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ن   ھدف ھذا المشروع ھو التصمیم الإنشائي لجمیع العناصر الإنشائیة التي یحتویھا المشروع، م
.جسور وأعمدة وأساسات وغیرھا من العناصر الإنشائیة

ة بولیتكن   تم اختیار ھذا المشروع نظرا للحاجة الماسة  ي جامع روع ف طین یلمثل ھذا المش . ك فلس
.ولقد صمم ھذا المبنى لتغطیة العجز الموجود في وحدات البحث العلمي بالجامعة

ى   ٢م٨٧٥طوابق بمساحة أربعیتكون المشروع من  ابق عل للطابق تقریبا، بحیث یحتوي كل ط
ل   ا مث ة وظیفی ات المختلف ن الفعالی د م ي العدی ث العلم رات البح ب مختب احثین و مكات ات الب و قاع
.الجلوس،  و الموزعة معماریا بشكل مناسب

تخدام     ة ،واس ال الحی ) UBC-97(من الجدیر بالذكر انھ تم استخدام الكود الأردني لتحدید الأحم
تصمیم المقاطع باستخدام الكود الأمریكي فقد تملتحدید أحمال الزلازل ،أما بالنسبة للتحلیل الإنشائي 

(ACI_2005)   ھ ى ان ارة إل ن الإش د م ل     ، ولا ب وبیة مث رامج الحاس ض الب ى بع اد عل م الاعتم ت
Autocade2007 , Atir , Microsoft Office 2007 , Staad-Proوغیرھا.

ع             ولقد تم مراج ز جمی م تجھی ا ت ائیة كم امیم الإنش ع التص ق م ة لتتواف ة الخرائط المعماری ة كاف ع
.المخططات الإنشائیة مع التفاصیل التنفیذیة الكاملة
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Abstract

The Structural Design for research center

Project Team
OsamaA. Ghraib                                         Rami S. Ahmad

Rashad Malysheh

Palestine Polytechnic University

Supervisor
Dr. Maher Amro

The aim of this project is to perform the structural design for all structural
elements such as ribs, beams, columns, and foundations and all other
structural elements.

This project has been selected because of the requirements for such project
In Palestine Polytechnic University, it was designed with a capacity that
will cover the shortage in capacity for the research units.

This project consists of four floors with an approximate area for each floor
equals 850 m2, where each floor has many functions that differs from one
to another in its goal such as lecture halls, research laboratories, sitting
areas ….etc. , that are distributed in an appropriate architectural
distribution.

For structural design of this project, Jordanian Construction Code was used
for determining live loads, UBC-97 was used for seismic loads
determination, where ACI-05 code is to be used for structural analysis and
design for all structural elements, and some of computer software will be
used, such as Autocad2006, Staad-Pro, Atir, and Office2007….etc.
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 Ac = area of concrete section resisting shear transfer.

 As = area of nonprestressed 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 cancroids 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.

 M = bending moment.

 Mu = factored moment at section.

 Mn = nominal moment.

 Pn = nominal axial load.

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

 Vc = nominal shear strength provided by concrete.

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

 Vu = factored shear force at section.

 Wc = weight of concrete. (Kg/m³).

 Wu = factored load per unit area.

 Φ = strength reduction factor.
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.الممرات والأدراج في الطابق الثالث ) ٥- ٢(الشكل

مدخل

درج
ممر

درج

ممر
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:

.

:

 :

.

،للإ

.

:

بأ

.
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:

هي بمثابة

.

٢٦٠.٨٢ ،

.

للمبالإضافة، 

.

:

تق١٣٨٢

.
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)٤-٢ (:

 ،

 ،.

١-:

) ٦-٢(شكل 

.

)٦-٢ :(.
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٢-:

)٧-٢(.

٣ -:

تلاف       ذلك اخ ة وك ات المعماری وع الفتح ات ،    أیظھر في ھذه الواجھة بشكل واضح تن كال الفتح اد وأش بع

ا   ویظھر جلیا المیل في منسوب الأرض ، الذي أدى بدورة إلى تدرج المبنى بشكل رأسي وإعطاءه منظرا معماری

) .    ٨-٢(جمیلا كما في الشكل 

الواجھھ الجنوبیة): ٧- ٢(الشكل 

الواجھة الغربیة) :٨- ٢(الشكل 
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)٩-٢. (

الشمالیةالواجھة):٩- ٢(الشكل 
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)١- ٣ (

)٢- ٣ (

التصمیم الإنشائي)٣-٣(

)٤- ٣ (

)٥- ٣ (

)٦- ٣ (
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(1-3):

  .

.

(2-3):

:

(factor of safety)

.ج

(Economy)

.

(serviceability)(deflection)

(cracks).

.
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)٣-3 (:

:سيعمليةفي

،تتمثل في: .١

.، ليل ا

لكل: .٢

.عمل 

(4-3):

:
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(1-4-3):

)١-٣ (.

 :

.
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)١-٣ (.

)١-٣(:
Specific Weight

KN/m3MaterialNo.

23Tile1

١٧Sand2

25Reinforced Concrete3

10Hollow Block4

22Plaster5

22Mortar6

0.1kalkal7

:ل(2-4-3)

   .
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)٢-٣ (.

)٢-٣(:

NO. Type of Area
Live Loads

(KN/m2)

1 Lecture halls ٥

٢ Roof (including snow loads) 2

٣ Cafeteria ٥

٤ Stairs 5

٥ Corridors 4

٦ Laboratories 3

٧ Ateliers ٥

٨ Offices 2

٩ Work Shops 5

١٠ Elevator 10

:ل(3-4-3)
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،:

(1-3-4-3):

)٢- ٣ (.

:

:

Q= 0.613 (Vz)2

Vz =V.S1.S2.S3
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Q :(N/m2).

Vz:

(m/s).

S1 :١٣.

S2 :١٤.

S3 :١٥.

:

S1: 1.0

S2 :0.96

S3 : 1.0

V: 35 (m/s) ………4/5/3-b

Vz = 35*1.0*0.96* 1.0 =33.6  (m/s)

Q= 0.613*(33.6)2 =692.05 N/m2 = 0.692 KN/m2

.
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:ل(2-3-4-3)

)٣- ٣ (.

)٣-٣ (

.

)٣-٣(:.
)h(
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)m()kN /m²(

h>2500

500 > h > 2501000) /h-250(

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

2500 > h > 1500(h – 812.5)/ 250

)1001 (

:

SL = (h-400) / 400

SL = (1001 – 400) / 400 = 1.5 KN/m²

:ل(3-3-4-3)

،ةسينتجت

.

س

.لها

)٣-(5 :

،
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  ، )Bearing

Capacity (ة.

:للمبنى(6-3)

:

(1-6-3):

سي

:

١.)One way ribbed slab.(

٢.)Two way ribbed slab.(

٣.)One way solid slab .(

٤.)Two way solid slab.(
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(1-1-6-3))One way ribbed slab(

 ،)٤-٣.(

.:)٤-٣(شكل

(2-1-6-3))Two way ribbed slabs(

 ،)٥-٣ (

.

Block
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.): ٥-٣(شكل

(3-1-6-3))(One way solid slab

في ،،

)٦-٣ (.

Block
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.): ٦-٣(شكل

(4-1-6-3))(Two way solid slab

في 

تا،

.)٧-٣(فيها

Main Reinforcement Bars
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.تج): ٧-٣(شكل

(2-6-3):

،

)٨-٣ (.

Main Reinforcement Bars
Main Reinforcement Bars
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.:)٨-3(شكل

(3-6-3):

سي

،

)٩-٣(.
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.جس:)٩-3(شكل



الفصل الثالث
الوصف الإنشائي للمبنى

-٣٩-

(4-6-3):

،

) ١٠-٣(هما

.

.:)3-10(شكل
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(5-6-3):

(shear wall)

)١١-٣ (.

.:)3-11(شكل
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(6-6-3):

،

، ،

.

على كـل  ي

)١٢-٣ (.

)١٢-٣ (.
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)٧-٦-٣ ((Expansions Joints)

:

٥٠-٤٠.

٤٠-٣٠.

  .

)7-3 (:

١.AutoCAD (2007) for Structural and Architectural Drawings.

٢.For Text Edition)Microsoft Office (2007.

٣.Atir Software for Structural Calculations.

٤.Proken software for Structural Calculations

٥.Mb software

٦.Sketsh up
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Chapter Four

Design and Structural Analysis for Element

(4-3)Design of slabs.

