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Principals of Structural Analysis 

 
١J١אאא

אאאאא
אW

١J١J١ Wאא(Main loads)W
E אא(Dead loads – D.L.)W

- א
- א 
- אאאK 

E אא(Live Loads – L.L.)
אאאאאK

Eא(Wind Loads – W.L.)
אאאאאKאא

אאKאאK


١J١J٢Wאא(Secondary Loads) 
אאאאK

 א א  א     א אא
א(Deformations)אאאאK

א א    א     א 
 אא אאא א

KKKKKKאKKאאאאאאא
אאK
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١Jאא(Economy)
٢Jאא(Safety)
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٣Jא   (Serviceability) אא א   (Deflection)
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 א  א      א       
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 אאWא א א א א  א א   K 
אאאאאאא

אK
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١J٢WאאאאK
אאאא  (Different 

Structural Elements)אאאאKWא
F١J١E

١Eאאא(Solid Slab)א(Beams)
 א  (Slab Spans)א    א א א

(Columns) K   א  אFא   אא א 
(Spread Footings)KE  
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١JאאאK
٢JאאאK
٣JאאאK
٤JאאאאאאאK
١J٣Wא(Compressive Strength of Concrete)

  א (fcu)     אא
٢٨ Kאא Kאאאא

א١٥×١٥Kאאא١٥א٣٠K٢٨
אאאאאאא

١٠٠K٪
 אא ٢٨א F١J١E

  א  F  א א  (f cu) Eא 
١٥×١٥×١٥٢٨KאאאאK

 
F١J١EאFאאf cuL٢E
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אאFEא
١٠×١٠×١٠٩٧}٠
١٥×١٥×١٥F٨}١٥×٨}١٥×٨}١٥E٠٠}١
٢٠×٢٠×٢٠٠٥}١
٣٠×٣٠×٣٠١٢}١
א٢٠×١٠٢٠}١
א٣٠×١٥٢٥}١
א٥٠×٢٥٣٠}١
٣٠×١٥×١٥F٨}١٥×٨}١٥×٦}٣١E٢٥}١
٤٠×١٥×١٥F٨}١٥×٨}١٥×٤}٤٧E٣٠}١
٦٠×١٥×١٥٣٢}١


١J٣J١WאאFאEא.
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אEFאאEאאא٢٨א
Fא٣EאאאW
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אאF٣٣E٪F٥٠ E٪  א אFא  א
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אF١J٢Eאא

 Typical concrete stress-strain curve, with short-term loading. 
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EאאאאאאKKא
٢٤L٣٥٢٨L٤٥א٤٥L٥٢FאE
F# KEאF١J٤EאאF٥KEא

F١J٣EאאאאאK
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F١J٣Eאא
 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 
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٢J١WאK
אאאא،W
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٢E אא 
٣E אא 
٤E א 
٥E א 

E אאאאאאW
١E אא
٢E א 
٣E א 

٢J١J١WאאאFDead LoadsE
 אא אאא א  א א  א  א 
אאאאאאאאאאאא

א א  אא אאא א א    א 
אאKKKKKKKKK


٢J١J١J١Wאא(Slab Dead load)

אאאאא
E אא(Own Weight of slab - O.W of slab)Z

א(A)×א(t)×אא(γ c)K
אאאZ٥}٢L٣(γ c =2.5 t/m3)

i.e، O.W of slab = A × t × γ c 

א(A)٠}١אK
O.W of slab = 1.0 × t × 2.5
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١٢٣٠٠L٢
١٤٣٥٠L٢
١٦٤٠٠L٢
١٨٤٥٠L٢
٢٠٥٠٠L٢


Wא

אאאאKאא
FאאאאאאHE٣J٥

F٢J١EאZ١٥٠L٢


R.C slab(plaster)

Tiles
Mortar

3-5cm sand
isolated sheets
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אאאא٢٠٠J٢٥٠L٢א
אאא٥אK

• אאאZ٦٠L٢
• אאאZ١٠٠L٢
• אאZ٦٠L٢ 
• אאZ٢٠٠L٢


٢J١J١J٢Wאאאאא

אאאאאW
E אאא(Own weight of Beam)

E אאאאא 
Eאאאאאאא(O.W of slab)Fא

٢אJ١J١J١KE 
 
E אאאא 

   אא אא   א   א  K
אאאאW

אZtZאL٨J١٠Thickness of beam (t)  = span / 8-10     
אא For simple beams choose t = span / 8                     
אאFor continuous beams ,,    t = span / 10                 

אZ٠}٦K(b) Z٢}٠(t) Z٦}٠W
אאאZ (L0) GGאGאW

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 Fא٠}١E =1.0 m  

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

١Eאאאא     γ wall = 0.75:1.0  t/m3   
٢Eאאאאγ wall = 1.20       t/m3   
 ٣Eאאאγ wall = 0.75:1.2  t/m3 
٤Eאאאγ wall =  0.6 :0.8  t/m3  
٥EאאאאFאאE γ wall = 1.8          t/m3    
٦Eאאאאγ wall = 1.5:1.9    t/m3  
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אW

  W wall = γ wall × t wall × 1
Wאאאאאאאא
אאאאאK

٢J١J٢Wאא(Live Loads)
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F٢J٢EאאFאאworking life loads )(


אאאL٢
١אאW

EFE
EFE
E
E


٥٠
١٠٠
٢٠٠
٤٠٠

٢W
Eאא

EאאFאE


٢٠٠
٣٠٠

٣אאאW
Eא

EאאFאE
EאFאE


٣٠٠
٤٠٠

٥٠٠J١٠٠٠
٤אאW

EאאFאE

٣٠٠



א٢٠١אא
אאאא

 
 

- ٢١ - 

Eאאא
Eאא

٤٠٠
٥٠٠

٥אW
EאאFאE

Eאאאאא
א

Eאאא
Eא


٣٠٠
٤٠٠


٣٠٠J٥٠٠
٥٠٠J٨٠٠

٦אאW(Halls)W
Eאאאא

Eאא


٥٠٠
٦٠٠

٧אאFאE
EאאFאE

EאאFאאE
אאאאK


٥٠٠
١٠٠٠

٨אW
Eא

Eאאאאא


٢٠٠
٤٠٠

٩אW
Eא

Eא


٤٠٠
١٠٠٠

١٠אאW
EאאאFאא

٤}٢
Eאאא
Eאא


٣٠٠


٤٠٠

٥٠٠
   



א٢٠١אא
אאאא

 
 

- ٢٢ - 

٢J١J٢J٢WאאFאEאאא
א  א א א אא  א  א א 

W
E      א  אא   א א 

א
אK

E אאאאאאFE
FE،אאא

א   א א   אא  א א 
אאאאאאF٢J٣E 

P אאFאEאK


F٢J٣Eאאאאאאא


אאאא
אאFאE

אאא
אאא
אאא
אאאא

אאא
אאא

P 

P 

0.9P 

0.8P 

0.7P 

0.6P 

0.5P 

א(0.5P)אאא
٢J٢Wאא(Design Loads)
٢J٢J١Wא(Working Loads) אא

  א א    א א  א  
א٥٪אKא



א٢٠١אא
אאאא
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אאאאאFאאאאKKKE
א א  א    א  אK(Working Stress Design 

Method) אW
E אא(Dead Load),,D,,

E אא(live loads),,L,, 
٢J٢J٢Wאא(Ultimate loads)

אאאאFאאF٢J٣J
١EEאW

١E אאאאאא
אFאASCIW 


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

DZאאאDead Loads   
LZאאLive loads

٢Eאאא٧٥}٠אאא
אאW


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

 
٣Eאאאאאא

אאאאW


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


EZאא(Lateral Load)
 Uאא(2-1)

