬁ',rnmj < i"lu E ¢rr.1"lc + i”:.w."')
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0.75(287.4+ 88) <442.9< 0.75(287.40 + 574.51)
281.55 <442.9 <646.45
shear reinforcement is required

As=157.08 mm?

Vo=V, — V.= 227 _287.40=303.14 KN

.75

_ Aufyed 157.08 x 420 * 440
T w, 303.14 %1000

5 =95.76 mm control

440
= = T = 220 mm ar Smar = 600 mm

si'il'Ln'..l.'I.'

N B

Use4leg @ 10 @100mm.
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4.7 Design of two way ribbed dab:

T BTN TN B
Zone 1 Zone 2 »
- L

- . -

Fig (4-8): Statically system of tow way rib dlab .
LL =5 KN/m® Fc' =24 N/mm? Fy = 420 N/mm?

* Tiles, 3 cm .
* Mortar,3cm.
e Sand,7 cm .
* Plaster 2 cm, .

* Partitions, 1 KN/m?.

Minimum thickness (deflection requirements): Assume the thickness for the shown
ribbed slab , h =35 cm.

Check for the minimum thickness of the slab:

=833333.33cm*

_ Bh® _ g0s503
I'B30e) = —5 = =

hh? G507

I'B3az1e) = —5 = —;

= 625 000 cm*
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] <503
| B310) = % = & 1 20 =520833.33 cm*
Bh3 G607 4
| B315) = B E - 625 000 cm

The moment of inertiafor the ribbed slab is the sum of moment of inertia of T-

section ribs within adistance (L/2 + bw )

' 52 cm '
5 | |
~
3 : ‘
[ =] -
=
E E E
R = "
8 o .
i ~
20cm
1_ 20cm [__ 12:m_|_ 20cm
™ - il i -1
Fig (4-9): Detailing of sectionintwo way rib slab .
be = 52 cm

_40*8*4+12*35*17.5_

350
0 =11.662 cm

CcC = *
y 8+ 40 +12 * 35
Lo = 52¢11.66%  2620+3.66° + 12+23.34% _
RIB~= ™4 3 3

=27477.53 — 653.705 +50858.38
=77682.205 cm”
Short direction, L=7.15m =715cm

L
I, = &‘Jgﬂ = 77682.205 * (814/2 + 60)/52 = 623698.48 cm”

Long direction, L=8.4 m =840 cm
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Ly
lo = ﬁ""hﬂ =77682.205 * (840/2 +50)/52 = 702127.622 cm’

Long direction, L=84m=840cm, b,=80

| RIB« (24 b w)

ls = ——-—— =77682.205 « (840/2 +80)/52 = 746944.28 cm"

Short direction mid span L=715/2 + 60 +810 +785/2 =810 cm

Is = =2 = 77682.205* 810/ 52 = 1210049.73 cm*
— lpiBaiiey _ 625000
i1 = lsshort ~ 62369848 1.002 /
cw _ _ O,
— lbip3jiyy _ 52083333 _ 0.742 I. B3(06 / 80" 50) l,:’r ;
Uiz = lgshort ~ 702127.622 | /
| (£ r"'l/;
_ Ipjpajia) _ 10800000 _ |
T lgshort 121004973 0.893 | # 74
| 3 [/
_ Ibipagie) _ 83333333 _ | 5 Y /
Otfg = lsshort ~ 74694428 1.116 | @ & rr-’f_
I % |/
| /,-’ as = L
Ofm=0fy T Ot Gt Ora/4 an 4 /
= ' /s
=3.753/4=0.938 | ¢ 7
' 8 v,
2>0.938>0.2 8
| 3 ;
Ln(0.8 + 12 | o /
h= 1400°__~ 45 = &
36 + 54 (afm — 0.2) o mm_ oy Wl
C148 C150 c15¢
_imlong . B4
p= inshort  17.15 1.175
420
8400(0.8 +1400) 9240

=22908cm<35cm ok

h= 36 +5 % 1.175(0.938 — 0.2)  40.336
take dab thickness h lab = 35 cm
Topping =8 cm

Hollow block = 27 cm
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L oad calculation:

Material Quality Density
KN/m3

Tiles 23 0.03*0.52*0.52* 23 =0.1866
mortar 22 0.03*0.52*0.52* 22 =0.1785
Sand 17 0.07*0.52*0.52*17 =0.3218
Reinforced Concrete Topping 25 0.08*0.52*0.52* 25 =0.541
Reinforced Concrete Rib 25 0.12*0.27*0.92* 25 =0.7452
Concrete Block 10 0.4*0.4*0.0.27*10 =0.432
Plaster 1 KN/m2 22 0.02*0.4*0.0.27*10=0.0.119
Partitions 1*052*052-0.2704
Total Dead Load, 2.795KN

Table (4-4): Dead Load calculation for two way rib slab.

