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شھادة تقییم مشروع التخرج
جامعة بولیتكنك فلسطین

فلسطین–الخلیل 

متعدد الطوابقالكاملة لمبنىالتفاصیل الإنشائیةمیم و اعمل التص

فریق العمل

موفق عــادل أبوزیــنــھفرحات عبد المنعم العسیلي 

یوســـف غالب الھیموني
ة،    ة الممتحن بناء على توجیھات الأستاذ المشرف على المشروع وبموافقة جمیع أعضاء اللجن

ا       ة والتكنولوجی ة الھندس ي كلی ة ف تم تقدیم ھذا المشروع إلى دائرة الھندسة المدنیة والمعماری

.متطلبات الدائرة لدرجة البكالوریوسللوفاء الجزئي ب

توقیع مشرف المشروع                                                               توقیع رئیس الدائرة

الجولانينبیل.دماھر عمرو.د

٢٠٠٦–أیار
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إھداء
....ـھدي وتھفو النفوس إلى أن تُ

....ھدي قطعة منھاودع فیما تُلتُ
....س أنھا متجھة إلى ھناكوتحُ

...و سمو الأمل .... د إلى صمود الجِ
ـتي لا تكــــل و إصـــــــرار الإرادة ال

...إلى أولئك 
....و شعور الواجب المتدفق نحوھم 

....اشتیاق الاتصال الدائم بھم و 
....و الحنین المحرق للالتقاء بھم 

...إلى الشھداء. …منا جمیعا أكرمإلى من ھم 
...ثم ھذا الجیل الصاعد

إلى الشباب في ربوعھ 
حیث لزام الانتماء الأصیل 

بالتقدیر و العرفان....  قف دوما معھنأن ایشدن

.بل لتنیر الدرب للآخرین . …أن الشمعة لا تحترق لتذوباالذین علمونالأفاضل نالى أساتذتإ
....اب من عینیھاالى الدمع الصبّ...الى الفیض... الى النبع 

....الى الوالد الحاني..  ……إلى نورھا المشع....إلى الام
....الى الأحبة.... الى الأھل.... الى الإخوة 

جھد المتواضعھدي ھذا الإلیكم جمیعا أحبتنا ن
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الشكر والتقدیر

لكل منالله أولا  ثمیتقدم فریق العمل بالشكر الجزیل والعمیق
، ساھم في رعایة ھذا المشروع وأنبت ینعھ وزاد حصاده الى الشكل الذي ھو علیھ

:الى 

، وكلیة الھندسة والتكنولوجیا، جامعة بولیتكنك فلسطین الموقرة-

مدنیة والمعماریة بكافة طاقمھا العامل على تخریج ودائرة الھندسة ال

.لغدوبناة اجیالالأ

الذي بذل ، جمیع الأساتذة بالجامعة ونخص بالذكر الدكتور ماھر عمرو-

.للخروج بھذا العمل بالشكل اللائقالجھد النفیس 

في توفیر مكتبة الجامعة والقائمین علیھا لتعاونھم الكامل ومساعدتھم-

.بالمشروعالكتب الخاصة

العون وكانت سواعده سواعدنا ولم یبخل بالمساعدة بأي لكل من قدم -

.شيء
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ملخص المشروع

.مبنى متعدد الطوابق بجمیع تفصیلاتھ وعناصره المختلفةعمل تصمیم إنشائي كامل ل

فریق العمل. 

بد المنعم العسیليفرحات عمـوفق عـادل أبو زیـنـھ

یوسف غالب الھیموني

م٢٠٠٦-فلسطینكبولیتكنجامعة 

إشراف

ماھر عمروالدكتور 

جمع تتلخص فكرة ھذا المشروع  في عمل التصمیم الإنشائي و كافة التفاصیل اللازمة لم

.مدینة الخلیلفي والذي یقعتجاري متعدد الاستخدامات

أي و یحتوي على الكثیر من الفعالیات التي یحتاجھا عشر طابقا ثلاثةو ھذا المشروع مكون من 

ة   المركز امع كل وسائل الراحة،و قد صمم ھذشخص افة  فب،على احدث الطرز المعماری الإض

ادي         ة مرت ة لخدم اعد الكھربائی عت المص ان ،  وض ة و الأم ذا  إلى احتوائھا على وسائل الراح ھ

.المركز 

روع       وھذا المبنى ھو خرساني مس وي المش ي، ویحت انة الأمریك ود الخرس ا لك لح تم تصمیمھ وفق

ائیة    ر الإنش ى العناص ا عل م توزیعھ ة ث یة و الأفقی ل الأوزان الرأس ة لتحلی یل الكامل ى التفاص عل

ود      ب الك ل حس میم الكام ر،ثم التص ل عنص ة بك ائیة الخاص ل الإنش یة،ثم التحالی ة والراس الأفقی

ز   المتبع،و قد تمت مراجعة جمیع ا م تجھی لخرائط المعماریة لتتوافق مع التصامیم الإنشائیة كما ت

.جمیع المخططات الإنشائیة مع التفاصیل التنفیذیة الكاملة
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Abstract

Structural Design and Details of a Multi story Building

Project Team

Mowafaq Adel Abu-zeineh Farhat Abd. Almune'm Osaily

Yousef GH. Al-Haimouni

Palestine Polytechnic University-2006

Supervisor

Dr. Maher Amro

The main idea of this project is to prepare all structural design and executive

details for a multi story building in the center of Hebron city.

This building consists of thirteen floors and it contains all activities required

for any person.

This building is a reinforced concrete structure, and it was designed

according to the ACI-code-02.

The project contains the structural analysis for vertical and horizontal loads

and the structural design and details for each member in the project.
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List of Abbreviations

 Ac = area of concrete section resisting shear transfer.

 As = area of non-prestressed tension 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.

 DL = dead loads.

 d = distance from extreme compression fiber to centroid of tension

reinforcement.

 Ec = modulus of elasticity of concrete.

 Fy = specified yield strength of non-prestressed reinforcement.

 h = overall thickness of member.

 I = moment of inertia of section resisting externally applied factored loads.

 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.

 Ld = development length.

 Lw = length of wall.

 M = bending moment.

 Mu = factored moment at section.

 Mn = nominal moment.

 Pn = nominal axial load.

 Pu = factored axial load
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 S = Spacing of shear or in direction parallel to longitudinal reinforcement.

 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.
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Quality densitymaterialNO.

2200 Kg/ m3Tile1.

1700 Kg/ m3Sand2.

2500 Kg/ m3Reinforced Concrete3.

1000 Kg/ m3Block4.

2200 Kg/ m3Plaster5.

125 Kg/ m3Partition6.

٢- ١- ٣- ٣:

،لا

،،

.
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)2-3 (

.

)٢-٣ ([3]

NO. Type of Area Live Loads(kg/m2)

1. Parking 500

2. Restaurants 500

3. Roof 150

4. Shops 400

5. Stairs 400

6. Offices 250

٣- ١- ٣- ٣:

 .

،

،.



٣٣

-:

علـى ي

سي،
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2)(613.0 zvq 

:

q :

)N/m². (

Vz :)/(.

321 ***. SSSVVz 

S1 :١٣[2].

S2 :١٤.[2]

S3 :١٥.[2]
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-:ي

222

3

2

1

/82.632.0/82.632)13.32(*613.0

/13.321*02.1*9.0*35

3/5/4..................../35

15......................1

14......................02.1

13.........................9.0

mKNmNq

smV

bsmV

TABLES

TABLES

TABLES

z











.

-:

ي

)٣-٣(:-

)٣-٣([2]

)h(

)()kN /m²(

h < 2500

250 < h< 5001000) /h-250(

500 < h< 1500(h-400) / 400

1500 < h < 2500(h – 812.5)/ 250
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)٩٨٠ (:

SL = (h-400) / 400

= (980 – 400)/ 400

= 1.45 KN /m²

 -[2]:

،ى

هـي  فقية ،ي

،فهي

.

By using the Jordanian Building Code for determining the forces that

caused by the Earthquake loads, we divide the whole structure into two

parts "A"&"B"–As mentioned in the plans-because of the Expansion

Joint. Then we fined the total horizontal force (V) as:

FzV
n

z





1
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Where:

Z :Fz

n :

Fz = α*β*γz*δ*θ*η*wz* Q%

Where :

α :

β يكي:

γz : معامل

δ:

θ :

η :

wz :

:%Qالحمل الأفقي في كل طابقنسبة

the value of the horizontal force is:so





n

z
zz WV

1
. )(..... 

Vertical load calculation,

G :.
QKGW .
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Q:.

K :.

Whereas the Vertical load for the story (Z) is calculated by the

following equation:

ZZZ KQGW 

The "K" factor was obtained from the Table (22) and its value for the

.)K=0(commercial and office structure is

So, the total vertical load for the part "A" of the structure is:

)2( BZW = (2200)(0.25)(25)+(0.3)(25)(162)(3.0)+(0.6)(0.6)(25)(3.0)(60)

)2( BZW = 18576.25 KN.

)1( BZW = (1511)(9.43)+(0.3)(25)(162)(2.75)+(0.6)(0.6)(25)(2.75)(60)

)1( BZW = 22399.8 KN.

= 26348.55 KN. 1ZW

2ZW = 25032.3 KN.

3ZW = 20331.25 KN.

4ZW = 25326.5 KN.

5ZW = 16996.13 KN.

6ZW = 16106.25 KN.

7ZW = 16106.25 KN.

8ZW = 8834.31 KN.



٣٨

9ZW = 8834.31 KN.

10ZW = 7242.44 KN.

And, the total vertical load for the part "B" of the structure is:

2ZBW = (1520)(0.25)(25)+(0.3)(25)(170)(2.75)+(0.6)(0.6)(25)( 2.75)(49)

2ZBW = 14873 KN.

1ZBW = (1511)(9.43)+(0.3)(25)(170)( 3.0)+(0.6)(0.6)(25)( 3.0)(49)

1ZBW = 19396.73 KN.

= 23257.73 KN. 1ZW

2ZW = 21970.73 KN.

3ZW = 16148.75 KN.

4ZW = 22877.9 KN.

5ZW = 23534.9 KN.

6ZW = 22171.4 KN.

7ZW = 22171.4 KN.

8ZW = 20447.9 KN.

9ZW = 20447.9 KN.

10ZW = 17714.9 KN.

)α(:

By using the fig. (3), we can notate that our region was located in the

) so that the factor (α = 0.5) from the table "23"category (
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:)β(يكي

This factor can be specifying by the table "24" by the building type.

1.0
05.0

04.0
3


T

B

)T ()٢٥ (.

:












HB

H

B

H
T

2
06.0

:

)B : (.

)H : (

ondT sec2127.0)
45)50(2

45
(

50

)45(06.0





08232.0
143.0

05.0
3

 B

)γ:(

This factor is depending on the building height and the type of this

building, so its value can be specifying by the table "26".
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From the table, for the multistory structures that its high doesn’t more
than (50)m, the equation is:

 
2

1

1

.

.








n

z
zz

n

z
zz

zZ

hW

hW
h

where :

Z: the number of the story and this is numbered from down to top.

N: Number of the structure's story.

So the values of this factor for the part "A" of the structure are:

   
1.151213282

535.4853500
32 BZ

  0963.02 BZ

  1926.01 BZ

3692.01 z

5457.02 z

6741.03 z

8025.04 z

97905.05 Z

1235.16 Z

2519.17 Z

38.18 Z
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5087.19 Z

6371.110 Z

And the values for the part "B" of the structure are:

   
5.243507761

355.6815304
31 BZ

  084.01 BZ

  186.02 BZ

322.01 z

476.02 z

588.03 z

7.04 z

854.05 Z

98.06 Z

092.17 Z

203.18 Z

315.19 Z

427.110 Z
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:

This factor can be determined by the following Eq.