 



 

 

 

אאאא  

 

אא  

אאא
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א



א
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אאK
אאאאאאאא

אאאאאאאאא
א KK   א    אא  אא

אאאאאאK


אא
١E אאאאאK
٢ Eא      אא   א  

אאאאK
٣ Eא    א  א א אא  

אא 

אאK 
אאאאאW

١EאאאאK
٢EאאאאK 
٣EאאאK 
٤EאאאK 
٥EאאאאאאאאK 
 

אאאאK 
•  

אאK 
אאKאאא
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אא 
Structural Analysis


٣J١Wאא

אאאאאאW
١Jאא

אאMember Analysis
،א(slabs)אא(Beams) אא
(Columns)א(Footings)KאאW

                SlabsאEא
٢EאאBeams
٣EאאGirders
٤EאColumns 
٥EאFootings

٢Jאא

אאSection Analysis
אאאא

אאאKאא–אאאאKKא
אWJ

،،،T،LU
אF٣J١EאאאאK

אF٣J٢EאאאK
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אאא
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Simple frame (Column)

(Column)

Over hanging beam

continous slab or beam

Simple slab or beam

 
F٣J١Eאאא




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

U TL

 
F٣J٢Eאאא

 

 



א٢٠١אא
אאא

 
 

- ٢٧ - 

٣J٢Wאאא
אאאאStatically Systemא

  א א  א K א א    
אאאK

אאא
٣J٢J١WWJ

אאFאאEא
(Knife Edge Support)  F٣J٣Eא א 

א      
K

Knife edge support

L

d


F٣J٣E


٣J٢J٢Wאא

אא(Linear Elastic Theory)אאאא
אאאKאאאאאאאא

W
EאאThree Moment Equation
EאאאVirtual Work Method
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EאMoment Distribution
אאFאאאEאא

א(d)אא(lo)٨}٠אא،٤}٠אא
     i.e       d / l0 < 0.8     for simple beams. 
                d / l0 < 0.4     for continues beams. 

 (Deep Beam)אאאאא
א(Plastic Analysis)אאאK


٣J٣Wאאאא(Effective Span l0)

Eאאא
אאאאאאאWJ

• אאאl01
• ٠٥}١אאl02 = l0 × 1.05 
• l03 = l0 + d 

dZאאאאF٣J٤E



L  

L   = 1.05 L 

L

LC

2

1

d

LC


F٣J٤Eאאא
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EאאאK 
١EאאאאFאEאFא

(Rigid Connections)EאאאאאWJ
• אאl01 = Centerline to Centerline of Supports 
• ٠٥}١אאl02 = 1.05 × l0

٢ E א א אא     אFא א 
–אאKEאאאא

אאאאאK
                  L03 = Distance from Centerline to Centerline  
        Or      L03 =l0 +d       

Eאאא
אאאאאאאW

• אא(l01)
• אאWJ

                            L02 = l0 + d2   
אאF٣J٥E



L

L

d1

1

CL

d2

LC


F٣J٥E
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٣J٤Wאא(Straining Actions)
אא(Straining Actions)אא(Normal Forces) 

א(Shear Forces)א(Bending Moments)אא
אאאאאKא

אאאאאאאאאK
אאא  אאאא א(N)

א(Q) א(M) א א אאאא
אאאK


١EFאאE  Simple Slab or Simple Beam
אא(D.L + L.L )אאW

• אא(N)Z
• א(Q)אאW


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

 
 K qZא (shear factor) Z٥}٠אאF٣J٦JE

wtZאאUniformly Distributed Load (D.L +L.L) 
LZאאSpan of Slab or beam 


Jאא(M)אאW


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

 
 

       KmZא(moment factor)Z٨    אאF٣J٦JE
 
 
 
 



א٢٠١אא
אאא
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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
 

٢EאאOver Hanging Slab or  Beam
 א א  (D.L + L.L )     א  א

W  אא(N)Z
• א(Q)W

    אא  א  א  א    (D.L+L.L)
 אאFא אא E  אא (D.L only) KKKK א   

אאאאא(D.L + L.L)אאF٣J٧JKE
 

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

W   K qZא (shear factor) Z٥}٠FאE،
W tZאאUniformly Distributed Load       (D.L +L.L) 

LZאא                                    Span of Slab or beam 
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אאא
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• אא(M)W 


Eאאאא(D.L+L.L)
 אא Fאא E אא(D.L) א אF٣J٧JK E

W 


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

 
WwtZאאאאאא(D.L+L.L)

wZאאאא(D.L. only)
LZאא   L1Zאא


Eאאאאא(D.L. 

Only)אאFאאEא(D.L+L.L.)אאF٣J٧J
EW

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







א٢٠١אא
אאא
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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 אא  א   א   א א א  
א٢٠٪אאאאK 

WאאאאאW
אא(M)W   M = w×L2 / Km                          (3-7) 

 
 KmZא(moment factor)אאF٣J٨E
LZאאאSpan of Slab or beam Effective



א٢٠١אא
אאא
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א(Q)          Q = K q × wt × L                          (3-6                     
      

K qZא (shear factor) אאF٣J٩E
wtZאאאאאא(D.L+L.L)
LZאאאSpan of Slab or beam Effective 

 Wאא،א٢٠٪،L
אL1L2W

                    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


F٣J٨Eא
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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

 
F٣J٩Eא

 
Wאאאא.
• א(Q) 


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

 
 K qZא (shear factor) ٠אאF٣J١٠E

 w tZאאאאאא(D.L+L.L)
 LZאאאSpan of Slab or beam Effective 

  
• אא(M)W 


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

 
 
KmZא(moment factor)אאF٣J١١EF٣J١٢E

     LZאאאSpan of Slab or beam Effective
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 Wאא،א ٢٠٪،L
אL1L2W

                    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

 
F٣J١٠Eאאאאא

 
 
 
 

( Moment factor)

-24

+10

mK  

-10

+12

-12

+12

-12

 
F٣J١١Eאא 

 
 
 
 

( Moment factor)

-24

+12
K  

-10

m

+16

-12-12

+16

 
F٣J١٢Eאאאא 
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٣J٥Wאאא
אאאאF٣J١Eאאאא

KאאKאאא
E FאאEFאEאW 
• אאאאFאאF٣J٦EE
• אאאK

E אאK 
•  א א  א   א   אF  

אFEא٣אJ٧E
• אאא

EFאE
• אאאאFאאF٣J١٠E
• אאאא KאאFא

אF٣J١١EF٣J١٢E


 
 
 

  
 



 

 

 

אאאאאא  

 

אא  

אאא
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אא
אאאאאFאEאאאא
 א א אא  אאא א ، א  א

א א  א א Kא א א  א   
אאאאאK

אא 
١E אאאאאK  
٢EאאאאאFאאאKE
٢E א אאא   א א א

אאK 
٣E אאאאאאאK 
٤E אאאאאאאא

אK 

אאK 
אאאאאאאאאאא

١٠٠٪
אאאאK 

•  
 

אאK 
אאK

אאאאאא 
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٤J١W
א،א،אאאW

١EאאSolid Slabs
٢EאאHollow Block Slabs
٣EאאFlat Slabs
٤EאאאאWaffle Slabs
٥EאאLift Slabs
٦EאאPre-Slabs

