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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 
.هذا العملالمتواضعمشوارنا بين دفتي

إلى منارة العلم والإمامالمصطفي إلى الأمي الذي 
علم المتعلمين إلى سید الخلق إلى رسولنا الكريم 

.سیدنا محمدصلى االله علیه وسلم

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

.والدتیالعزیزة
الذي لم ، لراحة والهناءإلى من سعى وشقي لأنعمبا

یبخل بشئ من أجل دفعي في طریق النجاح الذي 
إلى والدي ، علمني أن أرتقیسلم الحیاة بحكمة وصبر

.العزیز

إلى من حبهم يجري في عروقیویلج  بذكراهم فؤادي 
.إلى أخواتي وأخواني، 
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إلى من سرنا سویاً ونحن نشقالطریق معاَ نحو 
اتفنا یداً بید ونحن النجاح والإبداع إلى من تك

.إلى زملائي الأعزاء,نقطف زهرة وتعلمنا
إلى من علمونا حروفا من ذهبوكلمات من درر 

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

، لنا سيرة العلم والنجاح إلى أساتذتناالكرام
القدیرالدكتور وإلى 

.عبوشينصر 
.الى كل من ساهم في إنجاز هذا العمل المتواضع 

.الى كل هؤلاء دي هذا البحث

فریق العمل

الشكر والتقدیر

.إن الشكر والمنة الله وحدة كما یلیق بجلال وجھھ وعظیم سلطانھ أولا وأخیرا 

نتقدم بجزیل الشكر والامتنان

.جامعة بولیتكنك فلسطین ....إلى جامعتنا العزیزة 

.إلى كلیة الھندسة

.ا التدریسي  و الإداري         بطاقمھ....إلى  دائرة  الھندسة المدنیة والمعماریة 

.نصر عبوشي. د....المشرف على ھذا  المشروع إلى 

.أھلنا الأحباء....نا في جمیع مراحل حیاتنا إلي من  دعم
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.إلى كل من ساھم في انجاز ھذا البحث المتواضع

عملفریق ال

الشفاء الحكوميالتصمیم الإنشائي لمستشفى
حلحول  في مدینة

:العملفریق

روان أحمد كرجةوفاء جمال شحاتیتوعد فرج االله

.م٢٠١٥/٢٠١٦-جامعة بولیتكنك فلسطین
:إشراف

نصر عبوشي. د
ملخص المشروع

عبارة عنوھو،حلحول في الشفاء الحكومي لمستشفى تتلخص فكرة ھذا المشروع في التصمیم الإنشائي 

المشروعتصمیم كافة سیشملبحیث ، الأطفال قسموقسمالباطني،و،الجراحةقسم: ھيةأقساممجمع طبي یضم ثلاث

.طوابقأربع یتكون المبنى منبحیث التفاصیل الإنشائیة اللازمة
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وتوزیعھا بشكل متناسق من الفراغیةد الكتلسلوب یقوم على تعدأببأنھ تمویتمیز التصمیم المعماري للمشروع

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

عمدةوتكمن أھمیة المشروع في تنوع العناصر الإنشائیة في المبنى مثل الجسور والأ، كماوسرعة الوصول للمستخدمین 

.وغیرھاوالأدراج والبلاطات الخرسانیة والجسور المدلاة

وستتم الاستعانة ببعض ) ACI(على متطلبات كود الخرسانة الأمریكي بناءً-إن شاء االله -سیتم التصمیم 

ومن الجدیر بالذكر أنھ  سیتم . وغیرھاAutocad,  Office , Safe, Etabs , Atirبرامج التصمیم الإنشائي مثل

على بعض الاطلاع ودراسة المراجع الخاصة بالتصمیم الإنشائي ووسیتمستخدام الكود الأمریكي لتحدید الأحمال كما ا

دراسة إنشائیة تفصیلیة من تحدید و تحلیل للعناصر الإنشائیة حیث سیتضمن المشروع مشاریع التخرج السابقة،

و إعداد المخططات المطلوبة في مقدمة المشروع للعناصروالأحمال المختلفة المتوقعة ومن ثم التصمیم الإنشائي 

.للمبنىالإنشائیة 

Structural design ofShifa Hospital
in HebronWork team:

Rawan Karajeh, Wafaa Shahateet , Waaed Farajallaqh

Palestine Polytechnic University 2015/2016Supervisor
Dr. Nasr Abboushi .

Abstract

The idea of this project is the structural design of Shifa Hospital in Halhul, which
includes three departments: Surgery, Internal Medicine, and children. The project will
includethe construction design with all details necessary for the building which consists of
four floors .

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.
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The project - God willing - will be designed using ACI code and we will use some of
programs of structural design such as Autocad2010, Office2007, Safe, Etabs, Atir…etc. And
we will use the ACI 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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متر عن سطح البحر ، مما یجعلھا أعلى ١٠٢٧–متر ١٠٢٣تقع مدینة حلحول على ھضبة جبلیة ترتفع 
بلدة في مدینة الخلیل ، 
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Chapter 4

Structural Analysis & Design

4

4 – 1 Introduction.

4 – 2  Factored Loads.

4 - 3  Determination of thickness.

4 – 4  Load Calculation.

4 – 5  Design of Topping.

4 – 6  Design of rib (0-1) in the ground floor slab.

4 – 7  Design of Beam ( BF-22 ) in the Ground floor slab

4–8   Design of  two way ribbed slab

4–9 Design of Column(18)

4–10Design of stairs

4–11 Design of  isolated Footing (F1)

4–12 Design of  Basement Wall

4–13 Design of Combined Footing

4–14  Design of  Strip Footing

4-15  Design of shear wall

4
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4.1: Introduction

Concrete is a construction material composed of cement (commonly Portland cement) as well

as other cementitious materials such as fly ash and slag cement, aggregate (generally a coarse

aggregate such as gravel, limestone, or granite, plus a fine aggregate such as sand), water, and

chemical admixtures. The word concrete comes from the Latin word "concretus", which means

"hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a chemical

process known as hydration. The water reacts with the cement, which bonds the other components

together, eventually creating a stone-like material. Concrete is used to make pavements,

architectural structures, foundations, motorways/roads, bridges/overpasses, parking structures,

brick/block walls and footings for gates.

.

In This Project, there are three types of slabs: solid slabs, one-way ribbed and two-way ribbed

slabs. They would be analyzed and designed by using finite element method of design, with aid of a

computer Program called " ATIR- Software" to find the internal forces, deflections and moments

for ribbed slabs, and then hand calculation would be made to find the required steel for some

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-code.

4 .2  : Factored Loads.

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

determined as follows:

qu = 1.2DL + 1.6L ACI – 318 - 02 (9.2.1)
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4.3 Determination of Thickness:

4.3.1 Determination of Thickness for One Way Rib Slab:

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or one way

slabs unless deflections are computed as follow:

hmin for one-end continuous = L/18.5

=6293 /18.5=340.1mm

hmin for both-end continuous = L/21

= 5080/21 = 241.9mm

The controller slab thickness is 34 cm.

Select Slab thickness h= 35cm with block 27 cm&Topping 8cm.

4.3.2 Determination of Thickness for Two Way Rib Slab:

214375
12

)35(60

12

33


bh

Ib

641943)802/960(
52

50609
1 Is

34.0
641943

218453
1 

Is

Ib


722186)802/1100(
52

59609
2 Is

3.0
722186

218453
2 

Is

Ib


32.0fm

22.0  fm

146.1
6.9

11

)2.0(536

)1400/8.0(
min










 fm

fyLn
h
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)2.0(536

)1400/8.0(
min 




fm

fyLn
h


=

.. . . =32.8 cm

Select  hmin=35 cm

4.4:Load Calculation:

way ribbed slab.-4.4.1: One

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

calculated as follows:

Fig (24):One way rib slab
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Calculation of the total dead load for one way rib slab is shown in the following table:

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

CalculationDensityParts of RibNo.

