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


،،אא،אW


אאאאאאאאאא
א א א א א   א א  ،א   

אאאאאא
אאאאאאW

אאאK


אאאאאאא
  א        ،א אא  

 א ، א א א אא א
א،אאאא
אאאאאאאאאאאאא

      א  א   ،א  
אא،אאK


אא?א???א

אאאאאאK


אאאאאאא
،א،אאאא

אאאאאK


   א אא א W
אK


אאאא



א٢٠١
א

 
 

 


אאא،אא

אאאאא
אאאא

אאאאאאא
אאא

אאאאאK
אאאאאאאW

אא
    א א  (Working Stress Design Method) א  

א(Theory of Elasticity)אאאאאאא
אאאK

אא
א   א(Ultimate Strength Design Method (U.S.D.M.))א 
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אאאאK 


אאK 

Kאאאאאא
אאK



א٢٠١אא
אאא
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אא 
Principals of Structural Analysis 

 
١J١אאא

אאאאא
אW

١J١J١ Wאא(Main loads)W
E אא(Dead loads – D.L.)W

- א
- א 
- אאאK 

E אא(Live Loads – L.L.)
אאאאאK

Eא(Wind Loads – W.L.)
אאאאאKאא

אאKאאK


١J١J٢Wאא(Secondary Loads) 
אאאאK

 א א  א     א אא
א(Deformations)אאאאK

א א    א     א 
 אא אאא א

KKKKKKאKKאאאאאאא
אאK

אאאאאאWJ
١Jאא(Economy)
٢Jאא(Safety)



א٢٠١אא
אאא
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٣Jא   (Serviceability) אא א   (Deflection)
א(Cracks)אאK

٤JאאאאK
א  א א   א    א א

אאאאאאאאK
 א  א      א       

W
א א W  אא   א א א א  א א 
אאאK

 אאWא א א א א  א א   K 
אאאאאאא

אK
אאאאאאא

אאאאאK


١J٢WאאאאK
אאאא  (Different 

Structural Elements)אאאאKWא
F١J١E

١Eאאא(Solid Slab)א(Beams)
 א  (Slab Spans)א    א א א

(Columns) K   א  אFא   א א א 
(Spread Footings)KE  

٢ Eאא   א(Joist-Slab) Kא
אאאאא(Beams)

אאאאK
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


joist 
slab
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Spreed 
footing
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wall

Wall 
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Slab on  
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Spandrel 
beam

Door 
lintel

Supported 
slab

Beam

2nd floor

Column

Landing
Stairs

column

Joist
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
F١J١E




אאאW
אWאאא(Joists)K

 א W   (Flange)   א    א
Tאאאא(beams)אאK

אאאא(Soil)
אאK

 



א٢٠١אא
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אאאאא
א א א     K א א 

אW
١JאאאK
٢JאאאK
٣JאאאK
٤JאאאאאאאK
١J٣Wא(Compressive Strength of Concrete)

  א (fcu)     אא
٢٨ Kאא Kאאאא

א١٥×١٥Kאאא١٥א٣٠K٢٨
אאאאאאא

١٠٠K٪
 אא ٢٨א F١J١E

  א  F  א א  (f cu) Eא 
١٥×١٥×١٥٢٨KאאאאK

 
F١J١EאFאאf cuL٢E


א١٠٠١٥٠١٧٥٢٠٠٢٢٥٢٥٠٢٧٥٣٠٠٣٥٠٤٠٠٤٥٠


אאא

F١J٢Eאאאאאא



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F١J٢Eאאאאא


אאFEא
١٠×١٠×١٠٩٧}٠
١٥×١٥×١٥F٨}١٥×٨}١٥×٨}١٥E٠٠}١
٢٠×٢٠×٢٠٠٥}١
٣٠×٣٠×٣٠١٢}١
א٢٠×١٠٢٠}١
א٣٠×١٥٢٥}١
א٥٠×٢٥٣٠}١
٣٠×١٥×١٥F٨}١٥×٨}١٥×٦}٣١E٢٥}١
٤٠×١٥×١٥F٨}١٥×٨}١٥×٤}٤٧E٣٠}١
٦٠×١٥×١٥٣٢}١


١J٣J١WאאFאEא.

אF١J٢EאאFאאEאF
אEFאאEאאא٢٨א
Fא٣EאאאW

E  א  א א א     א  א א
אאF٣٣E٪F٥٠ E٪  א אFא  א

f cuKE
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א٢٠١אא
אאא

 
 

- ٧ - 


 

Strain
0.001

4

0.000

1

2

3

Stress

5

6

0.002 0.003 0.004
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 Typical concrete stress-strain curve, with short-term loading. 
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אK
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

 
F١J٣E


١J٤Wא
 
١J٤J١Wאא

אאא א אאאא א
אKW


E אא٣٧٠٠L٢K

٢٤L٣٥٢٨L٤٥ø. 

E אא،א،א،אאW

٣٦L٥٢KKKKKKKKKKKKKKKKKKKKKKKFØ.( 
٤٠L٦٠KKKKKKKKKKKKKKKKKKKKKKKFФ.( 
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F# KEאF١J٤EאאF٥KEא

F١J٣EאאאאאK







אF١J٤Eאא 


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 Table (3-1) Weights and Areas of Reinforcing Steel Bars  

 
Area of Cross-Section       in      cm2 

10 9 8 7 6 5 4 3 2 1 
Weight 
Kg/m 

Φ 
mm

2.83 2.54 2.26 1.98 1.70 1.41 1.13 .848 .566 .283 0.222 6 
5.03 4.52 4.02 3.52 3.02 2.51 2.01 1.51 1.01 .503 0.395 8 
7.85 7.07 6.28 5.50 4.71 3.93 3.14 2.36 1.57 .785 0.617 10 
11.3 10.2 9.05 7.92 6.79 5.65 4.52 3.39 2.26 1.13 0.888 12 
15.4 13.9 12.3 10.8 9.24 7.70 6.16 4.62 3.08 1.54 1.21 14 
20.1 18.1 16.1 14.1 12.1 10.1 8.04 6.03 4.02 2.01 1.58 16 
25.4 22.9 20.4 17.8 15.3 12.7 10.2 7.63 5.09 2.54 2.00 18 
31.4 28.3 25.1 22.0 19.8 15.7 12.6 9.42 6.28 3.14 2.47 20 
38.0 34.2 30.4 26.6 22.8 19.0 15.2 11.4 7.60 3.80 2.98 22 
45.2 40.7 36.2 31.7 27.1 22.5 18.1 13.6 9.04 4.52 3.55 24 
53.1 47.0 42.5 37.2 31.9 25.5 21.2 15.9 10.6 5.31 4.17 26 
61.6 55.4 49.3 43.1 37.5 30.8 24.6 18.5 12.3 6.16 4.83 28 
70.7 63.6 56.6 49.5 42.4 35.3 28.3 21.2 14.1 7.07 5.55 30 
80.4 72.4 64.3 56.3 48.3 40.2 32.2 24.1 16.1 8.04 6.31 32 
90.8 81.7 72.6 53.6 54.5 45.4 36.3 27.2 18.2 9.08 7.13 34 
102 91.8 81.6 71.4 61.2 50.7 40.9 30.6 20.4 10.2 7.99 36 
113 102 90.4 79.1 67.8 56.5 45.2 33.9 22.6 11.3 8.90 38 


١J٤J٢Wאאאא

EאWאאאאאאא
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א–אא–אאאא٢}٠K٪
EאK
EאאאK
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 א א א א א א אא 
אאאאאK


אא

٦E אאאאאאאאאא
٧E א   א     א  

אאאאאK 
 

אאK 
אאאאאW

٥E אאאאאאK
٦E אאאאאאK 
٧E אאאאאאK 
٨E אאאאאאא

Kאאא


אאאאK 
•  


אאK 

אאK



א٢٠١אא
אאאא
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٢J١WאK
אאאא،W

E אאאאאW
١E אאא
٢E אא 
٣E אא 
٤E א 
٥E א 

E אאאאאאW
١E אא
٢E א 
٣E א 

٢J١J١WאאאFDead LoadsE
 אא אאא א  א א  א  א 
אאאאאאאאאאאא

א א  אא אאא אא    א 
אאKKKKKKKKK


٢J١J١J١Wאא(Slab Dead load)

אאאאא
E אא(Own Weight of slab - O.W of slab)Z

א(A)×א(t)×אא(γ c)K
אאאZ٥}٢L٣(γ c =2.5 t/m3)

i.e، O.W of slab = A × t × γ c 

א(A)٠}١אK
O.W of slab = 1.0 × t × 2.5



א٢٠١אא
אאאא
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אF٢J١Eאאאאאא
אאK

F٢J١E
אFEאאFE

٨٢٠٠L٢
١٠٢٥٠L٢
١٢٣٠٠L٢
١٤٣٥٠L٢
١٦٤٠٠L٢
١٨٤٥٠L٢
٢٠٥٠٠L٢


Wא

אאאאKאא
FאאאאאאHE٣J٥

F٢J١EאZ١٥٠L٢


R.C slab(plaster)

Tiles
Mortar

3-5cm sand
isolated sheets

 
F٢J١E



א٢٠١אא
אאאא
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אאאא٢٠٠J٢٥٠L٢א
אאא٥אK

• אאאZ٦٠L٢
• אאאZ١٠٠L٢
• אאZ٦٠L٢ 
• אאZ٢٠٠L٢


٢J١J١J٢Wאאאאא

אאאאאW
E אאא(Own weight of Beam)

E אאאאא 
Eאאאאאאא(O.W of slab)Fא

٢אJ١J١J١KE 
 
E אאאא 

   אא אא   א   א  K
אאאאW

אZtZאL٨J١٠Thickness of beam (t)  = span / 8-10     
אא For simple beams choose t = span / 8                     
אאFor continuous beams ,,    t = span / 10                 

אZ٠}٦K(b) Z٢}٠(t) Z٦}٠W
אאאZ (L0) GGאGאW

O.W of beam = L0 × b × (t - ts) ×γc  
Where; 

         γc  = 2.5 t/ m3        ,       ts = 10 = سمك البلاطة cm = 0.1 m 
          L0 = length of beam Fא٠}١E =1.0 m  

i.e.   O.w. of beam = 1.0 × 0.2 × (0.6 – 0.1) ×2.5 = 0.25 t/m  
 

אאאZ٢٥}٠L



א٢٠١אא
אאאא
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אא
אאאאאאאאאK
W

١Eאאאא     γ wall = 0.75:1.0  t/m3   
٢Eאאאאγ wall = 1.20       t/m3   
 ٣Eאאאγ wall = 0.75:1.2  t/m3 
٤Eאאאγ wall =  0.6 :0.8  t/m3  
٥EאאאאFאאE γ wall = 1.8          t/m3    
٦Eאאאאγ wall = 1.5:1.9    t/m3  

אאאאאאאא٢٠K،
אאאא،١٢،٢٥K

אא،אאאאאא
אW

  W wall = γ wall × t wall × 1
Wאאאאאאאא
אאאאאK

٢J١J٢Wאא(Live Loads)
אאW

١ Eאאא  אא
אאאאאK

٢  E א אK K    א   א،א
א، ،א א

אK
٣EאאאאאאאאאאK






א٢٠١אא
אאאא
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٢J١J٢J١WאאאאאאK
  אא אאאא

אאאא٧٥אJ١٢٥L٢
،אאאאאא١٠٠J١٥٠L٢K

Wאאאאא٥٠٠L٢א
אאFאאאאEאK

אאF٢J٢Eאאאאאא
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Eאא
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٨אW
Eא
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W
E      א  אא   א א 

א
אK

E אאאאאאFE
FE،אאא

א   א א   אא  א א 
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P אאFאEאK


F٢J٣Eאאאאאאא


אאאא
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אאא
אאא
אאאא

אאא
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P 

P 

0.9P 

0.8P 

0.7P 

0.6P 

0.5P 

א(0.5P)אאא
٢J٢Wאא(Design Loads)
٢J٢J١Wא(Working Loads) אא

  א א    א א  א  
א٥٪אKא



א٢٠١אא
אאאא
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אאאאאFאאאאKKKE
א א  א    א  אK(Working Stress Design 

Method) אW
E אא(Dead Load),,D,,

E אא(live loads),,L,, 
٢J٢J٢Wאא(Ultimate loads)

אאאאFאאF٢J٣J
١EEאW

١E אאאאאא
אFאASCIW 


           U = 1.4 D + 1.7 L                                (2-1) 
  

