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الشكر والتقدیر

أینعت ففاضت ثمّ فاضت، إلى أساتذتي الأفاضلإلى دوحة العلم التي 

الذین حباھم االله بدقة الحس وسلامة ،اً غادقاًعلمزرعت ألسنتھمنالذی

على العلم حلة من الجمال والبھاء في سبیل الوصول بھ االذوق، فأفرغو

وبنا نحو درجة الكمال تبعاً لتطور الحیاة في ھذا العصر، وما دخل علیھا 

:نخص بالشكر كلاً منأن، ولا ننسى من تغیر في النظم والتقالید

،وكلیة الھندسة والتكنولوجیا،فلسطین الموقرةجامعة بولیتكنك -

ودائرة الھندسة المدنیة والمعماریة بكافة طاقمھا العامل على تخریج 

.لغدوبناة اجیالالأ

الذي بذل ،ھیثم عیادعة ونخص بالذكر الدكتور جمیع الأساتذة بالجام-

.للخروج بھذا العمل بالشكل اللائقالجھد النفیس 

في لنالقائمین علیھا لتعاونھم الكامل ومساعدتھممكتبة الجامعة وا-

.توفیر الكتب الخاصة بالمشروع
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Abstract

The Structural Design of Hebron Zakat & Charity Committee
Center

Work Team
Anas Al-Shwaiki                  Hassan Nassar Iyad Osaily

Palestine Polytechnic University-2008

Supervisor
Dr. Haitham Ayyad

The purpose of this project is the structural design of a multi-story building in

Hebron city.

This building consists of six floors and it contains a plenty of activities.

The structural design of the building was carried out according to the

ACI318M-05 Code, in addition, some assistant codes were used.

The project composed of analysis & design of the structural parts of the building,

and all of the plans needed to complete the construction.

الفھرس
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List of Abbreviations

 Ac = area of concrete section resisting shear transfer.

 As = area of non-prestressed tension reinforcement.

 Ag = gross area of section.

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

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

 b = width of compression face of member.

 bw = web width, or diameter of circular section.

 DL = dead loads.

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

reinforcement.

 Ec = modulus of elasticity of concrete.

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

 h = overall thickness of member.

 I = moment of inertia of section resisting externally applied factored loads.
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 Ln = length of clear span in long direction of two- way construction,

measured face-to-face of supports in slabs without beams and face to face of

beam or other supports in other cases.

 LL = live loads.

 Ld = development length.

 Lw = length of wall.

 M = bending moment.

 Mu = factored moment at section.

 Mn = nominal moment.

 Pn = nominal axial load.

 Pu = factored axial load

 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. (kN/m³).

 W = width of beam or rib.

 Wu = factored load per unit area.

 Φ = strength reduction factor.

 SH = Shear Wall.

 BS = Basement Wall
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4.1 Introduction

This chapter shows the steps of the analysis and the design for all

the types of the structural members of the building.

For example: In this structure, there are three types of slabs: the

solid slabs, the one-way ribbed slabs and the two-way ribbed slabs. They

would be analyzed and designed, by using the finite element method of

design, depending on the computer aided analysis & design, such as

ATIR- Software; to find the internal forces and the deflection of the one

way ribbed slabs, in addition to the other programs such as, STAAD

PRO2004- Software; to find the internal forces and the deflection for

both one way-solid slabs, two-way solid slabs and two-way ribbed slabs.

Then, other steps of calculations would be made; to find the required

reinforcement for the all members.

4.2 Factored Load

For the project structural member's analysis and design, the

factored load can be obtained as follows:

1.2 1.6  (ACI318M-05, Sec. 9.2, Eq. 9.1)uq D L   
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4.3 Determination of Thicknesses

4.3.1 Determination of Thickness of the One–Way Ribbed Slab

The structure may be exposed to different loads such as dead loads

and live loads. The values of these loads depend on the structure type

and the intended use.

The overall depth can be obtained according to the minimum

thicknesses of non pre-stressed beams or one way slabs given in the

ACI318M-05 (Sec. 9.5.2.1- table 9.5.a), as follows:

Figure (4-1) Rib 1.
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For the spans arranged from left to right for one way-ribbed slab,

the minimum thicknesses are:

For R(7B) in the second floor slab:

L 5.10
h 31.88 cm

16 16
  

For (R2) in the basement floor slab:

From left to right:

1
1

L 5.95
h 32.16 cm

18.5 18.5
  

2
2

L 4.68
h 25.3 cm

18.5 18.5
  

Figure (4-2) Rib 7B.

Figure (4-3) Rib 2.
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For (R1) in the basement floor slab:

From left to right:

1
1

L 2.60
h 14.05 cm

18.5 18.5
  

2
2

L 6.00
h 28.57 cm

21 21
  

3
3

L 4.68
h 25.30 cm

18.5 18.5
  

 Select  h 35 cm 

Figure (4-4) Rib1 In Basement Floor.
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4.3.2 Determination of Thickness of The Two-Way Ribbed Slab

Rib

A.Y
Y

A





Rib

A.Y 2 0.3 0.1 0.05 0.15 0.35 0.175
Y 0.1083 m = 10.83 cm

A 2 0.3 0.1 0.15 0.35

      
  
    

       3 3 3

3 4
Rib

0.75 0.1083 0.75 0.15 0.0083 0.15 0.2417
I 1.023 10  m / b

3 3 3
   

    

 
3

3 4
Slab

1.023 10
I 6.4 8.73 10  m

0.75




  

3 3 3 4
b1

1 1
I  bh 0.8 0.3 1.8 10  m

12 12
     

3
b

1 3
S

I 1.8 10
0.206

I 8.73 10







  



Figure (4-5) Two way Ribbed Slab.
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For the other direction:
4 4 3 4 3 4

Rib 2

1 2

Y 0.114  , 9.77 10  , 5.529 10  , 1.8 10 , 0.326

0.206 0.326
0.266

2 2
0.2 0.266 2

Rib Slab b

m

m

m I m I m I m 

 




         

 
  

  

According to the ACI318M-05(Section 9.5.3.3, Eq. 9.12),

 
 

n

m
m

I 0.8 /1500
h & Not Less Than 125 mm

36 5 0.2
yf

 




 

a

b

L 15.02
 = 1.35

L 11.13
  

 
 m

15.02 0.8 420 /1500
h 44.5 cm

36 5 1.35 0.266 0.2


 

  

Determination of thickness of slab according to the new dimensions:

Rib

A.Y 2 0.3 0.1 0.05 0.15 0.445 0.223
Y 0.1408 m = 14.08 cm

A 2 0.3 0.1 0.15 0.445

      
  
    

       3 3 3

3 4
Rib

0.75 0.1408 0.75 0.15 0.0408 0.15 0.0.3042
I 2.092 10

3 3 3
m

   
    

3
4

Slab

2.092 10
I 6.4 0.01785 m

0.75


  

3 3 4
b1

1
I  bh 1.8 10  m

12
  

3
b

1
S

I 1.8 10
0.1008

I 0.01785



  
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For the other direction:

3 4 4 3 4
Rib 2

1 2

Y 0.149  , 1.99 10  , 0.0267  , 1.8 10 , 0.067

0.1008 0.067
0.084

2 2
0.084 0.2

Rib Slab b

m

m

m I m I m I m 

 




       

 
  

 

According to the ACI318M-05 (Section 9.5.3.3-Table (9.5.c)), without

drop panels with Exterior panels and without edge beams, Select the

thickness of slab to be as L/30, then:

L 15.02
50 cm

30 30
  

Thickness of Slab is 50 cm > 44 cm

Resolve using 50 cm as a thickness of the slab:

Rib

A.Y 2 0.3 0.1 0.05 0.15 0.5 0.25
Y 0.161 m = 16.1 cm

A 2 0.3 0.1 0.15 0.5

      
  
    

       3 3 3

3 4
Rib

0.75 0.161 0.75 0.15 0.0611 0.15 0.3389
I 2.944 10

3 3 3
m

   
    

3
4

Slab

2.944 10
I 6.4 0.025 m

0.75


  

3 3 4
b1

1
I  bh 1.8 10  m

12
  

3
b

1
S

I 1.8 10
0.072

I 0.025



  
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For the other direction:

3 4 4 3 4
Rib 2

1 2

Y 0.17  , 2.804 10  , 0.0378  , 1.8 10 , 0.048

0.072 0.048
0.06

2 2
0.06 0.2

Rib Slab b

m

m

m I m I m I m 

 




       

 
  

 

According to the ACI318M-05 (Section 9.5.3.3-Table (9.5.c)), without

drop panels with Exterior panels and without edge beams, Select the

thickness of slab to be as L/30, then:

L 15.02
50 cm

30 30
 

4.4 Load Calculation

4.4.1 One-Way Ribbed Slab

For the one-way ribbed slab, the total dead load to be used in the analysis

and design can be calculated as follows:
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Nominal Dead Loads and Factored Dead Loads of one Rib

Topping 0.10 25 0.75 1.88 kN/m   

Rib 0.40 0.15 25 1.5 kN/m   

Block 0.6 0.34 0.5+0.6 0.06 22 0.89 kN/m     

Tiles 0.03 24 0.75 0.54 kN/m   

Sand 0.1 0.75 16 1.2 kN/m   

Plastering 0.02 22 0.75 0.33 kN/m   

 Partitions 0.00  Commercial

Total of Dead Loads 6.34 kN/m Linear 

Factored Dead Load 1.2 6.34 7.60 kN/m   

Live Load 5 0.75 3.75 kN/m  

Factored Live Load 1.6 3.75 6 kN/m   

Figure (4-6) section in rib.
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Wu 1.2D+1.6L 7.60+6 13.60 kN/m  

Nominal Dead Loads and Factored Dead Loads of Topping

2Topping 0.10 25 2.50 kN/m  

2Block 0.34 0.5+0.06 22 1.49 kN/m   

2Tiles 0.03 24 0.72 kN/m  

2Sand 0.1 16 1.6 kN/m  
2Plastering 0.02 22 0.44 kN/m  

 Partitions 0.00  Commercial

2Total of Dead Loads 6.75 kN/m 

2Factored Dead Load 1.2 6.75 8.10 kN/m   

2Live Load 5 kN/m

2Factored Live Load 1.6 5 8.00 kN/m   

2 Total Factored Loads 6.75 8.00 = 14.75 kN/m  

For 1m  strip of topping:

 Total Factored Loads = 14.75 1 = 14.75 kN/m 

4.4.2 Two-way Ribbed Slab

For the one-way ribbed slab, the total dead load to be used in the analysis

and design can be calculated as follows:
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Nominal Dead Loads and Factored Dead Loads of Two-way Ribbed

Slab

Topping 0.10 0.75 0.65 25 1.22 kN/Unit    

 Rib 0.15 0.40 0.75+0.5 25 1.88 kN/Unit   

   Block 0.34 0.3 0.25 4 0.5 0.06 0.3 0.25 4 22 0.45 kN/Unit        

Tiles 0.03 0.75 0.65 24 0.35 kN/Unit    

Sand 0.1 0.75 0.65 16 0.78 kN/Unit    

Plastering 0.02 0.75 0.65 22 0.21 kN/Unit    

 Partitions 0.00  Commercial

Total Dead Loads 4.89 kN/Unit 

24.89
Total Dead Loads 10.03 kN/m

0.75 0.65
  



2Factored Dead Load 1.2 10.03 12.04 kN/m   

Figure (4-7) Details of Two way Ribbed Slab.
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2Live Load 5 kN/m

2Factored Live Load 1.6 5 8 kN/m   

2Wu 1.2D+1.6L 12.04+8 20.04 kN/m  

4.5 Design of Topping

4.5.1 Design of Topping of One–Way Ribbed Slab

4.5.1.1 Design of Moment

Figure (4-8) Design of Topping.
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 22

max

14.75 0.6Wu.L
Mu 0.44 kN.m

12 12


  

 .Mn Mu  ACI318M-05 - Sec. 14.8.3, eq.14-3 

0.42 .Mn fc Sm

0.85fc fcu 

2 2
6 3bh 1000 100

Sm 1.67 10  mm
6 6


   

6Mn 0.42 25.5 1.67 10 3.54 kN.m   

.Mn Mu 

0.55 3.54 1.95 kN.m  Mu 0.44 kN.m   

No structural reinforcement is required, but minimum reinforcement

due to shrinkage and temperature is required.

According to the ACI318M-05 (Sec. 7.12.2.1, Eq. b)

For Shrinkage And Temprature Reinforcement, Whene 420Fy MPa

minAs 0.0018 b h   

2
minAs 0.0018 100 10 1.8 cm / m   

  2 2Use 1 8/25cm 4 8 /1m  with As 2cm / m > 1.442cm / m  in both directions.   
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4.5.1.2 Design of Shear

The topping must be designed so that no shear reinforcement is required.

uq .L 14.75 0.6
Vu 4.43 kN

2 2


  

.Vc Vu 

1
. 0.75 . .

6
Vc fc b d  

1
.Vc 0.75 25.5 1000 50

6
    

.Vc 31.56 kN 

.Vc 31.56 kN  Vu 4.43 kN   

No shear reinforcement is required for topping.

4.5.2 Design of Topping of Two-Way Ribbed Slab

The topping of the two-way ribbed slab is stronger than the topping

for the one-way ribbed slabs. Therefore, only minimum reinforcement

due to shrinkage and temperature is required as same as the one-way

ribbed slab.