(4-4)Design of one way Rib #4.

(4-5)Design of two way Rib #2.

(4-7) Design of beam #6 at third floor.

(4-8) Design of column#8 at ground floor.

(4-9) Design of circular column#43 .

(4-10) Design of isolated foundation F7.

(4-11) Design of strip foundation.

(4-12) Design of mat foundation.

(4-13) Design of stairs.

(4-14) Design of sold slab of stairs.

(4-6) Design of rib #11 in kalkal slab

(4-1)Introductions.

(4-2)Slabs thickness calculation.

(4-15) Design of shear wall.
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Chapter Four

Design and Structural Analysis for Element

(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.

This chapter starts with the calculation of thickness for slabs from ACI code, and the value had

been checked. The calculation of dead load and selection of live load had been done, then the

elements had been analyzed. After that the design for each structural element in the system to

select the effective section for element and its reinforcement of the profile had been done.

After the design of sections were made, the drawings of the sections to show the reinforcement

of every element were designed.

The design and calculation of reinforced building was controlled by the ( building code

requirements for structural concrete) – (ACI 318-2005) of the American concrete institute.

NOTE:

Fc = 30 MPa for circular section but for rectangular (Fc=0.80*30=24 MPa)
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(4.2) Slabs thickness calculation:

(4.2.1) Thickness of one-way slab:

Min h for simply field = L/16

= 575/16 = 35.8 cm

Min h for one-end continuous = L/18.5

= 603/18.5 = 32.5 cm

Min h for both-end continuous = L/21

= 345/21 = 16.4 cm

We selected h = 35cm.

(4.2.2) thickness of two-way slab:

 2.0536
1500

8.0ln
=hMin









 

m

fy


; 0.2 < m <2

And h must not less than 12cm. (ACI- 9.5.3.3)

936
1500

8.0ln
=hMin









 

fy

; 2 < m

And h must not less than 9cm. (ACI- 9.5.3.3)

Assume minimum thickness of two-way ribbed slab is 35cm.
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For Beam (6+7+8):

     

43

333

3

105.9

3

38.0)3.0(

3

08.0)3.0(

3

27.0)6.0(

3

2727.0

)65.0)(3.0()35.0)(3.0(

)325.0)(65.0)(3.0()175.0)(35.0)(3.0(

.

mI

I

bh
I

cmmY

Y

A

YA
Y

b

b

b





















 For Beam (9) :

   

4

333

3

013.0

3

)08.0)(2.0)(2(

3

38.0)4.0(

3

27.0)8.0(

3

2727.0

)65.0)(4.0()35.0)(2.0)(2(

)325.0)(65.0)(4.0()175.0)(35.0)(2.0)(2(

.

mI

I

bh
I

cmmY

Y

A

YA
Y

b

b

b





















 For Beam (5):

cmmY

Y

A

YA
Y

5.17175.0

)35.0)(9.0(

)175.0)(35.0)(9.0(

.









Fig. (4-1): Beam
6+7+8

Fig. (4-2): Beam(9)

Fig. (4-3): Beam 5
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 

4

3

3

003.0

2
3

175.0)9.0(

3

mI

I

bh
I

b

b

b







 For the Slab:

      

43
4

44

333

107.713.5
52.0

108.7

108.7

3

234.0)12.0(

3

036.012.052.0

3

116.0)52.0(

6.11116.0

)35.0)(12.0()08.0)(2.0)(2(

)175.0)(35.0)(12.0()04.0)(08.0)(2.0)(2(

.

mI

mI

I

cmmY

Y

A

YA
Y

s

s

s





























s

b

I

I


2.1
107.7

105.9
3

3

321 



 



s

b

I

I


38.0
107.7

003.0
34 


 

s

b

I

I


6.1
107.7

013.0
35 


 

s

b

I

I


116.1
5

6.138.02.12.12.1

5
54321 








m

2116.12 m

{ACI (9-13…..equ.)} Will be used:-

Fig. (4-4): RIB
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 
)2.0(536

1500/8.0






m

yn
m

Fl
h



21.1
6

26.7


s

l

L

L


 
mhm 186.0

)2.0116.1(21.1*536

1500/4008.026.7







cmhm 6.18

(4.2.3) thickness of kalkal slab:

{ACI (9-5 (c)…..table.)} Will be used:-

without drop panels, exterior panels, with edge beams;

fy is 420, long span/ short span ≤ 2

14.0/10.1 = 1.4 ≤ 2

We use Ln /33

Ln/33= 10.1 / 33 = 30.1 cm

We selected the thickness of kalkal slab 35 cm ,with 20 cm Height of kalkal

And 50 cm width , Length 60 cm with density 0.1 KN/m3 ,as shown in the fig.(4-7)

Use an overall depth of 35 cm (27 cm block).
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(4.3) Design of slabs:

(4.3.1) Calculation of dead load and live load for one way rib slab:

Fig. (4-5): Section in one-way ribbed slab.

1. Tiles = (0.03) (23) (0.52) = 0.359 kN/unit

2. Mortar = (0.05) (22) (0.52) = 0.572 kN/unit

3. Sand = (0.1) (17) (0.52) = 0.884 kN/unit

4. Topping = (0.08) (25)  (0.052) = 1.04 kN/unit

5. Block = (0.4) (0.27) (10) = 1.08 kN/unit

6. Rib          = (0.12) (0.27) (25) =0.81 kN/unit

7. Plaster = (0.03) (22) (0.52) = 0.344 kN/unit

Total dead load for one way rib = 5.09 kN/unit.

Total live load for one way rib = 5 * 0.52 = 2.6 kN/unit.

Total dead load for one way rib =5.09 / 0.52= 9.78 kN/m².

Total live load for one way rib = 5 kN/m².

Factor load From ACI code the equation tell that:

DL =1.2 (5.09) = 6.108 KN/unit

LL = 1.6 (2.6) = 4.16 KN/ unit

qu = 1.2 DL + 1.6 LL= 6.108 + 4.16 =10.27 KN/ m
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qu = 1.2 DL + 1.6 LL.

qu = 1.2 (9.78) + 1.6 (5) = 19.74 KN/m².

(4.3.2) Calculation of dead load and live load for two way rib slab:

Fig. (4-6): Section in two-way ribbed slab.

1. Tiles        = (0.03) (23)  (0.52) (0.52) = 0.186 kN/unit

2. Mortar     = (0.05) (22)  (0.52) (0.52) = 0.29 kN/unit

3. Sand         = (0.1) (17) (0.52) (0.52) = 0.459 kN/unit

4. Topping  = (0.08) (25) (0.52)  (0.52) = 0.54 kN/unit

5. Block      = (0.4) (0.4) (0.27) (10) = 0.432 kN/unit

6. Rib          = (0.12)(0.52+0.52) (0.27) (25) = 0.842 KN/unit

7. Plaster    = (0.03) (22) (0.52) (0.52) = 0.17 kN/unit

Total dead load for two way rib = 2.9 KN/unit.

Total live load for two way rib = 5 * 0.52*0.52 = 1.352 KN/unit

Total dead load for two way rib = 10.72 KN/m².

Total live load for two way rib = 5 KN/m².

Factor load From ACI code the equation tell that:

DL =1.2 (2.9) = 3.48 kN/unit

LL = 1.6 (1.352) = 2.16 kN/unit
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From ACI code

qu = 1.2 DL + 1.6 LL.

qu = 3.48 + 2.16= 5.64 KN/m.

qu = 1.2 (10.72) + 1.6 (5) = 20.8 KN/ m².

(4.3.3) Calculation of dead load and live load for kalkal slab :

Fig. (4-7): Section in kalkal slab

1. Tiles        = (0.03) (23)  (0.62) = 0.427 kN/unit

2. Mortar     = (0.05) (22)  (0.62) = 0.682 kN/unit

3. Sand         = (0.1) (17) (0.62) = 1.054 kN/unit

4. Topping  = (0.08) (25) (0.62) = 1.24 kN/unit

5. kalkal = (0.5) (0.0.2) (0.1) = 0.01 kN/unit

6. Rib = (0.12)(0.2) (25) = 0.6 KN/unit

7. Plaster    = (0.03) (22) (0.62) = 0.4 kN/unit

8. Bottom reinforcement= (0.07) (0.25) (0.62)= 1.085

Total dead load for kalkal slab = 5.5 KN/unit.

Total live load for kalkal slab = 3.1 KN/unit

Total dead load for kalkal slab = 8.87 KN/m².

