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Calculate the dead load : 

Hmin = 300 mm .   

Super imposed dead loads : 

- Plastering = 0.02*1*1*22= 0.44 KN/m2 

- Fill = 0.1*1*1*18= 1.8 KN/m2 

- Mortar = 0.03*1*1*22 = 0.66 KN/m2 

- Tiles = 20 kg/m2 = 0.2 kN/m2 

  Total SI= 3.1 kN/m2 

  Partitions = 1.5 kN/m2  

 

 

Area to determine SI 

Study Area to 

determine Self 

Weight  

B2 

B1 

B1 



Self Weight : 

 

H = 300 mm = 30 cm 

Hs = max { 40mm (with filler)  , 400/12=33.3 mm} 

     = 40 mm 

HB ~(24 cm ) , (20 Kg) 

HB= 5*20/100 = 1 KN 

Top Slab ( 6 cm) > hs=4cm 

Top Slab = (0.06)*(0.4)*(1)*(24) = 0.576 KN 

Rib = (0.3)*(0.12)*(1)*(24) = 0.864 KN  

Total dead load for study area = 2.44 KN  

Total dead load / m2 = 2.44/0.52 = 4.7 KN/m2 

Total Dead Load = S.W + SI + Partitions = 9.3 KN/m2

 

Mortar 

Fill 

Study Area 



 

 

 

Live Load = 1.9 KN/m2 

Ultimate Uniformly Load = 1.2*(DL)+1.6*(LL) = 14.2 KN/m2 

Using ACI coefficients (applied ACI code requirements) :  

 

 

B1 : ( W = Wu *(2.75) = 39.05 KN/m )  



 

 
 

 

 

B2 : ( W = Wu *(5.5) = 78.1 KN/m )  



 

Analyze the beams using SAP2000 : 

B1 : 

 

 

B2: 

 

 

 

 

 

 

 

 



Design of Beams : 
yield strength of steel used fy = 420 MPa 

Compressive strength of concrete fc’ = 28 MPa 

From table A.4: 

ρ 0.005 ρ0.004(max) ρ(min) β1 

0.0181 0.0206 0.0033 0.85 
 

 

Moment Design of beams: 
Assume: 

*One layer. 

*Cover=40mm. 

 *dst. = 10mm. 

*dbar=16mm. 

*dagg=19mm. 

 *d=300-40-10-16/2=242mm. 

 

 

   Note: positive moment has a bottom reinforcement, and negative moment has 

a top reinforcement. 

 

    

B1: 

We have three different values of moment; each one has a different 

reinforcement: 



 

1.Mu=79.07 KN.m. 

*Assume ρ=0.6ρmax =23210.0 

(4.67-4.51)/(0.0125-0.012) =(R-4.51)/(0.01236-0.012) 

R=4.625MPa 

R=Mu/(Фbd^2)>>b==300mm. 

We use 300mm to the three cases. 

 

 

 

Assume Ф=0.9 

*R= Mu/(Фbd^2) =5 MPa. 

*From table A.5a: 

(0.014-0.0135)/ (5.15-4.99) = (ρ-0.0135)/ (5-4.99) 

 ρmax>ρ=0.01353>ρmin, OK. 

*As=ρ b d=982.3mm^2. 

From table A.2: 

5Ф16>> As=995mm^2. 

Check spacing: from table A.7, OK. 

*As=ρ b d>> ρ = 0.0137 

 ρ0.005>ρ>ρmin, OK>>Ф=0.9. 

*From table A.5a: 

(5.15-4.99)/ (0.014-0.0135) = (R-4.99)/ (0.0137-0.0135) 

R=5.054 MPa. 

Check Mn: 

ρ R 

0.012 4.51 

0.0125 4.67 

ρ R 

0.0135 4.99 

0.014 5.15 

ρ R 

0.0135 4.99 

0.014 5.15 



Mn=RФbd^2=79.915 KN.m. 

Mn > Mu, OK. 

 

 

2.Mu=56.48 KN.m. 

