
ة مناصرةــــآی
ن ناصر الدینـــحنی

ھ شحاتیتـــسان

:
.

–

٢٠١٤/٢٠١٥
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الإھداء

بأكثر منید وقاسینا أكثر من هم بدأنا
وعانینا الكثير من الصعوبات وهانحن الیوم 

والحمد الله نطویسهر اللیالي وتعب الأیام وخلاصة 
.مشوارنا بين دفتي هذا العملالمتواضع

الذي إلى الأميىالمصطفإلى منارة العلم والإمام
علم المتعلمين إلى سید الخلق إلى رسولنا الكريم 

" .صلى االله علیه وسلم"محمدسیدنا 

إلى الینبوع الذي لا يملالعطاء إلى من حاكت 
سعادتي بخیوط منسوجة من قلبها إلى 

.والدتیالعزیزة
الذي لم ،بالراحة والهناءإلى من سعى وشقي لأنعم

یبخل  من أجل دفعي في طریق النجاح الذي علمني 
والدي إلى ،سلم الحیاة بحكمة وصبرأن أرتقی

.العزیز

ي ویلج  بذكراهم فؤادیإلى من حبهم يجري في عروقی
.أخواتي وأخوانيإلى ،  
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إلى من سرنا سویاً ونحن نشقالطریق معاَ نحو 
ونحن كاتفنا یداً بید النجاح والإبداع إلى من ت

.زملائي الأعزاءإلى ،تعلمنانقطف زهرة 
إلى من علمونا حروفا من ذهبوكلمات من درر 

وعبارات من أسمى وأجلى عبارات في العلم إلى من 
صاغوالنا علمهم حروفاومن فكرهم منارة تنير 

، أساتذتناالكراملنا سيرة العلم والنجاح إلى 
الأستاذ القدیروإلى 

.نافذ ناصر الدین
.من ساهم في إنجاز هذا العمل المتواضع الى كل

.الى كل هؤلاء دي هذا البحث

فریق العمل

الشكر والتقدیر

.وأخیراًكما یلیق بجلال وجھھ وعظیم سلطانھ أولاًه إن الشكر والمنة الله وحد

نتقدم بجزیل الشكر والامتنان

.جامعة بولیتكنك فلسطین ....إلى جامعتنا العزیزة 

.كلیة الھندسةإلى 

.ا التدریسي  و الإداريبطاقمھ....إلى  دائرة  الھندسة المدنیة والمعماریة 
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.نافذ ناصر الدین .د....المشرف على ھذا  المشروع إلى 

.أھلنا الأحباء....نا في جمیع مراحل حیاتنا إلي من  دعم

.متواضعالانجاز ھذا البحث إلى كل من ساھم في 

فریق العمل

لكلیة فنون جمیلةالتصمیم الإنشائي 
في مدینة الخلیل  

:العملفریق

آیة مناصرة

حنین ناصر الدین

سانھ شحاتیت

جامعة بولیتكنك فلسطین

م٢٠١٤/٢٠١٥
:إشراف
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الدینناصرنافذ.د

ملخص المشروع

كلیة تتكون من عبارة عنيوھفي الخلیل، لكلیة فنون جمیلةتتلخص فكرة ھذا المشروع في التصمیم الإنشائي 

؛ المشروعتصمیم كافة التفاصیل الإنشائیة اللازمةسیشملبحیث ، طبقات خمسة 

وتوزیعھا بشكل متناسق من الفراغیةسلوب یقوم على تعدد الكتلأببأنھ تمویتمیز التصمیم المعماري للمشروع

عند توزیع الكتل بتوفیر الراحة وسھولة المعماريتم الاھتمام من قبل المصمم، إضافة إلى أنھالناحیة الجمالیة والوظیفیة

وتكمن أھمیة المشروع في تنوع العناصر الإنشائیة في المبنى مثل الجسور والأعمدة، كماوسرعة الوصول للمستخدمین 

.وغیرھاوالأدراج والبلاطات الخرسانیة والجسور المدلاة

)(لأمریكي على متطلبات كود الخرسانة ابناءً-شاء االلهإن-سیتم التصمیم  ACI، وستتم الاستعانة ببعض

استخدام الكود أنھ سیتمومن الجدیر بالذكر . وغیرھاAutocad ،Safe،Etabs،Atirبرامج التصمیم الإنشائي مثل

على بعض مشاریع التخرج الاطلاع ودراسة المراجع الخاصة بالتصمیم الإنشائي ووسیتملتحدید الأحمال كما ردنيالا

دراسة إنشائیة تفصیلیة من تحدید و تحلیل للعناصر الإنشائیة والأحمال المختلفة حیث سیتضمن المشروع السابقة،

.للمبنىالإنشائیة طات و إعداد المخطالمطلوبة في مقدمة المشروع المتوقعة ومن ثم التصمیم الإنشائي للعناصر

Structural design of PalestineFaculty of Fine Arts
in Hebron

Work team:
Ayah Manasrah

Hanin Nasser AL-deen
Sanah Shahateet

Palestine Polytechnic University 201٤/201٥

Supervisor
Dr. Nafez Nasser AL-deen
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Abstract

The idea of this project is the structural design of Faculty of Fine Artsin Hebron, which
includes five stores. The project will includethe construction design with all details necessary
for the building.

