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محمد محمود اسلیمیھعلاء موسى دبابسةأنس حسین شاھین

م٢٠١١-جامعة بولیتكنك فلسطین

إشراف
 .

میم    و التص ائي ھدف ھذا المشروع ھ ر   الإنش ع العناص ائیة لجمی ن     الإنش روع ، م ا المش ي یحتویھ الت
.وجدران وأساساتوأعمدةجسور 

ة للحاجةتم اختیار ھذا المشروع نظرا  ي         الماس ل والت وب الخلی اطق جن ي من ة ف اني التعلیمی ى المب إل
اطق             ذه المن ي ھ ودة ف اني الموج تیعابیة للمب ة الاس وق الطاق كل یف ة بش ، تعاني من زیادة اعداد الطلب

اه            زان می میم خ ار تص م اختی طین ت ي فلس ة ف اكل المائی اقم المش ى    وكذلك بسبب تف ادرین عل ون ق لنك
.نمتابعة احتیاجات العمل في فلسطی

وي   ، للطابق٢م٥٠٠بمساحة طوابقاربعة من بنى یتكون الم ث یحت روع بحی ن    المش د م ى  العدی عل
.، الموزعة معماریا بشكل مناسبوالغرف الصفیة المكاتب مثل والفراغات الفعالیات 

.وھو خزان یقع على سطح الارض ، من المیاه ٣م٦٠٠وبالنسبة لخزان الماء فیتسع تقریبا 

زلازل  ،من الجدیر بالذكر انھ تم استخدام الكود الاردني لتحدید الاحمال الحیة  ال ال ا  ولتحدید احم ،ام
ي      نشائيالإبالنسبة للتحلیل  ود الامریك تخدام الك م اس د ت د  ،(ACI_2008)وتصمیم المقاطع فق ولا ب

اد عل یتم الاعتم ھ س ى ان ارة ال ن الاش وبىم رامج الحاس ض ب ل بع ,Autocad2007:مث
STAAD.Pro, Office2007, Strap, Atir ,وغیرھا.

ائي لجمی میم الانش دیم التص ى تق ادرین عل ون ق روع ان نك ام المش د اتم ع بع ن المتوق ر م ع العناص
.الانشائیة باذن االله وتوفیقھ

Structural Design and Details of School building And
Rested Tank
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Project Team

Mohammad Isleymeyeh Alaa Dababseh Anas Shaheen

Palestine Polytechnic University

Supervisor
Dr. Mohammad Taha Al-sayyed Ahmad

The main aim of this project is to prepare all of the structural design and

construction details of a multistory School building located in south

Hebron .

This School building consists of 4 floors and it contains many activities.

It consist is reinforced concrete skelton structure with stone,

concrete,block as cladding . ACI 318m-08 will be used in the design of the

structure.

The project contains the structural analysis for vertical and horizontal loads,

the structural design, and details for each element in the project.
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List of Abbreviations:
 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..

 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.

 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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مركز الدولي للدرسات الھندسیة والجیولوجیة فرع القوب بأعداد وأعماق مناسبھ مدروسة قام بھا  خلال عمل ث

وقد تم الحصول على قیمة قوة تحمل التربة ، وأخذ عینات من ھذه التربة وعمل الفحوصات اللازمة علیھاالخلیل

.)٢سم/كغم1.6(للأرض القائم علیھا المشروع وتساوي 

ة كبیره للاساسات ویمكن حل ھذه المشكلة بزیادة قوة ولكن ھذه القیمة المتدنیھ من قیمة التحمل للتربھ تحتاح الى مساح

من تحمل التربة عن ظریق تحسین خواص تربة الاساس وذلك عن طریق ازالة التربة الضعیفة ووضع طبقة مدموكة

حیث قمنا باجراء الحسابات الازمة لحساب سماكة ھذه الطبقھ )  . base course(قوى  التربة التي تمتع بقوة تحمل أ

.م٣وكانت ) ٢سم/كغم3.5(تعطي قوة تحمل تساوي التي

)3-4(:

:

١. :

.

لكل: .٢

.عمل 

)3-5(:

 ،

.

  ، ، ،.
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:

)١-٣( :.

 :

  .
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)١-٣(:

Specific Weight

KN/m3MaterialNo.

24Tile1

17Sand2

25Reinforced Concrete3

11Hollow Block4

22Plaster5

22Mortar6

0.1kalkal7

:ل

.، له
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NO. Type of Area
Live Loads

(KN/m2)

1 Classrooms 3

2
Library 6

3 Corridors 4

4 Labs 4

5 Rooms teachers 3

6 Kitchen 3

7
Bathrooms

2

8 Stairs 4
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:

)٢-٣(.

:

:

Q :(N/m2).

Vz:

(m/s).

S1 :١٣.

S2 :١٤.

Q= 0.613 (Vz)2

Vz =V.S1.S2.S3
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S3 :١٥.

:

S1: 1.0

S2 :1

S3 : 1.0

V: 35 (m/s) ………4/5/3-b

Vz = 35*1.0*1* 1.0 =35 (m/s)

Q= 0.613*(35)2 =750.9 N/m2 =0. 7509 KN/m2

.

: ل

)٣-٣( :.

.
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)٣-٣( :.

)h(

)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

سينتجت

.

.
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)3-6 ( :

 ،

.

:

 ،  .

:

١()One way ribbed slab.(

٢()One way solid slab.(
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.: )٥- ٣(شكل

:)٦- ٣(شكل



3الثالثلفصل ا
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:

 ،

."

:) ٨- ٣(شكل
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:

 ، :–

Hidden Beam–"Dropped beam "

.:

٢.           )١ (

: )٩- ٣(شكل

: )١٠- ٣(شكل
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:

 ،

 ، ،

.
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:

(Shear Wall)

 ، ، ،

  .

 ،

: )١١- ٣(شكل
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:

بالرغم من أن الأساسات ھي أول ما یبدأ بتنفیذھا عند بناء المنشأ، إلا أن تصمیمھا یتم بعد الانتھاء من تصمیم كافة 

.العناصر الإنشائیة في المبنى

ل إ    دة تنتق ى العق ة عل ال الواقع إن الأحم ا ، ف ة علیھ ال الواقع ة الأوزان والأحم ى  ولمعرف م إل ور ث ى الجس ل

ى      اءا عل ات، و بن میمیة للأساس ال التص ي الأحم ال ھ ذه الأحم ون ھ ات ، وتك ى الأساس را إل دة وأخی الأعم

ات      تخدام أساس ع اس ن المتوق الأحمال الواقعة علیھا وطبیعة الموقع یتم تحدید نوع الأساسات المستخدمة ، وم

.ل الواقعة على كل أساس من أنواع مختلفة وذلك تبعا لقوة تحمل التربة والأحما

)    ١٢- ٣(شكل
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CHAPTER
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4-1 INTRODUCTION.

4-2 DETERMINATION OF THICKNESS OF RIB SLAB.

4-3 CALCULATION OF DEAD LOAD
.

4-4 LOAD CASES AND LOAD COMBINATIONS .

4-5 DESIGN OF RIB (NO. 2).

4-6 DESIGN OF BEAM (NO. 24)

4-7 DESIGN OF BEAM (No. 3)

4-8 DESIGN OF COLUMN

4-9     DESIGN OF ISOLATED FOOTING

4-10 DESIGN OF COMBINED FOOTING

4-11 DESIGN OF WALL FOOTING

"DESIGN OF STRUCTURAL MEMBERS"
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4-12 DESIGN STAIR

4-13 DESIGN OF SOLID SLAB OF STAIR ROOF

4-14 DESIGN OF SHEAR WALL
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CHAPTER FOUR

Structural Analysis and Design

(4-1) Introduction

The structural design of the project is the most important thing to

be done . It is through design we determine the amount of reinforcement

in every part of the project to be realized all the conditions of

construction and safety conditions according to the Jordanian Code and

ACI 318m08 which were adopted in this project.

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

ribbed slabs. They will be analyzed and designed by using finite element

method of design, with aid of a computer Program called " ATIR-

Software" to find the internal forces, deflections and moments for ribbed

slabs, and then hand calculation will be made to find the required steel for

some members.
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One-way ribbed slab
(4-2) Determination of thickness of rib slab

Thickness of slab (h) will be determined according to the limitation of deflection

360

l
allow 

The value of min h  will be determine according to the following tables, if h is
selected grater than the tables value, the calculation of deflection is not required.

Value of h according to (ACI 318m-08 –table 9.5.a) depending on span L (clear
span)

h [          ] Structural system of slab

16

l
h  Simply

Supported

18.5

l
h 

One end
Continuous

21

l
h 

Both ends
Continuous

8

l
h 

Cantilever

h [     cm     ] Structural system of slab

10.5 Simply
Supported

21.9
One end
Continuous

16.5

Both ends
Continuous

------------------ Cantilever -------------------------------------------------------------------------

Maximum   hreq=21.9 cm we assume h=25 cm
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(4-3) Calculation of dead load

Figure (4-1) section in one way ribbed slab

Tile 0.03*0.52*24 = 0.3744   kN/m of rib

Mortar 0.02*0.52*22 = 0.229 kN/m of rib

Sand 0.1*0.52*17 = 0.884 kN/m of rib

Topping 0.08*0.52*25 = 1.04     kN/m of rib

Concrete Rib 0.17*0.12*25 = 0.51 kN/m  of rib

Block 0.17*0.4*11 = 0.96 kN/m of rib

Plaster 0.02*0.52*23 = 0.229 KN/m of rib

Slab Dead Load = 4.23 KN/m of rib

Partitions = 1*0.52=0.52 KN/m of rib

Total Service  dead load for rib=4.75KN/m of rib

Total Service  dead load for slab = 9.14 KN/m2

Factored Total Dead Load(rib) = 1.2 D (ACI 318m-08 -9.2.1)

= 1.2*4.75= 5.7 KN/m of rib

Factored Total Dead Load(slab) = 1.2*9.14 = 11 KN/ m2

Live load = 3 KN/m2 table (2-3)
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(4-4) Load cases and load combinations
According to to (ACI 318M -08 -8.11) — Arrangement of live load
8.11.1 — It shall be permitted to assume that:
(a) The live load is applied only to the floor or roof under consideration; and
(b) The far ends of columns built integrally with the structure are considered to be fixed.

