


  For slap 

For beam 



 
  



  



 

Calculate the cracking moment (Mc)?   
 

1.  Find ӯ = 
𝐴1 𝑦1+𝐴2 𝑦2 

𝐴1+𝐴2
     

 

2.   I1 = 
1

12
bh³+ Ad²                 d= ӯ – ӯ1 

       I2 = 
1

12
bh³+ Ad²                 d= ӯ – ӯ2 

 

3. Find   fr = 0.62λ √𝑓`𝑐   

4. 𝑀𝑐𝑟 =
𝑓𝑟 𝐼𝑔

𝑦𝑡 
 

 

Compute the flexural stress?  

 

 

 

 

 

1.  use 1
st

 moment:  for find (x)   
Area 1 × ӯ1 = Area 2 × ӯ2  
 
2. find  i1  , i2  

i1 = 
1

12
bh³+ Ad²  

    
i2 = Ad² 
 

3. stress concrete = 
𝑚 𝑦

𝑖
  

4. Stress steel = 
𝑚 𝑦

𝑖
 × n   

 



Ultimate flexural moment ( Mn )  ?  
 
Case 1 : if rectangular   
 
1. T = C 
 
2. 𝐴𝑠𝑓𝑦 = 0.85𝑓`𝑐𝑎𝑏  
 

3.  𝑎 =
𝐴𝑠𝑓𝑦

0.85 𝑓`𝑐 𝑏 
 

 

4. 𝑀𝑛 = 𝑇 (𝑑 −
𝑎

2 
) = 𝑐 (𝑑 −

𝑎

2 
) = 𝐴𝑠𝑓𝑦(𝑑 −

𝑎

2 
) 

 

 
Case 2 : if not rectangular   
 
1. T = C 
 
2. 𝐴𝑠𝑓𝑦 = 0.85𝑓`𝑐𝑏𝑑 
    𝐴𝑠𝑓𝑦 = 0.85𝑓`𝑐  𝐴𝑐 
 
3. 𝐴𝑐 − 𝐴 = ? ?  

4. 
??

𝑏
 = x 

5. ӯ = 
𝐴1 𝑦1+𝐴2 𝑦2 

𝐴1+𝐴2
 = 

𝐴1 𝑦1+ 𝑏𝑥 ( 
𝑥

2
 +𝑦1 )

𝐴1+𝐴2
 

 

6. Mn = T ( jd )  

       =  𝐴𝑠𝑓𝑦 ( d – ӯ ) 



Detemine the ACI design moment capacity ( Mn × ф ) ?  
Rectangular  
  

1. Find  ρ = 
𝐴𝑠

𝑏𝑑
 

 

2. Find ρ ( min )  

 

 

3. Find ρ ( max ) = 

( should be )  

ρ > ρ ( min )                                             ρ  < ρ ( max ) 

 

4.  T = C                    a = 
𝑨𝒔 𝒇𝒚  

𝟎.𝟖𝟓𝒇̀𝒄 𝒃
                 Mn = 𝐴𝑠𝑓𝑦  ( d - 

𝒂

𝟐
 ) 

 

5.  C = 
𝒂

𝜷𝟏
  

 

6.  

 

 7.    Mn × ф      

0.003 If the answer > 0.005  

this is tension controlled  



design Rectangular beam ( no dimension )  :  
 
1. Find  ( h ) from table 2 
 

    find b = h/2  ( preferably increasing 50 mm) 
 

    find Ow (SW) = Unit weight × b × h = ….kn/m 
 
 

2. Find Wu = 1.2 D + 1.6 L = 1.2 ( ow + dd ) + 1.6 L  
 

    find Mu = 
𝑤𝑢 𝐿²

8
 = …. kn/m ² 

 
 
3.  
 
 
4. 
 
    find rinsed Ow (SW) new = Unit weight × b(new) × h (new) 
 
5.  As = ρ × b(new) × d (new)  

6. Analysis 

Find 

 

Mu = 
𝑤 𝐿²

8
 

 

ρ t = 

 Mn × ф   

d = h-40-10-12.7 



0.003 

 design Rectangular beam (given dimension ) :  
 
   
 

  

1. Find Mn = mu / Ø  

  

2. Find ρ  

 

3. Find As = ρ × b × d 

 

4. Check from table 4 ( هل مساحة الحديد وعدده بوسع أو لا   )   

 

5. Find       a = 
𝐴𝑠 𝑓𝑦  

0.85𝑓̀𝑐 𝑏
 

 