Total live load for kalkal slab = 5 KN/m².
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Factor load From ACI code the equation tell that:

DL =1.2 (5.5) = 6.6 kN/unit

LL = 1.6 (3.1) = 4.96 kN/unit

From ACI code

qu = 1.2 DL + 1.6 LL.

qu = 6.6 +4.96 = 11.56 KN/m.

qu = 1.2 (8.87) + 1.6 (5) = 18.6 KN/ m².

(4.3.4) Design of topping for one way ribbed slabs :

Dead load of rib = b * h * D

= 0.12 * 0.27 * 25

= 0.81 KN/m

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

= (
52.0

09.5
-

52.0

81.0
) = 8.23 kN/m²

LL = 5 kN/m²

uq = 1.2 (DL) + 1.6 (LL)

= 1.2 (8.23) + 1.6 (5)

= 17.8 KN/m²

 For a one meter strip uq = 17.8 KN/ m

(4.3.5) Calculate of ultimate moment (one-way):

Assume slab fixed at supported points (ribs):

mKN
lq

M u
u .23.0

12

)4.0(*8.17

12

* 22



From the ACI code:

sfMn ct *

3
22

67.1066
6

)8(*100

6

*
cm

hb
S 
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'0.42
cct ff 

MPafct 06.2240.42 

SF0.55Mn  ct

23.0.2.11067.066106.20.55Mn 3   mKN

So the topping is plain concrete.

shrinkage and temperature reinforcement is required according to ACI(318)–05 code:

According to ACI-code…….. (7.12.2.1):

When fy < 420  0018.0

hb0.0018=min As

2
min 1.44cm81000.0018= As

Select 1 Ф10 /25 cm (4 Ф10/1m) in both direction ….

mcmAs provided /44.1cm²/m3.16= 2
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(4.4) Design of Rib (#4) at Ground Floor:

Fig. (4-8): Ribs and beams distribution.

Fig. (4-9): Spans of Rib.
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Fig. (4-10): Moment Diagram of Rib.

Fig. (4-11): Shear Diagram of Rib.

(4.4.1) Design of positive moment for the selected ribs at the ground floor:

In this rib the max. Clear Space of span = 5.7m

bE = 0.52m

Use Mu max. Positive for all spans = 42 KN.m

Mn = 42 / 0.9 = 46.6 KN.m

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

Assume a = t = 8cm

Ec baf '0.85=C
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C= 0.85 (24) (8) (52) = 848.6 KN

d = h – cover – Ф/2 = 35 – 2 – 2/2 = 32 cm

Mn = T or C (d – t/2) = 848.6*103 (320 – 80/2) = 237.6 KN.m

Mn available =237.6KN.m > Mn required =46.6KN.m

Then design as a rectangular with cm52=Eb

6.19
24*85.0

400

*85.0 '


fc

fy
m

Mpa
db

Mn
Rn 87.0

)320(*520

106.46

* 2

6

2





)
2

11(
1

fy

mRn

m


0022.0)
400

)87.0)(6.19(2
11(

6.19

1


db=As

3.328=32250.002=As 

)1.5.10(....................
))((4.1))((25.0

min 


ACI
fy

dbw

fy

dbwfc
As

)1.5.10(....................
400

)32)(12(4.1

400

)32)(12(2425.0
min  ACIAs

controllarger.the…………34.117.1min As

2
min 34.1 cmAs 

As > Asmin……….ok

So select 2Ф16

cm².4.02=providedAs

Fig. (4-12): Cross
Section for Rib where

positive moment is
applied
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ACI check for reinforcement:

T=C

abfc  0.85=fyAs

005.005.0
8.17

003.0

8.17320

8.17
85.0

15.15

15.15

*520*24*85.0400*100*402

1











s

s

mm
a

X

mma

a






And not less than 0.004

Ok …. Singly reinforcement is required.

(4.4.2) Design of negative moment for the selected ribs at the ground floor:

Maximum negative moment is kN.m34.5=Mu

Mn = 34.5/ 0.9 = 38.3 KN.m

d = h – c – Ф/2

= 35– 2 - 2/2

= 32 cm

bE = bw= 12cm

6.19
24*85.0

400

*85.0 '


fc

fy
m

Mpa
db

Mn
Rn 11.3

)320(*120

10*3.38

* 2

6

2


)
2

11(
1

fy

mRn

m


0084.0)
400

)11.3)(6.19(2
11(

6.19

1


As = 0.008 (12) (32) =3.22cm

According to ACI-code (10.5.1):
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)1.5.10(....................
400

)32)(12(4.1

400

)32)(12(2425.0
min  ACIAs

controlslarger.the…………22.334.1 22
min cmcmAs 

As > As min………… ok

Select 2 Ф 16

As provided = 4.02 cm².

ACI check for reinforcement:

T=C

abf c  '0.85=fyAs

005.005.0
8.17

003.0

8.17320

8.17
85.0

15.15

15.15

*520*24*85.0400*100*402

1











s

s

mm
a

X

mma

a






And not less than 0.004

Ok …. Singly reinforcement is required.

(4.4.3) Design of shear for the selected Rib at ground floor:

KN

dbwfcVc

Vu

77.1132012024
6

1
75.05.0

6

1
75.05.05.0

8.31

'







8/15cm1Use…required.isentreinforcemshearNo……8.317.115.0  KNVuKNVc

Fig. (4-13): Cross
Section for Rib where
negative moment is

applied.
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(4.5)Design of two way rib:

Fig. (4-14): The Selected rib

We design it as two way solid slab for 1 m strip.

Lx = 6.64 m

Ly = 8.0 m

2

min

/8.20

5.1235

22.1
64.6

0.8

mKNqu

cmhcmh

L

L

x

y







For 1m strip in X & Y directions from tables of solid slabs:

Kfx= 30.0

Kfy= 44.0

KAx=1.75

kAy=1.87
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mKN
kAy

lxq
Ay

mKN
kAx

lxq
Ax

mmKN
k

lxq
M

mmKN
k

lxq
M

u

u

fy

u
uy

fx

u
ux

/8.73
87.1

64.68.20

/9.78
75.1

64.68.20

/.8.20
44

64.68.20

/.5.30
0.30

64.68.20

22

22

































For two way rib we take Mu/2 in both directions

Mux = 30.5/2=15.25 KN.m/m

Muy = 20.8/2=10.4 KN.m/m

(4.5.1) In X-direction:

Mn = 15.25/ 0.9 = 16.9 KN.m

d = h – c – Ф/2

= 35– 2 - 2/2

= 32 cm

6.19
24*85.0

400

*85.0 '


fc

fy
m

Mpa
db

Mn
Rn 37.1

)320(*120

10*9.16

* 2

6

2


)
2

11(
1

fy

mRn

m


0035.0)
400

)37.1)(6.19(2
11(

6.19

1


As = 0.0035 (12) (32) =1.334
2cm

)1.5.10(....................
400

)32)(12(4.1

400

)32)(12(2425.0
min  ACIAs

controlslarger.the…………344.134.1 22
min cmcmAs 

As = 1.344cm2 ……….ok
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So select 2Ф10 for rib in x direction

cm².1.58=providedAs

(4.5.2)Design of shear for the selected Rib in X-direction at  ground floor:

KN

dbwfcVc

KNVu

75.1132012024
6

1
75.05.0

6

1
75.05.05.0

9.78

'







8/20cm1Use…required.isentreinforcemshearNo……9.7875.115.0  KNVuKNVc
(4.5.3)In Y-direction:

Mn = 10.4/ 0.9 = 11.55 KN.m

d = h – c – Ф/2

= 32 cm

6.19
24*85.0

400

*85.0 '


fc

fy
m

Mpa
db

Mn
Rn 93.0

)320(*120

10*55.11

* 2

6

2


)
2

11(
1

fy

mRn

m


0023.0)
400

)93.0)(6.19(2
11(

6.19

1


As = 0.0023 (12) (32) =0.88
2cm

)1.5.10(....................
400

)32)(12(4.1

400

)32)(12(2425.0
min  ACIAs

controlslarger.the…………88.034.1 22
min cmcmAs 

As < Asmin……….ok

As = 1.34
2cm

So select 2Ф10 for rib in y direction
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cm².1.58=providedAs

(4.5.4)Design of shear for the selected Rib in Y-direction at ground floor:

KN

dbwfcVc

KNVu

75.1132012024
6

1
75.05.0

6

1
75.05.05.0

8.73

'







8/20cm1Use…required.isentreinforcemshearNo……8.7375.115.0  KNVuKNVc
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(4.6) Design of Rib (#11) at Ground Floor:

Fig. (4-15): Ribs and beams distribution.