8.11.2 — It shall be permitted to assume that the arrangement of live load is limited to
combinations of:
(a) Factored dead load on all spans with full factored Live load on two adjacent spans; and
(b) Factored dead load on all spans with full factored live load on alternate spans.

Load Case 1: ACI-8.11.2-a

Load Case 2: ACI-8.11.2-a

Load Case 3: ACI 8.11.2-b

Load Case 4: ACI 8.11.2-b

From each case we get the Maximum moment:
Maximum negative moment from load cases 1+2  (ACI-8.11.2-a)
Maximum positive moment from load cases 3+4  (ACI-8.11.2-b)
Envelope moment diagram from all possible load cases.

LL
DL

DL

DL

DL

LL

LL LL

LL
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Or we can use equations According to ACI 318M 08 -8.3- Methods of analysis

M
om

en
t

D
ia

gr
am

s 
of

 a
ll

L
oa

d 
ca

se
s

E
nv

el
op

e
M

om
en

t
D

ia
gr

am
fr

om
al

l
L

oa
d 

ca
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(4-5) Design of (Rib 2) in first  floor:

 Using ACI coefficient we get the following moment values for positive

moment .

Wu = 1.2DL + 1.6LL = 1.2*4.75 +1.6*(3*0.52)= 8.2 KN /m

Effective Flange width  ( Eb ) according to to (ACI 318m-08- 8.12.2) :

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

Eb = L / 4  = 3.3/ 4 = 82.5 cm

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

Eb = C/C = 52 cm……………….. Control

Figure (4-2) spans length of rib (2)

Figure (4-3) Rib location
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Using "Atir" software for the following values of moment and shear:

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

Figure. (4-4) The design moment for the Rib (R 2)

Figure. (5-4) The design shear  for the Rib (R 2)

(4-5.1) The design shear  for the Rib (R 2)

Vu = 15.4 kN .

The magnitude of  shear strength of concrete :-

KNdbVc 9.156/)216)(120)(24(75.06/))()(24(75.0 

1.1* Vc = 1.1*15.9= 17.5 KN > Vu

No shear Reinforcement

Use Φ 8 @ 20 cm c/c

Shear

8.7
13.5 11.9 14.2

-15.4
-11.7 -13.2

-8.8

13.8

-20.5

18.6

-16.8

17.

-18.3

19.3

-12.7

Moments: spans 1 to 4

4.8

-15.2

-8.5-7.7
-11.6

-5.4-5.5

-14.

-6.9-7.3

2.9

11.6
6.7 7.1

9.8

1.06 1.48
1.15

1.09
1.29

1.08

0.74 0.88
0.64

0.62
0.82

0.71

1.64 2.46 2.26 1.84 2.05 2.05 2.28 1.52
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(4-5.2) Design for Positive Moment:

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

For   a = t = 8 cm

Mu max = 11.6kN.m . for all spans   ……….From Figure (4-4)

D = 0.25-.2-0.6-0.08=0.216m
Mn f = 0.85 * fc * tf * Eb *(d-tf/2)= 0.85 (24) (0.08) (0.52(0.216-0.08/2)*1000

=149.4 kN.m

ØMn f =0.9 *149.4=134.4 KN.m

ØMn available = 134.4 kN.m > Mn required =11.6 kN.m

Design as a rectangular with Eb = 52 cm

Design of span ( 1 ).

Mu=11.6 kN.m    ……………….. From Figure (4-4)

'85.0 fc

fy
m  6.20

)24(85.0

420


Mpa
bd

Mn
Rn 53.0

)216.0)(52.0)(9(.
)10(*6.11

2

3

2




0013.0
420

53.0*6.20*2
11

6.20

12
11

1



















fy

mRn

m


A s = 0.0013*(520)* (216) = 146.4 mm 2

Max & Min Reinforcement 0f Ribs:

A s min = ))((
4.1

))((
)(4

dbw
fy

dbw
fy

cf



……….. (ACI 318m08-10.5.1)

A s min = 77.143 mm2

A s min = 86.4 mm
2 …………control

We use  As= 86.4 mm2

Use 2Ø10    As =158 mm2 > As req =146.4 mm2
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Check for Yielding:
T=C
 As x Fy = 0.85 x fc' x a x b
(158) x 420 = 0.85 x 24 x 520 x a

a=6.25 mm

C= a /0.85 = 6.25 /.85=7.4 mm
E s = ( d- C ) (0.003)/C
E s = (216-7.4)*(0.003) /(7.4) = 0. 0846

0. 0846> 0.005
Ok
(4-5.3) Design for Negative Moment:

Support (1)

Mu = 8.5 kN.m      ………………… From Figure (4-4)

'85.0 fc

fy
m  6.20

)24(85.0

420


Mpa
bd

Mn
Rn 69.1

)216.0)(12.0)(9.0(

)10(*5.8
2

3

2


0042.0
420

7.1*6.20*2
11

6.20

12
11

1



















fy

mRn

m


A s = 0.0042 *(120)* (216) = 109 mm 2

A s min = ))((
4.1

))((
)(4

dbw
fy

dbw
fy

cf



……….. (ACI 318m08-10.5.1)

A s min = 77.143 mm2

A s min = 86.4 mm
2

1.3 *109 =141.52 mm2 ………. is Control

Use 2 Φ 10 mm  , A s = 158 mm 2
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Check for Yielding:
T=C
 As x Fy = 0.85 x fc' x a x b
(158) x 420 = 0.85 x 24 x 520 x a

a=6.26 mm
C= a /0.85 = 6.26/.85=7.36
E s = ( d- C ) (0.003)/C
E s = (216-7.36)*(0.003) /(7.36) = 0.085

0.085 > 0.005
Ok

(4-5.4) Topping Design:

Live load =4 kN/m2

Dead load:-

Tile = 0.03*24=0.72 KN/ m 2 .

sand =0.10*14=1.4KN/ m 2 .

Topping = 0.08*25 =2 KN/ m 2 .

morter = 0.02*22 = 0.44 KN/ m 2 .

Dead load = 4.56 KN/ m 2 .

uW = 1.2 (4.56) + 1.6 (4) = 11.87 KN/ m 2

Assume slab is fixed at support point (ribs)








 


12

2LWu
Mu








 


12

4.087.11 2

Mu = - 0.158 KN.m for 1 m wide strip

Calculate modulus of rapture of concrete according to (ACI318m08-9.5.2.3).

  sfMn

MPaMPaff

r

cr



 )(06.22442.0)(42.0

3
22

00107.0
6

08.01

6
m

bh
s 




Mn =2.06 x 0.00107= 2.202 k pa
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ΦMn = 0.55 ( 2.202) = 1.21  KN.m ,(Φ = 0.55   for plain concrete)

ΦMn = 1.21 kN.m > Mu = 0.158 kN.m

According to(ACI318m08-7.12.2.1), minimum reinforcement is required to prevent

cracks and to minimize temperature effects:

For fy = 420 Mpa, ρ = 0.0018

ρ = 0.0018

)80(*)1000(*0018.0sA = 144 mm 2 /1m

Use Φ 8 @ 20 cm center to center both directions .
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(4-6.1) Design of beam ( 8 ):

Figure (4-6) spans length of beam (24)

Figure (4-7) Beam (8) location
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Using "Atir" software for the following values of moment  and shear:

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

Figure. (4-8) The design moment for the beam (8)

Min Reinforcement 0f Beam:

A s min = ))((
4.1

))((
)(4

dbw
fy

dbw
fy

cf



= )196)(80(

420

4.1
)196)(80(

)420(4

24
 .

(ACI318m08-10.5.1)...........

A s min = 458< 522.7mm
2

(4-6.2) Positive moment reinforcement

Span (1):

Mu = 51.1 kN.m ……………… From Figure (4-6).

Check singly or doubly :

C=( 3/7)d

C=(3/7 )* 0.196 =84 mm.

.0.85 *84 = 71.4 mm =a

Φ= 0.65 + 250/3 *(Es -0.002)= 0.9

Φ Mn = Φ * 0.85 fc' *b*a*(d-a/2)

ΦMn=169.2 KN.m

Mu max =90.7 KN.m < ΦMn max Singly .

Moments: spans 1 to 2

13.

-119.8

-68.3-73.5

14.6

51.1

90.7

1.16 0.88

0.81 0.72

1.07 1.98 2.22 1.48
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'85.0 fc

fy
m 

6.20
)24(85.0

420


Mpa
bd

Mn
Rn 9.1

)196.0)(8.0(
)10(*9.0/1.51
2

3

2




0048.0
420

6.20*9.1*2
11

6.20

12
11

1



















fy

mRn

m


A s = 0.0048*(800)* (196) = 76mm2 >

A s min =522.7mm2

Use 6 Φ 14 mm , A s = 9.2 cm 2 > As req

Check for Yielding:
T=C

 As x Fy = 0.85 x fc' x a x b

(920) x 420 = 0.85 x 24 x 500 x a

a=38mm

X= a /0.85 = 38/.85=45

E s = ( d- X ) (0.003)/X

E s = (196-45)*(0.003) /(45) = 0.0101

0.0101 > 0.005

Ok
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Span (2):

Mu =90.7 kN.m ……………… From Figure (4-6).