0.12*0.27*25  = 0.81 KN/m25Rib1

KN/m 1.04  =0.08*0.52*2525Top Slab2

0.03*0.52*22     = 0.343  KN/m22Plaster3

0.27*0.4*5      = 0.54        KN/m5Block4

0.07*0. 52*17 = 0.619       KN/m16Sand Fill5

0.03*0. 52*23    = 0.359KN/m23Tile6

0.03*0. 52*22    = 0.343KN/m22Mortar7

2.3*.52 = 1.196 KN/mpartition8

5.25KN/m

Nominal Total Dead Load:

D.L. total = 0.81+1.04+0.343+0.54+0.619+0.359+0.343+1.196= 5. 25KN/m of rib

Live load = 5 * 0.52 = 2.6 KN/m of rib

4.4.2: Two-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(25) :Two way rib slab
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Calculation of the total dead load for one way rib slab is shown in the following table:

Table ( 4 – 2) Calculation of the total dead load for two way rib slab.

Dead load

CalculationDensityParts of RibNo.

0.03 0.52 0.52 23  =0.18657623Tiles1

0.02 0.52 0.52 22 =0.11897622Mortar2

0.07 0.52 0.52 17 =0.3217717Coarse Sand fill3

0.08 0.52 0.52 25 = 0.540825Topping4

0.25 (0.4+0.52) 0.12 25=0.772825Concrete Rib5

0.27 0.4 0.4 5= 0.2165Block6

0.02 0.52 0.52 22 =0.11897622Plaster7

0.52 0.52 1.5=0.4056partition8

2.68KN/m

Nominal Total Dead Load = 2.68kN/rib

WuD=1.2×2.68/(0.52)2 =11.9KN

WuL =1.6 5 = 8kN/m2

4.5 Design of Topping:

:4.5.1 Design of Topping for Ribbed Slab

Table ( 4 – 3) Calculation of the total dead load for topping.

CalculationDensityPartsNo.

23×0.03=0.69 KN/m23Tiles1

22×0.03=0.66 KN/m22Mortar2

17×0.07=1.19 KN/m17Coarse Sand fill3

25×0.08=2 KN/m25Slab4

2.3×1=2.3 KN/m2.3Partition5

6.84KN/m
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Dead load = (0.69+0.66+1.19+2+2.3)= 6.84 KN/m

Wu = (1.2 6.84) + (1.6 * 5)
= 16.208 KN/m

 For a one meter strip Wu = 16.208 KN/m

Assume slab fixed at supported points (ribs):

Mu =
12

* 2lWu

Mu =
12

4.0*208.16 2

= 0.216KN.m/m strip width

)(42.0 MPacffr  ACI-318-02 (22-5.1)Fig (26):Toping of slab

2/21001000*1.2

1.2)(2542.0

mKN

MPaMPafr





Mn = ƒr * s

S =

Mn = 2100* = 2.226KN.m

Mn = 0.55 * 2.226= 1.224KN.m

Mn = 1224 KN.m > Mu = 0.216 KN.m

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

provided.

For the shrinkage and temperature reinforcement:

 =0.0018 ACI-318-02   (7.12.2)

As =  * b * h = 0.0018 * 100 * 8 = 144 mm2

Use 3Ф8 with As=150.8mm2/m strip OR Ф8  @ 30 cm  c\c in both

directions.

  33
22

1006.1
6

08.000.1

6
m

bh 




31006.1 
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4.6 Design of Rib (0-1):

Fig(27) :Rib location

Rib
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Fig(28):Rib Section

Fig(29):Loading of rib(1-0)
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Fig(30):Moment Envelop of rib(01).

Fig(31):Shear Envelop of rib (0-1).

4.6.1 Design of flexure :-

d= 350-20-10-(12/2)= 314 mm.

Mu(+) = 23.3 kN.m

beff<= 520 mm.       (control)

<= 2.1*1000 \4 = 525 mm.

<= 16 * 80 +120 = 1400mm.

beff = 520 mm.
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3.23994.217

*

..216.242)2\08.0314.0(*52.0*08.0*25*85.0





muMn

mKNMnf



→rectangular section.

4.6.1.1Design of Negative moment of rib 0-1:

Maximum negative moment Mu = 22.1 KN .m

Mn = 22.1/ 0.9 = 24.56 kN.m

m =
'*85.0 fc

fy
=

25*85.0

400
= 18.82

Rn = 2*db

Mn
=

314*314*120

6^10*56.24
= 2.076 Mpa

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
82.18

1
(1 -

400

)076.2)(82.18(2
1 ) = 0.00547

As = 0.00547 (120) (314) = 206.17 2mm

        )1.5.10(....................
4.1

4min 


 ACIdbw
fy

dbw
fy

cf
As

       314120
400

4.1
314120

4004

25
min As

88.13175.117min As ………….the larger is control

2
min 88.131 mmAs 

206.17 2mm > 2
min 88.131 mmAs 

# of bars = As/ As bar = 206.17/113.1 = 1.8     take 2bars                                * Note AФ12 = 113.1

mm²

As provided=226.08 mm2

Select 2 Ф 12mm .
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 Check for yielding

Tension = compression

As * fy = 0.85 * cf * b * a

005.00195.0

003.0*
74.41

74.41314

74.41
85.0

48.35

48.35

*25*120*85.0400*08.226

1











s

s

mm
a

c

mma

a






OK

4.6.1.2 Design of Positive moment of rib 0-1

Maximum positive momentis Mu = 23.3kN.m

Mn = 23.3/ 0.9 = 25.89 KN.m

m =
'*85.0 fc

fy
=

25*85.0

400
= 18.82

Rn = 2*db

Mn
= 2)314(*520

6^10*89.25
= 0.505Mpa

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
82.18

1
(1 -

400

)82.18)(505.0(2
1 ) = 0.001278

As = 0.001278 (520) (314) =208.65 2mm

        )1.5.10(....................
4.1

4min 


 ACIdbw
fy

dbw
fy

cf
As

       )314120
400

4.1
314120

4134

25
min As

88.13175.117min As

2
min 88.131 mmAs 

208.65 2mm > 2
min 88.131 mmAs 

# of bars = As/ As bar = 208.65/113.1 = 1.8      take 2 bars * Note AФ12 = 113.1

mm²

As providing =226.08 mm2
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Select 2 Ф 12mm .

 Chick for yielding

Tension = compression

As * fy = 0.85 * * b * a

OK

mm
a

c

mma

a

s

s

005.0094.0

003.0*
628.9

628.9314

628.9
85.0

18.8

18.8

*25*520*85.0400*08.226

1

















4.6.2 Design of shear of rib 0-1

Vu=26.5 KN

Ф Vc =  Ф *
6

'fc
bw * d

= 0.75 *
6

25
120*314*10^-3

= 23.55 KN

1.1 * Ф Vc = 1.1*23.55 = 25.905 KN.

Check  for  items:-

1/ Vu ≤ Ф Vc/2

26.5 ≤ 12.95 ( No )

2/ Ф Vc/2 ≤ Vu ≤ Ф Vc

12.95 ≤ 26.5 ≤ 25.905 ( No )

3/ Ф Vc ≤ Vu ≤ Ф Vc + Ф Vsmin

25.905≤26.5≤ 34.86 ( yes )

Ф Vsmin  ≥ 0.75 (
3

1
) * bw * d = 0 .75*(

3

1
)*120*314*10^-3= 9.42 KN. (control)

≥ 0.75 (
16

25
* bw * d = 0.75 *

16

25
* 120*314*10^-3 = 8.83 KN

ФVsmin = 9.42  KN.

So Case (3) satisfy
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Take Av = 2 Ф10 = 2 * 78.5

Av/ s =  Vs/fy * d

2*78.5/ s = 12.56 /314*400 s = 1570.7mm

S ≤ d/2 =157 mm

≤ 600 m.

Use 2Ф10 @ 12.5 cm c/c

4.7 : Design Of beam(BF22):-

.

Fig(32):Beam(BF22) location

G e o m e t r y      Units:meter,cm

A

A

bf22
1

A

A

2
2

A

A

3 4
3

0.25 5.07 0.250.25 4.34 0.50.5 5.62 0.25
5.32 4.72 5.99

80.

50.

A A
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Fig(33):Beam  Geometry

L o a d i n g

Fig(34):Load of beam

M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter

Fig(35): Moment Envelop for Beam

load group no. 1
Dead load - Service Units:kN,meter

9.60

15.1

5.32 4.72 5.99
9.60

16.3

5.32 4.72 5.99
9.60

16.7

5.32 4.72 5.99

Live load - Service Load factors: 1.20,1.20/1.60,0.00

6.62
5.32 4.72 5.99

6.69
5.32 4.72 5.99

4.52
5.32 4.72 5.99

Moments: spans 1 to 3

11.

