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Chapter Four 

 

Structural Analysis and Design 

 

4-1 Introduction. 

4-2 Check of Minimum Thickness of Structural Member. 

4-3 Design of Topping. 

4-4 Design of One Way Rib Slab. 

4-5 Design of  Beam. 

4-6 Design of  Column. 

4-7 Design of  Staircase. 

4-8  Design of  Isolated Footing. 

4-9 Design of Basement Wall. 

4-10 Design of  Shear Wall. 

4-11 Design of  Retaining Wall. 
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4-1 | Introduction 

Reinforced concrete (RC) is a versatile composite and one of the most widely used materials in 

modern construction. Concrete is a relatively brittle material that is strong under compression but 

less so in tension. Plain, unreinforced concrete is unsuitable for many structures as it is relatively 

poor at with standing stresses induced by vibrations, wind loading and so on. 

To increase its overall strength, steel rods, wires, mesh or cables can be embedded in concrete 

before it sets. This reinforcement, often known as rebar, resists tensile forces. By forming a 

strong bond together, the two materials are able to resist a variety of applied forces, effectively 

acting as a single structural element. 

Reinforced concrete can be precast or cast-in-place (in situ) concrete, and is used in a wide range 

of applications such as; slab, wall, beam, column, foundation, and frame construction. 

 4-1-1 Concrete and its Classifications: 

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently 

admixtures, Structural concrete can be classified into: 

 Lightweight concrete with a unit weight from about                
  

      produced from 

aggregates of expanded shale, clay, slate, and slag. 

 Normal‐weight concrete with a unit weight from about                
  

       produced from 

the most commonly used aggregates— sand, gravel, crushed stone. 

 Heavyweight concrete with a unit weight from about                
  

  
  produced from 

such materials such as barite, limonite, magnetite, ilmenite, hematite, iron, and steel 

punching or shot. It is used for shielding against radiations in nuclear reactor containers 

and other structures.  

4-1-2 Compressive  strength of  concrete: 

The strength of concrete is controlled by the proportioning of cement, coarse and fine aggregates, 

water, and various admixtures. The most important variable is (w/c) ratio. 
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Concrete strength (   
 
 ) – uniaxial compressive strength measured by a compression test of a 

standard test cylinder (                               ) on the 28th day–ASTM C31, 

C39. In many countries, the standard test unit is the cube (                  ).  

The concrete strength depends on the size and shape of the test specimen and the manner of 

testing. For this reason the cylinder (                      ) strength is      of the 

         cube strength and     of the          cube strength, figure (4-1) demonstrate 

relation between cylinder and cube concrete test. 

 

Figure (4-1) relation between cylinder and cube concrete test. 

4-1-3 Modulus of Elasticity of concrete: 

The modulus of elasticity of concrete varies, unlike that of steel, with strength. A typical stress-

strain curve for concrete in compression is shown. The initial modulus (tangent at origin), the 

tangent modulus (at       
 
  ), and the secant modulus are noted. Usually the secant modulus at 

from            of the compressive strength   
  is considered to be the modulus of elasticity. 

For normal weight concrete, shall be permitted to be taken as         √  
    (Map), figure (4-

2) demonstrate stress-strain curve of 

concrete. 

 

 

 

Figure (4-2) stress-strain curve of concrete.  
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4-1-4 Strength Design method (Ultimate strength method): 

In the strength design method, the service loads are increased by factors to obtain the load at 

which failure is considered to be “imminently”. This load is called the factored load or factored 

service load. The structure or structural element is then proportioned such that the strength is 

reached when the factored load is acting. The computation of this strength takes into account the 

nonlinear stress-strain behavior of concrete. 

The strength design method may be expressed by the following: 

Strength provided ≥ [strength required to carry factored loads] 

Where the "strength provided" (such as moment strength) is computed in accordance with the 

provisions of a building code, and the "strength required" is that obtained by performing a 

structural analysis using factored loads. 

4-1-5 Load Factors U and strength reduction Factor   : 

According to (ACI 318-11 9.2.1) the factor U for overload is given: 

       

                                 

                                 
                                       

                         

            

            

  

Where: 

              
             
                   
             
             
             
                   

The factor   (under strength factor) according to ACI demonstrated in figure (4-3). 
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Figure (4-3) values of understrength factors related to strength condition.  

4-1-6 General considerations: 

1- ACI 318-11 Building code will be used in this project. 

2- UBC-97 code will be used for lateral loads.   

3- Ultimate strength design method will be used during the analysis and design of this 

project. 

4-  The compressive strength of concrete for all structural elements is B300 which 

equals to    
         . 

5- Yield strength of reinforcing rebar's             . 