DZאאאDead Loads   
LZאאLive loads

٢Eאאא٧٥}٠אאא
אאW


            U = 1.5 (D +L)                                  (2-2) 

 
٣Eאאאאאא

אאאאW


            U = 1.4 D + 1.7 (E + L)                      (2-3) 


EZאא(Lateral Load)
 Uאא(2-1)

 



 

 

 

אאאא  

 

אא  

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 




א



א

 

٣



 

 



א٢٠١אא
אאא
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אאK
אא אאאאאא

אאאאאאאאא
א KK   א    אא  אא

אאאאאאK


אא
١E אאאאאK
٢ Eא      אא   א  

אאאאK
٣ Eא    א  א א אא  

אא 

אאK 
אאאאאW

١EאאאאK
٢EאאאאK 
٣EאאאK 
٤EאאאK 
٥EאאאאאאאאK 
 

אאאאK 
•  

אאK 
אאKאאא



א٢٠١אא
אאא
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אא 
Structural Analysis


٣J١Wאא

אאאאאאW
١Jאא

אאMember Analysis
،א(slabs)אא(Beams) אא
(Columns)א(Footings)KאאW

                SlabsאEא
٢EאאBeams
٣EאאGirders
٤EאColumns 
٥EאFootings

٢Jאא

אאSection Analysis
אאאא

אאאKאא–אאאאKKא
אWJ

،،،T،LU
אF٣J١EאאאאK

אF٣J٢EאאאK



א٢٠١אא
אאא
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


Simple frame (Column)

(Column)

Over hanging beam

continous slab or beam

Simple slab or beam

 
F٣J١Eאאא




Rectangular seccircular sec square secT - sectionU - section L - section

U TL

 
F٣J٢Eאאא

 

 



א٢٠١אא
אאא
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٣J٢Wאאא
אאאאStatically Systemא

  א א  א K א א    
אאאK

אאא
٣J٢J١WWJ

אאFאאEא
(Knife Edge Support)  F٣J٣Eא א 

א     
K

Knife edge support

L

d


F٣J٣E


٣J٢J٢Wאא

אא(Linear Elastic Theory)אאאא
אאאKאאאאאאאא

W
EאאThree Moment Equation
EאאאVirtual Work Method

 



א٢٠١אא
אאא
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EאMoment Distribution
אאFאאאEאא

א(d)אא(lo)٨}٠אא،٤}٠אא
     i.e       d / l0 < 0.8     for simple beams. 
                d / l0 < 0.4     for continues beams. 

 (Deep Beam)אאאאא
א(Plastic Analysis)אאאK


٣J٣Wאאאא(Effective Span l0)

Eאאא
אאאאאאאWJ

• אאאl01
• ٠٥}١אאl02 = l0 × 1.05 
• l03 = l0 + d 

dZאאאאF٣J٤E



L  

L   = 1.05 L 

L

LC

2

1

d

LC


F٣J٤Eאאא



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EאאאK 
١EאאאאFאEאFא

(Rigid Connections)EאאאאאWJ
• אאl01 = Centerline to Centerline of Supports 
• ٠٥}١אאl02 = 1.05 × l0

٢ E א א אא     אFא א 
–אאKEאאאא

אאאאאK
                  L03 = Distance from Centerline to Centerline  
        Or      L03 =l0 +d       

Eאאא
אאאאאאאW

• אא(l01)
• אאWJ

                            L02 = l0 + d2   
אאF٣J٥E



L

L

d1

1

CL

d2

LC


F٣J٥E
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٣J٤Wאא(Straining Actions)
אא(Straining Actions)אא(Normal Forces) 

א(Shear Forces)א(Bending Moments)אא
אאאאאKא

אאאאאאאאאK
אאא  אאאא א(N)

א(Q) א(M) א  א אאא א
אאאK


١EFאאE  Simple Slab or Simple Beam
אא(D.L + L.L )אאW

• אא(N)Z
• א(Q)אאW


                      Q = K q × wt × L                         (3-1) 

 
 K qZא (shear factor) Z٥}٠אאF٣J٦JE

wtZאאUniformly Distributed Load (D.L +L.L) 
LZאאSpan of Slab or beam 


Jאא(M)אאW


                      M = w × L2 / Km                         (3-2)

 
 

       KmZא(moment factor)Z٨    אאF٣J٦JE
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M = 8

mK  = 8

K  = 0.5q

2
wLQ =

2
wL

S.F.D
Q

L

w  t/m

Loads

B.M.D


F٣J٦E
 

٢EאאOver Hanging Slab or  Beam
 א א  (D.L + L.L )     א  א

W  אא(N)Z
• א(Q)W

    אא  א  א  א    (D.L+L.L)
 אאFא אא E  אא (D.L only) KKKK א   

אאאאא(D.L + L.L)אאF٣J٧JKE
 

i.e.                Q = K q × wt × L                (3-3) 
 

W   K qZא (shear factor) Z٥}٠FאE،
W tZאאUniformly Distributed Load       (D.L +L.L) 

LZאא                                    Span of Slab or beam 
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• אא(M)W 


Eאאאא(D.L+L.L)
 אאFאא E אא(D.L) א אF٣J٧JK E

W 


              Max. M +ve. = wt×L2 /8 – w × L1
2/2          (3-4)             

 
WwtZאאאאאא(D.L+L.L)

wZאאאא(D.L. only)
LZאא   L1Zאא


Eאאאאא(D.L. 

Only)אאFאאEא(D.L+L.L.)אאF٣J٧J
EW

                    Max. M-ve = w × L1
2/2                          (3-5)        




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w L
8

2

B.M.D

1

L

w  = D.L + L.L (t/m)

w L

w t/m
1 w  t/m (D.L)

8

 e
M -v 

L

qK  = 0.5

1

1wL

1w L
2

w 1

w L1

(D.L + L.L)1w

Loads

2

2

B.M.D

1

wL1

S.F.D

L

w D.L

Loads

M -v   = e 2
w L1 1

2

Case of max +v   M  e

Case of max -v   M  e


F٣J٧E

 
٢E Continues Slab or Beam

א אא  א   א   א א א  
א٢٠٪אאאאK 

WאאאאאW
אא(M)W   M = w×L2 / Km                          (3-7) 

 
 KmZא(moment factor)אאF٣J٨E
LZאאאSpan of Slab or beam Effective



א٢٠١אא
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א(Q)          Q = K q × wt × L                          (3-6                     
      

K qZא (shear factor) אאF٣J٩E
wtZאאאאאא(D.L+L.L)
LZאאאSpan of Slab or beam Effective 

 Wאא،א٢٠٪،L
אL1L2W

                    L = (L1 + L2) / 2           and, wt = (wt1 + wt2) / 2   
   Where,     L1 < 1.2 L2                   or, L2 < 1.2 L1 
  

2w L
24

-24

9

w L
11

2

+11

-9

2w L

( Moment factor)

w L2

2

11
w L

24

+11

mK-24

1 2

Loads

w  t/m  or w w  t/m  or w

B.M.D

1L  or  L2L  or  L


F٣J٨Eא
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
 

0.6 wL

0.6 wL

0.4 wL

0.4 0.6

( Shear factor)K  q

S.F.D

0.4 wL

0.6 0.4

 
F٣J٩Eא

 
Wאאאא.
• א(Q) 


                        Q = K q × wt × L                             (3-8)  
 

 
 K qZא (shear factor) ٠אאF٣J١٠E

 w tZאאאאאא(D.L+L.L)
 LZאאאSpan of Slab or beam Effective 

  
• אא(M)W 


                     M = w×L2 / Km                                 (3-9) 

 
 
KmZא(moment factor)אאF٣J١١EF٣J١٢E

     LZאאאSpan of Slab or beam Effective
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 Wאא،א ٢٠٪،L
אL1L2W

                    L = (L1 + L2) / 2           and, wt = (wt1 + wt2) / 2   
   Where,      L1 < 1.2 L2                   or, L2 < 1.2 L1   

 
 
 

0.60.45

K  q

0.5 0.5 0.5 0.50.5

 
F٣J١٠Eאאאאא

 
 
 
 

( Moment factor)

-24

+10

mK  

-10

+12

-12

+12

-12

 
F٣J١١Eאא 

 
 
 
 

( Moment factor)

-24

+12
K  

-10

m

+16

-12-12

+16

 
F٣J١٢Eאאאא 
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٣J٥Wאאא
אאאאF٣J١Eאאאא

KאאKאאא
E FאאEFאEאW 
• אאאאFאאF٣J٦EE
• אאאK

E אאK 
•  א א  א   א   אF  

אFEא٣אJ٧E
• אאא

EFאE
• אאאאFאאF٣J١٠E
• אאאא KאאFא

אF٣J١١EF٣J١٢E


 
 
 

  
 



 

 



 

 

 

אאאאאא  

 

אא  

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 




א



א




א



 

٤



 

 



א٢٠١אאא
אאאא
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אא
אאאאאFאEאאאא
 א א אא  אאא א ، א  א

א א  א א Kא א א  א   
אאאאאK

אא 
١E אאאאאK  
٢EאאאאאFאאאKE
٢E א אאא  א אא

אאK 
٣E אאאאאאאK 
٤E אאאאאאאא

אK 

אאK 
אאאאאאאאאאא

١٠٠٪
אאאאK 

•  
 

אאK 
אאK

אאאאאא 



א٢٠١אאא
אאאא
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٤J١W
א،א،אאאW

١EאאSolid Slabs
٢EאאHollow Block Slabs
٣EאאFlat Slabs
٤EאאאאWaffle Slabs
٥EאאLift Slabs
٦EאאPre-Slabs

א א א(Solid Slabs)אא 
(Working Stress Design Method) אאאאאK

٤J٢אא(Solid Slabs)
 אא א א א א    א  א א Fא 

אאאKKKKKאKEאאאאא(Beams)
א(girders)אK

אאאW
E אאאOne way Solid Slabs      

E א        Two Way Solid Slabs 
WJ

٤J٢J١WאאאאאאאOne way Solid Slabs 
W

אא אאאא
אאאאFא٤אJ١E

     i.e. r = L / B ≥ 2          the slab is one way slab
Wrא،Lאא،Bאא
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b

L

d
2

d
2

m
1


F٤J١E


אF٤J١EאאאאאFא

א אאא K Eא אF
EאאאאאאאאK

א אא א א א     א  א א
אאאאK


٤J٣אאאאאא

Section Analysis by Working Stress Method        
(Bernoulli theorem) (Hook’s Law) אא

     א  א K א א א א 
אאאאKW


٤J٣J١Wאאא(Pure Bending Moment or Pure 

Flexure)
• א
• אאFE       (Bond slip )
• אא  א א א   א  א  א א

א
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• א א(Plane cross sections)      א
אKאאF٤J٢EK



d

Stress diagram

c

Strain diagramR.C sec
nsfs

c

x

T

xZ = d  - 3

C

3xf


F٤J٢E


אאאאאאW

אאאWJ            

                       (4-1)      
b
Mkd 1=                 


bZאאFאE

dZאא
k1 Z    א  א   (f c) 

אא(f s)KאאF٤J١KE
MZאאאK
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אאWJ


                          (4-2)                                       
dk

MA s ×
=

2
             

                  
AsZאאא(M)

dZאא
K2Zאא(f c)א

א(f s)KאאF٤J١KE
MZאאאK


٤J٣J٢WאאDiagonal Tension

אאאאאVertical ShearאאאHorizontal 

ShearK
אאqW 

 

               (4-3)        bd
Qq ×= 87.0                      

 
 

qZאא
QZ  אאאאK

٤J٣J٣WאBond


 א (Bond Stress) א  א  א   א א
א  א  K    א    א אFlexure

אShear StrengthKאאK
E אFlexure Bond

E אAnchorage Bond 
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٤J٣J٤Wא Flexural Rigidity 
א(EI) אאא،

FאEDeflectionאEsאE с آما  
   -:يلي 

Eאאא              n =E s / E c = 15 
אאאElastic Deformation  אא) ب       

אאאאאא
אאאאאא .  n = 10 

F٤J١Eא
Design coefficients for bending (working Stress Method) 

 
105 100 95 90 80 75 70 65 60 55 50 45 fc fs 
.612 .600 .588 .574 .545 .529 .512 .494 .474 .452 .428 .403 α 
.796 .800 .804 .809 .818 .824 .829 .835 .842 .849 .857 .866 β 
.193 .204 .211 .219 .237 .247 .259 .273 .289 .308 .330 .357 k1 
796 800 804 809 818 524 829 835 842 849 857 866 k2 F s