Fig. (4-16): Spans of Rib.



Chapter Four

Design and structural Analysis for Element

-٦٤ -

Fig. (4-17): Shear Diagram of Rib.

Fig. (4-18): Moment Diagram of Rib.

5 5
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(4.6.1) Design of positive moment for the selected rib at the ground floor:

In this rib the max. Clear Space of span = 9.6m

bE = 0.62m

Use Mu max. Positive = 144.5 KN.m

Mn = 144.5 / 0.9 = 160.55 KN.m

Determine whether the rib will act as rectangular

or T-section:

Assume a = t = 8cm

Ec baf '0.85=C

C= 0.85 (24) (8) (62) = 1011.84 KN

d = h – cover – Ф/2 = 35 – 2 – 2/2 = 32 cm

Mn = T or C (d – t/2) = 1011.84*103 (320 – 80/2) = 283.3 KN.m

Mn available =283.3KN.m > Mn required =144.5KN.m

Then design as a rectangular with cm62=Eb

6.19
24*85.0

400

*85.0 '


fc

fy
m

)
2

11(
1

fy

mRn

m


Mpa
db

Mn
Rn 276.2

)320(*620

105.144

* 2

6

2





Fig. (4-19): Cross section
for rib where positive

moment is applied
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006.0)
400

)276.2)(6.19(2
11(

6.19

1


db=As

11.9cm2=32260.006=As 

Asreq= 11.9/ 0.62 = 18.7cm2/ m

)1.5.10(....................
))((4.1))((25.0

min 


ACI
fy

dbw

fy

dbwfc
As

)1.5.10(....................
400

)32)(12(4.1

400

)32)(12(2425.0
min  ACIAs

controllarger.the…………34.117.1min As

2
min 34.1 cmAs 

As > Asmin……….ok

So select 6Ф20 in main direction

cm².18.84=providedAs

ACI check for reinforcement:

T=C

abfc  0.85=fyAs

005.0061.0
15

003.0

15320

15
85.0

71.12

71.12

*620*24*85.0400*100*402

1











s

s

mm
a

X

mma

a






And not less than 0.004

Ok …. Singly reinforcement is required.

For As in the secondary direction

As for shrinkage and temperature or 1/5 As in main direction
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As for shrinkage and temp. = 0.0018 * b * d

= 0.0018 * 100 * 8
= 1.44 cm2

1/5 *As in main direction = 1/5 * 12.56
= 2.512 cm2

As in the secondary direction = 2.512 cm2

So select 2Ф12 in secondary direction

For As in the top layer:

As for shrinkage and temperature

As for shrinkage and temp. = 0.0018 * b * d

= 0.0018 * 100 * 8
= 1.44 cm2

So select 2Ф12 in both directions

(4.6.2) Design of shear for the selected Rib at ground floor:

KN

dbwfcVc

KNVu

77.1132012024
6

1
75.05.0

6

1
75.05.05.0

52

'







10/15cm1Use…required.isentreinforcemshearNo……527.115.0  KNVuKNVc
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(4.7): Design of beam (B8) at third floor:

Fig. (4-20): The Selected Beam.

Fig. (4-16): Selected Beam Spans.

(4-21) spans of the beam
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Fig. (4-22): Moment Diagram for the Selected Beam

Fig. (4-23): Shear Diagram for the Selected Beam.

(4.7.1) Design of positive moment for (span #1):

cmd 59
2

2
1465 

.mKN387.5=Mu

mKN
Mu

Mn .5.430
9.0

5.387




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Assume that cmaT f 35

)2/(***85.0 hffcf fdhbfMn 

)10*17.5)-(590350*800*24*(0.85= -6
fMn

Mn calculated= 3270.12 KN.m > Mnprovided =430.5

Then Section behaves as a rectangular.

2
=Rn

db

Mn



1.55Mpa.=
)590(800

105.430
=Rn

2

6




6.19
2485.0

400

85.0 '








fc

fy
m

)
2

11(
1

fy

mRn

m


004.0)
400

)55.1)(6.19(2
11(

6.19

1


As req. = ρ * b * d = 0.004 * 80 * 59 = 18.88 cm²

Use 3Ф 32

263.19 cmprovidedAs 

ACI check for reinforcement:

T=C

005.0029.0
5.54

003.0

5.54590

5.54
85.0

3.46

3.46

*800*24*85.0400*100*88.18

a*b*f*0.85=fyAs

1

'
c













s

s

mm
a

X

mma

a






Fig. (4-24): cross
section for positive
moment at span #1.
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And not less than 0.004

Ok …. Singly reinforcement is required.

)1.5.10(....................
400

)590)(400(4.1

400

)590)(400(2425.0
min  ACIAs

controlslarger the…….88.1826.8 22
min cmcmAs 

263.19 cmAsprovided 

(4.7.2) Design of negative moment between span (#1) & (#2):

cmd 59
2

2
1465 

.mKN555.2=Mu

mKN
Mu

.9.616
9.0

2.555
=Mn 


2*
=Rn

db

Mn

Mpa4.4
)590(*400

10*9.616
=Rn

2

6



6.19
2485.0

400

85.0 '








fc

fy
m

)
2

11(
1

fy

mRn

m


0125.0)
400

)4.4)(6.19(2
11(

6.19

1


A req. = ρ * b * d = 0.0125 * 40 * 59 = 29.5 cm²

Use 5 Ф 28

279.30 cmprovidedAs 

ACI check for reinforcement:

T = C

Fig. (4-25): cross
section for negative

moment between span
(#1) & (#2).
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005.00074.0

003.0*
1.170

1.170590

1.170
85.0

6.144

6.144

*400*24*85.0400*100*5.29

***85.0*

1

\













s

s

s

mm
a

X

mma

a

abfcfyA







And not least than 0.004 ……….ok, singly reinforcement is required.

(4.7.3) Design of positive moment for (span #2):

cmd 59
2

2
1465 

.mKN389.3=Mu

mKN
Mu

Mn .6.432
9.0

3.389




Assume that cmaT f 35

)2/(***85.0 hffcf fdhbfMn 

)10*17.5)-(590350*800*24*(0.85= -6
fMn

Mn calculated= 3270.12 KN.m > Mn provided =432.6KN.m

Then Section behaves as a rectangular.

2
=Rn

db

Mn



Mpa.1.6=
)590(800

106.432
=Rn

2

6




6.19
2485.0

400

85.0 '








fc

fy
m

)
2

11(
1

fy

mRn

m

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0042.0)
400

)6.1)(6.19(2
11(

6.19

1


As req. = ρ * b * d = 0.0042 * 80 * 59 = 19.7 cm²

Use 3Ф 32

212.24 cmprovidedAs 

ACI check for reinforcement:

T=C

005.0028.0
8.56

003.0

8.56590

8.56
85.0

3.48

3.48

*800*24*85.0400*100*7.19

a*b*f*0.85=fyAs

1

'
c













s

s

mm
a

X

mma

a






And not less than 0.004

Ok …. Singly reinforcement is required.

)1.5.10(....................
400

)590)(400(4.1

400

)590)(400(2425.0
min  ACIAs

controlslarger the…….7.1926.8 22
min cmcmAs 

212.24 cmAsprovided 

Fig. (4-26): cross
section for positive
moment at span #2
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(4.7.4) Design of negative moment between span (#2) & (#3):

We will design it as L- section

cmd 59
2

2
1465 

.mKN375.6=Mu

mKN
Mu

.33.417
9.0

6.375
=Mn 


2*
=Rn

db

Mn

Mpa4.2
)590(*500

10*33.417
=Rn

2

6



6.19
2485.0

400

85.0 '








fc

fy
m

)
2

11(
1

fy

mRn

m


0064.0)
400

)4.2)(6.19(2
11(

6.19

1


A req = ρ * b * d = 0.0063 * 50 * 59 = 18.88 cm²

Use 4 Ф 28

263.24 cmprovidedAs 

ACI check for reinforcement:

T = C

Fig. (4-27): cross
section for negative

moment between span
(#2) & (#3).
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005.00173.0

003.0*
1.87

1.87590

1.87
85.0

74

74

*500*24*85.0400*100*88.18

***85.0*

1

\













s

s

s

mm
a

X

mma

a

abfcfyA







And not least than 0.004 ……….ok, singly reinforcement is required.