4-2 | Check of Minimum Thickness of Structural Member: 

It will be determined according to (ACI 318-11) to achieve deflection requirements, Figure 

(4-4) provided minimum thickness from code. 
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We take the longest beam and rib, then we compare between them in table (4-1). 

Supporting type min. thickness equation Rib 

&Beam 

No. of span min. thickness  

One end continuous  

    
      6     

    
       

Both end continuous  

  
 

     6     

  
       

Table (4-1) Determination of thickness for ribs and beams from maximum values of cases. 

 

The thickness of slab provided from (ACI 318-11) to achieve requirements of deflection, 

depends on the Flexural stiff ness of slab, by manual calculation comes about   

          . 

So, select Slab thickness                                             

4-3 | Design of Topping:  

4-3-1 Load calculations: 

Topping in One way ribbed slab can be considered as a strip of 1 meter width and span of hollow block 

length with both end fixed in the ribs, Table (4-2) shows Load calculations on topping.  

Dead Load Form Thickness        Unit weight      
  

              
  

 
  

Tiles 0.03 23              

Mortar 0.03 22              

Coarse Sand 0.07 17              

Topping 0.08 25           

∑                      
  

 
    

Table (4-2) Dead Load calculations on topping. 
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Live load calculations          
  

 
)  

4-3-2 Factored Load: 

Total Factored Load: 

                              
  

 
   

Figure (4-5) Topping statically system. 

   
    

  
 

           

  
                                      

Strength condition for plain concrete: 

                            …. where         

          √   
         Where                                       :    

   

 
 

        

 
 

         √    
        

 
            

                                   

NO Reinforcement is required by analysis, According to                 ., provide        for 

slabs as shrinkage and temperature reinforcement. 

                        According to (ACI 7.12.2.1) 

                                               

Step (s,max) is the smallest of: 

1. 3h = 3×80 =240 mm         control  

2. 450mm. 

3. S =380(
   

  
)            (

   
 

 
   

)                    
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4-4 | Design of One Way Rib Slab 

4-4-1 Determination of geometry: 

Requirements for Ribbed Slab (T-Beam Consideration According to ACI- 318-11). 

 

                             

                                       

   
  

  
                       

Figure (4-6) shows typical section of rib with overall slab thickness       . 

 

4-4-2 Load calculations for Rib: 

   
           ,                ,        

  

     

Dead Load Form Thickness        Unit weight      
  

              
  

 
  

Tiles 0.03 23                    

Mortar 0.03 22                    

Coarse Sand 0.07 17                    

Topping 0.08 25                   

RC Rib 0.27 25                   

Hollow Block 0.27 10                   

Plaster 0.03 22                    

∑             /rib   
          

  

 
    

Table (4-3) Dead Load calculations of rib. 
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Live load calculations                 
  

 
) / rib 

Figure (4-7) shows the location of rib in slab drawing plan. 

 

Figure (4-7) location of Rib (B-R1) in slab drawing plan. 

 

Check for chosen effective flange width (  ) According to (ACI 318-11) 

                       

(1)    
 

 
  

    

 
                                                               

(2)                              . 

(3)                                                          . 
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4-4-3 Structural analysis of Rib (B-R1): 

 

 

Figure (4-8) shows rib geometry and loads. 
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The envelope shear and moment diagrams (for all load combinations). Using the structural 

analysis and design program (Atir 12) we obtain the Envelope Moment diagram for Rib(B-

R1). 

 

Figure (4-9) Moment envelop diagram. 

4-4-4 Design Rib for Flexure (B-R1): 

Design of (B-R1) for positive moments 

Assume bar diameter      for main positive reinforcement. 

                    
  

 
           

  

 
         

The maximum positive moment in all spans of Rib21                 

Check if (    )  

           
    (  

  

 
)                      (    

  

 
)              

                
  

 
 

    

   
                   

The section will be designed as rectangular section with            
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(  √  

    

  
 )  

 

     
(  √  

             

   
 )           

                                   

Check for        : 

            
√   

 

  
        

   

  
     

            
√  

   
                      

       
   

   
                               

                                                                

Use                                              

Check for strain:  

  
    

       
  

 
       

           
         

  
 

  
       ,            

  
    

    
          

        (
   

 
)       (

         

     
)                   

Note that: 

Moments equals or less than                  , use       for each rib span. 

So that other positive moments 

                                         have reinforcement of      

for each rib span. 
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) for negative moments:R1-B Design of (Rib 

The maximum positive moment in all spans                
 

Assume bar diameter      for main negative reinforcement. 

