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One way joist Slab formula: 

𝑅𝑛 =
𝑀𝑢 0.9 

𝑏 ∗ 𝑑2
∗ 106 = 𝑀𝑝𝑎   , 𝑑 =  − 20−

𝑑𝑏
2
− 𝑑𝑠 =  ___𝑚𝑚 

𝑚 =
𝑓𝑦

0.85 ∗ 𝑓𝑐
= __ , 𝜌 =

1

𝑚
 1− 1−

2 ∗ 𝑅𝑛 ∗ 𝑚

𝑓𝑦
   = __ 

𝐴𝑠 = 𝜌 ∗ 𝑏 ∗ 𝑑 = __ 𝑚𝑚2 , 𝐴𝑠 𝑚𝑖𝑛 = 𝑚𝑎𝑥 

 
 
 
 

1.4

420
∗ 𝑏𝑤 ∗ 𝑑

 𝑓𝑐
4 ∗ 420

∗ 𝑏𝑤 ∗ 𝑑 
 
 
 

= __ 𝑚𝑚2 

𝑛 =
𝐴𝑠 

𝐴𝑏  
= 𝑟𝑒𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟                    𝑓𝑜𝑟 𝑓𝑙𝑒𝑥𝑢𝑟𝑎𝑙 → 𝑛 ∅𝑑𝑏  

𝐴𝑠 𝑠𝑟𝑖𝑛𝑘𝑎𝑔𝑒 = 0.0018 ∗ 1000 ∗ 𝑓 = __ 𝑚𝑚2 

𝑆𝑚𝑎𝑥 = min 
𝐴𝑏
𝐴𝑠
∗ 1000 = __𝑚𝑚 , 300𝑚𝑚, 4 ∗ 𝑓  

𝑉𝑢 =
𝐶𝑣∗𝑤𝑢 ∗𝐿𝑛

2
          ,   ∅𝑉𝑐 = 1.1 ∗ 0.75 ∗

 𝑓𝑐

6
∗ 𝑏𝑤 ∗ 𝑑 ∗ 10−3 = ___𝑘𝑛 

∅𝑉𝑐 > 𝑉𝑢       𝑛𝑜 𝑛𝑒𝑒𝑑 𝑡𝑜 𝑠𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑚𝑒𝑛𝑡 

Beam formula:- 

𝑅𝑛 =
𝑀𝑢 0.9 

1000 ∗ 𝑑2
∗ 106 = ___𝑀𝑝𝑎   

  𝑑 = 600− 40− 𝑑𝑠 −
𝑑𝑏
2

= ___ 𝑚𝑚   𝑜𝑛𝑒 𝑙𝑎𝑦𝑒𝑟  

  𝑑 = 600− 40− 𝑑𝑠 − 25−
𝑆

2
= ___ 𝑚𝑚   𝑡𝑤𝑜 𝑙𝑎𝑦𝑒𝑟  

𝑚 =
𝑓𝑦

0.85 ∗ 𝑓𝑐
= ___ , 𝜌 =

1

𝑚
 1− 1−

2 ∗ 𝑅𝑛 ∗ 𝑚

𝑓𝑦
   = ___ 

𝐴𝑠 = 𝜌 ∗ 𝑏 ∗ 𝑑 = __ 𝑚𝑚2 ,   

𝐴𝑠 𝑚𝑖𝑛 = max

 
 
 
 

1.4

420
∗ 𝑏𝑤 ∗ 𝑑

 𝑓𝑐
4 ∗ 420

∗ 𝑏𝑤 ∗ 𝑑 
 
 
 

=______𝑚𝑚 2   
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𝑐𝑒𝑐𝑘            𝐴𝑠 > 𝐴𝑠 𝑚𝑖𝑛       𝑜𝑘      ,            𝑛 =
𝐴𝑠 

𝐴𝑏  
= 𝑟𝑒𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 

𝑐𝑒𝑐𝑘      𝑏𝑚𝑖𝑛 = 80 + 60 +  𝑛 − 1  𝑑𝑏 + 25  > 𝑏          𝑜𝑘 

𝑖𝑓  
𝑎𝑏
𝑑

=  𝛽1  
600

600 + 𝑓𝑦
 >

𝑎

𝑑
        ∴  𝑓𝑠=𝑓𝑦  

𝑖𝑓  
𝑎𝑇𝐶𝐿
𝑑𝑡

= 0.375 𝛽1  >
𝑎

𝑑𝑡
     ∴  𝑇𝑒𝑛𝑠𝑖𝑜𝑛 − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 

∅𝑉𝑐 = 0.75 ∗
 𝑓𝑐

6
∗ 𝑏𝑤 ∗ 𝑑 ∗ 10−3 = ___𝑘𝑛 

𝑉𝑠 =
𝑉𝑢 − ∅𝑉𝑐

0.75
= __𝑘𝑛 

𝐴𝑣 = 2 ∗ 𝜋
𝑑𝑠

2

4
= ___ 𝑚𝑚2  (𝑡𝑤𝑜 𝑙𝑒𝑔) 