=1
00

0
 

.567 .555 .543 .529 .500 .484 .467 .448 .428 .407 .385 .360 α 

.811 .815 .819 .823 .833 .839 .844 .851 .857 .864 .872 .880 β 

.204 .210 .218 .226 .245 .256 .269 .284 .301 .322 .345 .374 k1 
973 978 983 988 10001007101310211029103710481058k2 F s

=1
20

0
 

.529 .517 .504 .491 .462 .446 .429 .411 .391 .372 .349 .325 α 

.824 .826 .832 .836 .846 .851 .857 .863 .870 .876 .884 .892 β 

.209 .216 .224 .233 .253 .265 .279 .295 .313 .335 .360 .391 k1 
1154 1162 1165117111851192120012081217122712371248k2 F s

=1
40

0
 

.496 .484 .471 .458 .429 .413 .396 .379 .360 .340 .319 .297 α 

.835 .839 .843 .847 .857 .862 .868 .874 .880 .887 .894 .901 β 

.214 .222 .230 .240 .261 .274 .288 .305 .324 .347 .375 .408 k1 
1335 1342 1349136713711380138913981408141914301441k2 F s

=1
60

0
 

.440 .429 .416 .403 .375 .360 .344 .328 .310 .292 .273  α 

.853 .857 .861 .866 .875 .880 .885 .891 .897 .803 .909  β 

.225 .233 .242 .252 .276 .290 .306 .328 .346 .371 .402  k1 
1706 1715 17231731175017691771178217931898 1818 k2 F s

=2
00

0
 

.417 .406 .393 .380 .353 .338 .323 .307 .290 .273 .254  α 

.861 .865 .869 .873 .882 .887 .892 .898 .903 .909 .915  β 

.230 .239 .248 .269 .283 .298 .315 .334 .357 .383 .415  k1 
1894 1903 191219211940195219621976198720002013 k2 F s

=2
20

0
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٤J٣J٥
F١WEאאאאאאF٤J٣EKאא

K
א

אאאWDead loads
אא(t)Z١٠



w = 0.6 t/m = 6 KN/m2

2.25
m

AL = 6

Loads
B.M.dM

m

A

One - way slab

2.25
m


F٤J٣E

 
 

i.e.      Own weight of slab =1×1× t ×γ c =   t  ×  γ c       
                                              = 0.1× 2.5 = 0.25 t/m2 = 2.5 KN / m2  

              Flooring (א) = 0.15 t / m2 = 1.5 KN / m2  

             Live Loads (L.L.) (אא)  = 0.20 t/m2 = 2.0 KN / m2  

            Total Loads (wt) (אא)        = 0.60 t / m2 = 6.0 KN / m2   

              Bending Moments   (א)   

             Section A-A: 

              M = wt ×L2/8 = 0.6 × (2.25)2 / 8 = 0.380 m.t /m 
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         Assume    f c =60 kg / cm2        (f cu = 250 kg / cm2)    

         And      f s = 1400 kg/cm2     (mild steel 37)   

         i.e.      From table (4-1)  

         k 1= 0.313          and k 2 = 1217  

אאFdEא٠}١Fb=100cm.E

       
b
Md k1

=   = 
100

100000380.0313.0 ×  = 6.10 cm.    

 א   א א FtE Z ٨  Kא   א   
K

       I.e. take   t min = 8.0 cm. 

       d act. = t – cover = t – (1.5: 2.0 cm) = 8.0 – 1.5 = 6.5 cm. 

אW
      

d
Mmain
kAs ×
×

=
2

510 = 
5.61217

10380.0 5

×
× =   4.8 cm2/m   

      Choose 7Ø10 mm/m (5.5cm2/m)  

           Check:  As min = 0.25% Ac = 0.25 / 100 ×10×100 = 2.5 cm2  

       i.e.    As main chosen is okay. 

      As secondary = 0.20 A s main = 0.20 × 4.8 = 0.96 cm2 /m  

       Choose As secondary = 5 Ø 8 mm/m (2.51 cm2)  

WאאW
١E  א  (t)Z٨  K  א      

א٨K
٢Eאאאא٧١٠Kא

אF٥Eאא٨
٣Eאא٢٠}٠٪אאK 
٤EאאFאאE٢٥}٠٪

אאK 
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F٢WEJ
אאאאאאאא

٠٠}٣אאאאF٤J٤KEא
אFאאZ٢٠٠L٢KE

א
      2

3
6
===

b
Lr    (One way slab) 

      Loads on Slab:              assume t s=10 cm. 

      O.w. of slab = 0.1 ×2.5 = 0.25 t/m2 = 2.5 KN/m2
      Flooring                       = 0.15 t/m2 = 1.5 KN/m2  

      L.L.                              = 0.20 t/m2 = 2.0 KN/m2  

      Total load wt =             = 0.60 t/m2 = 6.0 KN/m2  

B.M.d

 e +v   M  e +v   M 

3.0
m

2wL
24

m
3.0

 e --v   M 2

24
wL

W    d.L + L.L 

Loads

L = 3.0m

S

6.0
m

mL = 3.0

S

3.0 m m3.0

loads & B.M at section s-s

 
F٤J٤E 

      
 Bending Moments: 

      mmtlwM t
ve /49.0

11
96.0

11

2

1 =
×

=
×

=
+      

     mmtlwM t
ve /6.0

9
96.0

9

2

1 =
×

=
×

=
−     

 



א٢٠١אאא
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W אא٤٠٠L٢א(Cases of 

loading)אא(case of total loads)K
      Assume    f c =60 kg / cm2        (f cu = 250 kg / cm2)    

      And          f s = 1400 kg/cm2     (mild steel 37—24/35)   

      i.e.            From table (4-1)  

      k 1= 0.313     and      k 2 = 1217  

אאFdEא٠}١Fb=100cm.E

     
b
Md k1

=   = 
100
1000006.0313.0 ×  = 7.74 cm.  

     Take t = 10.0 cm  

     d act. = t – cover = t – (1.5: 2.0 cm) = 10.0 – 1.5 = 8.5 cm. 

אאאW         

    
dk

M
main ve

sA ×
×

= +

2

5

1

10 = 5.8*1217
1049.0 5×

 =   4.74 cm2/m   

   Choose 7 Ø 10 mm/m (5.5cm2/m)  

        Check:  As min = 0.25% Ac = 0.25/100 ×10×100 = 2.5 cm2  

   i.e.    As1 main chosen is okay. 

   As1 secondary = 0.20 As1 main = 0.20× 4.74 = 0.948 cm2 /m  

  Choose As1 secondary = 5 Ø 8 mm/m (2.51 cm2) 

אאאW         

   
dk

M
main ve

sA ×
×

= −

2

5

2

10 = 
5.81217

106.0 5

×
× =   5.8 cm2 / m   

   Choose 8 Ø 10 mm/m (6.28cm2/m)  

        Check:  As min = 0.25% Ac = 0.25/100 ×10×100 = 2.5 cm2  

   i.e.    As2 main chosen is okay. 

   As2 secondary = 0.20 As2 main = 0.20× 5.8 = 1.16 cm2 /m  

   Choose As2 secondary = 5 Ø 8 mm/m (2.51 cm2)  



א٢٠١אאא
אאאא
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٤J٣J٦WאאאW
Wא

١( א אא FאאE
٢٥}٠٪אאאK

٢( אאאאFאאE
F

5
1EאאKאא

F٥EK 
٣(  א א א  א א   F    ٢٠E٪

אאאא١L٥אא
אאא١L٤ אאא

אאK 
٤( אאאא

٢٠F٥Eאא
١٠אK 

٥( א٥}١٠}٢K 
٦( א א א          אF١L٣E

אאאאK 
٧( ٨K 
٨(    א א א א   F٢ E   

אF٤J٥KE 



א٢٠١אאא
אאאא
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F٤J٥E


Wא

אאא٤٠٠L٢אאאא
W

١E אאאאK
٢E אK 
٣E אK 


Wא

אא١٠K
א١٥K


אWאא

אאאאאאF(Deflection)
אWE

١E אt min.. =L/30                
٢E אאt min.. =L/35    
٣E אt min.. =L/40         

LאאאאאאK

 



א٢٠١אאא
אאאא
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Wא
 אא   א א    א٠٥}١

אאKאאK
٤J٤WאאאאאTow Way Slabs
٤J٤J١W
אאאאא،אאאא

א،אאאאא?٢K?
      i.e.   L / b ≥ 1.0 ≤ 2.0        

LZאbZא
אאאאKאאF٤J

٦KEאאאאאK
אאאאאא

 א Kאאא  
אאאאאא 

אאאאאאאאK
אאאW

                    
F٤J٦Eאאא


EאL/b  K

EאאאאאאאK
אאאFאאEα

אאאFאאEβ   

 



א٢٠١אאא
אאאא
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٤J٤J٢Wאאאא
אאאאW

E אt min.. =b/35   
E אא t min. =b/45    

bK

٤J٤J٣Wאאאאאא

אאאאאאאאא
א אא  א   א א א א K  א

א(L)אא(b)KאאK
Wb ZאאאFאE

LZאאאFאE
    m b Z א  א  אאא

אא(b)אbK
m L Z א     א   א א א

אא(L)אLK  
m bm L אK

אאאm bm L W
אWm L = 1.0m b = 
אWm L = 0.87m b = 

Wm L = 0.76m b =
   א   א א    א (r)א א 

אאW


b
l

r
m
m

b

l

×

×
=                                              (4-4) 


אF٤J٢Eא(α)(β)אא
אא(b)א(L)אאאrאK



א٢٠١אאא
אאאא
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F٤J٢Eא(α)(β)אr
אאFאEאא

r 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 
α 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
β 0.35 0.29 0.25 0.21 0.18 0.16 0.14 0.12 0.11 0.09 0.08

Wβ = 0.35/ r2


אאאW
אאא(b)Wt × α W α =
אאא(L)Wt × βW β =

wtאאFאאאWD.LאאWL.LE


אאW
א(Bending Moments)אאW

١E אאאאאW 


אאא(4-5)    
10

2bwMb

×
±= α


אאא    (4-6)          

10

2LwML

×
±= β


٢EאאאאאW


אאא       (4-7)       

12

2bwM b

×
±= α


אאא(4-8)              

12

2LwM L

×
±= β 



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٤J٤J٤Wאאאא
אאאאאא

F٤J٣KEאא
אאאFאאאאE

 אאאאFא 
  א E  א א     א א  א

אאאאאאF٤J٢Eאא
אא א אא   אRigid Beams K

א١٥א٢٠K


F٤J٣Eא(α)(β)אrFE
אאא

r 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 
α .396 .473 .542 .606 .660 .706 .746 .778 .806 .830 .849
β .396 .323 .262 .212 .172 .140 .113 .093 .077 .063 .053

 
 ٤J٤J٥אאא

F١WEJ
אאאאאאאא

  ٥}٤      F٤J٧ K E  א   א 
FאאZ٢٠٠L٢KE

א
אאZ٥}٤

     0.1
5.487.0
5.487.0
=

×
×

=
×

×
=

b
l

r
m
m

b

l         (Two way slab) 

      From table (4-1)           α = β =0.35
      Slab is continues           i.e. t = 450/ 45 =10 cm 
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0.40 m 0.20 m

4.50 m

0.20 m

0.40 m

4.50
m

0.40 m

m4.50

4.50
m

11



F٤J٧E

 

      Loads on Slab:               

      O.w. of slab = 0.1 ×2.5 = 0.25 t/m2 = 2.5 KN/m2 

      Flooring                       = 0.15 t/m2 = 1.5 KN/m2  

      L.L.                              = 0.20 t/m2 = 2.0 KN/m2  

      Total load wt =             = 0.60 t/m2 = 6.0 KN/m2 
t/m2= Load in short direction = 0.6 × 0.35 = 0.21Wt × α      W α =

  W β=Wt × β = Load in long direction = 0.6 × 0.35 = 0.21 t/m2 
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אאאא
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      Bending Moments:
אאKW

      mmtlwMM veve /425.0
10

5.421.0
10

22

1 =
×

=
×

==
−+

α
αα   

     mmtlwMM veve /425.0
10

5.421.0
10

2
2

2 =
×

=
×

==
−+

β
ββ   

 Wאא٤٠٠L٢א(Cases of 

loading)אא(Case of total loads)K
 Assume    f c =60 kg / cm2        (f cu = 250 kg/cm2)    

 And      f s = 1400 kg/cm2     (mild steel 37—24/35)   

  i.e.  From table (4-1)  

  k1= 0.313          and        k 2 = 1217  

אאFdEא٠}١Fb=100cm.E

 
b
Md k1

=   = 
100

100000425.0313.0 ×  = 6.45 cm.   