3.1
7.0

8.0
3





STT



)δ ()1.3 (TT S 

:

TS :

)٢٧ :(

TS =0.2 ،قيمة ا)T= (0.2127

δ = 1.3 

:

This factor shows the ability of the structure to absorb the energy that

caused by the earthquake which is specified by table (28).

So (θ=1.33) for the structures that is depends completely in its

resistance on the shear walls.
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)η(:

This factor depends on the importance of the structure, and its

value can be taken from the table as (η=1.2).

Then the calculations for the part "A" of the main equation became:

ZZZ WF ...... 

KNF

F

B

B

217.20

)13.0(*)25.18576)(2.1)(3.1)(33.1)(0963.0)(0838.0)(5.0(

)2(

)2(





KNF

F

B

B

76.48

)13.0(*)8.22399)(2.1)(3.1)(33.1)(1926.0)(0838.0)(5.0(

)1(

)1(





KNF 38.1181 

KNF 25.1662 

KNF 8.1663 

KNF 37.2474 

KNF 29.7235 

KNF 55.7866 

KNF 4.8767 

KNF 46.9648 

KNF 4.10549 
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KNF 97.93710 

Vu = 6110.9 KN.

And the calculations for the other part "B" of the main equation became

KNF

F

B

B

468.7

)07.0(*)14873)(2.1)(3.1)(33.1)(084.0)(08232.0)(5.0(

)2(

)2(





KNF

F

B

B

48.19

)07.0(*)73.19396)(2.1)(3.1)(33.1)(168.0)(8232.0)(5.0(

)1(

)1(





KNF 796.441 

KNF 517.622 

KNF 18.1623 

KNF 23.3284 

KNF 939.4115 

KNF 33.4456 

KNF 225.4967 

KNF 17.5048 

KNF 108.5519 

KNF 113.51810 

Vu = 3551.52  KN.
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F z - 1 2  = 9 3 7 .9 7  K N

F z - 1 1  = 1 0 5 4 .4  K N

F z - 1 0  = 9 6 4 .5  K N

F z - 9  = 8 7 6 .4  K N

F z - 8  = 7 8 6 .5 5  K N

F z - 7  = 7 2 3 .3 0  K N

F z - 6  = 2 4 7 .3 7  K N

F z - 5  = 1 6 6 .8  K N

F z - 4  = 1 6 6 .2 5  K N

F z - 3  = 1 1 8 .3 8  K N

F z - 2  = 4 8 .7 6  K N

F z - 1  = 2 0 .2 2  K N

C A S E  -  A

C A S E  -  B
F z - 1 2  = 5 1 8 .1 1  K N

F z - 1 1  = 5 5 1 .1 1  K N

F z - 1 0  = 5 0 4 .1 7  K N

F z - 9  = 4 9 6 .2 5  K N

F z - 8  = 4 4 5 .3 3  K N

F z - 7  = 4 1 1 .9  K N

F z - 6  = 3 2 8 .2  K N

F z - 5  = 1 6 2 .1 8  K N

F z - 4  = 6 2 .5 2  K N

F z - 3  = 4 4 .8  K N

F z - 2  = 1 9 .4 8  K N

F z - 1  = 7 .4 7  K N
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٤-٣:-

)Different Structural Elements (

-) :١-٣(: فمثلا . 

)Solid Slab(

)Beams ()Slab Spans(

)Columns .(

)

) ).Spread footings(منفصلة



)Joist-Slab . (

لـى  

.
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[8]) ١-٣(شكل 

:-

 :)Joist( .

 :)Flange(

)T (.

.
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:-

١-٤-٣:

:

١.)Solid Slabs.(

٢.)Ribbed Slabs.(

٣.)Waffle Slabs .(

٤.)Flat Slabs.(

٥.)Pre-Slabs.(

،

:ع

١()Solid Slabs.(

٢(). (One way ribbed slab
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١-١-٤-٣)Solid Slabs([8]:-

 :

في 

؛هما

.

)٢-٣ (

 .

) ٢-٣(شكل 



٥٠

٢-١-٤-٣)(One way ribbed slab:

٥٧

.

٢- ٤- ٣:-

،

، _ _"Dropped

Beams" في

ي ،فـإ 

)Girders(.

.

.) ٣-٣(شكل 
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٣- ٤- ٣:-

، .

،يع 

؛

عتهـا ي٥.٥

ا شكل فمنها م،عي ؛

)٤-٣(.

) ٤-٣(شكل 
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٤- ٤- ٣):(

)shear wall (

 .

،

،،

 ،

لمنع.

.
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٥- ٤- ٣:-

،

.

،

ي

،

.)٥-٣ ( .

) ٥- ٣(شكل
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٦- ٤- ٣:

)ACI-Code(.

٧-٤-٣)Expansions Joints: (

.1:

:

٤٠٤٥.

٣٠٣٥.

.

 ،.
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:

١.AUTOCAD 2007/2006/2004 :

.

٢.STAAD PRO :.

٣.PROKON :.

٤.ATIR :-.

٥.MB :لا.
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Chapter Four

Structural Analysis and Design

(4-1) Introduction

(4-2) Design of Rib (R3+R12)

(4-3) Design of Beam (B18)

(4-4) Design of One Way Solid Slab (S12)

(4-5)  Design of Column (C19)

(4-6)  Design of Isolated Footing (F19)
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(4-7)  Design of Combined Footing (CF1)

(4-8) Design of Strip Footing

(4-9) Design of Retaining Wall

(4-10) Design of Stairs

(4-11) Design of Shear wall
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Chapter Four

Structural Analysis and Design

4.1 Introduction

In This Project, all of design calculations 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: solid slabs and one-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 by using the previous program

and "STAADPRO 2004" and "Prokon" programs to find the internal forces,

deflections and moments for one way-solid slabs, and then handle calculation would

be made to find the required steel for all members

The design procedure started from the top to the bottom of structure, so,

numbers were being given to each member to simplifying and classifying these

members. The key plans for each level which show the keys for each member can be

shown in the figures in appendix "B", then the calculation started step by step from

the roof to the foundations.
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4.2 Design of ribs (R3,R12)

4.2.1 Determination of thickness of ribbed slabs ( T section ) :-

According to ACI-Code-318-Rm, the minimum thickness of nonprestressed

beams or one way slabs unless deflections are computed, given in table (9.5-a),

as follows:-

For rib (R3) in the first basement floor , as shown in fig (4.1).

fig (4.1).

spans from left to right:-

cmm
L

3636.0
5.18

7.6

5.18


cmm
L

3535.0
21

35.7

21


cmm
L

2929.0
21

0.6

21


cmm
L

2828.0
21

80.5

21


cmm
L

7.39397.0
5.18

35.7

21


cmm
L

2727.0
5.18

97.4

5.18

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According to above values, the thickness of the slab will be assumed to be (35)

cm, and deflection limitation must be considered:

cmh 35 .

4.2.2 Load Calculations ( T section ) :-

Dead load: -

Coarse Sand Fill 0.07*0.52*1700     = 61.88 kg/m  of rib

Tiles 0.03*0.52*2200     = 34.32 kg/m  of rib

Concrete Rib 0.27*0.12*2500 = 81 kg/m  of rib

Block 0.27*0.40*1000 = 108 kg/m of rib

Topping 0.08*0.52*2500 = 104 kg/m.

Plaster 0.03*0.52*2300 = 35.88 Kg/m of rib

Partitions (125) (0.52) = 65 Kg/m of rib

Nominal Total Dead Load  =

61.88+34.32+81+108+104+35.88+65 = 490.08 Kg/m of rib

Factored Total Dead Load = 1.4*490.08 = 686.112 kg/m.

= 6.86 kN/m.

for ribs ultimate dead load = 6.86 kN/m

Factored live load   = 4*1.7*0.52= 3.54 kn/m

4.2.3 Design of topping :-

Dead load of rib = b * h * D

= 0.12 * 0.27 * 25

= 0.81 kN/m

= 81 kg/m
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DL = (Total dead load of rib) – (dead load of one rib)

= (
52.0

90.4
-

52.0

81.0
) = 7.87 kN/m2

LL = 4 kN/m²

uq = 1.4 (DL) + 1.7 (LL)

= 1.4 ( 7.87) + 1.7 (4)

= 17.82 kN/m²

Calculate of ultimate moment :

Assume slab is fixed at support points (Ribs)

M =
12

* 2lqu =
12

)4.0(*82.17 2

= 0.24 kN.m

Mn = sfr *

S      =
6

* 2hb
=

6

)8(*100 2

= 1066.67 cm³

fc' = 0.85 * fcu = 0.85*30 = 25.5 MPa

rf = 0.7 5.25 = 3.53 MPa

Mn = 35.3 (1066.67) = 37.705*103 kg.cm

Mn = 3.77 kN.m

 Mn = Mn * (Reduction factor)

= 3.77 * (0.65) = 2.451 kN.m > 0.24 kN.m

So the slab is plain concrete.

Minimum reinforced of slap is required according to ACI – COD:

- To prevent shrinkage cracks.

- To minimize temperature.
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minAs = 0.0018 * b * d

= 0.0018 * 100 * 8 = 1.44 cm²

select 3 Ф 8 per one meter ----- .provAs = 1.51 cm²

4.2.4 Rib Design (R3) in the first basement floor :

4.2.4.1 Design for Positive Moment:-

fig. (4.2): Moment diagram of rib 3

This design for 6.7 m & 7.35 m & 6 m & 5.8 m & 7.35 m & 4.97 m spans are as

follows:-

Effective Flange width ( Eb ) according to ACI Code 8.10.2:

Eb for T- section is the smallest of the following:

Eb = L / 4 = 735 / 4 = 183.75 cm

Eb = wb + 16 t = 12 + 16 (8) = 140 cm

Eb = C/C = 52 cm……………….. Control



٦٣

1st span (L = 6.7 m):

Mu = 34.1 kN.m

Mn = 34.1/0.9 = 37.89 kN.m = 3.79 ton.m

Determine whether the rib will act as rectangular or T – section:

For   a = t = 8 cm

C = 0.85 fc t Eb = 0.85 (0.255) (8) (52) = 90.17 ton

d= h-Ct-db/2 = 35-2-1.2/2 = 32.4 cm

Mn = T or C (d – 0.5 a) = 90.17 (32.4 – 0.5 (8)) / 100   = 25.61 ton.m

Mn available  = 25.61 ton.m   > Mn required  =3.79 ton.m

So, Design as a rectangular with Eb = 52 cm

Determine A s .max

Xb={0.003/(0.003+0.0021)}*32.4 =19.06 cm.

ab=ß1*Xb=0.85*19.06=16.2 cm.

 C1b=0.85*0.3*12*16.2=49.57 ton.

 C2b=2*0.85*0.3*20*8=81.6 t.

 Tb =131.2 ton

 Asb=131.2/4.2=31.24 cm²

 Asmax=0.75*31.24 =23.43 cm²

A s min = ))((
4.1

))((
)(4

dbw
fy

dbw
fy

cf



……….. (ACI-10.5.1)

 A s min = )4.32)(12(
420

4.1
)4.32)(12(

)420(4

5.25


A s min = 1.17  1.30

 A s min = 1.30 cm 2

m =
'*85.0 fc

fy
=

5.25*85.0

420
= 19.4
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Rn =
2** db

Mu


=

2

5

)4.32(*52

10*79.3
= 6.943 Kg/ cm 2

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
4.19

1
(1 -

4200

)943.6)(4.19(2
1 ) = 0.00168

A s (req) = 0.00168 * 52*32.4

 A s (req) =2.83 cm² > A s min = 1.30 cm 2

Select 2 Ф 14 with AS= 3.08 cm² .