                    
  

 
           

  

 
         

   
  

   
 

        

            
             

  
  

       
  

   

       
       

  
 

 
(  √  

    

  
 )  

 

     
(  √  

             

   
 )           

                                   

Check for        : 

                                                                     

Use                                            

Check for strain:  

  
    

       
  

 
         

           
         

  
 

  
       ,            

  
    

    
          

        (
   

 
)       (

         

     
)                    
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Note that: 

Moments equals or less than                  , use       for each rib span. 

So that other negative moments: 

                                                      Have 

reinforcement of      for each rib span. 

 

4-4-5 Design Rib for Shear: 

4-4-5-1 Design procedure for shear:  

Design of cross section subjected to shear and Flexure: 

          

Where: 

                                         
                                  
                        
                                                     

                  
 

 
   √   

                                                   

                                                                           

                 
       

 
 

 Shear conditions and cases (Items): 

 

Figure (4-10) Shear diagonal. 
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Check for dimensions: 

According to (ACI),                                              
 

 
√   

         , So : 

If                 the section must be enlarged (Dimensions are not enough) where: 

         
  

 
               

Case I: 

    
 

 
                                                            

Case II: 

 

 
                                                                      

        
 

  
  √   

   
    

   
       

 

 
  

    

   
        , Or in the form: 

(
      

 
)                    

 

 
  

   

   
  

                                               
 

  
  √   

   
   

   
 

Here: 

      
 

 
                           

Where: 

                                                  
                               

 

Case III: 

                            

(
      

 
)  

      

     
                  (

      

 
)       
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Then,         is the maximum of: 

        
 

  
  √   

            ,               
 

 
      

Minimum shear reinforcement is provided          with: 

      
 

 
                           

 

Case IV: 

 (          )       (       )                                   

Where:                   ,               
  

 
    ,        

 

 
√   

       

(
  

 
)  

  

     
   

Here: 

      
 

 
                           

 

Case V: 

 (       )       (          )                                   

Where:                 ,               
  

 
     ,      

 

 
√   

        

        
 

 
√   

            And      (
  

 
)  

  

     
   

Here: 
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The shear envelops of Rib that we consider to design it (B-R1) is: 

 

Figure (4-11) Shear envelop diagram. 

The maximum shear force at the distance   from the face of support             

According to (ACI) Shear strength,    provided by concrete for the ribs may be taken 

    greater than that for beams. This is mainly due to the interaction between the slab 

and the closely spaced ribs. 

   
  

 
 

       
 

 
 √   

            
 

 
 √                      

                       

 

 
     

     

 
                                       - Case II 

So, Minimum shear reinforcement is required. 

(
      

 
)                    

 

 
  

   

   
 

 

 
   

   

   
                          

                                               
 

  
  √   

   
   

   
  

 

  
 √   

   

   
               

 

Try                                              
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But: 

      
 

 
 

   

 
                                  

Use                            

4-5 | Design of Beam (B,B7) 

Figure (4-7) shows the location of rib in slab drawing plan. 

`Figure (4-12) location of Beam (B, B7) in slab drawing plan. 

4-5-1 Beam (B,B7) geometry: 
Figure (4-13) shows the geometry of beam that considered to design and it’s statically 

system with section of             Hidden beam: 

 

Figure (4-13) Beam (B,B7) geometry. 
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4-5-1 Load calculations for Beam: 
There are 3 sources of load that accts on beam. 

1. The own weight of the beam and the weights of floor layers within the beam width 

as a uniform (dead load). 

2. The load that comes from rib (B-R1) as a uniform (dead and live loads). 

3. The load that comes from two way ribbed slab as a uniform (dead and live loads). 

The following is the description for each one: 

 4-5-1-1 | the own weight of beam: 

Table (4-4) shows the own weight of the beam and the weights of floor layers within the 

beam width: 

Dead Load Form Thickness        Unit weight      
  

              
  

 
  

Tiles 0.03 23                   

Mortar 0.03 22                   

Coarse Sand 0.07 17                   

RC Beam 0.35 25                  

Plaster 0.03 22                   

∑                       
  

 
    

Table (4-4) Dead Load calculations of Beam. 

 

 4-5-1-2 | the load that comes from rib (B-R1): 

Its equals the reactions of (B-R1) divided on reputational unit (0.52 m), Figure (4-14) shows 

the reactions of rib (B-R1) on beam (B,B7): 

 

Figure (4-14) Reactions of rib (B-R1). 
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So that: 

           
     

    
    (

  

 
)                               

     

    
       (

  

 
)   

 

So, the load input to analysis seems like in Figure (4-15): 
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4-5-2 Design for Flexure of Beam: 
The envelope moment diagrams (for all load combinations). Using the structural analysis and 

design program (Atir 12), in Figure (4-16): 

 

Figure (4-16) Envelope moment diagram for Beam (B,B7). 

Design of positive moments: 

Assume bar diameter      for main positive reinforcement. 