 א א א(Solid Slabs)אא 
(Working Stress Design Method) אאאאאK

٤J٢אא(Solid Slabs)
 אא א א א א    א  א א Fא 

אאאKKKKKאKEאאאאא(Beams)
א(girders)אK

אאאW
E אאאOne way Solid Slabs      

E א        Two Way Solid Slabs 
WJ

٤J٢J١WאאאאאאאOne way Solid Slabs 
W

אא אאאא
אאאאFא٤אJ١E

     i.e. r = L / B ≥ 2          the slab is one way slab
Wrא،Lאא،Bאא



א٢٠١אאא
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b

L

d
2

d
2

m
1


F٤J١E


אF٤J١EאאאאאFא

א אאא K Eא אF
EאאאאאאאאK

א אא א א א     א  א א
אאאאK


٤J٣אאאאאא

Section Analysis by Working Stress Method        
(Bernoulli theorem) (Hook’s Law) אא

     א  א K א א א א 
אאאאKW


٤J٣J١Wאאא(Pure Bending Moment or Pure 

Flexure)
• א
• אאFE       (Bond slip )
• אא  א א א   א  א  א א

א

 



א٢٠١אאא
אאאא
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• א א(Plane cross sections)      א
אKאאF٤J٢EK



d

Stress diagram

c

Strain diagramR.C sec
nsfs

c

x

T

xZ = d  - 3

C

3xf


F٤J٢E


אאאאאאW

אאאWJ            

                       (4-1)      
b

Mkd 1=                 


bZאאFאE
dZאא

k1 Z    א  א   (f c) 
אא(f s)KאאF٤J١KE

MZאאאK

 



א٢٠١אאא
אאאא
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אאWJ


                          (4-2)                                       
dk

MA s ×
=

2
             

                  
AsZאאא(M)

dZאא
K2Zאא(f c)א

א(f s)KאאF٤J١KE
MZאאאK


٤J٣J٢WאאDiagonal Tension

אאאאאVertical ShearאאאHorizontal 

ShearK
אאqW 

 

               (4-3)        bd
Qq ×= 87.0                      

 
 

qZאא
QZ  אאאאK

٤J٣J٣WאBond


 א (Bond Stress) א  א  א   א א
א  א  K    א   א אFlexure

אShear StrengthKאאK
E אFlexure Bond

E אAnchorage Bond 
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٤J٣J٤Wא Flexural Rigidity 
א(EI) אאא،

FאEDeflectionאEsאE с آما  
   -:يلي 

Eאאא              n =E s / E c = 15 
אאאElastic Deformation  אא) ب       

אאאאאא
אאאאאא .  n = 10 

F٤J١Eא
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
F١WEאאאאאאF٤J٣EKאא

K
א

אאאWDead loads
אא(t)Z١٠



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.) (אא)  = 0.20 t/m2 = 2.0 KN / m2  

            Total Loads (wt) (אא)        = 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  

אאFdEא٠}١Fb=100cm.E

       
b
Md k1

=   = 
100

100000380.0313.0 ×  = 6.10 cm.    

 א   א א FtE Z ٨  Kא   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. 

אW
      

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)  

WאאW
١E  א  (t)Z٨  K  א      

א٨K
٢Eאאאא٧١٠Kא

אF٥Eאא٨
٣Eאא٢٠}٠٪אאK 
٤EאאFאאE٢٥}٠٪

אאK 
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F٢WEJ
אאאאאאאא

٠٠}٣אאאאF٤J٤KEא
אFאאZ٢٠٠L٢KE

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 =
×

=
×

=
−     
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W אא٤٠٠L٢א(Cases of 

loading)אא(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  

אאFdEא٠}١Fb=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. 

אאאW         

    
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) 

אאאW         

   
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)  
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٤J٣J٦WאאאW
Wא

١( א אא FאאE
٢٥}٠٪אאאK

٢( אאאאFאאE
F

5
1EאאKאא

F٥EK 
٣(  א א א  א א   F    ٢٠E٪

אאאא١L٥אא
אאא١L٤אאא

אאK 
٤( אאאא

٢٠F٥Eאא
١٠אK 

٥( א٥}١٠}٢K 
٦( א א א          אF١L٣E

אאאאK 
٧( ٨K 
٨(    א א א א   F٢ E   

אF٤J٥KE 
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F٤J٥E


Wא

אאא٤٠٠L٢אאאא
W

١E אאאאK
٢E אK 
٣E אK 


Wא

אא١٠K
א١٥K


אWאא

אאאאאאF(Deflection)
אWE

١E אt min.. =L/30                
٢E אאt min.. =L/35    
٣E אt min.. =L/40         

LאאאאאאK
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Wא
 א א    א א    א٠٥}١

אאKאאK
٤J٤WאאאאאTow Way Slabs
٤J٤J١W
אאאאא،אאאא

א،אאאאא?٢K?
      i.e.   L / b ≥ 1.0 ≤ 2.0        

LZאbZא
אאאאKאאF٤J

٦KEאאאאאK
אאאאאא

 א Kאאא  
אאאאאא 

אאאאאאאאK
אאאW

                    
F٤J٦Eאאא


EאL/b  K

EאאאאאאאK
אאאFאאEα

אאאFאאEβ   
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٤J٤J٢Wאאאא
אאאאW

E אt min.. =b/35   
E אא t min. =b/45    

bK


٤J٤J٣Wאאאאאא
אאאאאאאאא

א אא  א   א א א א K  א
א(L)אא(b)KאאK

Wb ZאאאFאE
LZאאאFאE

    m b Z א  א  אאא
אא(b)אbK

m L Z א     א   א א א
אא(L)אLK  

m bm L אK
אאאm bm L W

אWm L = 1.0m b = 
אWm L = 0.87m b = 

Wm L = 0.76m b =
   א   א א    א (r)א א 

אאW


b
l

r
m
m

b

l

×

×
=                                              (4-4) 


אF٤J٢Eא(α)(β)אא
אא(b)א(L)אאאrאK
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F٤J٢Eא(α)(β)אr
אאFאEאא

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


אאאW
אאא(b)Wt × α W α =
אאא(L)Wt × βW β =

wtאאFאאאWD.LאאWL.LE


אאW
א(Bending Moments)אאW

١E אאאאאW 


אאא(4-5)    
10

2bwMb

×
±= α


אאא    (4-6)          

10

2LwM L

×
±= β


٢EאאאאאW


אאא       (4-7)       

12

2bwM b

×
±= α


אאא(4-8)              

12

2LwM L

×
±= β 
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٤J٤J٤Wאאאא
אאאאאא

F٤J٣KEאא
אאאFאאאאE

 אאאאFא 
  א E  א א     א א  א

אאאאאאF٤J٢Eאא
אא א אא   אRigid Beams K

א١٥א٢٠K


F٤J٣Eא(α)(β)אrFE
אאא

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

 
 ٤J٤J٥אאא

F١WEJ
אאאאאאאא

  ٥}٤      F٤J٧ K E  א   א 
FאאZ٢٠٠L٢KE

א
אאZ٥}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 = 0.21Wt × α      W α =

  W β=Wt × β = Load in long direction = 0.6 × 0.35 = 0.21 t/m2 
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אאאא
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      Bending Moments:
אאKW

      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   

 Wאא٤٠٠L٢א(Cases of 

loading)אא(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  

אאFdEא٠}١Fb=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. 

אאאW         

  
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) 

אאאW         

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)  
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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) 

אאF٤J٨E 

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


F٤J٨Eא

 
F٢WEJ

 אא אא אאZ٥}٣אא
אF٤J٩KE

א
אאZ٥}٣

       0.1
5.30.1
5.30.1
=

×
×

=
×

×
=

b
l

r
m
m

b

l         (Two way slab) 
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אאא٢٠א
אF٤J٣E 

      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 = 0.21W β      W α =

   
      Bending Moments: 

אאאFKEW

      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  

אאFdEא٠}١Fb=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. 