  2 2Use 1 8/25cm 4 8 /1m  with As 2cm /1m > 1.442cm /1m  in both directions.   
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4.6 Design of Rib (R1) in the basement floor slab:

4.6.1 Introduction

The envelope for both shear and moment diagrams drawn using

ATIR program as shown below:

Figure (4-9) shear and moments diagrams for Rib 1.
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4.6.2 Design of Positive Moment of Rib (R1)

The design is made for the middle span:

max+Mu 27.7 kN.m

According to the ACI318M-05 (Sec. 8.10), the effective flange

width bE of T- section, is the smallest of the following:

E

L 6.00
b 1.50 m 150 cm

4 4
   

E wb  b 16t 15+16 10 175 cm    

Eb  C/C 75 cm 

ESelect b 75cm

Mu 27.7
Mn 30.78 kN.m

0.9 0.9
  

Check if a t :

Assume a  t 10 cm 

EC 0.85 t bfc    

C 0.85 25.5 100 750 1625.63 kN    

t
Mn  C or T d-

2
   
 

S tirru p

d
d  h  - c  -  -

2
 

1.2
d 50 - 2 - 0.8 46.6 cm

2
  
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0.1
Mn 1625.63 0.466 - 676.26 kN.m

2
     
 

reqMn 676.26 kN.m  Mn 30.78 kN.m  

 a  t 

Design as a rectangular section with b = bE = 75 cm

Mn 30.78 kN.m

6

2 2
E

Mn 30.78 10
Rn 0.19 MPa

b .d 750 466


  



420
19.38

0.85 0.85 25.5

fy
m

fc
  

 

1 2
1 1req

mRn

m fy


 
    

 

-41 2 19.38 0.19
1- 1- 4.54 10

19.38 420req
  

    
 

req EAs b d  

-4 2
reqAs 4.54 10 ×75×46.6 1.59 cm  

min-Check for As

According to the ACI318M-05 (Section 10.5.1, Eq.10.3)

min

. .
0.25

fc bw d
As

fy




2 2
min

0.25 25.5 150 466
210.11 mm 2.10 cm

420
As

 
  



-٩٢ -

2
min

1.4. . 1.4 150 466
Not Less Than 2.33 cm

420

bw d
As

fy

 
  

2
min 2.33 cm     ControlsAs 

2 2
req minAs 1.59 cm  As 2.33 cm  

2
min As    As 2.33 cm  

2 2Select 2 14 with As 3.08 cm  As 2.33 cm   

According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check For Yeilding

Tension Compression

T C

. 0.85 . .As fy fc b a

308 420 0.85 25.5 750 a    

a 7.96 mm

a 7.96
X 9.36 mm

0.85 0.85
  

s

466 - 9.36ε 0.003
9.36

 

sε 0.146 0.005   Ok  

Design of + Mu = 23.4 kN.m
2 2Select 2 14 with As 3.08 cm  As 2.33 cm   

Design of + Mu = 4.7 kN.m
2 2Select 2 14 with As 3.08 cm  As 2.33 cm   
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4.6.3 Design of Negative Moment of Rib (R1)

The design of the negative moment for the T-section is made as a

rectangular section with b = bw.

max-Mu 29.9 kN.m

Mu 29.9
Mn 33.22 kN.m

0.9 0.9
  

6

req 2 2
w

Mn 33.22 10
Rn 1.02 MPa

b .d 150 466


  



1 2
1 1req

mRn

m fy


 
    
 

19.38m 

31 2 19.38 1.02
1- 1- 2.49 10

19.38 420req   
     

 

req reqAs bw d  

-3 2
reqAs 2.49 10 ×15×46.6 1.74 cm  

minCheck For As

2 2
req minAs 1.74 cm   As 2.33 cm  

2 2
req min1.3 As 2.26 cm   As 2.33 cm   

2
req minAs   As 2.33 cm  

2 2
reqSelect 2 14 with As 3.08 cm   As 2.33 cm   

According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check For Yeilding

Tension Compression
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T C

. 0.85 . .As fy fc b a

308 420 0.85 25.5 150 a    

a 39.79 mm

a 39.79
X 46.81 mm

0.85 0.85
  

s

466 - 46.81ε 0.003
46.81

 

sε 0.026 0.005   Ok  

Design of - Mu = 27.7 kN.m
2 2Select 2 14 with As 3.08 cm  As 2.33 cm   

4.6.4 Design of Shear of Rib (R1)

According to the ACI318M-05 (Sec. 11.1, Eq.11.3)

.   .
6

fc
Vc bw d


  

25.5
.Vc 0.75 150 466 44.12 kN

6
    

0.5 .Vc 22.06 kN 

0.5 .Vc  Vu .Vc   

According to the ACI318M-05 (Sec. 11.5.5.3) min. shear reinforcement

is required.

min

1
.Vs  bw.d

3
  
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min

1
.Vs 0.75 150 466 17.475 kN

3
     

22.06 kN 32.5 kN 44.12 kN 

 Category No.2 Is Satisfied.

3. .fy Av
S

bw


2 2
2π.d π 8

Av 2 2 100.53 mm
4 4


  

3 420 100.53
S 84.45 cm

150

 
  

d 46.6
S 23.3 cm

2 2
  

S 60 cm, Select S 20 cm Use 1 8-Stirrup @ 20 cm   

req

5.20
# of Stirrups 26 Stirrups  Select 26 8@20 cm-Stirrups.

0.2
   

Note:

Vu max= 32.5 Kn. > Vu = 22.5 kN & Vu = 29 kN

  min. Shear reinforcement is required.

For the left span ( Vu = 22.5 kN)

req

1.68
# of Stirrups 8.4 Stirrups  Select 9 8@20 cm-Stirrups.

0.2
   

For the right span ( Vu = 29 kN)

req

3.90
# of Stirrups 19.5 Stirrups  Select 20 8@20 cm-Stirrups.

0.2
   
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4.7 Design of Beam (B12) in the basement floor slab.

4.7.1 Introduction

The envelope for both shear and moment diagrams drawn using

ATIR program as shown below:

Figure (4-10) Beam 12.



-٩٧ -

4.7. 2 Design of Positive moment of Beam (B12)

2.5
d 50 - 4 - 1 -

2


d 43.75 cm

maxDesign of +Mu 215.1 kN.m

Figure (4-11) shear and moments diagrams for Beam12.
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Check if the section can be designed asa singly reinforced section or must be as a doubly

 reinforced section

maxSelect  

125.5 28 0.85fc MPa MPa     

1

0.85 600

fy 600 fyb

fc
 

  
    

0.85 25.5 600
0.85 0.025804

420 600 420b
       

max 0.75 b 

max 0.75 0.025804 0.01935   

420
19.377

0.85 0.85 25.5

fy
m

fc
  

 

 max max . 1- 0.5 .Rn fy m 

 max Rn = 0.01935×420× 1- 0.5×0.01935×19.38  = 6.60 MPa

2
max maxMn  Rn .b.d

2
maxMn 6.60 800 437.5 1011.11 kN.m   

req

Mu 215.10
Mn 239 kN.m

0.9
  


req maxMn 239 kN.m  Mn 1011.11 kN.m  

 Design the section as a singly reinforced section.

6

req 2 2

Mn 239.00 10
 Rn 1.56 MPa

b.d 800 437.5


  



1 2
1 1req

mRn

m fy


 
    

 
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420
19.38

0.85 0.85 25.5

fy
m

fc
  

 

-31 2 19.38 1.56
1- 1- 3.86 10

19.38 420req
  

    
 

req EAs b d  

-3 2
reqAs 3.86 10 ×80×43.75 13.51 cm  

minCheck for As

min

. .
0.25

fc bw d
As

fy




2
min

0.25 25.5 800 437.5
As 10.52 cm

420

 
 

2
min

1.4 800 437.5
Not Less Than As 11.67 cm  Controls

420

 
  

2 2
min reqAs 11.67 cm  As 13.51 cm  

 2 2π
Use 20 with As 2.0 3.14 cm

4
  

2 2
reqSelect 5 20 with As 15.70 cm  As 13.51 cm    

According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check For Yeilding

Tension Compression

T C

. 0.85 . .As fy fc b a

1570 420 0.85 25.5 800 a    
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a 38.03 mm

a 38.03
X 44.74 mm

0.85 0.85
  

s

437.5 - 44.74ε 0.003
44.74

 

sε 0.027 0.005   Ok  

minDesign of +Mu 34.2 kN.m

req

Mu 34.2
Mn 38 kN.m

0.9
  


6

req 2 2

Mn 38.00 10
 Rn 0.25 MPa

b.d 800 437.5


  



1 2
1 1req

mRn

m fy


 
    

 

420
19.38

0.85 0.85 25.5

fy
m

fc
  

 

-41 2 19.38 0.25
1- 1- 6.00 10

19.38 420req
  

    
 

req EAs b d  

-4 2
reqAs 6.00 10 ×80×43.75 2.1 cm  
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minCheck for As

min

. .
0.25

fc bw d
As

fy




2
min

0.25 25.5 800 437.5
As 10.52 cm

420

 
 

2
min

1.4 800 437.5
Not Less Than As 11.67 cm  Controls

420

 
  

2 2
req min As 2.1 cm  As 11.67 cm   

2
req min As   As 11.67 cm  

 2 2π
Use 18 with As 1.8 2.54 cm

4
  

2 2
reqSelect 5 18 with As 12.7 cm  As 11.67 cm    

According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

- Check For Yeilding

Tension Compression

T C

. 0.85 . .As fy fc b a

1270 420 0.85 25.5 800 a    

a 30.76 mm

a 30.76
X 36.19 mm

0.85 0.85
  

s

437.5 - 36.19ε 0.003
36.19

 

sε 0.033 0.005   Ok  
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4.7.3 Design of Negative moment of Beam (B12)

-Mu 248.5 kN.m

2.5
d 50 - 4 - 1 - 43.75 cm

2
 

Check if the section can be designed asa singly reinforced section or must be as a doubly

 reinforced section

max 0.01935Select   

maxMn 1011.11 kN.m  As shown above

req

Mu 248.5
Mn 276.11 kN.m

0.9 0.9
  

req maxMn 276.11 kN.m  Mn 1011.11 kN.m  

 Design the section as a singly reinforced section.
6

req 2 2

Mn 276.11 10
Rn 1.8 MPa

b.d 800 437.5


  



1 2
1 1req

mRn

m fy


 
    

 

420
19.38

0.85 0.85 25.5

fy
m

fc
  

 

-31 2 19.38 1.8
1- 1- 4.49 10

19.38 420req
  

    
 

req EAs b d  

-3 2
reqAs 4.49 10 ×80×43.75 15.70 cm  
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minCheck for As

min

. .
0.25

fc bw d
As

fy




2
min

0.25 25.5 800 437.5
As 10.52 cm

420

 
 

min

2

1.4 .
Not Less Than As

1.4 800 437.5
11.67 cm  Controls

420

bw d

fy


 
  

2 2
req minAs 15.70 cm  As 11.67 cm  

 2 2π
Use 20 with As 2.0 3.14 cm

4
  

2 2
reqSelect 5 20 with As 15.70 cm  As 15.70 cm    

According to Atir Program the limitation of deflection is satisfied and so,no

additional reinforcement is required.

- Check For Yeilding

Tension Compression

T C

. 0.85 . .As fy fc b a

1570 420 0.85 25.5 800 a    

a 38.03 mm

a 38.03
X 44.74 mm

0.85 0.85
  

s

437.5 - 44.74ε 0.003
44.74

 

sε 0.026 0.005   Ok  
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4.7.4 Design of Shear of Beam (B12)

4.7.4.1 Design of Shear of Beam for the Left Span

Vu max = 252 kN. ( For the right span)

.Vc  bw.d
6

fc 
  

25.5
.Vc 0.75 800 437.5 220.93 kN

6
    

min

1
.Vs  . .bw.d

3
  

min

1
.Vs 0.75 800 437.5 87.5 kN

3
     

.Vc  Vu  .Vc + min .Vs    

220.93 kN 252 kN 308.43 kN 

 Category No.3 Is Satisfied

min
min

3 ..

3.

3 420 4 78.54
47.1 cm

800

fy Avbw S
Av S

fy bw

S

  

  
 

d 43.75
S 21.875 cm

2 2
  

S 60 cm, Select S = 20 cm Use 1 10-Stirrup @ 20 cm  
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req

5.97
# of Stirrups =  = 29.85 Stirrups  Select 30 10@20,4 Legs-Stirrups.

0.2
 

4.7.4.2 Design of Shear of Beam for the Right Span

Vu 239.3 kN.m

min

1 1
.Vs . .bw.d 0.75 800 437.5

3 3
87.5 kN

      



min.Vc .Vs 220.93 87.5 308.43 kN     

min.Vc  Vu  .Vc  .Vs     

220.93 239.3 308.43 

 Category No.3 Is Satisfied  min. Shear reinforcement is required. 

min

. . .
.

Av fy d
Vs

S


 

3 0.75 4 78.54 420 437.5
87.5 10

S

   
 

 S 49.48 cm 

d 43.75
S 21.875 cm

2 2
  

S 60 cm, Select S 20 cm Use 1 10-Stirrup @ 20 cm   

req

5.95
# of Stirrups 29.75 Stirrups  Select 30 10, 4legs-Stirrups.

0.2
   
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Note:

Vu max = 252 kN.( For the right span) > Vu max= 193 kN.( For the left span)

  min. Shear reinforcement is required for the left span.

req

2.45
# of Stirrups 12.25 Stirrups  Select 13 10, 4legs-Stirrups.

0.2
   

4.8 Design of Two Way Ribbed Slab

4.8.1 Determination of coefficients

4.8.2 Internal Forces and Moments

2

1.2 1.6

1.2 10.02 1.6 5 20 /

qu D L

qu KN m

   

    

9.19
1.04

8.88

52.2

33.7

13.4

2.82

1.87

Lx

Ly

Kfx

Kfy

Ksy

KAx

KAy

 







Figure (4-12) Rib 5.



-١٠٧-

4.8.3 Determination of bE in X-direction

8.88
2.22

4 4
16 0.15 16 0.1 1.75

/ 0.75

L
bE m

bE bw t

bE C C m

  

     
 

4.8.4 Determination of bE in Y-direction

9.19
2.3

4 4
16 0.15 16 0.1 1.75

/ 0.65

L
bE m

bE bw t

bE C C m

  

     
 

For 0.75 m width in x direction:

20 0.75 15 /

For 0.65 m width in y direction:

20 0.65 13 /

qu kN m

qu kN m

  

  

2 2

2 2

2 2

15 8.88
22.65 . /

52.2

13 8.88
( ) 30.42 . /

33.7

13 8.88
( ) 76.5 . /

13.4

15 8.88
47.23 /

2.82

13 8.88
62.10 /

1.86

qu Lx
Mux kN m m

kfx

qu Lx
Muy kN m m

kfy

qu Lx
Muy kN m m

ksy

qu Lx
Ax kN m

ksx

qu Lx
Ay kN m

ksy

 
  

 
   

 
   

 
  

 
  

Figure (4-13) Structural System For R5.
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22.65 . /

( ) 30.42 . /

( ) 76.5 . /

m fx=1.36

m fy=1.36

22.65 1.36 30.8 . /

( ) 30.42 1.36 41.4 . /

( ) 76.5 1.36 104.04 . /

Increasing of feild  m om ents:

M ux k N m m

M uy k N m m

M uy k N m m

M ux k N m m

M uy k N m m

M uy k N m m


 
 

  
   
   

4.8.5 Design in x -direction

`

M ux 30.8
M nx = 34.22 . /

0.9 0.9
check if a t:

Assume a = t = 10cm

0.85

0.85 25.5 750 100 1625.63

( )
2

1.2
( ) 50 2 0.8 46.6

2 2
0.1

1625.63 (0.466 ) 676.26 .
2

676.26

k N m m

C fc bE t

C k N

a
M n CorT d

d h c s cm

M nx k N m

M nx

 



   
    

  


         

   



2 2

'

. 34.22 . /

M n=34.22kN.m/m

M n 34.22 6
Rn= 0.21

b d 750 466
420

19.38
085 085 25.5

Design as rectangular section with b = bE = 75cm.

reqk N m M n k N m m

a t

E
M pa

fy
m

fc

 

 

 
 

  
 


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4

4 2

1 2
1 1

1 2 19.38 0.21
1 1 5.03 10

19.4 420

5.03 10 75 46.6 1.76

req

req

req

req

m R n

m fy

A s bE d

A s cm











  
    

 
  

      
 

  

    

'

m in

2
min

2

2 2
min

2
min

2
min

0.25
As

0.25 25.5 150 466
As 2

420
Not less than:

1.4 1.4 150 466
2.33

420

1.76 <As 2.33

As 2.33

select 2 14 with As=3.077>As 2.33

Check of yeildi

req

req

fc bw d

fy

cm

bw d
cm

fy

A s cm cm

A s cm

cm

  


  
 

   
 

 

  

 

'

1

Tension = Compression

T=C

0.85

307.7 420 0.85 25.5 750 7.95 .