2nd span (L= 7.35 m):-

Mu = 26.6 kN.m

Mn = 26.6/0.9 = 29.56 kN.m = 2.956 ton.m

Rn = 5.414 Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)414.5)(4.19(2
1 ) = 0.00131

A s (req) = 0.00131 * 52*32.4

 A s (req) =2.2 cm²

Select 2 Ф 12 with AS= 2.26 cm² .

3rd span (L = 6.00 m):-

Mu = 19.20 kN.m

Mn = 19.20/0.9 = 21.33 kN.m = 2.133 ton.m

Rn = 3.91 Kg/ cm 2
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ρ =
4.19

1
(1 -

4200

)91.3)(4.19(2
1 ) = 0.00094

A s (req) = 0.0094 * 52*32.4

 A s (req) = 1.58 cm²

Select 2 Ф 12 with AS= 2.26 cm² .

4th span (L= 5.80 m):

Mu = 16.0 kN.m

Mn = 16.0/0.9 = 17.78 kN.m = 1.778 ton.m

Rn = 3.26 Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)26.3)(4.19(2
1 ) = 0.00078

A s (req) = 0.00078 * 52*32.4

 A s (req) = 1.32 cm²

Select 2 Ф 12 with AS= 2.26 cm² .

5th span (L=7.35 m):-

Mu = 28.8 kN.m

Mn = 28.8/0.9 = 32 kN.m = 3.2 ton.m

Rn = 5.86 Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)86.5)(4.19(2
1 ) = 0.00142

A s (req) = 0.00142 * 52*32.4

 A s (req) = 2.38 cm²

Select 2 Ф 14 with As = 3.08 cm² .
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6th span (L = 4.97 m):-

Mu = 16.6  kN.m

Mn = 16.6/0.9 =18.44 kN.m = 1.844 ton.m

Rn = 3.38 Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)38.3)(4.19(2
1 ) = 0.00081

A s (req) = 0.00081 * 52*32.4

 A s (req) = 1.366 cm²

Select 2 Ф 12 with As= 2.26 cm² .

4.2.4.2 Design for Negative Moment:

Using ATIR-software the following moment values appears: -

Support B :-

Mu = 49.6 kN.m

Design of T-section for negative moment as rectangular section with (b=bw)

The minimum reinforcement is determined according to ACI (10-5.2) as

follows:

A s min = ))((
4

))((
)(2

dbf
fy

cf
dbw

fy

cf 



…….. (ACI-10.5.2)

A s min = )420*4/()4.32)(52(5.25)4.32)(12(
)420(2

5.25


A s min = 06.534.2 

A s min = 2.34 cm 2
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Asmax= ρ max * b * d

ρmax By Interpolation from table

Asmax = 0.01953 * 12 * 32.4

Asmax= 7.6 cm2

Mn = 49.6 / 0.9 = 55.11 kN.m   = 5.511 ton.m

m= 19.4

Rn = Mn / bw . d² = 2

2

5

/75.43
4.3212

1094.5
cmKg

x

x


01176.0
4200

75.43*4.19*2
11

4.19

12
11

1



















fy

mRn

m


A s (req) = 0.01176 (12) (32.4) = 4.57 cm 2

Use 2 Φ 18 mm with A s = 5.09 cm 2

Support C:

Mn = 38.9 / 0.9 = 43.22 kN.m   = 4.322 ton.m

m= 19.4

Rn = Mn / bw. d² = 2

2

5

/31.34
4.3212

1086.6
cmKg

x

x


00895.0
4200

31.34*4.19*2
11

4.19

1










A s (req) = 0.00895 (12) (32.4) = 3.48 cm 2

Use 2 Φ 16 mm, A s = 4.02 cm 2

Support D:

Mn = 27.9 / 0.9 = 31.0 kN.m   = 3.1 ton.m

m= 19.4
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Rn = Mn / (bw. d²) = 2

2

5

/09.24
4.3212

1010.3
cmKg

x

x


00624.0
4200

69.24*4.19*2
11

4.19

1










A s (req) = 0.00624 (12) (32.4) = 2.425cm 2

Use 2 Φ 14 mm           A s = 3.08 cm 2

Support E:

Mn = 39.3 / 0.9 = 43.67 kN.m   = 4.37 ton.m

m= 19.4

Rn = Mn / (bw. d²) = 2

2

5

/66.34
4.3212

1037.4
cmKg

x

x


009.0
4200

66.34*4.19*2
11

4.19

1










A s (req) = 0.009 (12) (32.4) = 3.52cm 2

Use 1 Φ 16 mm + 1 Φ 14 mm , A s = 3.55 cm 2

Support F:

المقالة I. Mn = 39.3 / 0.9 = 43.67 kN.m = 4.37 ton.m

m= 19.4

Rn = Mn / (bw. d²) = 2

2

5

/66.34
4.3212

1037.4
cmKg

x

x


009.0
4200

66.34*4.19*2
11

4.19

1










A s (req) = 0.009 (12) (32.4) = 3.52cm 2

Use 2 Φ 16 mm           A s = 4.02 cm 2
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4.2.4.3 Design of Shear:-

fig. (4.3): Shear Diagram for rib 3

Factored D.L. = (0.686)  t/m

Factored L.L. = (0.354)  t/m

Wu = (1.04)  t/m

Max Vu at the support (B):

Vu = 3.46 ton At distance (d=32.4  cm) from face of support :

cV =0.85 bd
cf









 
6

=0.85 
















1000

10
)4.32)(12(

6

5.25
= 3.272 ton

Vu = 3.46ton > ØVc = 3.272 ton

:)3( SatisfyCategory

Minimum shear reinforcement required, so;

cmS

b

Af
S

w

Vy

0.105
12

5.0*2*420*3

**3





cmS

cm
d

S

60)(

2.16
2

4.32

2
)(




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SO use the smallest of the three limitations

Use S = 15 cm.

4.2.5 Deflection limitation:-

According to ACI – code 318, the maximum allowable deflections are

determined by equations in table [9.5 (b)], and this value must be more than the

maximum value of deflection appears.

The maximum value of deflection due to sustained and live loads" long term

deflection" for rib slab (R3) is obtained by using computer program called

"ATIR" and results were as shown in fig. (4.4).

fig. (4.4). Deflection Diagram Before Adding Reinf. (mm)

From this fig. the maximum deflection due to sustained load is (18.66 mm)

which is more than the maximum permissible computed deflection which is

equal to: ( MAX mm
mmL

96.13
480

1000*70.6

480
 )

So, OKnotmmmm ...96.1366.18 

In order to solve this problem steel reinforcement in first span and fifth span must be

increased to be as follows:-
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1st span (L= 6.70 m):-

Provide 2 Ф 20 ……. with 228.6 cmAs provided 

5th span (L = 7.35 m):-

Provide 2 Ф 16 ……. with 202.4 cmAs provided 

Deflection diagram obtained from computer calculation using ATIR program would

be after adding this amounts of steel as follows :-

fig. (4.5). Deflection Diagram After Adding Reinf. (mm)

From this fig. the maximum deflection is (13.37 mm) in the first span which

is less or than the maximum permissible computed deflection which is equal:

( mm
mmL

96.13
480

1000*70.6

480
 )

So,

OKmmmm ...96.1337.13 

4.2.6 Determination of thickness of rib slab ( I section ) :-

According to ACI-Code-318-Rm, the minimum thickness of non-prestressed

beams or one way slabs unless deflections are computed, given in table (9.5-a),

as follows:-
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For rib (R12) in the first basement floor which have the largest spans, as

shown in fig (4.6).

fig (4.6).

spans from left to right:-

cmm
L

2727.0
5.18

5

5.18


cmm
L

4545.0
21

35.9

21


cmm
L

3737.0
21

8.7

21


cmm
L

3131.0
21

60.6

21


cmm
L

6.37376.0
5.18

9.7

21


cmm
L

4343.0
5.18

8

5.18


According to above values, the thickness of the slab will be assumed to be (35)

cm, and deflection limitation must be considered:

cmh 35 .

4.2.7 Load Calculations ( I section ):-

Dead load: -

Coarse Sand Fill 0.07*0.52*1700     =61.88 kg/m  of rib

Tile 0.03*0.52*2200     =34.32 kg/m  of rib

Concrete Rib 0.20*0.12*2500     = 60 kg/m  of rib
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Block (polyester) 0.20*0.40*15 = 1.2 kg/m of rib

Upper flange 0.07*0.52*2500 = 91 kg/m.

Lower flange 0.08*0.52*2500 = 104 kg/m.

Plaster 0.03*0.52*2300 = 35.88 Kg/m of rib

Partitions (125)*(0.52) = 65 Kg/m of rib

Nominal Total Dead Load  =

61.88+34.32+60+1.2+91+104+35.88+65 = 453.28 Kg/m of rib

Factored Total Dead Load = 1.4*453.28 = 634.6 kg/m.

= 6.35 kN/m.

for ribs ultimate dead load = 6.35 kN/m

Factored live load   = 4*1.7*0.52= 3.54 kN/m

4.2.8 Design of topping :-

Dead load of rib = b * h * D

= 0.12 * 0.20 * 25

= 0.60 kN/m

= 60 kg/m

DL = (Total dead load of rib) – (dead load of one rib)

= (
52.0

53.4
-

52.0

6.0
) = 7.56 kN/m

LL = 4 kN/m²

uq = 1.4 (DL) + 1.7 (LL)

= 1.4 ( 7.56) + 1.7 (4)

= 17.384 kN/m²
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Calculate of ultimate moment :

Assume slab is fixed at support points (Ribs)

M =
12

* 2lqu =
12

)4.0(*384.17 2

= 0.232 kN.m

Mn = sf r *

S      =
6

* 2hb
=

6

)7(*100 2

= 816.7 cm³

rf = 0.7 5.25 = 3.53 MPa

Mn = 35.3 (816.7) = 2.87*103 kg.cm

Mn = 0.287 kN.m

 Mn = Mn * (Reduction factor)

= 0.287 * (0.65) = 0.444 kN.m > 0.26

So the slab is plain concrete.

Minimum reinforced of slap is required according to ACI – COD:

- To prevent shrinkage cracks.

- To minimize temperature.

minAs = 0.0018 * b * d

= 0.0018 * 100 * 7 = 1.26 cm²

select 3 Ф 8 per one meter ----- .provAs = 1.51 cm²
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4.2.9 Rib Design (R12) in the first basement floor :

4.2.9.1 Design for Positive Moment:-

fig. (4.7): Moment diagram of rib 12

This design for 5 m & 9.35 m & 7.8 m & 6.6 m & 7.9 m & 8 m spans are as

follows:-

Effective Flange width ( Eb ) according to ACI Code 8.10.2:

Eb for T- section is the smallest of the following:

Eb = L / 4 = 935 / 4 = 233.75 cm

Eb = wb + 16 t = 12 + 16 (7) = 124 cm

Eb = C/C = 52 cm……………….. Control

1st span (L = 5 m):

Mu = 14.0 kN.m
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Mn = 14.0/0.9 = 15.56 kN.m = 1.556 ton.m

Determine whether the rib will act as rectangular or T – section:

For   a = t   = 7 cm

C = 0.85 fc t Eb = 0.85 (0.255) (7) (52) = 78.9 ton

d= h-Ct-db/2 = 35-2-12/2 = 32.4 cm

Mn = T or C (d – 0.5 a) = 78.9* (32.4 – 0.5 (7)) / 100   = 22.8 ton.m

Mn available  = 22.8 ton.m > Mn required =1.556 ton.m

So, Design as a rectangular with Eb = 52 cm, in both Negative and Positive area.