-105.
-93.1-89.5

-131.2
-97.8-105.1

11.8

101.4

18.5

120.9

1.06 1.18

0.83 1.28
1.56

1.

2.13 3.19 2.12 2.6 3.59 2.4

Shear

67.8 74.5
111.5

-104.2
-80.7 -75.

90.5

-127.

98.1

-109.5

138.3

-97.
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Fig (36):Shear Envelop for Beam

4.7.1 Design of flexure:-

4.7.1.1 Design of Positive moment:-

mmd

cmhcmbw

442)2/16(1040500

50,80




Mu = 120.9 KN .m

C =
7

3
d =

7

3
* 442 = 189.43 mm .

a = B *c = 0.85 * 189.43 = 161.02 mm .

Mn max = 0.85* fc * a * b * (d- a/2)

= 0.85 * 25 * 161.02 *800* (442 –161.02/2)*10^-6=989.52KN .m

ФMn = 0.82 *989.52=811.41KN .m

ФMn ≥ 120.9KN.m

The  section is singly

Mn = 120.9 / 0.9 = 134.3KN.m

m =
'*85.0 fc

fy
=

25*85.0

400
= 18.82

Rn = 2*db

Mn
= 2)442(*800

6^10*4.134
= 0.85Mpa

Reactions

Factored

DeadR
LiveR
Max R
Min R

65.45
25.08
90.54
63.29

Service
DeadR
LiveR
Max R
Min R

54.55
15.68
70.22
53.19

159.97
65.15

225.12
181.74

133.31
40.72

174.03
146.92

191.11
56.69
247.8
211.76

159.26
35.43

194.69
172.16

77.76
19.24

97.
75.99

64.8
12.02
76.82
63.7
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ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
82.18

1
(1 -

400

)82.18)(85.0(2
1 ) = 0.0021

As = 0.0021 (800) (442) = 742.56 2mm

        )1.5.10(....................
4.1

4min 


 ACIdbw
fy

dbw
fy

cf
As

      442)800(
400

4.1
442800

4004

25
min As

6.12371105min As

2
min 6.1237 mmAs 

1237.6 2mm > 256.742 mmAs 

# of bars = As/ As bar = 1237.6/254.5 = 5 bars                                * Note AФ18 = 254.5 mm²

As providing =1272.5mm2

Select 5Ф 18mm .

• Check for strain

Tension = compression

As * fy = 0.85 * b * a

005.00346.0

003.0*
22.35

22.35442

22.35
85.0

94.29

94.29

*25*800*85.0400*5.1272

1











s

s

mm
a

c

mma

a







ok

4.7.1.2 Design of negative moment:-

mmd

cmhcmbw

44281040500

50,80




Mu = 105.1KN .m
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Mn = 105.1  / 0.9 =116.77 kN.m

m =
'*85.0 fc

fy
=

25*85.0

400
= 18.82

Rn = 2*db

Mn
=

2

6

)442(*800

10*77.116
= 0.74Mpa

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
82.18

1
(1 -

400

)74.0)(82.18(2
1 ) = 0.0018

As = 0.0018 (800) (442) = 665.96 2mm

        )1.5.10(....................
4.1

4min 


 ACIdbw
fy

dbw
fy

cf
As

       )442(800
400

4.1
442800

4004

25
min As

110595.665min As

2
min 1105mmAs 

# of bars = As/ As bar = 1105/254.5 = 4.34    take 5 bar * Note AФ18 = 254.5 mm²

As providing =1272.5 mm2

Select 5 Ф 18mm .

• Check for strain

Tension = compression

As * fy = 0.85 * b * a

005.00346.0

003.0*
22.35

22.35442

22.35
85.0

94.29

94.29

*25*800*85.0400*5.1272

1











s

s

mm
a

c

mma

a







Ok
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4.6.2 Design of shear

Vu = 138.3KN

Ф Vc =  Ф *
6

'fc
bw * d

= 0.75 *
6

25
1* 800 *442*10^-3

= 221 KN

Ф Vc + (2/3) Ф *
6

'fc
bw * d = 221 + 147.33 = 368.33 KN .

368.33 > vu= 138.3 KN.  the dimension is big enough .

Check for  items:-

Ф Vc ≤ Vu ≤ Ф Vc + Ф Vsmin( )

Ф Vsmin  ≥ 0.75 (
3

1
) * bw * d = 0 .75*(

3

1
)*800 *442 *10^-3 =88.4 KN. (control)

≥ 0.75 (
16

24
* bw * d = 0.75 *

16

25
* 442 * 800 *10^-3 = 82.88 KN.

ФVsmin = 88.4 KN.

So item (3) satisfy

Take Av = 4 Ф 8 = 4* 50

Av/ s =  Vs/fy * d

4  *50/ s = 40.7 /442*400  s = 573.9mm

S ≤ d/2 =221 mm

≤ 600 mm.

Select  S= 200 mm

Use Ф 8 (4legs) @ 200mm
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4–8   Design of  two way ribbed slab

Nominal total Dead Load=2.68 KN/ rib

WuD=11.9 KN/m^2

WuL=5 KN/m^2

Wu= 11.9+5=16.9 KN/m^2

Fig (37):two way ribbed slab

La/Lb=0.989=1

La= 7.27

Lb=7.35

Case 1

Ca (neg)=0.045

Cb(neg)=0.045
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Dead Load For Positive moment

Ca,dl=0.036

Cb,dl=0.036

Live Load Positive moment

Ca,LL=0.036

Cb,LL=0.036

Ma (neg),rib= Ca* W *La^2* bf

=0.045*16.9*7.27*7.27*0.52

= 20.9 KN.m/m

Mb,neg =0.045*16.9*7.35*7.35*0.52

=21.36 KN.m/m

Ma,dl=0.036*11.9*7.27*7.27*0.52

= 11.77  KN.m/m

Ma,LL=0.036*11.9*7.27*7.27*0.52

= 11.77  KN.m/m

Mb,dl=0.036*5*7.35*7.35*0.52

= 5.06 KN.m/m

Mb,LL= 0.036*5*7.35*7.35*0.52

=5.06 KN.m/m

Ma, pos= Ma,DL+Ma,LL=11.77+11.77

=23.54 KN.m/m

Mb,pos=5.06+50.6=10.12 KN.m/m

Design For negative moment1 :-8-4

ФMn=Mu/

Mu=20.9 KN.m

23.22 KN.m =20.9/0.9=

12 For main reinforcement2  ФAssume bar diameter
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d=h-20-ds-db/2=350-20-8-12/2=316mm

Rn =
316*316*120

6^10*22.23

1.94 Mpa=

m=400/(0.85*25)=18.82

ρ =
82.18

1
(1 -

400

)94.1)(82.18(2
1 )

=0.005094

As = ρ*b*d

= 0.005094*120*316

= 193.17 mm^2

       316120
400

4.1
316120

4004

25
min As

72.1325.118min As ………….the larger is control

2
min 72.132 mmAs 

193.17
2mm >

2
min 88.131 mmAs 

Check For strain

OK

mm
a

c

mma

a

s

s

005.001996.0

003.0*
74.41

74.41316

74.41
85.0

48.35

48.35

*25*120*85.0400*19.226

1

















Mn=226.19*400*(316-35.48/2)*10^-6

= 26.98 KN.m

Assume 2  Ф 12 bo om bar ( posi ve moment)
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d=350-20-8-(12/2)

=316 mm^2 > 1.4*120*316/400 = 132.72

a = 226.19*400/0.85*25*520

= 8.19 mm <hf = 80 mm

C=8.19/0.85=9.63 mm

Mn = 226.19*400*(316-(8.19/2))*10^-6

=28.22 KN.m

Take Ф=0.9

Mu= Ф*Mn=0.9*28.22=35.39 KN.m

4-8-2 :Design Of  BF-31 (60*52)

