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Chapter Four 

 

Structural Analysis and Design 

 

4-1 Introduction. 

4-2 Design Method and Requirements. 

4-3 Check of Minimum Thickness of Structural Member. 

4-4 Design of  Topping. 

4-5 Design of One Way Rib Slab. 

4.6 Design of Beam. 

4.7 Design of Two Way Solid Slab. 

4.8 Design of Two Way Rib Slab. 

4-9 Design of Stair. 

4-10 Design of Column. 

4-11 Design of  Shear Wall. 

4-12 Design of Footing 

  4.13 Design of Basement Wall 

4.14 Design of shear wall 
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4-1 Introduction 

  Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnelsand 

others. 

  Reinforced concrete is logical union of two materials: plain concrete, which possesses high 

compressive strength but little tensile strength, and steel bars embedded in the concrete, which 

can provide the needed strength in tension. 

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

frequently admixtures.  

   Understanding of reinforced concrete behavior is still far from complete, building codes and 

specifications that give design procedures are continually changing to reflect latest knowledge. 

 

 Structural concrete can be classified into:- 

 

Lightweight concrete with unit weight from about 1350 to 1850 kg/m3. 

Normal weight concrete with unit weight from about 1800 to 2400 kg/m3. 

Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3. 
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4-2 Design Method and Requirements 

 

 

The design strength provided by a member is calculated in accordance with the requirements and 

assumptions of ACI_code (318_11). 

 

 Strength design method:- 

 

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

at which failure is considered to be occurring.  

This load called factored load or factored service load. The structure or structural element is then 

proportioned such that the strength is reached when factored load is acting. The computation of 

this strength takes into account the nonlinear stress-strain behavior of concrete. 

The strength design method is expressed by the following, 

Strength provided ≥ strength required to carry factored loads. 

 

NOTE:- 

The statically calculation and the key plans dependent on the architectural plans. 

 Code:-  

ACI     2011 

 

 Material:- 

Concrete:-B300 

)(/30' 2 MPammNfc   For circular section 

but for rectangular section ( MPafc 248.0*30'  ). 
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Reinforcement steel:- 

 The specified yield strength of the reinforcement {fy = 420 N/mm² (MPa)}. 

 

 Factored loads:- 

 

The factored loads for members in our project are determined by:- 

 

Wu = 1.2 DL + 1.6 LL                   ACI-code-318-08(9.2.1) 

 

 

4.3 Check of MinimumThickness of Structural Member 
 

Table4-1 :- Minimum Thickness of Non-prestressed Beam or One-Way Slabs Unless Deflections are 

Calculated.  (ACI 318M-11). 

)h (thickness  mumMini 
 

Member 

Simply 

supported 

One end 

continuous 

Both end 

continuous 

 

Cantilever 

solid one way 

slabs 

 

L/20 

 

L/24 

 

L/28 

 

L/10 

Beams or ribbed   
  one way slabs 

 

L/16 

 

L/18.5 

 

L/21 

 

L/8 

 

       Table (4.1): Check of  Minimum Thickness of Structural Member. 

For Rib :- 

Hmin for(one end continuous) = L/18.5 = 5.75/18.5 = 31.1 cm 

Hmin for(both end continuous) = L/21 = 4.15/21 = 19.76 cm  

Hmin for(one end continuous) = L/18.5 = 6.12/18.5 = 33.1 cm   

 

Take h = 35 cm 

27 cm block + 8 cm topping = 35cm 

For Beam :- 
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Hmin for(one end continuous) = L/18.5 = 6.96/18.5=37.62 cm  

Hmin for(both end continuous) = L/21 = 3.93/21=18.71 cm  

Hmin for(both end continuous) = L/21 = 6.33/21=30.1 cm  

Hmin for(one end continuous) = L/18.5 = 4.85/18.5=26.21 cm 

 

Take h = 45 cm 

 

 

 

4.4 Design of Topping 

 

 Statically System For Topping :- 

 

            Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs.  

 

Fig 4.1: Topping Load. 

 

 Load Calculations:- 

 

 Dead Load:- 

 

Calculation Parts of Rib No. 

0.03*23*1 = 0.69 KN/m Tiles 1 

0.02*22*1 = 0.44 KN/m Mortar 2 
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0.07*17*1 = 1.19 KN/m Coarse Sand 3 

0.08*25*1 = 2.0 KN/m Topping 4 

 4.32KN/m Sum = 

 

 

Table ( 4.2 ): Dead Load Calculation of Topping. 

 

 

 

Live Load :-  

LL = 4 KN/m
2
      

LL = 4 KN/m
2
×1m = 4KN/m   

Factored Load :- 

WU = 1.2 ×4.32 + 1.6×4 =11.59 KN/m 

Check the strength condition for plain concrete, ø Mn ≥ Mu, where ø = 0.55 

Mn = 0.42 λ √    Sm   (ACI 22.5.1, equation 22-2) 

   
    

 
 

        

 
                

øMn =0.55×0.42×1×√   ×           ×     =1.21KN.m 

Mu = 
    

  
 

            

  
                                             (negative moment) 

Mu = 
    

  
 

            

   
                                            (positive moment) 

øMn>> Mu =             

No reinforcement is required by analysis. According to ACI 10.5.4, provide As,min for slabs as 

shrinkage and temperature reinforcement.  

Ρ shrinkage= 0.0018                                               ACI 7.12.2.1 

As = ρ × b × h topping =0.0018 ×1000×80 = 144 mm
2
/m 
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Step (s) is the smallest of: 

1. 3h = 3×80 =240 mm         control ACI 10.5.4  

2. 450mm. 

3. S =380(
   

  
)            (

   
 

 
   

)                 ACI 10.6.4 

 

Take ø 8 @ 200 mm in both direction 

Take 5 ø 8 in 1m , Asprovided = 5*50.27 = 251.35mm
2
/m 

Asprovided = 251.35 mm
2
/m  > Asreq = 144 mm

2
/m  ……. ok 

S = 200 mm  ˂  Smax = 240mm …….. ok 

4.5 Design of One Way Rib Slab 

 

Requirements For Ribbed Slab Floor According to  ACI- (318-08) . 

 

bw ≥ 10cm……………………………………………ACI(8.13.2) 

Select bw=12 cm   

h ≤ 3.5*bw  ……………………………….…ACI(8.13.2) 

Select h=35cm<3.5*12= 49 cm    

tf ≥ Ln/12≥50mm …………………………………..ACI(8.13.6.1)   

Select tf=8cm  

 

 Material :- 

 

 concrete    B300                Fc' = 24 N/mm
2
 

 Reinforcement Steel         fy = 420 N/mm
2
 

 

 

 Section :- 

 

 B = 520 mm 

 Bw= 120 mm  

 h= 350 mm 

 t= 80 mm  

 d=350-20-10-12/2= 314 mm 
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 Statically System and Dimensions:- 

 

 

 
Fig 4.2: One Way Rib Slab (R1). 

 

 

G e o m e t r y      Units:meter,cm 

 
 
 
 
 

A 

A 

1 
1 

A 

A 

2 
2 

A 

A 

3 4 
3 

0.4 5.52 0.8 0.8 3.35 0.8 0.8 4.95 0.8 

6.12 4.15 5.75 
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Fig 4.3: Statically System and Loads Distribution of Rib (R1). 

 

 Load Calculation:- 

 

                Dead Load:- 

Calculation Parts of Rib No. 

0.03*23*0.52 = 0.359 KN/m/rib Tiles 1 

0.03*22*0.52 = 0.229 KN/m/rib Mortar 2 

0.07*17*0.52 = 0.620 KN/m/rib Coarse Sand 3 

0.08*25*0.52 = 1.04 KN/m/rib Topping 4 

L o a d i n g 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

load group no. 1 
Dead load - Service  Units:kN,meter 

5.11 

6.12 4.15 5.75 

5.11 

6.12 4.15 5.75 

5.11 

6.12 4.15 5.75 

Live load - Service  Load factors: 1.20,1.20/1.60,0.00 

2.08 

6.12 4.15 5.75 

2.08 

6.12 4.15 5.75 

2.08 

6.12 4.15 5.75 

12. 

35. 

8. 

52. 

A A 
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0.27*25*0.12 = 0.81 KN/m/rib RC. Rib 5 

0.27*10*0.4 = 1.08 KN/m/rib Hollow Block 6 

0.02*22*.52=  0.229 KN/m/rib plaster 7 

1.5*0.52= 0.78 KN/m/rib partions 8 

Sum = 5.11 KN/m/rib 

 

Table ( 4.3 ): Dead Load Calculation of Rib(R1). 