Determine A s .max

Xb={0.003/(0.003+0.0021)}*32.4 =19.06 cm.

ab=ß1*Xb=0.85*19.06=16.2 cm.

 C1b=0.85*0.255*12*16.2=42.14 ton.

 C2b=2*0.85*0.255*20*7 =60.69 t.

 Tb =102.83 ton

 Asb=102.83 /4.2=24.48 cm²

 Asmax=0.75*24.48 =23.43 cm²

A s min = ))((
4

))((
)(2

dbf
fy

cf
dbw

fy

cf 



…….. (ACI-10.5.2)

A s min = )420*4/()4.32)(52(5.25)4.32)(12(
)420(2

5.25


A s min = 06.534.2 

A s min = 2.34 cm 2 , in both Negative and Positive area

m =
'*85.0 fc

fy
=

5.25*85.0

420
= 19.4

Rn =
2** db

Mu


=

2

5

)4.32(*52

10*556.1
= 2.85 Kg/ cm 2

ρ =
m

1
(1 -

fy

mRn2
1 )
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ρ =
4.19

1
(1 -

4200

)85.2)(4.19(2
1 ) = 0.00068

A s (req) = 0.00068 * 52*32.4

 A s (req) = 1.15 cm²  < A s min = 2.34 cm 2

So, use A s min = 2.34 cm 2

Select 2 Ф 14 with AS= 3.08 cm² .

2nd span (L= 9.35 m):-

Mu = 45.0 kN.m

Mn = 45.0/0.9 = 50.0 kN.m = 5.0 ton.m

Rn = 9.16 Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)16.9)(4.19(2
1 ) = 0.00223

A s (req) = 0.00223 * 52*32.4

 A s (req) =3.76 cm²

Select 2 Ф 16 with AS= 4.02 cm² .

3rd span (L = 7.80 m):-

Mu = 28.9 kN.m

Mn = 28.9/0.9 = 32.11 kN.m = 3.211 ton.m

Rn = 5.883 Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)883.5)(4.19(2
1 ) = 0.00142

A s (req) = 0.00142 * 52*32.4

 A s (req) = 2.393 cm²
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Select 2 Ф 14 with AS= 3.08 cm² .

4th span (L= 6.60 m):

Mu = 22.9 kN.m

Mn = 22.9/0.9 = 25.44 kN.m = 2.544 ton.m

Rn = 4.66 Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)66.4)(4.19(2
1 ) = 0.001122

A s (req) = 0.001122 * 52*32.4

 A s (req) = 1.89 cm² <   A s min = 2.34 cm 2

So, use A s min = 2.34 cm 2

Select 2 Ф 14 with AS= 3.08 cm² .

5th span (L=7.90 m):-

Mu = 29.6 kN.m

Mn = 29.6/0.9 = 32.9 kN.m = 3.29 ton.m

Rn = 6.025 Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)025.6)(4.19(2
1 ) = 0.00146

A s (req) = 0.00146 * 52*32.4

 A s (req) = 2.45 cm²

Select 2 Ф 14 with As = 3.08 cm² .
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6th span (L = 8 m):-

Mu = 47.2  kN.m

Mn = 47.2/0.9 = 52.44 kN.m = 5.244 ton.m

Rn = 9.61 Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)61.9)(4.19(2
1 ) = 0.00234

A s (req) = 0.00234 * 52*32.4

 A s (req) = 3.94 cm²

Select 2 Ф 16 with As= 4.02 cm²

4.2.9.2 Design for Negative Moment:

Using ATIR-software the following moment values appears: -

Support B :-

Mu = 56.4 kN.m

Design of I-section for negative moment as T- section with ( b=bf )

The minimum reinforcement is determined according to ACI (10-5.2) as

follows:

Mn = 56.4 / 0.9 = 62.7 kN.m   = 6.27 ton.m

m= 19.4

Rn = Mn / (bf . d²) = 2

2

5

/48.11
4.3252

1027.6
cmKg

x

x


00281.0
4200

48.11*4.19*2
11

4.19

12
11

1



















fy

mRn

m

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A s (req) = 0.00281 (52) (32.4) = 4.73 cm 2

A s min = ))((
4

))((
)(2

dbf
fy

cf
dbw

fy

cf 



…….. (ACI-10.5.2)

A s min = )420*4/()4.32)(52(5.25)4.32)(12(
)420(2

5.25


A s min = 06.534.2 

A s min = 2.34 cm 2

Asmax= ρ max * b * d

ρmax By Interpolation from table

Asmax=0.01953 * 12 * 32.4

Asmax= 7.6 cm2

A s (req) = 0.00281 (52) (32.4) = 4.73 cm 2

Use 2 Φ 18 mm           A s = 5.08 cm 2

Support C:

Mn = 64.8 / 0.9 = 72.0 kN.m   = 7.20 ton.m

m= 19.4

Rn = Mn / bw. d² = 2

2

5

/19.13
4.3252

102.7
cmKg

x

x


00324.0
4200

19.13*4.19*2
11

4.19

1










A s (req) = 0.00324 (52) (32.4) = 5.46 cm 2

Use 2 Φ 20 mm, A s = 6.28 cm 2
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Support D:

Mn = 41.8 / 0.9 = 46.44 kN.m   = 4.644 ton.m

m= 19.4

Rn = Mn / (bw. d²) = 2

2

5

/51.8
4.3252

10644.4
cmKg

x

x


00207.0
4200

51.8*4.19*2
11

4.19

1










A s (req) = 0.00207 (52) (32.4) = 3.48cm 2

Use 2 Φ 16 mm           A s = 4.02 cm 2

Support E:

Mn = 42.6 / 0.9 = 47.33 kN.m   = 4.733 ton.m

m= 19.4

Rn = Mn / (bw. d²) = 2

2

5

/67.8
4.3252

10733.4
cmKg

x

x


00211.0
4200

67.8*4.19*2
11

4.19

1










A s (req) = 0.00211 (52) (32.4) = 3.55cm 2

Use 2 Φ 16 mm           A s = 4.02 cm 2

Support F:

Mn = 62.8 / 0.9 = 69.78 kN.m   = 6.978 ton.m

m= 19.4
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Rn = Mn / (bw. d²) = 2

2

5

/78.12
4.3252

10978.6
cmKg

x

x


00314.0
4200

78.12*4.19*2
11

4.19

1










A s (req) = 0.00314 (52) (32.4) = 5.29 cm 2

Use 2 Φ 20 mm           A s = 6.28 cm 2

4.2.9.3 Design of Shear:-

fig. (4.8): Shear Diagram for rib 12

Factored D.L. = (0.635)  t/m

Factored L.L. = (0.354)  t/m

Wu = (0.989)  t/m

Max Vu at the support (C):

Vu = 4.00 ton At distance (d=32.4  cm) from face of support :

cV =0.85 bd
cf









 
6

=0.85 
















1000

10
)4.32)(12(

6

5.25
= 3.272 ton

Vu = 4.00 ton > ØVc = 3.272 ton
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:)3( SatisfyCategory

Minimum shear reinforcement required, so;

cmS

b

Af
S

w

Vy

0.105
12

5..0*2*420*3

**3





cmS

cm
d

S

60)(

2.16
2

4.32

2
)(





SO use the smallest of the three limitations

Use S = 15 cm.

4.2.10 Deflection limitation:-

According to ACI – code 318, the maximum allowable deflections are

determined by equations in table [9.5 (b)], and this value must be more than the

maximum value of deflection in the largest span.

The maximum value of deflection of rib (R12) "which has the largest span "

is obtained by using finite element method using computer program called

"ATIR-Software" as shown in fig. (4.9).

fig. (4.9). Deflection Diagram Before Adding Reinf. (mm)
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From this fig. the maximum deflection due to sustained and live loads "long term

deflection" is (10.52 mm) which is less than the maximum permissible computed

deflection which is equal to: ( MAX mm
mmL

48.19
480

1000*35.9

480
 )

So, OKmmmm ...48.1952.10 

There is no need to increase reinforcement in this case as explained depending

on the value of deflections.

4.3 Design of Beam (B18) in fifth floor:

fig. (4.10)
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4.3.1 Design for Positive Moment:

fig. (4.11): Moment Diagram (KN.m)

bw = 60 cm ,

bf =130 cm

d = 70-(4+1.4+1) = 63.6 cm "If Ф 28 are used "

2nd span:

Mu = 874 KN. m

A s min = ))((
4.1

))((
)(4

dbw
fy

dbw
fy

cf



……….. (ACI-10.5.1)

 A s min = )6.63)(60(
420

4.1
)6.63)(60(

)420(4

5.25


A s min = 11.47 cm2  12.72 cm2

 A s min = 12.72 cm 2

Isolated T-section

1- t wb
2

1
 35 60

2

1
 35cm 30 cm

2- bE  4 bw 130 60*4  130 cm  240 cm
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Determine A s .max

Xb= {0.003/ (0.003+0.0021)}*63.6 =37.41 cm.

ab=ß1*Xb=0.85*37.41=31.8 cm.

 Cb=0.85*0.255*60*31.8= 413.56 ton.

 Tb =(413.56) ton

 Asb==(413.56)/4.2=98.47 cm²

 Asmax=0.75*98.47 =73.85 cm²

To Determine T-section Or Rectangular

If the entire flanges bE are under compression force;

for a=t =35 cm.

C =0.85*0.255*130*35= 986.21 ton.

Mn = C * (d -
2

a
) = [986.21*(63.6 -

2

35
)/100] = 454.644 ton. m

Mn req. =
9.0

874
= 971.11 KN.m = 97.11 ton.m

Mn = 454.644 ton.m > Mn req. = 97.11 ton.m

No any part of web in compression zone.

So, it is Rectangular section with bw=130cm,

m =
'*85.0 fc

fy
=

5.25*85.0

420
= 19.38

Rn =
2** db

Mu


=

2

5

)6.63(*130

10*11.97
= 18.47 Kg/ cm 2

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
38.19

1
(1 -

4200

)47.18)(38.19(2
1 ) = 0.0046
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A s (req) = 0.0046 * 130*63.6 = 38.05 cm 2

 A s min =12.72 cm2 < A s (req) = 38.05 cm²  < A s max = 73.85 cm 2

Select 7 Ф 28 with AS prov. = 43.12 cm².

3rd span :

Mu = 849 KN. m

Mnreq. = 849/0.9 = 94.33 ton.m

Mn = 454.644 ton.m > Mn req. = 94.33 ton.m

No any part of web in compression zone.

So, it is Rectangular section,

m = 19.38

Rn =
2** db

Mu


=

2

5

)6.63(*130

10*33.94
= 17.94 Kg/ cm 2

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
38.19

1
(1 -

4200

)94.17)(38.19(2
1 ) = 0.00446

A s (req) = 0.00446 * 130*63.6 = 37.21 cm 2

 A s min =12.72 cm2 < A s (req) = 36.88 cm²  < A s max = 73.85 cm 2

Select 6 Ф 28 with AS prov. = 36.96 cm².

4th span :

Mu = 292.9 KN. m

Mn req. =
9.0

9.292
= 325.44  KN.m = 32.54 ton.m

Mn = 454.644 ton. m  > Mn req. = 32.54 ton.m
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No any part of web in compression zone.