7.95
9.35 .

0.85

0.003

466 9.35
0.003

9.35
0.147 0.005

ng:

s

A s fy fc bE a

a a m m

a
X m m

B

d x

x

ok

    
      

  


  


 

  
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4.8.6 Design of Positive Reinforcement in y -direction

`

+Muy 41.4
+Mny = 46 . /

0.9 0.9
check if a t:

Assume a=t=10cm

0.85

0.85 25.5 650 100 1408.88

kN m m

C fc bE t

C kN

 



   
    

2 2

( )
2

1.2
( ) 50 2 0.8 46.6

2 2
0.1

1408.88 (0.466 ) 586.09 .
2

586.09 . 46 . /

Mn=46kN.m/m

Mn 46 6
Rn= 0.

b d 650 466

Design as rectangular section with b=bE=65cm.

req

a
Mn CorT d

D
d h c s cm

Mny kN m

Mny kN m Mn kN m m

a t

E

  

         

   

  

 

 
 



'

4

4 2

2 2
min

33

420
19.38

085 085 25.5

1 2
1 1

1 2 19.38 0.33
1 1 7.82 10

19.4 420

7.82 10 65 46.6 2.37

2.37 >As 2.33

select 2 14 with As=3.07

req

req

req

req

req

Mpa

fy
m

fc

m Rn

m fy

A s bE d

A s cm

A s cm cm











  
 
  

    
 
  

      
 

  

    

 

 2
min7>As 2.33cm
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'

1

Tension = Compression

T=C

0.85

307.7 420 0.85 25.5 650 9.18 .

9.18
10.8 .

0.85

0.003

466 10.8
0.003

10.8
0.13 0.005

Check of yeilding:

s

As fy fc bE a

a a mm

a
X mm

B

d x

x

ok

    
      

  


  


 

  

4.8.7 Design of Negative Reinforcement in y -direction

`

-Muy 104.04
-Mny = 155.6 . /

0.9 0.9
check if a t:

Assume a = t = 10cm

0.85

0.85 25.5 650 100 1408.88

( )
2

1.2
( ) 50 2 0.8 46.6

2 2
0.1

1408.88 (0.466 ) 586.09 .
2

kN m m

C fc bE t

C kN

a
Mn CorT d

D
d h c s cm

Mny kN m

 



   
    

  

        

   

586.09 . 115.6 . /

Design as rectangular section with b = bE = 65cm.

reqMny kN m Mn kN m m

a t

  

 


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2 2

'

3

3 2

Mn=115.6kN.m/m

Mn 115.6 6
Rn= 0.82

b d 650 466
420

19.38
0.85 0.85 25.5

1 2
1 1

1 2 19.38 0.82
1 1 1.99 10

19.4 420

1.99 10 65 46.6 5.02

6

req

req

req

req

req

E
Mpa

fy
m

fc

m Rn

m fy

As bE d

As cm

As











 
 

  
 
  

    
 
  

      
 

  

    

 2 2
min

2
min

.02 >As 2.33

select 2 18 with As=5.086>As 2.33

cm cm

cm



 

'

1

Tension = Compression

T=C

0.85

308.6 420 0.85 25.5 650 9.2 .

9.2
10.82 .

0.85

0.003

466 10.82
0.003

10.82
0.12 0.005

Check of yeilding:

s

As fy fc bE a

a a mm

a
X mm

B

d x

x

ok

    
      

  


  


 

  
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4.8.8 Design of Shear

4.8.8.1 Design of Shear Reinforcement in x-direction

'

. (At the critical section)
2

0.8
47.23 15 41.23

2
1 1 1

. . 0.75
2 2 6
1 1 1

. . 0.75 25.5 150 466
2 2 6
1

. . 22.06
2
1

. . 22.06 41.23
2

Shear reinforcement is required.

x

a
Vu Ax qu

Vu kN

Vc fc bw d

Vc

Vc kN

Vc kN Vu

 

   

      

      

 

   



min

min

req

1
. .

2
22.03 41.23 44.06

Catigory No 2 is satisfied.

1
.Vs . . .

3
1

.Vs 0.75 150 466 17.48
3

.Vs min .Vs

min .Vs=17.48

min. reinforcement is required.

Vc Vu Vc

bw d

kN

kN

   

 


  

     

  


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 2 2

3

Assume 8-2legs.

Av=2 8 100.53 .
4

. . .
min .Vs=

0.75 100.53 420 466
17.48 10 844.7

466
233

2 2
Select S=200mm=20cm.

2 2No of stirrups= 40.4 .
5

41 8@ 20 .

req

req
req

mm

Av fy d

S

S mm
S

d
S mm

a a
Lx

stirrups

Select cm




 




  
   

  



 




4.8.8.2 Design of Shear Reinforcement in y-direction

'

min

. (At the critical section)
2
0.8

62.1 13 56.9
2

1 1 1
. . 0.75

2 2 6
1 1 1

. . 0.75 25.5 150 460
2 2 6
1

. . 22.06
2
1

. . 22.06 56.24
2

1
.Vs .

Shear reinforcement is required.

y

a
Vu Ay qu

Vu kN

Vc fc bw d

Vc

Vc kN

Vc kN Vu

 

   

      

      

 

   

  



min

. .
3

1
.Vs 0.75 150 466 17.48 .

3

bw d

kN     
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 

min

req

2 2

. . .Vs

44.12 56.9 44.12 17.48

44.12 56.9 61.6

Catigory No 3 is satisfied.

.Vs min .Vs

min .Vs=17.48

Assume 8-2legs.

Av=2 8 100.53 .
4

min. reinforcement is required.

Vc Vu Vc

kN

mm


    
  
 



  




 

3

. . .
min .Vs=

0.75 100.53 420 466
17.48 10 844.7

466
233

2 2
Select S=200mm=20cm.

2 2No of stirrups= 41.95 .
5

42 8@ 20 .

req

req
req

Av fy d

S

S mm
S

d
S mm

a a
Ly

stirrups

Select cm




  
   

  



 



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4.9 Design of Short Column:

4.9.1 Design of Column (C1) in the Fourth Flour

The Column is an internal one.

req

g

3

3 2

2

Pu = 2578 kN

2578
Pn = = 3966.15 kN

0.65
Use = = 1.5 %

0.8   {0.85 ' ( - 0.85 ' )}

3966.15 10 0.8   {0.85 25.5 0.015 (420 - 0.85 25.5 )}

179.3 10

0.1793

Select 4

g

req

req

req

Pn Ag fc fy fc

Ag

Ag mm

Ag m

 

  

     

 



25cm x 45cm => Ag = 0.2025 m² > 0.1793reqAg m

3 3

3

0.8   {0.85 ' ( - 0.85 ' )}

3966.15 10 0.8 202.5 10  {0.85 25.5   (420 - 0.85 25.5 )}

7.05 10

g

g

g

Pn Ag fc fy fc



 

  

      

  

No reinforcement is required, but Concrete must be reinforced on min.

3

2

7.05 10 (45 45)

14.27 cm

req req

req

req

As Ag

As

As




 

   


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min

min

min min

min

2
min

2
min

2 2

check for As :

1%

0.01 (45 45)

20.25 cm

20.25 cm

Use 6 25 with As = 29.45 cm 20.25 cm

req

As Ag

As

As

As As

 


 
 
  



  

 

4.9.2 Check Slenderness Effect

1
(34 12 40.................................... ACI 10-12-2

2

Klu M

r M
        
   

Lu: Actual unsupported (unbraced) length.

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

R: radius of gyration = 0.3 h =
A

I

1

2.86

0.3 0.3 0.45 0.135

1
1

2

k

lu m

r h

M

M



    



Figure (4-14) Short Column Reinforcement
1.
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 

1
(34 12 40

2

1 2.86
(34 12 1 40

0.135

21.19 22 40

Short Column.

Klu M

r M
        
   
     

 

 



 Slenderness effect must not be considered

4.9.3 Lateral Ties Selection

For Φ 10 mm ties :

16 db (longitudonal bar diameter).......................ACI - 7.10.5.2

48dt (tie bar diameter).

Least dimension.

S

S

S





16 2.5 = 40 cm.

48 1.0 = 48 cm.

45 cm.

S

S

S

 
 


40

Use 10mm ties @ 20 cm spacing.

S cm


Figure (4-15) Short Column Ties.
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4.10 Design of Long Column (C4 in the Basement floor)

4.10.1 Design Of Longitudinal Reinforcement

g

3

3 2

2

Pu = 3809 KN

Pu 3809
Pn = 5860

0.65
Use = 1.5 %

0.8   {0.85 ' ( - 0.85 ' )}

5860 10 0.8   {0.85 25.5 0.015 (420 - 0.85 25.5 )}

264.92 10

0.265

Select 60cm x 60cm

g

req

req

req

kN

Pn Ag fc fy fc

Ag

Ag mm

Ag m





 


  

     

 


2     => Ag = 0.36 m² > 0.265reqAg m

1

4.07

0.3 0.3 0.6 0.18

1& 2 1

k

lu m

r h

M M



    



 

1
(34 12 40

2

1 4.07
(34 12 1 40

0.18

22.6 22 40

Long Column.

Klu M

r M
        
   
     

 

 



 Slenderness effect must be considered

Figure (4-16) Long Column Reinforcement.
.1.
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c

3 3
4

0.4 ............................................................ACI - 318 - 02 (10.12.2)
1

E 4750 ' 4750 25.5 23986.3

1.2 . 3712.92
0.975

3809

0.6 0.6
0.0108

12 12
23986

0.4

c g

d

d

g

E I
EI

fc MPa

D L

Pu

bh
I m

EI










   


  


  

  2

2 2

2 2

.32 0.0108
52.47 .

1 0.975

52.47
31.26 .

( ) (1 4.07)

1
0.6 0.4 1

2

1       .................................................. (10.12.3)
1 ( )0.75

1

381 (

critical

ns

critical

ns

MN m

EI
P MN

k L

M
Cm

M
Cm

ACI
Pu

P

 









 

  
 

   

 
 




3

6

min

min

min

1.19 1
09 10 )

0.75 31.26 10
e 15 0.03        ............................................................... (10- 12.3.2)

15 0.03 600
e 0.033

1000
e e 0.033 1.19 0.039

0.039
0.066

0.6

F

ns

h ACI

m

m

e

h



 


 
  
 

 

    

 

2

2

3809 145
1534.2

0.6 0.6 1000

0.01

0.01 60 60 36

Use 25 with As = 4.91

rom Interaction Diagram
Pn

g

g

Psi
Ag

As b h

As cm

cm





  




  

   




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2 2

36
# of Bars = 7.33

4.91

Select 8 25 with As = 39.28 cm > 36 cm





4.10.2 Design Of The Tie Reinforcement

Spacing 16  db (Longitudinal bar diameter) = 16 2.5 = 40 cm

48  dt (tie bar diameter) = 48 1.0=48 cm.

              Least dimension = 60cm

Use 10 ties @ 20 cm spacing

  
  




Figure (4-17) Long Column Ties.
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4.11 Design of Isolated Footing (F22)

4.11.1 Load Calculation

Total factored load = 1847 kN.

Column Diameter = 60 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 450 kN/m2.

Assume footing to be about (40 cm) thick, in addition to about

(30cm) of Ground Slab.

Footing weight = 1.2 (250.4) = 12 kN/m2.

soil weight above the footing = 1.6 (1.5-0.4) 18 = 31.68 kN/m2.

Base Slab weight = 1.20.325 = 9 kN/m2.

P net = (12+31.68+9) = 52.68 kN/m2.
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4.11.2 Determination of Footing Area

2
req

2 2

1.4

1847
52.68 1.4 450

A = 3.19 m

Try 1.8 1.8 with area = 3.24m 3.19m

net allowable
req

req

req

Pu
P

A

A

A

  

  



  

4.11.3 Determination of Footing Depth

2 2

3 3
(critical )

(critical)

'

1847
- 52.68 622.74 / 1.4 450 630 /

3.24

622.74 10 1800 (600 ) 52.68 10 1800 (600 )

1026.11 (600 )N

1
. 0.75

6
1Φ.Vc = 0.75× × 25.5×1
6

bu net

req req

Pu
P kN m kN m

A

Vu d d

Vu d

Vc fc bw d



 

       

         

  

     

req

req

(critical)

req

req req

req

800×d

Φ.Vc =1136.19 d  N

.

1136.19 d 1026.11 (600 )

28.5

h = d + 7.5 + 1 + 1 = 38 cm.

h = 38 cm .

Select h = 40 cm.

d = 40 - 7.5 - 1 - 1 = 30.5cm

req

Vc Vu

d

d cm



 

   


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4.11.3.1 Design of Footing against Punching(Two way Shear)

-The punching shear strength is the smallest of :

1 2 1 2
1 (1 ) 25.5 3620 305 2787.72

6 6 1c c o
c

V f b d kN


           
 

1 1 40
2 2 25.5 3620 305 2495.08

12 / 12 3620 / 305
s

c c o
o

V f b d kN
b d

            
  

1 1
25.5 3620 305 1858.48 ....

3 3c c oV f b d kN Control    

Where:

c = a / b = 60 / 60 = 1.

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

= 2{(a+d) + (b+d)} = 2{(60+30.5) + (60+30.5)} = 362 cm.

s = 40 ……..……….. For interior column.

1 1
25.5 3620 305 1858.48 ....

3 3c c oV f b d k N Control    

. 0.75 1858.48 1393.86V c kN   

UR

1847 570 (0.905 0.905)

1380.16 .

Φ.Vc = 1393.86kN > V = 1380.16 kN.......ok

UR u bu critical

UR

UR

V P A

V

V kN

  

   



No punching shear failure.
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Figure (4-18) geometry of the foo ng (F22).
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4.11.4 Design Of Bending Moment

4.11.4.1 Design in Plain Concrete

Mn = 0.55 × 0.42 × fc' × Sm .

22
9 31800 (400)

0.048 10
6 6

b h
Sm Sm mm

 
     .

9Mn = 0.55×0.42× 25.5×0.048×10  = 55.99 kN.m .

  ( - ) - 0.5 -
2 2 2 2

1.8 0.6 1.8 0.6
  (622.74 -52.68) 1.8 - 0.5 -

2 2 2 2

184.70 kN.m

bu net

L a L a
Mu P W

Mu

Mu

           
   

          
   



55.99 184.70Mn Mu    ………………….. Not OK.