אW         

 
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) 
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א א  א  א FαEא א  א   FβEK  א
אאאאאK

WאאאאאאK
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: אאאא

 ١Eאאאא
٢٠KאאאאK

٢Eא٨(Ø=8mm)K
٣EאאאאאF١L٤E

אאKאF٥Eא
K٤Eאא٥}١W٠}٢K

אאאאK
٥EאאאאאאK
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٤J٦Wאאאאאאאאאא
אאאאאFאאאאE

אא(Flexure)אא
אאאאאK

אא(No need to check shear stress)K
٤J٧WאאFDeflection in SlabsE
WאאאאאK

אאאאאאאא
אא א א  א  א  א  א Kאא 

אACIאאאCP110BS8110١٩٨٥אא
١٩٩٥אאאאKאאא

١٩٧١ (ACI-318-71)  א א F٤J٤ Eא     
אאאאאאאK

F٤J٤Eאאא(L/d)
אאאאאאאACI 

אא
א
(Fy kg/cm2) 


א


א






אאא٢٨٠٠٢٥٣٠٣٥٥}١٢
אא

אא
٢٨٠٠٢٠٢٣٢٦١٠

אאא٣٥٠٠٢٢٢٧٣١١١
אא

אא
٣٥٠٠١٨٥}٢٠٥}٢٣٩

אאא٤٢٠٠٢٠٢٤٢٨١٠
אא

אא
٤٢٠٠١٦٥}١٨٢١٨

אF٤J٥Eאאא(L/d)אא٠٠}١٠
אאאאK
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F٤J٥Eאאא(L/d)
אאאאאאאE.C.O.P

א


אא
(Fy kg/cm2)


א


א




אא
٢٤٠٠J٢٨٠٠

٢٥٣٠٣٥

אאא
אא


٢٤٠٠J٢٨٠٠

١٨٢٣٢٦

אא٢٠٢٤٢٨
אאא

אא


א

٣٥٠٠J٤٢٠٠
١٤١٧٢١


Wאאא

אא١٩٨٣אK(ACI-318-83)אאא
אאאאK

אאאאאא 
ACI-318-83 ١٩٨٣ K–  ٣٣אJ٣٥ Kא     א  

אאאK
١E אאאא(Drop panels)١٢٠F١٢E
٢E אאF٩J٥J٣J٢E

א١٠٠אF١٠E 
٣E אאאאאא٠٠}٢א

٩٠F٩E 
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אאאא
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٤J٨ אאא
١E אZ١٠א١٠

אZ٦Ø١٠
LK

٢E אZ١٢א١٢
אZ٧ Ø١٢

LK
٣E אZ١٤א١٤

אZ٨ ø١٤
LK

٤E אZ١٦א١٦
אZ٩ Ø١٦

LKא٥Ø١٠LK 
 
٤J٩א
١EFאEאא٢٠Kא

Z٢}٤٠}٩KאW
EאאK
EאאאאK
EאאK


٢EאאאF١EאF٤J١٠Eאא

٢٠KאZ٥}٤٥}٦KאKא
אZ١٢אאאZ٠}٢KאW

EאאאK
EאאאאK
EאאK
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0.2

   

m6.50 m 6.50

   

m
0.2

4.50
m

m

4.50
1

m

m6.506.50 m


F٤J١٠E


٣ E  א א א F١J٢J٣ E  א  אF٤J١١ KE 

אאאאא٢٠KאW
EאF١،٢،٣EאK
EאאאK

 E       אא א  
אאK
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mmm5.00 6.00 5.00

5.00
m

6.00
m 3

5.00
m 1

   
2

m
0.2

5.00 m 6.00 m

5.00
m

   

0.2
m

6.00
m

0.2
m

   

   

0.2
m

5.00
m

5.00 m


F٤J١١E

 
 
 
 
 
 
 
 

  
 

 



 

 

 

אאאאאאאא  

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 




א



א

א
א




 

٥
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אאW 
 אאאאאאאאאא   
 א א ، א  א א  א א

א Kאא א  אאאאא
אאאאK

אא 
١E אאאאאאKא 
٢E א א   א א א א א א

אאאאאK
٣E א    א א א  אאאא 

אK
٤E אאאאאאאאא

אK
אאK 

אאאאאאאאאאא
١٠٠٪

אאאאK
 

 
אאK 

אאK
אאאאאא 



א٢٠١אא
אאאאא
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٥J١WW
אאאאאKא

א א א א אא KKK  
אאאאFאEאK

٥J٢WאאאאW
אאאאאאW

١E אאאא אא
 א א K   אא    א  

אKKW٢٠٢٠K
٢٥٢٥FאF٥J١KE

 

   
25 cm

b       
Tb< 25 cm

   12 cm

T

b

20 cm

12 cm

   
25 cmb< 20 cm b<

12 cm

b

20 cm

 
F٥J١E


٢E  אאאא(Lintling) א

אאKאא
אאאאK

٣E אאאאאאא
K 

٤E  אא אא  אא     
אאאK 



א٢٠١אא
אאאאא
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٥E א(To reduce buckling length of columns) 
אאאאאאאאK 



٥J٣Wאאאאאא
אאאאW
١E אאאMain girders   
٢E אאאSecondary beams 

אאאאאFאE
 א אא  א   א  א אאF  

אאאEאאF٥J٢KE


m

Seconadry

m0.3   

Beam

M
ai

n 3.00
m

Seconadry

Beam

0.2

   

mB
ea

m

3.00

4.00 m 4.00

0.3m
   

m


F٥J٢E
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אאF
אאאאKEאא

אK
 א،  א  א א אF٥J٣ E   K  

  א  (B1→B2→B3)   א א(G1)א
KאאאאB1אC4K



4

1

2

3

B3

C2

3.00 B1
m

C1

3.00

B2

m

C5

4.00

C4

4.00

G1

C3


F٥J٣E

 אאאא אF٥J٣ E  Kא
אG1אאאאאאא

B1،B2،B3אאאG1אאC1
،C2،C3،C4אאאK 
٥J٣J١WאאאאK
١ E  אFא אא א  א א  Eא

 אא (Dropped beams) א(Embedded beams)
אאK
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٢ E(Loop of loading)א א 
אאאאאאאK

אאאא
אאאאאאאK

אF٥J٤JEאFEאFאE
 אa b c dאאא a א

אאK
  אF٥J٤J Eא   א א א א  א 

F٥J٤JKEאאF٥J٤JEאאa
bcdeאDאאKא

Kאאא


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


F٥J٤E
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٣E  א א   Fא א Eא     
אאאאאF٥J٥JKEאF٥J٥JE،F٥J

٥JE،אאאאF٥J٥JKE


Y
m

m
Y

m
X

X m

Cracks

m
Y

X m

Cracks


F٥J٥E


٥J٤KWאאא

 א     א  אא     
אאW
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אאW
  א   א א אא(Uniformly distributed load)
אא٠}٥KאאF٥J٦J١KE




L

   
  5.00 mb<

 

 

Loads


F٥J٦J١E




אאW
א   א   א א א אK  
אאא٠،٧KF٥J٦J٢KE

 



א٢٠١אא
אאאאא
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L

L

 

7.00 mb<

w  t/m
Loads


F٥J٦J٢E


אאW                             

אאאא א
Kאא٠}١٠אא

F٥J٦J٣KE


L

   
  

b<  

w  t/mP

 