So, it is Rectangular section,

Rn =
2** db

Mu


=

2

5

)6.63(*130

10*54.32
= 6.19 Kg/ cm 2

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
38.19

1
(1 -

4200

)19.6)(38.19(2
1 ) = 0.001495

A s (req) = 0.001495 * 130*63.6 = 12.36 cm 2

 A s min =12.72 cm2 < A s (req) = 12.36 cm²  < A s max = 73.85 cm 2

Select 4 Ф 20 with ASprov. = 12.56 cm²

4.3.2 Design for Negative Moment:

Design of T-section for negative moment as rectangular section with (b=bw)

The minimum reinforcement is determined according to ACI (10-5.2) as follows:

d=70-6-1-1.4=61.6 cm "by assuming d`=6 cm "

Support B:

Mu = 902.8 kN.m

A s min = ))((
4

))((
)(2

dbf
fy

cf
dbw

fy

cf 



…….. (ACI-10.5.2)

A s min = )6.61)(130(
420*4

5.25
)6.61)(60(

)420(2

5.25


A s min = 22 07.2422.22 cmcm 

A s min = 22.22 cm 2
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Asmax= ρmax * b * d

ρmax By Interpolation from table

Asmax=0.01953 * 60 * 63.6=

Asmax= 74.53 cm2

Mn (req) = 902.8 / 0.9 = 1003.11 kN.m = 100.31 ton.m

m= 19.38

Rn = Mn / (bw . d²) = 2

2

5

/06.44
6.61*60

10*31.100
cmKg

01185.0
4200

06.44*38.19*2
11

38.19

12
11

1



















fy

mRn

m


A s (req) = 0.01185 (60) (61.6) = 43.8 cm 2

Use 14 Φ 20 mm A s prov. = 43.96 cm2

Support C:

Mu =  kN.m

Mn (req) = 1309.4 / 0.9 = 1454.89 kN.m = 145.49 ton.m

m= 19.38

Rn = Mn / (bw . d²) = 2

2

5

/9.63
6.61*60

10*49.145
cmKg

0185.0
4200

9.63*38.19*2
11

38.19

12
11

1



















fy

mRn

m


A s (req) = 0.0185* (60) * (61.6) = 68.56 cm 2

 A s min =22.22 cm2 < A s (req) = 68.56 cm²  < A s max = 74.53 cm 2

Use 14 Φ 25 mm.      A s prov. = 68.74 cm2
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Support D:

Mu = 949.4 kN.m

Mn (req) = 949.4 / 0.9 = 1054.89 kN.m = 105.49 ton.m

m= 19.38

Rn = Mn / (bw . d²) = 2

2

5

/33.46
6.61*60

10*49.105
cmKg

01256.0
4200

33.46*38.19*2
11

5.16

12
11

1



















fy

mRn

m


A s (req) = 0.01256 * (60) * (61.6) = 46.42 cm 2

 A s min = 22.22 cm2 < A s (req) = 46.42 cm²  < A s max = 74.53 cm 2

Use 15 Φ 20 mm.          A s = 47.1 cm2

4.3.3 Design of Shear

Fig. ( 4.12): Shear Diagram
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Support A:

Vu = 13.78 ton at (d) distance from face of support.

cV =0.85 bd
cf









 
6

=0.85 
















1000

10
)6.63)(60(

6

5.25
= 27.3 ton

tonVtonVtonV cuc 3.2778.1365.13
2

1


:)2( SatisfyCategory

cmS

b

AvF
S

F

Sb
Av

w

y

y

w

36.66
60

79.0*4*420*3

(min)**3

*3

*
(min)





cm.30SUse

60)(

...8.31
2

6.63

2
)(






cmS

Controlcm
d

S

S

dFyAv
Vs

***
 

tonVs 92.23
30

85.0*6.63*2.4*79.0*4


Then use 26 10 @30cm   c/c of the span.

Support B:

Vu = 55.32 ton at (d) distance from face of support.

tonMpadbMpaVs w 812.10
1000

10
*6.63*60*

3

1
85.0**

3

1
min 









tonVctonVtonVsVc u 9.81332.5511.38min 



٩٢

So :)4( SatisfyCategory

tonVsq

Vsq

VcVuVsq

02.28.Re

3.2732.55.Re

.Re











S

dFyAv
Vs

***
 

ControlcmS
S

...61.25

85.0*6.63*2.4*79.0*4
02.28





cm.25SUse

60)(

8.31
2

6.63

2
)(






cmS

cm
d

S

Support C:

Vu = 63.55 ton at (d) distance from face of support.

tonVctonVtonVsVc u 9.81355.6311.38min 

:)4( SatisfyCategory

tonVsq

Vsq

VcVuVsq

25.36.Re

3.2755.63.Re

.Re











S

dFyAv
Vs

***
 

ControlcmS
S

...8.19

85.0*6.63*2.4*79.0*4
25.36





cm.15SUse

60)(

8.31
2

6.63

2
)(






cmS

cm
d

S
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Support D:

Vu = 56.88 ton at (d) distance from face of support

tonVctonVtonVsVc u 9.81388.5611.38min 

:)4( SatisfyCategory

tonVsq

Vsq

VcVuVsq

58.29.Re

3.2788.56.Re

.Re











S

dFyAv
Vs

***
 

ControlcmS
S

...23.24

85.0*6.63*2.4*79.0*4
58.29





cm.20SUse

60)(

8.31
2

6.63

2
)(






cmS

cm
d

S

Support E:

Vu = 10.9 ton at (d) distance from face of support.

tonVtonV cu 65.13
2

1
9.10 

quieredShearNoSo Re.infRe.

4.3.4 Deflection limitation:-

According to ACI – code 318, the maximum allowable deflections are determined

by equations in table [9.5 (b)], and this value must be more than the maximum value

of deflection in the largest beam in the slab.
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The maximum value of deflection of beam no. (18) "Which has the largest

span" is obtained by using finite element method using computer program called

"ATIR-Software" as shown in fig. (4.13).

fig. (4.13): Deflection Diagram Before Adding Reinf.

From this fig. the maximum deflection due to sustained and live loads" long

term deflection" is (38.96 mm) which is more than the maximum permissible

computed deflection which is equal to:

( MAX mm
mmL

08.25
480

1000*04.12

480
 )

So, OKnotmmmm ...08.2596.38 

In order to solve this problem steel reinforcement in second, third, and fourth spans

must be increased to be as follows:-

2nd span (L= 12.04 m):-

Provide 9 Ф 28 -B ……. with 209.51 cmAs provided 

Provide 8 Ф 25 -T ……. with 237.34 cmAs provided 

3rd span (L= 11.89 m):-

Provide 8 Ф 28 -B ……. with 24.47 cmAs provided 

Provide 8 Ф 25 -T ……. with 237.34 cmAs provided 

4th span (L = 7.41 m):-

Provide 3 Ф 12 -T ……. with 208.3 cmAs provided 
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Deflection diagram obtained from computer calculation using ATIR program would

be after adding this amounts of steel as follows :-

fig. (4.14): Deflection Diagram After Adding Reinf.

4.4 Design of One Way Solid Slab:-

As mentioned before this project contains two types of slabs ,one way ribbed slabs

and one way solid slabs , in this section the design of one way solid slab with interior

beams will be explained .

This slab would be analyzed and designed with the aid of a computer Program

called "ATIR" to find the internal forces, deflections and moments for one way-solid

slabs, and then handle calculation would be made to find the required steel for all

members
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4.4.1 Determination of thickness of one way solid slab :-

According to ACI-Code-318, the minimum thickness of non-prestressed

beams or one way slabs unless deflections are computed, given in table (9.5-a),

so deflection of slab must be less than provided by this table:-

For slab (S12) in the second basement floor which have the largest spans, as

shown in fig (4.15).

fig (4.15).

Minimum thickness of each spans from left to right is :-

Modification factor = minminmin 700

420
4.0

700
4.0 hhh

f y 





 










cmm
L

2525.0
20

5

24


cmm
L

3333..0
28

35.9

28


cmm
L

2828.0
28

8.7

28


cmm
L

2424.0
28

60.6

28


cmm
L

2828.0
28

9.7

28


cmm
L

3232.0
24

8.7

24

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According to above values, the thickness of the slab is vary from one span to

another, then thickness of slab would be assumed to be (25) cm, and deflection

limitation must be considered by calculation:

cmh 25 .

4.4.2 Load Calculations:-

As mentioned, the loads acts on the member divided into two part:-

 Dead Load (DL)

 Live Load (LL)

Dead load: -

By calculation the thickness of slab was determined to satisfy all design

requirement :

 The thickness of slab = 25 cm

 Density of concrete = 25 KN/m3

Nominal Total Dead Load = 0.25*25 =6.25  KN/m2

Factored Total Dead Load = 1.4*6.25 = 8.75 kN/m2.

Live load: -

Nominal Total Live Load = 5 KN/m2

Factored live load   = 1.7*5 = 8.5 KN/m2
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4.4.3 Design of Slab (S12) in Second basement floor :

4.4.3.1 Design Of Shear:-

Thickness of slab (h) must be chosen to satisfy shear requirements based on cV
working alone.

fig. (4.16): Shear Diagram for slab 12

Max Vu at the support ( C ):

Vu = 74 kN.m = 7.4 ton.m ((At distance ( d = 21 cm) from face of support ))

cV =0.85 bd
cf









 
6

= 0.85 
















1000

10
)21)(100(

6

5.25
= 15.02 ton

Vu = 7.4 ton < ØVc = 15.02 ton

Then thickness of slab is adequate to satisfy shear requirements .

4.4.3.2 Design for Positive Moment:-

fig. (4.17): Moment diagram of slab 12
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The design for 5 m & 9.35 m & 7.8 m & 6.6 m & 7.9 m & 7.80 m spans are as

follows:-

1st span (L = 5 m):

Mu = 31.2 kN.m

Mn = 31.2/0.9 = 34.67 kN.m = 3.467 ton.m

Determine A s .max

 cmd 4.216.0325  ( if bar with cm12 will be used)

 Asmax = ***max db

 Asmax=0.01953*100*21.4 = 41.79 cm²

Determine A s inm. :-

A s min = ))((
4.1

))((
)(4

dbw
fy

dbw
fy

cf



……….. (ACI-10.5.1)

 A s min = )4.21)(100(
420

4.1
)4.21)(100(

)420(4

5.25


A s min = 6.43  7.13

 A s min = 7.13  cm 2

m =
'*85.0 fc

fy
=

5.25*85.0

420
= 19.4

Rn =
2** db

Mu


=

2

5

)4.21(*100

10*467.3
= 7.57 Kg/ cm 2

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
4.19

1
(1 -

4200

)57.7)(4.19(2
1 ) = 0.00184

A s (req) = 0.00184 * 100*21.4

 A s (req) = 3.93 cm²  < A s min = 7.13 cm 2

So, provide .3

1
reqAs according to ACI-Code
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 A s (req) = 1.33*3.93 cm² = 5.23 cm²

Use Ф 12 @ 20 cm with AS = 5.65 cm² .