-Design in plain concrete is not satisfied so, the section of footing

must be reinforced.
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4.11.4.2 Design Of  Bottom Reinforcement

6

2 2

'

3

3

Mu 184.70
Mn =  =   = 205.22 kN.m

0.9

Mn 205.22 10
Rn = 1.23

b d 1800 305
420

19.38
085 085 25.5

1 2
1 1

1 2 19.38 1.23
1 1 3 10

19.38 420

3 10 180

req

req

req

req

Mpa

fy
m

fc

m Rn

m fy

As b d

As














 
 

  
 
  

    
 
  

      
 

  

   230.5 16.51cm 

Check for min. reinforcement

'

min

2
min

2

2

2
min

min

min

0.25

0.25× 25.5×1800×305
As =  = 16.50 cm

420
Not less than:

1.4 1.4 1800 305
18.30 cm

420

1.3 1.3 16.51 21.46

As = 18.30

As  for Shrinkage and temperature:

As

req

fc bw d
As

fy

bw d

fy

As cm

cm

  


   
 

   

min

2
min

 = 0.0018×b×h

As = 0.0018×180×40

As = 12.96cm
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2 2
min minAs = As = 18.30cm As  for shrinkage and temperature =12.96cm

Use 10 Φ 16 (In Each way).

2 2
minAs provided = 20.11 cm (in each way) > As = 18.30cm

-Check of yielding:-

 

3

2011 420 844.6

0.85

844.6 10
2.16

0.85 0.85 25.5 1800

0.85

2.16
2.54

0.85

31.5 2.54
0.003 .003 0.034

2.54
0.034 0.005.......................................

s

T A s fy kN

C f c b a

T C

T
a cm

f c b

a
x cm

d x

x







    
   




  

   


  

 
    

  ........... .OK
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4.11.4.3 Development Length of main Reinforcement

req

(1)

(2)

(2)

2
420

1 1 1 1.6 = 66.54 cm.
2 25.5

Available Ld = 52.5 cm < Ld = 66.54 cm.

0.24 0.24 420
1.6 31.94 .

25.5
0.044 0.044 420 1.6 29.57 .

29.57

req

req

req

fy
Ld db

fc

Ld

fy
Ld db cm

fc
Ld fy db cm

Ld

    


    


   


      

 (1)

(1)

Selected

31.94

180 - 60
Available Ld = -7.5 = 52.5 cm.

2
Available Ld 52.5 cm > 31.94 .

 Using Hook 16

Required Length of Hook 16 16 1.6 = 25.6 cm.

Hook = 28 cm

req

req

cm Ld cm Controls

Ld cm

  



  
   

Required> Hook = 25.6 cm. OK.



-١٣٠-

4.11.4.4Check Transfer of Load at Base of column (Design of Dowels)

(0.85 )Pn fc Ag  

20.65(0.85)(25.5)( 600 ) 3981.5 .
4

Pn kN


   

Pu = 1847 kN.

3981.5 1847Pn kN kN  

 Dowels are not required for load transfer.

005.0min …………………………………………… (ACI -Code-15.8.2.1)

2 2min. dewels 0.005 60 14.14
4

cm


   

Use dowels with the same number of column.

Use 6 Φ 25.

As provided = 29.45cm².

4.11.4.5 Development Length of Dowels

req

req req

420
2.5 51.98 .

4 4 25.5
Available Ld = 40 - 7.5 - 1.6 - 1.6 = 29.3 cm.

Available Ld = 29.3 cm < Ld = 51.98 cm.

 Increase The Footing Depth

h = Ld + 1.6 + 1.6 + 7.5

     = 51.98

req

fy
Ld db cm

fc
   





req

 + 1.6 + 1.6 + 7.5 = 62.68 cm.

Select h = 65 cm > h = 62.68 cm.
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4.12 Design of Combined Footing (F 30,31)

Allowable soil pressure = 450 KN/m²

Column  C 30 ( Diameter = 70 cm)

Total Load = 5542 KN

Column  C 31 ( Diameter = 70 cm)

Total Load = 5542  KN

URP = 5542 + 5542 = 11084kN

Assume footing to be about (75 cm) thick, in addition to about

(30cm) of Ground Slab.

Footing weight = 1.2 (250.75) = 22.5 kN/m2.

soil weight above the footing = 1.6 (1.5-0.75) 18 = 21.6 kN/m2.

Base Slab weight = 1.20.325 = 9 kN/m2.

P net = (22.5+21.6+9) = 53.1 kN/m2.
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4.12.1 Calculation of Required Area of Footing

2
req

2 2

1.4

11084
53.1 1.4 450

A = 19.21 m

Try 6.2 3.2 with area = 19.84m 19.21m

net allowable
req

req

req

Pu
P

A

A

A

  

  



  

Figure (4-19) geometry of Combined Footing (F30,31).
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4.12.2 Determination of Thickness (Depth)

2 2

-  . .

11084
53.1 0 0

19.84

611.77 / 1.4 450 630 /

bu net

Pu Mx My
P Y X

A Ix Iy

kN m kN m

    

   

   

3 3
(critical )

(critical)

'

req

req

(critical)

req

611.77 10 3200 (1250 ) 53.1 10 3200 (1250 )

1957.66 (1250 )N

1
. 0.75

6
1Φ.Vc = 0.75× × 25.5×3200×d
6

Φ.Vc =2019.9 d  N

.

2019.9 d 19

req reqVu d d

Vu d

Vc fc bw d

Vc Vu

          

  

     



 

 

req req

req

57.66 (1250 )

58.7

h = d + 7.5 + 1 + 1 = 68.2 cm.

h = 68.2 cm .

Select h = 70 cm.

d = 70 - 7.5 - 1 - 1 = 60.5cm

req

d

d cm

 



4.12.2.1 Check of Two Way Shear

The punching shear strength is the smallest of:
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1 2 1 2
1 (1 ) 25.5 5220 605 7973.8

6 6 1c o
c

V fc b d kN


           
 

1 1 40
2 2 25.5 5220 605 8819.05

12 / 12 5220 / 605
s

c o
o

V fc b d kN
b d

            
  

1 1
25.5 5420 655 5315.87 ........

3 3c oV fc b d kN Control    

Where:

c = a / b = 70 / 70 = 1.

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

= 2{(a+d) + (b+d)} = 2{(70+60.5) + (70+60.5)} = 522 cm.

s = 40 ……..……….. For interior column.

1 1
25.5 5420 655 5315.87 ........

3 3c oV fc b d kN Control    

. 0.75 5315.87 3986.9V c kN   

( )

( )

( )

5542 (53.1 1.305 1.305) 611.77 (1.305 1.305)

4590.6 .

Φ.Vc = 3986.9 kN < = 4590.6 kN....................NOT OK.

U critical u bu critical

U critical

U critical

Ucritical

V P A

V

V kN

V

  

      



punching shear failure take place so, the depth of footing must be

increased.

Select h = 80 cm.
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d = 80 - 7.5 - 1 - 1 = 70.5 cm

Check of tow way shear:

The punching shear strength is the smallest of:

1 2 1 2
1 (1 ) 25.5 5620 705 10003.9

6 6 1c o
c

V fc b d kN


           
 

1 1 40
2 2 25.5 5420 655 11700.8

12 / 12 5420 / 655
s

c o
o

V fc b d kN
b d

            
  

1 1
25.5 5620 705 6669.2

3 3c oV fc b d kN Control     

Where:

c = a / b = 70 / 70 = 1.

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

= 2{(a+d) + (b+d)} = 2{(70+70.5) + (70+70.5)} = 562 cm.

s = 40 ……..……….. For interior column.

. 0.75 6669.2 5001.9V c kN   

5542 53.1 (1.355 1.355) 611.77 (1.355 1.355)

4516.3 .

Φ.Vc = 5001.9kN > = 4516.3kN..................ok

Ucritical u bu critical

Ucritical

Ucritical

Ucritical

V P A

V

V kN

V

  

      



No punching shear failure.
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4.12.3 Design in x- Direction

0 at S1     +

1.25 1.25
611.77 1.25 3.2 53.1 1.25 3.2

2 2
1396.68 .

Mx

Mx

Mx kN m



       





4.12.3.1 Design of Bottom reinforcement

6

2 2

Mu = 1396.68 kN.m

Mu 1396.68
Mn =  =   = 1551.86 kN.m

0.9

Mn 1551.86 10
Rn = 0.98

b d 3200 705
Mpa




 
 

Figure (4-20) Design of Combined Footing (F30,31) in X-direction.
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'

3

3 2

420
19.38

0.85 0.85 25.5

1 2
1 1

1 2 19.38 0.98
1 1 2.38 10

19.38 420

2.38 10 320 70.5 53.65

req

req

req

req

fy
m

fc

m Rn

m fy

A s b d

A s cm











  
 
  

    
 
  

      
 

  

    

Check for min. reinforcement

'

min

2
min

2

2 2
min

2

min

0.25

0.25× 25.5×3200×705
As =  = 67.81 cm

420
Not less than:

1.4 1.4 3200 705
75.2

420

1.3 1.3 53.65 69.75 As = 75.2

As = 69.75

As  for Shrinkage and temp

req

fc bw d
As

fy

bw d
cm

fy

As cm cm

cm

  


   
 

    

min

min

2
min

2

2 2
req

erature:

As = 0.0018×b×h

As = 0.0018×320×80

As = 46.1cm

As = 69.75cm

Use 23 20 with As = 72.26 cm > As = 69.75cm




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-Check of yielding:-

 

3

7226 420 3034.9

0.85

3034.9 10
4.38

0.85 0.85 25.5 3200

0.85

4.38
5.15

0.85

65.5 5.15
0.003 .003 0.035

5.15
0.035 0.005.....................................

s y

c

s

T A f kN

C f c b a

T C

T
a cm

f b

a
x cm

d x

x







    

   



  

   



  

 
    

  ............. .OK

4.12.3.2 Development Length of main Reinforcement

req

2
420

1 1 1 2 = 83.17 cm.
2 25.5

Available Ld = 125 - 7.5 = 117.5 cm.

Available Ld = 117.5 cm > Ld = 83.17 cm. OK.

fy
Ld db

fc

Ld

    


    


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4.12.3.3 Design of Bending Moment about S3

0

3.1 3.1
5542 1.5 53.1 3.1 3.2 611.77 3.1 3.2

2 2
277.11 .

No top reinforcement.

Mx

Mx

Mx kN m

 

         

 




Design of shrinkage and temperature reinforcement:

min

min

min

2
min

2
req min

2 2
req

As  for Shrinkage and temperature:

As = 0.0018×b×h

As = 0.0018×320×80

As = 46.1cm

As = As for Shrinkage and temperature = 43.2cm

Use 23 16 with As = 46.24 cm > As = 46.1cm





4.12.3.4 Design of Bottom Reinforcement at S3

6

2 2

'

4

M u = 277.11 kN.m

M u 277.11
M n =  =   = 307.9 kN.m

0.9

M n 307.9 10
Rn = 0.19

b d 3200 705
420

19.38
0.85 0.85 25.5

1 2
1 1

1 2 19.38 0.19
1 1 4.63 10

19.38 420

req

req

req

M pa

fy
m

fc

m R n

m fy

A s












 
 

  
 
  

    
 
  

      
 

 
4 24.63 10 320 70.5 10.45req

b d

A s cm



    
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Check for min. reinforcement

'

min

2
min

2

2 2
min

2

min

0.25

0.25× 25.5×3200×705
As =  = 67.81 cm

420
Not less than:

1.4 1.4 3200 705
75.2

420

1.3 1.3 10.45 13.59 As = 75.2

As = 13.59

As  for Shrinkage and temp

req

fc bw d
As

fy

bw d
cm

fy

As cm cm

cm

  


   
 

    

min

2
min

2 2
req

2 2
req

erature:

As = 0.0018×b×h

As = 0.0018×320×80= 46.1cm

As = 46.1cm As = 13.59

Use 15 20 with As = 47.12 cm > As = 46.1cm

cm 



4.12. 4 Design in y- Direction

0 at S4     +

1.25 1.25
611.77 1.25 6.2 53.1 1.25 6.2

2 2
2706.06 .

Mx

Mx

Mx kN m



       




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4.12.4.1 Design of Bottom Reinforcement

6

2 2

'

3

Mu = 2706.06 kN.m

Mu 2706.06
Mn =  =   = 3006.73 kN.m

0.9

Mn 3006.73 10
Rn = 0.98

b d 6200 705
420

19.38
0.85 0.85 25.5

1 2
1 1

1 2 19.38 0.98
1 1 2.39 10

19.38 420

req

req

Mpa

fy
m

fc

m Rn

m fy

A s



 




 
 

  
 
  

    
 
  

      
 

3 22.39 10 620 70.5 104.4

req

req

b d

A s cm




  

    

Figure (4-21) Design of Combined Footing (F30,31) in y-direction.
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Check for min. reinforcement

'

min

2
min

2

2 2
min

2

min

0.25

0.25× 25.5×6200×705
As =  = 131.4 cm

420
Not less than:

1.4 1.4 6200 705
145.7

420

1.3 1.3 104.4 135.72 As 145.7

135.72

As  for Shrinkage and

req

req

fc bw d
A s

fy

bw d
cm

fy

A s cm cm

A s cm

  


   
 

     

 

min

min

2
min

2

2 2
req

temperature:

As = 0.0018×b×h

As = 0.0018×620×80

As = 89.28cm

135.76  Contols

Use 44 20 with As = 138.23 cm > As = 135.72cm

reqA s cm 



-Check of yielding:-

 

3

13823 420 5805.7

0.85

5805.7 10
4.32

0.85 0.85 25.5 6200

0.85

4.32
5.08

0.85

65.5 5.08
0.003 .003 0.0356

5.08
0.0356 0.005..................................

s y

c

c

s

T A f kN

C f b a

T C

T
a cm

f b

a
x cm

d x

x







    

   




  

   



  

 
    

  ................ .OK
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4.12.4.2 Development length of main Reinforcement:

req

2
420

1 1 1 2 = 83.17 cm.
2 25.5

Available Ld = 125 - 7.5 = 117.5 cm.

Available Ld = 117.5 cm > Ld = 83.17 cm. OK.

fy
Ld db

fc

Ld

    


    



4.12.5 Design Of Top Reinforcement

min

min

min

2
min

2 2
req

As  for Shrinkage and temperature:

As = 0.0018×b×h

As = 0.0018×620×80

As = 89.28cm

Select 45Φ16 with As = 90.48cm >As = 89.28 cm .

4.12.5.1 Check Transfer of Load at Base of Column (Design of Dowels)

2 3

2

(0.85 )

0.65 (0.85 25.5 700 420) 5542 10
4

4.4

req

req

req

Pn fc Ag As fy Pu

Pn As

As cm



       

         

 

005.0min ………………………………..…… (ACI -Code-15.8.2.1)

2 2min. dowels 0.005 70 19.24
4

cm


   

Use dowels with the same number of column.
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Use 8 Φ 25.

As provided = 39.3cm².

4.12.5.2 Development Length of Dowels

req

420
2.5 51.98 .

4 4 25.5
Available Ld = 80 - 7.5 - 2 - 2 = 68.5 cm.

Available Ld = 68.5 cm > Ld = 51.98 cm. OK

req

fy
Ld db cm

fc
   




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4.13 Design of Strip Footing (Under Basement Wall).

4.13.1 Load Calculations

-Nominal Dead Load = 58.32 kN/m.

Nominal Live Load = 58.32 kN/m.