'85.0 fc

fy
m 

6.20
)24(85.0

420


Mpa
bd

Mn
Rn 3.3

)196.0)(8.0(
)10(*9.0/7.90
2

3

2




0087.0
420

6.20*3.3*2
11

6.20

12
11

1



















fy

mRn

m


A s = 0.0087*(800)* (196) = 1370mm2 > A s min =522.7 mm2

Use 10 Φ14 , A s = 1540 cm 2

Check for Yielding:
T=C

 As x Fy = 0.85 x fc' x a x b

(1540) x 420 = 0.85 x 24 x 800 x a

a=40mm

X= a /0.85 = 40/.85=47

E s = ( d- X ) (0.003)/X

E s = (196-47)*(0.003) /(47) = 0.01

0.01 > 0.005

Ok
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(4-6.3) Negative moment reinforcement
Support (1)

Mu = 73.5 kN.m ……………… From Figure (4-6).

'85.0 fc

fy
m 

6.20
)24(85.0

420


Mpa
bd

Mn
Rn 7.2

)196.0)(8.0(
)10(*9.0/5.73
2

3

2




007.0
420

6.20*7.2*2
11

6.20

12
11

1



















fy

mRn

m


A s = 0.007*(800)* (196) = 1095 mm2 > A s min =522.7mm2

Use 8 Φ 14 mm  , A s = 12.32 cm 2

Check for Yielding:
T=C

 As x Fy = 0.85 x fc' x a x b

(1232) x 420 = 0.85 x 24 x 800 x a

a=32mm

X= a /0.85 = 32/.85=38

E s = ( d- X ) (0.003)/X

E s = (196-38)*(0.003) /(38) = 0.0125

0.0125 > 0.005

Ok
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(4-6.4) Design of Shear Reinforcement:

Figure. (4-9) The design shear  for the beam (24)

Vu max =143.7 ……………From Figure (4-8).

Usually the design value of shear is taken at distance = (d) from support

face.

d: effective depth of the beam.

D = 196 mm

Vu = 143.7 kN .

The magnitude of  shear strength of concrete :-

VuKNdbVc  02.966/)196)(800)(24(75.06/))()(4(75.0

Vc <Vu

Check category 3

minVsVcVuVc 

Determine shear strength provided by steel (Ф Vs).

d*bw*)
3

1
(dbw*fc'*)

16

1
(min Vs

33
min 10*0.196*0.8*)

3

1
(0.7510*196.0*0.8*24*)

16

1
( Vs

2.3948min Vs

Shear

63.8

143.7

-124.
-96.

91.6

-164.1

183.8

-121.8
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KNVs 48min 
kNVsVc 1404892min 

140kNkN8.146Vu min  VsVc

Check category No.4:-

dbw')
3

1
(min  fcVcVuVsVc

140 ≤ 146.8 ≤ 92+0.75*0.333*(24)0.5*0.8*0.196=288 kN

 category No.4 is satisfied

VcVuVs 

8.54928.146 Vs

...............10
2

20

2

5.22
108.54

19642050475.0
3

.
.

controlscm
d

S

cm
Vs

dfyAv
S

req
req














Use Ф8 with 4 legs @10 cm c/c.
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(4-7) DESIGN OF BEAM (NO. 3):

Figure (4-10) spans length of beam (3)

Figure (4-11) Beam3 location
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Material :-

Concrete    B300                 Fc' = 24 N/mm2

Reinforcement Steel           fy = 420 N/mm2

Section:-

Bf =80  , h =60cm , Bw=40 , Tf=25

Factored Linear load =1.2*D.L + 1.6* L.L

= 1.2*40.0 + 1.6* 10.2= 64.32 KN/m

Using "Atir" software for the following values of moment and shear:

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

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

Figure(4-12) : Moment Diagram of Beam (B3)

MnfMu

KNMu

mKNMnf

tfdbEfcMnf

mmbE

mm

centertocenter

mmbwTf

ACImm
Clear

bE















/

2.4559.0/7.409/

.3.677)2/25.054.0(*8.0*24*85.0

)2/(***85.0

800

3600

4400400250*16*16

)2.12.10(...............1595
4

6380

4

Design as rectangular  section

Moments: spans 1 to 1

36.1 30.2

409.73.33 3.33
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Design of positive moment for beam (B3):(4-5.1)

Mu= 409.7 KN .m

m = '*85.0 fc

fy
=

24*85.0

420
= 20.6

Kn = 2*
/
dbf

Mu 

Kn = 2

3

)54.0(*8.0

9.0/10*7.409 

= 1.95Mpa

ρ =
m

1 (1 -
fy

mKn2
1 )

ρ =
6.20

1 (1 -
420

)95.1)(6.20(2
1 ) = 0.0049

As req = ρ * bf * d = 0.0049 * 800 * 540 = 2117 mm²

Check Minimum Reinforcement As min.  (ACI- 318- 02, 10.5)

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

4min 


 ACIdbw
fy

dbw
fy

cf
As

      540400
420

4.1
540400

4204

24
min As

720630min As ………….the larger is control

mm²2117720 2
min  reqAsmmAs OK

Use Ф 25mm with As = 491 mm2

# of bars = As/ As bar = 2117/491 = 4.3

Select bottom bars 5 Ф 25mm. Total As = 2455 mm2

Select top bars 4Ф 12 mm Total As= 452 mm2
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Check for Tension steel yielding:

Fc' = 24 N/mm2 → β =0.85

Tension = compression

As * fy = 0.85 * cf * b * a

005.0019.0

019.0003.0
4.74

4.74540

4.74
85.0

2.63

2.63

*800*24*85.0420*2455

1













s

s

mm
a

c

mma

a







OK
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(4-5.2) Design of shear for beam (B3):

Figure. (4-13) The design shear  for the beam (3)

d=600-40-8-12=540 mm

Factored shear forces at d=0.54 m from support Vu =197.1 KN

1. Vc
2

1
Vu

Determine shear strength provided by concrete (Ф Vc).

Ф Vc =  Ф *
6

'fc bw * d

= 0.75 *
6

24 0.4 * 0.54*103 = 132.3 KN

controlnot…………66.15Vc
2

1
>1.197Vu 

VcVuVc 
2

1
..2

controlnot…………3.132Vc>1.197Vu 

3.. minVsVcVuVc 

Determine shear strength provided by steel (Ф Vs).

d*bw*)
3

1
(dbw*fc'*)

16

1
(min Vs

Shear

195.3

-197.1

246.4

-246.4
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33
min 10*0.54*0.4*)

3

1
(0.7510*54.0*0.4*24*)

16

1
( Vs

5414.66min Vs

KNVs 14.66min 

kNVsVc 44.19814.663.132min 

198.44kNkN1.197Vu min  VsVc

Category No. 3 satisfy …

Use Ф8 with 4 legs @20 cm c/c.

Assume stirupsleg 84 

KNVcVuVs 8.643.1321.197..  

 2
2

01.2
4

8.0*
*4 cmAv 



mm
Vs

dfyAv
S req 528

10*8.64
540*420*201*75.0

.
***75.0

3. 


cmS req 8.52. 

But S must be smaller than d/2

So, Select S = 25 cm < d/2=54/2 = 27 cm ….. Ok

Select S = 25 cm

So, use stirrups of Ø 8 with 4 legs with S=25 cm c/c.
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Design of column:(4-8)

4.8.1 Design of column(C6-……. Floor):

4.8.1.1 Design Of Longitudinal Reinforcement:

.column (C 6) for design Basement floorSelect

%1

188065.0
1220

714510*4.1

12206.1*380510*2.1








gUse

KNp

KNpu

KNp

reqn

u



Pn = 0.80 Ag {0.85
'fc + ρg ( fy - 0.85

'fc )}

KNMNPn

Pn

302803.3

}01.0*420)01.01(25*85.0{25.0*6.0*80.0




Pu < Pn OK

A

I
hrationradiusofgyR

rameforbracedfKrengthfactoeffectivelK

lengthunbracedportedActualun
u

L

ACI
M

M

r
u

Lk


































3.0:

)1(:

)(sup:

21210................40)
2

11234(
.

Columnlong

M

M

h

Lk

r

Lk uu

..

22
2

1
12348.38

)(3.0

..





As = ρg * Ag = 0.01*150000=1500mm2

Use 10 Φ 14 for minimum.
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2

4
33

.9.27
502.01

0045.0*15.23270*4.0

0045.0
12

6.0*25.0

12

*

502.0
1220

)510(2.12.1

15.2327024*4750'4750

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

4.0

mMNEI

m
hb

I

Pu

DL

MpafcE

EqACI
IE

EI

g

d

c

d

gc





















.1.26
)25.3*0.1(

9.27*14.3

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

2

2

2

2

MNP

EqACI
KLu

EI
P

c

cr






10001.1
)10*1.26*75.0/1220(1

1

)1210.(2008318...............0.1
75.0/(1

)4.6.10.10(2008318.......1

)1610.(2008318............
2

1
4.06.0

6

)





















ns

c
ns EqACI

PPu

Cm

ACItoAccordingCm

EqACI
M

M
Cm





2

min

min

1560*25*01.0*

01.0

33.1179
1000

145
*

6.0*25.0

1220

055.0
6.0

033.0

033.00001.1*033.0

033.033600*03.015*03.015

cmAA

Psi
A

P

DiagramnInteractioFrom

h

e

ee

mmmhe

gs

g

g

n

ns




















Use 10 Φ 14
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4.8.1.2 Design of the Tie Reinforcement:

.25dim.