                    
  

 
           

  

 
         

The maximum positive moment in all spans of (B,B7)                  

   
  

   
 

         

            
             

  
  

       
  

   

       
       

  
 

 
(  √  

    

  
 )  

 

     
(  √  

             

   
 )          
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Check for        : 

            
√   

 

  
        

   

  
     

            
√  

   
                     

       
   

   
                                

                                                

Use                                               

Check for strain:  

  
    

       
  

 
        

           
          

  
 

  
       ,            

  
     

    
          

        (
   

 
)       (

         

     
)                       

Check for bar placement: 

   
                  

 
                         

 

 

 

 



Chapter Four   Structural Analysis and Design 

56 
 

Design of positive moment                  

Also assume bar diameter      
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 )          

                                   

Check for        : 

            
√   

 

  
        

   

  
     

            
√  

   
                     

       
   

   
                                

                                              

Use                                              

Check for strain:  

  
    

       
  

 
        

           
          

  
 

  
       ,            
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        (
   

 
)       (

         

     
)                        

Check for bar placement: 

   
                  

 
                        

 

Design of positive moment                  

Also assume bar diameter      
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Check for        : 
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Use                                               

Check for strain:  
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)                        

Check for bar placement: 

   
                  

 
                     

 

Design of positive moment                  

Also assume bar diameter      
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Check for        : 
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Use                                                 

Check for strain:  
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Check for bar placement: 
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Design of positive moment                  

Also assume bar diameter      
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Check for strain:  
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Check for bar placement: 

   
                  

 
                        

 

 

 

Design of positive moment                  

Also assume bar diameter      
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Check for        : 
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Check for strain:  
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Check for bar placement: 
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Design of Negative moment                  

Assume bar diameter      for main negative reinforcement. 
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Check for strain:  
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Check for bar placement: 

   
                   

  
                        

 

Design of Negative moment                  

Assume bar diameter      for main negative reinforcement. 
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Check for        : 
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Use                                                 

Check for strain:  
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Check for bar placement: 

   
                   

  
                        

 

Design of Negative moment                  

Assume bar diameter      for main negative reinforcement. 
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Check for        :  
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Check for strain:  
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Check for bar placement: 

   
                   

 
                        

 

Design of Negative moment                  

Assume bar diameter      for main negative reinforcement. 



Chapter Four   Structural Analysis and Design 

67 
 

                    
  

 
           

  

 
         

   
  

   
 

         

            
            

        

  
 

 
(  √  

    

  
 )  

 

     
(  √  

            

   
 )          

                                  

Check for        :  

            
√   

 

  
        

   

  
     

            
√  

   
                     

       
   

   
                               

                                              

Use                                               

Check for strain:  

  
    

       
  

 
          

           
         

  
 

  
       ,            

  
    

    
          



Chapter Four   Structural Analysis and Design 

68 
 

        (
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Check for bar placement: 

   
                  

 
                       

 

Design of Negative moment                  

Assume bar diameter      for main negative reinforcement. 
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Use                                               

Check for strain:  
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Check for bar placement: 
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4-4-5 Design Beam for Shear: 

The shear envelops of beam (B,B7) as shown in Figure (4-17): 

 

Figure (4-17) Shear envelop diagram of Beam. 

The maximum shear force at the distance   from the face of support              

For Vu = 304.2 kN 

 

   
 

 
 √   

        
 

 
 √                       

                          

Check cases: 

Check Case III: 

                            

        is the maximum of: 

        
 

  
  √                            

        
 

 
                                       

 

             (          )                                        
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Case III not satisfied. 

Check Case IV: 

 (          )       (       )          

             

    
 

 
√   

       
 

 
 √                        

 (          )                           (       )                    

Shear reinforcement are required 

    
         

 
  

            

    
           

Use                                 

     
             

         
         

But: 

      
 

 
                           

Select              stirups   
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4.6 Design of  Column : 

 

4-6-1 Design Data: 

The following table and figures gives the design parameters of column group G:   

                            

                            

             

             

             

           

  
 
        

Concrete cover       

                

                                   

 

 

 

4-6-2 Factored Loads: 

              

                                

4-7-3 Selecting Column Dimenssion: 

Assum  Ast = 0.02Ag 

                                      

          = 0.65*0.80[0.85*24*(Ag-0.02Ag)+(0.02Ag*420)] 

             mm
2 

take h = 800 

b = 498515.3/800 = 623              take b = 650 mm  
 

Table (4-5): Design Data of column group G . 