Total (D.L) of the Wall = 25.5 5.57 0.3 1 42.61 /kN m   

Weight of concrete footing = 0.3 25.5 1 bx = 7.65 bx kN   

Weight of soil above footing =  = 1.2 18 1 bx = 21.6 bx kN   

Weight of base slab =  = 1.2 18 1 bx = 21.6 bx kN   

4.13.2 Determination of Footing Depth

-Allowable soil pressure = 450 KN/m²

-Assume footing thickness = 30 cm > h min = 25cm.
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58.32 1 29.1 1 25.5 5.57 0.3 1 0.3 25.5 1 bx + 1.2 18 1 bx + 0.3 25.5 1 bx
450

1 bx
129.2 36.6 bx 450 bx

bx = 0.31m

Select bx =1m

allowable

P

A


                



   




4.13.3 Check of Shear

1.2 58.32 1 1.6 29.1 1 1.2 25.5 5.57 0.3 1 1.2 0.3 25.5 1 1 +1.6 1.2 18 1 1 +1.2 0.3 25.5 1 1

219.23
critical

critical

Pu

Pu kN

                       



2 2219.23
219.23 / 1.4 450 630 /

1 1
TotalPu

kN m kN m
Area

    


Figure (4-22) Geometry of Strip Footing.
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For 1m strip

For 1m strip

'

1.2 0.3 25.5 1 +1.6 1.2 18 1 +1.2 0.3 25.5 1

52.56 /

219.32 (0.35) 52.56 (0.35) 58.37

1
. 0.75 .

6
30 7.5 1 1 20.5

1
. 0.75 25.5 1000 205 129.4

6
.

Pu

Pu kN m

Vu kN

Vc fc b d

d cm

Vc kN

Vc

         



    

     

    

      

 129.4 58.37

 The Depth of Footing is Satisfied.

kN Vu kN 



4.13.4 Design of Bending Moment

req

2

6

2

0.35 0.35
219.23 0.35 52.56 0.35

2 2
13.43 3.2

10.23 .

Mu 10.23
Mn =   =   = 11.37 kN.m.

0.9 0.9
Mn

Rn =
b×d

11.37×10
Rn = =0.27Mpa.

1000 205

Mu

Mu

Mu kN m

     

 



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'

4

0.85
420

m =  = 19.38
0.85×25.5

21
1- 1-

1 2 0.27 19.38
1- 1- 6.5 10

19.38 420

n
req

req

fy
m

fc

m R

m fy


 




  
   

 
  

    
 

4

2

'

min

2
min

2

2
req

mi

6.5 10 100 20.5

1.33 /

0.25

0.25× 25.5×100×20.5
As =  = 6.16cm /

420
Not less than:

1.4 1.4 100 20.5
6.83 /

420

1.3 As 1.3 1.33 1.73 cm /

As

req req

req

req

As b d

As

As cm m

fc b d
As

fy

m

b d
cm m

fy

m




  

   



  


   
 

   

n

min

min

2
min

 for Shrinkage and temperature:

As = 0.0018×b×h

As = 0.0018×100×30

As = 5.4 cm / m

2 2

req

Select 5Φ12 cm with As = 5.65 cm /m > 5.4 cm /m.

1.13
S = ×100 =20cm

5.65
Select Φ12@20 cm.
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4.13.4.1 Development Length of main Reinforcement

req

(1)

(2)

2
420

1 1 1 1.2 = 49.9 cm.
2 25.5

Available Ld = 35-7.5 = 27.5 cm.

Available Ld = 27.5 cm < Ld = 49.9 cm.

0.24 0.24 420
1.2 23.95 .

25.5
0.044 0.044 4

req

req

fy
Ld db

fc

Ld

fy
Ld db cm

fc
Ld fy db

    


    


   


    

(2) (1)

(1)

Selected Re

20 1.2 21.67 .

29.57 31.94

Available Ld =27.5 cm > 23.95 .

 Using Hook 16

Required Length of Hook 16 16 1.2 = 19.2 cm.

Hook = 20 cm > Hook

req req

req

cm

Ld cm Ld cm Controls

Ld cm

 

   



  
   

quired  = 19.2 cm. OK.

4.13.4.2 Design of Secondary Bottom Reinforcement

min

min

min

2
min

As  for Shrinkage and temperature:

As = 0.0018×b×h

As = 0.0018×100×30

As = 5.4 cm /

Select Φ12@20 cm.

m
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4.13.6 Check Transfer of Load at Base of Column (Design of Dowels)

3

2

min

min

1.2 5.57 25.5 0.3 1 +1.2 58.32 1 +1.6 29.1 1=127.9 kN

(0.85 )

0.65 (0.85 25.5 1000 300 420) 127.9 10

150.14

As min. is required

As = 0.0012 Ag

As = 0.

req

req

req

Pu

Pn fc Ag As fy Pu

Pn As

As cm

        

       

         

  




2
min

0012 100 30

As = 3.6 /cm m

 

2 2

2 2

1.8 cm /m < As for the outer face of basement wall = 7.8 cm /m

1.8 cm /m < As for the inner face of basement wall = 12.56 cm /m

Select As to be the same as As for the basement wall.
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4.13.7 Development Length of Dowels

(1)

(2)

(1)

Available Ld = 30 - 7.5 - 1.2 - 1.2= 20.1 cm.

420
2 41.59 .

4 4 25.5
0.044 0.044 420 2 36.96 .

Available Ld = 20.1 cm < = 41.59 cm.

 Increase The Footing Dept

req

req

req

fy
Ld db cm

fc
Ld fy db cm

Ld

   


      



req req

req

h

h = Ld + 1.2 + 1.2 + 7.5

     = 41.59 + 1.2 + 1.2 + 7.5 = 51.49 cm.

Select h = 55cm > h = 51.49 cm.
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4.14 Design of Mat Foundation

Allowable soil pressure = 450 KN/m²

Total weight of each Shear wall = 202.2 kN/m.

Load on each Shear wall from Solid Slab:

SH.6 = 3.38 kN/m.

SH.7 = 3.38 kN/m.

SH.14 = 10.875 kN/m.

SH.15 = 4.125 kN/m.

Figure (4-23) Geometry of Mat Foundation.
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Dead Load from Ribbed Slab on SH.15 = 39 kN/m.

Live Load from Ribbed Slab on SH.15 = 18 kN/m.

UP = 1.2 39 1.6 18 75.6 /kN m   

Dead Load from Ribbed Slab on SH.7 = 22 kN/m.

Live Load from Ribbed Slab on SH.7 = 10 kN/m.

UP = 1.2 22 1.6 10 42.4 /kN m   

Total Loads on each Shear wall:

SH.15 = 75.6 + 202.2 + 4.13 = 281.9 kN/m.

SH.6 = 3.38 +202.2 = 205.6 kN/m.

SH.14 = 5.4 + 10.875 + 202.2 = 218.5 kN/m.

SH.7 = 3.38 + 42.4 + 202.2 = 248 kN/m.

Assume footing to be about (65 cm) thick > h min. = 25 cm.

Soil weight above the footing = 1.6 (1.5 – 0.65)  (2.62-22)18 =

67.56 kN.

Base Slab weight = 1.20.325 (2.62-22) = 24.84 kN.

Footing weight = 1.20.652.62.6= 5.27 kN.

PTotal = 1708 + 5.27 + 24.84 + 67.56 = 1951 kN.
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4.14.1 Calculation of Required area of Footing

2
req

2 2

1.4

1951
1.4 450

A = 3.1 m

Try 2.6 2.6 with area = 6.7 m 3.1m

allowable
req

req

req

Pu

A

A

A

 

 



  

4.14.2 Eccentricity Calculations

0          +

281.9 0.9 218.5 0.9

57.1 .

Mx

Mx

Mx kN m



   




max

0          +

248 0.9 205.6 0.9

38.16 .

38.16
0.02

1951

57.1
0.03

1951

2.6
0.03 0.43

6 6

x
Ru

y
Ru

My

Mx

Mx kN m

My
e m

P

Mx
e m

P

bx
e ey m



   


   

   

     


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4.14.3 Determination of Bearing Pressure

3 3
42.6 2.6

3.81
12 12

P
 . .Ru

P

b h
Ix Iy m

Mx My
Y X

A Ix Iy


 
    

   

2

2

2

1951 57.1 38.16
1.3 1.3 321.1 /

2.6 2.6 3.81 3.81
1951 57.1 38.16

1.3 1.3 308.1 /
2.6 2.6 3.81 3.81

1951 57.1 38.16
1.3 1.3 256.1 /

2.6 2.6 3.81 3.81
1951 57.1 38.16

1.3
2.6 2.6 3.81 3.8

A

A

A

A

kN m

kN m

kN m









      


      


      


    


2

2 2
max

1.3 282.1 /
1

321.1 / 1.4 1.3 450 819 /

kN m

kN m kN m ok

 

      

4.14.4 Design of Shear

'

d = 65 - 7.5 - 1 - 1 = 55.5 cm.

1
. 0.75

6
1Φ.Vc = 0.75× × 25.5×2600×555
6

Φ.Vc =910.85

Vc fc bw d

kN

     
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2
( , )

( , )

( , )

321.1 308.1
314.6 /

2

1.2 25 0.65 0.3 2.6+1.2 25 0.3 0.3 2.6+1.6 18 0.85 0.3 2.6

41.32 .

314.6 (2.6 2.6) 41.32

2041 .

Φ.Vc =910.85 2041

A B

A B

A B

kN m

Vu A P

P

P kN

Vu A P

Vu

Vu kN

kN Vu kN








 

  

            


  

   


 

4.14.5 Design of Bending Moment

By using the software analysis the result of moment were:
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In x-direction

Figure (4-24) Moment in x-direction.
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In y-direction

Figure (4-25) Moment in y-direction.
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4.14.6 Design of Bottom Reinforcement

6

2 2

'

4

Mu = 15.7 kN.m

Mu 15.7
Mn =  =   = 17.4 kN.m

0.9

Mn 17.4 10
Rn = 0.056

b d 1000 555
420

19.38
0.85 0.85 25.5

1 2
1 1

1 2 19.38 0.056
1 1 1.35 10

19.38 420

req

req

req

Mpa

fy
m

fc

m Rn

m fy

As b d

A












 
 

  
 
  

    
 
  

      
 

  
4 21.35 10 100 55.5 0.75 \reqs cm m    

'

min

2
min

2

2 2

2
min

min

0.25

0.25× 25.5×1000×555
As =  = 16.68 cm \

420
Not less than:

1.4 1.4 1000 555
18.5 \

420

1.3 1.3 0.75 0.98 \ 18.5 \

As = 0.98 \

As  for Shrinkage and te

req

fc bw d
A s

fy

m

bw d
cm m

fy

A s cm m cm m

cm m

  


   
 

    

min

min

2
min

mperature:

As = 0.0018×b×h

As = 0.0018×100×65

As = 11.7cm \ m
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2
min

2 2
req

As = As = 11.7 cm \

Use 6 16 with As = 12.05 cm /m > As = 11.7 cm \ in Both Directions

m

m





-Check of yielding:-

 

3

3220 420 1352.4

0.85

1352.4 10
2.4

0.85 0.85 25.5 2600

0.85

2.4
2.8

0.85

55.5 2.8
0.003 .003 0.056

2.8
0.056 0.005..........................................

s y

c

c

s

T A f kN

C f b a

T C

T
a cm

f b

a
x cm

d x

x







    

   




  

   



  

 
    

  ........ .OK

4.14.7 Design of Top Reinforcement

6

2 2

'

Mu = 16.6 kN.m/m

Mu 16.6
Mn =  =   = 18.4 kN.m

0.9

Mn 18.4 10
Rn = 0.059

b d 1000 555
420

19.38
0.85 0.85 25.5

Mpa

fy
m

fc




 
 

  
 
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4

4 2

1 2
1 1

1 2 19.38 0.059
1 1 1.42 10

19.38 420

1.42 10 100 55.5 0.79

req

req

req

req

m Rn

m fy

As b d

As cm











  
    

 
  

      
 

  

    

'

min

2
min

2

2 2

2
min

min

0.25

0.25× 25.5×1000×555
As =  = 16.68 cm \

420
Not less than:

1.4 1.4 1000 555
18.5 \

420

1.3 1.3 0.79 1.03 \ 18.5 \

As = 1.02 \

As  for Shrinkage and te

req

fc bw d
A s

fy

m

bw d
cm m

fy

A s cm m cm m

cm m

  


   
 

    

min

min

2
min

mperature:

As = 0.0018×b×h

As = 0.0018×100×65

As = 11.7cm \ m

2
min

2 2
req

As = As = 11.7 cm \

Use 6 16 with As = 12.05 cm /m > As = 11.7 cm \ in Both Directions

m

m




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4.14.8 Check Transfer of Load at Base of Column (Design of Dowels)

3

2

min

min

2
min

2

(0.85 )

563.8 10 0.65 (0.85 25.5 2000 200 420)

185

As min. is required

As = 0.0012 Ag

As = 0.0012 200 20

As = 4.8

As = 2.4 /

req

req

req

Pn fc Ag As fy Pu

As

As cm

cm

cm m

       

       

  



 

2 2

2 2

1.8 cm /m < As for the outer face of basement wall = 7.8 cm /m

1.8 cm /m < As for the inner face of basement wall = 12.56 cm /m

Select As to be the same as As for the Shear wall.

4.14.9 Development Length of Dowels

(1)

(2)

(1)

Available Ld = 65 - 7.5 - 1.6 - 1.6= 54.3 cm.

420
2 41.59 .

4 4 25.5
0.044 0.044 420 2 36.96 .

Available Ld = 54.3 cm > = 41.59 cm.

req

req

req

fy
Ld db cm

fc
Ld fy db cm

Ld

   


      
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4.15 Design of Stair(1)

4.15.1 Determination of Slab Thickness

- L = 0.4+3.3+0.4 = 4.1 m.

- hreq = L/ 20.

-hreq = 4.1 / 20 = 0.2 m = 20 cm.

 Use h = 20cm ( and the Limitation of Deflection will be considered ).

req Selected

req

400

 h  =  Modification factor  h

  M = ( 0.4  )
700

420
 M = ( 0.4  ) = 1.00

700
 h = 1 20 = 20 cm.

fy MPa

fy
Modification factor


 

 

 

 

Figure (4-26) Structural System of Stair 1.
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-θ = tan-1(17 / 30) = 29.54o.

-Cos θ = 0.870.

4.15.2 Load Calculations

-Dead Load

33
Vertical Tiles = 0.04 23  ( ) = 1.01 kN/m².

30
17

Horizontal Tiles = 0.03 23  ( ) = 0.39 kN /m².
30
17

Vertical mortar = 0.03 2.2   ( ) = 0.37 kN /m².
30

Horizontal mortar = 0.03 22= 0.66 kN/m².

(0
Plaster =

 

 

 


.02 22)

 = 0.76 kN/m².
(Cos 29.54)

0.17
Steps = ( ) 25 = 2.13 kN/m².

2
0.12 25

Slab =  = 5.75 kN/m² .
Cos 29.54

Total dead load = 11.07 kN/ m² .