Assume Ф=0.9 

*R= Mu/(Фbd^2) =3.57 MPa. 

*From table A.5a:   

 

(0.0095-0.009)/ (3.66-3.48) = (ρ-0.009)/ (3.57-3.48) 

 ρmax>ρ=0.00925>ρmin, OK. 

*As=ρ b d=671.55mm^2. 

From table A.2: 

4Ф16>> As=796mm^2. 

Check spacing: from table A.7, OK. 

*As=ρ b d>> ρ = 0.0109 

 ρ0.005>ρ>ρmin, OK>>Ф=0.9. 

*From table A.5a: 

(4.17-4)/ (0.011-0.0105) = (R-4)/ (0.0109-0.0105) 

R=4.136MPa. 

Check Mn: 

Mn=RФbd^2=65.399 KN.m. 

Mn > Mu, OK. 

 

 

ρ R 

0.009 3.48 

0.0095 3.57 

ρ R 

0.0105 4.00 

0.0110 4.17 



3.Mu=49.42KN.m. 

Assume Ф=0.9 

*R= Mu/(Фbd^2) =3.125MPa. 

*From table A.5a: 

(0.0085-0.008)/ (3.3-3.12) = (ρ-0.008)/ (3.125-3.12) 

 ρmax>ρ=0.00801>ρmin, OK. 

*As=ρ b d=581.8mm^2. 

From table A.2: 

3Ф16>> As=597mm^2. 

Check spacing: from table A.7, OK. 

*As=ρ b d>> ρ = 0.00822 

ρmax>ρ>ρmin, OK>>Ф=0.9. 

*From table A.5a: 

(3.3-3.12)/ (0.0085-0.008) = (R-3.12)/ (0.00822-0.008) 

R=3.1992MPa. 

Check Mn: 

Mn=RФbd^2=50.58 KN.m. 

Mn > Mu, OK. 

 

 

B2: 

We have three different values of moment; each one has a different 

reinforcement: 

1.Mu=158.14KN.m. 

*Assume ρ=0.6ρmax =23210.0 

ρ R 

0.008 3.12 

0.0085 3.30 

ρ R 

0.008 3.12 

0.0085 3.30 



(4.67-4.51)/(0.0125-0.012) =(R-4.51)/(0.01236-0.012) 

R=4.625MPa 

R=Mu/(Фbd^2)>>b=754.55mm==700mm. 

We use 700mm to the three cases. 

 

 

Assume Ф=0.9 

*R= Mu/(Фbd^2) =4.286 MPa. 

*From table A.5a: 

(0.0115-0.011)/ (4.34-4.17) = (ρ-0.011)/ (4.286-4.17) 

 ρmax>ρ=0.0113>ρmin, OK. 

*As=ρ b d=1921.19mm^2. 

From table A.2: 

10Ф16>> As=1940mm^2. 

Check spacing: from table A.7, OK. 

*As=ρ b d>> ρ = 0.01145. 

 ρ0.005>ρ>ρmin, OK>>Ф=0.9. 

*From table A.5a: 

(4.34-4.17)/ (0.0115-0.011) = (R-4.17)/ (0.01145-0.011) 

R=4.323 MPa. 

Check Mn: 

Mn=RФbd^2=159.498 KN.m. 

Mn > Mu, OK. 

 

 

ρ R 

0.012 4.51 

0.0125 4.67 

ρ R 

0.011 4.17 

0.0115 4.34 

ρ R 

0.011 4.17 

0.0115 4.34 



2.Mu=113KN.m. 

Assume Ф=0.9 

*R= Mu/(Фbd^2) =3.06 MPa. 

*From table A.5a:   

 

(0.0095-0.009)/ (3.66-3.48) = (ρ-0.009)/ (3.57-3.48) 

 ρmax>ρ=0.00783>ρmin, OK. 

*As=ρ b d=1327mm^2. 

From table A.2: 

7Ф16>> As=1393mm^2. 

Check spacing: from table A.7, OK. 