Chapter Four   Structural Analysis and Design 

73 
 

Ag= 800*650 =520000 mm
2  

                                           

Ast= 8873.48 mm
2 

Use ( 10Ǿ25 with As= 9817.47 mm
2 
 <Ast= 8873.48 mm

2
) 

         

9817.47/520000 = 0.0188 

 

 

 

Design of ties : 

use ties Ǿ10 with spacing of ties shall not exceed the smallest of : 

1- 48 times tie diameter , 48ds  = 48*10 = 480 mm. 

2- 16 times the longitudinal bar diameter , 16db = 16*25 = 400     - control 

3- the least dimension of the column = 650 mm 

 

use Ǿ10 @ 200 mm 

 

 

Check for code req. : 

1- Clear spacing between longitudinal bar :   

Clear space = 
                  

 
 = 106.25 mm > 40mm 

                                                                                    > 1.5db = 1.5*25 = 37.5 

 

2-   0.01 <           < 0.08        -ok 

3- Number of bars 20 > 4- for rectangular section     -ok 
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4- Minimum tie diameter Ǿ10 for Ǿ25       - ok 

 

5- Spacing of tie s = 200mm        -ok 

6- Arrangement of ties 106.25 < 150mm       -ok 

 

 

Figure (4-18): Column detailing.  
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4-7 | Design of Staircase: 

live load of       (
  

  )                           , 

                                            

4-7-1 plan and materials of stair: 

The following figure demonstrate the plan of stair that we consider to design it figure (4-19) 

which is carries a uniform  

 

 

Figure (4-19): Stair Plan and structural system.  
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4-7-2 Structural system and minimum thickness: 

1. The structural system of this stair was taken as a simply supported (one-way solid 

slab) since that the flight of stair will be supported at the ends of upper and lower 

landings. 

2. Minimum Slab thickness for deflection is (for simply supported one-way solid slab) is 

     
 

  
 

     

  
          , but  in this case presented here where the slab 

ends are cast white the supporting beams and additional negative reinforcement is 

provided , minimum thickness can be assumed to be      
 

  
 

     

  
 

         

                

4-7-3 Loads and Reactions calculations: 

The applied live loads are based on the plan area (horizontal projection), while the dead 

load is based on the sloped length. To transform the dead load into horizontal projection 

the figure below explains how figure (4-20). 

       (
    

   
)       (

   

   
)        
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Figure (4-20): Transformation of dead load into horizontal projection. 

 Flight Dead Load computation: 

Table (4-6) shows Dead Load calculations on Flight of stair: 

Dead Load Form Unit weight      
  

          
  

 
  

Tiles 27 
   (

          

   
)              

Mortar 22 
   (

          

   
)             

Stair steps  25   

   
 (

         

 
)          

Reinforced concrete 

(solid slab) 

25          

        
   

plaster 22          

        
      

∑                              

Table (4-6) Dead Load calculations on flight. 
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 Landing Dead Load computation: 

Table (4-7) shows Dead Load calculations on Landing of stair: 

Dead Load Form Unit weight      
  

                  
  

 
  

Tiles 23                

Mortar 22                

Reinforced concrete 

(solid slab) 

25                

plaster 22                

∑                              

Table (4-7) Dead Load calculations on Landing. 

 Live Load:       (
  

  ). 

 Total Factored Load:                   

For flight :                            (
  

 
)  

For Landing :                           (
  

 
)  

4-7-4 Design of flight 1: 

The support reaction of flighting is: 

                     

 
      (

  

 
)  as shown in figure (4-31). 
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Figure (4-21): Loads and reactions on statically system of flight. 

 

Shear and moment calculations: 

 Check for shear strength: 

Assume bar diameter                            

          
  

 
        

  

 
        

Assume wall width        

                                    

   
 

 
√       

 

 
  √                                     
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 Calculation of maximum moment and steel reinforcement: 

            (
   

 
)           (  

   

 
)              (

    

 
) 

                         / m 

                                                             

   
  

   
 

        

             
              

  

       
  

   

         
      

  
 

 
(  √  

    

  
 )  

 

    
(  √  

           

   
 )          

                                   

                                       

                                         

                                                                       

Check maximum step for main reinforcement (the smallest of): 

1.                 

2.        

3.       (
   

  
)           (

   
 

 
    

)               
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         (
   

  
)     (

   
 

 
    

)                    

                        

 Temperature and shrinkage reinforcement: 

                                                                   

               

                                                          

Check maximum step for temperature and shrinkage (the smallest of): 

1.                  

2.                     
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Figure (4-22): Detailing of flight 1. 

 

 

4-7-5 Design of flight 2: 

The support reaction of flighting is: 

                     

 
      (

  

 
)  as shown in figure (4-23). 
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Figure (4-23): Loads and reactions on statically system of flight. 