  Take t = 10.0 cm  

  d act. = t – cover = t – (1.5: 2.0 cm) = 10.0 – 1.5 = 8.5 cm. 

אאאW         

  
d

main
k

MA ve
sL ×

×
= +

2

510α = 
5.81217

10425.0 5

×
× =   4.11 cm2/m  

  
   Choose 6 Ø 10 mm/m (4.71cm2/m)  

 

d
Secondary

k
MA ve

sl ×

×
= +

2

510β = 
5.71217

10425.0 5

×
× =   4.65 cm2/m 

 
Choose 6 Ø 10 mm/m (4.71cm2/m) 

אאאW         

dk
main MA ve

su ×

×
= −

2

510β = 
5.81217

10425.0 5

×
× =   4.11 cm2/m   

 
         Choose 6 Ø 10 mm/m (4.71cm2/m)  



א٢٠١אאא
אאאא
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dk
ondary MA ve

su ×

×
= −

2

510
sec β = 

5.71217
10425.0

×
× =   4.65 cm2/m  

  
Choose 6 Ø 10 mm/m (4.71cm2/m) 

אאF٤J٨E 

1

3 
   

10
  m

m
 m

3 
   

10
  m

m
 m

m

3    10  mm m
+3    10  mm m

6    10  mm m

Sec ( 1-1 )

3    10  mm m
+3    10  mm m

4.50 m 4.50 m

4.50

3    10  mm m3 
   

10
  m

m
 m

3     10  mm m
3    10  mm m

3    10  mm m

3 
   

10
  m

m
 m

4 .50

1

m


F٤J٨Eא

 
F٢WEJ

 אא אא אאZ٥}٣אא
אF٤J٩KE

א
אאZ٥}٣

       0.1
5.30.1
5.30.1
=

×
×

=
×

×
=

b
l

r
m
m

b

l         (Two way slab) 

 



א٢٠١אאא
אאאא

 
 

- ٥٧ - 

אאא٢٠א
אF٤J٣E 

      From table (4-3)           α = β =0.396
      Slab is Simple           i.e. t = 350/ 35 =10 cm 

      Loads on Slab:               

      O.w. of slab = 0.1 × 2.5 = 0.25 t/m2 = 2.5 KN/m2 

      Flooring                         = 0.15 t/m2 = 1.5 KN/m2  

      L.L.                              = 0.20 t/m2 = 2.0 KN/m2  

      Total load wt =             = 0.60 t/m2 = 6.0 KN/m2 
t/m2= 0.6 × 0.396 = 0.21W β      W α =

   
      Bending Moments: 

אאאFKEW

      mmtlwMM veve /364.0
8

5.32376.0
8

22

1 =
×

=
×

==
++

α
βα      

     Assume    f c =60 kg / cm2        (f cu = 250 kg/cm2)    
And          f s = 1400 kg/cm2     (mild steel 37—24/35)   

 i.e.      From table (4-1)  
 k1= 0.313          and         k2 = 1217  

אאFdEא٠}١Fb=100cm.E

  
b
Md k1

=   = 
100

367.0
313.0 10 5×  = 6.0 cm.   

  Take t = 10.0 cm  

  d act. = t – cover = t – (1.5: 2.0 cm) = 10.0 – 1.5 = 8.5 cm. 

אW         

 
d

main
k

MA ve
sL *

10

2

5×
= +α = 

5.81217
10364.0 5

×
× =   3.52 cm2/m   

 Choose 7 Ø 8 mm/m (3.52cm2/m)  
 


d

Secondary
k

MA ve
sl ×

×
= +

2

510β = 
5.71217

10364.0 5

×
× =   3.98 cm2/m 

Choose 8 Ø 8 mm/m (4.02cm2/m) 



א٢٠١אאא
אאאא
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א א  א  א FαEא א  א   FβEK  א
אאאאאK

WאאאאאאK
i.e.  A s α. ≥ A s β.  



8    8   mm m
2    10  mm m

Concrete seat

Sec ( i - i )

4    8  m

4    8  m

5    8 mm / m

2    10  mm m

   
0.2

i

m

i

m
3.50

m

8 
   

8 
  m

m
 m

3.50


F٤J٩E

 
 
٤J٥: אאאא

 ١Eאאאא
٢٠KאאאאK

٢Eא٨(Ø=8mm)K
٣EאאאאאF١L٤E

אאKאF٥Eא
K٤Eאא٥}١W٠}٢K

אאאאK
٥EאאאאאאK



 



א٢٠١אאא
אאאא
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٤J٦Wאאאאאאאאאא
אאאאאFאאאאE

אא(Flexure)אא
אאאאאK

אא(No need to check shear stress)K
٤J٧WאאFDeflection in SlabsE
WאאאאאK

אאאאאאאא
אא א א  א  א  א  א Kאא 

אACIאאאCP110BS8110١٩٨٥אא
١٩٩٥אאאאKאאא

١٩٧١ (ACI-318-71)  א א F٤J٤ Eא     
אאאאאאאK

F٤J٤Eאאא(L/d)
אאאאאאאACI 

אא
א
(Fy kg/cm2) 


א


א






אאא٢٨٠٠٢٥٣٠٣٥٥}١٢
אא

אא
٢٨٠٠٢٠٢٣٢٦١٠

אאא٣٥٠٠٢٢٢٧٣١١١
אא

אא
٣٥٠٠١٨٥}٢٠٥}٢٣٩

אאא٤٢٠٠٢٠٢٤٢٨١٠
אא

אא
٤٢٠٠١٦٥}١٨٢١٨

אF٤J٥Eאאא(L/d)אא٠٠}١٠
אאאאK



א٢٠١אאא
אאאא
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F٤J٥Eאאא(L/d)
אאאאאאאE.C.O.P

א


אא
(Fy kg/cm2)


א


א




אא
٢٤٠٠J٢٨٠٠

٢٥٣٠٣٥

אאא
אא


٢٤٠٠J٢٨٠٠

١٨٢٣٢٦

אא٢٠٢٤٢٨
אאא

אא


א

٣٥٠٠J٤٢٠٠
١٤١٧٢١


Wאאא

אא١٩٨٣אK(ACI-318-83)אאא
אאאאK

אאאאאא 
ACI-318-83 ١٩٨٣ K–  ٣٣אJ٣٥ Kא     א  

אאאK
١E אאאא(Drop panels)١٢٠F١٢E
٢E אאF٩J٥J٣J٢E

א١٠٠אF١٠E 
٣E אאאאאא٠٠}٢א

٩٠F٩E 



א٢٠١אאא
אאאא
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٤J٨ אאא
١E אZ١٠א١٠

אZ٦Ø١٠
LK

٢E אZ١٢א١٢
אZ٧ Ø١٢

LK
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אZ٨ ø١٤
LK

٤E אZ١٦א١٦
אZ٩ Ø١٦

LKא٥Ø١٠LK 
 
٤J٩א
١EFאEאא٢٠Kא

Z٢}٤٠}٩KאW
EאאK
EאאאאK
EאאK


٢EאאאF١EאF٤J١٠Eאא

٢٠KאZ٥}٤٥}٦KאKא
אZ١٢אאאZ٠}٢KאW

EאאאK
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EאאK
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אאW 
 אאאאאאאאאא   
 א א ، א  א א  א א

א Kאא א  אאאאא
אאאאK

אא 
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٢E א א   א א א א א א
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٣E א    א א א  אאאא 
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אK
אאK 

אאאאאאאאאאא
١٠٠٪

אאאאK 
 

אאK 
אאK

אאאאאא 



א٢٠١אא
אאאאא
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٥J١WW
אאאאאKא

א א א א אא KKK 
אאאאFאEאK

٥J٢WאאאאW
אאאאאאW

١E אאאא אא
 א א K   אא    א  

אKKW٢٠٢٠K
٢٥٢٥FאF٥J١KE

 

   
25 cm
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T

b

20 cm

12 cm

   
25 cmb< 20 cm b<

12 cm

b

20 cm

 
F٥J١E


٢E  אאאא(Lintling)א

אאKאא
אאאאK

٣E אאאאאאא
K 

٤E  אא אא  אא     
אאאK 



א٢٠١אא
אאאאא
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٥E א(To reduce buckling length of columns) 
אאאאאאאאK 


٥J٣Wאאאאאא

אאאאW
١E אאאMain girders   
٢E אאאSecondary beams 

אאאאאFאE
 א אא  א   א  א אאF  

אאאEאאF٥J٢KE


m
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m0.3   

Beam

M
ai

n 3.00
m
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Beam

0.2

   

mB
ea

m

3.00

4.00 m 4.00

0.3m
   

m


F٥J٢E



 



א٢٠١אא
אאאאא
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אאF
אאאאKEאא

אK
 א،  א  א א אF٥J٣ E   K  

  א  (B1→B2→B3)   א א(G1)א
KאאאאB1אC4K



4

1

2

3

B3

C2

3.00 B1
m

C1

3.00

B2

m

C5

4.00

C4

4.00

G1

C3


F٥J٣E

 אאאא אF٥J٣ E  K א
אG1אאאאאאא

B1،B2،B3אאאG1אאC1
،C2،C3،C4אאאK 
٥J٣J١WאאאאK
١ E  אFא אא א  א א  Eא

 אא (Dropped beams) א(Embedded beams)
אאK
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٢ E(Loop of loading)אא 
אאאאאאאK

אאאא
אאאאאאאK

אF٥J٤JEאFEאFאE
 אa b c dאאא a א

אאK
  אF٥J٤J Eא   א א א א  א 

F٥J٤JKEאאF٥J٤JEאאa
bcdeאDאאKא

Kאאא


mm
S

a

e

D

d
 

D
m

S

b

m
D

m
c S

m
D

a d

D
m

b c
m

S

m
S D

m
S

m m
D

D
m

S
m

D
m

S
m


F٥J٤E


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٣E  א א   Fא א Eא     
אאאאאF٥J٥JKEאF٥J٥JE،F٥J

٥JE،אאאאF٥J٥JKE


Y
m

m
Y

m
X

X m

Cracks

m
Y

X m

Cracks


F٥J٥E


٥J٤KWאאא

 א     א  אא     
אאW
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אאW
  א   א א אא(Uniformly distributed load)
אא٠}٥KאאF٥J٦J١KE




L

   
  5.00 mb<

 

 

Loads


F٥J٦J١E




אאW
א   א   א א א אK  
אאא٠،٧KF٥J٦J٢KE

 



א٢٠١אא
אאאאא
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

L

L

 

7.00 mb<

w  t/m
Loads


F٥J٦J٢E


אאW                             

אאאא א
Kאא٠}١٠אא

F٥J٦J٣KE


L

   
  

b<  

w  t/mP

 

Loads

7.00 m


F٥J٦J٣E
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אאאW
אאאאאא

٠}٧K
אאW

אאאאא
٠}٨K

אאW
אאאאא

K
אאW

 א אא         אF 
א E א אא אא  א א א  Kא

אF٥J٦J٤KE
WאאאאאאאאK




 

w  t/m w  t/m


F٥J٦J٤E



 



א٢٠١אא
אאאאא
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٥-٥ : אאאאK
אאאFאאEאאא

אאאאאאאאאא
   Kא  א    א א 

אאא
אאאKאאאא

Allowable working stressאאF١J٤Eאאא
אאאאאאאא

אאאאאK

٥J٥J١WאאאK

אאאאW
١(  א  (Slabs)א אא Kא א א 

אאF٢J٢J٢J١JE
٢( אאאFאEאאF٢J٢J٢J٢JE
٣( אאאאאFאEאאF٢J٢J

٢J٢JE 
٥J٥J٢WאאאK

א א א     א א א  אא
אאF٥J٧Eא

אאאאאאאKאW




א٢٠١אא
אאאאא
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Beam A

   
  

 

 

Beam B

45°

X Y
L

2X


F٥J٧EאאאאK


 א  F E       K א F E

K
אאאאא

אאאאאאF٥J١KE


F٥J١E
אα،βאאאאאאא

2.01.91.81.71.61.51.41.31.21.11.0L/2x
0.9170.9080.8970.8850.8700.8530.8290.8030.7690.7250.667α
0.7500.6370.7220.7060.6880.6670.6420.6150.5820.5540.500β


WZאאאאאK
LZאאK
XZK

 