Dead  Load /rib = 5.11 KN/m 

Live Load:- 

Live load = 4 KN/M
2
 

Live load /rib = 4 KN/m
2 

× 0.52m = 2.08 KN/m. 

 Effective Flange Width ( 
Eb ):-    ACI-318-11   (8.10.2) 

Eb  For T- section is the smallest of the following:- 

Eb  = L / 4 = 335/ 4 =83.75 cm  

Eb  = 12 + 16 t = 12 + 16 (8) = 140 cm 

Eb = be ≤ center to center spacing between adjacent beams = 52 cm.                  Control 

Eb  For T-section = 52cm . 

 

M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Moments:   spans  1 to  3 

4.7 

-31.3 

-22.8 
-18.4 

-27.1 

-15.1 
-19.3 

8.6 

31.7 

0.2 

28.6 

1.16 1.07 

0.94 1.94 

1.8 

0.83 

2.45 3.67 2.08 2.08 3.16 2.59 
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Fig 4.4: Shear and Moment Envelope Diagram of Rib ( R1 ). 

 Moment Design for ( R 1):- 

 

Design of Positive Moment for ( Rib1 ) : 

* Mu=31.7 KN.m 

Assume bar diameter ø 12 for main positive reinforcement 

d =h- cover - dstirrups 
  

 
           

  

 
        

Check if  a>hf  to determine whether the section will act as rectangular or T- section. 

Mnf =       
           

  

 
  

      =                (    
  

 
)                  

Mnf = 232.5 KN.m     ≫
  

 
 

    

   
 = 35.22  KN.m 

the section will be designed as rectangular section with be =520 mm. 

Rn 
  

     
        

                       

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)   0.005398  

As,req = ρ.b.d = 0.005398 ×520×314 = 290.06 mm
2
 

Check  for As min:- 

 

Shear  

19.7 
16.4 

25.2 

-27.4 

-14.6 -16.6 

24.5 

-34.1 

23.1 

-21.4 

31.9 

-23.3 
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A s min = ))((
)(4

dbw
fy

cf 
           ACI-318 (10.5.1) 

A s min = 2110)314)(120(
)420(4

24
mm  

A s min = ))((
)(

4.1
dbw

fy
 

 A s min = 26.125)314)(120(
420

4.1
mm   -  controls 

Asreq=  290.06 mm
2  

>Asmin= 125.6 mm
2           

OK 

 

Use 2 ø 14  , As,provided = 307.8 mm
2
 >As,required = 290.06  mm

2
 ….  Ok  

S  
                

 
                              

Check for strain:- 

a =
     

        
  

         

           
           

        for    
  ≤ 28 Mpa 

c 
 

  
 

      

    
           

        (
   

 
)       (

           

      
)                                  

 

Design of Positive Moment for ( Rib1 ) :-  

*Mu = 28.6 KN.m 

d =h - cover - dstirrups 
  

 
           

  

 
        

Rn 
  

     
        

                       

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As,req = ρ.b.d = 0.006883×520×314 = 259.33 mm
2 
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Check for As min:- 

A s min = ))((
)(4

dbw
fy

cf 
     ACI-318 (10.5.1) 

A s min = 2110)314)(120(
)420(4

24
mm  

A s min = ))((
)(

4.1
dbw

fy
 

 A s min =
26.125)314)(120(

420

4.1
mm

  
-  controls 

Asreq=  290.06 mm
2  

>Asmin= 125.6 mm
2  

……
   

OK 

Use 2 ø 14 , As,provided = 307.8 mm
2
 > As,required = 259.33  mm

2  
… Ok  

S  
                

 
                              

Check for strain:- 

a =
     

        
  

         

           
           

        for    
  ≤ 28 Mpa 

c 
 

  
 

      

    
           

        (
   

 
)       (

          

      
)                                  

 

Design of Negative Moment for ( Rib1 ) :- 

*Mu = - 22.8 KN.m 

Assume bar diameter ø 12 for main negative reinforcement 

d =h- cover - dstirrups 
  

 
           

  

 
        

Rn 
  

    
 

        

            
           

m 
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ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As,req = ρ.b.d = 0.005398×120×314 = 203.4 mm
2 

Check for As min:- 

A s min = ))((
)(4

dbw
fy

cf 
      ACI-318 (10.5.1) 

A s min =
2110)314)(120(

)420(4

24
mm  

A s min = ))((
)(

4.1
dbw

fy
 

 A s min =
26.125)314)(120(

420

4.1
mm    -  controls 

Asreq = 203.4 mm
2  

>Asmin= 125.6 mm
2 
 ....... OK 

 

Use 2 ø 12 , As,provided = 226.1 mm
2
 > As,required = 203.4  mm

2
… Ok  

S  
                

 
                              

Check for strain:- 

a =
     

        
  

         

           
           

        for    
  ≤ 28 Mpa  

c 
 

  
 

      

    
           

        (
   

 
)       (

          

      
)                                   

 

Design of Negative Moment for ( Rib1 ) :-  

*Mu= - 19.3KN.m 

Assume bar diameter ø 12 for main negative reinforcement 
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d =h - cover - dstirrups 
  

 
           

  

 
        

Rn 
  

     
        

                       

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As,req = ρ.b.d = 0.004526 ×120×314 = 170.55 mm
2 

 

Check for As min:- 

A s min = ))((
)(4

dbw
fy

cf 
ACI-318 (10.5.1) 

A s min =
2110)314)(120(

)420(4

24
m  

A s min = ))((
)(

4.1
dbw

fy
 

A s min =
26.125)314)(120(

420

4.1
mm

    
-   controls 

Asreq = 170.55 mm
2  

>Asmin= 125.6 mm
2
 OK 

 

Use 2 ø12 , As,provided = 226.1 mm
2
 > As,required = 170.55 mm

2
…  Ok  

S  
                

 
                              

Check for strain:- 

a =
     

        
  

         

           
           

        for    
  ≤ 28 Mpa 

c 
 

  
 

      

    
           

        (
   

 
)       (

          

      
)                                   
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 Shear Design for (R 1):- 

 

 

Vu at distance d from  support= 27.4 KN 

Shear strength Vc, provided by concrete for the joists may be taken 10% greater than for beams. 

This is mainly due to the interaction between the slab and closely spaced ribs.(ACI, 8.13.8). 

Vc =
   

 
√  

     
   

 
√                          

øVc =0.75×33.84 =25.38 KN 

ø Vc<  Vu  

Vsmin =
 

  
√        

 

 
       

Vs min=
 

  
√                    

Vsmin =
  

 
      =

  

 
                   - control 

ø(Vc+Vsmin)= 0.75(33.84+12.56)=34.8kN 

ø(Vc+Vsmin) ˃ Vu   ˃ ø Vc 

Case 3 : 

for shear design, minimum shear reinforcement is required (      ), Reinforcement. 

Use stirrups (2 leg stirrups ) ø 8@150 mm , Av = 2 × 50.24 = 100.5 mm
2
 

Avmin =
 

  
√   

   

   
 

 

 

   

   
 

Avmin=100.5 =
 

  
√  

    

   
           

100.5 =
 

 

    

   
           

S max→
 

 
               

S max →≤600mm 
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Take  (2 leg  closed stirrups ) ø 8 @ 150 mm 

   
      

    
        mm

2
/mstrip 

 

 

 

 

 

4.6 Design of Beam  

 

 Material :- 

 

 concrete    B300                Fc' = 24 N/mm
2
 

 Reinforcement Steel         fy = 420 N/mm
2
 

 

 Section :- 

 

 B = 80 cm 

 

 h= 40 cm 

 

 d=450-40-10-18/2= 391 mm 

 

 

 Statically System and Dimensions:- 

 
 

G e o m e t r y      Units:meter,cm 

 
 
 
 
 
 
 
 
 
 
 

A 

A 

1 
1 

A 

A 

2 
2 

A 

A 

3 
3 

A 

A 

4 5 
4 

0.3 4.55 0.3 0.3 5.82 0.3 0.3 6.03 0.3 0.3 3.38 0.3 

4.85 6.12 6.33 3.68 

A 

A 

5 
5 

A 

A 

6 
6 

A 

A 

7 
7 

A 

A 

8 9 
8 

0.3 3.55 0.3 0.3 3.3 0.3 0.3 3.63 0.3 0.3 6.66 0.3 
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L o a d i n g 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

L o a d i n g 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig 4.5: Statically System and Loads Distribution of Beam (B4,B-1) . 

 
 
 

80. 

45. 