Service Dl from the slab =2.735*9.9=27.08 KN/m

Weight of beam = 0.6*0.52*25=7.8 KN/m

Thickness of exterior wall = 0.6-0.3=0.3 m

Weight of the RC wall = 0.3*2.735*25

=20.51 KN/m

Service LL from the slab =2.735*5=13.675 KN/m

Service LL over the Beam 27.08 KN/m and 7.8+20.51=28.31 KN/m

Total Service LL  on the Beam 13.675 and 1.5 KN/m
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27.7 m

28-21 , BF-Design For BF3:-8-4

2. 20m

2.2-1.5=0.7/2=0.35

Service DL from the slab = 9.9*0.35=3.465 KN/m

Weight of the beam =0.6 *0.52*25 =7.8 KN/m

Weight of the RC Wall= 0.3*0.35*25=2.625 KN/m

Service LL from the slab = 0.35*5=1.75 KN/m

Service LL over the Beam =5*0.3 =1.5 KN/m

Total Serice DL on the beam 3.465 KN/m and 7.8+2.625=10.425 KN/m

Total  LL on the beam 1.75 KN/m and 1.5 KN/m\

Dl = 1.5 KN/m
LL=28.31 KN/m

Dl =27.08 KN/m
LL=13.675 KN/m

Dl = 1.5 KN/m
LL=10.425 KN/m

Dl =3.465KN/m
LL=1.75KN/m
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30-Design For BF4 :-8-4

Service DL from the
slab = 2*2.68*9.9

=53.064 KN/m

Weight of the Beam = 0.35*0.52*25=4.55 KN/m

Service LL from the slab =2*2.68*5=26.8 KN/m

Service LL upon the beam=5*0.35=1.75 KN/m

Total  Service DL on the beam 53.064 KN/m and 4.55KN/m

Total Service LL on the beam 26.8 and 1.75 KN/m

2.31m

20-Beam BFDesign For5:-8-4

4.58 m

Dl = 4.55 KN/m
LL=1.75 KN/m

Dl= 53.064 KN/m
LL=26.8 KN/m
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4.58-1.5=3.08/2=1.54

Service DL from the slab=2*1.54*9.9

=30.492 KN/m

Weight of the Beam = 0.95*0.52*25=12.35 KN/m

Service LL from slab = 2*1.54*5=15.4 KN/m

Service LL up on the Beam =5*0.95=4.75 KN/m

5.16 KN /mService LL from Rib =

18.93 KN/mService DL from Rib =

Total Service DL on the beam 30.492 KN/m and 12.35 KN/m

4.88 m

Dl = 12.35 KN/m
LL=4.7 KN/m

Dl= 30.492 KN/m
LL=15.4 KN/m

Dl = 18.93 KN/m
LL =5.16 KN/m
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24-Design For Beam BF6:-8-4

4.58 m

4.58-1.5=3.08/2=1.54

Service DL from the slab=2*1.54*9.9

=30.492 KN/m

Weight of the Beam = 0.95*0.52*25=12.35 KN/m

Service LL from slab = 2*1.54*5=15.4 KN/m

Service LL up on the Beam =5*0.95=4.75 KN/m

Total Service DL on the beam 30.492 KN/m and 12.35+25.5=37.85 KN/m

Dl = 37.85 KN/m
LL=4.7 KN/m

Dl= 30.492 KN/m
LL=15.4 KN/m
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4.9Design of Column (C18):

Fig (38): Place of column (C18) within  the Basement Floor

Pu =2755KN

 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 = 3.65 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.

In 50cm-Direction

)2.12.10(...............
2

1
1234  ACI

M

M

r

klu

I

A
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2233.24
50.0*3.0

65.3*1

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

1
1234





r

klu

ACI
M

M

r

klu

Long direction in 0.5 m direction

In 40cm-Direction

22417.30
40.0*3.0

65.3*1

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

1
1234





r

klu

ACI
M

M

r

klu

Long direction in 0.4 m direction

Long column in both direction

..85.15359
634.01

67.2*23500*4.0

.9^10*67.2
12

400*500

12

*

.617.0
2680

)1417(2.12.1

2350025*4700'4700

)]1510.(2002318......[..........
1

4.0

2

4
33

mKNEI

mm
hb

I

Pu

DL

MpafcE

EqACI
IE

EI

g

d

c

d

gc





















.9.11378
)65.3*0.1(

85.15359*14.3

)1310.(2002318................
)(

2

2

2

2

KNP

EqACI
KLu

EI
P

c

cr
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.148.1
)9.11378*75.0/2755(1

1

)1210.(2002318...............0.1
75.0/(1

)4.6.10.10(2002318.......1

)1610.(2002318............
2

1
4.06.0

)

ok

EqACI
PPu

Cm

ACItoAccordingCm

EqACI
M

M
Cm

ns

c
ns

























.01.0

99.1
1000

145
*

500*400

1000*2755

75.0500/]25)10*2()40*2(500[

)10.(








g

g

n Ksi
A

P

Gama

bAFigDiagramnInteractioFrom





As= ρ * Ag = 0.01*400*500 = 2000 mm2Use 14Ф 14 with As 2155.13 mm2 2000 2

Fig (39):Reinforcement of column (18)

111.0
400

4.44

.4.4448.1*30

03.030500*03.015*03.015

min

min






h

e

mmee

mmmhe

ns
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4-10Design of Stairs

Fig(40):Stair (ST1)

 Determination of Thickness:

height =3.4 m

Rise = 3.4/20 = 17 cm

height rise run LL 'fc fy
3.4m 17 cm 30 cm 5 KN/m2 25 Mpa 400 Mpa

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

h,min = L/ 20

h,min=6.33/20=31.65cm

h,min = L/ 28

h,min =6.33/ 28 = 22.6 cm ………….take h= 25 cm.

 Use h = 25cm.
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θ = tan-1(17/ 30) = 29.54o

h,min (cm) θ

25 29.54o

Load Calculations

Dead Load calculations of Flight :0.03 22cos 29.54 0.758 /0.25 25cos 29.54 7.183 /0.3 0.1700.3 0.02 22 0.689 /0.3 0.1700.3 2 25 2.125 /0.35 0.1700.3 0.03 27 1.404 /
Total load(DL) = 12.16 KN/m

Live load(LL) = 5 KN/m

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

For flightW , W = 1.2*12.16+ 1.6*5 = 22.59 KN/m

For landingW , W = 1.2*8.01+ 1.6*5 = 17.61

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

22.59 17.61

Table(5) :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 0.25 1 6.25
Plaster 22 0.03 1 0.66

Total load(DL) 8.01
Live load (LL) = 5 KN/m2



٩١

Because the load on the landing is carried into two direction , only half the load will

be considered in each direction 17.61/2=8.81 KN

- Structural System Of  Flight (FL1) :

Fig(41):Structural System of Flight (FL1)

Check for shear strength For Flight:

Assume Ø 14 for main reinforcement:-

d = h – 20 – db/2 = 250 – 20 – 14/2 = 223 mm

KNVu 89.50)223.01.0(81.874.53 

mKNVc /37.139
6

223*1000*25*75.0


Vu = 50.89 KN <0.5* Vc = 69.68 KN .
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Thickness is adequate enough

Design of Flexure:

- Design for Flight:

Mu = 53.74 . 8.81 0.87 . 2.295 22.59 2.295 .89.67 /
Mn = Mu / 0.9 = 89.67/ 0.9 = 99.63 KN.m/m

d = h – 20 – db/2 = 250 – 20 – 14/2 = 223 mm

2db

Mn
Rn 


.00.2
223*1000

10*63.99
2

6

MPaRn 

'85.0 fc

fy
m




82.18
2585.0

400



m
















y

n

f

mR

m

2
11

1
 00526.0

400

2*82.18*2
11

82.18

1










reqAs = 0.00526*1000*223 = 1172.98 mm2./m> minAs = 2450mm /m…. OK

minAs = 2450250*1000*0018.0**0018.0 mmhb  /m

Use Φ 14 then,

N= 1172.98/153.9=7.62

S =1/7.62 =0.1312m

Use8 Φ 14 @ 12 cm c/c .