Loads

7.00 m


F٥J٦J٣E
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אאאW
אאאאאא

٠}٧K
אאW

אאאאא
٠}٨K

אאW
אאאאא

K
אאW

 א אא         אF 
א E א אא אא  א א א  Kא

אF٥J٦J٤KE
WאאאאאאאאK




 

w  t/m w  t/m


F٥J٦J٤E
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٥-٥ : אאאאK
אאאFאאEאאא

אאאאאאאאאא
   Kא  א    א א 

אאא
אאאKאאאא

Allowable working stressאאF١J٤Eאאא
אאאאאאאא

אאאאאK

٥J٥J١WאאאK

אאאאW
١(  א  (Slabs)א אא Kא א א 

אאF٢J٢J٢J١JE
٢( אאאFאEאאF٢J٢J٢J٢JE
٣( אאאאאFאEאאF٢J٢J

٢J٢JE 
٥J٥J٢WאאאK

א א א     א א א  אא
אאF٥J٧Eא

אאאאאאאKאW
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Beam A

   
  

 

 

Beam B

45°

X Y
L

2X


F٥J٧EאאאאK


 א  F E       K א F E

K
אאאאא

אאאאאאF٥J١KE


F٥J١E
אα،βאאאאאאא

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


WZאאאאאK
LZאאK
XZK
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W
αZאא(Equivalent coefficient for moment)
βZאא(Equivalent coefficient for shear)

W
α ×w ×xZאאאFאאאE

אאאאא
אאK


β ×w ×xZאאאFאאאE

 אא  א  אF  א  א 
אאאαKE


WאאאאF٥J٢KE


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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٥J٥J٣WאאאFאאF٣J٣،،EאאאKE
٥J٥J٤WאאאאFאאF٣J٤EאאKE
٥J٥J٥WאאאFאאF٣J٥EאאKE

F٥J١E
אF٥J٨Eאאאא

F٥J٨J KEאF٥J٨JEאא Kא
W

אאאא٢٠Fא٢}١L٣KE
אאאZ٠}٣KאאF٥J٨JKEאW


١E אאאאB1،B2אאG1K
٢E אאאאאאK 

 

6.00
m

5.00m4.00 m

m
6.00

5.00m

A

B

C

1 2 3 4

C

B

A

4321


F٥J٨JE
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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


F٥J٨JE



 
h2 ( clear height )


F٥J٨JE
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א
WאאאB1،B2،G1

אאB1אאF٥J٩E


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)אאB1אW

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)אאB1אW
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  

WאאאאאB1אK
 אאB2 אאאK

אFאEא(Main girder)G1אK
אאB2אאF٥J١٠E

 

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 =א2.4 = 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)אאB2)אEW

 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)אאB2FאEW 


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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אאG1אאF٥J١١EK
 

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


 אG1Z٤٠Z٤}٠

Z٩٠Z٩}٠W
אאאאZאLאאK

אאאK


Wאא
אKאא) אא(

W β . حيث . (α = β = 0.5) KאאF٥J٢E   
            

  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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אאאB1אאG1אW
١E א א  א א (working reaction)א א B1

אאG1RB1K
٢E א אא     א אאFא E  א،

א  א ،א א      (load for 

shear coefficient) (w β)KKKKKKKKW 
RB1 = R w + R m   

WR wZאאאK
R mZאאאB1K
אאF٥J١٢EאאאאB1K
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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


אאW

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  

אאאאG1F٥J١٣KE
 
 
 
 
 
 
 

 



א٢٠١אא
אאאאא

 
 

- ٨٤ - 

= 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


F٥J١٣E 

אF٥J١E
WאאאאB1،B2،G1

١E אB1FאEאאF٥J١٤E
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


٢EאB2FאEW

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


WאאאאאB2K


٣Eא G1אאF٥J١٦KE
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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



٥J٦WאאאDesign of R.C. Sections of Beams  

   א א א א  א א  א
 א Kאא  א א       Kא 

אאאאKאא
F٥J١٧EאאאאאאK
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F٥J١٧E


אF٥J١٨EאA-Bא(Deflection)א

  א אK  א   אא  
FאA-AEאאFאB-BEW
 


F٥J١٨E
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١E אאאאא
 אF٥J١٩ E F٥J١٩KE א א F٥J١٩ Eא   

(Neutral Axis)אאאאK
אאKאאא

אT
אF٥J١٩E 

٢E אאאאא
אאF٥J١٩KE 



A-A B-B

b

T
A-A

 
F٥J١٩E


אאאאאאW 

EאאאFאאF٥J١٩E،
F(،FEE

ET(T-shaped)אאTFאא
٥J١٩E

WאאL(L-shaped)א
L(L-Section)>K 
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   ٥J٦J١Wאאאא
אאאאאאאא

אאאאW
١E א(Linear)אא

F٥J٢٠KE 
 

d

f

Strain diagram

c

Stress diagram

-

d
tf

+


F٥J٢٠E


٢E אאאא

אאאאאאאא
  א א       f c   א

אאאאf sK 
 

٣E   א     א  א א  F٥J٥J١E
،F٥J٥J٢E،F٥J٥J٣E،F٥J٥J٤ E א(M) א

אאא(Q)אאK
٤E      אאdאאW 
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             (4-1)
b

Md k 1=                            
W

dZאאא(Depth of R.C. Sec.)אא
FאאF٥J١٩E&F٥J٢٠EE

k1 Z  א א       (f c)   
אא(f s)אאF٤J١EאאאאK

BZאאאK 
٥Ef cu f cאb,f s

 
WאW

          f cu = 250 kg/cm2    ,      f c = 80 kg/cm2      and f s = 1400 kg/cm2 

     So, k1 = 0.253     ,      k 2= 1185    

٦E אאdאאאF٤J١E
٧E אAsאאאW 



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) 

WnZאK
אא(n)Zא،ØZ٢٠W

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

אKאאF٥J٢١KE 
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t d

d
b

+
sf  / n

f c


F٥J٢١E




٥J٦J٢WאאאT LFאאאאE
        (Flanged Beam) 

אאאKא∏אIאTאL
אאאאTאLF٥אJ٢٢KE

   א  א       א  אא  
אאאאK

א   א  אאא    T Kא
אאאK(Floor)

אאLK
אא(B)אאאא

TאLW
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אאBאאאאאW
E T 


              B = 12 ts + b  

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

Or          B = L/4.5 (for continuous beams)    


EL

               B = 4.5 t s + b  

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

Or           B = L/9   (for continuous beams)    

t s ZאK٨K  
L ZאאK  



T - section
Ob

As

d d

st

L - section
O

sA

b

st

MM
B B


F٥J٢٢E


Wאא(Maximum B)אאא

KF٥J٢٣KE
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T sec

CL

 L sec

CL
S

L sec CL

   
ob

 

S LC
S

6.30
m


F٥J٢٣E


אTL

TWJ
١E א(Z)אFאE

F٥J٢٤EאאK
٢E א(Z)אאFאE

F٥J٢٤EKאאTK 
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ts

bO

d

B

z
z

t

bO

B

st

t 


٥J٢٤E


 

אא (neutral axis distance (z))אאW 


              
B
MZ 14.0=                        (4-5) 

 
 א(r)א BKBאאאא

BrאאKW 


                 Br= r × B                                      (4-5)          
  

אF٥J٣Eא(r)Kאts/z&B/b0 
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F٥J٣Eא(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 


אאW

                 
Bk

r

Md
1

=                 

Wאk1:


                  f c′=   0.75fc                
Wf c אאאK

אא(t)K
                               T = d + d′ 

 
אאאTאW 


                  

d
M

kA s ×
=

2

            

 
Wk2אF٤J١Eאf s , (f c′)K

א(Check)אא(shear stress) א א
אאK
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אW
١EאאTLא

אאאK
٢Eא(L)אא

אFאאEאאא
١٥٪אאאK 

 
٥J٦J٣Wא Shear stress 
   א(shear forces (Q))א   א  א א(q)

(shear stress)(T)(Diagonal Tension)אא
אאF٥J٢٥KE

אqאאW 


            Kg / cm2
db

Qq
××

=
87.0                 


 

qq

T

q

T
q

 
F٥J٢٥E 


אW
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١E אאא٧L٢K
٢E        F    E ١٨

L٢KאאאHאאאאאK 
٥J٦J٤Wאאאאא.