A A 

load group no. 1 
Dead load - Service  Units:kN,meter 

9.00 

62.0 

4.85 6.12 6.33 1.75 1.93 
9.00 

62.0 

4.85 6.12 6.33 1.75 1.93 
9.00 

28.5 

49.6 

4.85 6.12 6.33 1.75 1.93 
9.00 

49.6 57.1 

4.85 6.12 6.33 1.75 1.93 

9.00 

57.1 

3.85 3.6 3.93 6.96 
9.00 

49.3 

3.85 3.6 3.93 6.96 
9.00 

49.3 

3.85 3.6 3.93 6.96 
9.00 

57.1 

3.85 3.6 3.93 6.96 

Live load - Service  Load factors: 1.20,1.20/1.60,0.00 

3.20 

29.5 

4.85 6.12 6.33 1.75 1.93 3.20 

29.5 

4.85 6.12 6.33 1.75 1.93 3.20 

23.4 

4.85 6.12 6.33 1.75 1.93 3.20 

23.4 25.8 

4.85 6.12 6.33 1.75 1.93 

3.20 

25.8 

3.85 3.6 3.93 6.96 3.20 

25.3 

3.85 3.6 3.93 6.96 3.20 

25.3 

3.85 3.6 3.93 6.96 3.20 

25.8 

3.85 3.6 3.93 6.96 
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M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig 4.6: Shear and Moment Envelope Diagram of  Beam (B4.B-1). 

 
 

 

 Load Calculations:- 

 

Dead Load Calculations for Beam (B4,B-1) :- 

The distributed Dead and Live loads acting upon Beam 4  can be defined from the support reactions of 

the R12،R13، R14، and R15. 

From Rib12 

The  support reaction from Dead Loads and live load for R12 upon B4 is 22.57 KN 

and 14.35 KN respectively. 

The  service distributed Dead Load  and Live load from the R12 on B4 in span 1,2 . 

DL = (32.26 KN / 0.52) =  62.03 KN / m 

LL = (14.35 KN/ 0.52 ) =  29.52 KN / m 

 

From Rib 13 

Moments:   spans  1 to  8 

39.6 

-422.5 
-360.7 -360.9 

-526.2 
-453.5 -459.6 -407.9 

-362. -339.3 

-119.7 
-85.9 -92.6 

-206.3 
-166.5 -165.2 

-75.5 

30.3 

-54.1 -48.2 

-569.8 
-493.3 -514.8 

52.6 

272.9 253.3 
347.3 

50.2 
133.6 129.3 

39.6 49. 

515.8 

1.69 1.72 

2.15 

1.56 

1.08 

0.71 

1.22 

1.4 

0.49 

1.38 

0.87 1.02 

1.24 

1.02 

0.91 

1.37 

0.4 

0.25 

0.68 

0.71 1.81 1.24 

1.94 2.91 3.06 3.06 3.16 3.17 2.21 

1.47 

1.73 2.12 2.16 

1.44 

1.18 2.75 4.18 2.78 

Shear  

199.8 

348. 
416.2 

253.3 
167. 

211.5 

88.8 

451.7 

-346.5 -379.9 -388.4 

-122.3 
-215.7 

-128.4 

-313.2 -292.5 

274.1 

-420.8 

422.3 

-454.2 

495.7 

-467.9 

314.4 

-190.2 

234.9 

-283.7 

274. 

-190.9 

151.3 

-7.8 

-375.7 

519.7 

-360.4 
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The  support reaction from Dead Loads and live load for R13 upon B4 is 25.8 KN  

and 12.21 KN respectively. 

The  service distributed Dead Load  and Live load from the R12 on B4 in span 3,4 . 

DL = (25.8 KN / 0.52) =  49.61 KN / m 

LL = (12.21 KN/ 0.52 ) = 23.48  KN / m 

 

 

 

 

From Rib14 

 

The  support reaction from Dead Loads and live load for R14 upon B4 is 29.73 KN 

and 13.42 KN respectively. 

The  service distributed Dead Load  and Live load from the R12 on B4 in span 4,5,8 . 

DL =(29.73 KN / 0.52) =  57.17 KN / m 

LL = (13.42 KN / 0.52 ) = 25.8 KN / m 

From Rib15 

 

The  support reaction from Dead Loads and live load for R15 upon B4 is 25.68 KN 

and 13.17 KN respectively. 

The  service distributed Dead Load  and Live load from the R12 on B4 in span 6,7 . 

DL =(25.68 KN / 0.52) =  49.38 KN / m 

LL = (13.17 KN / 0.52 ) = 25.32 KN / m 

 

From concrete wall height = 3.8 m : 

 

Dead load from the concrete wall act on span 3 on beam 4 : 

DL = 25*0.3*3.8 = 28.5 KN/m 

 

Self weight of the beam 4 : 

DL = 25*0.8*0.45 = 9 kN/m 

 

Live load acting directly upon the beam 4 : 

LL = 4 kN/m2  

LL= 4*0.8 = 3.2 KN/m 

 
 

 Moment Design for (B4,b-1):- 
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Determine of  Mn,max To decide id the beam will design singly or doubly : 

d =450 – 40 -10 – 18\2 = 391 mm 

  
 

 
  

 

 
               

a                            

Mnmax=  0.85   
  a *b( d -   

 

 
  ) = 0.85*24*124.22*800*(391-142.44/2 ) *10

-6
=  548.28 KN.m 

  Mnmax = 0.82* 565.4= 531.59KN.m > Mu max 515.8 KN.m . 

Design as singly reinforcement.  

Flexural Design of Positive Moment for (B4):- 

Mu=272.9KN.m 

   
  

    
 

         

            
          

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As = ρ.b.d = 0.006313×800×391 = 1974.7782 mm
2
 

 

    Check for As,min:- 

Asmin = ))((
)(4

dbw
fy

cf 
 =  391*800*

420*4

24
 = 912.1 mm

2 

Asmin = ))((
)(

4.1
dbw

fy
 = 391*800*

420

4.1
= 1042.7 mm

2     
-  Controls 

Asreq = 1974.7782 mm
2  

>Asmin= 1042.7 mm
2
    OK 

 

Use 5 ø 25 Bottom, As,provided = 2454.37 mm
2
 > As, required = 1974.7782 mm

2
…  Ok  

Check spacing :- 
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S  
                  

 
                               

Check for strain:- 

a =
     

        
  

            

           
          

        for    
  ≤ 28 Mpa 

c 
 

  
 

     

    
          

        (
   

 
)       (

         

     
)                                    

 

Flexural Design of Positive Moment for (B4):- 

Mu=253.3 KN.m 

   
  

    
 

         

            
          

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As = ρ.b.d = 0.005829×800×391 = 1823.2216 mm
2
 

 

    Check for As,min:- 

Asmin = ))((
)(4

dbw
fy

cf 
 =  391*800*

420*4

24
 = 912.1 mm

2 

Asmin = ))((
)(

4.1
dbw

fy
 = 391*800*

420

4.1
= 1042.7 mm

2     
-  Controls 

Asreq = 1823.2216 mm
2  

>Asmin= 1042.7 mm
2
    OK 

 

Use 4 ø 25 Bottom, As,provided = 1963.495 mm
2
 > As, required = 1974.7782 mm

2
…  Ok  

Check spacing :- 
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S  
                  

 
                            

Check for strain:- 

a =
     

        
  

             

           
           

        for    
  ≤ 28 Mpa 

c 
 

  
 

     

    
            

        (
   

 
)       (

          

      
)                                     

 

Flexural Design of Positive Moment for (B4):- 

Mu=347.3 KN.m 

   
  

    
 

         

            
           

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As = ρ.b.d = 0.008205×800×391 = 2566.6224 mm
2
 

 

    Check for As,min:- 

Asmin = ))((
)(4

dbw
fy

cf 
 =  391*800*

420*4

24
 = 912.1 mm

2 

Asmin = ))((
)(

4.1
dbw

fy
 = 391*800*

420

4.1
= 1042.7 mm

2     
-  Controls 

Asreq =2566.6224 mm
2  

>Asmin= 1042.7 mm
2
    OK 

 

Use 6 ø 25 Bottom, As,provided = 2945.243 mm
2
 > As, required = 2566.6224 mm

2
…  Ok  

Check spacing :- 
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S  
                  

 
                            

Check for strain:- 

a =
     

        
  

             

           
           

        for    
  ≤ 28 Mpa 

c 
 

  
 

      

    
           

        (
   

 
)       (

          

      
)                                    