𝑆 =
𝐴𝑣 ∗ 𝑓𝑦 ∗ 𝑑

𝑉𝑠
∗ 10−3___𝑚𝑚 

𝑖𝑓   𝑉𝑠 ≤ 2𝑉𝑐  

𝑆𝑚𝑎𝑥 = min(600  ,
𝑑

2
 ) 

𝑖𝑓  2𝑉𝑐 <  𝑉𝑠 ≤ 4𝑉𝑐  

𝑆𝑚𝑎𝑥 = min 300  ,
𝑑

4
   

𝑖𝑓   𝑉𝑠 > 4𝑉𝑐  

𝑛𝑒𝑒𝑑 𝑡𝑜 𝑖𝑛𝑐𝑟𝑒𝑠𝑒 𝑡𝑒 𝑠𝑒𝑐𝑡𝑖𝑜𝑛  

𝑖𝑓   𝑉𝑢 <
1

2
∅𝑉𝑐  

𝑛𝑜 𝑛𝑒𝑒𝑑 𝑓𝑜𝑟 𝑠𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑚𝑒𝑛𝑡 

𝑖𝑓  ∅𝑉𝑐 >  𝑉𝑢 >
1

2
∅𝑉𝑐  

𝑛𝑒𝑒𝑑 𝑡𝑜 𝑝𝑟𝑜𝑣𝑖𝑑𝑒 𝑚𝑖𝑛𝑚𝑢𝑚𝑒  

 𝑎𝑣 𝑚𝑖𝑛 = max{  
1

16
 𝑓𝑐  ∗ 𝑏𝑤 ∗

𝑠

𝑓𝑦
  , ( 

𝑏𝑤 ∗ 𝑠

3𝑓𝑦
 )} 
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Example 1: 

The figure shown below shows the architectural plan for 3-story building. The slab will be designed to 
carry super imposed dead load (1.5KN/m2) and Live load (3KN/ m2)   by compressive strength 25 Mpa 
and steel yield strength 420 Mpa. 

Given data: 

The one way joist slab is used. 

Weight of block =12Kn/m3        

𝑓 = 50 𝑚𝑚  ,    𝑤 = 250 𝑚𝑚  ,    𝑏𝑤 = 120 𝑚𝑚 ,   𝑆 = 500 𝑚𝑚  

The beams dimensions = (300,600) mm  

The columns dimensions= (300,500) mm 

B 

8m 

8m 

Strip strip 

  

4m 4m 4m 4m A 

C 

Typical joist slab 

مــمــدوح
Typewriter

مــمــدوح
Typewriter
Eng.mumdoh al-bosily



CE472 
 

 Page 5 
 

Determine the following: 

1- Check if Slab thickness meets SBC304.  

2-  Design the slab for Max +Ve moment. 

3- Design the slab for Max -Ve moment. 

4- Check the slab for Shear reinforcement. 

5- Draw the details and show all value. 

6- Design the beam (A-B) for flexure and shear.  

7- Calculate the axial load acting on column C. 

Solution:  

𝑚𝑖𝑛 =
𝑙

21
=

4000

21
= 190.5 𝑚𝑚 

𝑚𝑖𝑛 =
𝑙

18.5
=

4000

18.5
= 216.2 𝑚𝑚 

𝑚𝑖𝑛 = max(190.5  , 216.2) = 216.2 𝑚𝑚 

 = 300 𝑚𝑚 > 𝑚𝑖𝑛 → 𝑜𝑘 

𝑓 ≥ 50𝑚𝑚  ,
500

12
= 41,67 𝑚𝑚 = 50 𝑚𝑚                 𝑓 = 50 𝑚𝑚     𝑜𝑘 

𝑤 ≯ 3.5 ∗ 120 = 4200𝑚𝑚                𝑤 = 250    𝑚𝑚    𝑜𝑘 

𝑏𝑤 ≥ 100 𝑚𝑚              𝑏𝑤 = 120 𝑚𝑚    𝑜𝑘 

𝑆 ≯ 800 mm                𝑆 = 500𝑚𝑚   𝑜𝑘   

𝑏𝑓 = 500 + 120 = 620  mm                

 