-Live Load

- Live load for stairs = 5 kN/m².

-Factored Load

-For one meter strip:

 qu =1.2D.L + 1.6L.L

qu =1.2 11.07 + 1.6 5 = 21.28 kN/m.  
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4.15.3 Design of Shear

'

2
21.28×3.3

Vu =  = 35.1kN.
2

1
. 0.75 .

6
1

. 0.75 25.5 1000 .
6

qu L
Vu

Vc fc bw d

Vc d




     

     

3

req Selected

Selected

631.22 d = 35.1 10

d = 5.56 cm

 h = 5.56 + 2 + 1 = 8.56 cm  h = 20 cm.

 h = h = 20 cm.

And No Shear Reinforcement is Required

 

 



Figure (4-27) Shear diagram  of Stair 1.
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4.15.4 Design of Bending Moment

The Following figure shows the Moment Envelope acting on the stair.

See figure (4-34).

req

Mu = 43 kN.m

Mu 43
Mn =   =   = 47.8 kN.m.

0.9 0.9

Assume Ø 12 for main reinforcement:

d = 20 – 2 - 1 = 17cm.

Figure (4-28) Moment diagram  of Stair 1.
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3

2

'

min

2
min

2

min

4.1 10 1000 170

6.97 /

0.25

0.25× 25.5×1000×170
As =  = 5.11cm

420
Not less than:

1.4 1.4 1000 170
5.67

420

As  for Shrinkage and temperature:

req req

req

req

As b d

As

As cm m

fc bw d
As

fy

bw d
cm

fy




  

   



  


   
 

min

min

2
min

As = 0.0018×b×h

As = 0.0018×100×20

As = 3.6cm

2

6

2

'

-3

Mn
Rn =

b×d

47.8×10
Rn = =1.65Mpa.

1000 170

0.85
420

m =  = 19.38
0.85×25.5

21
1- 1-

1 2 1.65 19.38
1- 1- 4.1 10

19.38 420

n
req

req

fy
m

fc

m R

m fy









  
   

 
  

    
 
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2 2
req min

2
req

2

req

req

As = 6.97cm > As = 5.67cm

As = 6.97cm

Select 12 with As = 1.13

1.13
S = ×100 =16.2cm

6.97
Select S = 15cm.

S = 15 cm < S = 16.2 cm

S = 15 cm < 3×h = 60 cm

S = 15 cm < 45 cm.

Select Φ12/15cm wit

cm

2 21.13×100
h As =  = 7.53cm /m > 6.97cm /m.

15

Check of yielding:

 

3

1

1

s

s

T = C

754 420 316.7

0.85

316.7 10
14.6

0.85 0.85 25.5 1000

0.85

14.6
17.2

0.85

d-xε  = × 0.003
x

170-17.2ε  = × 0.003 = 0.026
17.2

0.026 > 0.005    OK.

c

T A s fy kN

C fc b a

C
a mm

fc b

a
X mm





    
   


  

   



  

 
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4.15.4.1 Development Length of the Bars

req

2
420

1 1 1 1.2 49.9 .
2 25.5

Ld available > Ld = 49.9 cm OK

fy
Ld db

fc

cm

      


     



4.15.4.2 Design of Lateral Reinforcement

2

main

2

2

req

As = As for Shrinkage and temperature:

As = 0.0018×b×h

As = 0.0018×100×20

As = 3.6 cm

Not less than:

0.2×As

= 0.2×7.53 = 1.5 cm /m.

Select Φ12 with As = 1.13cm .

1.13
S = ×100 = 31.39cm

3.6
Select S = 30 c

2 2
req

m.

1.13 100
Select Φ12/30cm with As =  = 3.76 cm /m >As = 3.6 cm /m.

30


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Figure (4-29) Reinforcement of Stair 1.
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4.15.5 Design of Landing

Design as one way solid slab.

4.15.5.1 Load Calculations

Dead load of Tiles = 0.0423 = 0.92 kN/m².

Dead load of mortar = 0.0322 = 0.66 kN/m².

Dead load of slab = 0.225 = 5 kN/m².

Dead load of plaster = 0.0322 = 0.66 kN/m².

Total dead load = 7.27 kN/m².

Live load on the landing = 5 kN/m².

Reaction (factored) of the stair on the landing = 35.1 kN/m.

 Factored Total load/m.

= Factored (D.L) + Factored (L.L) + Reaction of the stair

= (1.27.24) + (1.65) + 35.1

= 51.79 kN/m.
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4.15.5.2 Design of Shear

qu×L
Vu =

2
51.79×2.9

Vu =  = 75.1kN.
2

1
. 0.75 .

6
1Φ .Vc = 0.75× × 25.5×1000×170.
6

Φ .Vc = 107.31kN.

Φ .Vc = 107.31kN > Vu = 75.1kN.

No shear reinforcement is required.

V c fc bw d     



4.15.6 Design of Main Reinforcement

By using -Atir -software the Envelope Moment is :

Mu = +54.4 kN.m .

Figure (4-30) Moment diagram  of Landing .



-١٧٣-

-3
req

2
req

'

min

2
min

2

2 2
min

As = (5.24×10 )×100×17

As = 8.9 cm /m

0.25

0.25× 25.5×1000×170
As =  = 5.11cm .

420
Not less than:

1.4 1.4 1000 170
5.67

420

8.9  > As 5.67

Select

req req

req

As b d

fc bw d
As

fy

bw d
cm

fy

As cm cm

  

  


   
 

 
212 with As = 1.13cm

req

n 2

6

n 2

'

-3

Mu
Mn  =

0.9
54.4

           =  = 60.44 kN.m.
0.9

Mn
R =

b×d

60.44×10
R =  = 2.09Mpa.

1000×170

0.85
420

19.38
0.85 25.5

21
1 1

1 2 2.09 19.38
1- 1- 5.24 10

19.38 420

n
req

req

fy
m

fc

m

m R

m fy







 

  

    
 
  

    
 
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req

req

req

2 2

1.13
S = ×100 = 12.7 cm.

8.9
Select S = 10 cm < S .

S = 10cm < S = 12.7 cm.

S = 10cm < 3×h = 60 cm.

S = 10cm < 45 cm.

Select Φ12/10 cm with As = 11.3cm > 8.9 cm .

Check of yielding:

 

3

1

1

s

T = C

1130 420 474.6 .

0.85

474.6 10
21.9

0.85 0.85 25.5 1000

β = 0.85

a 21.9
X =  =  = 25.76 mm

β 0.85

d-x 170-25.76ε  = × 0.003  = × 0.003 = 0.0168
x 25.76

0.0168 > 0.005    OK

E

E

T As fy kN

C fc b a

C
a mm

fc b

    
   


  

   

  .

4.15.6.1 Design of Secondary Reinforcement

req

req

req

2
req

As = As for Shrinkage and temperature:

As = 0.0018×b×h

As = 0.0018×100×20.

As = 3.6 cm .
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main

2

2

req

req

Not less than:

0.2×As

 = 0.2×11.3=2.26 cm /m.

Select 12 with As = 1.13 cm .

1.13
S = ×100 = 31.4 cm.

3.60
Select S = 25 cm.

S = 25 cm < S = 31.4 cm.

S = 25 cm < 3×h = 60 cm.

S = 25 cm < 45 cm.

Select Φ



2 2
req12/25cm with As = 4.52cm > As = 3.6 cm .

4.15.6.2 Design of Top Reinforcement

main

2

2 2
req

1
As  ×As

3
1

As = ×11.3 = 3.77 cm .
3

Select Φ10/20cm with As = 3.93cm > As = 3.77 cm .

L 0.15×L

L 0.15×2.9 = 0.44 m.

L = 0.44 + 0.1= 0.54 m

Select L = 60cm.






The Design of Both Landings Is The Same.
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4.16 Design of Two Way Solid Slab

4.16.1 Load Calculations

- Dead load of slab = 0.15×25 = 3.75 kN/m².

- Dead load of plastering = 0.03×22 = 0.66 kN/m².

-Total dead load = 4.41 kN/m².

-Live load on the landing = 2 kN/m².

min

min

4.6

7.30

7.40
1.61 2.

4.6
Two way solid slab.

h = 125 mm.

Select h = 150 mm > h = 125 mm.

12.7

36.1

1.87

For 1m strip:

qu = 1.2×D+1.6×L

qu = 1.2×4.41+1.6×2 = 8.49 kN/m

Lx m

Ly m

Ly

Lx

Kfx

Kfy

KAx KAy




  





 

Figure (4-31) Two Way Solid Slab .
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2 2

2 2

qu×Lx 8.49×4.6
Mux =  =  = 14.10 kN.m/m

kfx 12.7

qu×Lx 8.49×4.6
Muy =  =  = 4.98 kN.m/m

kfy 36.1

qu×Lx 8.49×4.6
Ay = Ax =  =  = 20.88 kN/m

kAx 1.87

Mux = 14.10 kN.m/m

Muy = 4.98 kN.m/m

Increasing of field moments:

m

'

1.2

1.2

Mux = 14.10×1.2 = 16.92 kN.m/m

Muy = 4.98×1.2 = 5.97 kN.m/m

20.88 .

1
. 0.75 .

6
1

. 0.75 25.5 1000 120.
6

. 75.75 .

. 75.75 20.8

4.16.2 Design of Shear Reinforcement

fx

mfy

V u kN

V c fc bw d

V c

V c kN

V c kN V u






     

     

 
    8 .

No shear reinforcement is required.

kN


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4.16.3 Design of Reinforcement In x-Direction

2

6

2

'

Mux
Mnx  =

0.9
16.92

          =
0.9

          = 18.8 kN.m/m

Mn
Rn =

b.d

18.8×10
Rn =  = 1.3Mpa.

1000 120

0.85
420

19.38
0.85 25.5

1 2
1 1

1 2 1.3 19.38
1 1 3.

19.38 420

req

req

fy
m

fc

m

m Rn

m fy









 

  

    
 
  

     
 

3

-3
req

2
req

'

min

2
min

2

19 10

As = (3.19×10 )×100×12

As = 3.83cm / m.

Check for min. Reinforcement

0.25

0.25× 25.5×1000×120
As =  = 3.66cm /m.

420
Not less than:

1.4 1.4 1000 120
4 /

420

req reqAs b d

fc bw d
As

fy

bw d
cm

fy





  

  


   
  .m
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2
req

2
req min

req min

min

min

2
min

1.3×As = 1.3×3.83 = 4.97 cm /m.

As = As = 4 cm / m.

As  Shall not be less than As  for shrinkage and temperature:

As = 0.0018×b×h

As = 0.0018×100×15

As = 2.7 cm /m.

 Select 12 with As = 1.



  213 cm .

req

req

req

2 2

1.13
S = ×100 = 28.25 cm.

4
Select S = 25 cm < S .

S = 25cm < S = 28.25 cm.

S = 25cm < 3×h = 45 cm.

S = 25cm < 45 cm.

Select 12/25 cm with As = 4.52cm /m > 4 cm /m.

4.16.4 Design of Reinforcement In y-Direction

2

6

2

'

Muy
Mny  =

0.9
5.97

         =
0.9

         = 6.63 kN.m/m

Mn
Rn =

b.d

6.63×10
Rn =  = 0.55 Mpa.

1000 110

0.85
420

19.38
0.85 25.5

fy
m

fc

m






 

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3

21
1 1

1 2 0.55 19.38
1 1 1.33 10

19.38 420

n
req

req

m R

m fy


 

  
    
 
  

      
 

-3
req

2
req

x

2 2

'

min

2
min

As = (1.33×10 )×100×11

As = 1.46 cm /m.

Asy 0.2×As

Asy = 1.46 cm / m > 0.2×4.52 = 0.9 cm / m.

0.25

0.25× 25.5×100×11
As =  = 3.31cm /m.

420

Not less than:

1.4 1.4 1

req reqAs b d

fc bw d
As

fy

bw d

fy

  



  


  
 2

2 2
req min

2
req

req min

min

min

00 11
3.67 / .

420

1.3×As = 1.3×1.46 = 1.9 cm /m < As = 3.67 / .

 Select As 1.9 cm /m.

As  Shall not less than As  for shrinkage and temperature:

As = 0.0018×b×h

As = 0.0018×100

cm m Controls

cm m


 

 

2
min

2 2
req Selected

×15

As = 2.7 cm /m.

As = 2.7cm > As 1.9 cm /m. 
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req

req

2 2

1.13
S = ×100 = 41.85 cm.

2.7
Select S = 40 cm < S = 41.85 cm.

S = 40cm < 3×h = 45 cm.

S = 40cm < 45 cm.

1.33 100
Select Φ12/40 cm with As =  = 2.83cm /m > 2.7 cm / m.

40



4.16.5 Design of Top Reinforcement

2 2

Reinforcement for shrinkage and temperature:

Select 8/15 cm in the two way

0.50×100
As = = 3.33 cm /m > 2.7 cm /m.

15


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4.17 Design of Basement wall

4.17.1 Load Calculation

2

2

:

18 /

30

0.5

. .

0.5 18 4.48 40.32 /

.

5 0.5 2.5 /

soil

p

p

Assume

kN m

k

e k H

e kN m

e k P

e kN m









 



 






 



   



  



Figure (4-32) Geometry Of Basement Wall .
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For 1m strip of the basement wall

40.32 (1) 40.32 /

2.5 (1) 2.5 /p

e kN m

e kN m




  
  

4.17.2 Internal Forces and Moments:

1.6 40.32 64.51 /

1.6 2.5 4 /

By using software analysis:

Mu=92.7kN.m

u

pu

e kN m

e kN m




  

  

4.17.3 Determination of Wall Thickness:

hreq = L/ 20.

hreq = 448 / 20 = 0.224 m = 22.4 cm.

400fy MPa

req Selected h  =  Modification factor  h 

  M = ( 0.4  )
700

fy
Modification factor  

req

420
 M = ( 0.4  ) = 1.00

700
 h = 1 22.4 = 22.4 cm.

 

 

 Use h = 25 cm.

Figure (4-33) Moment Diagram Of Basement Wall .



-١٨٤-

4.17.4 Design of Shear

The wall thickness also must be determined so that no shear
reinforcement is required:

max

'

3

req

req Selected

105.3

1
. 0.75 .

6
1

. 0.75 25.5 1000 .
6

631.2 d = 105.3 10

d = 166.82 17 cm

h  = d + cover +
2

 h = 17 + 5 + 1 = 23 cm  h = 25 cm.

 Select h = 30 cm.

No s

req

Vu Vu kN

Vc fc bw d

Vc d

mm

 

     

     

 
 




 


hear reinforcement is required.

4.17.5 Design of Bending Moment

req

2

6

2

'

Mu 92.7
Mn =   =   = 103 kN.m.

0.9 0.9
Mn

Rn =
b×d

103×10
Rn = =1.788Mpa.