The architectural design of the project based on multiple steric blocs distributed
consistently in terms of aesthetic and functional purposes, as well as it has been designed in
the form of distributing blocks that provide comfort, ease and speed of access for users. The
importance of the project can be observed in the variety of the structural elements of the
building such as slaps, beams, columns, foundation…etc.

The project - God willing - will be designed using (ACI ) code and we will use some of
programs of structural design such as Autocad2010, Safe, Etabs, Atir…etc. And we will use
the Jordanian code to determine the loads, and we will refer to several references and
graduation projects for data and design calculations. So the project will include detailed
structural study, analysis of the structural elements, expected and calculated loads, the
structural design of the elements required and the preparation of construction plans.
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Chapter 4
Structural Analysis & Design

Introduction
Factored Loads

Slab Thickness Calculations
Load Calculation

Design Of Topping
Design Of Rib (FF-R1,2)

Design Of Beam (FF-B0,8)
Design of Column  (C1,27)

Design of Stair
Design of Isolated Footing (F3)

Design of Shear Wall
Design of Strip Footing
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Introduction:

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

Concrete used in most construction work is reinforced with steel. When concrete
structure members must resist extreme tensile stresses, steel supplies the necessary strength.
Steel is embedded in the concrete in the form of a mesh, or roughened or twisted bars. A bond
forms between the steel and the concrete, and stresses can be transferred between both
components.

In this project, all of design calculation for all structural members would be made
upon the structural system which was chosen in the previous chapter.

So, in this project, there are Two types of slabs: two way solid salb and one way
ribbed slab. They would be analyzed and designed by using finite element method of design,
with aid of a computer program called "ATIR- Soft ware " to find the internal forces,
deflections and moments for ribbed slabs and by using the previous program and
Etabs,Safe,and programs to find the internal forces, deflections and moments for One way
solid slab, and then handle calculation would be made to find the required steel for all
members.

The design strength provided by a member, its connections to other members, and its
cross – sections in terms of flexure, and load, shear, and torsion is taken as the nominal
strength calculated in accordance with the requirements and assumptions of ACI-318-08code.

Factored loads:

The factored loads on which the structural analysis and design is based for our project
members, is determined as follows:

LLLDqu .6.1.2.1  .

Slabs thickness calculation:
Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressedbeams
or one way slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5 =5.81 /18.5 = 0.31m =31 cm

The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21
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= 5.75/21 =0.274m =27.4cm
cm & Topping 8cm24with blockm32h=Select Slab thickness

Load Calculations:

One way ribbed slab:

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

calculated as follows:

Fig. (٢٦) One way rib slab

Calculation of the total dead load for one way rib slab is shown in the following table:

Table (5)

Calculation of the total dead load for one way rib slab

Type bγ h KN/m

Tiles 0.03*0.52*23 0.359

Mortar 0.02*0.52*22 0.229

Sand 0.07*0.52*16 0.5824

Topping 0.08*0.52*25 1.04

Hollow block 0.4*0.24*9 0.864

Plaster 0.02*0.52*22 0.229

R.C rib 0.12*0.24*25 0.72

Partitions 1*0.52 0.52



٥٠

Nominal Total Dead load = 4.5 KN/m of rib
Nominal Total live load =5*0.52=2.6KN/m of rib

Design of Topping:

Live Load = 5 KN/m2.

Wu = 1.2 DL + 1.6 LL

=1.2 * 5.5 + 1.6 * 5 = 14.6 KN/m2.   (Total Factored Load)

12 14.6 0.412 0.1947 .
= 0.42 ′ 0.42 √24 . 10 2.195 .

ф 0.55 2.195 1.2 .
ф 1.2 . 0.1947 .

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement

must be provided.

For the shrinkage and temperature reinforcement :- 0.0018 0.0018 1000 80 144 .
# 0f Ф8 = = = 2.88 → Spacing(S) = . = 0.347m = 347 mm.