Flexural Design of Positive Moment for (B4):- 

Mu=133.6 KN.m 

   
  

    
 

         

            
           

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As = ρ.b.d = 0.002981×800×391 = 932.556 mm
2
 

 

    Check for As,min:- 

Asmin = ))((
)(4

dbw
fy

cf 
 =  391*800*

420*4

24
 = 912.1 mm

2 

Asmin = ))((
)(

4.1
dbw

fy
 = 391*800*

420

4.1
= 1042.7 mm

2     
-  Controls 

Asreq = 932.556 mm
2  

 ˂  Asmin= 1042.7 mm
2
   -  not OK 

Take Asreq = Asmin = 1042.7 mm
2 

Use 4 ø 20 Bottom, As,provided = 1256.6 mm
2
 > As, required = 1042.7 mm

2
…  Ok  

Check spacing :- 
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S  
                  

 
                               

Check for strain:- 

a =
     

        
  

           

           
          

        for    
  ≤ 28 Mpa 

c 
 

  
 

     

    
           

        (
   

 
)       (

          

      
)                                  

 

Flexural Design of Positive Moment for (B4):- 

Mu=129.3 KN.m 

   
  

    
 

         

            
           

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As = ρ.b.d = 0.002882×800×391 = 901.594 mm
2
 

 

    Check for As,min:- 

Asmin = ))((
)(4

dbw
fy

cf 
 =  391*800*

420*4

24
 = 912.1 mm

2 

Asmin = ))((
)(

4.1
dbw

fy
 = 391*800*

420

4.1
= 1042.7 mm

2     
-  Controls 

Asreq = 932.556 mm
2  

˂  Asmin= 1042.7 mm
2
   -  not OK 

Take Asreq = ˂ Asmin = 1042.7 mm
2 

Use 4 ø 20 Bottom, As,provided = 1256.6 mm
2
 > As, required = 1042.7 mm

2
…  Ok  

Check spacing :- 
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S  
                  

 
                               

Check for strain:- 

a =
     

        
  

           

           
          

        for    
  ≤ 28 Mpa 

c 
 

  
 

     

    
           

        (
   

 
)       (

          

      
)                                  

 

Flexural Design of Positive Moment for (B4):- 

Mu=515.8 KN.m 

   
  

    
 

         

            
           

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As = ρ.b.d = 0.0012859×800×391 = 4022.3532 mm
2
 

 

    Check for As,min:- 

Asmin = ))((
)(4

dbw
fy

cf 
 =  391*800*

420*4

24
 = 912.1 mm

2 

Asmin = ))((
)(

4.1
dbw

fy
 = 391*800*

420

4.1
= 1042.7 mm

2     
-  Controls 

Asreq =4022.3532 mm
2  

>Asmin= 1042.7 mm
2
    OK 

 

Use 7 ø 28 Bottom, As,provided = 4310.3 mm
2
 > As, required = 4022.3532 mm

2
…  Ok  

Check spacing :- 
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S  
                  

 
                           

Check for strain:- 

a =
     

        
  

           

           
            

        for    
  ≤ 28 Mpa 

c 
 

  
 

       

    
            

        (
   

 
)       (

           

       
)                                   

 

Flexural Design of negative Moment for (B4):- 

Mu= -360.9 KN.m 

   
  

    
 

         

            
            

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As = ρ.b.d = 0.008561×800×391 = 2677.8342  mm
2
 

 

    Check for As,min:- 

Asmin = ))((
)(4

dbw
fy

cf 
 =  391*800*

420*4

24
 = 912.1 mm

2 

Asmin = ))((
)(

4.1
dbw

fy
 = 391*800*

420

4.1
= 1042.7 mm

2     
-  Controls 

Asreq =2677.8342 mm
2  

>Asmin= 1042.7 mm
2
    OK 

 

Use 6 ø 25 Top , As,provided = 2945.243 mm
2
 > As, required = 2677.8342 mm

2
…  Ok  

Check spacing :- 
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S  
                 

 
                            

Check for strain:- 

a =
     

        
  

             

           
           

        for    
  ≤ 28 Mpa 

c 
 

  
 

       

    
           

        (
   

 
)       (

          

      
)                                     

Flexural Design of negative Moment for (B4):- 

Mu= -459.6 KN.m 

   
  

    
 

         

            
            

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As = ρ.b.d = 0.011242×800×391 = 3516.6328  mm
2
 

 

    Check for As,min:- 

Asmin = ))((
)(4

dbw
fy

cf 
 =  391*800*

420*4

24
 = 912.1 mm

2 

Asmin = ))((
)(

4.1
dbw

fy
 = 391*800*

420

4.1
= 1042.7 mm

2     
-  Controls 

Asreq =3516.6328 mm
2  

>Asmin= 1042.7 mm
2
    OK 

 

Use 6 ø 28 Top, As,provided = 3694.512 mm
2
 > As, required = 3516.6328 mm

2
…  Ok  

Check spacing :- 
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S  
                 

 
                             

Check for strain:- 

a =
     

        
  

             

           
           

        for    
  ≤ 28 Mpa 

c 
 

  
 

      

    
            

        (
   

 
)       (

           

       
)                                      

Flexural Design of negative Moment for (B4):- 

Mu= -362 KN.m 

   
  

    
 

       

            
            

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As = ρ.b.d = 0.008590×800×391 = 2686.8725  mm
2
 

 

    Check for As,min:- 

Asmin = ))((
)(4

dbw
fy

cf 
 =  391*800*

420*4

24
 = 912.1 mm

2 

Asmin = ))((
)(

4.1
dbw

fy
 = 391*800*

420

4.1
= 1042.7 mm

2     
-  Controls 

Asreq =2686.8725 mm
2  

>Asmin= 1042.7 mm
2
    OK 

 

Use 6 ø 25 Top, As,provided = 2945.243 mm
2
 > As, required = 2686.8725 mm

2
…  Ok  

Check spacing :- 
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S  
                 

 
                            

Check for strain:- 

a =
     

        
  

             

           
           

        for    
  ≤ 28 Mpa 

c 
 

  
 

       

    
           

        (
   

 
)       (

          

      
)                                     

Flexural Design of negative Moment for (B4):- 

Mu= -92.6 KN.m 

   
  

    
 

        

            
           

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)           

As = ρ.b.d = 0.002046×800×391 = 640.0110 mm
2
 

 

    Check for As,min:- 

Asmin = ))((
)(4

dbw
fy

cf 
 =  391*800*

420*4

24
 = 912.1 mm

2 

Asmin = ))((
)(

4.1
dbw

fy
 = 391*800*

420

4.1
= 1042.7 mm

2     
-  Controls 

Asreq = 640.0110 mm
2  

˂  Asmin= 1042.7 mm
2
   -  not OK 

Take Asreq = ˂ Asmin = 1042.7 mm
2 

Use 4 ø 20 Top, As,provided = 1256.6 mm
2
 > As, required = 1042.7 mm

2
…  Ok  

Check spacing :- 
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S  
                  

 
                               

Check for strain:- 

a =
     

        
  

           

           
          

        for    
  ≤ 28 Mpa 

c 
 

  
 

     

    
           

        (
   

 
)       (

          

      
)                                  

 

Flexural Design of negative Moment for (B4):- 

Mu= -166.5 KN.m 

   
  

    
 

         

            
            

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

             

   
)           

As = ρ.b.d = 0.003746×800×391 = 1171.7201  mm
2
 

 

    Check for As,min:- 

Asmin = ))((
)(4

dbw
fy

cf 
 =  391*800*

420*4

24
 = 912.1 mm

2 

Asmin = ))((
)(

4.1
dbw

fy
 = 391*800*

420

4.1
= 1042.7 mm

2     
-  Controls 

Asreq = 1171.7201 mm
2  

>Asmin= 1042.7 mm
2
    OK 

 

Use 4 ø 20 Top, As,provided = 1256.6 mm
2
 > As, required = 1171.7201 mm

2
…  Ok  

Check spacing :- 
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S  
                  

 
                               

Check for strain:- 

a =
     

        
  

           

           
          

        for    
  ≤ 28 Mpa 

c 
 

  
 

     

    
           

        (
   

 
)       (

          

      
)                                  

 

Flexural Design of Negative Moment for (B4):- 

Mu=514.8 KN.m 

   
  

    
 

         

            
           

m 
  

      
  

   

       
      

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

            

   
)          

As = ρ.b.d = 0.001283×800×391 = 4013.1547 mm
2
 

 

