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Analysis and Design of Doubly Reinforced Rectangular Beam 
 

Analysis of Doubly Reinforced Beam 

  

The steel that is occasionally used on the compression sides of beams is called compression 

steel, and beams with both tensile and compressive steel are referred to as doubly reinforced 

beams.  

 

Occasionally, however, space or aesthetic requirements limit beams to such small sizes that 

compression steel is needed in addition to tensile steel.  

1-  To increase the moment capacity of a beam beyond that of a tensile reinforced beam with 

the maximum percentage of steel, it is necessary to introduce another resisting couple in 

the beam. This is done by adding steel in both the compression and tensile sides of the 

beam.  

2- Compressive steel increases the amount of curvature that a member can take before 

flexural failure.  

3- Compression steel is very effective in reducing long-term deflection due to shrinkage and 

plastic flow.  

4- Continuous compression bars are also helpful for positioning stirrups (by tying them to the 

compression bars) and keeping them in place during concrete placement and vibration.  

 

 

There are two cases 

Case 1: Tension and compression steel both at yield stress 
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Case 2: Compression steel below yield stress 
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Ex1: Find the ultimate bending moment for the section shown in figure below,   
  

    MPa,       MPa. 

Check the reason for using of compression reinforcement:  
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Compression reinforcement has been added for change mode  

from compression failure to tension failure. 
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Ex2: Find the ultimate bending strength for the doubly reinforced concrete section shown in 

figure below, use   
      MPa,       MPa 
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Design of Doubly reinforced concrete Rectangular beams 

Find the ultimate applied moment Mu, external moment 
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Ex3: Find the steel reinforcement area for the section shown in figure below, Assume 

M.D.         , M.L.L.        ,   
       MPa,       MPa.  
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Ex4: For cantilever beam      find the steel reinforcement area, if the live load is 20 

     and the dead load within self weight for the beam is 18      where   
     MPa , 

                mm,       mm       mm. 
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Analysis and Design of T-section Beam 

 
Reinforced concrete floors are almost always monolithic. A form are built for beam soffits 

and sides and for the under‐side of slabs, and the entire construction is cast at once, from the 

bottom of the deepest beam to the top of the slab. Beam stirrups and bent bars extend up into 

the slab. It is evident, therefore, that a part of the slab will act with the upper part of the beam 

to resist longitudinal compression. The resulting beam cross section is T‐shaped rather than 

rectangular. The slab forms the beam flange, while the part of the beam projecting below the 

slab forms what is called the web or stem. 

 ‐beam geometry 

 

For Isolated nonprestressed  ‐beams in which the flange is used to provide additional 

compression area shall have a flange thickness greater than or equal to       and an effective 

flange width less than or equal to      

           and                       

-For nonprestressed  ‐beams supporting monolithic or composite slabs, the effective flange 

width    shall include the beam web width    plus an effective overhanging flange width in 

accordance with the Table below, where    is the slab thickness and    is the clear distance to 

the adjacent web. 

 

For symmetric   beams, the effective width    shall not exceed one‐fourth the span length of 

the beam. The overhanging slab width on either side of the beam web shall not exceed 8 times 

the thickness of the slab or go beyond one‐half the clear distance to the next beam. 

sw 
bw 

L-Beam T-Beam Isolated 

T-Beam 

bf bf bf 

8hf 

6hf 
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            Least value of table →                                             
  

 
  

For beams having a slab on one side only (L-Beam), the effective overhanging slab width 

shall not exceed one‐twelfth the span length of the beam, 6 times the slab thick‐ ness, or one‐

half the clear distance to the next beam. 

          Least value of table   →                                
  

 
           

  

  
  

Strength Analysis 

The neutral axis of a   beam may be either in the flange or in the web, depending upon the 

proportions of the cross section, the amount of tensile steel, and the strengths of the materials. 

 If the calculated depth to the neutral axis is less than or equal to the flange thickness  , the 

beam can be analyzed as if it were a rectangular beam of width equal to  , the effective flange 

width, While when the neutral axis is located in the web. In this case, methods must be 

developed to account for the actual  ‐shaped compressive zone. 

 

Case 1, If      analysis as rectangular section of width b 

Case 2, If      analysis as a   —section beam 

It is convenient to divide the total tensile steel into two parts, as shown in Figure below. The 

first part,    , represents the steel area that, when stressed to   , is required to balance the 

longitudinal compressive force in the over‐hanging portions of the flange that are stressed 

uniformly at       
  .Thus, 
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Analysis of T-section Beam 

- Check the beam dimensions 

- Check the section (Rectangular or T- section) 
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Ex5: For the following T- reinforced concrete beam with            ,    

       (        )               
    MPa and       MPa, calculate the 

design moment when (1)                              and                

 

 

Check the beam dimensions 

                        

                     ok 

 

 

 

 

(1)            
Check the section (Rectangular or T- section 

   
    

      
   

 
        

           
 =103mm           

Rectangular section with (720 660mm) 

    
  

  
 

    

       
        

         
  

 

  

   

      
        

   

   

       
 0.0202 >            under reinforced section   

        (  
 

 
)           (    

   

 
)                 

                      →            

    
   

 
    

       

   
                   , So       

                         

(2)          
Check the section (Rectangular or T- section) 

   
    

      
   

 
        

           
 =164.7mm              T- section  

    
      

         

  
 

                     

   
         

     
   

   
  

    

       
        

            0.0202+              



12 
 

     
  

   
 

    

       
                   Under reinforced section        

  
          

      
   

  
               

           
         

            
  

 
               

 

 
    

             (    
   

 
)                 (    

     

 
)         

            

                        →               

    
   

 
    

          

      
                    , So       

                           

(3)          
Check the section (Rectangular or T- section) 

   
    

      
   

 
        

           
 =240mm              T- section  

     
  

   
 

    

       
                   Over reinforced section        

Find c and      

      
   

 
        

               
       

         
     

 
                                      

→           and                          

       
   

 
 =    

       

   
 = 380          MPa 

         
            

  

 
       

       
 

 
    

   [                      (    
   

 
)               

 (    
   

 
)]                   

    
   

 
    

       

   
                   , So        

                              

 



13 
 

Ex6: For the slab‐beam system shown in Figure below, Find the ultimate bending moment can 

be carried when    
      MPa and       MPa, span of beam           mm, 

   8ø32mm. 
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Design of  ‐section Beam 

For the design of Tor L section beams the flange has normally already been selected in the 

slab design as it is for the slab. The size of the web is normally not selected on the basis of the 

moment requirements but probably is given an area based on sheer requirements. That is a 

sufficient area is used so as provide a certain minimum shear capacity. It is also possible that 

the width of the web may be selected on the basis of the width estimated to be needed to put 

the reinforcing bars. Size may also have been preselected to simplify formwork for 

architectural requirements or for deflection reasons. 

 

 

- Check the beam dimensions 
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Ex7: for the T-section in figure below, find the reinforcement area if    
      MPa and 

      MPa, span of beam     when (a)              (b)           , (c) 
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Use one of the following options: 

d- Increase flange thickness      

e- Use compression steel reinforcement (doubly reinforced section) 

f- Increase the effective depth     

Repeat the solution increase the effective depth     

Use d=500mm      