Sum 4.5

Type bγ h KN/m

Tiles 0.03*1*23 0.69

Mortar 0.02*1*22 0.44

Sand 0.07*16*1 1.12

Topping 0.09*1*25 2

Partitions 1*1 1

Sum 5. 5
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≤ 380 ( ) – 2.5 * Cc ≤ 380 ( )

= 380 * ( ) – 2.5* 20 ≤ 380 * ( )

= 380 * ( ) – 2.5 * 20 ≤ 380 * ( )

= 330 mm. ≤ 347 mm.

≤ 3 * h = 3* 80 = 240 mm………..controlled.

≤ 450 mm.

Use Ф8 @ 20 Cm C/C in both directions.

Design of Rib (FF-R2)
Material :-
concrete    B300                Fc' = 24 N/mm2

Reinforcement Steel         fy = 420 N/mm2

Section :-
b =12cm                       bf=52cm
h =32cm Tf=8 cm

`
Figure (27): Rib geometry
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Figure (28) : loading of Rib (FF-R02)

Figure (29) : Moment Envelop of rib (FF-R2)

Figure (30) : Shear Envelop of rib (FF-R2)
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Design of flexure of rib(FF-R30):-
Design of Negative moment of rib (FF-R2)

1) Maximum negative moment Mu (-) = 28.5 KN.m.

Mn = Mu /ф = 28.5/ 0.9 = 31.67KN.m

= . ′ = . =20.6

d = 320 – 20 -10 -12/2= 284 mm

= = . =2.67 MPa

= 1 1
= . 1 1 . . = 0.00684

→As = * bw *d =0.00684* 120 *284 = 233.68mm2.

. …………(ACI-10.5.1)

= √ 120 284 . 120 284
= 99.38 mm2<113.6 mm2 ………….  Larger value is control.

→Asmin = 113.6 mm2< Asreq =233.68 mm2.

As = 233.68 mm2.

2 Ф14=308 mm2> Asreq = 233.68 mm2 .  OK.

14Use 2 Ф

→ Check for strain:- ( . )

Tension = Compression

As * fy = 0.85 * * b * a

308* 420 = 0.85 * 24 * 120 * a

a =52.84 mm.

= .. =62.17 mm.

* 0.003

= .. * 0.003 = 0.012> 0.005 ф =0.9……….. OK
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Design of Positive moment of rib (FF-R2)

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

= 320 – 20 – 10 – = 284mm.

bE ≤ Distance center to center between ribs = 520 mm………… Controlled.

≤  Span/4 = 2600/4 = 650 mm.

≤ (16* tf) + bw =(16* 80) +120 =1400 mm.

0 mm.2= 5Eb→

→ 0.85 ′

= 0.85 24 0.52 0.08 0.284 . 10 207.068 .фMnf = 0.9 * 261.60 = 186.36 KN.m

→фMnf =186.36 KN.m > Mu max= 25.2KN.m.

Design as rectangular section.

1) Maximum positive  moment Mu (+) = 25.2 KN.m

Mn = Mu / ф = 25.2/ 0.9 = 28 KN.m.

= . ′ = . = 20.6

= = = 0.667MPa

= 1 1
= . 1 1 . . = 0.0016

→As = * bE *d = 0.0016 * 520 *284= 226.3 mm2.

. …………(ACI-10.5.1)

= √ 120 284 . 120 284
=99.38 mm2<113.6 mm2 ………….  Larger value is control.

→Asmin = 113.6 mm2< Asreq = 226.3 mm2.
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As = 226.3 mm2.

2 Ф12= 228 mm2> Asreq = 226.3 mm2 .  OK.                          *Note: Ф = 114 mm2.

2Use 2 Ф1

→ Check for strain:- ( . )

Tension = Compression

As * fy = 0.85 * * b * a

228* 420 = 0.85 * 24 * 520 * a

a = 9.027 mm .

= . . = 10.62 mm

* 0.003

= .. * 0.003 = 0.0772> 0.005 ф =0.9 OK

Design of shear of rib (FF-R2)

1) Vu = 28.3 KN.

ф Vc = ф * * bw * d

= 0.75 * √ * 0.12* 0.284*103 = 20.87 KN.

1.1* ф Vc = 1.1 * 20.87 = 22.96 KN.

→Check for Cases:-

.ф≤uV1 :Case-1

28.3 ≤ . = 11.5 ……....Not satisfy

cVф≤u<  Vф2 :Case-2

11.5 ≤ 20.87 ≤ 22.96 ………Not satisfy

Minimum shear reinforcement is required except for concrete joist construction , so no shear

reinforcement is provided .
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Design of Beam  (FF-B 0,8):
Material :-

concrete    B300                Fc' =24 MPa

Reinforcement Steel         fy = 420 MPa

Section :-

B =80

h =60cm

Figure (31) : Beam  Geometry.