6. Find           C = 
𝑎

𝛽1
  

 

7. Find  

 

8. Find       Mn = 𝐴𝑠𝑓𝑦  ( d - 
𝒂

𝟐
 ) 

 

9. Find           Mn × ф  

Check from table 3 



1. Assume   b = 1 m  
 
       find h from table 2  

       find d  

       find Ow (SW) = Unit weight × b × h 

       find Wu = 1.2 D + 1.6 L = 1.2 ( ow + dd ) + 1.6 L 

       find Mu = 
𝑤𝑢 𝐿²

8
 

 

2. Find  
 
 
3. As (req) = ρ × b × d     
     As (min) = 0.0018 bh    

 
     

4. Choose from table  5
For main steal from As req 
For shrinkg from As min  

5. Find maxiumm scpacing
Maxiumm spacing should be less than ( 3h ) and 450 mm

         As (req)         As (min) 

      As (min)              

Design one-way slab  :  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. maximum spacing shrinkage should be less than ( 5h ) and 450 mm  

 
 
 



8.  

Analysis of flanged sections :  

N.A in the flanged 

1. assume a =ß1   ,  c ≤ hf  

2. assume steel yields (𝜺𝒔 ≥ 𝜺𝒚 ) 

3. calc a = 
𝐴𝑠 𝑓𝑦  

0.85𝑓̀𝑐 𝑏
 

4. if a ≤ hf continue  

If not go to case 2 in the web  

5. confirm that 𝜺𝒔 ≥ 𝜺𝒚  and its tension controlled  

6. calc Mn = 𝐴𝑠𝑓𝑦  ( d - 
𝒂

𝟐
 ) 

N.A in the web : if   a > hf  

1.T = C 
 

2. find Ac …. 𝐴𝑠𝑓𝑦 = 0.85𝑓`𝑐 𝐴𝑐 
 

3. 
𝑨𝒄 −𝑨𝒇

𝒃𝒘
 = ?? 

 

4. a = 
𝑨𝒄 −𝑨𝒇

𝒃𝒘
 + hf           …… a > hf   

 

5. C = 
𝒂

𝜷𝟏
    

 

6. 𝜺𝒔 = (
𝒅−𝒄

𝒄
) 𝟎. 𝟎𝟎𝟑 

 

7. 𝑀𝑛 = 𝐶𝑐𝑓 (𝑑 −
ℎ𝑓

2 
) + 𝐶𝑐𝑤 (𝑑 −

𝑎

2 
)             

 
 

 

 



Design of T- sections  
 
 
 
 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.  

2.  

3. 

Yes (rectangular) 

No (T - sec ) –  continues the steps 

As req = ρ (design) * bf * d   

4. 

5. 

6. 

7. 

8. 

9. 

10. Analyses 



1. find Ow (SW) = Unit weight × b × h = ….kn/m 
2. Find Wu = 1.2 D + 1.6 L = 1.2 ( ow + dd ) + 1.6 L 

3.  find Mu = 
𝑤𝑢 𝐿²

8
 = …. kn/m ² 

4. Find  
5. Find be  from chart 

 
6. Find ρf req  

 
7. Find a  

  

Design of T- sections  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.  
 
9.  
 
10. 
  
 
 
11.  
 
12.  
 

13.                                             14. analises 

e



If        < 0.002  

 Doubly – reinforced sections 

Determine the flexural strength 

case 1 :  

1.  Assume T , C yield  

Cc + Cs = T  

2. find 

3. Find   C = 
𝒂

𝜷𝟏
  

4. find 

 

5. find                                                       6.  

 7. Mn × ф    

Case 2 : 

 1.  Assume T , C yield  

Cc + Cs = T  

2. find 

3. Find   C = 
𝒂

𝜷𝟏
  

4. find 

5.  Use the solver to find C 

 

 

6.                                                                        

 

 

7. 

If > 0.002 compute steps  

If < 0.002  



    Design doubly – reinforced sections (if      > 0.002) 
 

 

1. find 

 

2. find 

 

3.    

4.  

 

5.  

 

6.  

 

7.  

 

8.   

 

9. chose steal bars & analises 

 

 

 

 

 

 



Design doubly – reinforced sections (if      < 0.002) 

 

1. find 

 

2. find 

 

3.  

4.  

 

5.  

 

6.  

 

7.  

 

8. for top steal  

 

9. for additional bottom steal  

Then  

 

10. chose steel bars and draw section  

 

11. analyses 