.480.148)..(48

_.4.224.116)..(16

cmensionLeastSpacing

cmdiameterbartiedSpacing

controlcmdiameterbaralLongitudindSpacing

t

b






Use  8 ties@ 20cm c/c spacing.

Figure(4-14) Detail of column No.6
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4.9 Design of Isolated footing(F9) C44

4.9.1 Load Calculation:

Service dead load (D.L) = 905 KN

Service live load (L.L) = 102 KN.

Total service load = 905 + 102 = 1007KN

Factored load = 1.2 * D.L + 1.6 * L.L

= 1.2*905 + 1.6* 102

= 1250 KN

Soil weight = 18 KN/m3

Soil depth = 1  m

Column geometry 30*60 cm

Allowable soil pressure = 350 KN/m2

KNPu

cnwSwPuPu

KNcnw

KNSw

KNPu

T

T

13208.6*2.159*2.11250

*2.1*2.1

8.65.1*25*6.0*3.0

591*8.1*8.1*18

1250








Total service load = 1007 + 59+6.8 =1073 KN

Where :

Sw: Soil weight

Pu: Factored load from the column

PuT: Total factored load on foundation

Cnw: Column neck weight
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4.9.2 Design of Footing Area:

To determine the required footing area, the total service load will be

used

Allowable soil pressure = 350 KN/m²

Area (A) = Total service load / Soil Pressure

= 1073KN / 350KN/m²

= 3.07 m2

Try 1.80m * 1.80m   Area = 3.24m2 > Required Area = 3.03 m2

For the design of the reinforced concrete member, factored load must be

used :

OKmKNmKN
A

Pu

ovided
Actual ....../490350*4.1/0.413

24.3

1320 22

Pr



4.9.3 Determine the depth of footing based on shear strength:

Assume h = 40 cm ….. d = 40-7-2 = 31 cm

Check for one way shear strength

KNVuKNVc

KnVc

dbfcVc

KNVu

Bd
aL

Vu

md
a

d
a

atSectionCritical

w

Foundation
Foundation

6.21573.325.

73.352320*1800*24*
6

1
*75.0.

)**'*
6

1
.(.

6.2158.1*)61.0
2

8.1
(*413

*)
2

(
2

*

61.031.0
2

6.0

2

2
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Check for two way shear action (punching)

The punching shear strength is the smallest value of the following

equations:

dbfV oc
c

c















2
1

6

1
..

dbf
db

V oc
o

s
c










 2

/12

1
..




dbfV occ


3

1
.. 

Where:

2
30

60

)(

)(


bWidthColumn

aLengthColumn
C

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

mbadbo 08.33.0*260.0*232.0.0*4224 

s = 40              for interior column

KNdbfV oc
c

C 4.1169310*3080*24*
2

2
1*

6

75.02
1

6

1
.. 






 














KNdbf
db

V oc
o

s
C 7.1761310*3080*24*2

08.3

31.0*40
*

12

75.0
2

/12

1
.. 






 














KNdbfV ocC 4.1169310*3080*24*
3

75.0

3

1
..  

 
satisfiedKNVuKNVc

KNVu

tioncriticalofareaFR

FRPuVu

ControlKNV

C

C

bub

bC

C

........8.10904.1169.

8.1090)31.06.0(*)31.03.0(*4131320

sec*

.....4.1169.
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Check transfer of load at base of column:

2387.1320

23871000/)]600*300(*24*85.0[*65.0.

)85.0.(.






PnPuBut

KnPn

AgcfPn






 Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

.Re
2

Pr

2
min

04.9

128

960*30*005.0*005.0

qovided AscmAs

Select

cmAgAs






Development length of dowel reinforcement:4.9.4

dL   = db
cf

fy

4
  = mm24512

244

400


dL = fydb04.0 =0.04*12*400  =192 mm

mmLd 245

Available embedment  =400 – 70 –12-14 = 304 mm >245 mm

4.9.5 Design for Bending Moment:

At section A-A

mKnMu .8.13380.1*2
60.0*413 2



Try to design it by Plain concrete
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SatisfiedNot

mKNMn

Mn

MuMn

......32.548.133

.32.54

6

)400(*1800
*24*42.0*55.0

2















Using Reinforced Concrete.

mKNMn .7.148
9.0

8.133


Rn = Mpa
bd

Mn
86.0

31.08.1

107.148
2

3

2








6.20
24*85.0

420

*85.0 '


fc

fy
m










 


yf

Rnm

m

2
11

1


okcmcmAsSelect

cmAsAs

cmhbAs

cmAscmAs

AsAs

cmAs

AsCheck

cmdbAs

ovided

req

Shrinkage

req

req

q

.....34.1582.15....1215

34.15*3.1

96.1240*180*0018.0**0018.0

1334.1572.11*3.1*3.1

1340*180*0018.0

72.1131*180*0021.0**

0021.0
420

86.06.202
11

6.20

1

22
Pr

2
.

2

2
min

2

min

2
min

min

2
.Re
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Development length of reinforcement:

Ktr=0   c=70+6=76 mm

5.2/1
1








 

db

cktr

Ld for Φ 12

dL = cmdb

db

ckcf

fy

tr

2.2812
5.2

18.011

24

400

10

9

10

9











 








Available embedment 1.80x0.5-0.6x.05-.07  = 0.53 cm >28.2 cm

ok

But we use a standard hook of (25 cm )

At section B-B

mKNMu .1.20980.1*2
75.0*413 2



mKNMn .33.232
9.0

1.209


Mpa
bd

Mn
Rn 34.1

31.08.1

1033.232
2

3

2








6.20
24*85.0

420

*85.0 '


fc

fy
m










 


yf

Rnm

m

2
11

1
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okcmcmAsSelect

cmAs

cmhbAs

AsAs

cmAs

AsCheck

cmdbAs

ovided

Shrinkage

req

q

.....5.1854.21....1414

5.18

96.1240*180*0018.0**0018.0

96.1240*180*0018.0

5.1831*180*0033.0**

0033.0
420

34.16.202
11

6.20

1

22
Pr

2

2

min

2
min

min

2
.Re



















 








Development length of reinforcement:

Ktr=0 c=70+7=77 mm

5.2/1
1








 

db

cktr

Ld for Φ 14:

cm

db

db

ckcf

fy
L

tr
d

9.3214
5.2

18.011

24

400

10

9

10

9













 








Available embedment 1.80x0.5-0.3x0.5-0.07= 0.68 cm >32.9cm

 ok.

we use a standard hook of (25 cm)
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Check for Strain:

Tension = Compression

OK

a
x

mma

a

abfcfyAs

s

s

..........005.00317.0

003.0*
30

6.2730

6.27
85.0

64.23

1

46.23

*1800*24*85.0400*2154

*'**85.0*



















Figure(4-15) Detail of  reinforcement Isolated footing(F9) C44
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4.10 Design of combined footing

Footing for the column C43 & C27

C43 : 30*60 ---D.L 1750 KN , L.L = 300 KN

Pu =1.2*1750+1.6*300 = 2580 KN

C27 : 25*40 ---D.L = 270 KN , L.L = 140 KN

Pu = 1.2*270+1.6*140 = 548 KN

Allowable soil pressure = 350 KN/m2

KnPu

SwCwPuPu

KnSw

KnCw

KnPu

T

T

3200133*2.125.8*2.15410

*2.1*2.1

1331*2*7.3*18

25.8)6.0*25.06.0*3.0(*1*25

31285482580








Ps = 1750+300+270+140 + 8.25+133 = 2601.5 KN

Where :

Cw: Column weight

Sw: Soil weight

Pu: Factored load from the column

PuT: Total load on foundation

Ps:  Total service load

Distance between the two columns is 2.32 m center to center

Ps for column 43=2052 kn

Ps total=2601.5

2601.5*x=2052*2.32   …………….x=1.83m from center c27

Areq=2601.5/350=7.43 m2

L=(1.83+.13+.4)*2=4.7 m

B=7.43/4.7=1.58   ………… TAKE B=1.60 m

Provide=1.6*4.7=7.52 > 7.43  ……..ok

OKmKNmKn ...../490350*4.1/416
52.7

3200 22 
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Determination of the foundation depth4.10.1

Assume h = 70 cm ….. d = 70-7-1 =62 cm

Check for one way shear strength

KNVuKNVc

KnVc

dbfcVc

KNVu

Bd
aL

Vu

md
a

d
a

atSectionCritical

w

Foundation
Foundation

9525.607.

5.607620*1600*24*
6

1
*75.0.

)**'*
6

1
.(.

9526.1*)92.035.2(*416

*)
2

(
2

*

92.062.0
2

6.0

2

2















 













The Foundation Depth must be increased

Select h = 80 cm ….d = 72 cm

Check for one way shear

Safe

KnVuKnVc

KnVc

dbfcVc

KNVu

md
a

w












25.8854.999.

4.9991020*1600*24*
6

1
*75.0.

)**'*
6

1
.(.

25.8856.1*)02.135.2(*416

02.172.0
2

6.0

2







Check for two way shear action (punching)

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

dbfV oc
c

c















2
1

6

1
..

dbf
db

V oc
o

s
c










 2

/12

1
..


 dbfV occ


3

1
.. 
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For c43

2.1
30

60

)(

)(


bWidthColumn

aLengthColumn
C

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

mbadbo 68.43.0*26.0*272.0*4224 

40s ……. for interior column

KndbfV oc
c

C 4127720*4680*24*
2

2
1*

6

75.02
1

6

1
.. 