Dead L oad of slab:
DL = 2.795/0.52*0.52 = 10.338 KN/m?

Wp = 1.2¥10.338 = 12.406 KN/m?
Live Load of dlab:

LL =5KN/m?

W, = 1.6*5=8 KN/m?

W, = W+ Wp = 12.41+8 = 20.41 KN/m?
Moment calculation:
Ma= Ca*W*L%a*be |,
La=7.15m , Lb=84m
La/Lb = 0.85

Caseb6:

Canegative = 0.083 ,
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Capositivep = 0.042




Capositive | = 0.046

0.017

Cb positive p
Cb positive . = 0.022
Ma negative = Ca negative* W* L %a* be
= 0.083*20.41*7.15%*0.52 = 45.034 KN.m
Ma positive p = 0.042* 12.41* 7.15%¢0.52 = 13.86 KN.m
Ma positive | = 0.046*8*7.15*0.52 = 9.78 KN.m
Mb positive =13.86+9.78 = 23.64 KN.m
Mb positive p = 0.017*12.41* 8.4%*052=7.74 KN.m
Mb positive | = 0.022*8*8.4%¢0.52 = 6.46 KN.m
Mb positive = 7.74+6.46 = 14.2 KN.m
Canegative (Zone 2)

m=7.85/84=0.93, Case6

0.9 ----- 0.079
0.93 ----- Canegative
0.95 ----- 0.075

Canegative = 0.079 _ 0.075=0.079

0.93-=0.9 0.95-0.9

Canegative = 0.0766
Ma negative=Ca negative* Wu* L ’a* be=0.0766* 20.41* 7.85** 0.5 =50.1KN.m

Slab reinforcement :
Design of Negative Moment(Mu=50.1 KN.m):

Assume bar diameter 318 For main reinforcment

d =h— C — dgirups — dba/2 = 350 — 20 — 8 — 18/2 = 313 mm.
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My  50.1x109

Ri= obd? ~ poxizoxi1zd 4.73 Mpa.
fv 420
m= -t = =206
0857~ 0B5%24
_ 1 4 i _ZmRy _ 1 . . _ ZX206x473 _
P= 1 1 420 20.6 1 1 =T 0.013

As=p.b.d =0.013x120x313 = 488.28 mm’.

CheCk fOI’ As’mm'
\/ V2 2
ASmin = bw, *120* 313 =109.5 mm
Smin = 4(1y) ( w)(d) =

1.4
Smin (b )(d) = —*120* 313=125.2 mm? Controls
(fy) 420

Agnin=125.2mm* < Ageq = 488.28 mm’

Use 2418 Bottom, Asprovided= 508.68 MM*>Ag;equired= 488.28 mm?

Check for strain: -

As fyr SO08.68 x420
a= — = - = 87.3 mm
0858 ) 0B5x120x24

B7
x=2L =3 — 102.7 mm
By 085

d—x 313 —=102.7
£, =0.003 —— =0.003 ———=— =0.0061 = 0.005
x 102.7

Design of positive Moment(M u=23.64 KN.m):
Assume bar diameter @14 For main reinforcment

d =h— C — dgiryps — dba/2 = 350 — 20 — 8 — 14/2 = 315 mm

My 25642100
=——= - =0.51 Mpa.
"™ ghd? ~ pow520x315% p
v 420
m=——, = = 20.6
0855 0B5x24
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1 ZmR 1 2206051
p== 1-— 1200 - 1 4 _ 4 _ZxE0exubl

m 4240 20.6 4210

= 0.00123

As=p.b.d = 0.00123%x520x315 = 201.5 mn’.