(4.7.5) Design of shear for the selected beam:

ACI – 318 – Categories for shear design:

Vu critical = 525.9 KN

Use Ф10 with two legs

cm21.57=12/4*3.14*2=Av

1. Vc
2

1
Vu

db
6

'

2

1
Vc

2

1
w 

fc

= 590400
6

24
75.0

2

1
Vc

2

1


= 72.26 KN

Length of the region:

m
Vc

21.0
52.331

26.72

qu
2

1

=X1 

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controlnot…………Vc
2

1
>Vu 

No shear reinforcement is required

Use 1Ф8/20cm………the minimum shear reinforcement

2. VcVuVc 
2

1

db
6

'

2

1
Vc

2

1
w 

fc

KN52.144226.72Vc 

controlnot…………Vc>Vu 

Length of the region:

mX
Vc 23.021.0

52.331

52.144
1

qu
=X2 


Minimum shear reinforcement is required

Use 1Ф8/20cm

3. minVsVcVuVc 

dbw)
3

1
(0.75min Vs

59KN0.590.4)
3

1
(0.75min Vs

KNVsVc 52.20352.14459min 

controlnot…………>Vu minVsVc 

Length of the region:

mXX
VsVc

17.023.021.0
52.331

52.203
12

qu
=X3 min 



Minimum shear reinforcement is required

dbw)
3

1
(0.75min Vs



Chapter Four

Design and structural Analysis for Element

-٧٧ -

59KN100.590.4)
3

1
(0.75min Vs

59KNmin.  VsVsreq

cm
d

S

cm
Vs

dfyAv
S

req

req
req

5.29
2

59

2

1.47
10*59

590*400*100*57.1*75.0***

.

3
.

.









Then Select ok...............
2

d
<20cm=S

4. dbw
fc

VcVuVsVc 


3min

dbw
fc

Vs 
3

'

..........91.529590400
3

24
75.0 controlsVuKNVs 

Length of the region:

2.16m0.8-0.98-0.98-6.12=X4 

KNVcVuVs

VuVcVs

req

req

28.29052.144434.8.

.





...............75.14
4

59

4

57.9
10*28.290

590*400*100*57.1*75.0***
3

.
.

controlscm
d

S

cm
Vs

dfyAv
S

req
req









Select 1 Ф 10 / 10cm
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(4.8): Design of Column (C8) at ground floor:

Design of column without moment:

From ACI-318….Ch.10.3.6.2 equation 2 for tied column:

KNpu 2.4222

.6.6495
65.0

2.4222

65.0
=P (max)n kN

pu 

)}85.0({0.85Ag*0.8=P ''
(max)n cyg fffc  

015.0Assume g

)}2485.0400(015.02485.0{8.0106.6495 3  reqAg

26.3111 cmAgreq 

When we select square column:

2111.6cm3=b*a

cm7.556.3111=b=a 

select (60*60 cm column) with Ag = 3600cm2

To check is the column short or long:

column.shortisit.………223.20
)6.0)(3.0(

)66.3)(1(

)(3.0

..


h

Lk

r

Lk

)}24*85.0400(24*{0.85360000*0.8=106495.6 3  g

2

2

7.37

2012

3600606001.0

01.0

.............01.00056.0

cmwithA

select

cmA

select

ok

s

s

g

g

















.

Fig. (4-28) Column
section
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 Design the ties of the column:

o (48) tie – bar diameter = 48 (1.0) = 48 cm .

o (16) longitudinal – bar diameter = 16 (1.2) = 19.2 cm.

o least column dimension = 25 cm .

so select 1 Φ 10 @ 18 cm .

Fig. (4-29)Column
ties
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(4.9) Design of Circular Column (C43) at first Floor:

Design of column without moment:

From ACI-318….Ch.10.3.6.3 equation for spiral column:

KNpu 3740

To check is the column short or long:

mnShortColou

columnscforDr

ACI
M

M

r

klu










3424
60.025.0

6.31

ircular.........25.0

)2.12.10(...............40
2

1
1234

.86.5342
7.0

3740

7.0
=P (max)n kN

pu 

02.0Assume g

)}85.0({0.85Ag0.85=P ''
(max)n cyg fffc  

)}2485.0400(02.02485.0{85.01086.5342 3  reqAg

2c54.2245 mAg req 

When we select square column:

cm53
54.224544

=D 






reqAg

 Select D = 60 cm

With 2
22

2827.43c
4

60

4
m

D
Ag req 









)}2485.0400(2485.0{43.282785.01086.5342 3  g
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2

2

2.32

2010

3243.28270113.0

.............001.0018.000113.0

cmAs

use

cmA

ok

provided

s

g











.

 Design the Spirals of the column:

fy

fc

A

A

c

g
s

'
145.0 









2

4 cc DA 


cmS

D

dDa
S

cmA

cmD

ChD

cs

bcs

s

c

c

c

1.6
54009.0

)152(785.04

)(4

009.0
400

24
1

7.2123

43.2827
45.0

7.212352
4

524260

2

2max

2max

22
















 












Select cmS 5max 

Fig. (4.30) Circular
Column (C6) section

60

6010¢20
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(4.10): Design of Isolated footing  (F7):

(4.10.1) Determination of Loads & Area of footing:

Total factored load for column (C8)= 6238.5 KN

Allowable soil pressure = 500 KN/m²

Determination of required area of footing:

allow

loadtotal

4.1
=A req.

291.8
5004.1

5.6238
= m



mba 391.8 

.
261.91.31.3 reqAmselect 

Fig.(4.31)
Isolated footing
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(4.10.2) depth Determination by check of punching:

6238.5KN=Pumax

100cm=hSelect

83cm=1-1-5-90=d

arealoaded thefrom(d/2)

atkensection tacriticalofPerimeterbo 

572cm=b o

ensionscolumnofproportionBc dim

1
60

60
Bc

columnins terior........40

The punching shear strength is the smallest of:

controlsKN
db

fV o
cc .....6.5814

3

8305720
2475.0

3
75.0 




KN
db

fV o
c

c
c 8722

6

8305720
24

1

2
175.0

6

2
175.0 ' 









 












KN

db
f

db
V o

c
o

s
c

6.11344
12

9306120
242

830/5720

40
75.0

12
2

/
75.0










 













Where:

criticaluc VV 

criticalallowuu AVV
critical .

KNV
criticalu 3.5542)18.118.1(5005.6238 

OKisdepthselectedtheKNVKNVc
criticalu 3.55426.5814 

Fig.(4.32)
Shear critical section

310

310

60

60
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(4.10.3)Determination of bearing pressure  :

-:axis- xaroundmomentResultant

0M
XR 

0M
YR 

2/2.649
1.31.3

5.6238
mKN

A

Pu 




.
2

max 4.13.1/2.649 allowmKN  

correctisassumptionthemKN /910 2
max 

(4.10.4)Design of Bending:

 design in plain concrete:

mKNM SC .3.15721.3
2

25.1
25.12.649).( 

mKNMuMn

mKN

bh
Mn

Mpafc

T

T

CTT

.3.15728.426

.8.42610
6

90.01.3
06.255.0

6
55.0

06.22442.0'42.0

9
3

3






















 not satisfied …………. Design in reinforced concrete

Fig.(4.33)
Applied Bearing pressure

Fig.(4.34)
Moment design section

649.2 KN/m2

310

310
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 Design in reinforced Concrete

1572.3kN.m=Mu

KN.m1747
9.0

1572.3Mu
= 


Mu

6.19
2485.0

400

85.0 '








fc

fy
m

MPa
db

Mn
Rn 696.0

)900(3100

101747
2

6

2










)
2

11(
1

fy

mRn

m


00177.0)
400

)696.0)(6.19(2
11(

6.19

1


As = (0.00177) (310) (83) =45.56 cm2

According to ACI-code (10.5.1):

       8303100
400

4.1
8303100

400

24
25.0min As

22
min 9078.78 cmcmAs 

controlscmAsreq ............23.6956.453.13.1 2

2
min 23.69 cmAs 

2
minmin 23.69 cmAsAsAsAs reqreq 

Select 1 Ф 20/15cm in both directions.
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(4.10.5) Design of Dowels:

2
23

2

24.11
40065.0

5002485.065.0105.6238

)'85.0(

5.623833155002485.065.0

)'85.0(

cmAs

fyAsAgfcP

KNPu

puAgfcP

n

n
















Select 6 Φ 16

(4.11) : Design of strip footing :

concrete wide1m wallof thicknessheight= wallofWeight 

2410.3020= 

kN/m144=D.L

kN/m5=L.L

(4.11.1)Determination of footing depth:

Assume the footing depth d=40cm.

kN/m²490=

0.4).(18-500=

d-q=pressuresoilnetAllowable allow




footing.strip widthm0.7selectSo

m0.3=
490

144
= widthFooting

kN/m.180.8=1.6L+1.2D=)(qfactoredloadTotal u

.KN/m28.258
17.0

8.180q
=P 2

net 



area

u

dddbfV wcc 7.428)()700(24
6

1
75.0

6

1


Fig.(4.35)
Strip footing section
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)
2

()(P=Vu net

bww 

kN.51.65=
2

3.07.0
258.28=




uc VV 

51.65=d428.7

d = 12.0 cm  …. Then  h = (12.0 +5 + 0.6 +1.2 ) = 18.8 cm  so select h = 30 cm .

d=23cm

(4.11.2) Determination of reinforcement for moment strength :

)
4

)(
2

((Pnet)=Mu
bwwbww 

)
4

3.07.0
)(

2

3.07.0
(258.28=



.mKN5.2=Mu

KN.m74.5
9.0

2.5
Mn 


 recMu

6.19
2485.0

400

85.0
m

'








fc

fy

2
Rn

db

Mn




MPa155.0
)230(700

1074.5
2

6







)
2

11(
1

fy

mRn

m


..controls…0.0018=0004.0)
400

155.0)6.19(2
11(

6.19

1
min

cm²2.9=23700.0018=db=Areq min 

.10)(5select..…7.3
79.0

9.2
=barOf# 
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(4.11.3) design of longitudinal bars :

cm²2.9=23700.0018=db=Areq min  …...select (5Φ10).

(4.11.4) Design of Dowels

satisfiedKNPuKN

puAgfcPn

.....41.2213978)1000300(2485.065.0

)'85.0(


 

minimum reinforcement is required

24.5100300018.00018.0min cmAgAs 

Select 5 Φ 12/1m……for the two faces

(4.12) Design of mat foundation:

(4.12.1) Determination of Loads & Area of foundation:

Fig.(4.36)
Mat foundation section
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Dwall=0.32025=150 KN/m.

Dself weight for elevator=20/(1.72 + 2.42)=2.5 KN/m.

Total dead load Dtot=150+2.5= 152.5 KN/m.

Total live load Ltot=10/(1.72 + 2.42)=1. KN/m

qu for elevator =1.2D+1.6L=185.1 KN/m

qu wall =1.4D=210KN/m

pu wall elevator =185.1(1.72 + 2.42)= 1517.82 KN

pu wall = 210(1.32 + 3.912) = 2188 KN

pu columns =600+600+1000=2200 KN

Allowable soil pressure = 500 KN/m²

Total load PRu=1517.82+2188+2200=5905.82 KN

allow

loadtotal

4.1
=A req.

25.8
5004.1

82.5905
= m



.
22.164.53.6 reqAmselect 

(4.12.2) Depth Determination by check of punching:

 walloneKN....for1181.2=Pu

50cm=hSelect

44cm=1-5-50=d

The punching shear strength:

KNdbfV cc 1215440451024
6

1
75.0

6

1
75.0 ' 

Where:

OKisdepthselected

requiredisentreinforcemshearno........1181.21215


 VuKNVc
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(4.12.3)Determination of bearing pressure :

0M
XR 

0M
YR 

2/75.363
5.46.3

82.5905
mKN

A

Pu 




correctisassumptiontheallow4.13.1 .  

(4.12.4) Moment calculation at the required sections for design:

Moment around X-axis at Section(1-1):

mKNM .9.586.3
2

3.0
3.075.363)11( 

at Section(2-2):

mKNM .82.735.4
2

3.0
3.075.363)22( 

To find the value of the moment which affect the top reinforcement we have to

determine the zero shear point:

1181.2=363.75d4.5

md 72.0

Fig.(4.37)
Bearing pressure diagram
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requiredisentreinforcem  topno

.32.106
2

72.0
5.475.363)45.072.0(2.1181

2

)33(






mKN

M

(4.12.5) Design of reinforcement :

Design of reinforcement For M(1-1)& M(2-2):

.mKN58.9=Mu

KN.m5.65
9.0

9.58
Mn 




Mu

6.19
2485.0

400

85.0
m

'








fc

fy

mm²N/338.0
)440(1000

105.65
Rn

2

6

2









db

Mn

)
2

11(
1

fy

mRn

m


00085.0)
400

)338.0)(6.19(2
11(

6.19

1


Fig.(4.38)
Required sections for design
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cm²3.74=441000.00085=db=A req 

        )1.5.10(....................
4.1

25.0min 


 ACIdbw
fy

dbw
fy

cf
As

22
min 4.15)440)(1000(

400

4.1
47.13)440)(1000(

)400(

24
25.0 cmcmAs 

ASmin shrinkage&temp = 0.0018*100*50= 9cm/m2

AS control =9cm/m2

m16/15s  elect with AS = 10.05 cm2

.mKN73.82=Mu

KN.m1.82
9.0

82.73
Mn 




Mu

6.19
2485.0

400

85.0
m

'








fc

fy

mm²N/424.0
)440(1000

101.82
Rn

2

6

2









db

Mn

)
2

11(
1

fy

mRn

m


00107.0)
400

)424.0)(6.19(2
11(

6.19

1


cm²4.7=441000.00107=db=A req 

        )1.5.10(....................
4.1

25.0min 


 ACIdbw
fy

dbw
fy

cf
As

22
min 4.15)440)(1000(

400

4.1
47.13)440)(1000(

)400(

24
25.0 cmcmAs 

1.3*AS req = 1.3*4.7= 6.11cm2/m

ASmin shrinkage&temp = 0.0018*100*50= 9cm/m2
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AS control =9cm/m2

m16/15s  elect with AS = 10.05 cm2

(4.13) Design of stairs :

(4.13.1) loads of landing :

1. H- plate = (0.04) (22)  (23/30  = 0.675 kN/m2

2. V- plate = (0.03) (22)  (17.5/30) = 0.385 kN/m2

3. Concrete plat = (0.15) (25) / cos(30.3) = 4.34 kN/m2

4. Steps = (0.175/2) (25) = 2.188 kN/m2

5. H- mortar = (0.03) (25) = 0.75 kN/m2

6. V-mortar = (0.03) (25)(17.5/30) = 0.44 KN/m2

7. Plaster = (0.03) (22) /cos(30.3) = 0.764 kN/m2

D= 9.54 KN/m2

L = 5 KN/ m2

Fig.(4-39 ) loads of stairs
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Factored load:

qu = 1.2 DL + 1.6 LL.

qu = 1.2 (9.54) + 1.6 (5) = 19.5 KN/ m.

qu = 19.5KN/m

for 1m strip:

qu = 19.5KN/m

2

Lq
BA




KNBA 25.29
2

35.19





Mu max= 29.25(0.4+1.5)-19.5*1.5*(1.5/2)

Mu max = 33.64 KN.m

d= 15-2-1=12 cm

(4.13.2) Design of shear :

φ.Vc> Vu

φ.Vc =0.75*(1/6)*√fc-*b*d

= 0.75*(1/6)* √24*1000*120

= 73.5KN

φ.Vc> Vu

73.5> 25.25

No shear reinforcement is required.

(4.13.3) Design Moment :

Mu= 33.64KN.m
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Mn= 33.64/0.9=37.38KN.m

6.19
24*85.0

400

*85.0 '


fc

fy
m

Mpa
db

Mn
Rn 6.2

)120(*1000

1038.37

* 2

6

2





)
2

11(
1

fy

mRn

m


007.0)
400

)6.2)(6.19(2
11(

6.19

1


db=As

cm8.4=121000.007=As  2/m

)1.5.10(....................
))((4.1))((25.0

min 


ACI
fy

dbw

fy

dbwfc
As

)1.5.10(....................
400

)120)(1000(4.1

400

)120)(1000(2425.0
min  ACIAs

controllarger.the…………2.467.3min As

2
min 2.4 cmAs 

As > Asmin……….ok

So select Ф12/15 cm

9.04cm².=providedAs

(4.13.4) Design of secondary reinforcement :

As required for shrinkage and temperature:

As = 0.0018*100*15= 2.7 cm2/m

Check for As= (1/5)*8.4=1.68 cm2/m

As required=2.7 cm2/m
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So select Ф8/15 cm

(4.13.5) Design of Landing :

 Loading :

DL slab=25*0.15=3.75 KN/m2

DL tiles=0.04*22=0.88KN/m2

DL plaster = 0.03*22 =0.66 KN/m2

DL= 5.3KN/m2

For 1m strip DL = 5.3 KN/m+9.54KN/m

DL =14.84KN/m

LL = 5 KN/m

qu = 1.2 DL + 1.6 LL.

qu = 1.2 (14.84) + 1.6 (5) = 30.8 KN/ m.

qu = 30.8 KN/m

 Design of shear :

φ.Vc> Vu

φ.Vc =0.75*(1/6)*√fc-*b*d

= 0.75*(1/6)* √24*1000*120

= 73.5KN



Chapter Four

Design and structural Analysis for Element

-٩٧ -

φ.Vc> Vu

73.5 KN> 61.6 KN

No shear reinforcement is required.