٥٧

Figure (32) : Load of Beam (FF-B 0,8)

Figure (33) : Moment Envelop for Beam (FF-B0,8)
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Figure (34) : Shear Envelop for Beam

Design of flexure:-

Design of Positive moment:-

→Mumax = 394.2 KN.m .

bw = 80 Cm. , h = 60  Cm.

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

= 600 – 40 –10 – = 540 mm.

. .. 1.87
m . . 20.6
ρ 1 1 . . . 1 1 . . 0.004678
As = ρ.b.d = 0.004678 ×800×540= 2020.79 mm2.
Check for As,min .

As,min =0.25 . . .
As,min =0.25 √ 800 540 1259.7
As,min = . 800 540 1440 .
As,min = 1440 mm2< As = 2020.79 mm2

.         Ok2mm=2020.79s,required>  A2mm= 2086s,provided, ABottom18ø9Use

Check spacing :
S 52.9 18 25 … … … … … … .
Check for strain:
a = .. . 53.68
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c .. 63.157 0.003 0.003 540 63.15763.157 0.023 0.005 0
Maximum positive  moment Mu (+) = 226.4KN.m 226.4 100.9 800 540 1.07
m . . 20.6
ρ 1 1 . . . 1 1 . . 0.00327
As = ρ.b.d = 0.00327 ×800×540  = 1412.64 mm2.
Check for As,min .

As,min =0.25 . . .
As,min =0.25 √ 800 540 1259.7
As,min = . 800 540 1440 .
As,min = 1440 mm2>As = 1412.64 mm2

.         Ok2mm1440=s,required>  A2mm= 1524s,provided, ABottom18øUse 6

Check for strain
a = .. . 39.22
c .. 46.142 0.003 0.003 540 39.2239.22 0.032 0.005 0
Design of negative  moment:-

Nrgative moment Mu (-) = 432.9KN.m. 432.9 100.9 800 540 2.0
m . . 20.6
ρ 1 1 . . . 1 1 . . 0.00478
As = ρ.b.d = 0.0102×800×540  = 2069mm2.

Check for As,min .

As,min =0.25 . . .
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As,min =0.25 √ 800 540 1259.7
As,min = . 800 540 1440 .
As,min = 1440 mm2< As = 2069 mm2

.         Ok2mm2069=s,required>  A2mm= 2286s,provided, ATOP18ø9Use

Check for strain:
a = .. . 52.83
c .. 69.21 0.003 0.003 540 69.2169.21 0.0204 0.005 0
Design of shear:-

1) Vu= 378.3 KN .

фVc = ф * * bw * d

= 0.75 * √ * 0.8 * 0.540 * 103 = 330.68 KN.

→ Check For Cases:-

.ф≤uV1 :Case-1

378.3 ≤ . = 165.34…....Not satisfy.

cVф≤u<  Vф2 :Case-2

165.34 < 378.3≤ 330.68…….Not satisfy.

minVsф+cVф≤u<  VcVф3 :Case-3ф Vs min ≥ ф * bw * d = . √24 * 0.8 *0.540 * 103 = 99.2 KN.

≥ ф * bw * d = . * 0.8 * 0.540 * 103 = 108 KN……….Control.фVs min = 108 KN.фVc + фVs min = 330.68 + 108 = 438.68 KN.фVc<   Vu ≤ фVc + фVs min

330.68< 378.3 ≤ 108 ………. Not satisfy.

* d )w* b*ф+ (cVф≤u<  VminVsф+cVф4 :Case-4

= 108 < 378.3 ≤ 330.68+ ( . *√24 * 0.8 * 0.540 *103 )

108< 378.3 ≤ 859.77…………. ok
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shear reinforcement are required .
Use 4 leg Φ 12.

As =452.8mm2 .
Vs = Vn – Vc = .. – 440.91 = 63.49 KN 452.8 420 54063.49 1000 173.72

2 5402 270 600
Use 4 leg Φ 12 @ 175 mm c/c .

2)Vu = 335.1KN .

фVc = ф * * bw * d

= 0.75 * √ * 0.8 * 0.540 * 103 = 264.45 KN.

→ Check For Cases:-

.ф≤uV1 :Case-1

335.1 ≤ . = 132.27…....Not satisfy.

cVф≤u<  Vф2 :Case-2

132.27< 335.1≤ 264.45 …….Not satisfy.

minVsф+cVф≤u<  VcVф3 :Case-3

ф Vs min ≥ ф * bw * d = . √24 * 0.8 *0.540 * 103 = 99.2 KN.

≥ ф * bw * d = . * 0.8 * 0.540 * 103 = 108 KN……….Control.фVs min = 108 KN.фVc + фVs min = 264.45 + 108 = 372.45 KN.фVc<   Vu ≤ фVc + фVs min

264.45< 335.1≤ 372.45 ……………..ok .