CheCk fOI’ As’mi n: =

VIS gy = Y2

ASnin = *120* 315 = 110.23 mm’
T 4(ty) 4* 420
1.4 14, s 5
Asmin = — (bw)(d) = —*120* 315= 126 mm Controls
(fy) 420

Agnin=126 mm® > Ageq = 201.5 mm?
Use 212 Bottom, Asprovided= 226.1 mMmM*> Agyin = 201.5x mm* Ok

Check for strain: -

_ Aspy _ 22R1:420
0E5h ) DESx5Z0x24

= 8.95 mmn

2495
X=— =—"=10.53mm
By 085

d=—x 315-10.53
£, =0.003 —— =10.003 ————=— =0.0867 = 0.005 Ok
' X 10.53

Design of positive Moment(Mu=14.2 KN.m):
Assume bar diameter @14 For main reinforcment

d = h—C— ds[irups—dbarlzz 350—20—8— 14/2 = 315 mm

My 14zx10%
Rn= PhdZ  09x520%3152 0.306Mpa.
[y 420
m=—%-; = =20.6
nesy T 085x24
=1 4 _ q_E2mf _ 1 4 2Zx20.6x0306 _
P=n 1 1 420 206 1 1 I 0.000734

As=p.b.d = 0.000734x520x315 = 120.25 mm?.
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Check for Agmin:-

./ fc 24 )
Smin = *120* 315 = 110.23 mm
"= (fy)( w(d) = S
ASnin = 7y )(b )(d) = AE)*lZO* 315=126 mm? Controls

Agnin=126 mm? > Ageq = 120.25 mm?
Provide Agmin= 126 mm?
Use 2g12Bottom, Asprovided= 226.1 mMM*> Agnin = 126 mm? Ok

Check for strain: -

As for 226.1 %420
a= — = : = 8.95 mm
DESH f DAB5x520=24

8.95
X=— =—-"=10.53mm
B, 085

315 -=10.53

d=—x
£, = 0.003 {T} =0.003 T

] =0.0867 = 0.005 0k

Design for shear:

p— 3575 1.5 3575

S 73

3.57a

Fig (4-10): Load distribution .
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The shear in the slab can be Calculated using tributary areafor shear (as simply
supported 1m strip )
Vug = Wu*be((Ln/2)-d) = 20.41*0.52((7.15/2)-0.315) = 34.6 KN

gV = % ferbw*d = 0.75*% x\/24* 120*315* 10° = 25.46 KN
gV =25.46 KN < Vug= 34.6 KN
, 1 1 5

Vsmin> (5) * bw * d = (5)*120*315*10 =126 KN  Controls

Vsmin > (E) * bw * d = (@) * 120 * 31510° = 11.57 KN
16 16

® Ve =25.46 KN <Vu = 34.6 KN < (® Ve + @ Vsmin) = 34.91 KN

Use 2 leg ®8

As=157.08 mm?

Avmin 1 bw 1 120 2x50

s 3 fy 340 s M
S=1050 mm
d 315
Bnuy = > =T = 157.5mm or Smar = 600 mm

Use2d8 @ 12.5cm clc .
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4.8 Design of column:
DL =38628KN Fy=420MPa
LI = 1731.KN Fc=28MPa
Length of columm =3.7m

Check Tybe Of Column

KLu 1437

S = AnAR 20.55<22  Short column

Pu=1.2*3862.8 + 1.6*1731.5 = 4653.36 + 2770.4 = 7405.7 KN

Axst

Assume 0.01< pg = B < 0.08 ,pg=0.0,6A4st = pg*Ag=0.02 Ag

Selecting column dimension
®Pn = Pu = ®*0.8%(0.85* Fc* (A g-Ast)+Ast*Fy), ® = 0.65 for tied column

= 7405.76 = 0.65* 0.8* (0.85* 28(A g- 0.02* A g)+0.02A g* 420)

Ag =210 — 422558.48 mm? |, Ag = 500 b = 422558.48

17.52h

b = 845.12 mm?

Try a=500mm , b =800 mm

A = 500* 800 = 400000 mm?

Selecting longitudinal bars

7405.76* 10° = 0.65* 0.8(0.85* 28(400000-Ast) +Ag* 420)

Ag =11917.83 mm?