 

 

 

 

 

Shear and moment calculations: 

 Check for shear strength: 

Assume bar diameter                            
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Assume wall width        

                                    

   
 

 
√       

 

 
  √                                     

                 

                                           

                 
 

 
             

                                               

 Calculation of maximum moment and steel reinforcement: 

                 / m 

          

                                                             

   
  

   
 

        

             
              

  

       
  

   

         
      

  
 

 
(  √  

    

  
 )  

 

    
(  √  

           

   
 )          

                                   

                                       

                                         

                                                                         

Check maximum step for main reinforcement (the smallest of): 

4.                 
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5.        

6.       (
   

  
)           (

   
 

 
    

)               

         (
   

  
)     (

   
 

 
    

)                    

                       

 Temperature and shrinkage reinforcement: 

                                                                    

                                                                        

Check maximum step for temperature and shrinkage (the smallest of): 

3.                  

4.                     
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Figure (4-24): Detailing of flight 2. 

 

 

4-7-6 Design of  Landing: 

The support reaction of flighting is: 

                                  

 
      (

  

 
)  as shown in figure (4-25). 
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Figure (4-25): Loads and reactions on statically system of landing. 

 

Shear and moment calculations: 

 Check for shear strength: 

Assume bar diameter                            

          
  

 
        

  

 
        

Assume wall width        

                                    

   
 

 
√       

 

 
  √                                     
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 Calculation of maximum moment and steel reinforcement: 

                / m 

          

                                                             

   
  

   
 

       

             
              

  

       
  

   

         
      

  
 

 
(  √  

    

  
 )  

 

    
(  √  

           

   
 )          

                                  

                                       

                                        

                                                                          

Check maximum step for main reinforcement (the smallest of): 

7.                 

8.        

9.       (
   

  
)           (

   
 

 
    

)               

         (
   

  
)     (

   
 

 
    

)                    
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 Temperature and shrinkage reinforcement: 

                                                                   

                                                                       

Check maximum step for temperature and shrinkage (the smallest of): 

5.                  

6.                     

                       

 

 

 

4-8 | Design isolated Footing(F1): 

4-8-1 Materials and Loads: 

Isolated footing that we consider to design with materials of: 

                         

Dead Load (service)         . 

Live Load (service)        . 

Total services load                   . 

Total Factored load                             . 

Column dimension                  . 

Soil density       
  

  
 . 

Allowable bearing capacity           
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Figure (4-26): Footing Section detailing. 

 

 

 

 

Assume         .  

  

 

 

 

 Area of footing: 
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Assume rect. Footing 

Select          

Select          

 Bearing pressure: 

   
     

         
       

  

  
   

4-8-2 Design: 

 Design of one-way shear strength: 

Critical Section at Distance   From The Face of Column Assume         . 

 Bar diameter     for main reinforcement and 7.5 cm Cover. 

 

                     

       (
   

 
  )        (

        

 
      )              

 

Figure (4-27): one-way shear calculation. 

 

      
 

 
 √             

 

 
 √                      

                             

 Design of Tow-way shear strength: 
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The punching shear strength is the smallest value of the following equations:  

1.       
 

 
(  

 

  
)  √         

2.       
 

  
 

  
  
 

    √         

3.       
 

 
 √         

Where: 

   
                 

                
 

  

  
     

                                                                            . 

                                                    

                           

Substituting values in equations: 

         
 

 
(  

 

   
)  √                    

         
 

  
(
        

     
  )  √                       

         
 

 
 √                               

                          

 Design Bending moment for long dirction: 

Critical Section at the Face of Column 

            

d = 400-75-18/2 = 316mm 
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(  √  

      

   
)  

 

     
(  √  

            

   
)          

                                          

                               

                                        

Check maximum step (S) is the smallest of: 

1.                  

2.                

                                                       

S=1850-75*2-10*14 / 9 = 173.33 mm  

S=173.33 < Smax =450 mm, select S=150mm 

Check for strain: 

 

  
     

        
 
 

           

            
          

  
 

  
 

     

    
          

        (
   

 
)       (

         

     
)                   
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 Design Bending moment for short dirction: 

Critical Section at the Face of Column 

            

d = 400 -75 - 14 -14/2 = 304mm 

                  
    

 
             

    
   

    
 

          

             
          

  
   

       
       

  
 

 
(  √  

      

   
)  

 

     
(  √  

            

   
)         

                                     

                               

                                    

Check maximum step (S) is the smallest of: 

3.                  

4.                