1000 240

0.85
420

m =  = 19.38
0.85×25.5

fy
m

fc






Figure (4-34) Shear Diagram Of Basement Wall .
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-3

3

2

'

min

2
min

21
1- 1-

1 2 1.788 19.38
1- 1- 4.45 10

19.38 420

4.45 10 1000 240

10.68 /

0.25

0.25× 25.5×1000×240
As =  = 7.21cm /

420
Not

n
req

req

req req

req

req

m R

m fy

As b d

As

As cm m

fc bw d
As

fy

m








  
   

 
  

    
 

  

   



  


2

min

min

min

2
min

less than:

1.4 1.4 1000 240
8.0 /

420

As  for Shrinkage and temperature:

As = 0.0018×b×h

As = 0.0018×100×30

As = 5.4cm /

bw d
cm m

fy

m

   
 

2 2
req min

2
req

2

req

req

As = 10.68cm /m > As = 5.4cm /

As = 10.68cm /

Select 20 with As = 3.14

3.14
S = ×100 =29.4cm

10.68
Select S = 25cm.

S = 25 cm < S = 29.4 cm

S = 25 cm < 3×h = 90 cm

S = 25 cm < 45 cm.

Select 20@

m

m

cm

 2 225cm with As = 12.56 / 10.68 /cm m cm m
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Check of yielding

 

3

1

1

s

s

T = C

1256 420 527.5

0.85

527.5 10
24.34

0.85 0.85 25.5 1000

β = 0.85

a 24.34
X =  =  = 28.6 mm

β 0.85

d-xε  = × 0.003
x

24-2.86ε  = × 0.003 = 0.022
2.86

0.022 > 0.005    OK.

T A s fy kN

C fc b a

C
a mm

fc b

    
   


  

   

 

4.17.6 Design of Secondary Reinforcement

min

min

min

2
min

2
main

2

req

As  for Shrinkage and temperature:

As = 0.0018×b×h

As = 0.0018×100×30

As = 5.4cm / ....

,

1 1
 As = 1256 2.5cm /

5 5

Select 10 with As = 0.785

0.785
S = ×100 = 14.

5.4

req

req

As

m control

Also

As m

cm



  



2 2
req

5cm

Select Φ10/10cm with As = 7.85 cm /m>As = 5.4 cm / m
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4.17.7 Design of Reinforcement of Outer Face of the Basement Wall

min

min

min

2
min

2 2
req

As  for Shrinkage and temperature:

As = 0.0018×b×h

As = 0.0018×100×30

As = 5.4cm / .

Select Φ10/10cm in the two ways. with As = 7.85 cm /m>As = 5.4 cm /

reqAs

m

m


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4.18 Design of Shear Wall (11)

4.18.1 Calculation of Loads

W Floor =  Total dead loads of the floor.

W Basement Floor = Weight of slab+ Weight of stairs + 0.5( Weight of
upper columns & walls + Weight of lower columns & walls) =
11113.55 kN.

W Ground Floor = Weight of slab + Weight of stairs + 0.5( Weight of
upper columns & walls + Weight of lower columns & walls) =
14313.19 kN.

W First Floor = Weight of slab + Weight of stairs + 0.5( Weight of
upper columns & walls + Weight of lower columns & walls) =
13041.66 kN.

W Second Floor = Weight of slab+ Weight of stairs + 0.5( Weight of
upper columns & walls + Weight of lower columns & walls) =
13664 kN.

W Third Floor = Weight of slab+ Weight of stairs + 0.5( Weight of
upper columns & walls + Weight of lower columns & walls) =
12937.56 kN.
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W Fourth Floor = Weight of slab+ Weight of stairs + 0.5( Weight of
upper columns & walls + Weight of lower columns & walls) =
12894.77 kN.

W Fifth Floor = Weight of slab + Weight of stairs + 0.5( Weight of
upper columns & walls + Weight of lower columns & walls) =
13349.08 kN.

W Sixth Floor = Weight of slab + Weight of parapet + 0.5( Weight of
upper walls + Weight of lower columns & walls + Weight of stairs
= 13103.31kN.

W Roof Floor = Weight of slab + 0.5×Weight of lower columns &
walls = 458.8kN.

4.18.2 Calculation of Shear Force on "Shear Walls"

W Total = W Basement Floor + W Ground Floor + W First Floor + W Second Floor + W Third

Floor +

W Fourth Floor + W Fifth Floor + W Sixth Floor + W Roof Floor

= 11113.55 + 14313.19  + 13041.66  + 13664 + 12937.56  +

12894.77 + 13349.08  + 13103.31 + 458.8 = 104875.92 kN.
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According to the UBC, the total design base shear in a given

direction, V = 0.07 ×W Total.

V = 0.07×104875.92 = 7341.31 KN.

Ft = 0.07 × T × V  ….. ( UBC1997-Eq. 30-14 )

Ft = 0.07 × 0.61 × 7341.31= 313.4 kN.

1

( -   )
 .... ( UBC1997, Eq. 30-15 ).x x

n

i i
i

V Ft W h
Fx

W h







Floor W

(kN)

V

(kN)

H

(m)

Ft

(kN)

V-Ft

(kN)

W×h Fx FX

Roof 458.8 7341.31 33.56 313.47 7027.84 15397.33 55.2 368.67

Sixth 13103.31 7341.31 30.44 313.47 7027.84 398864.76 1429.85 1798.52

Fifth 13349.08 7341.31 27.06 313.47 7027.84 361226.1 1294.92 3093.44

Forth 12894.77 7341.31 23.68 313.47 7027.84 305348.15 1094.61 4188.05

Third 12937.56 7341.31 20.3 313.47 7027.84 26232.47 941.48 5129.53

Second 13664 7341.31 16.92 313.47 7027.84 231194.88 828.78 5958.31

First 13041.33 7341.31 13.54 313.47 7027.84 176584.08 633.02 6591.33

Ground 14313.19 7341.31 10.16 313.47 7027.84 145422.01 521.31 7112.64

Basement 11113.55 7341.31 5.74 313.47 7027.84 63791.78 228.68 7341.32

Σ 104875.92 1960461.6

Table (4-1) FX Calculations.
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By using Staad Pro.2004  software to Analyze the shear walls, the results
of Shear Wall (11) was as follow:

"By applying 100 kN force  at the centroide of the building slab"

Plate No. Plate Dim. SXY (KN/m2) FXY (KN)

1 1.2×0.2 16.4 3.94

2 1.2×0.2 12.42 2.98

3 1.2×0.2 11.57 2.78

4 1.2×0.2 11.29 2.71

Figure (4-35) FX Diagram .
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FXYi = SXYi × SXYi

FXY1=1.2×0.2×16.4 = 3.94

FXY2=1.2×0.2×12.42 = 2.98

FXY3=1.2×0.2×11.57 = 2.78

FXY4=1.2×0.2×11.29 = 2.71

1

3.94 2.98 2.78 2.71 12.41 .
n

i
i

FXY kN


    

% FXY=12.41/100 = 0.12

Figure (4-36) FX,Vu,Mu, Diagrams .
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4.18.3 Design of Shear Wall

2.5.5

 =420 MPa.

h = 20 cm. Shear wall thickness.

Lw = 4.8 m. shear wall length.

hw = 33.56 m. Building height.

fc MPa

fy

 

4.18.4 Design of Horizontal Reinforcement

1

1

1

Vu =880.96 kN.

880.96
1174.61 .

0.75
0.8 0.8 4.8 3.84

1
'

6
1

25.5 200 3840 646.37
6

1174.61 646.37 528.24

V u
V n kN

d Lw m

V c fc h d

V c kN

V s V n V c

V s kN

  


    

   

    

 
  
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3

2

2

2

2

2

2

2
2

528.24 10
0.33

. 420 3840

Avh
 = 0.0025×h = 0.0025×200 = 0.5mm

S

Lw 4800
S =  =  = 960mm

5 5
S = 3×h = 3×200 = 600mm

Select 2Φ12 with As = 2.26cm

Avh
 = 0.5mm > 0.33mm

S

226
 = 0.5 S = 452mm.

S

Selec

Avh Vs
m

S fy d


  





Selected

2 req

2 2 2

t S = 40cm < S = 45.2cm

S = 40cm < S = 60cm < S = 96cm

Use 2 12@40cm (C/C) in two layers. 

4.18.5 Design of Vertical Reinforcement

1
2

1

1

1

2

1 1

1

0.0025 0.5(2.5 )( 0.0025 S
S

33.56
6.99 2.5

4.8
0.0025 S

1 1
S 4800 1600

3 3
S = 3×h = 3×200 = 600mm

Select 2 12 with As = 2.26cm

226 0.0025 S 200 S 452

Select S 4

hw Avh
Avn h

Lw h

hw

Lw
Avn h
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4.18.6 Design of Moment
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التحلیل الانشائي:الرابعالفصل 

4.1 Introduction
4.2 Factored Load
4.3 Determination of Thicknesses
4.4 Load Calculation
4.5 Design of Topping
4.6 Design of Rib (R1) in the basement

floor slab.
4.7 Design of Beam (B12) in the basement

floor slab.



-١٩٦-

   :

١.٥
٢.٥



١.٥:

على.١

. ة

٢.،

.

ة،.٣

،

. بالمبنى،ي

.٤.٥/٢هي .٤

٥.( Tow-Way Ribbed Slab في جميع (

.( One-Way Ribbed Slab في (

( Solid Slab )

ل

.

٦.،)(Atir

كافةبتسليح ة

.تسل

-197-



-103-

.حمال.٧

لتيصفة،.٨

.اخلاله

2.5:

ــ . 

يختلاينصحبنأمل ،

.نشائي

،كافةف

 .

،،

.

كافة ،

.؛

-198-



-٤٠ -

3.1 Introduction

A building can generally be broken down into the following

physical systems:

STRUCTURAL SYSTEM

EXTERIOR SYSTEM

INTERIOR SUBDIVISIONS OF SPACE

Each of these, in turn, can be seen to be

made up of linear and planar assemblies.

Planar Assemblies

Horizontal or sloping roof planes

Horizontal floor planes

Vertical wall planes

Linear Assemblies

Horizontal beams

Vertical columns

These elements and assemblies can act together in a number of

ways, depending on the nature of the materials used, the method for

Figure (3-1) Building physical systems.
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transferring and resolving the forces acting on a building, and the desired

physical form.

3.2 Analysis and Design of Structures

3.2.1 Structural Analysis

In the structural analysis of buildings, we are concerned with the

magnitude, direction, and point of application of forces. And their

resolution to produce a state of equilibrium. Three conditions are

necessary for a structural system to be on equilibrium:

1. The sum ( ∑ ) of all horizontal forces = 0

2. The sum ( ∑ ) of all vertical forces = 0

3. The sum ( ∑ ) of all moments of all forces about any point = 0

Therefore, as each structural element is loaded, its supporting

elements must react with equal but opposite forces.

3.2.2 Structural Design

The Structural design is the determination of the general shape and

all specific dimensions of a particular structure. So that, it will perform
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the function for which it is created, and will safely withstand the

influences which will act on it throughout its useful life.

Three codes are adopted in this project such that:

1- THE JORDANIAN CODE (1990), to estimate the loads act on the

structure except seismic loads.

2-THE UNIFORM BUILDING CODE (UBC 1997), to estimate the

seismic loads act on the structure.

3- BUILDING CODE REQUIRMENTS FOR STRUCTURAL

CONCRETE AND COMMENTARY (ACI318M-05), for the elements

structural design.

3.3 Objectives of Structural Design

The basic aim of structural design is to produce a safe and

economical structure that will serve its intended purposes. In addition to

the safety and the economical, intended purposes of limitations must be

provided. There are code limitations that had been developed by

scientific and academic institutions based on experiments and case

studies.
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3.4 Materials

3.4.1 Definitions

3.4.1.1 Concrete

Concrete is a mixture of sand, gravel, crushed rock, or other

aggregates held together in a rocklike mass with a paste of cement and

water. Sometimes one or more admixtures are added to change certain

characteristics of the concrete such as its workability, durability, and

time of hardening.

Concrete is a widely used in construction. Concrete structures are

relatively low in cost and inherently fire resistant.

3.4.1.2 Reinforced Concrete

Reinforced concrete is a combination of concrete and steel wherein

the steel reinforcement provides the tensile strength lacking in the

concrete. Steel reinforcement is also capable of resisting compression

forces and shear forces.
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3.4.1.3 Steel

Steel is used for light and heavy structural framing as well as a

wide range of building products such as windows, doors and fastenings.

As a structural material, steel combines high strength, stiffness and

elasticity.

3.4.2 Properties of Concrete

3.4.2.1 Compressive Strength (ƒć)

The compressive strength of concrete is the peak point of stress on

the stress-strain diagram. It is determined by testing to failure 28-day-old

6-in. by 12-in. concrete cylinder at a specified rate of loading.

3.4.2.2 Modulus of Elasticity (Ec)

Concrete has no clear-cut modulus of elasticity. It's value varies

with different concrete strength, concrete age, type of loading, and the

characteristics of the cement and aggregate. It can be estimated from the

ACI empirical formula.

4700  .........( , .8.5.1)iEc fc ACI Sec
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3.4.2.3 Poisson's Ratio (ν)

As a concrete cylinder is subjected to compressive loads, it not

only shortens in length but also expands laterally. The ratio of this lateral

expansion to the longitudinal shortening is referred to as Poisson's ratio.

And it equals to 0.17

3.4.2.4 Shrinkage

Shrinkage is the deformation due to moisture movement caused by

absorption and evaporation of water.

3.4.2.5 Creep

Under sustained compressive loads concrete will continue to

deform for a long period of time. This additional deformation is called

creep, or plastic flow.

3.4.2.6 Tensile Strength (ƒct)

Tensile strength of concrete is low. According to the ACI Code, its

value is ƒct = 0.42 fc 
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3.4.2.7 Shear Strength

The tests of concrete shear strength through the years have yielded

values all the way from one-third to four-fifths of the ultimate

compressive strength.

3.4.3 Properties of Steel Reinforcement

Young’s modulus, Es.

Yield strength, fy.

Ultimate strength, fu.

Steel grade.

Geometrical properties (diameter, surface treatment).

3.4.4 Why Do We Use Reinforcement?

As a force is applied to concrete, there will be compressive, tensile

and shear forces acting on the concrete. Concrete naturally resists

compression (squashing) very well, but is relatively weak in tension

(stretching). Horizontal and/or vertical reinforcement is used in all types

of concrete structures where tensile or shear forces may crack or break

the concrete. HORIZONTAL reinforcement helps in resisting tension

forces. VERTICAL reinforcement helps in resisting shear forces.
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Cracking and Reinforcement, Reinforcement alone WILL NOT

STOP cracking, but helps control cracking. It is used to control the width

of shrinkage cracks.

3.4.5 Reinforcement Position

The position of reinforcement will be shown in the plans.

Reinforcement must be fixed in the right position to best resist

compressive, tensile and shear forces and to control the cracking.

3.4.6 Concrete Cover

The reinforcement must be placed so there is enough concrete

covering it, to protect it from rusting and to be bonded well with

concrete. To ensure durability, both the concrete cover and strength

should be shown in the plans.