Use 20028 with Ag = 12315.04 mm® > Ag req = 11917.83 mm?
pg = A¢/Ag = 12315.04/500* 800 = 0.03

Design of ties:

Use ties @10 with spacing shall not exceed the smallest of
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1. 48dsirips = 48*10 = 480 mm

2. 16dyy = 16*28 = 448 mm control
3. Smallest dimension of column =500 mm

Use @10 @ 400 mm .
Check for coderequired :
Clear space:
1. Clear spacing in X direction:

800 —40.2—-10.2—=28=%7

= 84 mm
6

84 mm > 40 mm > 1.5d,y = 1.528 = 28 mm
2. Clear spacingin 'Y direction:

500 —40.2 -10.2 —28 %5

= 66 mm
4

66 mm > 40 mm > 1.5dpy = 1.5%28 = 28 mm
3.Cross Reinforcement Ratio :
0.01<pg 0.03 < 0.08 ok

4. Number of bar 20 > 4 for rectangular section

5. Minimum tie diameter ®10 for ®28 bars ok

6. Spacing of tiesS= 400 ok

7. Arrangement of ties 84 mm
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7928

I\

50 cm

E

B

??@28

— ¢ 10@ 40cm

80 cm

.

>

Fig (4-11): Reinforcement and detailing of column .

4.9 Design of Basement Wall:

Fc¢’ =24 Mpa
Fy =420 Mpa
¢ =35° y=19KN/m?

Ko=1-=sin®
=1-sin35=0.426

L oad on basement wall:
For 1m length of wall.

* Weight of backfill:

Dueto soil pressureat rest, p. = C.* W * h=0.426 * 19 * 4 = 32.37 KN/m?

AndH.=p.* h/2=3237* 4/ 2=64.47 KN/m?.

Dueto surcharge P=C.* Ws=0.426* 5=2.13 KN/m?

AndHe= pn* h=32.37* 4=8.52 KN/m?.

H. : isdueto arectangular loading , whereas Hs is due to uniform loading .
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Figure (4-12): Load of basement wall .
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Factored reactions:

MomentiShear Envelope {(Factored) Units kN meter
WMomenia:__spans 1001
i i
P'--._\_\_\_EL -'_'_'_'_'_,_l,_;-'—"l
T _'__,d_f'—‘_f
h"-a-h___
I
e _'_'___,_:—'—
| 1.8 501 23
r T
Shaar
TR -41.3
e —a
I f
_:—_'_'_'_'_'_
—— _.—'-Ff
ﬁn
TED
“Heactions
Factoved
| i
CrendT [+ .
LiveR 7587 #1.24
Max R 75,87 1.3

Fig (4-13): Shear and Moment Diagram of basement wall.
RA=1.6( (8.52/2)+(2*64.47/3))=75.58 KN

RB=1.6( (8.52/2)+( 64.47/3))=41.2 KN

Max positive bending moment within the span accurse at the section of zero shear .

Vu=41.2-1.6(2.13* X)-1.6*0.5*32.37* X*X/4 =0

6.47X°% + 3.41X -41.2=0

||-3.41 V34T 4B 4T —41.2
- 26,47

X =

X =273,X=28
Design of bending moment:
Mu = 41.2%2.24 — 3.41*2.27+0.5 —2.27%6.47/3 = 59.51 KN.m.

Wall thicknessis 25 cm , assuming @18 for bar diameter.
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d=165mm

Take @ = 0.9 for flexure

For Mu=59.1 KN/m

* 6
R =t 10 5 aMPa
0.9%1000* 165
=¥ 2050
0.85" fc
e 0 e * *2.40
o1& o 2M, 0 1 él' \/1_ 27 2059* 249 _ p6ng
mg f, & 2059 420 5

As,= 0.006.9* 1000* 166 = 1011.9 mm?/m

nzs f'

Asmin = .bw.d =550 mm?m

Asmin:;%:.bw.d = 481.5 mm%m
Asreq > Asmin , ok

Asreq 10119

= = =397
AS20mm  254.47

S=0.251
Try 18 @ 25 cm or 4918 /m.