 

 

 

 

 

  

 

hf 

hw 

bw bw 

h 

S bw 

hf 

hw 

bf 
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𝐷𝐿 = 𝑜𝑤𝑛 𝑤𝑒𝑖𝑔𝑡 + 𝑠𝑢𝑝𝑒𝑟𝑖𝑚𝑝𝑜𝑠𝑒𝑑 

𝐷𝐿 =  0.05 ∗ 25 + 1.5 = 2.75 𝑘𝑛 𝑚2  

𝐿𝐿 = 3 𝑘𝑛 𝑚2  

𝑊𝑢 = 1.4𝐷𝐿 + 1.7𝐿𝐿 

𝑊𝑢 = 1.4 2.75 + 1.7 3 = 8.95𝑘𝑛 𝑚2  

Load on typical rip: 

𝐷𝐿/𝑟𝑖𝑝 =  2.75 ∗ 0.62 +  0.25 ∗ 0.12 ∗ 25 +  0.5 ∗ 0.25 ∗ 12 = 3.955 𝑘𝑛/𝑚 

𝐿𝐿/𝑟𝑖𝑝 =  3 ∗ 0.62 = 1.86 𝑘𝑛/𝑚 

𝑊𝑢/𝑟𝑖𝑝 = 1.4 3.955 + 1.7 1.86 = 8.7 𝑘𝑛/𝑚 

 

 

 

Lu (m) 4m 4m 4m 4m 

Ln (m) 3.7m 3.7m 3.7m 3.7m 

Cm 1/24 1/14 1/10 1/11 1/16 1/11 1/11 1/16 1/11 1/10 1/14 1/24 

Wu(kn/m2)   8.7 8.7 8.59 8.59 8.59 8.59 8.59 8.59 8.7 8.7 8.59 

Mu(kn.m)   8.51 11.91 7.99 5.99 7.99 7.99 5.99 7.99 11.91 8.51 7.99 

d (mm)   267 267 104 104 104 104 104 104 267 267 104 

Rn (Mpa)   0.214 1.55 0.821 0.615 0.821 0.821 0.615 0.821 1.55 0.214 0.821 

Ρ   0.00051 0.0038 0.002 0.0015 0.002 0.002 0.0015 0.002 0.0038 0.00051 0.002 

As (mm2)   84.75 123 208 156 208 208 156 208 123 84.75 208 

As min(mm2)   106.8 106.8 234 234 234 234 234 234 106.8 106.8 234 

As (mm2)   106.8 123 234 234 234 234 234 234 123 106.8 234 

N   1.36 1.57 260 260 260 260 260 260 1.57 1.36 260 

Use    2ф10 2ф10 234 234 234 234 234 234 2ф10 2ф10 234 

As 

shrinkage(mm2) 
 90 90       90 90  

S max( mm)  200 200       200 200  

Cv    1.15 1  1 1  1 1.15  1 

Vu (kn)    18.51 17.75  17.75 17.75  17.75 18.51  17.75 

φVc (kn)    22.03 65  65 65  65 22.03  65 

4m 4m 4m 4m 
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𝒔𝒂𝒎𝒑𝒍𝒆 𝒐𝒇 𝒄𝒂𝒄𝒍𝒖𝒂𝒕𝒊𝒐𝒏𝒔 

𝐿𝑢 = 4𝑚 , 𝐿𝑛 = 4 − 0.15− 0.15 = 3.7𝑚 

𝐶𝑚 =
1

10
 , 𝑀𝑢 =

1

10
∗ 8.7 ∗ 3.72 = 11.91 𝑘𝑛.𝑚 

  𝑑 = 300− 20− 8−
10

2
= 267 𝑚𝑚  , 𝑅𝑛 =

11.91 0.9 

120 ∗ 2672
∗ 106 = 1.55 𝑀𝑝𝑎  

𝑚 =
420

0.85 ∗ 25
= 19.765 , 𝜌 =

1

19.765
 1− 1 −

2 ∗ 1.55 ∗ 19.765

420
   = 0.0038 

𝐴𝑠 = 0.0038 ∗ 120 ∗ 267 = 123  𝑚𝑚2 , 𝐴𝑠 𝑚𝑖𝑛 = 𝑚𝑎𝑥 

 
 
 
 

1.4

420
∗ 120 ∗ 267

 𝑓𝑐
4 ∗ 420

∗ 100 ∗ 225 
 
 
 