א٢٠١אא
אאאאא
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W
αZאא(Equivalent coefficient for moment)
βZאא(Equivalent coefficient for shear)

W
α ×w ×xZאאאFאאאE

אאאאא
אאK


β ×w ×xZאאאFאאאE

 אא  א  אF  א  א 
אאאαKE


WאאאאF٥J٢KE


F٥J٢E

=

L/2
L

0.6670.5

0.5 0.5

1

2 

3

4

5

6

7table
From 

Take     = 1/2x  for
one trabizoidal

0.5=

0.3330.5

0.5 0.667

= From 
table


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٥J٥J٣WאאאFאאF٣J٣،،EאאאKE
٥J٥J٤WאאאאFאאF٣J٤EאאKE
٥J٥J٥WאאאFאאF٣J٥EאאKE

F٥J١E
אF٥J٨Eאאאא

F٥J٨J KEאF٥J٨JEאא Kא
W

אאאא٢٠Fא٢}١L٣KE
אאאZ٠}٣KאאF٥J٨JKEאW


١E אאאאB1،B2אאG1K
٢E אאאאאאK 

 

6.00
m

5.00m4.00 m

m
6.00

5.00m
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B

C

1 2 3 4

C

B

A

4321


F٥J٨JE


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

S1

5.00

1

C

2 3

4.00m m
G2

5.00 m

G2

6.00 S2
m B2

B

B1B1 S2

G1

6.00 S2
m

B2

A

S1

S2

1 2 3

4

C

B2

B

B2

A

4

   0.2

   
0.4m

m


F٥J٨JE



 
h2 ( clear height )


F٥J٨JE
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א
WאאאB1،B2،G1

אאB1אאF٥J٩E


B1

G1

w  t/m

G2

t

B1
G2

G1G2 2.50

6.00 m

2.00

2.50

6.00 m

G2

2.00

F٥J٩E 


Wt on beam B1 = loads from slab + o. w. of beam
Loads on slab:

Assume t s = 12 cm = 0.12 m 

O.W. of slab = 0.12 × 2.5 = 0.30 t/m2 = 3.0 KN / m2 

O.W. of flooring               = 0.15 t/m2 = 1.5 KN / m2 

L.L                                    = 0.30 t/m2 = 3.0 KN / m2 

Total load on slab            = 0.75 t/m2 = 7.5 KN / m2 

Slab s1     is 4 × 6 m  

r1 = 6/4 = 1.5  

α1 = 0.853         and         β1 = 0.667 (from table 5-1) 

Slab s2     is 5 × 6 m  

r2 = 6/5 = 1.2  

α1 = 0.769         and         β1 = 0.582 (from table 5-1) 
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Beam B1 has two equal span = 6.0 m 

Assume    b =20 cm  

And          t = span / 10 = 60 cm  

W
א(working loads)אאB1אW

W α = total working load for moment  

      = 0.853 × 0.75 × 4/2 + 0.769 × 0.75 × 5/2 + 0.2 (0.6 – 0.12) × 2.5 = 2.96 t/m  

א(working loads)אאB1אW
W β = total working load for shear  

       = 0.667 × 0.75 × 4/2 + 0.582 × 0.75 × 5/2 + 0.2 (0.6 – 0.12) × 2.5 = 2.33 t/m  

WאאאאאB1אK
 אאB2 אאאK

אFאEא(Main girder)G1אK
אאB2אאF٥J١٠E

 

w  t/m

col

B2

col

t

col

colcol

6.00 m

B2

2.50

6.00 m

2.50

col

 
F٥J١٠E 
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Loads on slab: 

Assume t s = 12 cm = 0.12 m 

O.W. of slab = 0.12 × 2.5 = 0.30 t/m2 

O.W. of flooring               = 0.15 t/m2 

L.L                                  = 0.30 t/m2  

Total load on slab           = 0.75 t/m2  

Slab s2     is 5 × 6 m  

r2 = 6/5 = 1.2  

α1 = 0.769         and         β1 = 0.582 

Beam B2 has two equal span = 6.0 m 

Assume    b =20 cm  

And          t = span / 10 = 60 cm  

Loads from wall: 

H wall =א2.4 = 0.6 – 3.0 = א m 

W wall = γ b × t w + o.w. of plaster   = 1.2× 0.2 + 0.05 = 0.29 t/m2  

W
א(working loads)אאB2)אEW

 W α = total working load for moment  

       = 0.769 × 0.75 × 5/2 + 0.2 (0.6 – 0.12) × 2.5 + 0.29 × 2.4 = 2.38 t/m 

א(working loads)אאB2FאEW 


W β = total working load for shear    

       = 0.582 × 0.75 × 5/2 + 0.2 (0.6 – 0.12) × 2.5 + 0.29 × 2.4 = 2.38 t/m  
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אאG1אאF٥J١١EK
 

2.002.50

5.00 m

G1

col

2.50
R

B1

5.00 m4.00 m

2.00
R

B1

2.50

2.50


F٥J١١E


 אG1Z٤٠Z٤}٠

Z٩٠Z٩}٠W
אאאאZאLאאK

אאאK


Wאא
אKאא) אא(

W β . حيث . (α = β = 0.5) KאאF٥J٢E   
            

  Wt = total working load on G1 = ∑ loading area / span + o.w. of girder  

  i.e.  

  W α = W β = ( 2 × 0.75 × 0.5 × 4 × 4/2 + 2 × 2 × 0.75 ×  0.5 × 5 × 5/2 ) / 14  

                                + 0.4 × (0.9 – 0.12) × 2.5 = 1.77 + 0.78 = 2.55 t/m  
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אאאB1אאG1אW
١E א א  א א (working reaction)א א B1

אאG1RB1K
٢E א אא     א אאFא E  א،

א  א ،א א      (load for 

shear coefficient) (w β)KKKKKKKKW 
RB1 = R w + R m   

WR wZאאאK
R mZאאאB1K
אאF٥J١٢EאאאאB1K








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6.00 m

6.00 m

w  t/m or w

G2
Reaction

Beam B1

B.M.d

G2Loads

G1 G2

6.00 m

10.485 10.485 

6.00 m

w  = 2.33 t/m 1

G1 G2

8
w LM = 10.485 m.t2.33 * 6 * 6= 8

2

=

6
*2= mR10.48510.485

6
10.485

6


F٥J١٢E


אאW

R w = (wβ×L/2) ×2 = (2.33 ×6/2) ×2 = 13.98   ton   

R m = (M - ve /L) ×2 = (wβ×L2/8L) ×2 = (2.33 ×6×6 / (8×6))×2 = 3.495 ton 

i.e. RB1 = 3.495 + 13.98 = 17.5 ton  

אאאאG1F٥J١٣KE
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= 17.5 t

w = 2.55  t/m

5.0

R
B1

5.04.00 m

B1
R = 17.5 t

col col

14.00 m


F٥J١٣E 

אF٥J١E
WאאאאB1،B2،G1

١E אB1FאEאאF٥J١٤E
F٥J١٥E 

Q=    * w LS.F.D B

8.4 t
5.6 t

0.6

5.6 t

0.4

8.4 t

K  q

0.40.6
( Shear factor)qK  

6.00 m

2.33 t/m

6.00 m

Load for shear


F٥J١٤E


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

B.M.d M= wL  /Km

mK  

9.7

+11

9.7

2  
-4.44

-24 ( moment factor)

w L2
9 = 11.84

+11
-9

- 4.44

-24

6.00 m6.00 m

Load for moment2.96 t/m


F٥J١٥E


٢EאB2FאEW

   W β (for shear)      = 1.74    t/m 
   W α (for moment) = 2.22    t/m 


WאאאאאB2K


٣Eא G1אאF٥J١٦KE




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

M     = 144.88 + 5.1 =150 mt 

S.F.D

B.M.d

35.35 t

35.35 

Loads

144.88

2w L

max

= 8 mt
8

8 mt

5.1 

17.5 t17.5 t

35.35 

5.1

5.1

22.6

4.00 m

2.55  t/m

5.00 m

22.6

5.00 m 35.35 t

F٥J١٦E



٥J٦WאאאDesign of R.C. Sections of Beams  

   א א א א  א א  א
 א Kאא  א א       Kא 

אאאאKאא
F٥J١٧EאאאאאאK


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


F٥J١٧E


אF٥J١٨EאA-Bא(Deflection)א

  א אK   א   אא  
FאA-AEאאFאB-BEW
 


F٥J١٨E


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١E אאאאא
 אF٥J١٩ E F٥J١٩KE א א F٥J١٩ Eא   

(Neutral Axis)אאאאK
אאKאאא

אT
אF٥J١٩E 

٢E אאאאא
אאF٥J١٩KE 



A-A B-B

b

T
A-A

 
F٥J١٩E


אאאאאאW 

EאאאFאאF٥J١٩E،
F(،FEE

ET(T-shaped)אאTFאא
٥J١٩E

WאאL(L-shaped)א
L(L-Section)>K 
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   ٥J٦J١Wאאאא
אאאאאאאא

אאאאW
١E א(Linear)אא

F٥J٢٠KE 
 

d

f

Strain diagram

c

Stress diagram

-

d
tf

+


F٥J٢٠E


٢E אאאא

אאאאאאאא
  א א      f c  א

אאאאf sK 
 

٣E   א     א  א א  F٥J٥J١E
،F٥J٥J٢E،F٥J٥J٣E،F٥J٥J٤ E א(M) א

אאא(Q)אאK
٤E      אאdאאW 
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             (4-1)
b
Md k 1=                            

W
dZאאא(Depth of R.C. Sec.)אא
FאאF٥J١٩E&F٥J٢٠EE

k1 Z  א א       (f c)   
אא(f s)אאF٤J١EאאאאK

BZאאאK 
٥Ef cu f cאb,f s
 

WאW
          f cu = 250 kg/cm2    ,      f c = 80 kg/cm2      and f s = 1400 kg/cm2 

     So, k1 = 0.253     ,      k 2= 1185    

٦E אאdאאאF٤J١E
٧E אAsאאאW 



d
M

kA s ×
=

2

             (4-2) 

         
 From figure (5-21) 

 t = d +d′     

Where; d′ = 3 + Ø /2 + (2.5 + Ø /2) × (n-1) 

WnZאK
אא(n)Zא،ØZ٢٠W

                    d′ = 3 + Ø /2 ≈ 4 cm.  

אKאאF٥J٢١KE 
 



א٢٠١אא
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t d

d
b

+
sf  / n

f c


F٥J٢١E




٥J٦J٢WאאאT LFאאאאE
        (Flanged Beam) 

אאאKא∏אIאTאL
אאאאTאLF٥אJ٢٢KE

   א  א       א  אא  
אאאאK

א   א  אא א  T Kא
אאאK(Floor)

אאLK
אא(B)אאאא

TאLW
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אאאאא
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אאBאאאאאW
E T 


              B = 12 ts + b  

Or          B = L/3    (for simple beams)                  (4-3) 

Or          B = L/4.5 (for continuous beams)    


EL

               B = 4.5 t s + b  

Or           B = L/6   (for simple beams)                  (4-4) 

Or           B = L/9   (for continuous beams)    

t s ZאK٨K  
L ZאאK  



T - section
Ob

As

d d

st

L - section
O

sA

b

st

MM
B B


F٥J٢٢E


Wאא(Maximum B)אאא

KF٥J٢٣KE
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

T sec

CL

 L sec

CL
S

L sec CL

   
ob

 

S LC
S

6.30
m


F٥J٢٣E


אTL

TWJ
١E א(Z)אFאE

F٥J٢٤EאאK
٢E א(Z)אאFאE

F٥J٢٤EKאאTK 
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ts

bO

d

B

z
z

t

bO

B

st

t 


٥J٢٤E


 

אא (neutral axis distance (z))אאW 


              
B
MZ 14.0=                        (4-5) 

 
 א(r)א BKBאאאא

BrאאKW 


                 Br= r × B                                      (4-5)          
  

אF٥J٣Eא(r)Kאts/z&B/b0 


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F٥J٣Eא(r)(Br=r.B)    
ts/z 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 B/b0
.68 .76 .82 .88 .92 .96 .98 1.0 1.0 2.0 
.62 .70 .78 .85 .90 .95 .98 .99 1.0 2.5 
.57 .67 .76 .83 .89 .94 .97 .99 1.0 3.0 
.54 .65 .74 .82 .89 .94 .97 .99 1.0 3.5 
.52 .63 .73 .81 .88 .93 0.97 .99 1.0 4.0 
.49 .61 .71 .80  .87 .93 0.97 .99 1.0 5.0 


אאW

                 
Bk

r

Md 1=                 

Wאk1:


                  f c′=   0.75fc                
Wf c אאאK

אא(t)K
                               T = d + d′ 

 
אאאTאW 


                  

d
M

kA s ×
=

2

            

 
Wk2אF٤J١Eאf s , (f c′)K

א(Check)אא(shear stress) א א
אאK
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אאאאא

 
 

- ٩٦ - 

אW
١EאאTLא

אאאK
٢Eא(L)אא

אFאאEאאא
١٥٪אאאK 

 
٥J٦J٣Wא Shear stress 
   א(shear forces (Q))א   א  א א(q)

(shear stress)(T)(Diagonal Tension)אא
אאF٥J٢٥KE

אqאאW 


            Kg / cm2
db

Qq
××

=
87.0                 


 

qq

T

q

T
q

 
F٥J٢٥E 


אW

 



א٢٠١אא
אאאאא

 
 

- ٩٧ - 

١E אאא٧L٢K
٢E        F    E ١٨

L٢KאאאHאאאאאK 
٥J٦J٤Wאאאאא.