2nd span (L= 9.35 m):-

Mu = 90.1 kN.m

a) Mn = 90.1/0.9 = 100.11 kN.m = 10.01 ton.m

Rn = 22.7  Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)7.22)(4.19(2
1 ) = 0.00572

A s (req) = 0.00572 * 100*21 cm 2

 A s (req) =12.02 cm²  > A s min = 7.13 cm 2

 A s (req) =12.02 cm²  < A s max = 41.79 cm 2

Select Ф 20 @ 25 cm ……. with 256.12 cmAs provided 

3rd span (L = 7.80 m):-

Mu = 60.8  kN.m

b) Mn = 60.8/0.9 = 67.56 kN.m = 6.76 ton.m

Rn = 15.04   Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)04.15)(4.19(2
1 ) = 0.00372

A s (req) = 0.00372 * 100*21.2 cm 2

 A s (req) =7.88 cm²  > A s min = 7.13 cm 2

 A s (req) =7.88 cm²  < A s max = 41.79 cm 2

Select Ф 16 @ 25 cm with 204.8 cmAs provided 
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4th span (L= 6.60 m):

Mu = 49.4  KN.m

c) Mn = 49.4/0.9 = 54.89  kN.m = 5.49 ton.m

Rn = 12.09   Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)09.12)(4.19(2
1 ) = 0.00297

A s (req) = 0.00297 * 100 * 21.3 = 6.32 cm²

 A s (req) =6.32 cm²  < A s min = 7.13 cm 2 ……… Use A s min

 A s (req) =6.32 cm²  < A s max = 41.79 cm 2

Use Ф 14 @ 20 cm with AS = 7.7 cm²  > A s min = 7.13 cm 2

5th span (L=7.90 m):-

Mu = 62.4  kN.m

d) Mn = 62.4/0.9 = 69.33 kN.m = 6.93 ton.m

Rn = 15.43   Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)43.15)(4.19(2
1 ) = 0.0038

A s (req) = 0.0038 * 100 * 21.2 = 8.08 cm2

 A s (req) =8.08 cm²  > A s min = 7.13 cm 2

 A s (req) =8.08 cm²  < A s max = 41.79 cm 2

Select Ф 16 @ 20 with 205.10 cmAs provided 
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6th span (L = 7.80 m):-

Mu = 89.6  kN.m

e) Mn = 89.6/0.9 = 99.56  kN.m = 9.96 ton.m

Rn = 22.6   Kg/ cm 2

ρ =
4.19

1
(1 -

4200

)6.22)(4.19(2
1 ) = 0.00569

A s (req) = 0.00569 * 100 * 21 = 11.95 cm2

 A s (req) =11.95 cm²  > A s min = 7.13 cm 2

 A s (req) =11.95 cm²  < A s max = 41.79 cm 2

Select Ф 20 @ 25 cm with 256.12 cmAs provided 

4.4.3.3 Design for Negative Moment:

Support A :-

Mu = 11.8 kN.m

Mn = 11.8 / 0.9 = 13.11 kN.m = 1.311  ton.m

m= 19.4

Rn =
2** db

Mu


=

2

5

)4.21(*100

10*311.1
= 2.86 Kg/ cm 2

00069.0
4200

86.2*4.19*2
11

4.19

12
11

1



















fy

mRn

m


A s (req) = 0.00069 (100) (21.4) = 1.47 cm 2

 A s (req) =1.47 cm²  < A s min = 7.13 cm 2
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 A s (req) =1.47 cm²  < A s max = 41.79 cm 2

A s (shrinkage & temperature) = 0.0018 (100) (25) = 4.5 cm 2

Provide Ф12 @ 25 cm with 252.4 cmAs provided 

Support B:

Mn = 85.9 / 0.9 = 95.44 kN.m = 9.54 ton.m

m= 19.4

Rn =
2** db

Mu


=

2

5

)21(*100

10*54.9
= 21.64 Kg/ cm 2

0054.0
4200

64.21*4.19*2
11

4.19

1










A s (req) = 0.0054 (100) (21) = 11.42 cm 2

 A s (req) =11.42 cm²  < A s min = 7.13 cm 2

 A s (req) =11.42 cm²  < A s max = 41.79 cm 2

Provide Ф20 @ 25 cm with 256.12 cmAs provided 

Support C:

Mn = 97.4 / 0.9 = 108.22 kN.m = 10.82 ton.m

m= 19.4

Rn =
2** db

Mu


=

2

5

)21(*100

10*82.10
= 24.54 Kg/ cm 2

00622.0
4200

54.24*4.19*2
11

4.19

1










A s (req) = 0.00622 (100) (21) = 13.06 cm 2

 A s (req) =13.06 cm²  > A s min = 7.13 cm 2
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 A s (req) =13.06 cm²  < A s max = 41.79 cm 2

Provide Ф20 @20 cm  with 27.15 cmAs provided 

Support D:

Mn = 60.6 / 0.9 = 67.33 kN.m = 6.733 ton.m

m= 19.4

Rn =
2** db

Mu


=

2

5

)21(*100

10*733.6
= 15.27 Kg/ cm 2

00377.0
4200

27.15*4.19*2
11

4.19

1










A s (req) = 0.00377 (100) (21) = 7.92 cm 2

 A s (req) =7.92 cm²  > A s min = 7.13 cm 2

 A s (req) =7.92 cm²  < A s max = 41.79 cm 2

Provide Ф16 @25 cm  with 204.8 cmAs provided 

Support E:

Mn = 62.5 / 0.9 = 69.44 kN.m = 6.94 ton.m

m = 19.4

Rn =
2** db

Mu


=

2

5

)2.21(*100

10*94.6
= 15.44 Kg/ cm 2

00382.0
4200

44.15*4.19*2
11

4.19

1










A s (req) = 0.00382 (100) (21.2) = 8.09  cm 2

 A s (req) = 8.09 cm²  > A s min = 7.13 cm 2

 A s (req) = 8.09 cm²  < A s max = 41.79 cm 2
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Provide Ф16 @25 cm

Support F:

Mn = 90 / 0.9 = 100 kN.m = 10 ton.m

m = 19.4

Rn =
2** db

Mu


=

2

5

)21(*100

10*10
= 22.68 Kg/ cm 2

00572.0
4200

68.22*4.19*2
11

4.19

1










A s (req) = 0.00572 (100) (21) = 12  cm 2

 A s (req) = 12 cm²  > A s min = 7.13 cm 2

 A s (req) = 12 cm²  < A s max = 41.79 cm 2

Provide Ф20 @25 cm

4.4.3.4 Deflection control:-

According to ACI – code 318, the maximum allowable deflection is

determined using equations in table [9.5 (b)], and this value must be more than

the maximum value of computed deflection in the largest span.

The maximum value of immediate deflection due to live load (L) for slab

(S12) "which has the largest span " is obtained by using computer program

called "ATIR" and results were as shown in fig. (4.18).

fig. (4.18). Deflection Diagram Before Adding Reinf. (mm)
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From this fig. the maximum deflection due to live load (L) is (29.02 mm) which is

more than the maximum permissible computed deflection which is equal to:

( MAX mm
mmL

26
360

1000*35.9

360
 )

So, OKmmmm ...2602.29 

In order to solve this problem steel reinforcement in second span and sixth span must

be increased to be as follows:-

2nd span (L= 9.35 m):-

Provide Ф 20 @ 20 cm ……. with 27.15 cmAs provided 

6th span (L = 7.80 m):-

Provide Ф 20 @ 25 cm ……. with 256.12 cmAs provided 

Deflection diagram obtained from computer calculation using ATIR program

would be after adding this amounts of steel as follows :-

fig. (4.19). Deflection Diagram After Adding Reinf. (mm)

4.4.4 Shrinkage and temperature reinforcement :-

 According to A.C.I (7.12)

 etemperaturshrinkage & = 0.0018       for MPaf y 420

 A s (shrinkage & temperature) = hb  = 0.0018 (100) (25) = 4.5 cm 2

Provide Ф12 @25 cm in the opposite direction of slab .
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4.5 Design of column:

4.5.1 Design of Column (C19):

The Column is an Internal one.

DL = 364.392 ton

LL = 191.244 ton

Pu = 1.4DL+1.7LL

Pu = 1.4(364.392)+1.7(191.244)

Pu = 835.26 ton

)ii(Pn req = 835.26/0.7 = 1193.23 ton

Use  =  g = 2 %

Pn = 0.8 Ag {0.85 cf  +  g (fy – 0.85( cf  ))}

1193.23 = 0.8 Ag {0.85(0.255)+0.02(4.2-(0.85)(0.255)

Ag = 5031.94 cm²

Use 75cm x 75cm => Ag = 5625cm²

1193.23 = 5625(0.8) {(0.85)(0.255) +  g (4.2-(0.85)(0.255))}

 g = 0.0122 > 01.0min 

< 08.0max 

Ast req = (0.0122)(5625) = 68.37 cm²

Use 14Φ25 with As= 68.74 cm²

4.5.2 Check slenderness effect:

1234(( 







r

Klu








2

1

M

M
)

40 …………….. ACI 10-12-2

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).
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R: radius of gyration = 0.3 h =
A

I









r

Klu
= 








mx

mx

75.03.0

65.41
= 20.7 < 22

< 40

 Slenderness effect must not be considered

Fig. (4-20): cross section in column.

4.5.3 Lateral Ties Selection

For Φ 10 mm ties: ACI – 7.10.5.2

dbS 16

tiesdS 48

ensionLeastS dim

cmdbS 40)5.216(16  ………….. Control

cmdtiesS 48)1(4848 

cmensionLeastS 75dim 

Use3 Φ10-mm ties @ 40 cm
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4.6 Design of Isolated Footing:

From Column (C 19):

Total dead load = 364.392 ton

Total live load   = 191.244 ton

Factored load    = 835.260 ton

Soil weighting 1.7 ton/m³

Allowable soil pressure = 5.00 kg/cm²

Column= 75 cm x 75 cm

4.6.1 Footing Area:

Estimate footing to be about 80 cm thick, in addition to about

10 cm of blinding concrete.

Service Load = 364.392 + 191.244 = 555.64 ton.

Footing Weight = (0.9) (2.5) = 2.25 ton/m 2

P net = 50 – 2.25 = 47.75 ton/m²

Area (A) = Total Weight / Soil Pressure

= 555.64 ton / 47.75 ton/m²

= 11.64 m 2

Use …… L = 3.5 m, B = 3.5 m,    A = 12.25 m 2

4.6.2 Determine depth based on shear strength

dbfV wcc


6

1
= dd 84.250310)()350(5.25

6

1
85.0 



١١٠

Area

P
P u

net  = 2.68
25.12

835.260
 ton / m2 = 6.82 kg / cm2

Vu = (Pnet)(one way shear area) =  (6.82)(350)(137.5-d) = (327827.5 – 2384.2 d)

uc VV   2503.84 d = ( 328212.5 – 2387 d )

d = 67.07  cm

 Use d = 70cm

Total depth of footing = 70 + 8 + 2

= 80 cm

4.6.3 Check this depth for two way shear action (punching):

))(()()( dbdaLBPV netu 

= 6.82 [(350)(350) – (75+70)(75+70)]/1000 = 692.06 ton

The punching shear strength is the smallest of:

dbfV oc
c

c













2

1
6

1
= dbf oc

33.0

dbf
db

V oc
o

s
c










 2

/12

1 
= dbf oc

57.0

dbfV occ


3

1
= dbf oc

33.0 …………..Control

Where:

c = a / b =75 / 75 = 1

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

= 2{(75+70) + (75+70)} =580 cm

s = 40 for interior column

57.67610000/)700)(5800(5.2533.0 cV ton

uc VV  0.85*676.57 ton < 692.06 ton NOT OK

Recalculate required "d" to satisfy punching shear ;
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           
100

22'33.085.0

1000

dbadfcdbdaAPnet 




           
100

2757525.2233.085.0

1000

7575350*35082.6 dddd 




    

cmd

dd

dddd

dddd

96.77

0.0352.624.52775.79708

67.594.424682.03.10225.383683545

67.594.4241505625122500682.0

2

22

22








h = 77.96 + 8 + 2

h = 87.96 cm

Use   h = 90 cm.

d = 90- 8 – 2 = 80 cm.