*As=ρ b d>> ρ = 0.00822 

 ρ0.005>ρ>ρmin, OK>>Ф=0.9. 

*From table A.5a: 

(3.3-3.12)/ (0.0085-0.008) = (R-3.12)/ (0.00822-0.008) 

R=3.1992 MPa. 

Check Mn: 

Mn=RФbd^2=118.035 KN.m. 

Mn > Mu, OK. 

 

 

 

 

 

 

ρ R 

0.0075 2.94 

0.008 3.12 

ρ R 

0.008 3.12 

0.0085 3.3 



 

3.Mu=98.84KN.m. 

Assume Ф=0.9 

*R= Mu/(Фbd^2) =2.678MPa. 

*From table A.5a: 

(0.007-0.0065)/ (2.76-2.57) = (ρ-0.0065)/ (2.678-2.57) 

 ρmax>ρ=0.0.00678>ρmin, OK. 

*As=ρ b d=1149.2mm^2. 

From table A.2: 

6Ф16>> As=1194mm^2. 

Check spacing: from table A.7, OK  

*As=ρ b d>> ρ = 0.00704 

ρmax>ρ>ρmin, OK>>Ф=0.9. 

*From table A.5a: 

(2.94-2.76)/ (0.0075-0.007) = (R-2.76)/ (0.00704-0.007) 

R=2.7744 MPa. 

Check Mn: 

Mn=RФbd^2=102.36 KN.m. 

Mn > Mu, OK. 

 

 

 

 

 

 

ρ R 

0.0065 2.57 

0.007 2.76 

ρ R 

0.007 2.76 

0.0075 2.94 



Shear Design of beams: 
 

B1 : (b=300mm ,d=242mm, column width =500mm): 

Vu = 87.86 KN                                                                           

Vc = 0.17 *(fc’)1/2 *b*d = 65.3 KN                                           

ф Vc = 48.98 KN  

ф Vc /2 = 24.49 KN 

locate region 1 (no need shear reinforcement) 

  X1=2.25*(24.49/87.86)=0.627m 

Distance at d (from center of column) = 0.25 + 0.242 = 0.492m 

Vu@d = 87.86*((2.25-0.492)/2.25)  

Vu@d = 68.65 KN = ф Vs + ф Vc 

   Vs = 26.23 KN < 2*(Vc) 

Smax = min { Av*fy / 0.062 * (fc’)1/2 *bw , Av*fy / 0.35*bw , d/2 = 121mm , 600mm} 

From table A.1 : Av= 2*(71)=142 mm2 

Smax =121 mm ~ 100 mm  VSmax = Av*fy*d/Smax =144.33 KN  

To locate region 2 ( with max. space between stirrups ) : 

Vu = ф Vs + ф Vc  = 157.23 KN > Vu @d =68.65 KN  

At Smax stirrups can resiste the ultimate shear – no need to special space. 

 X2 = 2.25 -0.492-X1 = 1.131 m  

# of stirrups = 1 + X2/Smax = 1 + 1.131/0.1 = 12.31 ~ 13 stirrup  

 

 

 



Vu = 101.04 KN 

Vc = 0.17 *(fc’)1/2 *b*d = 65.3 KN 

ф Vc = 48.98 KN  

ф Vc /2 = 24.49 KN 

locate region 1 (no need shear reinforcement) 

  X1=2.25*(24.49/101.04)=0.545m 

Distance at d (from center of column) = 0.25 + 0.242 = 0.492m 

Vu@d = 101.04*((2.25-0.492)/2.25)  

Vu@d = 78.95 KN = ф Vs + ф Vc 

   Vs = 39.96 KN < 2*(Vc) 

Smax = min { Av*fy / 0.062 * (fc’)1/2 *bw , Av*fy / 0.35*bw , d/2 = 121mm , 600mm} 

From table A.1 : Av= 2*(71)=142 mm2 

Smax =121 mm ~ 100 mm  VSmax = Av*fy*d/Smax =144.33 KN  

To locate region 2 ( with max. space between stirrups ) : 

Vu = ф Vs + ф Vc  = 157.23 KN > Vu@d =78.95 KN  

At Smax stirrups can resiste the ultimate shear – no need to special space. 