= 106.8 𝑚𝑚2  

𝑛 =
𝐴𝑠 

𝐴𝑏  
=

123

78.5
= 1.57 ≈ 2 

𝑓𝑜𝑟 𝑓𝑙𝑒𝑥𝑢𝑟𝑎𝑙 → 𝑢𝑠𝑒   2 ∅10 

𝐴𝑠 𝑠𝑟𝑖𝑛𝑘𝑎𝑔𝑒 = 0.0018 ∗ 1000 ∗ 50 = 90 𝑚𝑚2 

𝑆𝑚𝑎𝑥 = min  
78.5

90
∗ 1000 = 872.2𝑚𝑚 , 300𝑚𝑚, 4 ∗ 50 = 200 = 200𝑚𝑚 

𝑓𝑜𝑟 𝑠𝑟𝑖𝑛𝑘𝑎𝑔𝑒 → 𝑢𝑠𝑒 ∅10@200 𝑚𝑚 

𝐶𝑣 = 1.15 , 𝑉𝑢 =
1.15 ∗ 8.7 ∗ 3.7

2
= 18.51 𝑘𝑛 

∅𝑉𝑐 = (1.1)0.75 ∗
 25

6
∗ 120 ∗ 267 ∗ 10−3 = 22.03 𝑘𝑛 

∅𝑉𝑐 > 𝑉𝑢 →  𝑠𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑚𝑒𝑛𝑡 𝑖𝑠 𝑛𝑜𝑡 𝑛𝑒𝑒𝑑𝑒𝑑 
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Design of beam (A-B) :- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Load acting on the beam (A-B) 

1- Dead load: 

𝐷𝐿 =
3.955

0.62
∗  1.85 + 1.85 +  1.5 ∗ 0.3 +  0.6 ∗ 0.3 ∗ 25 = 28.55𝑘𝑛 𝑚  

2- Live load 

𝐿𝐿 =
1.86

0.62
∗  1.85 + 1.85 +  3 ∗ 0.3 = 12𝑘𝑛 𝑚  

𝑊𝑢 = 1.4 28.55 + 1.7 12 = 60.37 𝑘𝑛 𝑚  

B 

8m 

8m 

Strip strip 

 

4m 4m 4m 4m A 
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𝒔𝒂𝒎𝒑𝒍𝒆 𝒐𝒇 𝒄𝒂𝒄𝒍𝒖𝒂𝒕𝒊𝒐𝒏𝒔 

𝐿𝑢 = 8𝑚 , 𝐿𝑛 = 8 − 0.15− 0.15 = 7.7𝑚 

𝐶𝑚 =
1

9
 , 𝑀𝑢 =

1

9
∗ 60.37 ∗ 7.72 = 397.7 𝑘𝑛.𝑚 

  𝑑 = 600− 40− 10− 20−
25

2
= 517.5 𝑚𝑚   𝑡𝑤𝑜 𝑙𝑎𝑦𝑒𝑟  

𝑅𝑛 =
397.7 0.9 

300 ∗ 517.52
∗ 106 = 5.5 𝑀𝑝𝑎  

𝑚 =
420

0.85 ∗ 25
= 19.765 , 𝜌 =

1

19.765
 1− 1−

2 ∗ 5.5 ∗ 19.765

420
   = 0.0155 

𝐴𝑠 = 0.0155 ∗ 300 ∗ 517.5 = 2406.375 𝑚𝑚2  ,   

Lu (m) 8m 8m 

Ln(m) 7.7m 7.7m 

Wu(kn/m) 60.37 

Cm 1/16 1/14 1/9 1/9 1/14 1/16 

Mu (kn.m)  255.7 397.7 397.7 255.7  

d(mm)  517.5 ( two  layer) 517.5(two layer) 517.5(two layer) 517.5 ( two  layer)  

Rn(Mpa)  3.54 5.5 5.5 3.54  

Ρ  0.0093 0.0155 0.0155 0.0093  

As(mm2)  1443.825 2406.375 2406.375 1443.825  

As min (mm2)  517.5 517.5 517.5 517.5  

n  4.59≈5 7.66≈8 7.66≈8 4.59≈5  

Fs=Fy   Ok Ok Ok Ok  

TCL  Ok Ok Ok Ok  

b min (mm)  0K OK OK 0K  

Use  5∅20 8∅20 8∅20 5∅20  

Cv 1  1.15 1.15  1 

Vu (kn) 232.4  267.3 267.3  232.4 

φVc (kn) 97.03  97.03 97.03  97.03 

Vs (kn) 180.5  227.03 227.03  180.5 

Av (mm2) 157  157 157  157 

S (mm) 189.1  150.31 150.31  189.1 

S max (mm) 258.75  258.75 258.75  258.75 

Use ∅10@185  ∅10@150 ∅10@150  ∅10@185 
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𝐴𝑠 𝑚𝑖𝑛 =
1.4