- Step ( s) is the smallest of  :-

1. 3*h = 3* 250 = 750 mm
2. 450 mm
≤ 380 ( ) – 2.5 * Cc
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≤ 380 * ( ) – 2.5* 20  = 380 * ( ) – 2.5 * 20 = 349mm

≤ 300 ( )  = 300 * ( ) = 300 * ( ) = 315 mm … (control)

S =120mm< s max =315mm  ok

- Check for strain:

Tension = Compression

ok

mm
a

c

ma

a

abfcfyA

s

s

s













005.00177.0

003.0*
47.32

47.32223

47.32
85.0

59.27

59.27

*1000*20*85.0400*98.1172

***85.0*

1

\







 Temperature & Shrinkage reinforcement:
245025010000018.00018.0 mmhbAsShrinkage  /m

N =450/153.9=2.92

S=1/2.92=0.34

Use 3Φ 14 @ 30 cm c/c,As prov = 461.7 mm2/m strip

- Step ( s) is the smallest of  :-

1. 5*h = 5* 250 = 1250 mm
2. 450 mm – control

S=300mm <s max =450mm  ok
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- Design for landing (L1):

Fig(42):Structural System of Landing (L1)

- Calculate the maximum bending moment:

Mu = 22.02 . 8.81 1.9 . . 17.61 . . 26.72 /
Mn = Mu / 0.9 = 26.72 / 0.9 =29.69 KN.m/m

d = h – 20 – db/2 = 250 – 20 – 14 14/2 = 209 mm

2db

Mn
Rn 


.679.0
209*1000

10*69.29
2

6

MPaRn 

'85.0 fc

fy
m




82.18
2585.0

400



m
















y

n

f

mR

m

2
11

1
 00172.0

400

679.0*82.18*2
11

82.18

1










reqAs = 0.00172*1000*209 = 360.63 mm2./m< minAs = 2450mm /m…. OK

minAs = 2450250*1000*0018.0**0018.0 mmhb  /m

Use Φ 14@ 300cm c/c
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- Step ( s) is the smallest of  :-

1. 3*h = 3* 250 = 750 mm
2. 450 mm
≤ 380 ( ) – 2.5 * Cc

≤ 380 * ( ) – 2.5* 20  = 380 * ( ) – 2.5 * 20 = 349mm

≤ 300 ( )  = 300 * ( ) = 300 * ( ) = 315 mm … (control)

S=300 mm<smax=315mm  ok

- Check for strain:

Tension = Compression

ok

mm
a

c

a

a

abfcfyA

s

s

s













005.0059.0

003.0*
97.9

97.9209

97.9
85.0

47.8

47.8

*1000*25*85.0400*450

***85.0*

1

\







 Temperature & Shrinkage reinforcement:
245025010000018.00018.0 mmhbAsShrinkage  /m

Use Φ 10 @ 15 cm c/c,As prov = 523.33 mm2/m strip

- Step ( s) is the smallest of  :-

1. 5*h = 5* 250 = 1250 mm
2. 450 mm – control

S=150mm <s max =450mm  ok
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4-11 :Design of  isolated footing (F1):
 Design of Isolated footing (Under ColumnC152):

 Load Calculation:-

- From column (C152): (DL &LL)

* Service dead load ( DL) = 428 KN
* Service live load (LL) = 367 KN
* Service Surcharge = 5 KN/m²
* Column dimensions =50 cm*30 cm
* Allowable soil pressure = 400  KN/ m²
* Soil density = 18 KN/m3
* Soil weight = 0.6*18= 10.8 KN/ m²

 Calculating the weight of footing, soil, and Surcharge :

- Weight of footing ( assume footingh = 40 cm)

footingw = 0.4*25 =10 KN/m²

- Total Surcharge load foundation:

WT = Soil weight + footingw +Surcharge load =10.8+10 + 5 = 25.8 KN/m²

- Net soil pressure netq :

netq = 400 – 25.8 = 374.2 KN/m²

- Required sizes of footing:

A,required =
net

n

q

p
=

2.374

367428
= 2.1m²

A=L*L=2.1 L=1.449 m

Take  L=1.45 m

Try 1.45*1.45 Area = 2.1 m2

 Depth of footing and shear design:

Pu = 1.2DL + 1.6LL = 1.2*428 + 1.6*367 = 1100.8 KN

qu =
103.2

8.1100
= 523.44 KN/m²
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Fig(43):Isolated Footing

 Determine the Depth of Footing Based on Shear Strength:-

 Check for One Way Shear Strength

Fig(44):One way shear strength
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mmh
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dVc
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26.0

,

10**45.1*25
6

75.0

45.1*523.44*
2

3.0

2

45.1
**

22

3














 






 





Try  h = 400 mm

d =400 – 75 – 20= 305 mm

 Check for Two Way shear Action (Punching).

- The punching shear strength is the smallest value of the following

equations:

dbfV oc
c

c















2
1

6

1
..

dbf
db

V oc
o

s
c










 2

/12

1
..




dbfV occ


3

1
.. 

Where:

00.67.1
300

500

)(

)(


bWidthColumn

aLengthColumn
C

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

ob =2(0.5+0.305)+2(0.3+0.305)= 2.82 m.

s = 40…….for interior column

kNdbfV oc
c

C 35.118110*305.0*82.2*25*
67.1

2
1*

6

75.02
1

6

1
.. 3 






 














kNdbf
b

d
V oc

o

s
C 38.170010*305.0*82.2*25*2

82.2

305.0*40
*

12

75.0
2

12

1
.. 3 






 














kNdbfV ocC 13.107510*305.0*82.2*25*
3

75.0

3

1
.. 3 

kNVu 6.84544.523*))305.03.0(*)305.05.0(()45.1*45.1(( 
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Vu=845.6KN< ФVc =1075.1……OK

Take h= 400 mmd = 400-75-20 = 305mm

Design for Bending Moment of  long & short directions

d = 400-75-20/2 = 315 mm
Mu =523.44*1.45*0.575*0. 575/2 = 125.5 KN.m

m =
'*85.0 fc

fy =
25*85.0

400
= 18.82

Rn =
2*

/

db

Mu 
=

2

6

)315(*1450

9.0/10*5.125
= 0.969Mpa

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
82.18

1
(1 -

400

)969.0)(82.18(2
1 ) = 0.00248

Asreq= 0.00248 (1450) (315) =1132.74 2mm

Asmin =0.0018*b*h == 0.0018 (1450) (400) = 1044 2mm
Asreq= 1132.74 2mm >Asmin = 1044 2mm ….. OK

As=Asmin = 1132 2mm

Take 11 Ф 12 ,  As,provided = 12.44 cm²   > As,required = 11.32cm²

S=
10

12*112*751450 
= 116.8 mm<Smax=450mm

- Step(S) is smallest of:

1. 3h = 3*400 =1200 mm
2. 450 mm - control
S = 116.8 mm < S,max = 450 mm – OK

- Check strain

Tension = Compression

abffyA cs  '85.0

mma

a

15.16

14502585.04001244




mmc 19
85.0

15.16
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oks ...005.0046.00003.0
19

19315





 Development length of flexural reinforcement:

Ld for Φ 25:

dL = mmdb

db

ck

set

cf

fy

tr

56.32214
5.2

8.0*1*1

25

400

10

9**

10

9








 







Available length = ((1450-500)\2)-75=400mm
233.56mm< 400mm ……………ok

 Load transfer at the column-foundation interface (Dowels design ):

- In footing :

)85.0(.
1

2
1 A

A
AcfbPn 

A1 = 0.3 *0.5= 0.15 m2

A2 = 1.45*1.45 = 2.103 m2

2740.3
15.0

103.2

1

2 
A

A ……………. 2
1

2 
A

A

okPuPn

KNbPn

...........KN1100.875.4143

75.41431000)215.02585.0(65.0.




The Dowels are not needed for footing

As,min = 0.005 * Ac = 0.005 * 500 * 300 = 750 mm2

Use 6Ф 14 ,  As,provided = 981.75 mm²  > As, required = 750 mm²

- In column:

KNbPn 88.2071)10003.05.02585.0(65.0, 

KNPKNbPn u 8.1100875.2071. 
The Dowels are not needed for column

- Development of dowels in footing:

Ld(1)req = db
fc

fy
*

25.0


= 14*

25*1

400*25.0
= 280mm

Ld(2)req = 0.043  fydb = 0.043 400 14 = 240.8 mm

)185.0(, AcfbPn 



١٠١

Ld(2)req = 200 mm

Ld(1)req=280 mm  …………. Control

Available Ld = 12*275400  = 301mm .
AvailableLd =301mm > Ld required=280mm……………..  OK.