אאאאאאאא
אW

١E א(Shear force diagram) (S.F.D) KאאF٥J١٤٥J
١٦KE

٢EאאאאאW 

        db
Qq

××
=

87.0max                 

 
WqQא(Linearity)Kq max

אא(Face of column)K
٣Eאאאאאא(7kg/cm2)K

אאאF٥J٢٦KE



א٢٠١אא
אאאאא
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max
q

max
q

23
= 1: 1 

st
q

bA

7 kg/cm

Q 

q
st

By concrete
S.F.DQ


F٥J٢٦E 
 


٤Eאאאאאא⅓½q maxK
 

I.e.        q stirrups =(⅓: ½) q max  =  
sb

n fA sst

×

××
 

WnZאאא(No. of branches of stirrups)K
A stZא(Area of bar of one branch of stirrups)K

א٨W(A st = 0.503 cm2)
f sZאא١٤٠٠L٢K

bZ א(breadth of beam)
sZאK

 



א٢٠١אא
אאאאא
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٥Eאא(A sb)אאW 


f
AA

s

b
sb

b×
= 

 
Where;     A b = area from diagram of shear stress.  


٥J٦J٥Wאא

אB1אאF٥J١Eאא
אF٥J١٤&٥J١٥KE

א


     Design data: 

     L= Effective Span =6.0 m 

     Q max. +ve = 8.4       ton 

     Q max. – ve = 5.6       ton 

     M max. –ve = 11.84   t.m. 

     M max. +ve = 9.7      t.m. 

     Assume f cu = 250     kg/cm2 

     f c   = 90       kg/cm2   

     f s   =1400    kg/cm2   

     Therefore:   Q Design =       8.4       ton   

     At Sec. 2-2 M –ve =      11.84    t.m. 

     At Sec. 1-1 M +ve =      9.7        t.m.  

      From table   k1 = 0.233             

      k2 = 1171 

     Design of Sec. 2-2     (Slab lies in Tension zone)  

     So design as a rectangular Sec. 



א٢٠١אא
אאאאא
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     cm
b

d Mk 7.56
20

84.11
233.0 1010 55

2
1

=
×

=
×

=    

     Take:             t = 60   cm  

     d act. = 56   cm  

    cmdk
MA

act
s

2
5

2

5

2 06.18
561171

84.11 1010 =
×
×

=
×

×
= 

    Take 6 Ø 20 mm (18.8 cm2)   

    Check on section 1-1 (slab is in compression zone)  

    So design as a T section 

     B (breadth of flange) is taken the least of: 

     B = 12 t s + b = 12 × 10 + 20 = 140 cm 

     Or B = L/4.5 = 600/4.5 = 133.33 cm  

     Or B = ¢ :¢ =450 cm 

      I.e. B =133.33 cm 

     And      cm
B

Z M ve 94.11
33.133

7.9
14.014.0 10 6

=
×

== + 

     Z > t s > 10 cm  

      So:  the sec. is actually T sec. 

      f c′ = 0.75 f c = 0.75× 90 = 67.5  kg/cm2   

      Take   f c′ = 70 kg/cm2   

      I.e.     k1= 0.279  

      k2= 1200  

      d act.= 56 cm  

     2
5

2

5
1 43.14

561200
107.910

1.sec cmat
dk

MA
act

s =
×

×
=

×

×
= 

     Take 5 Ø 20 mm (15.7 cm2)   
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255q

45°

7 kg/cmmax

bA

q
st8.62 kg/cm

5.6 t

sec 2
2.4 m

x
3.6 m

8.4 t



٥J٢٧E 



 

Check of shear:                                                                                                        


   2
3

.max2
/62.8

562087.0
104.8 cmkgq =
××

×
= > 7 kg/cm2   

 
   Take stirrups 2 branches 5 Ø 8 mm/m   

 

     qfAq sb

n
sst

st .max2
)

2
1:

3
1(52.3

2020
1400503.02

==
×
××

=
×

××
=      

 

     cmfAf
AA

s

b

s

b
bent

bb 228.2
1400

20)
2

52.3752.362.845( =×
−+−

×=×=
×

=  

    Take 2 Ø 20 mm (6.28 cm2 for more safety)  
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אאF٥J٢٨EאאB1K



B1


F٥J٢٨EאB1



٥J٧WאאאאאאK
١EאאW

٨}٠٣H٤}٠٣H٣٥٠K
٢EאאאאאאאK
٣Eאאאא٢٨א

٢٥٠L٢
٤Eאאא٤٢K
٥Eאאאא٢٤L٣٥Fא

אKE
٦Eאאא١L٥א١L٤אאK
٧Eאאא١L٧אאK
٨Eאאא٣٥K
٩EאאאאאאאFEא

א١אL٤אאK

 



א٢٠١אא
אאאאא
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١٠Eאאאא


אF٢٤L٣٥E


אא 


אא

١٢Ø١٦J٢Ø١٦٥Ø٨L
٢٢Ø٢٠٢Ø٢٠٢Ø١٨٥Ø٨L
٣٣Ø٢٢٣Ø٢٥٢Ø٢٠٦Ø١٠L
٤٥Ø٢٢٥Ø٢٢٢Ø٢٥٦Ø١٠L

 
 



 

 

 

אאאא  

 

אא  

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 








א





א

 

٦



 

 



א٢٠١אא
אאא
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אא 
 אאאאאאאאא   
 אא ، Kאאאאא

אאאאאאא
אאאאאאK

אא 
١E אאאאאKא
٢E אאאאאK
٣E אאאK 
٤E אאאאK 

 
אאK 

אאאאאאאאאאא
١٠٠٪

אאאאK 
•  

 
 Kאא

אאK
אאאאאא 



א٢٠١אא
אאא
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٦J١W
אאאאאאאאאK

א   א     א אא 
 א א  Kא  א א        

אK
 א  K    א  א  א 

אאאאאK
אאאKאאF٦J١EאאK






٦J٢WאאK
אאאא

אאאאW
E ٠٥}٠אK(i.e  0.05t or 0.05b) 

E ٢٠K 
אאאאאאאאא

FאאאאKE

 



א٢٠١אא
אאא
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٦J٣Wאאא(Braced and un-braced column) 
אאאאאאאאא

אא   א (Shear walls)  אא
KאKאאא

אאאאK
WאF٦J٢EW

אאאאYא(Shear wall A and B)אאא
אX١←٨Kא٥FאE  

 א(Braced)אY(un-braced)אXK


 
F٦J٢E





א٢٠١אא
אאא
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٦J٤Wאא
אאאא(λ b=He/b)א(λ i = He/ i)

אאאאF٦J١KE
WiZאאאאKW

         i = 0.3b           for rectangular section 
          i = 0.25 D       for circular section 

Wbאאא،DאאאאK


F٦J١Eאאא
אאא 

λ b    
אאא 

 λ b     
א

λ i
١٥١٢٥٠

١٠٨٣٥


• אאאאאK 
 

٦J٥Wאאא
אאאW

١E אאאK
٢( א אא  א    אF K א 

אKE 
 

٦J٥J١WאאאK
אאאאאאW

١E אאאFאאEאK
אאאא(X)א(Y)KאאF٦J٣KE 

٢E אFאאEאאאא(B-3)א
אאאא(A)K 

 



א٢٠١אא
אאא
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
 


F٦J٣E


٣E אאPאא(B-3)אאאאW

E אאFאאאAKE
E אאאאK 
EאאאאאאK 
E אאאK 
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    Therefore; total load P of each floor is equal to: 

    P = W slab ×A + weight of beams + weight of walls + own weight of column 

    Where;  

    W slab = t s × 2.5 + weight of flooring + Live Loads. 

    If       t s = 12 cm, 

    Weight of flooring = 150 kg/m2      and   Live Loads = 300 kg/m2   

    So, W slab = 0.12 × 2.5 + 0.15 + 0.3 = 0.75 t/m2    

Weight of beams = b × t × 2.5 × ∑ L beams 

 W b ZאFZ٢٠KE 

  t Zא(t = span / 10: 14) K 
 ∑ L beamsZאאאאאאא(A)אאא

K 
Weight of walls = γ wall × h wall ×t wall × ∑ L walls  

Wγ wallZאK
h wall ZאאאFKE
t wall  ZאFאאאKE

∑ L walls Z  א א  אא  אא אFא א  
אKE  

     For example; 
      If   γ wall = 1.2 t/m3; 

      t wall = 0.2 m     ; 

      ∑ L walls = 6.0 m    ; 

      h wall = 2.4 m     ; 

     And, own weight of plaster = 50 kg/ m2 = 0.05 t/m2 

     i.e.,    Weight of wall = (1.2 × 0.2 + 0.05) × 2.4 × 6.0 = 4.176 tons / floor  

     Own weight of column / floor = b c × t c × 2.5 × h c   

     Where;  
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b cZאZ٢}٠←٦}٠F٦}٠E
t cZאZ٢٥}٠←٠}٢
h cZאא

אאאPcW
  Pc = total vertical load on column = N × Pc/floor   

WNZאאK
Pc/floor ZאאאאאאK

W
      א Fא א א  א Eא 

    א±١٠٪אא  
א

אKאאאאאK 
 

٦J٦Wאא
אאW

١E אאאאW 
t / b ≤ 5        and       h / b  ≥  5 

WbZא
tZא 

 hZאא
٢E אאאW 

λ b = he / b ≤ 15    for braced columns      FאE    and 
λ b = he / b ≤ 10    for un-braced columnsFאE  

Whe Zאא(buckling length of column)
λ bZא  FאאF٦J١EE
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٦J٦J١Wאא
א א      א א א  K 

אK
١WEאא(Fixed end)אW

אKאאF٦J٤KE
אאאאא

אאאאאK



F٦J٤E


٢WEאאאאאא

אאאאא(Partially restrained)K 
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٣WEאאא
אK

٤WEאאאאא
אאK

אאאאββ = He / H0אF٦J٢E
אF٦J٣E אאאβאאאא 

אאKאF٦J٢Eאβא(Braced column)
KאF٦J٣Eאβא(Un-braced column)K


F٦J٢Eβ = He / H0א(Braced column) 

אא אא
١٢٣

١٧٥}٠٨٠}٠٩٠}٠
٢٨٠}٠٨٥}٠٩٥}٠
٣٩٠}٠٩٥}٠٠}١


F٦J٣Eβ = He / H0א(un-Braced column) 

אא אא
١٢٣

١٢٠}١٣٠}١٦٠}١
٢٣٠}١٥٠}١٨}١
٣٦٠}١٨}١J
٤٢٠}٢JJ








א٢٠١אא
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٦J٧WאאאאFE
אאFEאא

  F E  א  א K 
אאe min.K 

 e min = 0.05 t   or 20 mms  (Whichever is bigger) 
א א א א אא 

אאאאאW


                   P = fc0 × Ac + 0.44 f y ×A sc            (6-1) 
 W
fc0ZFf cu KאאF١J٤KEE
AcZאאאK
f yZאאאאאK

A scZאאאאK
אµ = A sc/Ac = 1%אWA sc = 1% ×Ac

WאאאאאF٦J١E
אK 


٦J٧J١WW

אאאZ١٠٠KאW
• אא(Mild steel 24-35)K
• א(f cu)Z٢٥٠L٢K 

א
Assume:     µ (total steel ratio) = 1%   ; 

                   f co = 60 kg/cm2    (for f cu =250 kg/cm2)  