Use 2 leg Φ 10 .
As =157 mm2 . 2 5402 270 600
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3 157 420 3800 274.275 27016 157 420 16800 √24 269.2 270
Use 2 leg Φ 10  @ 270 mm.

Design of Column (C27):

Fig.(35) :Place Of Column (C27)

Load Calculation for Column

Column Column Dimensions 'fc fy

Col. C27 50cm*50cm 24Mpa 420Mpa

 Load Calculation:
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mma

a

aAg

mmAg

AgAgAg

fyAstAstAgfcPu

gUse

KNPu

11.425
500/33.162559

*500
33.162559

420*02.0)02.0(*24*85.0*8.0*65.010*2400
)()('*85.0*8.0*65.0

%2
2400

2

3















250000mm²=Ag withm500500Use m

Pu(KN) g providedAg, a( mm ) Ag ,required

2400 0.02 250000
2mm 425.11 33.162559 2mm

 Selecting longitudinal bars:
 

 
2

3

41.1100
420*)250000(*24*85.0*8.0*65.010*2400

)()('*85.0*8.0*65.0

mmAst

AstAst

fyAstAstAgfcPu







g = Ag

Ast

= 0044.0
250000

41.1100


Take g = 0.01

As,req = 0.01*250000=2500 2mm

Take 16Ф14 As,provided = 2663 2mm >As,req = 2500 2mm

Ф requiredAst , g

0.65 2500 2mm 0.01

 Design of Ties:
- Use ties Ф10 with spacing of ties shall not exceed the smallest of
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1. 48 * ds = 48 * 10 = 480mm

2. 16 * db = 16 * 14 = 224 mm - control

3. the least dimension of the column = 300 mm

Use ties Ф10 @ 200mm

ds(mm) db(mm) S(mm)

Ф10 Ф14 200

 Check for code requirements:

1. Clear Spacing =
5

14*62*102*40500  =63.2mm > 40mm>1.5db=1.5*14=21mm

- OK

2. g = 0.01 <0.08 - OK

3. Number of bars 6>4 for rectangular section – OK

4. Minimum tie diameter ds =Ф10 for db = Ф14bars – OK

5. Arrangement of ties 63.2mm<150mm – OK

Clear Spacing No. of bars g ds (mm) db (mm)

63.2 mm 16 0.01 Ф10 Ф14

 Check Slenderness Effect:

Lu: Actual unsupported (un braced) length.

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

R: radius of gyration = 0.3 h =

Lu = 3.5 m

M1/M2 =1   (Braced frame with M,min)

K=1 , According to ACI 318-02 The effective length factor, k, shall be permitted to

be taken as 1.0.

)2.12.10(...............
2
11234  ACI

M

M

r

klu

I

A
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ok
r

klu

ACI
M

M

r

klu

......402622
50.0*3.0
9.3*1

)2.12.10(...............4022
2
11234





Lu (m) M1/M2 K
r

klu

3.9 1.0 1.0 26

Fig. (36):Section of Column (C27)
Design of Stairs
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Fig. (37) :Stair (ST1)
 Determination of Thickness:

height =3.74 m

Rise = 3.74/22 = 17.0 cm

height rise run LL 'fc fy
3.74m 17.0 cm 22 cm 3.5 KN/m2 24 Mpa 420 Mpa

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

h,min = L/ 28

h,min =4.25/ 28 = 17.18 cm ………….take h= 20 cm.

 Use h = 20cm.

θ = tan-1(2 / 3.45) = 30.256o

h,min (cm) θ

20 30.256o

Load Calculations

Dead Load calculations of Flight :
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0.03 22cos 30.256 0.762 /0.2 25cos 30.256 5.84 /0.3 0.1670.3 0.02 22 0.68 /0.3 0.1670.3 2 25 2 /0.35 0.1670.3 0.03 27 1.39 /
Total load(DL) = 10.7 KN/m

Live load(LL) = 3.5 KN/m

Total Factored load,,,, (W = 1.2DL + 1.6LL)

For flightW , W = 1.2*10.7+ 1.6*3.5= 18.44 KN/m

For landingW , W = 1.2*6.67+ 1.6*5 = 13.6

flightW (KN/m) landingW (KN/m)

18.44 13.6

Table 4-2 : Dead Load calculations of Landing

Material gama h(m) b(m) KN/m
Tiles 22 0.03 1 0.66
Mortar 22 0.02 1 0.44
R C 25 0.2 1 5
Plaster 22 0.03 1 0.66

Total load(DL) 6.76
Live load (LL) = 3.5 KN/m2
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Becouse the load on the landing is carried into two direction , only half the load

will be considered in each direction 13.6/2=8.81 KN

- Structural System Of  Flight (FL1) :

Fig. (38) :Structural System of Flyight (FL1)

Check for shear strength For Flight:

Assume Ø 14 for main reinforcement:-

d = h – 20 – db/2 = 200 – 20 – 14/2 = 173 mm

KNVu 1.44)223.01.0(81.892.46 

mKNVc /4.112
6

173*1000*24*75.0


Vu = 30.4 KN<0.5* Vc = 56.2 KN .