- Lap splice of dowels in column :

Ls = 0.071 fy . db
= 0.071 * 400 * 14 = 397.6 mm.

Use 400 mm

Fig(45):Reinforcement of Isolated Footing(F1)
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Fig(46):Details of Footing
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4-12: Design of Basement wall:

Design of  Basement Wall ( BW1 ) :-



Fig(47):Geometry Of Basement Wall ( BW1 )

Fc’= 25 MPa, Fy = 400 MPa ,ϒs = 1 8KN/m3, qal l= 400 KN/m2, φ = 30º , surcharge = 5
KN/m2

Wall Thickness = 30 cm

Consider at rest pressure

WS = ca * h * ɣ= 0.5 * 3.6 *18 = 32.5 KN/M

WSU = ca * p = 0.5 * 5 = 2.5 KN/M
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From Atir we have moment and shear envelop :

G e o m e t r y      Units:meter,cm

L o a d i n g

A

A

1 2
1

0.3 3.3 0.3

3.6

100.

50.

A A

load group no. 1
Dead load - Service Units:kN,meter

12.0

32.5

3.6

Live load - Service Load factors: 1.20,1.20/1.60,0.00

2.5
3.6
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M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter

M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter

M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter

Moments: spans 1 to 1

8. 11.1

60.1.98 1.62

Shear

42.4

-46.6

54.5

-77.9

Reactions

Factored

DeadR
LiveR
Max R
Min R

49.32
5.18
54.5
54.5

Service
DeadR
LiveR
Max R
Min R

41.1
3.24

44.34
44.34

72.72
5.18
77.9
77.9

60.6
3.24

63.84
63.84

Moments: spans 1 to 1   Load pattern: XX

8. 11.1

60.1.98 1.62
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Fig(48): Loading and Envelope of Basement Wall ( BW1 )

Design Of Shear :

Check for wall thickness

D= 300 – 75 – 20/2 = 215 mm

ΦVc = Φ/6 * √fc' * b * d = 0.75/6 * √25 * 1000* 215 = 134.375 KN

Vu = 46.6 KN

Φ * Vc ˃ Vu…….OK

The thickness of Wall is Adequate Enough

Design for Flexure  :

Mu = 60 KN.M

Φ * Mn ≥ Mu

Mn = Mu / Φ = 60 / 0.9 = 66.67 KN . M

Rn = Mn / b * d˄2

= 66.67 * 10˄6 / 1000 * (215 ˄2 )

= 0.79 Mpa

M = fy / 0.85 * fc'

= 400 / 0.85 * 25

= 18.82

Shear

42.4

-46.6
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y

n

f

mR

m

2
11

1
 = 1 / 18.82 *( 1 - √( 1- ( 2* 18.82 * 0.79 /400 ))) =

0.00202

As req 2.02 * 10˄-3 * 1000 * 215 = 432.82 mm 2˄

Asmin= ))((
)(4

dbw
fy

cf 
= (√25/ ( 4*400 )) * 1000 * 215 = 671.88 mm 2˄ / m

As min = ))((
)(

4.1
dbw

fy
= (1.4/ 400 ) *1000 * 215 = 752.5 mm˄2 / m control

Use Φ14/15cm As,provided = 1026.3 mm2/m

For horizontal bars use the half of the min. in each side

0.5*Ashmin=0.5*0.002*300*1000 = 300 mm2/m

Use =10

Use for horizontal bare 10@20 cm in each side

Use ϕ 10@20 cm for vertical in outer side to hold the horizontal bares

Check for strain:

Tension = Compression

As * fy = 0.85 * fc' * b * a

1026.3 * 400 = 25 * 1000 * a

a = 16.42 mm

x = a / ᵝ =16.42 / 0.85

= 19.32 mm

ϵ s = ( 215 – 19.32 / 19.32 )* 0.003

= 0.03˃0.005 → OK
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4-13Design of combined footing:-

Footing for the column C113 & C114:-

C113 : 30*50 ---D.L=1102.5 KN , L.L = 785.4 KN.

Pu1 =1.2*1102.5+1.6*785.4 = 2579.64 KN

.

C114 : 30*50 ---D.L = 1279.38 KN , L.L = 1052.72 KN.

Pu2 = 1.2*1279.38+1.6*1052.72 = 3219.608 KN

.

Pu=5799.248 KN

qu = 5799.248/(4.5*2) = 644.36 KN/m2.

Allowable soil pressure = 500 KN/m2
.

Ps = 1102.5+785.4+1279.38+1082.72=4220   KN.

Distance between the two columns is 2.32 m center to center.

Sum(M) about C114= 0 , (1102.5+785.4)*2.32 – 4220*X = 0

X = 1.04 m from CO113.

The pressure under the footing is uniform.

A = Ps/qa,net = 4220/500 = 8.44 m2.

A = L*B

Take B = 4. 5m , L = 8.44/4.5 = 1.8 m

Take L =2.0m
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Fig(49): section for vertical footing
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Diagram of Shear Fig(50):
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Fig(51): Diagram of Moment
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Fig(52):Detail for the combined footing

-way shear design:–one

Vu  at distance d from the face of support :

Assume h= 70 cm and steel bar  20

davg=700- 75-20=605 mm. 0.75 16 0.75 16 √24 4220 605 1595.69 .
At column 114 , Pu2=5799.248 KN.

Vu=5799.248- 644.36*4.5(0.72+0.3+0.605)=1087.37 KN.
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=1595.69 > Vumax=1087.37 KN .

hickness h= 70 cm is adequate enough.the t

-way shear design ( punching shear) :–two

At column 1 , Pu=3219.608 KN

d/2=0.605/2=0.3025m <0.96m.

check for two option :

as interior perimeter bo=2(0.5+0.605)+2(0.30+0.605)=4.02m….. control..

as edge perimeter bo=2(0.96+0.5+0.605/2)+2 (0.3+0.605) =5.335 m

Vu=3219.608-644.36(0.96+0.5+0.605/2)*(0.30+0.605)=2191.85 KN

At Column 2  , Pu=2579.64 KN

d/2=0.3025<0.72

as interior perimeter bo=2(0.5+0.605)+2(0.30+0.605)=4.02m….. control..

as edge perimeter bo=2(0.72+0.5+0.605/2)+2 (0.3+0.605) =4.855 m

Vu=2579.64-644.36(0.72+0.5+0.605/2)*(0.30+0.605)=1691.8 KN

30=s for edge column .

KNdbfV oc
c

C 366.0
67.1

2
1*

6

12
1

6

1
.. 






 













KNdbf
b

d
V oc

o

s
C 543.0*2

02.4

605.0*30
*

12

1
2

*

12

1
.. 






 













controlKNdbfV ocC ...3331.0
3

1

3

1
.. 

.....125.30403^10*605*4020*)2/1(^25*)3/1(*75.0. controlVC 

.8.169185.2191125.3040. KNvuKNvuKNVC 

The thickness h=70 cm  is adequate.
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-Design flexural reinforcement in the longitudinal direction :

Mu max=198.14 KN.m

d=700-75-20-20/2=595mm
.
Rn = Mn / b * d˄2

= 198.14 * 10˄6 / 0.9*4500*595*595

= 0.138 Mpa

M = fy / 0.85 * fc'

= 400 / 0.85 * 25

= 18.82













y

n

f

mR

m

2
11

1
 = 1 / 18.82 *( 1 - √( 1- ( 2* 18.82 * 0.138 /400 ))) = 3.47 *

10˄-4

As =0.000347(4500)(595)=926.76mm.2

Asmin=0.0018*b*h=0.0018*4500*700=5670 mm2.

As < Asmin.