 Design Moment :

8

2Lqu
Mu




mKNMu .6.61
8

48.30 2






mKN
Mu

Mn .44.68
9.0

6.61

9.0


6.19
24*85.0

400

*85.0 '


fc

fy
m

Mpa
db

Mn
Rn 75.4

)120(*1000

1044.68

* 2

6

2





)
2

11(
1

fy

mRn

m


014.0)
400

)75.4)(6.19(2
11(

6.19

1


db=As

cm16.8=121000.014=As  2/m

)1.5.10(....................
))((4.1))((25.0

min 


ACI
fy

dbw

fy

dbwfc
As

)1.5.10(....................
400

)120)(1000(4.1

400

)120)(1000(2425.0
min  ACIAs

controllarger.the…………2.467.3min As

2
min 2.4 cmAs 

As > Asmin……….ok

So select Ф16/15 cm
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17cm².=providedAs

 Design of secondary reinforcement:

As required for shrinkage and temperature:

As = 0.0018*100*15= 2.7 cm2/m

Check for As= (1/5)*16.8=3.36 cm2/m

As required=3.36 cm2/m

So select Ф8/15 cm

Additional 4 Ф 16 must be added at the edge of landing.

(4.14) Design of solid slap of stairs :

Check if one way solid slab or two way solid slab:

Lx=4m

Ly=6.3m

Lx/Ly=4/6.3= 0.635>.0.5

( Two way solid slab)

Min thickness of two way solid slab (h) = Ln/33 (ACI 318-2005-9.5.3.2)(Table 9.5.c)

h=Ln/33= 6/33=18.5 cm

we select h= 20 cm

Dead load for two way solid slab:

Reinforced concrete=25*0.2 = 5 KN/m2

Plaster = 0.03*22 = 0.66 KN/m2

D= 5.66 KN/m2

For 1m strip:

DL=5.66KN/m

LL=3 KN/m
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qu = 1.2 DL + 1.6 LL.

qu = 1.2 (5.66) + 1.6 (3) = 30.8 KN/ m.

qu = 11.6 KN/m

(4.14.1) Design of bending moment:

By increasing the field moment method:

For 1m strip in X&Y direction:

2575.1
4

3.6


x

y

L

L

Kfx=26.75

Kfy=77.8

Ksx=12.35

Ksy=17.5

KAx=1.94

Kay=2.19

mKN
kAy

lxq
Ay

mKN
kAx

lxq
Ax

mmKN
k

lxq
M

mmKN
k

lxq
M

u

u

fy

u
uy

fx

u
ux

/2.21
19.2

46.11

/4.46
94.1

46.11

/.4.2
8.77

46.11

/.7
75.26

46.11

22

22

































Design the bending moment by using the parameters : ( δx & δy):

δx =1.05

δy= 1.045

Design in X-direction:
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Mux= 7KN.m

Mux = 7*1.05 = 7.35 KN.m

Mn=7.35/.9 = 8.2 KN.m

6.19
24*85.0

400

*85.0 '


fc

fy
m

Mpa
db

Mn
Rn 32.0

)160(*1000

102.8

* 2

6

2





)
2

11(
1

fy

mRn

m


0007.0)
400

)32.0)(6.19(2
11(

6.19

1


db=As

cm1.23=611000.0007=As  2/m

)1.5.10(....................
))((4.1))((25.0

min 


ACI
fy

dbw

fy

dbwfc
As

)1.5.10(....................
400

)160)(1000(4.1

400

)160)(1000(2425.0
min  ACIAs

controllarger.the…………6.59.4min As

Check for shrinkage and temperature:

As min = 0.0018*100*20= 3.6 cm2/m

2
min 6.5 cmAs 

So select Ф12/20 cm

Design in Y-direction:

Muy= 2.4KN.m

Muy = 2.4*1.045 =2.508  KN.m
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Mn=2.508/.9 =2.79 KN.m

6.19
24*85.0

400

*85.0 '


fc

fy
m

Mpa
db

Mn
Rn 1.0

)160(*1000

1079.2

* 2

6

2





)
2

11(
1

fy

mRn

m


00025.0)
400

)1.0)(6.19(2
11(

6.19

1


db=As

cm0.4=611000.00025=As  2/m

)1.5.10(....................
))((4.1))((25.0

min 


ACI
fy

dbw

fy

dbwfc
As

)1.5.10(....................
400

)160)(1000(4.1

400

)160)(1000(2425.0
min  ACIAs

controllarger.the…………6.552.0min As

Check for shrinkage and temperature:

As min = 0.0018*100*20= 3.6 cm2/m

2
min 6.5 cmAs 

So select Ф12/20 cm

Top reinforcement:

In both directions As min for shrinkage & temperature:

As min = 0.0018*100*20
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As min = 3.6 cm2/m

So select Ф8/15 cm

(4.14.2) Design of shear:

φ.Vc> Vu

73.5 KN> 46.4  KN

(No shear reinforcement is required)
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(4.15) Shear wall Design:

(4.15.1) General definitions for seismic load calculations:

The horizontal force on shear wall is given by:

W
R

IC
W

RT

IC
VWIC av

a 
5.2

11.0

Where:

o shear.basedesignTheV 

o W Total seismic dead weight of the building, including the weight of all permanent

structural and nonstructural components ,such as walls, floors, roofs, and fixed service

equipment. In storage, a minimum of 25% of the floor live load must be included.

o R Numerical coefficient depends on the structural system and equal to 5.5 for for

concrete structures .

o I Importance coefficient depends upon occupancy category and equal to 1 in colleges and

universities.

o Cv&CaCoefficients depends on Soil profile type coefficient (S), seismic zone factor (Z) .

o T  elastic fundamental period of vibration, in seconds, of the structure in the direction

under consideration and it is calculated according to the following formula:

  4/3

hC nt
T 

Where:

o hn Height of the structure above the base level.

o C t Coefficient equal to 0.02 for all reinforced concrete buildings.

The total design base shear V is distributed over the height of the structure according to

equation:
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



n

i
it FFV

1

Where:

o tF The concentrated force applied at the top of the structure and shall be calculated from

the following formula:

VVTFt 25.007.0  .

The remaining portion of the base shear is distributed over the height of the structure including

the top level n , according to the expression:

 
hw
hwFF
i

n

i i

xxt
x

V

 




1

Where

o xx WW & Portion of Weight for  (x)&(i) level.

o ix hh , Height to (x)&(i) level measured from the base level.

For calculating the design value of shear at any level, the following formula shall be used:

FFV xtx


Where;

Vx The design shear at any story

(4.15.2) seismic load calculations:

calculation for weight of the structure (W):
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KNWW

knW

knW

knW

knW

knW

knW

ult

total

wallsof

floorlastincolumnsof

thndstfloorsimilarforcolumns

floorlasttheof

thndstfloorsimilaroneof

3.478763.34197*4.1

3.341975.5066.67136.8175915313.8217

5.50665.3253.05.18

6.67165.32516.046

6.81765.32516.056

591578.955072.1050

13.821787.815772.105078.9643

.