Check if thicknessis equate enough
Assumeinitia thickness = 25 cm
Vu= 7558 KN

@ = 0.75 reduction factor of shear

f /T *b,*d
fve=—Y e v —
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Assume reinforcement bars are 20
20
d=200—75—7=115mm

_ 0.75V24*1000* 115
6

fVc =70.422 KN

Vu<fVc , Thicknessis not enough

Try 25 cm thickness
20
d=250—75—7=166mm

_ 0.75V24*1000* 166
6

fVc = 101.04 KN

fVc>Vu, ok
fVc/2=50.52KN

Design of the horizontal reinfor cement:

Longitudinal reinforcement : use aminimum steel ration of 0.002 (ACI code, section
14.3) or use P12 bars spaced at 25 cm for each side of the wall.

Asmin = 0.002 *xb *h = 0.002 * 1000 * 250 = 500mm?*/m

Selectp12@250mm/m intwo layer.
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1nesh B1HEL50mm ribbed slab 35cm

/ _thickness

. S 4 SN N
F T | 1 *'--ﬁl'

A D18 @ I50mm

Fig (4-14): Reinforcement of Basement wall.
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4.10 Design of stair:

|L &
360 1.80
5 B B B =
| B T
040/ ™ =
i
=] 1.3
.‘- _I
b (‘ le
i |
_-'—'_'___'_'_‘-'__'_'_'__'_-'_
A
i
b m 1 m

T

il |

Figure (4-15): Top view of stair and static system.

Deter mination of Slab Thickness:
L =4.6m.

hreq = 4.6/ 20 = 23

Use h = 25cm.
0 = tan"}(150/ 300) = 26.565

L oad Calculations at section :

L oad on Flight:
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Dead Load for 1m strip:

3 Quality Density
Mat |
ateria KN/ m® W KN/m
0.15 + 0.35
Tiles 27 27 x (.—-) x 0.03 x 1 = 1.35
0.15 + 0.3
martar 22 22 % (——-—-——-) x0.02x%1=0686
= ;
Stair steps 25 h}:—% * (w] x1=1875
Reinforced Concrete 25x%x025x%x1
solid slab = c0s 26.56° 699
22x003x1
Pl r 2 —ee = (],
aste 2 S 76.56° 0.738
Total Dead Load, KN/m 11.61

Table (4-5): Load calculation for flight.

Load on landing:

Dead Load:
Material Quality Density yh-1
KN/ m3 KN/m
Tiles 22 22 x003x1 =066
mortar 22 22x002x1=0.44
Reinforced Concrete solid slab 25 25 x025x1 =625
Plaster 22 22x003x1 =066
Total Dead Load 8.01
Table (4-6): Load calculation for landing.
Live load:

Liveload for stairs = 3 KN/ m? , from Jordan code of loads .
Factor Loads:
W=1.2¥11.61+1.6*3*1=18.73 KN/ m.

W= 1.2*8.01+1.6*3* 1= 14.41 KN/ m.
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Moment/Shear Envelope [Factomd) UmEs-eM, rmaies

T Womenis:  spans 1 1

| 13 449 23

41.

Reactions

T
DeadR  30.52 18.62
LiveR 10.52 6.Th
Max R 41.04 26.38
Min R 41.04 26.38

Fig (4-16): Shear and Moment Diagram of stair.

Design of Shear:
Assume @ 14 for main reinforcement: -
d =250-20 -14\2 = 223 mm

Take max shear as the support reaction
Vu=41.04 KN

fVC:—f \E;m*d

_ 0.75* /24 * 1000 * 223
6

fVc =136.56KN /m

Vu=41.04 KN<fVc/2=68.3 KN.

No shear Reinforcement is required. So the depth of the stair is OK.
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Design of Bending M oment:

2.19*2.19
Max Mu = 18.73*(7) —41.04* 2.19 =44.9 KN.m.

Mn= w = 44;9 =49.9KN.m/ m

09 09
Assume & 14 for main reinforcement: -

d = 250-20 -14\2 =223 mm

K = Mn
bxd?

_49.9*10°

n s
1000* 223°

m=_Y
085" fc'

=1MPa

0 @ * *10
f I:iél_ 1- wi:O_OOZM
mg = 2065 U 40 3

Ase,= 0.00244* 1000* 223 = 544.6 mm?/m

As_. =0.0018b* h=0.0018 1000~ 250= 450mnt
AS = 450mm < A= 544 mm°

Use ® 14@ 25 cm

As provided = 616 mm?®> Asreq.
Step smallest of :

1.3h=3*250 = 750 mm

2. 450 mm
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280 280

3.S= SSO*F —2.5Cc = 380%3 i 2.5*20 =330 mm Control

3

280

S= SSO*F =380 mm

S=250 mm < Smax = 330 mm
Shrinkage and temperature reinforcement

As = 0.0018* 250* 1000 = 450 mm?