And            f y = 2800 kg/cm2  

i.e.,             applying in equation (6-1)  

So               100×1000 = 60×Ac + 0.44×0.01×Ac×2800 = 72.32 Ac  



א٢٠١אא
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                   Ac = 1382.27 cm2     

Take           b = breadth of column = 25 cm; 

So               cmt 3.55
25

27.1382
== 

Take            t = 60 cm  

                    A sc = 1% ×25×60 = 15 cm2  

                    Choose 8 Ø 16 mm  

אF٦J٥EאK


F٦J٥Eא


٦J٨Wאא

אאאאאאאW
١E אאK
٢E אאאאKאאF٦J٦EK 
٣E אאאאאאאאאF٦J٧KE 
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
 


F٦J٦Eאאא 

 



א٢٠١אא
אאא
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
 


F٦J٧E




٤E אאאאאKאאF٦J٨KE 




 

 



א٢٠١אא
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
F٦J٨E
 

 
٥E אאאKאF٦J٩KE 


 


F٦J٩E
 



א٢٠١אא
אאא
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٦E א          א א 
אאאאאKאאF٦J١٠EW 

Minimum diameter  tbD 22 += 
WDZאאאK

b ZאאK
t ZאאK



 
F٦J١٠E


٦J٩Wאא

١  Eא א א  א  א א א٨}٠ ٪א  
٦}٠א٪אאאא

(λ b)א(λ i)אאאF٦J١EF٦J٤KE
٢ Eאאא א  אאא١٪א 

٢}١א٪אאאK
٣Eאאאאאא

אאW
• ٤٪אאאאK

 



א٢٠١אא
אאא
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• ٥٪אאאאK
• ٦٪אאאאK

٤EאK
٥Eא١٢K
٦Eאאאאאא٢٠K
٧Eאאא٣٠K

 ٢٥ Kא א א
  א א א א  ١٥א F א  אF٦J١١KE

אאאאא٦FEK


 
F٦J١١E




٨EאאאאאאW
EF١٥EK

Eאאא٢٠K
٩E¼٨K
١٠EאאאאאאK

 



א٢٠١אא
אאא
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١١ E   א  ٨ K   ٣Kא 
אאא

אאא١٠١٠אאאK
١٢Eאא٤٠אאK

٦J٩J١W
אF٦J١٢EאאאF٦EאאW
١E אאא٥W٦(C5 ; C6)
٢E א٥W٦(C5 ; C6)Kאאא

אK 
 


F٦J١٢Eאאא

 



א٢٠١אא
אאא
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א
W
• אא(L.L = 200 kg/m2)
• אאF٦J١٣EאאK
• אאZ٩٠}٢KאאאZ٧٠ 
 אא٥(C5)אA5FאאE

אא٦(C6)אA6FאאE


 

 
F٦J١٣E
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     For column (C5): 

• Slabs: 

 W slab = t s× γ c + flooring + L.L   

                   = 0.1×2.5 +0.15 + .200 = 0.6 t/m2   

        Area (A5) = (3.0 + 1.0) ×(3.5/2) = 7 m2  

        ∑ loads from slabs = 0.6×7 + (0.12 -0.1) × 2.5× (3.5/2) ×3 = 4.463 tons  

 

•   Beams: 

∑ L (of Beams) = (3.5/2) + 1 +3 +1 = 6.75 ms 

O.W. of Beams = 0.2× (0.7 – 0.1) ×2.5 = 0.3 t/m 

∑ loads of Beams = 6.75 ×0.3 = 2.025 tons.  

 

•  Walls: 

γ wall = 1.2 t/m3 

O.W. of wall = 0.2 ×1.2 +0.05 (Plaster) = 0.29 t/m2  

∑ L (of Walls) = 1 + 3 + (3.5/2) +1 = 6.75 ms  

h wall = 2.9 – 0.6 = 2.3 ms  

       ∑ loads of walls = 6.75 ×0.29×2.3 = 4.5 tons.  

 

•  Columns:    assume column dimension = 20 × 60 cm 

 O.W. of column = 0.2 ×0.6 ×2.5 ×3 = 0.9 ton   

 Total load P on column C5 = (Pc5) 

 Pc5 (per one floor) = 4.463 + 2.025 + 4.5 + 0.9 =11.888 tons  

 Pt = 11.888 × 6 = 71.328 tons = 72.0 tons  

 

For column (C6): 

• Slabs: 

  W slab = t s× γ c + flooring + L.L   



א٢٠١אא
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                         = 0.1×2.5 +0.15 + .200 = 0.6 t/m2   

               Area (A6) = (2.5/2 + 2.0) × (3.5/2 + 3.5/2) = 3.25 × 3.5 = 11.375 m2  

               ∑ loads from slabs = 0.6×11.375+ (0.12 -0.1)×2.5×(3.5/2)×3.25 =    7.11 tons  

•   Beams: 

        ∑ L (of Beams) = (2.5/2) + 2 +3.5/2 +2.5/2 +3.5/2 = 8.0 ms 

        O.W. of Beams = 0.2× (0.7 – 0.1) ×2.5 = 0.3 t/m 

        ∑ loads of Beams = 8.0 ×0.3 = 2.4 tons.  

 

•  Walls: 

       γ wall = 1.2 t/m3 

       O.W. of wall = 0.2 ×1.2 +0.05 (Plaster) = 0.29 t/m2  

       ∑ L (of Walls) = 8.0 ms  

        h wall = 2.9 – 0.6 = 2.3 ms  

              ∑ loads of walls = 8.0 ×0.29×2.3 = 5.336 tons.  

•  Columns:    assume column dimension = 20 × 70 cm 

       O.W. of column = 0.2 ×0.7 ×2.5 ×3 = 1.05 ton   

       Total load P on column C5 = (Pc6) 

       Pc6 (per one floor) = 7.11 + 2.4 + 5.336 + 1.05 =15.896= 16 tons  

       Pt = 16 × 6 = 96 tons  

Design of column C5: 

Assume:   f c0 = 60 kg/cm2            for     f cu = 250 kg/cm2; 

                f y  = 2800 kg/cm2       and   A sc= 1 % Ac   

So;          Pc5 = Ac × fc0 + 0.44× A sc× f y   

       72×1000 = 60 × Ac + 0.44×0.01×Ac×2800  

                      = 60 Ac +12.32 Ac = 72.32 Ac  

 Ac = 72000/ 72.32 = 995.6 cm2    

Take    b = 20 cm   

  i.e.     t = 995.6 /20 = 49.8 cm  



א٢٠١אא
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 Take column section = 20 × 50 cm 

 Area of required steel reinforcement (A sc) = 1/100 × 20×50 = 10 cm2  

 Take   6 Ø16 mm (A sc = 12.1 cm2)  

 Use stirrups 5 Ø 8 mm/m  

  .C5والذي يوضح قطاع عرضي في العمود ) ١٤-٦(الشكل رقم  انظر 
 

 
 

  C5قطاع عرضي في العمود ) ١٤-٦(شكل رقم 
 

 
Design of column C6: 

 Assume:   f c0 =60 kg/cm2            for     f cu = 250 kg/cm2; 

                  f y  = 2800 kg/cm2       and   A sc= 1 % Ac   

So;             Pc6 = Ac × fc0 + 0.44× A sc× f y   

                  96×1000 = 60 × Ac + 0.44×0.01×Ac×2800  

                                  = 60 Ac +12.32 Ac = 72.32 Ac  

                   Ac = 96000/ 72.32 = 1327.4 cm2    

Take            b = 20 cm   

  i.e.              t = 1327.4 /20 = 66.4 cm ≈ 70 cm 

 Take column section = 20 × 70 cm 

 Area of required steel reinforcement (A sc) = 1/100 × 20×70 = 14 cm2  
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 Take   8 Ø 16 mm (A sc = 16.1 cm2)  

             Use stirrups 5 Ø 8 mm/m  

  .C6والذي يوضح قطاع عرضي في العمود ) ١٥-٦(الشكل رقم  انظر 
 
 

 
C6قطاع عرضي في العمود ) ١٥-٦(شكل رقم 

          
 

٦J١٠W
אF٦J١٢EאאW

١E א א  א١–٢–٣–٤–٧(C1-C2-C3-C4-C7)
אK

٢E א١–٢–٣–٤–٧(C1-C2-C3-C4-C7)אK
אאK 

٣E אאאאאK 
אאK    



 

 

 

אא  

 

אא  

אאא
 امة للتعليم الفني والتدريب المهنيالمؤسسة الع

אאאא 




א



 

٧
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• אא 
 א א אאא א א א

 אאא א ، א א א אא א 
אאאאKאאאאאK

• אא 
١E אאאאאKא
٢E אאאאא 
٣E אאאאאאKאא א

אK
٤E א     א אא א  א 

 אאא א  א א K א   
אאK 

٥E א א   א  א א  אא
אאאאאK 

 
• אאאK 

אאאאאאאאאאא
١٠٠٪

• אאאאK 
•  

• אאK 
אאK

אאא
אאאאא 



א٢٠١אא
אא
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٧J١W
א א א אא א א Kא

  א  א     א     א
K Kא   א     א א א  א

אאאאאאאK
    א א   א   א Shallow 

foundation K א   א א   Fא א  א   
אEאאא،א

אDeep foundationKאאאK


٧J٢Wאאא
א  א א א  Kאא  א א 

WאאאאאאKאא،א
אKKאאאאאאK


٧J٣Wאאא

אאאאאאFא
אא،אאKEאאאא

אW
١(  א א(Strip footings) Kא  א  

אאאאאאא
K

٢(  א א(Spread footings) Kא א   
אאאK 

٣( אא(Combined footings) K
  א   ،     Kא א  

אKK 



א٢٠١אא
אא
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٤( אא(Raft foundations)KאK
،אאאאאאK 


٧J٤Wאא(Design of Strip footings)

F٧J١ Eאאא Kאאא א
אאאאאא

אאKאBKא
 א א  א   אb אB K  

א(Thickness)(Reinforcement)K
אאאאאא،

 א   א   אא   א    
אאא(q all.)א(D f)אK

אאאאאאK
 

             

q
DP

all

fa

T

P
×

−

=
γ

1

               (7-1)        


WPZאאאK
PTZאאא،אאK

γ aZאאFZ٢L٣Z٢٠L٣KE
    D fZאK

   q allZאאא(Gross allowable bearing stress of the soil)
אאאאאא

אPTאאK


             B×1.0 = PT / q all                       (7-2) 
 
   



א٢٠١אא
אא
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אF٧J٢EאB،אK




F٧J١E




 



א٢٠١אא
אא
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٧J٤J١WאאW
אאאאאאKאאא

 אא א(PT/B)  א א((PT-P)/B)
KאאאאF netאW


          F net = P /B                              (7-3) 

   
אא Double Cantileverא K

אW
אאW


     S = (B-b) / 2                           (7-4)                                                 


אאאW


          S = (B-b/2) / 2                        (7-5) 


אאאF٧J٦E

K
        M = F net × S2 / 2                     (7-6)   


אאאאאאK

אQ bאאW
 

          Q b = F net × S                         (7-7)  

W

١E א  א א אא    א א  א 
אאאאא(Bond stress)K



א٢٠١אא
אא
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٢E א א א Kא
אK

אאאK 
٣E    א א  אFא א אE 

   א   אא א א 
אאאF Kאאאאא

א א  א K E   א א    
אKאKא

  א א   א א   א
 F٧J١E F٧J٣ E   א   א  

אאאK 
 

          W = Pc / Sc                             (7-8) 
   

WWZאאאKאא
PcZאK
ScZאאK


אאאא(Strip 

footing) Kא א K א 
אאאא،אאK


٧J٤J٢Wאא

١
٣٠אא٢٠LK

Kא٠}١א٠}١L٢KאאאKא
אK



א٢٠١אא
אא
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א




F٧J٢E


 

              mt

q
D

P

all

fa
TP /25

10
0.121

20

1
=

×
−

=
×

−
= γ 

 
                 B= 25/10 =2.5 m  

 Concrete Section: 

               F n = 20/2.5 = 8 t/m 

               S = (B –b/2)/2 = (2.5 - 0.3/2)/2 = 1.175 m   

               M = F n ×S2/2 = 8 × (1.175)2/2 = 5.523   t.m. /m   

               Q b = F n ×S = 8 × 1.175 = 9.4 t/m 

Assume: f c = 60        kg/cm2     

               f s = 1400    kg/cm2      

               k1 = 0.313 

               k2 = 1217   

 