3.4.7 Concrete Reinforcement Bond

To control the width of cracks or their location (at joints), there

must be a strong bond between concrete and reinforcement. This allows

the tensile forces (which concrete has a very low ability to resist) to be

transferred to the reinforcement.
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To achieve a strong bond:

 the reinforcement should be CLEAN (free from flakey rust, dirt or

grease).

 the concrete should be PROPERLY COMPACTED around the

reinforcement bars. Reinforcing bars and mesh should be located

so that, there is enough spacing between the bars to place and

compact the concrete.

3.5 Loads

3.5.1 Introduction

Perhaps the most important

and most difficult task faced by the

structural designer is the accurate

estimation of the loads that may be

applied on the structure during its

life.

A building's structure must be

able to support two types of loads,

static and dynamic.

Figure (3-2) Loads On Buildings.
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3.5.2 Types of Loads.

3.5.2.1 Primary loads are described as,

1- Dead loads.

Dead loads can be defined as the

weight of the permanent elements of a

structure. In the case of the room shown,

the dead load comprises of the roof

beams, floor joists and the walls. These

elements are always present. Therefore,

the dead load will remain constant unless any

major alterations are carried out to the building.

The dead load is often the most important load acting on a

structure. If you consider large structures such as churches and those

constructed from heavy materials, the dead load would outweigh all

other loads.

The dead load can be calculated in advance, once the structure is

designed and dimensions have been determined.

Figure (3-3) Dead and live loads
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According to the Jordanian Code, the following table shows the

densities of the materials used in the structure:

Density (kN/m3)MaterialNO.

24.00Tiles1

16.00Sand2

25.00Reinforced Concrete3

0.50Polystyrene Block4

22.00Plaster5

The Dead load of  partition has taken to be 2 kN/m2.

2- Live Loads

Live loads are classified into:

1- Static Live Loads: The variation of magnitude and location is slow

along the time such as persons, furniture and stories.

2- Impact loads: The variation of magnitude and location is fast

along the time such as bridges and cranes.

In general, live loads are the vertical loads due to furniture and

people which act randomly and vary with time and space during the

Table (3-1) materials Densities
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lifetime of the building. They are determined for each element of

structures considering design limit states, particular use of the building,

temporary concentration of people and furniture and the dynamic effects

of live loads.

According to the Jordanian Code, the following table shows the

values of the live loads act on the structures:

1- Wind Loads

Wind loads play a much important role in modern construction

than they did in the past. In Victorian construction, heavy masonry was

Live Load (kN/m2)ApplicationNo.

2.00Bed Rooms1

2.00Toilets2

2.00Clinics3

2.50Offices4

3.00Laboratories5

3.50Computer Labs6

4.00Libraries7

4.00Paths8

4.00Stairs9

5.00Multi-Usage Rooms10

5.00Store Houses11

7.50Boiler Rooms12

Table (3-2) Live load Values
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a prominent feature, which was not affected by wind loads. In modern

construction, where a steel framework is used, wind loads effect the

strength and stability of the building. Due to the fact that modern

structures are constructed from lightweight materials, the dead weight of

the building may not be sufficient to hold it firmly in position. As a

result, the structure has to be:

Braced - to resist the horizontal load.

Anchored to the ground - to prevent the structure from being

blown away.

In the above figure , you can see two different examples of external

bracing. In the high rise office building, a vertical wind-bracing system

Figure (3-4) Bracing systems.
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is used to protect against wind loads. This system is usually hidden

within the walls of a building. In the bridge a horizontal wind-bracing

system is used.

When the wind flows around a building,

it can produce quiet high suction pressure,

especially at the edges of the building. It is

important if the building is protected, that the

cladding is firmly fixed to the structure and

that the roof is firmly secured. The suction

pressure increase with a decrease in pitch of

the roof. Therefore, it is important that flat

roofs are firmly held down.

The effects of wind load or wind pressure acting on the vertical

faces of the building depends on the following:

 The wind speed.

 The condition of exposure: exposure to severe gusts would be

more likely along sea coasts than inlands.

 The size of the building.

The height up the face of the building, the pressure acting is also

important. If the building is 5m or less in height, then the pressure is

Figure (3-4’) Wind loads
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uniformly (evenly) distributed along the face. For taller buildings, the

pressure would be much greater near the top than it would be near the

ground level.

According to the Jordanian Code, the intensity of wind loads act on the

structure can be calculated as follows:

q = 0.613×(Vz)
2 ............( Sec. 5/5/4, Eq.6 ).

Vz = V× S1× S2× S3 …………( Sec. 4/5/4, Eq.5 ).

Where:

q: wind dynamic pressure at a specific height from the sea level

(N/m2 ).

Vz: wind design velocity (m/s).

S1: ground topography factor and it equals to 0.9 (Table 13).

S2: ground roughness factor and it equals to 0.96 (Table 14).

S3: statistical factor and it equals to 1.00 (Table 15).

V: main wind velocity through 50 years at that location and it

equals to 35m/s.

Vz = 35×0.90×0.96×1.00
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Vz = 30.24m/s.

q = 0.613×(30.24)2= 0.56 kN/m²

2- Snow Loads:

The extent to which a building will be affected

by snow loads depends on the climate of that region.

Some countries have snow for six months of the year

or more while some have little or no snow in the

year. Structures have to be designed to withstand the

appropriate amount of snow for their climate.

In relation to buildings, the type and pitch of the roof is important.

Some roofs will hold a greater amount of snow. Therefore, resulting in a

greater load acting on the roof. As you can see, if you have a pitched

roof, the snow will eventually slide off, whereas if you have a flat roof,

the load would continue to increase and eventually result in the collapse

of the roof.

According to the Jordanian Code, the following table (Section

3/8/3 Table 11) shows a method to calculate the intensity of snow loads

act on the structures:

Figure (3-5) Snow loads.
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Building height from the  sea level in

(m)

Snow load

kN /m²

h < 2500

500 > h > 2501000 ) /h-250(

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

2500 > h > 1500(h – 812.5)/ 250

The height of the structure we have is more than 500m and less

than 1500m above the sea level. Therefore, the snow load acts on the

structure is:

SL = (h - 400) / 400

SL = (939.18 - 400) / 400

SL = 1.35 kN/ m2.

3- Seismic Loads

Loads that are applied to architectural

Structures are usually not of an impact nature except

that of earthquakes. An earthquake is a jerky

movement of the ground and this movement is

transmitted to the building through its foundations.

As can be seen from the figure, the effects of the

earthquake are felt much greater at the top of a high

rise building. Figure (3-6) Seismic loads

Table (3-3) Determination of snow load table.
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According to the UBC, the total design base shear in a given

direction shall be determined from the following formula:

The total design base shear need not exceed the following:

The total design base shear shall not be less than the following:

0.11. . . ........( . 30 6).V Ca I W Eq 

Where:

V: The total design base shear in a given direction.

Z: Seismic zone factor as given in Table 16-I and it equals to 0.30

I: Importance factor given in table 16-K and it equals to 1.00

R: Numerical coefficient representative of the inherent over

strength and global ductility capacity of lateral force-resisting

systems, given in table 16-N and it equals to 5.50

SA: Soil Profile Type given in table 16-J (Vc > 1500m/sec.).

Ca: Seismic Coefficient given in table 16-Q and it equals to 0.24

Cv: Seismic Coefficient given in table 16-R and it equals to 0.24

.
 .........( . 30 4).

.

Cv I
V W Eq

R T
 

2.5 .
 ........( . 30 5).

Ca I
V W Eq

R
 
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W: The total seismic dead load of all floors.

The value of Structure period T may be approximated from the

following formula:

T= Ct (hn)
3/4 ………..( Eq. 30-8).

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.

hn: height in feet (m) above the base to Level i, n or x,

respectively.

T= 0.0488 (29.18)3/4 = 0.61 seconds. ……….. ( Eq. 30-8).

0.24 1.00
0.07 ........( . 30 - 4).

5.50 0.61
V W W Eq


 


0.25 0.24 1.00

0.11 ........( . 30 -5).
5.50

V W W Eq
 

 

0.11 0.24 1.00 0.03 ........( . 30 - 6).V W W Eq    
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0.24 1.00
0.07 .........

5.50 0.61
V W W Controls


  



3.5.2.2 Secondary Loads.

More specialized loads are referred to as secondary loads, such

loads include:

1- Shrinkage loads.

Over time, building materials such as concrete will shrink and the

stresses induced by this shrinkage will result in cracking occurring. The

shrinkage takes place in concrete when the cement paste dries out over

time which results in cracking of the concrete. This can be prevented by

allowing for shrinkage joints in the construction, or by using steel

reinforcement. So that, the concrete has enough strength to cope with

any shrinkage that takes place.
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2- Thermal loads.

All structures expand and contract

with temperature changes. It is not the

building itself that is expanding, but the

materials from which it is composed.

A concrete bridge of 1km in length can expand up to 400mm as a

result of temperature changes. 400mm does not sound like a lot when

compared to the overall length of the bridge. However, if an expansion

joints are not allowed in the design, then the result is a damage of the

bridge.

3- Settlement loads.

This can occur when one part of a building settles more than

another, different soil types underneath the different parts of building

cause uneven settlement due to extra weight which might settle one part

more than the main part of the building.

Figure (3-7) Thermal loads
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3.6 Philosophies of Design

3.6.1 Introduction

Two philosophies of design have long been prevalent. The working

stress method and the strength design method.

3.6.1.1 Working Stress Method (Allowable Stress Design and Plastic

Design)

In the working stress method, the structural element is designed so

that the stress resulting from the action of service loads and computed by

the mechanics of elastic members does not exceed some predesignated

allowable values.

Computed stress ≤ Allowable stress

3.6.1.2 Ultimate Strength Design (Load and Resistance Factor

Design)

In the ultimate strength design, the service loads are increased

sufficiently by factors to obtain the load at which failure is considered to

be “imminent”.
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Strength provided ≥ Strength required to carry factored load.

The Ultimate Strength Design method is adopted in our design.

Design Strength ≥ Required Strength

Φ (nominal strength) ≥ required strength

Φ×Rn ≥ Ru ……….. (ACI- Sec. 9.1)

Where:

Φ: Strength Factor

Rn : Nominal Strength

Ru : Ultimate strength, which is a combination of the various

types of loads multiplied by the over load factors.

3.6.2 Load Combinations

The ACI Code (Section 9.2) states that the required ultimate load-

carrying ability of a member U provided to resist the dead loads, live

loads, snow loads, wind loads, and the earthquake loads must at least

equals:
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(Eq. 9-1)U = 1.4×D

(Eq. 9-2)U = 1.2×D + 1.6×L + 0.5×S

(Eq. 9-3)U = 1.2×D +1.6×S + ( L or 0.8×W )

(Eq. 9-4)U = 1.2×D + 1.6×W + L + 0.5×S

(Eq. 9-5)U = 1.2×D + E + L + 0.2×S

(Eq. 9-6)U = 0.9×D + 1.6×W

(Eq. 9-7)U = 0.9×D + E

Where:

D: Dead loads, or related internal moments and forces.

E: Load effects of earthquake, or related internal moments and

forces.

L: Live loads, or related internal moments and forces.

S: Snow loads, or related internal moments and forces.

W: Wind loads, or related internal moments and forces.

Table (3-4) Load Combinations.
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3.7 Structural elements

3.7.1 Introduction

Structural elements can be classified according to their geometry,

rigidity, and how they respond to the forces applied to them. External

loads create internal stresses within structural elements.

3.7.2 Structural elements description

3.7.2.1 Slabs

1- One Way Solid Slabs.

Figure (3-8) Structural Elements .
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The slabs are supported on two opposite sides only. So, loads being

carried by the slab in a direction perpendicular to the supporting beams.

2- Two Way Solid Slabs.

The slabs are supported on all four opposite sides. So, loads being

carried by the slab in a direction perpendicular to the supporting beams.

3- One Way Ribbed Slabs.

The slabs which Contain blocks and supported on two opposite

sides only. So, loads being carried by the slab in a direction

perpendicular to the supporting beams.

Figure (3-9) One Way Ribbed Slab.
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4- Two Way Ribbed Slabs.

The slabs which contain blocks and supported on all four

opposite sides. So, loads being carried by the slab in a direction

perpendicular to the supporting beams.

3.7.2.2 Beams

The structural elements which carry loads from ribs within the slab

to the columns. There are two types of beams:

1- Hidden Beams

Figure (3-10) Two Way Ribbed Slab.

Figure (3-11) Hidden Beam.
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2- Drop Beams (T-Section)

3.7.2.3 Columns

Columns are defined as members that carry loads in compression.

Usually they carry bending moments about one or both axes of the cross

section. The bending action may produce tensile forces over a part of the

cross section.

Figure (3-12) Drop Beam.
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3.7.2.4 Shear Wall

Shear walls are lateral stabilizing elements may be placed within

the building or along its perimeter, and combined in various ways. In all

cases, however, a number of stabilizing elements must be used to resist

lateral forces in all directions.

The arrangement of lateral stabilizing elements is important to the

stability of a structure as a whole. Any asymmetrical layout, where the

Figure (3-13) Column.
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centroid of the applied force is not coincident with the centroid of the

resisting mass can cause torsional effect. A symmetrical arrangement of

lateral stabilizing elements is therefore always desirable. This principle

is especially important for tall buildings.

3.7.2.5 Stairs

Stairs provide means of vertical movement between stories of a

building and are therefore, important links in a building's overall

circulation scheme.

Figure (3-14) Shear Wall.
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3.7.2.6 Foundation System

The foundation system for a building - its substructure - is the

critical link in the transmission of building loads down to the ground. A

foundation is defined as that part of the structure that supports the weight

of the structure and transmits the load to underlying soil or rock. Bearing

directly on the soil, the foundation system must distribute vertical loads

so that settlement of a building is either negligible or uniform under all

parts of building. It must also anchor the building’s superstructure

against uplifting and racking due to wind or earthquake forces. The most

critical factor in determining the foundation system of a building is the

Figure (3-15) Stairs.
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type and bearing capacity of the soil to which the building loads are

distributed.

The bearing capacity of the soil where the project we have will

be constructed is assumed to be 4.5kg/cm2.

3.7.2.7 Retaining Walls

Retaining walls are used to create relatively level areas and to

allow changes in elevation which cannot be accomplished by grading

within the horizontal dimensions of a site. They must be constructed to

resist the thrust of the soil being retained. This thrust can cause a

retaining wall to fail in three ways:

Figure (3-16) Foundation.
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1-Over turning.

2-Sliding.

3-Settling.

3.7.2.8 Truss

A truss consists of short, straight, rigid members assembled into a

triangulated pattern. This triangulation is what makes a truss a rigid

Figure (3-17) Retaining Wall.
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structural unit. While a truss as a whole is subjected to bending, the

individual members are subjected only to compression or tension.

3.8 Computer Programs

Many of computer programs used in the analysis, design and

drawing. Such these programs are:

1) AutoCAD 2007, computer aided drawing.

2) Sketch up5, computer aided drawing (Three dimensional drawings).

3) ATIR, computer aided analysis & design.

4) STAAD PRO 2004, computer aided analysis.

4) Prokon, computer aided analysis & design.

5) Primavera Project Planner-P3, computer aided planar.

Figure (3-18) Truss.
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