450
T 1131

=3.98

S=1=—=0251m

n 3.98
Take 4 ® 12/m , As = 452.4 mm“/m
Step for shrinkage :
1. S=5h=5*250 = 1250 mm
2.S5S=450mm Control
S=300mMm<S=450mm , ok
Design of landing:

15.53 KN/m 15 53 KN/m

T
i |] [] ]
L r L . L . . i B |
1441KNm

p 4141

~ b,_;,{,_. e

L
A

Fig (4-17): Landing load.

Design of Shear:
Reaction at each support
R =(14.412*3.6/2) + (16.5*1.7) = 54 KN

Check for shear strength
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Assume @ 14 for main reinforcement
d = 250-20-14/2 = 223 mm
Tack max shear as the support reaction

Vu =54 KN

* * *
fyez 075 @61000 223 _ a6 s6kN /m

Vumax =54 KN <fVc/2=68.3KN.

Design of Bending M oment:

1.8x1.8

Mu = 54*1.8-14.41* -16.51. 7* 7 40.1=47.12KN.m/m

Mn=Mu/0.9=47.12/0.9=52.36 KN.m.
d =223 mm.

K = Mn
b xd?

_ 52.36*10°

L= 2 —_ =105MPa .
1000* 223

& 0 * *
r=lg. 2o §1 Jl-m = 0.00257
mg " f, 3 06 20 5

A5,= 0.00257* 1000* 223 = 572.64 mm’
As,;, =0.0018* b* h = 0.0018* 100* 250 = 450 mm’

AS 5, = 450 MM? < ASe,= 572.64 mm?
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Use © 12

_ As  _ 5764
As®12 1131

=46

s:;::i_—o.217 m

46
Use ® 12@ 20 cm
AS provided = 565.5 mm” > As = 572.64 mm’
Step smallest of :
1.3h =3*250 = 750 mm

2. 450 mm

3.5=380*22 _25Cc= 380*—% — 2520 = 330 mm

Is -:;*4'

S= 380*% =380 mm

S=250 mm < Smax = 330 mm
Shrinkage and temperature reinforcement
As=0.0018*250* 1000 = 450 mm?2
n=450/113.1 = 3.98
S=1n=1/398=0.251m

Take 4 ® 12 /m , As =452.4 mm2/m
Step for shrinkage :

1. S=5h=5*250 = 1250 mm
2.5=450mm Control

S=300mm<S=450 mm , ok
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- Section (A-A)

ERrBsLe,/20 L= fm (hEeBe14,/E0em.L-E.00m

i | 1 T

- —
T — @0912/0em.L=6 66em

AI_ b 3 1

15 i J |

':- -
i Be14d/200m.L=5.58m . . N

i - e (B PELE/20cm. L=t 50m

2 .y 1 1

@ieraeLs, 200m Lo1.6m DeeBe14,/ 2000 L=5.68m

Figure (4-18): Reinforcement for stairs.
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4.10 Design of isolated footing :

Service dead load = 3863.8 KN

Serviceliveload = 1731.5 KN

Service surcharge =5 KN

Permissible (allowable) soil pressure = 300 KN/m?
Soil density = 19 KN/?

Assume h of footing =40 cm

Oang = 300 — 1.2¥19 — 0.4*25 — 5 = 262.2 KN/m?

— P :Eﬂﬁz.ﬂilTHi.5:17.52 m2
ga net 2622
A=L%2 L=+vA =v/1752=4.18m
TakeL =4.2m

Depth of footing and shear:
Pn = 7405.76 KN
Qu = 7405.76/4.2* 4.2 = 419.83 KN/m?