א٢٠١אא
אא
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              cm
b
Mkd 26.23

100
10523.5313.0

5

1 =
×

== 

               d min = b    or    25 cm    

   Take    d = 30 cm        

               t = 30 + cover = 30 +5 = 35 cm    

               
cm

d
M

kAs

2

127.15
301217

100000523.5

2

=
×

×
=

×
= 

   Take    8 Ø 16  mm/m   (16.1 cm2)      

              96.8
)6.18(3087.0

10004.9
87.0

=
×××

×
=

∑××
=

πooood
Qqb < 10  kg /cm2 (safe)  

               As′ ≥ 0.2 % Ac = 0.2 % ×30×100 = 6 cm2   

               As′ = 5 Ø 16 (min. Reinforcement)  

      

F٧J٣E

 



א٢٠١אא
אא

 
 

- ١٣٢ - 

٢
א٤٠א٠٠}٥

א٢}١אKאא٧٢}٠L٢F
٣٠א× ٣٠ .  ٨وتسليحهØ ١٤KE

א



F٧J٤E




 Design of long beam 

 Load per meter = 40/5 = 8 t/m     ↑   

tm
W lM .67.16

12
8

12
522

max =
×

=
×

=     

  Choose    b = 40 cm   

 cm
b
Md k 3.64

40
10000067.16313.01 =
×

==   

  Take        t = 75 cm       and     d = 68 cm    



א٢٠١אא
אא
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 cm
d

M

kAs

2

13.20
681217

10000067.16

2

=
×

×
=

×
=  

  Choose         8 Ø 18 mm  

   Shear          Q = 20 ton  

  45.8
684087.0

100020
=

××
×

=q kg /cm2    

  Choose     4 branches Ø 8 mm @ 15 cm Stirrups    

  67.4
4015

1400503.04
=

×
××

=qstirr kg /cm2     

  The rest to be resisted by four (4) bent up bars Ø 18 mm  

   Design of slab: 

 mtP T /0.12
3/2

8

2.7
22.11

8
==

×
−

= 

 B = 12 / 7.2 = 1.67 → 1.7 m   

 F net = 8 / 1.7 = 4.7 t/m   

 S = (1.7 – 0.4) / 2 = 0.65 m 

 M = 4.7 (0.65)2 /2 = 0.993 m.t/m  

 Q b = 4.7×0.65 = 3.055 t/m   

 cm
b
Mkd 10

100
100000993.0313.01 =

×
== 

  For rigidity requirements take t = 20 cm  

  d act = 17  cm     

 mcm
dk

MAs /8.4
171217

100000993.0 2

2

=
×

×
=

×
=    

  Take     A s min = 6 Ø 14 mm / m   

  1083.7
)4.16(1787.0

1000055.3
87.0

<=
×××

×
=

∑××
=

πooood
Qqb kg./cm2(safe)  



א٢٠١אא
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     As′ ≥ 0.2 % Ac = 0.2 % ×20×100 = 4cm2   

     As′ = 5 Ø 12 mm/m (min. Reinforcement)       

אאF٧J٥EאאK


 

F٧J٥E







 



א٢٠١אא
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٧J٥WאאאDesign of Spread Footings   
 אאאאאאאא

א Kא        א אא  K 
 א אא KאF٧J٦Eאאא

אאK
EאאאTwo Way Footings 

EאאאOne Way Footings 



F٧J٦Eאאאאא




אא   אא K אא א
אKאאאא

אאאאKאאאאאKא
אאאKW



 



א٢٠١אא
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               (L - l) = (B - b)                   (7-9)  
  

אאאW


               A = L × B = PT/q all            (7-10) 
 
  

Or           q all = P T / (L × B)             (7-11) 
    F٧J١٠ E ،F٧J١١ E L،B  א 

 א  F٥  KE PT א   F٧J١ E   
K
W

١E אאqallאF٧J١١EאFK
אאKE

٢E  PT א אF٧J١ Eא א א
       K  PT א א 

(B,L)K 
 


F٧J٧Eאאא

 



א٢٠١אא
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אאאאא
אאאאאאאאK

א אא אאאא א  K
F٧J٧KEאK

אאW
     Section a -a: 

  

    ( )

















 −

−+





 −

= 3/
2

2/
2

22 lLbBlLb
A
PM         

        

   ( )( )22
24

lLbB
A

PM −+
×

=              (7-12) 

 
      Section a′- a′: 

 

     ( )( )22
24

bBlL
A

PM −+
×

=           (7-13) 

   
אאW

     Section a -a: 
 

    ( ) 8/2lL
L
PM −=                                  (7-14) 

 
        

     ( ) 8/2bB
B
PM −=                               (7-15)   


 אאאאF٧J١٢E،F٧J١٤ KEאא

אאאאאאK
א אא א

אאאKאאאK
אQ bW
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
     F n = P / A                                                    (7-16) 

  
Q bאאW 

 For section a -a: 
 
 

     Q b =¼ (B + b) (L - l) × F n                         (7-17) 
 
 

For section a′- a′: 
 
 

     Q b =¼ (L + l) (B - b) × F n                          (7-18) 
 
 
٧J٥J١WאאPunching Depth 

  א א (l × b)א א (L × B)
 אא א א א  א(Direct Shear) K אא

אאאא   
אKאאאאאq P٨L٢K

אאאאאאאK
אאאאאF٧J٨KE

א٤٥˚אFאאE
אאKאאW



     





 +×






 +−= dldbFP nPQ 3

2
3
2                      (7-19)  




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אאאאW


     ( )dbld
Qq P

P 33.12 ++
=                         (7-20)  

 





F٧J٨E 

 



٧J٥J٢Wאא

١
٤٥×٤٥١٠٠ Kא٠}١K

א٧٥}١L٢Fא٨ø١٨E

 



א٢٠١אא
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א




F٧J٩E




 Footing Dimensions: 

ton

q
D

P

all

fa
TP 9.112

5.17
121

100

1
=×

−
=×

−
= γ 

A = 112.9 / 17.5 = 6.452 m2    

mAB 55.254.2 ===       

 Concrete Sections: 

 ( )( )
( )

( )( ) tmlLbB
A

PM .683.1545.055.245.01.5
55.224

1002
24

2
2

2 =−+
×

=−+
×

=    

 Q b =¼ (B + b) (L - l) × F n =¼ (2.55 + 0.45) (2.55 -0.45) × 15.38 = 24.221 ton 

 





 +×






 +−= dldbFP nPQ 3

2
3
2
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  But    ( ) cmd 49
2045

10683.15313.0
5

=
+
×

×= 

  Take   d =50 cm      &      t = 55 cm     

 so,   tonQP 564.905.0
3
245.05.0

3
245.0

55.2
100100 2 =






 ×+





 ×+−=     

           ( ) ( )
2

3

/78.5
7.664545502

10564.90
33.12

cmkg
dbld

Qq P
P =

++×
×

=
++

=  

          
2

5

2

75.25
501217
1068.15 cm

dk
MAs =

×
×

=
×

=       

          Choose 13 Ø 16 mm    

           
2/1057.8

)6.113(5087.0
1000221.24

87.0
cmkg

d
Qqb <=

×××
×

=
∑××

=
πoooo

   

     Footing is 2.55 ×2.55 ×0.55 (13 Ø 16 in each direction) 

  

אאF٧J١٠Eאאאאאא

אK












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
F٧J١٠E




٢
F٣٠×٧٥E١٢Ø١٦ K١٥٠

אא٠}٢L٢Kאא
אFKאאאq p = 8 kg/cm2KE
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א
    A = P / F all.net = 150 / 20 = 7.5 m2  

    Choose L = 3.0 m    ,    B = 2.5 m  


 

 
F٧J١١E




     ( )( ) ( )( ) mtlLbB
A

PM aa .36.2225.23.5
5.724

1502
24

22 =
×

=−+
×

=− 

      ( )( ) ( )( ) mtbBlL
A

PM aa .225.272.275.6
5.724

1502
24

22 =
×

=−+
×

=′−′ 

       Q b a-a =¼ (B + b) (L - l) × P/A = ¼ × 150/7.5(2.8) (2.25) = 31.50 ton 

       Q b a′-a′ =¼ (L + l) (B - b)× P/A = ¼ × 150/7.5(3.75) (2.2) = 41.25 ton 

       Concrete Sections; 

        ( ) cmd 16.66
2030

10360.22313.0
5

=
+
×

×=  
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         t = 70 cm   

         
2

5

2

24.28
651217
10360.22 cm

dk
MAs =

×
×

=
×

=        Choose 15 Ø 16 mm  

        
2

5

2

5.35
631217
10225.27 cm

dk
MAs =

×
×

=
×

=′            Choose 18 Ø 16 mm   

       ( )Safecmkg
d
Qqb 2

3

/1036.8
)6.118(6387.0

1025.41
87.0

<=
×××

×
=

∑××
=

πoooo
 

        Q p = 150-20(0.3+0.44)(0.75+0.44) = 132.4 ton  

        ( ) ( ) )(/804.5
973075652

104.132
33.12

2
3

Safecmkg
dbld

Qq P
P <=

++×
×

=
++

= 


F٧J١٢E


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٧J٦Wאא

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אאאWאFאEאא
(Design of Reinforced Concrete Slabs) 

 

אא–אא–אא٣٨ 

 ٤J١W٣٩ 

٤J٢Wאא٣٩ 

٤J٢J١Wאאאאאאא٣٩ 

٤J٣Wאאאאאא٤٠ 

٤J٣J١Wאאא٤٠ 

٤J٣J٢Wאא٤٢ 

٤J٣J٣Wא٤٢ 

٤J٣J٤Wא٤٣ 

٤J٣J٥W٤٤ 

٤J٣J٦Wאאא٤٨ 



א٢٠١א
א

 
 

 

٤J٤Wאאאאא٥٠ 

٤J٤J١W٥٠ 

٤J٤J٢Wאאאא٥١ 

٤J٤J٣Wאאאאאא٥١ 

٤J٤J٤Wאאאא٥٣ 

٤J٤J٥Wאאא٥٣ 

٤J٥Wאאאא٥٨ 

٤J٦Wאאאאאאאאאא٥٩ 

٤J٧Wאא٥٩ 

٤J٨Wאאא٦١ 

٤J٩Wא٦١ 

אאWאאאא
(Design of Reinforced Concrete Beams)

 

אא–אא–אא٦٤ 

٥J١W٦٥ 

٥J٢Wאאאא٦٥ 

٥J٣Wאאאאא٦٦ 

٥J٣J١Wאאאא٦٧ 

٥J٤Wאאא٦٩ 

٥J٥Wאאא٧٣ 

٥J٥J١Wאאא٧٣ 

٥J٥J٢Wאאא٧٣ 

٥J٥J٣Wאאא٧٦ 

٥J٥J٤Wאאאא٧٦ 

٥J٥J٥Wאאא٧٦ 

٥J٦Wאאא٨٦ 



א٢٠١א
א

 
 

 

٥J٦J١Wאאאא٨٩ 

٥J٦J٢WאאL&T٩١ 

٥J٦J٣Wא٩٧ 

٥J٦J٤Wאאאא٩٨ 

٥J٦J٥Wאא١٠٠ 

٥J٧Wאאאאאא١٠٢ 

אאWאאא
(Design of Reinforced Concrete Columns)

 

אא–אא–אא١٠٥ 

٦J١W١٠٦ 

٦J٢Wאא١٠٦ 

٦J٣Wאאא١٠٧ 

٦J٤Wאא١٠٨ 

٦J٥Wאאא١٠٨ 

٦J٥J١Wאאא١٠٨ 

٦J٦Wאא١١١ 

٦J٧WאאאאFE١١٤ 

٦J٧J١W١١٥ 

٦J٨Wאא١١٩ 

٦J٩Wאא١١٩ 

٦J٩J١W١٢١ 

٦J١٠W١٢٧ 

אאWא(Design of Foundation) 

אא–אא–אא١٢٤ 

٧J١W١٢٥ 

٧J٢Wאאא١٢٥ 



א٢٠١א
א

 
 

 

٧J٣Wאאא١٢٥ 

٧J٤Wאא١٢٦ 

٧J٤J١Wאא١٢٨ 

٧J٤J٢Wאא١٢٩ 

٧J٥Wאאא١٣٥ 

٧J٥J١Wאא١٣٨ 

٧J٥J٢Wאא١٣٩ 

٧J٦Wאא١٤٥ 

אא      (References)           ١٤٦ 
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אאאאאא

אאFאEא
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