420
∗ 300 ∗ 517.5 = 517 𝑚𝑚2 

𝐴𝑠 𝑚𝑖𝑛 =
 25

4 ∗ 420
∗ 300 ∗ 517.5 = 462.1 𝑚𝑚2 

𝐴𝑠 𝑚𝑖𝑛 = max 517,462.1 = 517𝑚𝑚2 

𝑛 =
2406.375

314
= 7.66 ≈ 8 

𝑎 =
8 ∗ 314 ∗ 420

0.85 ∗ 25 ∗ 300
= 165.5 𝑚𝑚 

  
𝑎𝑏
𝑑

= 0.5 >
𝑎

𝑑
=  0.32       ∴  𝑓𝑠=𝑓𝑦  

  
𝑎𝑇𝐶𝐿
𝑑𝑡

= 0.31875 >
𝑎

𝑑𝑡
= 0.306             ∴  𝑇𝑒𝑛𝑠𝑖𝑜𝑛 − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 

𝑓𝑜𝑟 𝑓𝑙𝑒𝑥𝑢𝑟𝑒 𝑢𝑠𝑒  8∅20 

𝐶𝑣 = 1.15 , 𝑉𝑢 =
1.15 ∗ 60.3 ∗ 7.7

2
= 267.3 𝑘𝑛 

∅𝑉𝑐 = 0.75 ∗
 25

6
∗ 300 ∗ 517.5 ∗ 10−3 = 97.03𝑘𝑛 

𝑉𝑠 =
267.3− 97.03

0.75
= 227.03 𝑘𝑛 

𝐴𝑣 = 2 ∗ 𝜋
102

4
= 157 𝑚𝑚2  (𝑡𝑤𝑜 𝑙𝑒𝑔) 

𝑆 =
157 ∗ 420 ∗ 517.5

227.03
∗ 10−3 = 150.31  𝑚𝑚 

𝑉𝑠 ≤ 2𝑉𝑐  

𝑆𝑚𝑎𝑥 = 𝑚𝑖𝑛  300,
517.5

2
= 258.75 = 258.75 𝑚𝑚 

𝑢𝑠𝑒 ∅10@150𝑚𝑚 
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Axial load on column C:- 

Beam s in x- direction: 

𝐷𝐿 =   0.3 ∗ 0.6 ∗ 25 ∗
4

2
 +   0.3 ∗ 0.6 ∗ 25 ∗

4

2
 = 18 𝑘𝑛 

𝐿𝐿 = 0 + 0 = 0 𝑘𝑛 

Beams in y- direction: 

𝐷𝐿 =   0.3 ∗ 0.6 ∗ 25 +  1.5 ∗ 0.3 +  
3.955

0.62
∗ 3.7  ∗

8

2

+   0.3 ∗ 0.6 ∗ 25 +  1.5 ∗ 0.3 +  
3.955

0.62
∗ 3.7  ∗

8

2
= 228.42 𝑘𝑛 

𝐿𝐿 =  
1.86

0.62
 3.7 + (3 ∗ 0.3) ∗

8

2
+  

1.86

0.62
 3.7 + (3 ∗ 0.3) ∗

8

2
= 96 𝑘𝑛 

𝑊𝑢 = 1.4 18 + 228.42 + 1.7 96 = 508.188 𝑘𝑛 
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Example 2: 

Given data:- 

𝑓𝑐 = 30 𝑀𝑝𝑎    ,𝑓𝑦 = 420 𝑀𝑝𝑎 

𝑠𝑢𝑝𝑒𝑟 𝑖𝑚𝑝𝑜𝑠𝑒𝑑 = 2.5𝑘𝑛/𝑚2   ,   𝐿𝐿 = 3𝑘𝑛/𝑚2 

 𝑓 = 50 𝑚𝑚  ,    𝑤 = 250 𝑚𝑚  ,    𝑏𝑤 = 120 𝑚𝑚 ,   𝑆 = 500 𝑚𝑚   , Weight of block =12Kn/m3        

 𝑏𝑒𝑎𝑚𝑠 𝑠𝑖𝑧𝑒 =  700,400      , 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 𝑠𝑖𝑧𝑒  500,400       ,           𝑤𝑒𝑖𝑔𝑡 𝑜𝑓 𝑤𝑎𝑙𝑙 = 15𝑘𝑛/𝑚 

Required:- 

Design the one way joist slab for flexure and shear. 