    Check for As,min:- 

Asmin = ))((
)(4

dbw
fy

cf 
 =  391*800*

420*4

24
 = 912.1 mm

2 

Asmin = ))((
)(

4.1
dbw

fy
 = 391*800*

420

4.1
= 1042.7 mm

2     
-  Controls 

Asreq =4013.1547 mm
2  

>Asmin= 1042.7 mm
2
    OK 

 

Use 7 ø 28 Top, As,provided = 4310.3 mm
2
 > As, required = 4013.1547 mm

2
…  Ok  

Check spacing :- 
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S  
                  

 
                           

Check for strain:- 

a =
     

        
  

           

           
            

        for    
  ≤ 28 Mpa 

c 
 

  
 

       

    
            

        (
   

 
)       (

           

       
)                                   

 

 

 Shear Design for (B4,B-1):- 

 

 

1. Vu = 346.5 KN 

 

Vc = 
 

 
√            

 

 
√                    

Φ Vc= 0.75*255.4 =191.55  KN 

Ф Vsmin≥  0.75 (
3

1
) * bw * d =0 .75* (

3

1
)*800*391*10

-3
 = 78.2 KN – Controls 

Ф Vsmin   ≥ 0.75 (
16

'fc
) * bw * d = 0.75*(

16

24
) * 800 * 391*10

-3
 = 71.83  KN  

Ф (Vc+Vsmin ) =  269.75 KN 

Ф (Vc+Vsmin )  ˂ Vu 

Calculate      

     
 

 
√        = 

 

 
√             = 518.638 KN 

                             )              

0.75(255.4 + 104.26) < 346.5 <  0.75(255.4 + 518.638) 
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269.745<346.5<580.528 

Case 4 : 

shear reinforcement are required 

Use 2 leg Φ 12  

As =226 mm
2
 

Vs = Vn – Vc = 
     

    
 – 255.4 = 206.6 KN 

   
       

  
 

           

          
                                 

       
 

 
 

   

 
                           

                         

Use 2 leg Φ 12  @150mm 

 

2- Vu = 379.9 KN 

 

Vc = 
 

 
√            

 

 
√                    

Φ Vc= 0.75*255.4 =191.55  KN 

Ф Vsmin≥  0.75 (
3

1
) * bw * d =0 .75* (

3

1
)*800*391*10

-3
 = 78.2 KN – Control 

Ф Vsmin   ≥ 0.75 (
16

'fc
) * bw * d = 0.75*(

16

24
) * 800 * 391*10

-3
 = 71.83  KN  

Ф (Vc+Vsmin ) =  269.75 KN 

Ф (Vc+Vsmin )  ˂ Vu 

Calculate      

     
 

 
√        = 

 

 
√             = 518.638 KN 
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                             )              

0.75(255.4 + 104.26) < 379.9 <  0.75(255.4 + 518.638) 

269.745<379.9<580.528 

Case 4 : 

shear reinforcement are required 

Use 2 leg Φ 12  

As =226 mm
2
 

Vs = Vn – Vc = 
     

    
 – 255.4 = 251.13 KN 

   
       

  
 

           

           
                                 

       
 

 
 

   

 
                           

                         

Use 2 leg Φ 12  @125mm 

 

 3-Vu = 416.2 KN 

 

Vc = 
 

 
√            

 

 
√                    

Φ Vc= 0.75*255.4 =191.55  KN 

Ф Vsmin≥  0.75 (
3

1
) * bw * d =0 .75* (

3

1
)*800*391*10

-3
 = 78.2 KN – Controls  

Ф Vsmin   ≥0.75 (
16

'fc
) * bw * d = 0.75*(

16

24
) * 800 * 391*10

-3
 = 71.83  KN  

Ф (Vc+Vsmin ) =  269.75 KN 

Ф (Vc+Vsmin )  ˂ Vu 

Calculate      
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√        = 

 

 
√             = 518.638 KN 

                             )              

0.75(255.4 + 104.26) < 416.2 <  0.75(255.4 + 518.638) 

269.745<416.2<580.528 

 

Case 4 : 

shear reinforcement are required 

Use 2 leg Φ 12  

As =226 mm
2
 

Vs = Vn – Vc = 
     

    
 – 255.4 = 299.53 KN 

   
       

  
 

           

           
                                

       
 

 
 

   

 
                           

                         

Use 2 leg Φ 12  @120 mm 

  

4-Vu = 313.2 KN 

 

Vc = 
 

 
√            

 

 
√                    

Φ Vc= 0.75*255.4 =191.55  KN 

Ф Vsmin≥  0.75 (
3

1
) * bw * d =0 .75* (

3

1
)*800*391*10

-3
 = 78.2 KN – Controls  

Ф Vsmin   ≥0.75 (
16

'fc
) * bw * d = 0.75*(

16

24
) * 800 * 391*10

-3
 = 71.83  KN  

Ф (Vc+Vsmin ) =  269.75 KN 
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Ф (Vc+Vsmin )  ˂ Vu 

Calculate      

     
 

 
√        = 

 

 
√             = 518.638 KN 

                             )              

0.75(255.4 + 104.26) < 313.2 <  0.75(255.4 + 518.638) 

269.745<313.2<580.528 

 

Case 4 : 

shear reinforcement are required 

Use 2 leg Φ 12  

As =226 mm
2
 

Vs = Vn – Vc = 
     

    
 – 255.4 = 162.2 KN 

   
       

  
 

           

          
                                 

       
 

 
 

   

 
                           

                         

Use 2 leg Φ 12  @175 mm 

5-Vu = 451.7 KN 

 

Vc = 
 

 
√            

 

 
√                    

Φ Vc= 0.75*255.4 =191.55  KN 

Ф Vsmin≥  0.75 (
3

1
) * bw * d =0 .75* (

3

1
)*800*391*10

-3
 = 78.2 KN – Controls  

Ф Vsmin   ≥0.75 (
16

'fc
) * bw * d = 0.75*(

16

24
) * 800 * 391*10

-3
 = 71.83  KN  
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Ф (Vc+Vsmin ) =  269.75 KN 

Ф (Vc+Vsmin )  ˂ Vu 

Calculate      

     
 

 
√        = 

 

 
√             = 518.638 KN 

                             )              

0.75(255.4 + 104.26) < 451.7 <  0.75(255.4 + 518.638) 

269.745<451.7<580.528 

 

Case 4 : 

shear reinforcement are required 

Use 2 leg Φ 12  

As =226 mm
2
 

Vs = Vn – Vc = 
     

    
 – 255.4 = 346.86 KN 

   
       

  
 

           

           
                                 

       
 

 
 

   

 
                           

                         

Use 2 leg Φ 12  @100 mm 

6-Vu = 128.4 KN 

 

Vc = 
 

 
√            

 

 
√                    

Φ Vc= 0.75*255.4 =191.55  KN 



Chapter Four  Structural Analysis and Design  

94 
 

Ф Vsmin≥  0.75 (
3

1
) * bw * d =0 .75* (

3

1
)*800*391*10

-3
 = 78.2 KN – Controls  

Ф Vsmin   ≥0.75 (
16

'fc
) * bw * d = 0.75*(

16

24
) * 800 * 391*10

-3
 = 71.83  KN  

Ф Vc ˃ Vu ˃ 0.5 Ф Vc 

191.55 ˃ 128.4 ˃ 95.77 

Case 2 : 

minimum shear reinforcement is required (      ), Reinforcement. 

Use stirrups (2 leg stirrups ) ø 8@150 mm , Av = 2 × 50.24 = 100.5 mm
2
 

Avmin =
 

  
√   

   

   
 

 

 

   

   
 

Avmin=100.5 =
 

  
√  

    

   
           

100.5 =
 

 

    

   
            

S max→
 

 
               

S max →≤600mm 
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4. 7 Design of Two Way Solid Slab: 

 

 

Fig(4-7):Plan Of Solid Slab 

 (4.12.2) Dead load calculations: 

Table(4-4) calculation of the Dead load solid  

Dead load from: δ×γ KN/m 

Tiles 0.03×23×1 0.69 

Mortar 0.03×22×1 0.66 

Coarse sand 0.07×17×1 1.19 

Slab 0.2×25×1 5 

Plaster 0.02×22×1 0.44 

Partitions 5.1*1 5.1 

  9.48 

 

Dead load =9..9 KN/m
2
. 

Live load = . KN/m
2
. 
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WuD = 1.2*Dead load = 1.2*9..9 = 55.19 KN/m
2
. 

WuL = 1.6*live load = 1.6*4 =6.4 KN/m
2
. 