                                                  
 

S=1650-75*2-9*14 / 8 = 188.625 mm  

S=188.625 < Smax =450 mm, select S=150mm 

Check for strain: 
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        (
   

 
)       (

         

     
)                   

 

 Development Length In Footing  :- 

 
 

 

Tension Development Length In Footing :- 

 

        
 

  
 

  

 √  
 

      
      

  

   <  300mm                                                     

                          

      
  

 
             

   

 
       

      

  
 

    

  
                                                                                   

      

  
     

  

        
 

  
 

   

  √  
 

       

   
             < 300mm 

LdT available = 
        

 
 -75= 600 mm  

LdT available = 600 mm >               …….. OK 

 

Compression Development Length In Footing :- 

 

 

LdCreq= 
          

√  
< 0.043*Fy*dB  <200mm 

LdCreq= 
           

√  
 = 288.06< 0.043*420*14 = 252.84<200mm 

LdCreq= 288.06 mm 
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Ldcavailable = 600 – 75 – 14 – 14 = 497mm <LdCreq= 288.06 mm …….. Ok 

 

Lap Splice of Dowels in Column:- 

 

Lsc = 0.071 fydb = 0.071420 14 = 417.48 mm > 300 mm    

Select Lsc = 500 mm 

 

 

 

 

 

 

 

 

 

 Figure (4-28): Detailing of footing. 
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4.9 Design of  Basement Wall: 

 Material : 
 
 

 concrete    B333             Fc' = 24N/mm
2
 

 Reinforcement Steel         Fy = 420 N/mm
2
 

 

                                  ⁄  

 

          
                

              

 Load on basement wall: 

For 1m length of wall: 

 

  * Weight of backfill: 

          

      = 0.426*18.0*3.3 =2333 KN/m 

 

* Load from live load: 

LL=5 KN/m2 

         

      = 0.426 * 5 =2.33 KN/m 

q1 due to triangular loading, q2 is due to uniform loading. 

By using structural analysis software ( Atir ) we obtain the shear and moment diagrams. 
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Figure (4-29): Moment and Shear envelops of basement. 

 

 

 Design of the shear force: 

 

Assume h = 300 mm, 

                   

Vmax =5336 KN 

 

6

**' dbf
Vc

wc
   

= 362389  KN  ,  Vu  > Vc  

No shear Reinforcement is required. 

 

 

 Design of bending moment: 

For Mu max = 25.91  KN.m : 
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 (  √  

      

  
) 

    
 

     
 (  √  

             

   
) 

               

 

                                          

                       
√  ́

  
     = 7.75       ≥ 

    

  
      = 8.86       

    ⁖              

n = 
   

     
 = 7.8 , take 8 12/m  or  12@125 mm  

 

→ Select           /m  

 

 

 

 

 

Vertical reinforcement at compression face: 

 

As req =As min =            
 
           
 

 Design of the horizontal reinforcement: 

                                         

 

Select          , in two layer. 
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Figure (4-30): Detailing of basement. 
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4.10 Design of Shear Wall (SW,4) 

 

 

Fig 4.31: Shear Diagram of Shear Wall. 

 

Fig 4.32: Moment Diagram of Shear Wall. 

 

 

 



Chapter Four   Structural Analysis and Design 

102 
 

 Material and Sections:- (From Shear Wall 4)  

 
 

 concrete    B300                Fc' = 24 N/mm
2
 

 

 Reinforcement Steel         Fy = 420 N/mm
2
 

 

 Shear Wall Thickness       h = 25 cm 

 

 Shear Wall Width             Lw = 4.0 m 

 

 Shear Wall Height            Hw = 4.2 m 

 

 

 

 

 

 

 Design of Horizontal Reinforcement:- 

 

 

  KNVuFx   5.0801  

 

The critical Section is the smaller of: 

mLwd

mHwstoryheigh

m
hw

Controlm
lw

20.300.48.08.0

.20.4)(

5.10
2

21

2

....00.2
2

00.4

2









 

 

 

        
 

 
√      

                           √                                     
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   is the smallest of :  

       
 

 
√      

 

 
√                     ……..Control 

           √      
   

   
     √                       

      *    √   
  (   √       

  

   
)

  

  
 

  

 

+         

 

 *    √   
    (   √    )

    
+                    

 

              

 

 

  

  
 

  
 

 
    

      
 

    

 
      

 

 
 

Vc =        

 

Vu = 1080.5 KN > 
 

 
 * 0.75*653.2 = 244.95 KN       Needs reinforcement 

 

            

    =vu-     

Vs=vu/     

Vs=1080.5/0.75-653.2= 787.5 KN    

 
   

  
 

  

   
 

     

        
  0.000586        

 

- Maximum spacing is the least of: 

 

5

Lw
= 

5

4000
 = 800 mm 

3*h = 3*250 = 750 mm 

 

450 mm ……. Control 

 

Take   = 0.0025 

 

Try     (           ) two layers 
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   
   

   
 

      

     
 0.0025                

 

  = 251.2mm 
 

→ use  10@200 mm in tow layer  
 

 
 