Oneway shear :

Vu at distance d from face of support

Vu = qurb(L/2 -a/2 -d)= 419.83*4.2(4.2/2 -0.8/2 - d)

Let Vu=@Ve (9 = 0.75)

¥

1 1
g.jfbwd =€\/ﬂ*4200*d

(419.83*4.2)/(0.75)* (4.2/2 -0.8\2 —d) =3704.05*d
2351.78 (2.1 - 0.4 - d)= 3704.05*d

d =3996.78/6055.1 = 0.66 m

Assume cover 75 mm, and steel barsof @20

The d average will be used

h =660 + 75 + 20 = 665 mm
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porimeter

=
/o
= 419.83(17.64 — (1.165 * 1.465)) ) e
e 1.705 m
VU = 6689.27 KN g / / /

B =2800/500=1.6

Two way shear: 7 /
ar2
Let Vu=0@Vc (@ = 0.75) ol //
=B g C
| &

= 1,1 ri'rlu:al//
Vu = 419.83 (4.2* 4.2 —(05+d)* (0.8+d) ' & shoar

bo = 2(0.8+0.665) + 2( 0.5 + 0.665 ) = 2.39 + 2.33 =5.26 m

os =40 - interior column

Ve =1/6 (1 +2/B) 1/6( 1+ 2/1.6 )
Ve =1/12 (as+ g/ bo) 1/12 (40 * 0.665/5.26 + 2) =0.588
Ve=1/34/fc*bp*d 1/3=0.3333 - control

Take Vc=13,/fc* by*d

Ve =1/3*v/28* 5260 *665*10 ° =6169.7 KN

@Vec =4627.28<Vu=6689.27 KN NOT OK

Take h=1000 mm

d = 1000 — 75 -20 =905 mm

bo = 2(0.8+0.905) + 2( 0.5+ 0.905) = 3.41 + 2.81=6.22m

os =40 - interior column

Ve=1/6 (1 +2/B) 1/6( 1+ 2/1.6 )= 0.375
Ve =1/12 (as+ 4/ bo) 1/12 (40 * 0.905/5.26 + 2) = 0.567
Ve=1/3,/fc*bp*d 1/3=0.3333 - control

Take Vc=1/34/f'c* bo* d
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Ve =1/3*/28 * 6220 *905*10 ° = 10567.3 KN
oVe =7925.48 KN >Vu=6689.27KN OK

Design for flexurein short direction:

Take stedl bars of @20

d =1000-75-20 =905 mm

JusSwow Joj
Bale fAejnagii]

Mu=419.83* 42*1.7*1.7/2=2547.95KN. M

. M, 2547.95 % 10° = 0.823 W 30
n= =0. i} i
ObdZ 0.9 X 4200 X 9052 P e
| N
m=—22 =% _ 1764 =2
0BS5S f DB5=28 g
T 1.7m
p=— . =ilan Y
{ ] |I 420 l
—[ 1= [1 =222 =0.001995

420
As=p.b.d = 0.001995x4200x905 = 7584.61 mm*
As_. =0.0018* b* h =0.0018* 4200* 1000 = 7560 mm?
As,;, = 7560 MM’ < ASy,= 7584.61 mm’

Use 25 ® 20 with A= 7853.98 mm?

S=4200— 75*2 -25*20 /24 = 147.91 mm
Step isthe smallest of :

1. 3h = 31000 = 3000 mm

2. 450 mm - control

S=147.91mm < Smax =450 mm ok
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Design for flexurein long direction: Critical section

for moment T

7

\?

Take stedl bars of @20

d =1000-75-20 =905 mm

Mu=419.83* 4.2*1.85*1.85/2 = 3017.42KN. M

Tributary area
for moment

M, 3017.42 % 10°

NN

An = = =0.0974 Mpa
0bdZ 0.9 X 4200 X 9052 p
_ 1.85m
m=—22 = %20 _ 1764
.85 _FI_ NE5=28

p=—[1— 1= )= [1— [1 - 2220 = 0,00237

4210 17.64 4240

As= p.b.d = 0.00237x4200x905 = 9008.9 mm*

As,,, =0.0018* b* h = 0,0018* 4200* 1000 = 7560 mm?
AS,;, = 7560 mm’ < AS,,=9008.9 mm’
Use 19 ® 25 with As=9326.6 mm*> As_ =7560 mm?

S=4200 - 75*2-19*25/18 = 198.61 mm
AS provided = 9326.6 mm® > As = 9008.9 mm?
Step isthe smallest of :

1. 3h = 3*1000 = 3000 mm
2. 450 mm - control

S=198.61mm < Smax =450 mm ok
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Fig (4-19): Section in footing.
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Fig (4-20): Top view of footing.
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