Wu = 55.11+6.4 = 5..9 KN/m
2 

 

(4.12.3) Shear Design : 

la/lb = 0.63 

Wb = 0.28 

Wa = 0.72 

The total load on the panel being ( 7.2*4.55*17.43) = 571.01 KN 

The load at face of the long beam is (0.72×571.1/(2*7.2))=28.55 KN 

Assume the Φ 16 

d=200-20-12\2=174mm 

Vc =(√24  *1000*174*10^-3)\6 =145KN 

øVc = 0.75  145=  108.75  KN 

Vu<  ø Vc. 

The thickness of the slab is adequate enough 

 

(4.12.4) Flexural Design: 

(la/lb=0.632) 

Positive moments : 

Cda=0.068 

Cla=0.073 

Cdb=0.0132 

Clb=0.0127 
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Ma+ve,Dl  =  Ca*W* La
2
 =0.068*11.38*4.55

 2
= 16.05 KN.m\m

 

Ma+ve,L = Ca*W* La
2
 =0.073*6.4*4.55

 2
= 9.67KN.m\m 

Ma+ve  = Ma+ve,L + Ma+ve,D = 25.8KN.m\m 

Mb+ve,D =  Cb*W* Lb
2
 = 0.0132*11.38*7.2 

2 
= 7.78 KN.m\m 

Mb+ve,L =  Cb*W* Lb
2
*b = 0.0127*6.4*7.2

 2 
= 4.21KN.m\m 

Mb+ve = Mb+ve,L + Mb+ve,D  = 12 KN.m/m 

 

(4.12.5) Positive Moment: 

*Mu,b =  25.8KN.m/m  

Assume the dBar =14 mm 

d = h- cover - (dBar\2) = 200-20-7 = 173mm 

2db

Mn
Rn


  

.958.
173*1000

9.0/10*8.25
2

6

MPa
 

'85.0 fc

fy
m


 59.20

2485.0

420





 
















y

n

f

mK

m

2
11

1
 002234.0

420

25.1*64.17*2
11

64.17

1

















 

reqAs = 0.00229*1000*173 =404.33mm
2
/m 

minAs = mmmhb /2360200*1000*0018.0**0018.0   

As = 404.33  mm2 ≥ minAs
 = 360mm2/m 

Use 4Φ 12with As = 452.4mm
2
/m
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*Mua =  12 KN.m/m  

Assume the dBar =12 mm 

d =h- cover - (dBar\2) = 200-20-6 = 174mm 

Rn 
  

     
      

                         

'85.0 fc

fy
m


 59.20

244403.0

420





 
















y

n

f

mK

m

2
11

1
 00105.0

420

4403.0*59.20*2
11

59.20

1

















 

reqAs
 = 0.002 *1000*174  = 183mm

2
/m 

minAs = mmmhb /2360200*1000*0018.0**0018.0   

As =  183mm2 < minAs = 360mm2/m 

As = 360mm2/m 

Use 4 Φ 12 As = 452.38 mm
2
/m  

 

 (4.12.5) Negative Moment: 

*Mu,a =  26.05 KN.m/m  

Assume the dBar =14 mm 

d =h- cover - (dBar\2) =200-20-7=173mm 

Rn 
  

    
 

         

             
          

'85.0 fc

fy
m


 58.20

2485.0

420





 

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

           

   
)          
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reqAs
= 0.00224*1000*173 =409.6mm

2
/m 

minAs = mmmhb /2360200*1000*0018.0**0018.0   

As =  409.5mm2 ≥ minAs  = 360mm2/m 

Use4 Φ 12 As = 452.4mm
2
/m  

 

Note: other moments requires areinforcement less than minimum, Use Φ 8 \ 12.5cm with 

As=400 mm
2
/m  

Check the max spacing: 

1. 3h=3*20=60 

2. 450mm 

3. S=380*(280/FS)-2.5Cc=330….Control. 

  

                 Fig(4-8) : Reinforcement of solid slab 

)54.8 Design of two way ribbed slab (R 

4.8.1 Minimum thickness for Waffle (R2) slab h= 35 cm: 
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Check for the minimum thickness of the slab: 

-All Exterior and interior beams have a rectangular section of 60 cm width and 60 cm depth: 

    
    

  
  

         

  
                

 

The moment of inertia for the ribbed slab: 
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The minimum slab thickness will be: 

  
       

  

    
 

             
 

           
   

    
 

     
     

    
            

            

                     

4.8.2 Load calculation for  (R5): 

 

fig.(4.9): Two way Ribbed slab. 

For the two-way ribbed slabs, the total dead load to be used in the analysis and design is 

calculated as follows: 
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Fig.(4.10): Two way ribbed slab 

 

 

Table (4-3) Calculation of the total dead load for two way rib slab (25). Table (4  

Calculation 

Quality Density 

KN/m
3 Material No. 

0.52×0.52×0.08×25 = 0.54 25 Topping 1 

(0.4+0.52)0.27×0.12×25 = 0.745 25 Rib 2 

0.52×0.52×0.07×17= 0.322 16 Sand 3 

0.52×0.52×0.02×22 =0.119 22 Mortar 4 

0.52×0.52×0.03×23 =0.1866 22 Tile 5 

0.52×0.52×0.02×22 =0.119 22 Plaster  6 

0.4×0.4×0.27×9 = 0.388 9 Block 7 

1.5×0.52*.52 = 0.41 1.5 Partitio

ns 

8 

KN/unit 2.8762                      

∑ = 
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Dead Load of slab: 

    
      

           
            

                         

            

                     

                        

 

4.8.3 Moments calculations: 

Ratio = 6.55/6.73 = 0.973 

                                          

 

Fig.(4.11): Two way ribbed slab 
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 *Negative moment                                                      

             

 

                                           

*Positive moment  

               

               

               

               

                                                                     

                                                                     

 

Design of positive moment  

*Short direction (                 

                             

Assume bar diameter     for main positive reinforcement. 

                         
  

 
           

  

 
         

   
  

    
 

         

            
         

  
  

        
 

   

       
       

ρ 
 

 
(  √  

      

   
)  

 

     
(  √  

           

   
)          

                                      

                .. 

            
√   
  

      
   

  
     

             
√  
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                       >                                 

        

                       >     227  = with As        Use  

 

Check for strain: (        ) 

Tension = Compression 

                           
          

227                             

             

   
 

  
    

     

    
             

           
   

 
  

     =       (
         

     
)                              

 

 

 

- Long direction (                

                            

Assume bar diameter     for main positive reinforcement. 

                         
  

 
           

  

 
         

   
  

    
 

        

            
          

  
  

        
 

   

       
       

ρ 
 

 
(  √  

      

   
)  

 

     
(  √  

            

   
)          
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                 

.. 

            
√   
  

      
   

  
     

             
√  

   
                    

 

         
   

   
                              

 

                           >                           ..ok       

                >     with As = 227        Use     

 

Check for strain: (        ) 

Tension = Compression 

                           
          

227                            

           

   
 

  
   

    

    
              

           
   

 
  

     =       (
         

     
)                              

 

 

Design of negative moment  (                

                             

Assume bar diameter     for main positive reinforcement. 
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ρ 
 

 
(  √  

      

   
)  

 

     
(  √  

         

   
)          

                                      

               .. 

            
√   
  

      
   

  
     

             
√  

   
                    

 

         
   

   
                            

 

                             >                               

         

                         >      with As = 508.9       Use  

 

Check for strain: (        ) 

Tension = Compression 

                           
          

402.1                             

            

   
 

  
    

     

    
           

           
   

 
   =       (

      

   
)                             

 

..9.. Check shear strength: 
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Short direction  

                              
    

    
          

                                             

          
    

 
 √              

    

 
 √                    

 

 

       

    
 

 
        

          
 

 
                       

       

 

 
                 

 

 
                                         

provide  minimum shear reinforcement 

Vs min    ≥   
 

  
 √   * bw*d  = 

 

  
 √   *120*313*10

-3 
 = 11.73 KN. 

фVs min   =  8.8 

                  ≤ 
 

 
      = 

 

 
           *10

3
 = 12.52 KN 

фVs,min   = 8.8………….. control 

 

фVc =  25.82 KN  <  Vu = 17  KN  ≤  ф(Vc+Vsmin) = 25.8 KN  ……  satisfy 

 

 Case (3) is satisfy shear reinforcement is required. 

Use 2 Legф8 for stirrups with  Av =  100.53mm2 
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Smax ≤ 
 

 
 =  

   

 
 = 157 mm. ≤  600 mm.  