 Design of Vertical Reinforcement:- 

 

   

  
 

   

  
 [          (    

  

  
) (

   

    
       )]*300 

           (    
  

    

) (
   

       

       ) *300 

   

  
       

Try     (          ) two layers 

 
     

  
       

  = 634 mm 

 

- Maximum spacing is the least of : 

 

3

Lw
= 

3

4000
 = 1333.3 mm 

3*h = 3*250 = 750mm 
 

450 mm ……. Control 

 

→ use  14@200 mm in tow layer  
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 Design of Bending Moment:- 

 

 

    (
    

   
)                 

   (
   

   
)

  

   
 (

    

        
)
   

  
        

  
  

      
   

 
 

  
 

   

         
 

        

                  
       

 

     *             
  

     
    

 

  
 + 

 

                                                                   
 

Mub = Mu- Mn =      -        =        KN.m 

 

X 
  

    
  

  

=
    

      
=6.67 mm     

   

         Lb 
 

 
         

 

 

 

Since Smallest value of Lb & Mub not requires Boundary. 
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 Detaling of shear wall (SW4):- 

 

 

 

Fig 4.33: Detailing of Shear Wall. 
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4.11 Design of  Retaining Wall: 

 Material : 
 
 

 concrete    B333             Fc' = 24N/mm
2
 

 Reinforcement Steel         Fy = 420 N/mm
2
 

 

                                       ⁄                            ⁄  

 

                                                              

                                   

                  

 Size of  retaining  wall: 

 
 

Fig 4.34: Section plan of retaining wall. 
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Fig 4.35: loads of Retaining Wall on stem . 
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Table (4-8) Moment and Loads Calculation. 

 

 

∑              
     ∑                  
 

                                               

                                     
 

  
 

      

     
                          

 

                                
   

 
      

   

 
                     

                                                                            

                                           
  

  
 

     

     
                  ok 

 

  
     

∑  
 

           

     
       

                                                 
 



Chapter Four   Structural Analysis and Design 

110 
 

 

  
 

   

 
                   

 

  
      

  
           ,                 

 

 

       
     

   
  

           

    
                    

 

       
     

   
  

           

    
                  

 

 

 Design of stem: 

  Shear  design 

      
   

 
       

     

 
        

 

                                     
                                       
 

                           

         
  

 
        

 

KN  192.9 = 10 × 315 × 1000 × 24 *0.75/6
6

**'
3-

dbf
Vc

wc
  

              
 

 
            

                                                           

  flexural  design 
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 (  √  

      

  
) 

    
 

     
 (  √  

             

   
) 

              

 

                                         

                                                  

 

                                                                

 

                                                            

→ Select         /m 

 

                                                                                      
                                                                     

 

                                                                  
 

                                    
 

                                                                              
                                                                                   
                                             
 
                              

 

                                                                

 

→ Select         /m 
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 Design of toe: 

 

 

 

Fig 4.36: Loads of Retaining Wall on toe. 

 

 

 

The downward pressure due to self-weight of the toe slab = 0.5 × 25 = 12.5   / 2 

 

𝑇ℎ        = 
       

   
      

                                     

                             
  

  
 

              
  

 
          

 
 

  Shear  design 
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            (
         

 
       )                               

 

KN  254.13 = 10 × 415 × 1000 × 24 *0.75/6
6

**'
3-

dbf
Vc

wc
  

               
 

 
              

                                                               

 

  flexural  design 

           *
         

 
      

 

 
           

    

 
 +            

    

 

              

                          
 

   
      

      
 

         

             
           

  
  

        
 

   

       
       

 

  
 

 
 (  √  

      

  
) 

    
 

     
 (  √  

             

   
) 

             

 

                                          

 

Check for        : 

            
√   
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√  

   
                       

       
   

   
                                   

   
       

     
                                                             

 

→ Select         /m 

 

                                                                    
 

→ Select         /m 

 

 Design of heel: 

 
 

Fig 4.37: Loads of Retaining Wall on Heel. 
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KN  254.13 = 10 × 415 × 1000 × 24 *0.75/6
6

**'
3-

dbf
Vc

wc
  

 

 
                                          

                                                               

 

  flexural  design 

            *
  

 
 +               

                          
 

   
      

      
 

         

             
           

  
  

        
 

   

       
       

 

  
 

 
 (  √  

      

  
) 

    
 

     
 (  √  

             

   
) 
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Check for        : 

            
√   

 

  
        

   

  
     

            
√  

   
                       

       
   

   
                                   

                                                           

   
       

     
                                                             

 

→ Select         /m 

 

                                                                    
 

→ Select         /m 
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Fig 4.38: Detailing of Retaining Wall. 

 