Take 18 20

S=4500-(75*2)-(18*20)/17=234.71 mm
Step (s) is the smallest of :-
-3h=3*700=2100mm
- 450 mm ….control
S=234.71<Smax=450 mm …. Ok

-:Design flexural reinforcement in transverse direction

For Column( 1) 2579.64/2=1289.80 KN/m
The max moment in this transverse beam at the face of column 1 is
1289.80/2(2/2-0.3/2)^2=465.94 KN.m
d=700-75-(20/2)=615mm
the band width under col 1 is (c+d)=0.5+0.7+(.615/2)=1.5 m
Rn = Mn / b * d˄2

= 465.94 * 10˄6 / 0.9*1500*615*615

= 0.9125 Mpa
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M = fy / 0.85 * fc'

= 400 / 0.85 * 25

= 18.82













y

n

f

mR

m

2
11

1
 = 1 / 18.82 *( 1 - √( 1- ( 2* 18.82 * 0.9125 /400 ))) = 2.33

* 10˄-3

As =0.00233 (1500)(615)= 2151.74 mm.2

A smin=0.0018*b*h=0.0018*1500*700=1890 mm2.

As > A smin.

Take 7  20 , with As pro = 21.99 cm2.>As req=21.51

S=1500-(75*2)-(7*20)/6=214.167 mm
Step (s) is the smallest of :-
-3h=3*700=2100mm
- 450 mm ….control
S=214.167<S max=450 mm …. Ok

The Factored Load on column 2

For Column (23219.608/2=1609.804 KN/m
The max moment in this transverse beam at the face of column 1 is
1609.804/2(2/2-0.3/2)^2=581.54 KN.m
d=700-75-(20/2)=615mm
the band width under col 1 is (c+d)=0.3+(.615/2)=0.915 m
Rn = Mn / b * d˄2

= 581.54 * 10˄6 / 0.9*1000*615*615

= 1.71 Mpa

M = fy / 0.85 * fc'

= 400 / 0.85 * 25

= 18.82













y

n

f

mR

m

2
11

1
 = 1 / 18.82 *( 1 - √( 1- ( 2* 18.82 * 1.71 /400 ))) =

4.5 * 10˄-3

As =0.0045 (1000)(617)= 2767.5 mm.2

A smin=0.0018*b*h=0.0018*1000*700=1260 mm2.

As > A smin.

Take 9  20 , with As pro = 28.27 cm2.>As req=27.67
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S=1000-(75*2)-(9*20)/8=93.125 mm
Step (s) is the smallest of :-
-3h=3*700=2100mm
- 450 mm ….control
S=93.125<S max=450 mm …. Ok

Select the minimum (temperature) reinforcement
As min=0.0018bh=0.0018*1000*700=1260 mm2
The max spacing is 5h or 450 mm
Take 16@15 cm for shrinkage reinforcement

4–14  Design of  Strip Footing

DL(Factor)=1092.21 KN/m , DL(service)=910.175 KN/m

LL(Factor)=114.04 KN/m ,  LL(service)=71.275 KN/m

qa,net=500 kN/m^2

A=Pn/qa, net =(910.175+71.275)/500=1.96 m^2  take A=2 m^2 (Length of wall)
A=b*1…b=2 m^2
Pu=1092.21+114.04=1206.25 KN/m
qu = 1206.25/2=603.125 KN/m^2

-way shear design:–one

Vu=qu*1(b/2-a/2-d)
=603.125*1(2/2-0.2/2-d)
=603.125.56(0.9-d)

Let Vu= Vc(=0.75)
Vc = 1/6 *25^(1/2) *bw*d
= 0.75*1/6*25^(1/2)*1000*d
= 603.125(0.9-d)

625d=603.125(0.9-d)
625 d=542.81-603.125d
d= 0.442

Assume cover 75 mm and steel bar 14
h=692+75+14=531 mm
Take h=600 mm
d=600-75-14/2=518 mm

Take Steel bar of 14
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Mu=603.125*1*(2-0.2/2)/2=572.97 KN.m

m= 400/0.85*25=18.82

Rn=572.97*10^6/0.9*1000*518*518=2.37













y

n

f

mR

m

2
11

1


1 / 18.82 *( 1 - √( 1- ( 2* 18.82 * 2.37 /400 ))) =0.0063=

As=0.0063*1000*518=3263.4 mm^2
As (min)= 0.0018*1000*600=1080 mm^2
As=3263.4 mm^2> As(min)=1080 mm^2
n=As/As16=3263.4/201=16
S=1/n=1/16=0.07m=0.1m

Take  14@15cm

Step(s) is the smallest of :-
1-3*h=3*600=1800mm
2-450mm
S=150< S max=450 mm

Select min (temperature) reinforcement :
As min=0.0018*2000*600=2160 mm^2

Max spacing
1-5*h=5*600=3000 mm
2- 450mm
Select 1514 (As=2309.1 mm^2)
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Fig(53): section for Strip footing

4-15  Design of shear wall

قمنا باستخدام برنامج الایتاب  ، لمعرفة الأماكن التي یحتاجھا المبنى لتحدید مواقع 
أحمال ( جدران القص فیھا ، وذلك من خلال حساب الأحمال الواقعة على المبنى 

كما وتم استخدام ) ھذا المبنى الزلازل بالإضافة الى الحمال الحیة والمیتة الواقعة على
ھذا البرنامج لمعرفة كمیات الحدید المطلوبة لتسلیح ھذه الجدران وتفریدھا وأماكن 

.توزیعھا 
في البدایة قمنا باستیراد المبنى بعد رسمھ على مجموعة من اللیرات باستخدام برنامج 

الاوتوكاد 



١١٩

Fig(54): Plans Layers in AutoCAD

مع ) ..أعمدة ، جدران ، جسور ،(وقمنا بتعریف العناصر الانشائیة المكونة للمبنى كما 
ادخال ابعادھا وسماكتھا المطلوبة ثم قمنا برسمھا على الایتاب بعد اضاءة 

(Architectural plan Layers).المعماري
زرلبجمیع أنواعھا من خلا)الزلزال(ثم قمنا بتعریف الأحمال الواقعة على المبنى .

Define

ثم من قائمة قمنا بتسلیط الأحمال الواقعة على المبنى كلا حسب القیمة والنوع ، وبعد ما قمنا بكل 
ما یحتاجھ المبنى للتأكد من أنھ یعمل ككتلة مترابطة قمنا بتنفیذ العمل وحصلنا على قیم الازاحات 

من خلال التحكم بعدة أزرار ، بالإضافة الى كمیات الحدید المطلوبة وردود الأفعال الازمة
(Assign , run , Design)

وھذه الصور توضح الالیة التي تم اتباعھا في تحمیل المبنى للحفاظ على ثباتتیھ في مقاومة 
الزلازل



١٢٠

Fig(55): Lifting the building construction loads on using etabs program
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النتائج والتوصیات–الخامس الفصل 

.النتائج ١- ٥

.التوصیات٢- ٥

.المصادر والمراجع٣- ٥

.المرفقات٤- ٥
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:النتائج١- ٥

تم الخروج بزبدة ھذا البحث من خلال نتائج تتمثل فیما ، و التعرف على معطیاتھ و جوانبھ ، من خلال ھذا التجوال في ھذا البحث

-:یلي 

.في المبنى الاستخدامفھم المخططات المعماریة لھ دور كبیر في إیجاد الحلول الإنشائیة الملائمة لنوع إن-1

.وفھم طریقة عملھا سوبةروریة للمصمم الإنشائي للتأكید على حل البرامج المحن القدرة على الحل الیدوي ضإ-2

وذلك لیتم تصمیمھا تصمیما جیدا یحقق الأمان و ، ومع آلیة عملھا  ، وكیفیة التعامل معھا، التعرف على العناصر الإنشائیة -3

.القوة الإنشائیة 

:التوصیات٢-٥

المصمم المعماري والإنشائي خلال عملیة التصمیم حتى ینتج مبنى متكاملاً إنشائیاً یجب أن یكون ھنالك تنسیق بین .١

.ومعماریاً

.یوصى بتنفیذ المشروع حسب المخططات المرفقة بالمشروع بأقل تغییرات ممكنة.٢

.ینصح بوجود مھندس مشرف للإشراف على التنفیذ وأن یلتزم بالمخططات والشروط لضمان التنفیذ الأفضل للمشروع.٣

ن            .٤ ھ م ة علی دیلات محتمل ال أي تع ذ لإدخ ي التنفی رة ف ل المباش روع قب انیكي للمش یجب استكمال التصمیم الكھربائي و المیك

.الناحیة الإنشائیة

:قائمة المصادر والمراجع٣- ٥

.م١٩٩٠، مجلس البناء الوطني الأردني، عمان، الأردن، كود الأحمال والقوىكودات البناء الوطني الأردني، .١

. ملاحظات الأستاذ المشرف.٢

جمھوریة مصر ، دار الكتب العالمیة للنشر والتوزیع ،الدلیل الإنشائي لتصمیم البلاطات الخرسانیة، خلیل إبراھیم ، واكد .٣

.م ٢٠٠١،العربیة 

٤.BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI-318M-02)

AND COMMENTARY CODE  (ACI -318-02).