אאאאאאאא
אW

١E א(Shear force diagram) (S.F.D) K אאF٥J١٤٥J
١٦KE

٢EאאאאאW 

        db
Qq

××
=

87.0max                 

 
WqQא(Linearity)Kq max

אא(Face of column)K
٣Eאאאאאא(7kg/cm2)K

אאאF٥J٢٦KE
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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 
 


٤Eאאאאאא⅓½q maxK
 

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

n fA sst

×

××
 

WnZאאא(No. of branches of stirrups)K
A stZא(Area of bar of one branch of stirrups)K

א٨W(A st = 0.503 cm2)
f sZאא١٤٠٠L٢K
bZ א(breadth of beam)
sZאK
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٥Eאא(A sb)אאW 


f
AA

s

b
sb

b×
= 

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


٥J٦J٥Wאא

אB1אאF٥J١Eאא
אF٥J١٤&٥J١٥KE

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. 
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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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אאF٥J٢٨EאאB1K



B1


F٥J٢٨EאB1



٥J٧WאאאאאאK
١EאאW

٨}٠٣H٤}٠٣H٣٥٠K
٢EאאאאאאאK
٣Eאאאא٢٨א

٢٥٠L٢
٤Eאאא٤٢K
٥Eאאאא٢٤L٣٥Fא

אKE
٦Eאאא١L٥א١L٤אאK
٧Eאאא١L٧אאK
٨Eאאא٣٥K
٩EאאאאאאאFEא

א١אL٤אאK
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١٠Eאאאא


אF٢٤L٣٥E


אא 


אא

١٢Ø١٦J٢Ø١٦٥Ø٨L
٢٢Ø٢٠٢Ø٢٠٢Ø١٨٥Ø٨L
٣٣Ø٢٢٣Ø٢٥٢Ø٢٠٦Ø١٠L
٤٥Ø٢٢٥Ø٢٢٢Ø٢٥٦Ø١٠L

 
 



 

 

 

אאאא  

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 








א





א

 

٦
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אא 
 אאאאאאאאא   
 אא ، אאא אאK

אאאאאאא
אאאאאאK

אא 
١E אאאאאKא
٢E אאאאאK
٣E אאאK 
٤E אאאאK 

 
אאK 

אאאאאאאאאאא
١٠٠٪

אאאאK 
•  

 
 Kאא

אאK
אאאאאא 
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٦J١W
אאאאאאאאאK

א   א      א  א א 
 א א  Kא  א א        

אK
 א  K    א  א  א 

אאאאאK
אאאKאאF٦J١EאאK






٦J٢WאאK
א אאא

אאאאW
E ٠٥}٠אK(i.e  0.05t or 0.05b) 

E ٢٠K 
אאאאאאאאא

FאאאאKE
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٦J٣Wאאא(Braced and un-braced column) 
אאאאאאאאא

אא   א (Shear walls)  אא
KאKאאא

אאאאK
WאF٦J٢EW

אאאאYא(Shear wall A and B)אאא
אX١←٨Kא٥FאE  

 א(Braced)אY(un-braced)אXK


 
F٦J٢E





א٢٠١אא
אאא
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٦J٤Wאא
אאאא(λ b=He/b)א(λ i = He/ i)

אאאאF٦J١KE
WiZאאאאKW

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

Wbאאא،DאאאאK


F٦J١Eאאא
אאא 

λ b    
אאא 

 λ b     
א

λ i
١٥١٢٥٠

١٠٨٣٥


• אאאאאK 
 

٦J٥Wאאא
אאאW

١E אאאK
٢( א אא  א    אF K א 

אKE 
 

٦J٥J١WאאאK
אאאאאאW

١E אאאFאאEאK
אאאא(X)א(Y)KאאF٦J٣KE 

٢E אFאאEאאאא(B-3)א
אאאא(A)K 
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F٦J٣E


٣E אאPאא(B-3)אאאאW

E אאFאאאAKE
E אאאאK 
EאאאאאאK 
E אאאK 
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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 ZאFZ٢٠KE 

  t Zא(t = span / 10: 14) K 
 ∑ L beamsZאאאאאאא(A)אאא

K 
Weight of walls = γ wall × h wall ×t wall × ∑ L walls  

Wγ wallZאK
h wall ZאאאFKE
t wall  ZאFאאאKE

∑ L walls Z  א א  אא  אא אFא 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 cZאZ٢}٠←٦}٠F٦}٠E
t cZאZ٢٥}٠←٠}٢
h cZאא

אאאPcW
  Pc = total vertical load on column = N × Pc/floor   

WNZאאK
Pc/floor ZאאאאאאK

W
      א Fא א א  א Eא 

    א±١٠٪אא  
א

אKאאאאאK 
 

٦J٦Wאא
אאW

١E אאאאW 
t / b ≤ 5        and       h / b  ≥  5 

WbZא
tZא 

 hZאא
٢E אאאW 

λ b = he / b ≤ 15    for braced columns      FאE    and 
λ b = he / b ≤ 10    for un-braced columnsFאE  

Whe Zאא(buckling length of column)
λ bZא  FאאF٦J١EE
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٦J٦J١Wאא
א א      א א א  K 

אK
١WEאא(Fixed end)אW

אKאאF٦J٤KE
אאאאא

אאאאאK



F٦J٤E


٢WEאאאאאא

אאאאא(Partially restrained)K 
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٣WEאאא
אK

٤WEאאאאא
אאK

אאאאββ = He / H0אF٦J٢E
אF٦J٣E אאאβאאאא 

אאKאF٦J٢Eאβא(Braced column)
KאF٦J٣Eאβא(Un-braced column)K


F٦J٢Eβ = He / H0א(Braced column) 

אא אא
١٢٣

١٧٥}٠٨٠}٠٩٠}٠
٢٨٠}٠٨٥}٠٩٥}٠
٣٩٠}٠٩٥}٠٠}١


F٦J٣Eβ = He / H0א(un-Braced column) 

אא אא
١٢٣

١٢٠}١٣٠}١٦٠}١
٢٣٠}١٥٠}١٨}١
٣٦٠}١٨}١J
٤٢٠}٢JJ
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٦J٧WאאאאFE
אאFEאא

  F E  א  א K 
אאe min.K 

 e min = 0.05 t   or 20 mms  (Whichever is bigger) 
א א א א אא 

אאאאאW


                   P = fc0 × Ac + 0.44 f y ×A sc            (6-1) 
 W
fc0ZFf cu KאאF١J٤KEE
AcZאאאK
f yZאאאאאK

A scZאאאאK
אµ = A sc/Ac = 1%אWA sc = 1% ×Ac

Wאאאאא F٦J١E
אK 


٦J٧J١WW

אאאZ١٠٠KאW
• אא(Mild steel 24-35)K
• א(f cu)Z٢٥٠L٢K 

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  
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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  

אF٦J٥EאK


F٦J٥Eא


٦J٨Wאא

אאאאאאאW
١E אאK
٢E אאאאKאאF٦J٦EK 
٣E אאאאאאאאאF٦J٧KE 
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F٦J٦Eאאא 
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F٦J٧E