Check calculations again;

))(()()( dbdaLBPV netu  . Fig. (4-21): Isolated Footing

= 6.82 [(350)(350) – (75+80)(75+80)]/1000 = 671.6 ton

The punching shear strength is the smallest of:

dbfV oc
c

c













2

1
6

1
= dbf oc

33.0

dbf
db

V oc
o

s
c










 2

/12

1 
= dbf oc

57.0

dbfV occ


3

1
= dbf oc

33.0 …………..Control

Where:

c = a / b =75 / 75 = 1

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

= 2{(75+80) + (75+80)} =620 cm

s = 40             for interior column
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54.82610000/)800)(6200(5.2533.0 cV ton

uc VV  0.85*826.54 ton > 671.6 ton

702.26 ton > 671.6 ton           OK

4.6.4 Check transfer of load at base of column:

)85.0( AgcfPn 

tonPn 45.853)7575)(255.0)(85.0(7.0  > 835.26 ton

Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

As = 0.005 *(75 x 75) = 28.125 cm2

Use 10 Φ 20 dowels with sA = 31.42 cm 2

4.6.4.1 Development Length ( dL ):

Ld for Φ 20:

dL = bd
5.254

420
= 0.2

5.254

420
 = 41.59 cm ≥ 0.044 (db) (fy) = 36.96

Available embedment = 80 – 8 – (2 *2) – 2 = 66 cm > 41.59 cm

 OK.

4.6.5 Design for Bending Moment:

Mu = 





 














 

22
5.0

22

aLaL
WPnet

= 65.225100000/
2

75

2

350
5.0

2

75

2

350
35082.6 






 














  ton.m

Mn = 72.250
9.0

65.225



Mu

ton

Rn =
2

5

2 80350

1072.250





bd

Mn
= 11.193 2/ cmKg
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 = 0.00274 > 002.0min 

Req. sA = 0.00274 (350) (80) = 76.654cm 2

Use 25Φ 20 sA = 78.5 cm 2 (In each way)

4.6.5.1 Development Length ( dL ):

Category (A), item 2 applies,

Ld for Φ 20:

dL = 2*1*1*1*
5.252

420
****

5.252

420
bd = 83.17 cm

Available embedment = ((350-75)/2) – 8 = 130cm > 83.17 cm

 OK.
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4.7 Design of combined  footing (CF1) :

Allowable soil pressure = 500 KN/m²

Column  C 26 ( 70 cm * 50 cm )

D.L = 1735.54 KN

L.L =526.64 KN

Total Load = 2262.18  KN

Column  C 24 ( 30 cm * 50 cm )

D.L = 4081.86 KN

L.L =1072.69 KN

Total Load = 5154.55  KN

4.7.1 Determine length of footing :

6.2
55.515418.2262

6.3*55.515435.0*18.2262
)( 




linepropertyfromX

.
Length of footing = 2 * 2.6 = 5.2 m
Use L = 5.2  m.

4.7.2 Determine width of footing

Allowable soil pressure = 500 KN/m²

Assumed footing thickness is 1.00 m.

Net soil pressure = 500 KN/m² - 25 * 1.00  KN/m² = 475 KN/m².

Footing width  = m3
2.5*475

73.7416


Use width = 3.00 m .

2/36.696
2.5*3

)69.107264.526(*7.1)86.408154.1735(*4.1
mKNqu 



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Shear and Moment Diagrams :-

Fig. (4-22): Combined Footing

Fig (4.23) Shear and Moment Diagram for combined footing
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4.7.3 Depth Required for One-Way Shear:-

Vu at a distance (d) from interior face of right column = 1552.2 KN

Vu = 1552.2 KN

dbfV wcc


6

1
= d

d
*46.21

10
)300(5.25

6

1
85.0 

tsrequiremenShearWayOnesatisfyingisfootingofThickness

cmcmH

cmdd

VV uc







1007.814.1833.72

33.722.1552*46.21

4.7.4 Design of Main longitudinal reinforcement at middle of span ( Top
Reinforcement) :

mKNM u .5.1501 =150.15 t.m

c

y

f

f
m




85.0
=

5.25*85.0

420
= 19.4

2
2

5

2
/775.6

6.903009.0

1015.150
cmKg

bd

M
R u

n 


















y

n

f

mR

m

2
11

1


ρ = 00164.0
4200

775.64.192
11

4.19

1







 


Asreq = 0.00164 * 300 * 90.6 = 44.55 cm2

Asmin = 0.002 * 300 * 100 = 60 cm2 > Asreq = 44.55 cm2

No . of Φ28 bars = 9.7 bars

 Use 10 Φ 28  @ 30 cm ( Bottom reinforcement)

4.7.5 Main longitudinal reinforcement at face of column B.

mKNM u .1.1632 =163.21 t.m
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c

y

f

f
m




85.0
=

5.25*85.0

420
= 19.4

2
2

5

2
/36.7

6.903009.0

1021.163
cmKg

bd

M
R u

n 


















y

n

f

mR

m

2
11

1


ρ = 00178.0
4200

36.74.192
11

4.19

1







 


Asreq = 0.00178 * 300 * 90.6 = 48.5 cm2

Asmin = 0.002 * 300 * 100 = 60 cm2 > Asreq = 48.5 cm2

No . of Φ28 bars = 9.7 bars

 Use 10 Φ 28  @ 30 cm ( Bottom reinforcement)

4.7.6 Design of short – Span Steel under Interior Column :-

Assuming steel spread over width = column width + 2 )
2

(
d

= 50 + 2 )
2

6.90
( = 140.6 cm

2/3.1108
3

04.3325
mKNqu 

mKNM u .89.865
2

25.1
*25.1*3.1108  =86.59 t.m

c

y

f

f
m




85.0
=

5.25*85.0

420
= 19.4

2
2

5

2
/34.8

6.906.1409.0

1059.86
cmKg

bd

M
R u

n 


















y

n

f

mR

m

2
11

1


ρ = 002025.0
4200

34.84.192
11

4.19

1







 

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Asreq = 0.002025 * 140.6 * 90.6 = 25.79 cm2

Asmin = 0.002 * 140.6 * 100 = 28.12 cm2 > Asreq = 25.79 cm2

No . of Φ28 bars = 9.7 bars

 Use Φ 28 @ 30 cm ( Bottom reinforcement – in short direction)

4.7.7 Check shear strength based on two-way shear action.

column A:-

Check punching shear under column A.
Vu = 3325.044 – 696.36 (1.406*0.953) =2391.98  KN.

The punching shear strength is the smallest of:

dbfV oc
c

c













2

1
6

1
= dbf oc

37.0

dbf
db

V oc
o

s
c










 2

/12

1 
= dbf oc

23.1

dbfV occ


3

1
= dbf oc

33.0 …………..Control

Where:

c = a / b = 50 / 30 =1.66 .

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

= 2{(50+90.6)+(0.953)} =283. cm

s = 40              For interior column

.76.3631
1000

100
)6.90)(283(5.2533.085.0 KNVc 








VuVc  3631.76 KN > 239.98 KN   …… OK
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column B:-

Check punching shear under column B
. Vu = 7538.18 – 696.36 ((0.7+0.906)*(0.50+0.906)) = 5965.77 KN.
The punching shear strength is the smallest of:

dbfV oc
c

c













2

1
6

1
= dbf oc

405.0

dbf
db

V oc
o

s
c










 2

/12

1 
= dbf oc

66.0

dbfV occ


3

1
= dbf oc

33.0 …………..Control

Where:

c = a / b = 70 / 50 =1.4 .

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

= 2{(90.6+70)+(90.6+50)} =602.4 cm

s = 40            For interior column

.65.7730
1000

100
)6.90)(4.602(5.2533.085.0 KNVc 








VuVc  7730.65 KN > 5965.77 KN ….. OK
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4.8 Design of Strip Footing:

4.8.1 Strip Dead Loads

Slab weight =25*3.7*6.3*0.2=116.55 KN.

Slab weight (D.L.) per one meter of the wall = mKN /83.5
2*3.62*7.3

55.116




Slab weight (L.L.) per one meter of the wall= mKN /655.11
2*3.62*7.3

)7.3*3.6(*10



Weight of wall (D.L.) = (height) * (thickness of wall)*(1m wide)* (γc)

Weight of wall (D.L.) =53.5*0.2*25=267.5 KN/m.

Stair reaction (D.L.) = mKN /4.8930*
5.6*4.1

14.27


Stair reaction (L.L.) = mKN /4.5930*
5.6*7.1

9.21


Total factored dead load = 362.73 *1.4 = 507.82 KN/m.

Total factored live load = 71.06 *1.7 = 120.8 KN/m.

4.8.2 Determine the footing width :

Allowable soil pressure = 500 KN/m²

Assume footing thickness is 0.25 m.

Pressure of the footing concrete = 0.25* 25 = 6.25 KN/ m².

Net soil presser = 500 KN/m² -6.25 KN/m² = 493.75 KN/m².

mwidthFooting 88.0
75.493

73.36206.71





So select 90 cm width of strip footing.

Determined of the contact pressure:

 
Area

P
P u

net  = 2/5.698
1*9.0

62.628
mkN
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dbfVV wccn 
6

1

uc VV 







 


 dd

2

2.09.0

10

5.698
)100(

1000

10
)100(5.25

6

1
85.0

cmthicnessTotal

md

dd

9.266.183.17

173.0)(

35.0)(024.1






So select strip thickness as 30 cm.

So recalculate the net soil pressure

Pressure of the footing concrete = 0.30* 25 = 7.5 KN/ m².

Net soil presser = 500 KN/m² -7.5 KN/m² = 492.5 KN/m².

mwidthFooting 88.0
5.492

73.36206.71





So select 90 cm width of strip footing.

4.8.3 Determine reinforcement for moment strength :

Mu = (Pnet) (
2

widthwallwidthfooting 
)* (

4

widthwallwidthfooting 
)

= 492.5 * 0.35 * (0.35/2)

Mu = = 4.28 t.m/m .

Required Rn =
2

5

**

10*

db

M u



Required Rn = 2

2

5

/1038
4.21*100*9.0

10*28.4
cmKg

m =
'*85.0 fc

fy
=

5.25*85.0

420
= 19.38

ρ =
m

1
(1 -

fy

mRn2
1 )
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ρ =
38.19

1
(1 -

4200

)45.1)(38.19(2
1 ) = 0.00253  ρmin = 0.002 .

Areq = ρ * b * d = 0.00253 * 100* 21.40 = 5.42 cm²

Use Φ12 at 20 cm….. Aprov.= 5.65 cm2

4.8.4 Development length of main reinforcement:

b

c

y
d

f

f
Ld ...

2






For Φ12 bars:

.)20(tan,

9.49Re30

309.49

302.1*1*1*1
5.25*2

420

LdprovidetousedbemustcmofdardhooksaSo

cmLdquieredcmLdAvailble

cmcmLd

cmLd






4.8.5 Design of longitudinal bars:

Asreq. = ρ * b * h

= 0.002 * 90 * 30

= 5.4 cm²

Use Φ12 @ 20 cm….. Aprov.= 5.65 cm2

4.8.6 design of dowels bars  :

As minreq = 0.0012 * 100 * 20 = 2.40 cm 2.

Use Φ 8 at 20 cm….….. Aprov. = 2.63 cm2

Ld = 









 db

cf

fy


'4
= 








 8.0111

5.254

420
= 16.60.cm.