 














Kndbf
db

V oc
o

s
C 5.8412720*4680*24*2

68.4

72.0*40
*

12

75.0
2

/12

1
.. 






 














KndbfV ocC 4127720*4680*24*
3

75.0

3

1
..  

 
satisfiedKnVuKnVc

KNVu

tioncriticalofareaFR

FRPuVu

ControlKnV

C

C

bub

bC

C

........20204127.

2020)72.03.0(*)72.06.0(*4162580

sec*

.....4127.
















For c27

4.2
25

60

)(

)(


bWidthColumn

aLengthColumn
C

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

mbadbo 58.425.0*26.0*272.0*4224 

40s ……. for interior column

KndbfV oc
c

C 2.3702720*4580*24*
4.2

2
1*

6

75.02
1

6

1
.. 






 














Kndbf
db

V oc
o

s
C 5.8368720*4580*24*2

58.4

72.0*40
*

12

75.0
2

/12

1
.. 
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KndbfV ocC 4039720*4580*24*
3

75.0

3

1
..  

 
satisfiedKnVuKnVc

KNVu

tioncriticalofareaFR

FRPuVu

ControlKnV

C

C

bub

bC

C

........4.152.3702.

4.15)72.025.0(*)72.06.0(*416548

sec*

.....2.3702.
















Design for Bending Moment:4.10.2

Bottom reinforcement

At section A-A

mmKnMu /.521*5.0*5.0*5.0*416 

mKNMn .8.57
9.0

52


Mpa
bd

Mn
Rn 111.0

7201000

108.57
2

6

2







6.19
24*85.0

400

*85.0 '


fc

fy
m










 


yf

Rnm

m

2
11

1


okmcmmcmAscmSelect

mcmAs

cmhbAs

cmAscmAs

AsAs

cm
Fy

db
As

thanlessNot

cm
Fy

dbfc
As

AsCheck

cmdbAs

ovided

Shrinkage

req

req

q

...../4.14/7.15....20/20

/4.14

4.1480*100*0018.0**0018.0

2.2522.124.9*3.1*3.1

2.25
400

720*1000*4.1**4.1

04.22
400

720*1000*24*25.0**'*25.0

4.972*160*00028.0**

00028.0
400

111.06.192
11

6.19

1

22
Pr

2

2

2
min

2

min

2
min

2
min

min

2
.Re
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At section B-B

mmKnMu /.964

mKNMn .1.1071
9.0

946


Rn = Mpa
bd

Mn
Rn 3.1

7201600

101.1071
2

6

2







6.19
24*85.0

400

*85.0 '


fc

fy
m










 


yf

Rnm

m

2
11

1


Combined footingFigure(4-16) : Envelope Moment Diagram of

-93.5
-58.5-54.6

-1139.
-961.8-963.1

0.53 0.46 1.86 1.85
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okcmcmAsSelect

mcmAsAs

mcmhbAs

mcmAsmcmAs

AsAs

mcm
Fy

db
As

thanlessNot

mcm
Fy

dbfc
As

AsCheck

mcmdbAs

ovided

Shrinkage

req

req

q

.....32.4082.40....2013....

/32.40

/04.2380*160*0018.0**0018.0

/32.40/34.5072.38*3.1*3.1

/32.40
400

720*1600*4.1**4.1

/3.35
400

720*1600*24*25.0**'*25.0

/72.3872*160*0034.0**

0034.0
400

3.16.192
11

6.19

1

22
Pr

2
.min

2

2
min

2

min

2
min

2
min

min

2
.Re
























 








Check for Strain:

Tension = Compression

OK

mmcmma

a

abfcfyAs

s

s

..........005.0034.0

003.0*
59

59720

59.........50

*1600*24*85.0400*3270

*'**85.0*
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Top reinforcement
In Long Length

Max. Mu is zero

mcmAsSelect

cmAsAs

prov

Shrinkage

/04.2312.26.....1613

04.23
2

.

2







In Short length

mcmAscmSelect

cmAsAs

prov

Shrinkage

/7.15
20

14.3*100
.....20@20

4.1480*100*0018.0

2
.

2







Details for the combined foundation:

Figure(4-17) : Details for the combined foundation
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Design of wall footing: (wall 2)4.11

Load Calculation:4.11.1

The total service loads :-
D.l = 255 kN/m.
L.l = 60 KN/m.

For one meter slide :-

Q all net = 300-0.3*25-10=282.5
A = (255+60)/282.5= 1.13 .
Use width = 1.2 m.
Assume h = 300mm

.qu =(1.2*255+1.6*60)/1.2= 335 KN/m2

.d= 300-75-20=205 mm.
Vu = (0.475-0.305)*335= 56.95 KN/m
ΦVc = 0.75/6*(24)0.5*1.0*1.0*205*103 = 125.53 KN/m >Vu
Depth is enough .

Design for flexure :-4.11.2

Mu = 335*(0.475)2/2 = 37.8 KN.m/m       ……. Kn =1

00244.0
420

1*2.20*2
11

2.20

12
11

1




















fy

mRn

m


As =0.00244*1000*205= 500 mm2

As min = 0.0018*1000*300=540 mm2 > As req

Use Φ 12 with As =113 mm2

5 Φ 12 Φ 12 @ 20 cm c/c.

Transverse direction (0.0018*1200*300/113)=5.74 ………
… Use 6 Φ 12.
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Check development length :-
Ld req = 370.4 mm
Ld avil = 475-75 =400 mm > ld req

Design of dowels 0.0012*250*1000 = 300 mm2 use 2 Φ10 @ 50
cm c/c

Figure(4-18) : Details for the Strip foundation
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4-13 Design of Stair :

The overall depth of solid slab of stair must satisfy the limitation of deflection
required in ACI for one way solid slab :

Min h =( L /20)

Figure(4-19) : Stair

L=plan  length of stairs + 0.5 length of landing (or 90 cm whichever is less )

L= 4.63 m

Min h =( 4.63 /20) = 0.2315 m

Select h=25 cm.
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4-13.1 Load Determination .

Dead load calculation of q1 :

α= tan-1(1.75/30) = 30

concrete = (25*0.25)*(1/cos30) = 7.2 KN/m

plastering = (0.02*22)*(1/cos30) = 0.50 KN/m

stair = (0.5*0.3*0.175*25)/0.3 = 2.20 KN/m

morter = ((0.175+0.3)*0.02*22)/0.3 = 0.70 KN/m

tiles = ((0.115+0.35)*0.03*27)/0.3 = 1.25 KN/m

sand = ((0.175+0.30)*0.1*16)/0.3 = 2.53 KN/m

Nominal Total Dead Load = 14.38 KN/m

Factored Total Dead Load = 1.2*11.88 = 17.26 KN/m

Live load = 4 KN/m .

Factored live load =4*1.6 = 6.4 KN/m

q1 = 6.4 + 17.26 = 22.70 KN/m

Dead load calculation of q2 : (for landing)

Concrete = (25*0.25) = 6.25 KN/m

Plastering = (0.02*22) = 0.66 KN/m2

Morter = 0.02*22 = 0.44 KN/m

Tiles = 0.03*27 = 0.81 KN/m2

sand = 0.1*16 = 1.60 KN/m2

Nominal Total Dead Load = 9.76 KN/m

Factored Total Dead Load = 1.2*9.76  = 11.7 KN/m

Live load = 4 KN/m2 .

Factored live load =4.0*1.6 = 6.4 KN/m2

q2 = 6.4 + 11.7 = 18.1 KN/m2
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4-13.2 Stair reinforcement Design  of one meter strip :

Figure(4-20) : Moment for  Stair .

Mu max = 68 KN.m

d = 250-20-7 = 223  mm

'85.0 fc

fy
m  6.20

)24(85.0

420


Mpa
bd

Mn
Rn 52.1

)223)(1000)(9.0(

)10(*68
2

6

2


0038.0
420

52.1*6.20*2
11

6.20

12
11

1



















fy

mRn

m


A s = 0.0038*(100)* (22.3) = 8.5 cm 2

Use Φ 14 @ 15 cm c/c with As =9.24 cm2 > 8.5 cm2

4-13.3 Min reinforcement :

A s min = 0.0018 * 1000 * 250 = 4.5 cm 2 Use Φ 12 @ 20 cm c/c

As = 8.5 > 4.5 cm2



Structural Analysis & DesignCHAPTER FOUR

 -٨٣ -

4-14 Design of solid slab of the stair roof.