٥..97)-Uniform Building Code  (UBC
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:المرفقات ٤- ٥

والعقدات حسب الكود الاردنيللأرضیاتالاحمال الحیة ) :٦(جدول 

د
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٧

رقم الصفحة  الموضوع 
١ عنوان المشروع
٢ صفحة شھادة تقییم مقدمة مشروع التخرج
٣ الإھداء
٤ الشكر والتقدیر
٥ ملخص المشروع باللغة العربیة 
٦ ملخص المشروع باللغة الإنجلیزیة
٧ فھرس المحتویات
٩ جداولفھرس ال

١٠ فھرس الأشكال
١٢ List of Abbreviations
١٤ المقدمة- :الفصل الأول 
١٦ مقدمة المشروع
١٧ أھداف المشروع
١٧ مشكلة المشروع
١٨ حدود مشكلة المشروع
١٨ المسلمات
١٨ فصول المشروع

١٩ إجراءات المشروع

٢٠ الوصف المعماري: الفصل الثاني 

٢٢ المقدمة
٢٣ لمحة عن المشروع 
٢٣ المشروعموقع وصف 
٢٥ موقع المشروع
٢٥ وصف الموقع 
٢٥ المناخ 
٢٥ حركة الریاح و الشمس
٢٥ الضوضاء
٢٥ الرطوبة النسبیة
٢٥ كمیات ھطول الأمطار السنویة
٢٦ العناصر المعماریة
٢٦ وصف المساقط الأفقیة
٢٦ طابق التسویة
٢٨ الأرضيالطابق 
٢٩ الأولالطابق 
٣٠ الطابق الثاني
٣١ وصف الواجھات
٣١ الواجھة الشمالیة
٣٢ الواجھة الجنوبیة
٣٣ الواجھة الشرقیة
٣٤ الواجھة الغربیة
٣٥ وصف الحركة
٣٨ الوصف الإنشائي: الفصل الثالث 
٤٠ المقدمة



٨

فھرس الجداول
رقم الصفحة  الجدول

١٩ ٢٠١٥/٢٠١٦الجدول الزمني للمشروع خلال السنة الدراسیة ) ١(جدول 

٤٢ الكثافة النوعیة للمواد المستخدمة) ٢(جدول 

٤٠ ھدف التصمیم الإنشائي
٤١ الدراسات النظریة للعناصر الإنشائیة في المبنى
٤١ الأحمال
٤١ الاحمال المیتة
٤٢ الأحمال الحیة
٤٣ الأحمال البیئیة
٤٥ العناصر الإنشائیة
٤٦ العقدات
٤٩ الجسور
٥٠ الأعمدة
٥١ )جدران القص ( الجدران الحاملة 
٥٢ الأساسات
٥٣ الأدراج
٥٤ فواصل التمدد
٥٩ Chapter Four : Structural Analysis & Design
٦٠ Introduction
٦٠ Factored Loads
٦١ Slab Thickness Calculations
٦٢ Load Calculation
٦٤ Design Of Topping
٦٦ Design Of Rib (0-1)
٧٢ Design of Beam (BF22)
٧٨ Design of two way ribbed slab
٨٦ Design of column (18)
٨٩ Design of stairs
٩٦ Design of isolated Footing (F1)
١.٣ Design of Basement Wall
١.٨ Design of combined Footing
١١٦ Design of Strip Footing
١١٨ Design of Shear wall
١٢١ النتائج والتوصیات: الفصل الخامس 
١٢٢ النتائج 
١٢٢ التوصیات
١٢٢ قائمة المصادر والمراجع
١٢٣ المرفقات



٩

٤٣ الأحمال الحیة للمرافق الخاصة بالمستشفى)٣(جدول 

٤٤ عن سطح البحرالارتفاعقیمة أحمال الثلوج حسب ) ٤(جدول 

٦٣ Table (4-1): Calculation of the total dead load for one way rib slab.

٦٤ Table (4-2):Calculation of the total dead load for two way rib slab

٦٤ Table (4-3): Calculation of the total dead load for topping

٩٠ Table(5): Dead Load calculation of landing

١٢٣ الأحمال الحیة للأرضیات والعقدات حسب الكود الأردني) : ٦(جدول 



١٠

فھرس الأشكال

رقم الصفحة  الصورة
٢٤ .صورة جویة للموقع ): 1(شكل 
٢٧ .مخطط طابق التسویة): ٢(شكل 
٢٨ .الأرضيمخطط الطابق ): ٣(شكل 
٢٩ .مخطط الطابق الأول): ٤(شكل 
٣٠ .يمخطط الطابق الثان): ٥(شكل 

٣١ .الواجھة الشمالیة): ٦(الشكل
٣٢ الواجھة الجنوبیة): ٧(الشكل
٣٣ .الواجھة الشرقیة): ٨(الشكل
٣٤ الواجھة الغربیة): ٩(الشكل 
٣٥ Section A-A): ١٠(الشكل 
٣٦ Section B-B): ١١(الشكل 
٣٧ Section): ١٢(الشكل  C-C
٤٦ .العناصر الإنشائیة في المبنىیوضح بعض): ١٣(الشكل 
٤٧ .عقدات العصب ذات الاتجاه الواحد): ١٤(الشكل 
٤٨ .عقدات العصب ذات الاتجاھین): ١٥(الشكل 
٤٩ .جسر مسحور): ١٦(الشكل 
٥٠ .جسر مدلى): ١٧(الشكل 
٥١ .أحد أشكال الأعمدة): ١٨(الشكل 
٥٢ .جدار القص): ١٩(الشكل 
٥٢ .الأساس المنفرد): ٢٠(الشكل 
٥٣ .الدرج): ٢١(الشكل 
٥٧ التمدد بالمبنىواصلف): ٢٢(الشكل 
٥٨ .فاصل التمدد للطابق الأول): ٢٣(الشكل 
٦٢ Fig (24):One way rib slab.
٦٣ Fig(25) :Two way rib slab

٦٥ Fig (26):Toping of slab
٦٦ Fig(27) :Rib location

٦٧ Fig(28):Rib Section

٦٧ Fig(29):Loading of rib(1-0)

٦٨ Fig(30):Moment Envelop of rib(01).

٦٨ Fig(31):Shear Envelop of rib (0-1).

٧٢ Fig(32):Beam(BF22) location

٧٣ Fig(33):Beam  Geometry

٧٣ Fig(34):Load of beam

٧٣ Fig(35): Moment Envelop for Beam

٧٤ Fig (36):Shear Envelop for Beam

٧٨ Fig (37):two way ribbed slab

٨٦ Fig (38): Place of column (C18) within  the Basement Floor
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٨٨ Fig (39):Reinforcement of column (18)

٨٩ Fig(40):Stair (ST1)
٩١ Fig(41):Structural System of Flight (FL1)
٩٤ Fig(42):Structural System of Landing (L)
٩٧ Fig(43):Isolated Footing

٩٧ Fig(44):One way shear strength

١٠١ Fig(45):Reinforcement of Isolated Footing(F1)
١٠٢ Fig(46):Details of Footing
١٠٣ Fig(47):Geometry Of Basement Wall ( BW1 )
١٠٦ Fig(48): Loading and Envelope of Basement Wall ( BW1 )
١٠٩ Fig(49): section for vertical footing
١١٠ Diagram of Shear Fig(50):
١١١ Fig(51): Diagram of Moment
١١٢ Fig(52):Detail for the combined footing
١١٨ Fig(53): section for Strip footing
١١٩ Fig(54): Plans Layers in AutoCAD
١٢٠ Fig(55): Lifting the building construction loads on using etabs program
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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.



١٣

 Vc = 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/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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