Design the beam (A-D) for flexure and shear. 

Compute the axial load on column C. 

  B 

4.4m 4.4m 4.4m 4.4m 

C 

9 m 

9 m 

9 m 

A 

Typical joist slab 
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𝑚𝑖𝑛 =
𝑙

28
=

4400

21
= 209.5 𝑚𝑚 

𝑚𝑖𝑛 =
𝑙

24
=

4400

18.5
= 237.8 𝑚𝑚 

𝑚𝑖𝑛 = max(209.5  , 237.8) = 237.8 𝑚𝑚 

 > 𝑚𝑖𝑛 → 𝑜𝑘 

 = 300 𝑚𝑚 > 𝑚𝑖𝑛 → 𝑜𝑘 

𝑓 ≥ 50𝑚𝑚  ,
500

12
= 41,67 𝑚𝑚 = 50 𝑚𝑚                 𝑓 = 50 𝑚𝑚     𝑜𝑘 

𝑤 ≯ 3.5 ∗ 100 = 350𝑚𝑚                𝑤 = 250    𝑚𝑚    𝑜𝑘 

𝑏𝑤 ≥ 100 𝑚𝑚              𝑏𝑤 = 120 𝑚𝑚    𝑜𝑘 

𝑆 ≯ 800 mm                𝑆 = 500𝑚𝑚   𝑜𝑘   

𝑏𝑓 = 500 + 120 = 620  mm                

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

hf 

hw 

bw bw 

h 

S bw 

hf 

hw 

bf 
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𝐷𝐿 = 𝑜𝑤𝑛 𝑤𝑒𝑖𝑔𝑡 + 𝑠𝑢𝑝𝑒𝑟𝑖𝑚𝑝𝑜𝑠𝑒𝑑 

𝐷𝐿 =  0.05 ∗ 25 + 2.5 = 3.75 𝑘𝑛 𝑚2  

𝐿𝐿 = 3 𝑘𝑛 𝑚2  

𝑊𝑢 = 1.4𝐷𝐿 + 1.7𝐿𝐿 

𝑊𝑢 = 1.4 3.75 + 1.7 3 = 10.35𝑘𝑛 𝑚2  

Load on typical rip: 

𝐷𝐿/𝑟𝑖𝑝 =  3.75 ∗ 0.62 +  0.25 ∗ 0.12 ∗ 25 +  0.5 ∗ 0.25 ∗ 12 = 4.575 𝑘𝑛/𝑚 

𝐿𝐿/𝑟𝑖𝑝 =  3 ∗ 0.62 = 1.86 𝑘𝑛/𝑚 

 

𝑊𝑢/𝑟𝑖𝑝 = 1.4 4.575 + 1.7 1.86 = 9.567 𝑘𝑛/𝑚 

 

 

 

Lu (m) 4.4m 4.4m 4.4m 4.4m 

Ln (m) 4m 4m 4m 4m 

Cm 1/24 1/14 1/10 1/11 1/16 1/11 1/11 1/16 1/11 1/10 1/14 1/24 

Wu(kn/m2)  9.567 9.567 8.59 8.59 8.59 8.59 8.59 8.59 9.567 9.567 8.59 

Mu(kn.m)  10.93 15.31 7.99 5.99 7.99 7.99 5.99 7.99 15.31 10.93 7.99 

d (mm)  267 267 104 104 104 104 104 104 267 267 104 

Rn (Mpa)  0.275 1.99 0.821 0.615 0.821 0.821 0.615 0.821 1.99 0.275 0.821 

Ρ  0.00066 0.0049 0.002 0.0015 0.002 0.002 0.0015 0.002 0.0049 0.00066 0.002 

As (mm2)  109.3 157 208 156 208 208 156 208 157 109.3 208 

As min(mm2)  106.8 106.8 234 234 234 234 234 234 106.8 106.8 234 

As (mm2)  109.3 157 234 234 234 234 234 234 157 109.3 234 

N  1.39 1.999 260 260 260 260 260 260 1.999 1.39 260 

Use  2ф10 2ф10 234 234 234 234 234 234 2ф10 2ф10 234 

As 

shrinkage(mm2) 
 90 90       90 90  

S max( mm)  200 200       200 200  

Cv   1.15 1  1 1  1 1.15  1 

Vu (kn)   22.0041 17.75  17.75 17.75  17.75 22.0041  17.75 

φVc (kn)   24.13 65  65 65  65 24.13  65 
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𝒔𝒂𝒎𝒑𝒍𝒆 𝒐𝒇 𝒄𝒂𝒄𝒍𝒖𝒂𝒕𝒊𝒐𝒏𝒔 