Thickness is adequate enough

Design of Flexure:

db (mm) h(mm) d (mm) Vu (KN) Vc (KN)
Ø 14 200 173 44.1 112.4
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- Design for Flight:

Mu = 18.44 1.65 0.852 30.4 2.05 37.2 /
Mn = Mu / 0.9 =37.2/ 0.9 = 41.3 KN.m/m

d = h – 20 – db/2 = 200 – 20 – 10/2 = 175 mm

2db

Mn
Rn 


.35.1
175*1000
10*3.41

2

6

MPaRn 

'85.0 fc

fy
m




33.18
2485.0

420



m
















y

n

f

mR

m

2111
 00331.0

420
35.1*33.18*211

33.18
1











reqAs = 0.00331*1000*175 = 5.775cm2./m> minAs = 26.3 cm /m…. OK

minAs = 26.3200*1000*0018.0**0018.0 cmhb  /m

Use Φ 12 then,

Mu(KN.m) m Rn ρ Asreq(
2mm ) Asmin( 2mm

)
S(mm)

37.2 18.33 1.35Mpa 0.00331 3600 3600 150

Use Φ 12 @ 20 cm c/c

- Step ( s) is the smallest of  :-

1. 3*h = 3* 200 = 600 mm
2. 450 mm
≤ 380 ( ) – 2.5 * Cc

≤ 380 * ( ) – 2.5* 20  = 380 * ( ) – 2.5 * 20 = 330mm

≤ 300 ( )  = 300 * ( ) = 300 * ( ) = 300 mm … (control)
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- Check for strain:

Tension = Compression

ok

mm
a

c

ma

a

abfcfyA

s

s

s













005.0039.0

003.0*
35.12

35.125.17

35.12
85.0

105
5.10

*1000*24*85.0420*5.577
***85.0*

1

\







 Temperature & Shrinkage reinforcement:
236020010000018.00018.0 mmhbAsShrinkage  /m

Use Φ 10 @ 20 cm c/c,As prov = 395 mm2/m strip

- Design for landing (L1):

Fig. (39) :Structural System of Landing (L1)

- Calculate the maximum bending moment:

ShrinkageAs ( 2mm ) db (mm)

395 Φ 10
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Mu = 13.6 . 0.95 25.8 24.5 /
Mn = Mu / 0.9 = 27.3 KN.m/m

d = h – 20 – db/2 = 175 mm

2db

Mn
Rn 


.89.0
175*1000
10*3.27

2

6

MPaRn 

'85.0 fc

fy
m




3.18
2485.0

420



m
















y

n

f

mR

m

2111
 0022.0

420
89.0*3.18*211

3.18
1











reqAs = 0.0022*1000*175 = 385 mm2./m< minAs = 2360mm /m…. OK

minAs = 2360200*1000*0018.0**0018.0 mmhb  /m

Use Φ 10@ 20cm c/c

- Step ( s) is the smallest of  :-

1. 3*h = 3* 200 = 600 mm
2. 450 mm
≤ 380 ( ) – 2.5 * Cc

≤ 380 * ( ) – 2.5* 20  = 380 * ( ) – 2.5 * 20 = 330mm

≤ 300 ( )  = 300 * ( ) = 300 * ( ) = 300 mm (control)

- Check for strain:

Tension = Compression

 Temperature & Shrinkage reinforcement:
236020010000018.00018.0 mmhbAsShrinkage  /m

Use Φ 10 @ 20 cm c/c,As prov = 523.33  mm2/m stri

- Step ( s) is the smallest of  :-
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1. 5*h = 5* 200 = 1000 mm
2. 450 mm – control

Design of a shear wall:

To design shear walls we use  ( CSI  ETABS)  Software , and this is a

manual example of shear wall  design :

Fig. (40) Shear and Moment Diagrams of ShearwallSH(32)

Fc = 24MPa

Fy = 420 MPa

t=20 cm .shear wall thickness

Lw = 4.9 m .shear wall width

Hw for one wall = 3.9 m story height
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4 .15.1: Design of shear

  KNVuFy 945.446

Design of the Horizontal reinforcement:
The critical Section is the smaller of:

mmlwd

mtstoryheigh

m
hw

contorlm
lw

392049008.08.0
9.3

9.3
2
8.7

2

....45.2
2
9.4

2








1 16 16 √24 200 3920 6401.33
2 0.27 4 0.27√24 200 3920 0 1037.015

1596 6984 ﴿ 0.7 698 855 .
2 855446.945 4.92 0.54 0

3 0.05 0.1 0.2
0.05√24 0 200 3920 192.04

KN

VcVnVs

89.40304.192)75.0/945.446( 


403.89 10420 3920 0.2453 /0.2453200 0.00123 0.0025
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Use ϕ 12 As=113.1 mm2. 0.0025 301.4 take it 250 mm

Max. Spacing

5 49005 9803 3 200 600
450 mm……………cont.