4-14 -1 Determination of loads :

Dead load = 5.5 KN/m2

Live load = 5 KN/m2

qu= (1.2*5.5)+(1.6*2) = 9.8 KN/m2

The overall depth of solid slab must satisfy the limitation of deflection
required in ACI for one way solid slab :

Min h =( L /20) = 340 /20 = 0.17 m

Select h=20 cm.

h= 20 cm

d = h-2-1 = 20-2-1= 17cm

Mu=(qu*l2)/8 = 9.8*3.42/8 = 14.16 KN.m

'85.0 fc

fy
m  2.20

)24(85.0

420


Mpa
bd

Mn
Rn 6.0

)17.0)(1)(9.0(

)10(*16.14
2

3

2




00145.0
420

6.0*2.20*2
11

2.20

12
11

1



















fy

mRn

m


A s = 0.00145*(100)* (17) = 2.5 cm 2

4-14 -2 Min reinforcement :

As min =0.0018*b*h = 0.0018*100*20 = 3.6 cm2

Select As =3.6 cm2

Use Φ12 @ 25 cm c/c with As =4.52 cm2> 3.6 cm2
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4-14 -3 Longelir reinforcement for one meter strip :

As = 0.0018*100*20 = 3.6 cm2

Use Φ 12@ 25 cm with As =4.52 cm2 > 3.6 cm2

4-14 -4 Top reinforcement :

According to shrinkage & temperature :

Use Φ 12@ 25 cm with As =4.52 cm2 >As shrinkage= 3.6 cm2……. See figure (4-12)

4-14 -5 Design of shear reinforcement :

Vu max =qu*L/2 =(9.81*3.4)/2= 16.68 KN/m

Φ Vc ≥ Vu max

Φ Vc = ))((
6

75.0
dbw

cf 

= 104.1 > 51.6 KN/m

No Shear reinforcement is required .
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of solid slab of stairFigure(4-21) : Details

4.15 Design of Shear Wall:
4.15.1 Calculation of shear force on

shear walls:

 Earthquake loads

From Uniform Building Code UB1997:

Z=0.15 from (alnajah university

classification 2A zone)

R=5.5

I = 1

Ca  =0.15

Cv  =0.15

hn= 14m

Ct  =0.0488

SB :- soil profile type UBC table 16-K . Figure(4-22) : Shear wall

Where:

Z = Seismic zone factor as given in alnajah university chart of seismic zone factor or from UBC 2A-

zone.

R = numerical coefficient representative of the inherent over strength and global ductility capacity of

lateral force resisting systems, as set in Table 16-N depends on the basic structural system .

I =importance factor given in table 16-K.depends on occupancy category

Ca = seismic coefficient, as set forth in Table 16-Q.debends on soil profile type and the seismic zone

factor.

The soil profile type is considered to be SC which represent Very Dense Soil and Soft Rock in Table

16-J.

Ct  =numerical coefficient given in section 1630.2.2.

WHERE:
Ct  =0.035 )0.0853 (for steel moment-resisting frames.
Ct  =0.030 )0.0731 (for reinforced concrete moment-resisting frames and eccentrically braced frames.
Ct  =0.020 )0.0488 (for all other buildings.

Cv = seismic coefficient, as set forth in Table 16-R .depends on soil profile type and the seismic zone

factor.

hi, hn, hx  =height in feet )m (above the base to level i , n or x, respectively.

VTFt **07.0

  4/3

hC nt
T  Eq… .30-8 –UBC.
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R
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V

T

*017.0*1*15.0*11.0***11.0

*07.0*
5.5

1*15.0*5.2

.

**5.2

*08.0*
353.0*5.5

1*15.0

*

*

353.014*0488.0

1

1

1

4/3











ControlWV .............*07.0

To calculate the force at the top (Ft ) :

According to UBC 1630.5, (Ft) need not exceed 0.25V and may be considered as

zero where T is 0.7 second or less.

So,Ft =0.0since

KnFx

mKnhw

mKnhW

KnWV

KnW

AreaLLLDW

FloorFor

hw

hwFtV
Fx

ii

floorfloor

th

n

i
ii

xx

rdth

5.143
179375

71750*)0.075.358(

.179375)5.375.1014(*5125)*(

.7175014*5125*

75.3585125*07.0*07.0

5125)500(*)3*25.05.9(

*).*25.0.(

4

)*(

**)(

34

0






















T= 0.353 < 0.7

Ft = 0.07*0.353*358.75 = 8.87 << Fx

To find the shear force acts on the shear wall,

2008 software is used for analyses.Etabs

mKNHFxMu

KNVu

FtFxVu

baseat

baseat

baseat

.6.36714*6.367*

6.36787.875.358
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Table 4  .1 Calculation of the total earthquake forces, shear, and moment

Calculation Table for earthquake Forces, Shear and Moment

FloorWVHFt)V -Ft()W*H(FxVuMu

#KNKNMKNKNKN.mKNKNKN.m

3rd5125358.75140358.7571750143.5143.50

2nd5125358.7510.50358.7553812.5107.63251.13502.25

1st5125358.7570358.753587571.75322.881381.2

Ground5125358.753.50358.7517937.535.88358.82511.3

At base0000000358.83766.9

Design Values  :Vu 358.8 =KN ,    Mu  =3767 KN.m

 Wind load calculations

Design wind pressures for buildings and structures shall be determined for any height
in accordance with the following formula:

IwqsCqCeP ***

Where:

Ce  =combined height, exposure and gust factor coefficient as given in Table 16-G.
Cq = pressure coefficient for the structure or portion of structure under consideration
as given in Table 16-H.
Iw  =importance factor as set forth in Table 16-K.
P  =design wind pressure.

358.88 kN

322.88 kN

251.13kN

M u  D i a g r a m V u  D i a g r a m

G

1

2

3

4

3
.5

3
.5

3
.5

3
.5

143.5 kN

0.00

+3.5

+7.0

+10.5

+14.0
0.0 kN

502.25kN

1381.2 kN

2511.3 kN

3767 kNG

1

2

3

4

0.00

+3.5

+7.0

+10.5

+14.0
143.5 kN

322.9 kN

251.1 kN

358.8 kN

358.8 kN
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qs  =wind stagnation pressure at the standard height of 33 feet) 10.0 m (as set forth in
Table 16 -F.

From table 16 -G in the UBC, the value of Ce for Exposure B depends on the floor
height and its value for each floor is shown in the calculation table below .

UBCinHtablefromCq  16...3.1

0.1Iw
qs :from table 16-F, and by assume the wind velocity equal to 100 Km/h ,  then :

2/604.0 mKnqs 

mKNhFxMu

KnLhPFxForce

mKNP

IwqsCqCeP

Base

floorfloor

.164514*5.117*

5.11745*5.3*746.0**)(

/746.00.1*604.0*3.1*95.0

***
2








Table)4 ..2 Calculation of the total earthquake forces, shear, and moment

Calculation Table for Wind Pressure, Shear and Moment at Base.

FloorHCePForceShearBaseFloor

No.mFrom Table 16-GkN/m2KNKNMomentMoment

At Base000.0000.004700.001645

Ground3.50.620.48781.3352.5284.51430

1st70.720.56592.4235646.8750

2nd10.50.840.660105.3117.51105.7387.8

3rd140.950.746117.50.0016450.00

Total117.51645

Design Values  :Vu  =117.5 KN<380.85KN ,    Mu  =1645 KN.m<5331.9KN.m
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4.15.2 Design of shear wall:
Design values:

mKNMu

KNVu

.3767

88.358





mhheightwallShear

mLwidthwallShear

cmtthicknesswallShear

MpaFy

Mpafc

w

w

14)(

75.6)(

25)(

420

24'











4.15.2.1 Design of the Horizontal reinforcement:

KNPu

KNPu

KNweight

mKNMu

KNVu

Total

slabsfrom

wall

17905901200

1200

590)14*25.0*75.6(*25

.3767

88.358









 Determination of effective depth (d)

 According to )ACI 318-2008 11.9.4 (, For design for horizontal shear forces in plane of wall,

d shall be taken equal to 0.8Lw , where Lw is the wall length.

d  = 0.8  *6.75  =5.4 m

 Calculating of shear reinforcement

VcVn

KNVc

dhfcVc

KN
Vu

Vn

KNVu











3.11025400*250*24*
6

1

**'*
6

1

480
75.0

88.358

88.358



No shear reinforcement is required

 According to (ACI 318-2008 11.9.9.3), Spacing of horizontal shear reinforcement shall not
exceed the smallest of Lw /5, 3h, and 18 in., where Lw is the overall length of the wall. So





Structural Analysis & DesignCHAPTER FOUR

 -٩٠ -

cmSSelect

cmS

cmhS

cm
Lw

S

25

2.4551.2*18

7525*3*3

135
5

75.6

5

.max

.max

.max







Use ø12 @ 25 cm c/c

 Check As minimum

 According to )ACI 318-2008 14.3.3 (, Minimum ratio of horizontal reinforcement area to gross
concrete area) ρ (shall be 0.0025.

ok

Ag

As

cmAg

cmAs ovided

........0025.0003.0

00302.0
750

261.2

100030*25

261.2

min

2

2
Pr













4.15.3 Design of the Vertical reinforcement:

mmS

S

cmAsSelect

hSAvn
Lw

hw

hS
hS

Av

Lw

hw
Avn h

6.361

250**0025.0226

26.2122

**0025.0

5.28.2
5

14

**
*

*5.2*5.00025.0

2
































 



Check S max.

cmS

cmhS

cm
Lw

S

2.4551.2*18

7525*3*3

67.166
3

500

3

.max

.max

.max






cmUse

cmScmSSelect req

25@122

1.3625 .
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4.15.4 Design of moment:

Design of heavy loaded shear wall

cmcmCwSelect

mCw

mCw

LwCCw

Lw
C

mKNMu

boundaryeach

3.4160

413.0
2

825.0

825.075.6*1.05.1

*1.0

5.1
5.4

75.6

5.4

.3767












)min(

.8.4471)0695.01(*6750*420*3767*5.0*9.0

1****5.0*9.0

0073.0
250*6750*24*85.0*85.02

420*9.50

*'**1*85.02

*

9.50261.2*
3.0

75.6

*

2

designMu

mKNMu

Lw

Z
LwFyAsvMu

Lw

Z

hLwfcB

FyAsv

Lw

Z

cmAsv

Avn
S

Lw
Asv

Design 









 













 At the openings in shear walls

According to )ACI 318-2008 14.3.7(, not less than 122 bars in walls having two layers of

reinforcement in both direction shall be provided around window, door, and similar sized openings .
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4.15.5 Design of the shear wall footing

Design the footing for the stairs shear wall as strip footing

4.15.5.1 Load Calculation

mKNPu

KNPu

KNPu

mKNPu

PuPuPuPu

Total

Stairs

slabs

wallW

Stairsslabswall

/2.695
5

451

5

2500
105

4514*75.112

2500

/10525*0.1*3.0*14.