𝐿𝑢 = 4.4𝑚 , 𝐿𝑛 = 4.4− 0.2− 0.2 = 4𝑚 

𝐶𝑚 =
1

10
 , 𝑀𝑢 =

1

10
∗ 9.567 ∗ 42 = 15.31 𝑘𝑛.𝑚 

 𝑑 = 300− 20− 8 −
10

2
= 267 𝑚𝑚 ,         𝑅𝑛 =

15.31 0.9 

120 ∗ 2672
∗ 106 = 1.99 𝑀𝑝𝑎 ,  

    

𝑚 =
420

0.85 ∗ 30
= 16.471 , 𝜌 =

1

16.471
 1− 1 −

2 ∗ 1.99 ∗ 16.471

420
   = 0.0049 

𝐴𝑠 = 0.0049 ∗ 120 ∗ 267 = 157 𝑚𝑚2   ,   𝐴𝑠 𝑚𝑖𝑛 = 𝑚𝑎𝑥 

 
 
 
 

1.4

420
∗ 120 ∗ 267

 𝑓𝑐
4 ∗ 420

∗ 100 ∗ 225 
 
 
 

= 106.8 𝑚𝑚2  

𝑓𝑜𝑟 𝑓𝑙𝑒𝑥𝑢𝑟𝑎𝑙 → 𝑢𝑠𝑒 2∅110 

𝐴𝑠 𝑠𝑟𝑖𝑛𝑘𝑎𝑔𝑒 = 0.0018 ∗ 1000 ∗ 50 = 90 𝑚𝑚2 

𝑆𝑚𝑎𝑥 = min  
78.5

90
∗ 1000 = 872.2𝑚𝑚 , 300𝑚𝑚, 4 ∗ 50 = 200 = 200𝑚𝑚 

𝑓𝑜𝑟 𝑠𝑟𝑖𝑛𝑘𝑎𝑔𝑒 → 𝑢𝑠𝑒 ∅10@200 𝑚𝑚 

𝐶𝑣 = 1.15 , 𝑉𝑢 =
1.15 ∗ 9.567 ∗ 4

2
= 22.0041 𝑘𝑛 

∅𝑉𝑐 = (1.1)0.75 ∗
 30

6
∗ 120 ∗ 267 ∗ 10−3 = 24.13𝑘𝑛 

∅𝑉𝑐 > 𝑉𝑢 →  𝑠𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑚𝑒𝑛𝑡 𝑖𝑠 𝑛𝑜𝑡 𝑛𝑒𝑒𝑑𝑒𝑑 
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Load acting on the beam (A-B) 

1- Dead load: 

𝐷𝐿 =
4.575 

0.62
∗  2 + 2 + 15 +  2.5 ∗ 0.4 +  0.7 ∗ 0.4 ∗ 25 = 52.52𝑘𝑛 𝑚  

2- Live load 

𝐿𝐿 =
1.86

0.62
∗  2 + 2 +  3 ∗ 0.4 = 13.2𝑘𝑛 𝑚  

𝑊𝑢 = 1.4 52.52 + 1.7 13.2 = 95.968 𝑘𝑛 𝑚  

 

 

  

Lu (m) 9m 9m 9m 

Ln(m) 8.6m 8.6m 8.6m 

Wu(kn/m) 95.968 

Cm 1/16 1/14 1/10 1/11 1/16 1/11 1/10 1/14 1/16 

Mu (kn.m)  507 710    710 507  

d(mm)  615.5 615.5    615.5 615.5  

Rn(Mpa)  3.72 5.21    5.21 3.72  

Ρ  0. 00962 0.014    0.014 0. 00962  

As(mm2)  2368.444 3446.8    3446.8 2368.444  

As min (mm2)  821 821    821 821  

N  7.54≈8 10.97≈11    10.97≈11 7.54≈8  

b min (mm)          

Fs =Fy  Ok Ok    Ok Ok  

TCL  Ok Ok    Ok Ok  

Use  8ф20 11ф20    11ф20 8ф20  

Cv   1.15    1.15   

Vu (kn)   474.6    474.6   

φVc (kn)   168.56    168.56   

Vs (kn)   408.1    408.1   

Av (mm2)   226.08    226.08   

S (mm)   143.21    143.21   

S max (mm)   307.75    307.75   

Use   Ф12@140    Ф12@140   
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𝒔𝒂𝒎𝒑𝒍𝒆 𝒐𝒇 𝒄𝒂𝒄𝒍𝒖𝒂𝒕𝒊𝒐𝒏𝒔 