Select 2 leg ф8 @ 15cm 

 

4-9 Design of Stair 

` 

 

Fig 4.12: Stair Plan. 
 Material :- 

 
 

 concrete    B033            Fc' = 72 N/mm
2
 

 

 Reinforcement Steel         Fy = 420 N/mm
2
 

 

1- Design of Flight :- 
 

 Determination of Thickness:- 
 

hmin = L/20 

hmin = 073/20 = 26 cm 

Take h = 03 cm 

The Stair Slope by θ = tan
-1

(17/ 30) = 28.07
o 
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 Load Calculation:- 

 

 
 

Fig 4.13: Stair Section. 

 

Dead Load For Flight For 1m Strip:- 

 

Calculation Parts of Flight No. 

23*0.03*1*(0.35+0.16)/0.3 ) = 1.173 KN/m Tiles 1 

22*0.03*1*(0.3+0.16)/0.3 ) = 1.012 KN/m Mortar 2 

25/0.3*(0.3*0.16/2)*1 = 2 KN/m Stair 3 

25*0.1*1 / cos 28.07 = 9.5 KN/m R.C 4 

22*0.02*1 / cos 73.32 = 0.499 KN/m Plaster 5 

51.59. KN/m Sum  
 

 

 

 

 

 

 

 

  Table ( 4.5 ): Dead Load Calculation of Flight. 
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 Live Load For Landing For 1m Strip = 4*1 = 4 KN/m 

 

Factored Load For Flight :- 
 

WU = 1.2 ×13.184+ 1.6×4 =22.22KN/m 
 

 

 

 

 

 

 

 

 

 

 

 System of Flight:- 
 

 

Fig 4.14: Statically System and Loads Distribution of Flight. 
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Fig 4.15: Shear and Moment Envelope Diagram of Flight 

 

 

1- Design of Shear for Flight :- (Vu=...1 KN.m) 

 

Assume bar diameter ø 12 for main reinforcement 

d =h- cover  
  

 
        

  

 
        

Vc = 
 

 
√        

 

 
√                  

Φ Vc = 0.75*724 = 762.2 KN > Vu = 72  KN…… No shear reinforcement are required 

 

2- Design of Bending Moment for Flight :- (Mu=27KN.m) 

 

Rn 
  

     
      

                        

m 
  

      
  

   

       
       

ρ 
 

 
(  √  

      

   
)  

 

     
(  √  

            

   
)         

As,req = ρ.b.d = 0.00120×1000×774 = 767.2 mm
2
 

As,min= 0.0018*1000*030 = 023 mm
2
 

As=540  mm
2
……… is ok 

 

Use 12 @ 550mm  , As,provided= 8.9.119mm
2
>As,required= 1.1mm

2
…  Ok 
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Check for Spacing :- 
 

S = 3h = 3*300 =900  mm 

S = 450 mm 

 

S = 450  mm  ……… is control 

 

 

Use ø14 @ 150mm  ,  
 

 

 

Check for strain:- 
 

a =
     

        
  

         

            
       

c 
 

  
 

  

    
        

        (
   

 
)       (

        

    
)                      

3- Lateral or Secondary Reinforcement For Flight :- 

 
 

As,req= As,min =0.0018*1000*000 = 023mm
2 

 

Use ø50@ 150mm  , As,provided= 1.81mm
2
>As,required= 1.1mm

2
…  Ok  
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Table ( 4.6 ): Dead Load Calculation of Landing. 

 

 

2- Design of Landing :- (For First One Meter) 

 

-:Determination of Thickness 

 

hmin = L/20 

hmin = 3.1/20 = 15.5 cm 

Take h = 30 cm 

 

 Load Calculation:- 
 

 

 Dead Load For Landing For 1m Strip:- 

Live Load For Landing For 1m Strip = 4*1 =4 KN/m 

 
 

Reaction From Flight:- 
 

 

DL =29.63 KN/m 

LL = 11 KN/m 
 

 

Total Dead Load = 9.3 + 29.63 = 38.93 KN/m 
 

Total Live Load =4 + 11 = 15 KN/m 

Calculation 

Parts of 

Landing No. 

22*0.03*1= 0.66 KN/m Tiles 1 

22*0.03*1= 0.66 KN/m Mortar 2 

25*0.1*1= ..1KN/m R.C 4 

22*0.02*1= 0.44 KN/m Plaster 5 

9.3KN/m Sum  
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Factored Load For Landing :- 
 

 

WU = 1.2 ×38.93+ 1.6×15=69.6KN/m 

 

 System of Landing:- 

 

 
 

 

Fig 4.16: Statically System and Loads Distribution At First 1m 0f Landing 
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Fig 4.17: Shear and Moment Envelope Diagram At First 1m of Landing. 

 

 

1- Design of Shear:- (Vu=91.9 KN) 

 

Assume bar diameter ø 12 for main reinforcement 

d =h- cover  
  

 
          

  

 
        

Vc = 
 

 
√          

 

 
√                   

Φ* Vc = 0.75* 742 = 727.0  KN > Vu = 20.2  KN…... No shear reinforcement are required 

 

 

2- Design of Bending Moment :- (Mu=98.9 KN.m) 

 

Assume bar diameter ø 12 for main reinforcement 

d = h- cover  
  

 
         

  

 
        

Rn 
  

     
        

                         

m  
  

      
  

   

       
       

ρ  
 

 
(  √  

      

   
)  

 

     
(  √  

             

   
)           

As,req =  ρ.b.d = 0.003302×1000×774  =  207.02  mm
2
 

As,min =  0.0018*1000*000  = 023 mm
2
 

As,req =  207.02  mm
2      

Check for Spacing :- 
 

S = 3h = 3*000 =200 mm 

S = 450 mm……… is control 

 

Use ø1.@ 125mm  , As,provided= 91..9  mm
2
>As,required= 91..19 mm

2
…  Ok  

Check for strain:- 

a =
     

        
  

         

            
          

c 
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        (
   

 
)       (

         

     
)                     

1- Lateral or Secondary Reinforcement For Landing :- 
 

As,req= As,min =0.0018*1000*033= 540mm
2 

 

Use ø10@ 150 mm  , As,provided= 1.9.. mm
2
>As,required= 1.1mm

2
…  Ok  

 

 
 

Fig 4.18: Stair Reinforcement 
 

 

4.10 Design of Column 

 

 Material :- 
 

 

 concrete    B350                Fc' = 28 N/mm
2
 

 

 Reinforcement Steel        Fy = 420 N/mm
2
 

 

 

 Load Calculation:- (From Column Group H) 
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Service Load:- 
 

Dead Load = 2146 KN 

Live Load = 225 KN 
 

Factored Load:- 
 

PU = 1.2 ×2146 + 1.6× 225 = 3703 KN 

 

 Dimensions of Column:- 
 

01.0gAssume
 

}*)1( {0.85 Ag0.8 x 0.65=Pn * ' Fyggfc  
 

}420*01.0)01.01( 28* {0.85 Ag0.8 x 0.65=1000*3707 
 

Ag= 248784.315 mm2 

Assume square colum with a=500 mm 

 

 Check Slenderness Parameter:- 

 
 

 
 

40
2

1
1234 

M

M

r

klu

 

Lu: Actual unsupported (Unbraced) length.  

K: effective length factor 

R: radius of gyration =  ≈0.3 h ……………….For rectangular section  

Lu = 4.1m 

M1/M2 =1 

K=1 for braced frame. 

 

about X-axis (b= 0.7m) 

 

 

I

A

2233.21
5.03.0

2.31

40
2

1
1234







M

M

r

klu
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Column Is Short About X-axis and y- axis 

 

}420*)250000( 28* {0.85 500*5000.8 x 0.65=1000*3707 AsAs 
 

 

As=2120mm
2 

AS
min = 0.01*500*500=2500 mm

2
 

AS
min   ASreq      so use As = 2500 mm

2    

Use 8 Φ 20  with As= 2513 mm2 

 Design of the Stirrups:- 

 

Use Φ 10  for ties 

The spacing of ties shall not exceed the smallest of :- 

cmleastspacing

cmdspacing

cmdspacing

s

b

50dim

480.14848

0.320.201616







 

cmUse 20@10  

 

Fig 4.19: Column Reinforcement 
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4.12 Design of Footing 

 

 Material :- 

 
 

 concrete    B350            Fc' =28 /mm
2
 

 

 Reinforcement Steel         Fy = 420 N/mm
2
 

 

 

 Load Calculations :- (From foundation cat2) 

 
Dead Load = 1180KN, Live Load = 177 KN 

Total services load = 7180+ 177 = 1357 KN 

Total Factored load = 1.2*7180+ 1.6*177= 1699.2 KN 

Column Dimensions (a*b) = 03*03  cm 

Soil density = 18 Kg/cm3                          

Allowable Bearing Capacity = 500 KN/m2 

Assume h = 00cm 

allownetq   = 233 – 18 = 382.3kn/m2   

 Area of Footing :- 
 

  
  

allownetq 

 
    

    
        

Assume Square Footing 

B required = 1.9 m 

 Bearing Pressure :- 
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qu = 1699.2/1.9*1.9= 470.7 Kn/m
2 

 Design of Footing :- 
 
 

1- Design of One Way Shear Strength :- 

 
 

Critical Section at Distance )d( From The Face of Column 

Assume h =55cm , bar diameter ø 20 for main reinforcement      and 

7.5 cm Cover 

d = 550 – 75 – 20 = 455 mm      

Vu = qu * (
   

 
  )    

Vu = 470.7* (
      

 
      )     = 308.54Kn 

Safe

KnVuKNVc

KnVc

dbfcVc w









54.30881.571.