 X2 = 2.25 -0.492-X1 = 1.213 m 

# of stirrups = 1 + X2/Smax = 1 + 1.213/0.1 = 13.13 ~ 14 stirrup 

For B1 : 

Total # of stirrup = 4*13 + 2*14 = 80 stirrup 



 

B2 : (b=700mm ,d=242mm, column width =500mm)  

Vu = 175.72 KN 

Vc = 0.17 *(fc’)1/2 *b*d = 152.39 KN 

ф Vc = 114.29 KN  

ф Vc /2 = 57.144 KN 

locate region 1 (no need shear reinforcement) 

  X1=2.25*(57.144/175.72)=0.732m 

Distance at d (from center of column) = 0.25 + 0.242 = 0.492m 

Vu@d = 175.72*((2.25-0.492)/2.25)  

Vu@d = 137.3 KN = ф Vs + ф Vc 

   Vs = 30.675 KN < 2*(Vc) 

Smax = min { Av*fy / 0.062 * (fc’)1/2 *bw , Av*fy / 0.35*bw , d/2 = 121mm , 600mm} 

From table A.1 : Av= 2*(71)=142 mm2 

Smax =121 mm ~ 100 mm  VSmax = Av*fy*d/Smax =144.33 KN  

To locate region 2 ( with max. space between stirrups ) : 

Vu = ф Vs + ф Vc  = 222.54 KN > Vu@d =137.3 KN  

At Smax stirrups can resiste the ultimate shear – no need to special space. 



 X2 = 2.25 -0.492-X1 = 1.026 m  

# of stirrups = 1 + X2/Smax = 1 + 1.026/0.1 = 11.26 ~ 12 stirrup 

  

Vu = 202.08 KN 

Vc = 0.17 *(fc’)1/2 *b*d = 152.39 KN 

ф Vc = 114.29 KN  

ф Vc /2 = 57.144 KN 

locate region 1 (no need shear reinforcement) 

  X1=2.25*(57.144/202.08)=0.636m 

Distance at d (from center of column) = 0.25 + 0.242 = 0.492m 

Vu@d = 202.08*((2.25-0.492)/2.25)  

Vu@d = 157.892 KN = ф Vs + ф Vc 

   Vs = 58.136 KN < 2*(Vc) 

Smax = min { Av*fy / 0.062 * (fc’)1/2 *bw , Av*fy / 0.35*bw , d/2 = 121mm , 600mm} 

From table A.1 : Av= 2*(71)=142 mm2 

Smax =121 mm ~ 100 mm  VSmax = Av*fy*d/Smax =144.33 KN  

To locate region 2 ( with max. space between stirrups ) : 

Vu = ф Vs + ф Vc  = 222.54 KN > Vu@d =157.892 KN   

At Smax stirrups can resiste the ultimate shear – no need to special space. 

 X2 = 2.25 -0.492-X1 = 1.122 m  

# of stirrups = 1 + X2/Smax = 1 + 1.122/0.1 = 12.22 ~ 13 stirrup 

For B2 : 

Total # of stirrup = 4*12 + 2*13 = 74 stirrup 

Practical approach : # of stirrups in B1 or B2 = 6*(2.25-0.492)/0.1 +6 = 112 stirrup   

 



 

 

 

 

 

 



Detailing for Beams , 

 side views and cross sections : 

 
For B1 : 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



For B2: 

 

 

 

 

 

 

 

 



Details :  

Stirrups : 

 

Minimum inside bend diameter = 4 *16 = 64 mm 

Length of extension = max { 6*db , 75 } = 96 mm 

 



Hook at the end of beams : 

 

Minimum inside bend diameter = 6*16 = 96mm 

Lext. =12*16 = 192 mm  

 

 

 

 

 