Use ϕ 12@250mm at both side

Design of bending moment :4900250 2 113.1 4433.524433.524900 200 42024 0.07917
0

2 0.85 0.07917 02 0.07917 0.85 0.85 0.091
0.5 1 10.9 0.5 4433.52 420 4900 1 0 1 0.091 3732.24 .855

Try ϕ 14@200 mm 4900200 2 113.1 5541.95541.94900 200 42024 0.0989



٧٥

0
2 0.85 0.0989 02 0.0989 0.85 0.85 0.10740.5 1 10.9 0.5 5541.9 420 4900 1 0 1 0.1074 10 4581.138 .

→ use ϕ 12@250 mm for vertical reinforcement and ϕ 12@200 mm for

horizontal reinforcement

Design of Strip footing .

Fig. (41)location of Strip footing .

Load Calculation :
H (slab) = 0.32m

H ( المدة) = 0.15m
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Weight of wall (D.L.) = height* Thickness * 1m wide * γc = 3.9* 0.25 * 25 = 24.375 KN/m

From plaster D.L = 0.3* 25 * 23 = 5.52 KN/m2

mknLD /895.2952.5375.24. 

Total W= 29.895  = 29.895 KN/m
Allowable soil pressure = 500 KN/m²

Assume footing thickness is 0.25 m.

mB

m
qall

Pn
A

0.1

21.0
500
50





Take B=100 cm .

Pu = 1.4*29.895 = 41.853 KN/m

Assume  h=35 cm

2/50
11

50
mK

xA

Pu
qu 

 

Uc

wc

u

VV

kn

xdbfcxV

knV

mmd

mmh















28.162

10265.0100024
6
175.0..

6
175.0

25.950265.015.06.01

2651075350
350

3/

So No Shear Reinforcement

Mpa
db

Mn
Kn

mkn
M

M

mknM

u
n

u

08009.0
2651000
1063.5

*

/63.5
9.0

060.5
9.0

/06.5
2
45.0145.050

2

6
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00019.0)
420

08009.06.20211(
6.20

1

)211(1

6.20
)24(85.0

420
85.0 ,













fy

mKn

m

f

f
m

c

y

المقطع 1.01 A s (req) = 0.00019 (1000) (265) = 50.6 mm
2

A s min for shrinkage and temperature:

A s min =0.0018*b*h

=0.0018*1000*320=576 mm
2

5
1.113

450#

506 2





barof

mmAsreq

Select Ф12 @25cm c/c with ASprov.565.5mm²/m.

Design of isolated footing of C(3):

4.9.1 Load Calculation :

Total factored load = 2400 KN.

Total services load = 1920 KN.

Column Dimensions = 50*50 cm.

Soil density = 18 KN/m3.

Allowable soil Pressure = 400 KN/m2.

Assume footing to be about (60 cm) thick.

live load =5  KN/m2.

allowq = 500 kN/m2

4.9.2 Determination of Footing Area :



٧٨

1920500 3.84
L= 1.96m

Try 2.45* 2.45 m with area = 6 m2> Areq = 3.84m2

Determinate qu = 2400/6 = 400 KN/m2

4.9.3 Determine the depth of footing based on shear strength:

Assume h =100 cm ….. d = 600-75-14 = 511 mm

 Check for one way shear strength

Safe

KNVuKNVc

KNVc

dbfcVc

KNVu

md
a

d
a

atSectionCritical

w














72.45465.766.

65.766511.0*2450*24*
6
1*75.0.

)**'*
6
1.(.

72.45445.2*)761.0
2
45.2(*400

761.0511.0
2
5.0

2

2







 Check for two way shear action (punching)

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

dbfV oc
c

c















21
6
1..

dbf
db

V oc
o

s
c










 2

/12
1..




dbfV occ


3
1.. 

Where:
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0.1
50
50

)(
)(


bWidthColumn

aLengthColumn
C

ob = Perimeter of critical section taken at (d/2) from the loaded area

cmbdadbo 4.564)1.9150(2)1.9150(2)(2)(2 

s = 40             for Middle column

KNdbfV oc
c

C 41.5298511.0*5644*24*
0.1

21*
6
75.021

6
1.. 