٤E אאאאאKאאF٦J٨KE 
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F٦J٨E
 

 
٥E אאאKאF٦J٩KE 


 


F٦J٩E
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٦E א          א א 
אאאאאKאאF٦J١٠EW 

Minimum diameter  tbD 22 += 
WDZאאאK

b ZאאK
t ZאאK



 
F٦J١٠E


٦J٩Wאא

١  Eא א א  א  א א א٨}٠ ٪א  
٦}٠א٪אאאא

(λ b)א(λ i)אאאF٦J١EF٦J٤KE
٢ Eאאא א  אאא١٪א 

٢}١א٪אאאK
٣Eאאאאאא

אאW
• ٤٪אאאאK
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• ٥٪אאאאK
• ٦٪אאאאK

٤EאK
٥Eא١٢K
٦Eאאאאאא٢٠K
٧Eאאא٣٠K

 ٢٥ Kא א א
  א א א א  ١٥א F א  אF٦J١١KE

אאאאא٦FEK


 
F٦J١١E




٨EאאאאאאW
EF١٥EK

Eאאא٢٠K
٩E¼٨K
١٠EאאאאאאK
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١١ E   א  ٨ K   ٣Kא 
אאא

אאא١٠١٠אאאK
١٢Eאא٤٠אאK

٦J٩J١W
אF٦J١٢EאאאF٦EאאW
١E אאא٥W٦(C5 ; C6)
٢E א٥W٦(C5 ; C6)Kאאא

אK 
 


F٦J١٢Eאאא
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א
W
• אא(L.L = 200 kg/m2)
• אאF٦J١٣EאאK
• אאZ٩٠}٢KאאאZ٧٠ 
 אא٥(C5)אA5FאאE

אא٦(C6)אA6FאאE


 

 
F٦J١٣E
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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   
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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  
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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 
 
 

 
C6قطاع عرضي في العمود ) ١٥-٦(شكل رقم 

          
 

٦J١٠W
אF٦J١٢EאאW

١E א א  א١–٢–٣–٤–٧(C1-C2-C3-C4-C7)
אK

٢E א١–٢–٣–٤–٧(C1-C2-C3-C4-C7)אK
אאK 

٣E אאאאאK 
אאK    



 

 

 

אא  

 

אא  

אאא
ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ 

אאאא 




א



 

٧
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• אא 
 א א אאא א אא

 אאא א ، א א א אא א 
אאאאKאאאאאK

• אא 
١E אאאאאKא
٢E אאאאא 
٣E אאאאאאKאא א

אK
٤E א     א אא א  א 

 אאא א  א א K א   
אאK 

٥E א א   א  א א  אא
אאאאאK 

 
• אאאK 

אאאאאאאאאאא
١٠٠٪

• אאאאK 
•  

• אאK 
אאK

אאא
אאאאא 
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٧J١W
א א א אא א א Kא

  א  א     א     א
K Kא   א     א א א  א

אאאאאאאK
    א א   א   א Shallow 

foundation K א   א א   Fא א  א   
אEאאא،א

אDeep foundationKאאאK


٧J٢Wאאא
א  א א א  Kאא  א א 

WאאאאאאKאא،א
אKKאאאאאאK


٧J٣Wאאא

אאאאאאFא
אא،אאKEאאאא

אW
١(  א א(Strip footings) Kא  א  

אאאאאאא
K

٢(  א א(Spread footings) Kא א   
אאאK 

٣( אא(Combined footings) K
  א   ،     Kא א  

אKK 
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٤( אא(Raft foundations)KאK
،אאאאאאK 


٧J٤Wאא(Design of Strip footings)

F٧J١ Eאאא Kאאא א
אאאאאא

אאKאBKא
 אא  א   אb אB K  

א(Thickness)(Reinforcement)K
אאאאאא،

 א   א   אא   א    
אאא(q all.)א(D f)אK

אאאאאאK
 

             

q
DP

all

fa

T

P
×

−

=
γ

1

               (7-1)        


WPZאאאK
PTZאאא،אאK

γ aZאאFZ٢L٣Z٢٠L٣KE
    D fZאK

   q allZאאא(Gross allowable bearing stress of the soil)
אאאאאא

אPTאאK


             B×1.0 = PT / q all                       (7-2) 
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אF٧J٢EאB،אK




F٧J١E
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٧J٤J١WאאW
אאאאאאKאאא

 אא א(PT/B)  א א((PT-P)/B)
KאאאאF netאW


          F net = P /B                              (7-3) 

   
אא Double Cantileverא K

אW
אאW


     S = (B-b) / 2                           (7-4)                                                 


אאאW


          S = (B-b/2) / 2                        (7-5) 


אאאF٧J٦E

K
        M = F net × S2 / 2                     (7-6)   


אאאאאאK

אQ bאאW
 

          Q b = F net × S                         (7-7)  

W

١E א  א א אא    א א  א 
אאאאא(Bond stress)K
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٢E א א א Kא
אK

אאאK 
٣E    א א  אFא א אE 

   א   אא א א 
אאאF Kאאאאא

א א  א K E   א א    
אKאKא

  א א   א א   א
 F٧J١E F٧J٣ E   א   א  

אאאK 
 

          W = Pc / Sc                             (7-8) 
   

WWZאאאKאא
PcZאK
ScZאאK


אאאא(Strip 

footing) Kא א K א 
אאאא،אאK


٧J٤J٢Wאא

١
٣٠אא٢٠LK

Kא٠}١א٠}١L٢KאאאKא
אK
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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   
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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
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٢
א٤٠א٠٠}٥

א٢}١אKאא٧٢}٠L٢F
٣٠א× ٣٠ .  ٨وتسليحهØ ١٤KE

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    



א٢٠١אא
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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)  
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     As′ ≥ 0.2 % Ac = 0.2 % ×20×100 = 4cm2   

     As′ = 5 Ø 12 mm/m (min. Reinforcement)       

אאF٧J٥EאאK


 

F٧J٥E
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٧J٥WאאאDesign of Spread Footings   
 אאאאאאאא

א Kא        א אא  K 
 א אא KאF٧J٦Eאאא

אאK
EאאאTwo Way Footings 

EאאאOne Way Footings 



F٧J٦Eאאאאא




אא   אא Kאא א
אKאאאא

אאאאKאאאאאKא
אאאKW



 



א٢٠١אא
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               (L - l) = (B - b)                   (7-9)  
  

אאאW


               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 אאqallאF٧J١١EאFK
אאKE

٢E   PT א אF٧J١ Eא א א
       K  PT א א 

(B,L)K 
 


F٧J٧Eאאא
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אאאאא
אאאאאאאאK

א אא אאאא א  K
F٧J٧KEאK

אאW
     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) 

   
אאW

     Section a -a: 
 

    ( ) 8/2lL
L
PM −=                                  (7-14) 

 
        

     ( ) 8/2bB
B
PM −=                               (7-15)   


 אאאאF٧J١٢E،F٧J١٤ KEאא

אאאאאאK
א אא  א

אאאKאאאK
אQ bW
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     F n = P / A                                                    (7-16) 

  
Q bאאW 

 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) 
 
 
٧J٥J١WאאPunching Depth 

  א א (l × b)א א (L × B)
 אא א א א  א(Direct Shear) K אא

אאאא   
אKאאאאאq P٨L٢K

אאאאאאאK
אאאאאF٧J٨KE

א٤٥˚אFאאE
אאKאאW



     ⎟
⎠
⎞

⎜
⎝
⎛ +×⎟

⎠
⎞

⎜
⎝
⎛ +−= dldbFP nPQ 3

2
3
2                      (7-19)  
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אאאאW