321

321














From the chapter three of the earthquake load is as the following formula:

)430(134.0
61.05.5

)1(45.0



 UBCwwV 

knwV 5.63983.47876134.0134.0 

 
)1530(

1





 

UBC
V

hw
hwFF
i

n

i i

xxt
x



)1430(07.0  UBCVTFt 

knFt 2.2735.639861.007.0 

Knhw i

n

i i
9.2940306.146.658695.1090353.7903565.39035

1
 

 Sheer at first floor :

 
knF x

9.686
9.294030

65.390352.2735.6398
1






 Sheer at second floor :

 
knF x

9.1373
9.294030

3.790352.2735.6398
2






 Sheer at third floor :

 
knF x

9.2060
9.294030

95.1090352.2735.6398
3





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 Sheer at last floor :

 
knF x

31.2003
9.294030

6.1490352.2735.6398
4






From the calculation of Mb software we find that the percentage of load on the sheer to the

building is 14%  so

floorofforcesheerFx  14.0

(4.15.3) load calculation of wall (SW10) :

Part of load for wall (SW10):

flooratknF st
x 12.10014.09.6861 

flooratknF nd
x 25.20014.09.13732 

flooratknF rd
x 39.30014.09.20603 

floorlastatknFx 5.29214.031.20034 

Fig.(4-40) moment and shear
diagrams for shear wall
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(4.15.4) Design of reinforcement (SW10):

 Internal forces

Max Mu= 9394.7 kn.m

Max vu =894.1 kn.m 0.3 5.99 15 25 1.2 808.65
 Design in plain concrete :

hbfcVc  '
9

1

Where b=lw …..is the length of sheer wall in the direction of action

knVuKN 1.89498.537)300()5990(24
9
1

55.0 
We must use a reinforcement concrete .

 Design of sheer:

Fig.(4-41)Shear wall numbers
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Vu= 894.1 kn

d = 0.8*lw=0.8*599= 479.2 cm =4792mm

VuKNdbfcVc  880)4792()300(24
6

1
75.0'

6

1

13 0.75 13 0.75 300 4792 359.4894.1 880 14.1
Assume Ø 10 for sheer reinforcement .0.75 2 78.5 400 479214.1 10 35
So select S= 30 cm

So, use Ø10 @30 cm30 119.83 30 3 30 9050 30 502 0.78530 0.0025 30 0.052 0.075
So we will try to use Ø12 @30 cm2 3.14 124 226.082 1.130430 0.0025 30 0.07536 0.075
So we will use in horizontal reinforcement Ø12 @30 cm

 Design of vertical reinforcement :

Min. vertical reinforcement0.0025 0.5 2.5 0.0025
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2 1.1304 100 30100 30 2.512 100.0025 0.5 2.5 14.6 5.99 2.512 10 0.0025 2.5 102.5 10 100 30 7.5
So we will select Ø12 @25 cm in both sides

 Design of moment

Design as heavy loaded sheer wall.

So ,the vertical reinforcement of Ø12 @25 cm will be considered.2 1.1304 599 25 54.16 541612 0.85 /
12 0.85 0.85 24 5990 3005416 400 0.061

1 0.5 11 0.9 0.5 5416 400 5990 1 0.061 5483.3 .
0.9 9394.70.9 10438.5 .

2 1 10438.5 5483.3 4955.2 .2
Let cw =10 cm



Chapter Four

Design and structural Analysis for Element

-١١٠-

4955.2 10400 5990 100 21.1
This reinforcement is for M2 .

So, the boundary region must provided with 6Ø25 with As=29.45 cm2
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الفصل الخامس

المخططات الإنشائیة للمشروع

بكامل تفصیلاتھا لكل من العقدات على كامل المخططات الإنشائیة للمشروع)A(یحتوي الملحق

.والجسور والأعصاب والأعمدة والقواعد والجدران الخرسانیة والأدراج
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Appendix(A)
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الفصل السادس

)١- ٦ :(

)٢- ٦ :(
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السادسالفصل 

الاستنتاجات والتوصیات
:التوصیات): ١-٦(

یكون قادرا على التصمیم بشكل یدوي حتى إنإنشائيمصمم أویجب على كل طالب .١
.المحسوبةیستطیع امتلاك الخبرة والمعرفة في استخدام البرامج التصمیمیة 

بعین الاعتبار ھي العوامل الطبیعیة المحیطة بالمبنى وطبیعة أخذھامن العوامل التي یجب .٢
.الموقع وتأثیر القوى الطبیعیة علیھا

المختلفة من خلال الإنشائیةكیفیة الربط بین العناصر خطوات التصمیم ھي أھمإحدىتعد .٣
كیفیة منفرد ومعرفةالنظرة الشمولیة للمبنى ومن ثم تجزئة ھذه العناصر لتصمیمھا بشكل 

.التصمیم مع اخذ الظروف المحیطة بعین الاعتبار
(KN/ cm3 500)ھذا المبنى باستخدام قوة تحمل للتربة مقدارھا أساساتتم تصمیم .٤

... .جدار الخ أواختیار الشكل النھائي للأساس المحمول سواء كان عمود الي وبالت
في التصمیم ومقارنة (Atir)إما بالنسبة لبرامج الحاسوب المستخدمة فقد تم استخدام برنامج .٥

التسلیح لكافة العناصر بعد أن تم  حسابھا یدویا وكانت النتائج متطابقة كما ھي في الأمثلة 
في تصمیم الأساسات بعد مقارنتھا بأحد (Prokon)الموضحة، كما تم استخدام برنامج 

.التصامیم الیدویة وتوافق النتائج
.الأردنيالالأحمالحیة المستخدمة كانت من كود الأحمال.٦
من الصفات التي یجب أن یتصف بھا المصمم ھي الحس الھندسي الذي یقوم من خلالھ .٧

.بتجاوز أي مشكلة ممكن ان تعترضھ في المشروع وبشكل مقنع ومدروس
.أي طابق مستقبلاإضافةطوابق فقط، لذلك لا یمكن لأربعةصمم ھذا المشروع .٨
لقوة التي تم الحساب علیھا في التصمیم فیجب في حال تبین ان قوة تحمل التربة اقل من ا.٩

.من جدیدصمیم الأساسات تإعادة
یجب استكمال تصمیم المشروع، بحیث یتم عمل التصمیم الكھربائي والمیكانیكي قبل .١٠

.المباشرة في تنفیذ المشروع
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: الاستنتاجات): ٢-٦(

بكل ما الإنشائیةلقد كان لھذا المشروع دورا كبیرا في توسیع وتعمیق فھمنا لطبیعة المشاریع 
وتحالیل وتصامیم، ونود ھنا ومن خلال ھذه التجربة ان نقدم مجموعة من فیھا من تفاصیل 

.إنشائيیختار مشاریع ذات طابع التوصیات نأمل ان تعود بالفائدة والنصح لمن خطط بأن 

ففي البدایة، یجب تنسیق وتجھیز كامل المخططات المعماریة بحیث یتم اختیار مواد البناء 
في بلادنا،ان یتم اختیار مبنى مكتف من الأحیانللمبنى، مع انھ وفي غالب الإنشائيوالنظام 

دقة إلىغیر المتكفة والمقاومة للزلازل تحتاجالأطرالخرسانة والواجھات الحجریة، ذلك ان نظام 
ولا بد في ھذه المرحلة توفر المعلومات الكاملة عن الموقع . عملیة التنفیذأثناءوتفاصیل خاصة 

وتربتھ وقوة تحملھا وذلك في تقریر جیوتقني خاص بتلك المنطقة، بعد ذلك یتم تحدید مواقع 
ویحاول المھندس المعماري ،الفریقبالتوافق والتنسیق التام مع أیضا، والأعمدةالجدران الحاملة 

في ھذه المرحلة الحصول على اكبر قدر ممكن من الجدران الخرسانیة المسلحة بحیث الإنشائي
أحمالالمبنى، لیتم استخدامھا فیما بعد لمقاومة أرجاءشبھ منتظم في أوتكون موزعة بشكل منتظم 
.الأفقیةالزلازل وغیرھا من القوى 

:ليالمشروع كما یأعمالویمكن تلخیص 
.المختلفةوعناصرهبنوعھا المیتة والحیة والتي یتعرض لھا المبنى مالحالأحساب .١
... .الخأدراج ووأعصابمن عقدات وجسور الأفقیةتصمیم العناصر .٢
.تصمیم العناصر الرأسیة من أعمدة وجدران.٣
.المنفصلة والمستمرة والحصیره: تصمیم الأساسات بأنواعھا.٤
.وجدتالتعدیلات المعماریة ان .٥
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1. Building Code Requirements for Structural Concrete (ACI 318M-

05) and Commentary, USA, 2005.

2. Uniform Building Code (UBC-1997) For Seismic Loads

Determination, Volume 3, NY, USA, 1997.

3. Bernal, Dionisio- Leet, Kenneth- Reinforced Concrete Design- third

edition- copyright by The MC Graw-Hill Companies-1997.

٤.،،،

،،٢٠٠٢.

٥..

المصادر والمراجع
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