 














KNdbf
db

V oc
o

s
C 3.2336511.0*5644*24*2

644.5
911.0*40*

12
75.02

/12
1.. 






 














KNdbfV ocC 3.3532511.0*5644*24*
3
75.0

3
1..  

 
satisfiedKNVuKNVc

KNVu

tionlcriticofareaFR

FRPuVu

ControlKNV

C

C

bub

bC

C

........1.18233.2336.

1.1823)511.05.0(*)511.05.0(*4.5642400
sec5*

.....3.2336.
















4.9.4 Design for Bending Moment:

mKNMu .25.657
2

975.0*45.2*4.564
2



Mu =657.25 KN.m for both side

Using Reinforced Concrete.

mKNMn .3.730
9.0
25.657


Kn = Mpa
bd

Mn 14.1
511.045.2
103.730

2

3

2 
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Check of strain -:

As * fy = 0.85 * cf * b * a

005.0053.0

003.0
41.27

41.27511

41.27
85.0
29.23

29.23
*2450*24*85.0420*2772

1













s

s

mm
a

x

mma

a







 OK

4.9.5 Development Length of main Reinforcement for Mu1 : 9100 75 14 890 8914 6.36 2.5
2.5910 4201 √24 1 1 0.82.5 14 345.67

Ld available = 870-75= 795mm
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Ld available= 795 mm > 345.67
 not required hook

4.9.6 Design of dowels :

Pu = 2400KN

KNPuKNKNPnBut

KNPn

AgcfPn

24003315.
33151000/)]500*500(*24*85.0[*65.0.

)85.0.(.











Dowels are not required .

Isolated Footing Detail:
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Figure (42Isolated Footing Detail
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فھرس الجداول
رقم الصفحة  الجدول

١١ ٢٠١٤/٢٠١٥الجدول الزمني للمشروع خلال السنة الدراسیة ) ١(جدول 
٣٢ الكثافة النوعیة للمواد المستخدمة) ٢(جدول 
٣٤ عن سطح البحرالارتفاعقیمة أحمال الثلوج حسب ) ٣(جدول 
٤٩ Table (4): Calculation of the total dead load for one way rib slab.
50 Table (5): Calculation of the total dead load for Topping .

فھرس الأشكال
رقم الصفحة  16الصورة 19.صورة جویة للموقع ): 1(شكل  20.الأرضيمخطط الطابق ): 2(شكل  21.مخطط الطابق الأول): 3(شكل  22.يمخطط الطابق الثان): 4(شكل  23.مخطط الطابق الثالث): 5(شكل  24.مخطط الطابق الرابع): 6(شكل  25.غربیة الواجھة ال: )7(الشكل 26.الواجھة الجنوبیة): 8(الشكل 27.الواجھة الشرقیة: )9(الشكل 28.شمالیةالواجھة ال: )10(الشكل  Section A-A28): ١1(الشكل  Section B-B35:)12(الشكل 37.یوضح بعض العناصر الإنشائیة في المبنى:)13(الشكل  37.عقدات العصب ذات الاتجاه الواحد: )14(الشكل  38.عقدات العصب ذات الاتجاھین): 15(الشكل  38.المصمتة ذات الاتجاه الواحدالعقدات): 16(الشكل  39.العقدات المصمتة ذات الاتجاھین): 17(الشكل  39.جسر مسحور: )18(الشكل  40.جسر مدلى: )19(الشكل  41.أحد أشكال الأعمدة): 20(الشكل  41.جدار القص): 21(الشكل  42.الأساس المنفرد): 22(الشكل  44.الدرج): 23(الشكل  45.فاصلا التمدد بالمبنى:)24(الشكل  .فاصل التمدد للطابق الأول:)25(الشكل 
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List of Abbreviations

 Ac = area of concrete section resisting shear transfer.

 As = area of non-prestressed tension reinforcement.

 As = area of non-prestressed compression reinforcement.

 Ag = gross area of section.

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

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

 b = width of compression face of member.

 bw = web width, or diameter of circular section.

 Cc = 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 = live loads.

 Lw = length of wall.

 M = bending moment.

 Mu = factored moment at section.

 Mn = nominal moment.

 Pn = nominal axial load.

 Pu = factored axial load

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

 Vc = nominal shear strength provided by concrete.

 Vn = nominal shear stress.
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 Vs = nominal shear strength provided by shear reinforcement.

 Vu = factored shear force at section.

 Wc = weight of concrete. (Kg/m³).

 W = width of beam or rib.

 Wu = factored load per unit area.

 Φ = strength reduction factor.

εc = compression strain of concrete = 0.003mm/mm.

εs = strain of tension steel.

 έs = strain of compression steel.

 ρ = ratio of steel area .
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