     ( )dbld
Qq P

P 33.12 ++
=                         (7-20)  

 





F٧J٨E 

 



٧J٥J٢Wאא

١
٤٥×٤٥١٠٠ Kא٠}١K

א٧٥}١L٢Fא٨ø١٨E
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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) 

  

אאF٧J١٠Eאאאאאא

אK
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F٧J١٠E




٢
F٣٠×٧٥E١٢Ø١٦ K١٥٠

אא٠}٢L٢Kאא
אFKאאאq 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 <=

++×
×

=
++

= 


F٧J١٢E
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٧J٦Wאא


١E E٣٠×٨٠١٢φ١٨K
 ١٨٠  K  א א  ٤}٢L٢ Kאא 

אאK 
 Eא  א   א א א א  א

אK


٢E  Eא א   F ٣٠ K E 
٢٨L Kא٠}١אא

٨٥}١L٢K 
EאאאאK


٣E  E   ٤٥×٤٥  ١٢φ٢٢ K 

١٠٠Kא٠٠}٣L٢٥}١
אאK 

 Eא  א   א א א א  א
אK


٤E  E א  ٦٠  א٠}٥ K

٥}١אאKאא٨}٠
L٢FKא٣٥×٣٥  ٨φ١٦KE 

E א  א   א א א א  א
אK



א٢٠١אא
א

 
 

- ١٤٦ - 

אא(References) 


1) BS 8110 – 1985 

2) CP 110 , 1972 

3) Jack C. McCormack ˝Design of Reinforced Concrete˝ Fourth Edition 

Copyright © 1998 by Addison Wesley Longman, Inc. 

4) James G. Macgregor ˝Reinforced Concrete – Mechanics and Design˝ 

Third Edition © 1997 Prentice-Hall, Inc. 

٥E Kא˝אאאא

א˝אJאK

٦E ˝אאאא١٩٨٩˝אא١٩٩٥K 

7) M. Hillal ˝Fundamentals of reinforced and pre-stressed concrete˝ Dar El-

Nashr Cairo 1992. 

8) Reynolds, C.E and Steadman, J.C ˝Reinforced Concrete Designers˝ 

Handbook 9th Edition. -1981. 

9) Robert Park and William L. Gamble. ˝Reinforced Concrete Slabs˝ 

Second Edition John Wiley & Sons Inc 2000. 

10) Shaker El-Behairy, ˝Reinforced Concrete Design Handbook˝ Part I , II 

and III Fifth Edition Dar-El-Nashr-Cairo 1998.  

 


 



א٢٠١א
א

 
 

 

א
 

אאWאא(Principals of Structural Analysis) 

אא–אא–אא١ 

١J١Wאאא٢ 

١J١J١Wאא٢ 

١J١J٢Wאא٢ 

١J٢Wאאאא٣ 

١J٣Wא٥ 

١J٣J١WאאFEא٦ 

١J٤Wא٨ 

١J٤J١Wאא٨ 

١J٤J٢Wאאאא١٠ 

١J٥Wאאא١١ 

١J٥J١Wא١١ 

١J٥J١J١Wא١١ 

١J٥J٢WאאאאFאאE١٢ 

١J٦Wאא١٣ 

אאWאאא(Loads on Structural Elements) 

אא–אא–אא ١٥ 

٢J١Wא١٦ 

٢J١J١אאא(Dead loads)١٦ 

٢J١J١J١Wאא١٦ 

٢J١J١J٢Wאאאאא١٨ 

٢J١J٢Wאא(Live loads)١٩ 

٢J١J٢J١Wאאאאאא٢٠ 

٢J١J٢J٢WאאFאEאאאא٢٢ 



א٢٠١א
א

 
 

 

٢J٢אא٢٢ 

٢J٢J١Wא(Working Loads)אא٢٢ 

٢J٢J٢Wאא(Ultimate loads)٢٣ 

אאWאא(Structural Analysis) 

אא–אא–אא٢٤ 

٣J١Wאא٢٥ 

٣J٢Wאאא٢٧ 

٣J٢J١W٢٧ 

٣J٢J٢Wאא٢٧ 

٣J٣Wאאאא٢٨ 

٣J٤Wאא(Straining Actions)٣٠ 

٣J٥Wאאא٣٧ 

אאאWאFאEאא
(Design of Reinforced Concrete Slabs) 

 

אא–אא–אא٣٨ 

 ٤J١W٣٩ 

٤J٢Wאא٣٩ 

٤J٢J١Wאאאאאאא٣٩ 

٤J٣Wאאאאאא٤٠ 

٤J٣J١Wאאא٤٠ 

٤J٣J٢Wאא٤٢ 

٤J٣J٣Wא٤٢ 

٤J٣J٤Wא٤٣ 

٤J٣J٥W٤٤ 

٤J٣J٦Wאאא٤٨ 

٤J٤Wאאאאא٥٠ 



א٢٠١א
א

 
 

 

٤J٤J١W٥٠ 

٤J٤J٢Wאאאא٥١ 

٤J٤J٣Wאאאאאא٥١ 

٤J٤J٤Wאאאא٥٣ 

٤J٤J٥Wאאא٥٣ 

٤J٥Wאאאא٥٨ 

٤J٦Wאאאאאאאאאא٥٩ 

٤J٧Wאא٥٩ 

٤J٨Wאאא٦١ 

٤J٩Wא٦١ 

אאWאאאא
(Design of Reinforced Concrete Beams)

 

אא–אא–אא٦٤ 

٥J١W٦٥ 

٥J٢Wאאאא٦٥ 

٥J٣Wאאאאא٦٦ 

٥J٣J١Wאאאא٦٧ 

٥J٤Wאאא٦٩ 

٥J٥Wאאא٧٣ 

٥J٥J١Wאאא٧٣ 

٥J٥J٢Wאאא٧٣ 

٥J٥J٣Wאאא٧٦ 

٥J٥J٤Wאאאא٧٦ 

٥J٥J٥Wאאא٧٦ 

٥J٦Wאאא٨٦ 

٥J٦J١Wאאאא٨٩ 



א٢٠١א
א

 
 

 

٥J٦J٢WאאL&T٩١ 

٥J٦J٣Wא٩٧ 

٥J٦J٤Wאאאא٩٨ 

٥J٦J٥Wאא١٠٠ 

٥J٧Wאאאאאא١٠٢ 

אאWאאא
(Design of Reinforced Concrete Columns)

 

אא–אא–אא١٠٥ 

٦J١W١٠٦ 

٦J٢Wאא١٠٦ 

٦J٣Wאאא١٠٧ 

٦J٤Wאא١٠٨ 

٦J٥Wאאא١٠٨ 

٦J٥J١Wאאא١٠٨ 

٦J٦Wאא١١١ 

٦J٧WאאאאFE١١٤ 

٦J٧J١W١١٥ 

٦J٨Wאא١١٩ 

٦J٩Wאא١١٩ 

٦J٩J١W١٢١ 

٦J١٠W١٢٧ 

אאWא(Design of Foundation) 

אא–אא–אא١٢٤ 

٧J١W١٢٥ 

٧J٢Wאאא١٢٥ 

٧J٣Wאאא١٢٥ 



א٢٠١א
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٧J٤Wאא١٢٦ 

٧J٤J١Wאא١٢٨ 

٧J٤J٢Wאא١٢٩ 

٧J٥Wאאא١٣٥ 

٧J٥J١Wאא١٣٨ 

٧J٥J٢Wאא١٣٩ 

٧J٦Wאא١٤٥ 

אא      (References)           ١٤٦ 
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