Ld available = 30 -8 -1.2 =20.8 cm > 16.60 cm …..ok.
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4.9 Design of Retaining Wall:

4.9.1 Loads Calculation:

γsoil=1.7 ton/m³  (Unit weight of the soil)

Φ=30º (For granular material)

H = 6 m (Height of retaining wall)

4.9.1.1 (D.L. calculation)

Hv   = 10.2 ton/m²

mKavh 1**  = 5.92 Ton/m

4.9.1.2 (L.L. calculation)

2/5 mKNv 

mTonmh /29.01*58.0*5.0 

Total factored dead load =5.92 * 1.7 = 10.06   Ton/m

Total factored live load = 0.29 * 1.7 = 0.493   Ton/m

Wu = 10.56 Ton/m

(At wall base for 1m strip)

4.9.2 Determine thickness of retaining wall:

Try ρ = 0.5ρmax =0.00975 fig.( 4.24 ) retaining wall loads

Use ρ  0.01

m= 19.38

Mu = 7.54 ton.m

58.0Ka
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Mn = 8.38 ton.m

)5.01( mFyRn   = 3.79 MPa

d req =
bRn

Mn


=

1001079.3

1038.8 5




= 14.5 cm

If Φ20 bars are used:

h=(14.5+2+7 cover) = 25.5 cm

Use h=30 cm.

d=30-(2+7 cover) = 21 cm

2
2

5

2
/19

21*100

10*38.8

*
cmKg

db

Mn
Rn 

00474.0
2

11
1













Fy

mRn

m


For the vertical reinforcement:

 A s min = 0.0012*b*h

A s min = 0.0012 * 100* 30 = 3.6 cm2

 A s min = 3.6 cm 2

222 95.96.3min cmreqAscmAs 

Use Φ16 @ 20 cm......... Asprov. = 10.05 cm²

This reinforcement is for the total

positive moment area in the wall.

Fig(4.25) Moment diagram (KN.m)

for the lower segment
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4.9.3 Design of negative reinforcement

Mu = 4.42 ton.m

Mn = 4.91 ton.m

2
2

5

2
/14.11

21*100

10*91.4

*
cmKg

db

Mn
Rn 

00272.0
2

11
1













Fy

mRn

m


222 6.3min72.5 cmAscmreqAs 

Use Φ14 @ 25 cm......... Asprov. = 6.16 cm²

This reinforcement is for the total negative moment

area in the wall.

In the other direction (Horizontal) provide shrinkage

and temperature reinforcement.

For the horizontal reinforcement:

2630*100*002.0.min cmAs 

Use Φ14@25cm =6.16 cm²/m (In two layers)

 Dowels = Asmin. For the vertical reinforcement

= A s min = 3.6 cm 2

Fig.( 4.26) Moment diagram (KN.m)

for the total wall
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4.10 Design of Stairs:

0.30

0.
16

0.
04

0 .03

3.00

0.15

Fig. (4.27): Stair Detail

4.10.1 Dead load:

h cmasitTakecm
L

165.16
20

330

20


8.28)
30

16
(tan 1  

(DL)  H – plate = 0.03* 22*
30.0

33.0
= 0.726 kN/m2.

(DL) V – plate = 0.03 * 22*
30.0

13.0
= 0.286 kN/m2.

(DL) Concret plat 2
3

/565.4
8.28cos

)/25)(15.0(
mkN

mkNm




١٢٧

(DL) Steps = 23 /0.2/25*)
2

16.0
( mkNmkN

m


(DL) H – mortar = 0.02* 22 = 0.44 KN/m2

(DL) V – mortar = 0.02 * (0.13/0.3) * 22 = 0.191 KN/m2

(DL) Sand = 0.06* 16.4=0.984KN/m2

(DL) Plaster 2
3

/502.0
8.28cos

)/22)(02.0(
mkN

mkNm


Total dead load = 9.694 KN/m2

Factored dead load = 1.4(9.694) = 13.572 KN/m2.

Live load = 5 KN/m².

Factored live load = 1.7(5) = 8.5 KN/m2.

Wu = Factored dead load + Factored live load…..for 1m of the stair slab

Wu = 13.572 + 8.5

Wu = 22.072 kN/m.

4.10.2 Design for positive moment:

Calculate the magnitude of support reaction in stair:

Ay = Wu *
2

SL
= 22.072 *

2

3.3 = 39.73 Ton.

using Φ 14 bars

d = 16-2-0.6 = 13.4 cm.
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Fig. (4.28):Shear and moment of Stair

Calculate the magnitude of the max. Moment by using the shear diagram:

Mu= mKNAreaShear ........

Mu = mKN .65.5173.39*8.1*5.04.0*73.39 

Mn = 51.65/0.9 = 57.39 kN.m

2
2

5

2
kg/cm94.23

)(100)(13.4

10*57.39

bd

Mn
Rn 



m =
c

y

f

f

*85.0
=

5.25*85.0

420

38.19m

0.4 m

0.4 m

0.4 m 0.4 m
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












y

n

f

Rm

m

2
11

1















4200

94.32*38.19*2
11

38.19

1


0065.0

dbAs ..

 min =
fyfy

cf 4.1

)(4



= 0033.0003.0 

 min = 0.0033

0.0033 ≤ 0.0065  ≤ 0.0309

As = 0.0065(100)(13.4) = 11.29 cm 2

Use Φ18 ….@ 20 cm.      AS provided. = 12.7 cm2

By provide (As min) for the negative Moment Area :"at the top of the edges"

Asmin = db
fy

db
fy

cf
.

4.1
.

)(4




= 22 42.497.3 cmcm 

Asmin=
242.4 cm

Use Φ12 …. @ 25 cm.      AS provided. = 4.52 cm2

4.10.3 Development length of the bars:

b

c

y
d

f

f
Ld ...

2






For Φ18 bars:

cmLd

Ld

86.74

8.1*1*1*1
5.25*2

420




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For Φ12 bars:

cmLd

Ld

9.49

2.1*1*1*1
5.25*2

420





4.10.4 Landing Design:

(DL) mortar = 0.02* 22 = 0.44 KN/m2

(DL) Plate = 0.03* 22 = 0.66 kN/m2.

(DL) Concret plat 23 /50.5)/25)(22.0( mkNmkNm 

(DL) Plaster 23 /44.0)/22)(02.0( mkNmkNm 

Total dead load per 1 m = 7.04 KN/m

Live load = 5 KN/m.

Factored dead load = 1.4(7.04) = 9.856 KN/m

Factored live load = 1.7(5) = 8.5 KN/m2.

Reaction of the step's slab = 39.73 KN/m

Wu = Factored dead load + Factored live load+ Reaction of the step's slab …..for 1m

of the stair slab

Wu = 18.356 + 8.5 + 39.73

Wu = 58.1 kN/m.

Mu= mKN
LWu ........

8

* 2

Mu= mKN ........8.69
8

)1.3(*1.58 2



Mn = 69.8/0.9 = 77.6 kN.m

2
2

5

2
kg/cm6.20

)(100)(19.4

10*7.76

bd

Mn
Rn 


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38.19m














4200

6.20*38.19*2
11

38.19

1


00516.0

dbAs ..

 min =
fyfy

cf 4.1

)(4



= 0033.0003.0 

0.0033 ≤ 0.00516 ≤ 0.0309

As = 0.00516(100) (19.4) = 10.01 cm 2

Use Φ16 …. @ 20 cm.      AS provided. = 10.05 cm2

4.10.5 Shrinkage &Temperature Reinforcement

As = 0.002(100) (16) = 3.2  cm 2

Use Φ10 …. @ 25 cm.      AS provided. = 3.2 cm2
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4.11 Design of Shear wall

Using Jordanian code the horizontal forces were obtained in each part of building

"A"&"B" as detailed in the previous chapter .

figure below shows horizontal forces on right part of building (Part B)

C A S E  -  B
F z - 1 2  = 5 1 8 .1 1  K N

F z - 1 1  = 5 5 1 .1 1  K N

F z - 1 0  = 5 0 4 .1 7  K N

F z - 9  = 4 9 6 .2 5  K N

F z - 8  = 4 4 5 .3 3  K N

F z - 7  = 4 1 1 .9  K N

F z - 6  = 3 2 8 .2  K N

F z - 5  = 1 6 2 .1 8  K N

F z - 4  = 6 2 .5 2  K N

F z - 3  = 4 4 .8  K N

F z - 2  = 1 9 .4 8  K N

F z - 1  = 7 .4 7  K N

Fig. (4.29): earthquake load for part B

Wall that carries the largest part of these horizontal  forces was determined

with the aid of a computer program called (MB-SOFTWARE) , by comparing

stiffness and moment of inertia of all walls in each floor , then wall that had the

largest part of load and the smallest length was chosen .

Wall (W20B) was the most dangers one , then design of this wall would be

explained in this section as follows :-
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fc` =25.5 Mpa.

fy =420  Mpa

Assume thickness of the wall = 40 cm .

Controllm
Lw ........3

2

6

2


m
h

5.25
2

51

2


For part "B"

Vu= 3551.52 KN.

KN
V

V u
n 24.4178

85.0


m4.8m6*0.8dLw0.8d 

cV = bd
cf









 
6

= 
















1000

100
)480)(40(

6

5.25
= 1615.92 KN.

VsVcVVnV uu 











s

Adf vy ..
*85.092.1615*85.05.3551

















s

Av*
10

480*420

85.0

97.2177









s

Av = 0.127 cm









s

Av
min=0.0025 * h









s

Av
min=0.0025 * 40 = 0.1 cm.

Then,









s

Av = 0.127 cm > 







s

Av
min = 0.1 cm.
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controlcmS

cmhS

cm
L

S w

................45

6020*3*3

120
5

600
5

min

min

min






So, try layerstwoinorcementrhorizontalforcm inf15@142

cmcm
s

Av 1257.02053.0
15

54.1*2
















4.11.2 Design of the vertical reinforcement:

hS
hS

hA

L

h
A v

w

w
vn *].0025.0)

.

.
[(*)5.2(5.0[0025.0 1

2











hSAvn *].0025.0)2053.0[(*)
6

51
5.2(5.0[0025.0 1



 

6059.0vA

6059.0)(, min vnAprovideSo

2
min 5.445*40*0025.0)( cmAvn 

cmUse 45@122

4.11.2 Design of moment:

22 0030133.03.3013113*2*
45.0

6
mmmAst 

















ys

wcw

fA

hLfBL

Z

*

****85.0
2

1

1

0271.0

420*0030133.0

4.0*6*5.25*85.0*85.0
2

1









wL

Z
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  0271.01****5.0  wystu LfAM

  0514.01*6*420*0030133.0*5.0*9.0 uM

mNM u .324.3

  mKNM u .3.12809251*4.0*6*2533243.134476 

)(*

/

wwy

u
st CLf

M
A






20595.0
)3.060(*420

9.0/092.128
mAst 




25.594 cmAst 

cmTry 8@362

22 1527.01527001018*2*
08.0

6
mmmAst 

















ys

wcw

fA

hLfBL

Z

*

****85.0
2

1

1

372.0

420*1527.0

4.0*6*5.25*85.0*85.0
2

1









wL

Z

  372.01****5.0  wystu LfAM

  372.01*6*420*1527.0*5.0*9.0 uM

mMNM u .776.108

  mKNM u .3.165203*51*6*4.0*251087763.134476 

)(*

/

wwy

u
st CLf

M
A





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20076.0
1000*)7.5(*420

9.0/3.16520
mAst 

26.76 cmAst 

edgestheatovide 368Pr 
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Appendix (A)



Appendix (C)

Structural Drawings

This appendix is an attachment with this project



Appendix (B)

Architectural Drawings

This appendix is an attachment with this project



Table (4-1) Minimum thickness for two way slab without interior beams

Table (4-2) Minimum thickness of one slab



Table (A2) maximum reinforcement ratio
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