81.571455*1900*28*
6

1
*75.0.

**'*
6

1
..







  

2- Design of Two Way Shear Strength :- 

  KnVu

tioncriticalofareaqFR

FRPuVu

ub

b

84.1359)455.03.0(*)455.05.0(9.1*9.17.470

sec*







 

The punching shear strength is the smallest value of the following equations:- 

dbfV oc

c

c
















2

1
6

1
..
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dbf
db

V oc

o

s
c












 2

/12

1
..




       

dbfV occ




3

1
.. 

        

Where:- 

67.1
30

50

)(

)(


bWidthColumn

aLengthColumn
C       

ob
 = Perimeter of critical section taken at (d/2) from the loaded area 

mbo 42.3)3.455(.*2)5.455(.*2   

s
 = 40  for interior column  

KndbfV oc

c

C 125.2094455*3420*24*
67.1

2
1*

6

75.02
1

6

1
.. 
























  

Kndbf
db

V oc

o

s

C 44.3488455*3420*24*2
3420

455*40
*

12

75.0
2

/12

1
.. 
























  

KndbfV ocC 825.1905511*3744*28*
3

75.0

3

1
.. 


   

ФVc =1905.825 Kn<Vu=1359.84Kn ….safe . 

3- Design of Bending Moment :- 

 

Critical Section at the Face of Column 

Mu =470.7*1.9**.8*.8/2=286.2KN 

Rn  
  

     
         

                       

m 
  

      
  

   

       
       

ρ 
 

 
(  √  

      

   
)  

 

    
(  √  

             

   
)          

As,req = ρ.b.d = 0.00196×1900×455 =1697.44 mm
2      
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As,min = 0.0018*1900*550= 1881 mm
2
 

As,req = 1881 mm
2
 

Use 13ø14 in Both Direction, As,provided = 2001.2mm
2
>As,required = 1881 mm

2
…  Ok  

 

Check for Spacing :- 

 

S = 3h = 3*55 = 165cm 

S = 380*(
   

 

 
      

) – 2.5*75 = 192.5 cm 

 

S = 450 cm  ……… is control 

 

Use 13ø14 in Both Direction, As,provided = 2001.2mm
2
>As,required = 1881 mm

2
…  Ok  

 

Check for strain:- 

 

a =
     

        
  

          

            
         

c  
 

  
 

     

    
          

        (
   

 
)       (

         

     
)                   

Critical Section at the Face of Column 

Mu =470.7*1.9**0.7*0.7/2=219.11KN 

Rn 
  

     
          

                        

m 
  

      
  

   

       
       

ρ 
 

 
(  √  

      

   
)  

 

     
(  √  

             

   
)          

As,req = ρ.b.d = 0.00196×1900×455 =1293.83 mm
2      

 

As,min = 0.0018*1900*550= 1881 mm
2
 

As,req = 1881 mm
2
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Use 13ø14 in Both Direction, As,provided= 2001.2mm
2
>As,required= 1881 mm

2
…  Ok  

 

 

 

 

                   Fig 4.20 :Foot Reinforcement Details. 
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4.13 Design of Basement Wall: 

 
 

 

 
Figure (4-.5): Geometry of basement. 

 

 

 

 

Fc’ = 24Mpa  Fy = 420 Mpa 

                                  ⁄  
 

          
                

             
 

4.11.1 Load on basement wall: 

For 1m length of wall: 

  * Weight of backfill: 

 

                 

             = 0.50*12.0*3.2 =30.6 KN/m 

q1 (Factored) = 1.6 *03.6 = 22.96 KN/m 

 

* Load from live load (CAR) : 

LL=2.5 KN/m2 

         
      = 0.50 * 2.5 =1.25 KN/m 
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q2 (Factored) = 1.6 *1.25 =2.0 KN/m 

 

 

4.11.2 Design of the shear force: 

Assume h = 300 mm, 
 
                   
 

Vmax =  22.2  KN 

 

6

**' dbf
Vc

wc
   

6

264*1000*24
 Vc =767.66KN 

Vu > Vc  

No shear Reinforcement is required. 

 

4.11.3 Design of bending moment: 

Mu max =22.2 KN.m 

   
  

   
 

    

   
            

 

   
      

    
 

         

         
           

  
  

        
 

   

       
       

 

  
 

 
 (  √  

      

  
) 

    
 

     
 (  √  

              

   
) 
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Select 4    Vertical reinforcement at compression face 

 

A                  

            
√   
  

      
   

  
     

             
√  

   
                    

 

         
   

   
                              

 

            
 

Select 1   Vertical reinforcement at compression face: 

 

4.10.4 Design of the horizontal reinforcement: 

                                          
 

Select          , in two layer. 
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4.14 Design of shear wal 

 

 

 

 Material and Sections:- (From Shear Wall 2)  

 
 

 concrete    B350                Fc' = 28 N/mm
2
 

 

 Reinforcement Steel         Fy = 420 N/mm
2
 

 

 Shear Wall Thickness       h = 25 cm 

 

 Shear Wall Width             Lw = 6 m 

 

 Shear Wall Height            Hw = 29.5 m 

 

 

 

 Design of Horizontal Reinforcement:- 

 

  KNVuFx   8.8503  
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The critical Section is the smaller of: 

mLwd

ControlmHwstoryheigh

m
hw

m
lw

8.468.08.0

........5.29)(

75.14
2

5.29

2

3
2

5.29

2









 

 

        
 

 
√      

                          √                                     
 

  is the smallest of :  

       
 

 
√      

 

 
√                    …….. Control 

           √      
   

   
     √                          

      *    √   
  (   √       

  

   
)

  

  
 

  

 

+                 

 
             

   
 

         

        
                

 

 

  

  
 

  
 

 
            

      
 

    

 
            

 
 

Vc =         

            

    =vu-     

Vs=vu/     

Vs=3850.8/0.75-1164.2= -3723.33kn   No need reinforcement 

 

Minimum shear reinforcementis required: 

Min(Avh/Sh)=0.0025*h 

                      =0.0025*250=0.625 

 

Select    @200mm , two layers  

Av,h=2* *   /4=157     
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157/Sh=0.625 
 
Sh=157/0.625=251.2 
 
Select Sh=200mm Smax=Lw/5=600/5=120 cm. 
 
                                            =3*h =3*25=75 cm. 

 

 Design of Vertical Reinforcement:- 

 

   

  
 [          (    

  

  
) (

   

    
       )]*250 

   

  
            (    

    

 
) (

   

       
       ) *250 

   

  
       

 

Select  10 in Two Layer 

 

    = 
       

 
 = 157 mm2 

 
   

  
          

 

  = 252 mm 

 

 

 

- Maximum spacing is the least of : 

3

Lw
= 

3

6000
 = 2000 mm 

3*h = 3*250 = 750mm 
 

450 mm ……. Control 

 

Use ϕ14/200 mm for two layers 
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 Design of Bending Moment:- 

 

    (
    

   
)                

   (
   

   
)

  

   
 (

    

        
)

   

  
        

  
  

      
   

 
 

  
 

   

         
 

        

                  
        

 

     *             
  

     
    

 

   
 + 

 

                                                            
              

 

Mub=Mu- Mn=                = -69.83 KN.m 

X 
  

    
  

  

=
    

        
=1428.57 mm 

Lb 
 

 
        

 

Mub (moment carried by boundary steel)=27287 KN.m 

Asb=Mn/{Fy*(Lw-Lb)}= 
                

              
 = 1375 mm^2 

select 8  16 with As=1608 mm^2 for each boudary element 
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