𝐿𝑢 = 9𝑚 , 𝐿𝑛 = 9− 0.2− 0.2 = 8.6𝑚 

𝐶𝑚 =
1

10
 , 𝑀𝑢 =

1

10
∗ 95.968 ∗ 8.62 = 710 𝑘𝑛.𝑚 

  𝑑 = 600− 40− 12− 20−
25

2
= 615.5 𝑚𝑚   𝑡𝑤𝑜 𝑙𝑎𝑦𝑒𝑟  

𝑅𝑛 =
710/0.9

400 ∗ 615.52
∗ 106 = 5.21 𝑀𝑝𝑎  

𝑚 =
420

0.85 ∗ 30
= 16.471 , 𝜌 =

1

16.471
 1− 1−

2 ∗ 5.21 ∗ 16.471

420
   = 0.014 

𝐴𝑠 = 0.014 ∗ 400 ∗ 615.5 = 3446.8 𝑚𝑚2 ,   

𝐴𝑠 𝑚𝑖𝑛 =
1.4

420
∗ 400 ∗ 615.5 = 821 𝑚𝑚2 

𝐴𝑠 𝑚𝑖𝑛 =
 30

4 ∗ 420
∗ 400 ∗ 615 = 803 𝑚𝑚2 

𝐴𝑠 𝑚𝑖𝑛 = max 821,803  = 821𝑚𝑚2 

𝑛 =
3151.4

314
= 10.97 ≈ 11 

𝑎 =
11 ∗ 314 ∗ 420

0.85 ∗ 30 ∗ 400
= 142.22 𝑚𝑚 

  
𝑎𝑏
𝑑

= 0.5 >
𝑎

𝑑
=  0.23       ∴  𝑓𝑠=𝑓𝑦  

  
𝑎𝑇𝐶𝐿
𝑑𝑡

= 0.31875 >
𝑎

𝑑𝑡
= 0.222             ∴  𝑇𝑒𝑛𝑠𝑖𝑜𝑛 − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 

𝑓𝑜𝑟 𝑓𝑙𝑒𝑥𝑢𝑟𝑒 𝑢𝑠𝑒  11∅20 

𝐶𝑣 = 1.15 , 𝑉𝑢 =
1.15 ∗ 95,968 ∗ 8.6

2
= 474.6 𝑘𝑛 

∅𝑉𝑐 = 0.75 ∗
 30

6
∗ 400 ∗ 615.5 ∗ 10−3 = 168.56𝑘𝑛 

𝑉𝑠 =
474.6− 168.56

0.75
= 408.1𝑘𝑛 
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𝐴𝑣 = 2 ∗ 𝜋
122

4
= 226.08𝑚𝑚2  (𝑡𝑤𝑜 𝑙𝑒𝑔) 

𝑆 =
226.08 ∗ 420 ∗ 615.5

408.1
∗ 10−3 = 142.21𝑚𝑚 

𝑉𝑠 < 2𝑉𝑐  

𝑆𝑚𝑎𝑥 = 𝑚𝑖𝑛  300,
615.5

2
= 307.75 = 300 𝑚𝑚 

𝑢𝑠𝑒 ∅12@140𝑚𝑚 

Axial load on column C:- 

Beams in x- direction: 

𝐷𝐿 =    0.4 ∗ 0.7 ∗ 25 + 15 ∗
4.4

2
 +    0.4 ∗ 0.7 ∗ 25 + 15 ∗

4.4

2
 = 96.8 𝑘𝑛 

𝐿𝐿 = 0 + 0 = 0 𝑘𝑛 

Beams in y- direction: 

𝐷𝐿 =   
4.575 

0.62
∗  2 + 2 + 15 +  2.5 ∗ 0.4 +  0.7 ∗ 0.4 ∗ 25  ∗

9

2
 

+   
4.575 

0.62
∗  2 + 2 + 15 +  2.5 ∗ 0.4 +  0.7 ∗ 0.4 ∗ 25  ∗

9

2
 = 472.68 𝑘𝑛 

𝐿𝐿 =   
1.86

0.62
∗  2 + 2 +  3 ∗ 0.4  ∗

9

2
 +   

1.86

0.62
∗  2 + 2 +  3 ∗ 0.4  ∗

9

2
 = 118.8 𝑘𝑛 

𝑊𝑢 = 1.4 96.8 + 472.68 + 1.7 118.8 = 999.232 𝑘𝑛 
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