4.15.5.2 Determination of footing width

OK

mwidththeSelect

mKN

mKNPu

allw

Total

.....500*4.15.463
5.1

2.695

5.1

/500

/2.695
2

.













4.15.5.3 Determination of foundation depth

KNVu

cmd

cmhSelect

13.17622.0
2

3.05.1
*0.1*5.463

221730

30







 








Safe

KnVuKnVc

KnVc

dbfcVc w








8.1291.202.

1.202220*1500*24*
6

1
*75.0.

)**'*
6

1
.(.
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4.15.5.4 Design of moment

cccmdirectranscccmuse

mcmAsAs

mcmhbAs

mcmAsmcmAs

AsAs

mcm
Fy

db
As

thanlessNot

mcm
Fy

dbfc
As

AsCheck

mcmdbAs

Shrinkage

Shrinkage

req

req

q

/20@12......../2012

/4.5

/4.530*100*0018.0**0018.0

/33.7/3.364.2*3.1*3.1

/33.7
420

220*1000*4.1**4.1

/41.6
420

220*1000*24*25.0**'*25.0

/64.222*100*0012.0**

0012.0
420

453.06.192
11

6.19

1

2
.

2

2
min

2

min

2
min

2
min

min

2
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of Shear wallFigure(4-23) : Details
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of Shear wallFigure(4-24) : Details
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CHAPTER

5
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STRUCTURAL DESIGN OF AL-HADAB TANK
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Introduction1)-5(
Water tanks are classified according of their level of construction as follows:
1 -elevated tank
2- Rested tank
3- Underground tank
and it can be Classified according their form as follows:
1 - rectangular tank
2- Channel tank
3- Circular tank

rested rectangular tankour projectinadoptedswawhichreservoir,

cross-section of the tankFigure. (5-2)
Top View of the tankFigure. (5-1)

Figure (5-3) Three-dimensional model of the reservoir
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Loads acting on the reservoir
Reservoir exposed to live loads due to pressure and weight of the water and dead loads
resulting from the weight of the components of the tank itself, and to deal with the tank
walls, consider the tank is a vertical and horizontal slabs as taught by the loads located
snapped a slide one meter

Where
W1: water pressure
W2: weight of footing in addition to the weight of the water column .
Tf: The thickness of the tank floor
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(5-2) Analysis of reservoir loads

Figure (5-4) side and top view of shell  structural

Shell loads:(5-2.1)
2Shaded area = 1.0541 m

Perimeter of shaded area = 1.5871 m
3054 = 10.9 mVolume of concrete= 10.35*1.

2surface area = 21.5871*10.35 = 223.43 m

Concrete Weight= 25 *10.9= 272.5 KN

Dead load= 272.5 / (223.43/2) = 2.44 KN/m2

Live load= 0.5 KN/m2

Snow load = 1.5 KN/m2

load combinations
1.2* D + 1.6*L + 0.5*S

1.2*D + 1.6*L + 1*L

D : dead load

L: live load

S: snow load

Figure (5-5) one meter slide of Sell
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Figure (5-6) : Service Load Reaction

Figure (5-7) :Factored Load Reaction

LL = 0.5 KN/m2 .

SL = 1.5 KN/m2 .

For the Arc frame :-

.= 1.05 ., b=10 m.,  & t = 10 cmλ= 0.66 .,ε= 0.55 .,β= 1 m.,ᶂ

Arc length = λ*b = 1.05*10 = 10.5m .

I (0-0) = β *ᶂ2* t * b = 0.55 * 12 *0.1 * 10 = 0.55 m4 .Sector :-

& es = ε *ᶂ= 0.66 * 1 = 0.66 m .
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For one meter slide By Staad-Pro Program .
gives the following results of bending moment & shear envelope :-

the shear envelope:

Figure (5-8) :Shear Envelope of Sell

The moment envelope:-

Figure (5-9) :Moment  Envelope of Sell

shear at the edge :-The

Figure (5-10) :Shear At The Edge
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(5-2.2) Design of Shear :

The maximum shear value ( Vu = 1.61 KN).

The shear strength of concrete is ØVc

but d = 100-20-4 = 76 mm

ØVc =( 0.75/6) * bw* d *10-3 = 0.125 * 1000 * 76 = 9.5 KN > Vu

No shear reinforcement is req

.

Design of shell for the axial load:-(5-2.3)

Axial Load  At SellFigure (5-11)

Nu = 31.3 KN/m.

Nn = 0.8*(0.85*24000)* 0.1*1 = 1632 KN/m > NuØ

Strength of concrete is enough .
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Design of bending moment :-(5-2.4)

Figure (5-12) : Negative Moment  Envelope of Sell

:The ( –ve) moment design(5-2.4.1)

Mu = 0.94 kN.m/m

Mn req = Mu / 0.9 = 0.94 / 0.9 = 1.05 KN.m.

./181.0
076.0*1
10*05.1 2

2

3

2

mkNR

db

Mn
R

n

n








m =
'*85.0 fc

fy =
24*85.0

420 = 20.6

ρ =
m

1 (1 -
fy

mRn21  )

ρ =
6.20

1 (1 -
420

)181.0)(6.20(21 ) = 0.00044

A s req = bd = 0.00044* 1000*76 = 33 mm2/m

A s min = 0.0018*1000*100=180 mm2/m > A s req

use Ø 8 with As = 50 mm2 use 4 Ø 8 / m use Ø 8 @ 25 cm c/c
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design of ( +Ve ) moment :-(5-2.4.2)

Figure (5-13) : Positive  Moment  Envelope of Sell

maximum moment :-

Mu = 0.21 kN.m/m

Mn req = Mu / 0.9 = 0.21 / 0.9 = 0.233 kN.m.

./041.0
076.0*1

10*233.0 2
2

3

2

mkNR

db

Mn
R

n

n








m =
'*85.0 fc

fy =
24*85.0

420 = 20.6

ρ =
m

1 (1 -
fy

mRn21  )

ρ =
6.20

1 (1 -
420

)041.0)(6.20(21 ) = 0.0001

A s req = bd = 0.0001* 1000*76 = 7.6 mm2/m
A s min = 0.0018*1000*100=180 mm2/m > A s req
use Ø 8 with As = 50 mm2 use 4 Ø 8 / m use Ø 8 @ 25 cm c/c .
longitudinal reinforcement :-
use Ø 8 with As = 50 mm2 use Ø 8 @ 25 cm c/c .
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(5-3) Desigen Of Wall :

Wall  loads(5-3.1)
unit weight of water = 10 KN/m3

3KN/mMaximum water pressure= 10*5 = 50
U = 1.4 *(F )   (Aci 318 08m-ch9)

U is expressed in terms of factored  loads
F = loads due to weight and pressures of fluids with well-
defined densities and controllable maximum heights, or
related internal moments and forces

Factored load = 1.4*50 = 70 kn/m2 Figure (5-14) one meter slide  at wall and footing

Figure. (5-15) The live Load for the wall

Figure. (5-16) The design moment for the wall

Figure. (5-17) The design shear for the wall
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Design  of wall

1) Air section
2) Water section

Thickness Calculation:

Water  section

Rn???? n NN Mu= 125.4 KN.m/m

Assume 01.0

cmhselect

mmd
bd

Mn
Rn

MpamfyRn

fc

Fy
m

25

73.190
83.3*1000

10*
9.0
4.125

83.3)5.01(*

65.17
28*85.0

420
'85.0

6

2











Air section
Mu= 54.5 KN.m/m
Assume 01.0

cmhselect

mmd
bd

Mn
Rn

MpamfyRn

fc

Fy
m

25

7.125
83.3*1000

10*
9.0
5.54

83.3)5.01(*

65.17
28*85.0

420
'85.0

6

2











check of shear

D= 250-30-10=210 mm
Water  section
Mu= 125.4 KN.m/m

65.17
28*85.0

420
'85.0


fc

Fy
m

Wall sections

KNVuKNVc

dbfcVc w

3.132max9.138210*1000*28*
6
1*75.0.

)**'*
6
1.(.
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mcmreqA

fy

mRn

m

MpaRn

s /01.1721*100*0081.0
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420

65.17*16.3*211
65.17

1**2111

16.3
)210(*1000
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2

2
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okcmcmAsmSelect

cmhbAs
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thanlessNot

mcm
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ovided

Shrinkage

req

.....01.178038.17..../187

5.4250*1000*0018.0**0018.0

/7
420

210*1000*4.1**4.1

/61.6
420

210*1000*28*25.0**'*25.0

22
Pr

2

min

2
min

2
min

min













Check for Strain:

Tension = Compression

OK

mm
a

x

mma

a

abfcfyAs

s

s

..........005.0014.0

003.0*
37

37210

37
85.0
4.31

1

4.31
*1000*28*85.0420*1780

*'**85.0*



















Air section

Mu= 54.5 KN.m/m

65.17
28*85.0

420
'85.0


fc

Fy
m

mcmreqA

fy

mRn

m

MpaRn

s /08.721*100*00337.0

00337.0
420

65.17*373.1*211
65.17

1**2111

373.1
)210(*1000
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2

min

2
min

2
min

min

5.4250*1000*0018.0**0018.0

/7
420

210*1000*4.1**4.1

/61.6
420

210*1000*28*25.0**'*25.0

cmhbAs

AsAs

mcm
Fy

db
As

thanlessNot

mcm
Fy

dbfc
As

AsCheck

Shrinkage

req









okcmcm
ovided

AsmSelect .....208.729128.7Pr..../127 

Check for Strain:

Tension = Compression

OK

mm
a

x

mma

a

abfcfyAs

s

s

..........005.0035.0

003.0*
43.16

43.16210

43.16
85.0

14
1

14
*1000*28*85.0420*28.791

*'**85.0*



















For min reinforcement  AS min =0.002*1000*250 = 5 cm2
Use two layer with 10 @ 20 cm

Footing Design:(5-4)
services  load(5-4.1)

Weight of wall = 0.25*5.1*25 = 31.88 KN/m
Weight of beam = 0.85 * 0.50 * 25 = 10.63 KN/m
Load from shell structure 22.4 kn/m
Weight of water = 50 kn/m2

factored load(5-4.2)
Weight of wall = 0.25*5.1*25 = 38.26 KN/m
Weight of beam = 0.85 * 0.50 * 25 = 12.76  KN/m
Load from shell structure 29.5 KN/m

/mWeight of water = 70  KN

Check of vertical load

Pn = 0.80 Ag {0.85
'fc (1- ρg)+ (ρg * fy )}

Pn= 0.8 * .25{0.85*28(1-0.01)+(0.01*420)} = 5552.4 kn
0.75*5552.4 = 4164.3> pu=(80.52 kn) ………….ok
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Footing  area(5-4.3)
Total services load = 31.88*4*10.5+10.63*4*11.7+22.4*2*10.35+50*10*10 = 7300.5 KN
A req = total services load / q all = 7300.5/350 = 20.9 m2

A provide = 11.1^2 = 123.21 >>22.9      ……………ok
Total factored load = 38.26 *4*10.5 +12.76*4*11.7 +29.5*10.35*2 = 2814.74 KN

Loading cases :(5-4.4)

Case 1: the tank is empty

OKmKNmKn ...../490350*4.1/85.22
21.123
74.2814 22 

)one meter strip load will be = 0.5*22.85 = 11.42  kn/m (two wayFor

Figure. (5-18) The  live Load  At The Footing

Figure. (5-19) The design Shear for the footing

Figure. (5-20) The design moment for the footing
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Case 2) the tank is full with water

Figure. (5-21) The design moment for the footing Section 3 And 4

Footing sections:

Footing thickness
At section (3) take h=50 cm and L=1m

Figure. (5-22) Section (3) At The Footing

KNVuKNVc

dbfcVc w

52.80max8.277420*1000*28*
6
1*75.0.

)**'*
6
1.(.
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Moments: spans 1 to
1 -89.6

38.9

1.19

2.41 2.94

Check of stress
the footing under wall is unsymmetrical case of loading

Fg1 = minimum  stress
Fg2 = maximum stress
W= weight of  (wall + water + footing)
A = footing area
M = maximum moment
I = moment of inertia

mlure will be acquired  take L= 2FOR L=1M  stress fai
A= 1 m * L = L m
I = 1 m * L^3/12

I = 1 m * L^3/12

Figure. (5-23) Section (3) At The Footing

Maximum service moment from wall



Structural Analysis & DesignCHAPTER 5

-١١٢ -

Y = L/2

Fg2 = (W / L) + (6*m/ L^2)

Weight of footing = 0.5*2*25*1m= 25 kn

0.25) = 72.5 kn-0.3-(2Weight of water = 50*

W = 25+72.5+31.88+10.63+22.4 = 162.41 kn

0.107 m-64.91*0.575+72.5*0.275) / 162.41 =-Ex=(

M = 89.6+162.41*0.107 = 107  kn.m

Fg2 = ( 162.41/2)+(107*12/8) = 241.71  kn/m^2  < 350 kn/m^2 ……………ok

Design for Bending Moment:(5-5)

Section (3)

mmKnMu /.4.125

Mpa
bd

Mn
Rn 79.0

4201000
103.139

2

6

2 





65.17
28*85.0

420
*85.0 ' 
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fy
m










 


yf

Rnm

m

2111


mKNMn .3.139
9.0
4.125
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Section (4)
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cmSelect

cmAs
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For Min Reinforcement use m/.127
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السادسالفصل 
الاستنتاجات والتوصیات

لاستنتاجاتا١- ٦
بالطرق الیدویھ حتى أو مصمم إنشائي أن یكون قادرا على التصمیم مھندسیجب على كل - ١

.امتلاك الخبرة والمعرفة في استخدام البرامج التصمیمیة المحوسبةیستطیع 

.العوامل الطبیعیة المحیطة بالمبنى وطبیعة الموقع وتأثیر القوى الطبیعیة علیھیجب أخذ - ٢

أھم خطوات التصمیم الإنشائي ھي كیفیة الربط بین العناصر الإنشائیة المختلفة من ان - ٣
بنى و من ثم تجزئة ھذه العناصر لتصمیمھا بشكل منفرد ومعرفة كیفیة خلال النظرة الشمولیة للم

.التصمیم مع اخذ الظروف المحیطة بعین الاعتبار

-One(استخدام نظام لقد تم-٤ way ribbed slab (نظرا لطبیعة في المدرسھفي جمیع الطوابق
.وابعاد المدرسھ وشكل 

لبیوت الدرج لأنھا أكثر فاعلیة من عقدات (Solid Slab)كما تم استخدام العقدات المصمتة 
T )(سور من نوعجكما تم استخدام ، الأعصاب في تحمل الأحمال المركزة – Beam نظرا

.للأحمال الكبیرة في الطوابق

وبالتالي ).Kg/cm3٣.٥( تم تصمیم أساسات ھذا المبنى باستخدام قوة تحمل التربة مقدارھا- ٥
.النھائي للأساس بناء على نوع العنصر الإنشائي المحمولاختیار الشكل 

SAFEأما بالنسبة لبرامج الحاسوب المستخدمة فقد تم استخدام برنامج - ٦ - ETABS -ATIR
في التصمیم 

وكانت النتائج متطابقة كما ھي في ، ومقارنة التسلیح لكافة العناصر بعد أن تم حسابھا یدویا

.الأمثلة الموضحة

.الأحمال الحیة المستخدمة في ھذا المشروع كانت من كود الأحمال الأردني-٧
تم استخدام  المعادلات من الكود الامریكي-٨

ACI 318M-08---Building Code Requirements for Structural Concrete
and Commentary. First Printing-June 2008-ISBN 978
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.التوصیات٢- ٦
ان من أھم الامور التي یجب مراعاتھا عند اختیار المشروع ھو احتوائھ على معظم انواع الانظمھ 

، الانشائیھ وذلك لكي تتم الاسفاده مما تم تعلمھ اثناء المسیره التعلیمیھ في تطبیقھ عملیا بالمشروع 
لانھما یحتویان على معظم الانظمھ ولذلك تم اختیار مشروع المدرسھ التعلیمیھ وخزان المیاه 

.الانشائیھ 

من فیھالقد كان لھذا المشروع دورا كبیرا في توسیع وتعمیق فھمنا لطبیعة المشاریع الإنشائیة بكل ما 
ونود ھنا ومن خلال ھذه التجربة أن نقدم مجموعة من التوصیات نأمل . تفاصیل وتحالیل وتصامیم

.طط بان یختار مشاریع ذات طابع إنشائيبان تعود بالفائدة والنصح لمن خ

یجب أن یتم تنسیق وتجھیز كامل المخططات المعماریة بحیث یتم اختیار مواد البناء ، ففي البدایة
مع انھ وفي غیر الأحیان في بلادنا یتم اختیار مبنى مكتف من الخرسانة ، والنظام الإنشائي للمبنى

ظام الأطر غیر المكتفة والمقاومة للزلازل تحتاج إلى دقة ذلك إن ن، المسلحة والواجھات الحجریة
ولابد في ھذه المرحلة أن یتوفر معلومات شاملة عن الموقع . وتفاصیل خاصة أثناء عملیة التنفیذ

بعد ذلك یتم تحدید مواقع الجدران ، وتربتھ وقوة تحملھا وذلك في تقریر جیوتقني خاص بتلك المنطقة
ویحاول المھندس الإنشائي في ، للتوافق والتنسیق التام مع الفریق المعماريأیضا ، الحاملة والأعمدة

ھذه المرحلة الحصول على اكبر قدر ممكن من الجدران الخرسانیة المسلحة بحیث تكون موزعة 
لیتم استخدامھا فیما بعد في مقاومة أحمال الزلازل ،  بشكل منتظم اوشبھ منتظم في أرجاء المبنى

.یجب أن یتم تنفیذ المشروع تحت إشراف لجنة ھندسیة مختصة.الأفقیةوغیرھا من القوى

:ویمكن تلخیص أعمال المشروع كمایلي

.  حساب الأحمال بنوعیھا الحیة والمیتة والتي یتعرض لھا المبنى وعناصره المختلفة-١

.الخ........تصمیم العناصر الأفقیة من عقدات وأعصاب وجسور وأدراج -٢

.الرئیسیة من أعمدة وجدرانتصمیم العناصر-٣

.تصمیم الأساسات بأنواعھا وأشكالھا المختلفة-٤

والتأكد من التوافق التام بینھا وبین المخططات ، المراجعة النھائیة للتفاصیل الإنشائیة-٥
.والتفاصیل المعماریة

م مع العلم بأنھ یفضل بان تكون ھذه الجدران موزعة بانتظا، مراجعة كفاءة جدران القص -٦
في أجزاء المبنى وكذلك الاستفادة من وجود الجدران الخارجیة وغیرھا من الجدران 

.وذلك لمقاومة القوى الأفقیة من زلازل وغیرھا، الخرسانیة المسلحة 

والحمد الله رب العالمین
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