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 Lay out and concrete dimension   

𝑅 = 11.5 𝑚   

ℎ𝑜𝑙𝑒 𝑟𝑎𝑑𝑖𝑢𝑐𝑒 = 3 𝑚  

𝑡 = 150 𝑐𝑚  

 Load  

𝐿. 𝐿 = 𝑤𝑎𝑡𝑒𝑟    

𝐷. 𝐿 = 1.5 ∗ 2.5 = 3.75 𝑡/𝑚2 

 Straining action   

40      33.3 m.t  

Upper face of shell   

Load 
type 

Case of 
loading 

Radian moment  Tangential moment   Tension force  

 

All load Ultimate -90 -33 +45  

All load  Working  -62  -22 +30 

 

 

 

Design section under moment ant tension    

Section 1 

 

𝑀𝑤 = −62 𝑚. 𝑡  

𝑏 = 100 𝑐𝑚  

𝑡 = 150 𝑐𝑚  

𝑇 = 30 𝑡 

Water section  

1- Working stage 

 

Check stress 

𝐹𝐶𝑡−𝑁 =
𝑁𝑤

𝐴
 

  

𝐹𝐶𝑡−𝑁 =
30 ∗ 10 ∗ 103

1000 ∗ 1500
= .2 𝑀𝑝𝑎  

𝐹𝐶𝑡−𝑀 =
6 ∗ 𝑀𝑤

𝑏 ∗ 𝑡2
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𝐹𝐶𝑡−𝑀 =
62 ∗ 6 ∗ 10 ∗ 106

1000 ∗ 15002
= 1.653 𝑀𝑝𝑎 

𝐹𝐶𝑡−𝑡𝑜𝑡𝑎𝑙 = 𝐹𝐶𝑡−𝑁 + 𝐹𝐶𝑡−𝑀 

 

𝐹𝐶𝑡−𝑡𝑜𝑡𝑎𝑙 = 1.653 + .2 = 1.853  𝑀𝑝𝑎 

𝑡𝑣 = 𝑡 ∗ [1 ∓
𝐹𝐶𝑡−𝑁

𝐹𝐶𝑡−𝑀

] 

𝑡𝑣 = 1500 ∗ [1 +
. 2

1.65
] = 1681.81 𝑚𝑚  > 600 𝑚𝑚        →  ɳ = 1.7 

𝐹𝑐𝑡𝑟 = .6 ∗ √𝐹𝑐𝑢 

 

𝐹𝑐𝑡𝑟 = .6 ∗ √30 = 3.286 𝑀𝑝𝑎 

3.286

1.7
= 1.933 >  𝐹𝐶𝑡−𝑡𝑜𝑡𝑎𝑙          𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑖𝑠 𝑠𝑎𝑓𝑒    

 

Ultimate stage  

 

Concrete cover  

From table 4-13       𝑑⋱ = 25 𝑚𝑚   
 

𝑒 =
𝑀𝑢

𝑁𝑢

 

 

𝑒 =
90 ∗ 105

45 ∗ 103
= 200 𝑐𝑚     > 𝑡/2        𝑏𝑖𝑔𝑔 𝑒𝑐𝑐 

 

𝑒𝑠 = 𝑒 + 𝑐𝑜𝑣𝑒𝑟 −
𝑡

2
 

𝑒𝑠 = 200 −
150

2
+ 2.5 = 127.5 𝑐𝑚  

𝑀𝑢𝑠 = 𝑒𝑠 ∗ 𝑁𝑢 
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𝑀𝑢𝑠 = 45 ∗
127.5

100
= 57.37   𝑡. 𝑚 

 

𝑑 = 𝑐1 ∗ √
𝑀𝑢𝑠

𝑓𝑐𝑢 ∗ 𝑏
 

150 − 2.5 = 𝑐1 ∗ √
57.37 ∗ 105

300 ∗ 100
                          𝑐1 = 9.2        ∴ 𝑗 = .826 

𝐴𝑠 =
𝑀𝑢𝑠

𝑓𝑦 ∗ 𝐽 ∗ 𝑑 ∗ 𝛽𝑐𝑟𝑎𝑐𝑘

+
𝑁𝑢

𝑓𝑦

𝛾𝑠
∗ 𝛽𝑐𝑟𝑎𝑐𝑘

 

𝑎𝑠𝑠𝑢𝑚𝑒 𝑢𝑠𝑒𝑑 ∅ 18    𝛽𝑐𝑟𝑎𝑐𝑘 = .75  

 

𝐴𝑠 =
57.37 ∗ 105

3600 ∗ .826 ∗ 147.5 ∗ .75
+

45 ∗ 103

3600
1.15

∗ .75
=  36.606 𝑐𝑚2           𝑢𝑠𝑒𝑑 15∅18 

------------- 

Tangential moment  

 

𝑀𝑤 = −22 𝑚. 𝑡  

𝑏 = 100 𝑐𝑚  

𝑡 = 150 𝑐𝑚  

Water section  

 

Working stage  

 

Safe  

 

Ultimate stage  

 

Concrete cover  

From table 4-13       𝑑⋱ = 25 𝑚𝑚   
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𝑀𝑢 = 33 𝑚. 𝑡  

 

𝑑 = 𝑐1√
𝑀𝑢

𝐹𝑐𝑢 ∗ 𝑏
 

150 − 2.5 = 𝑐1 ∗ √
33 ∗ 105

300 ∗ 100
                    ∴ 𝑐1 = 12.17      → 𝐽 = 0.826  

𝛽𝑐𝑟𝑎𝑐𝑘 = .75             𝑓𝑜𝑟𝑚 𝑐𝑜𝑎𝑑 𝑡𝑎𝑏𝑙𝑒 4 − 15 

𝐴𝑠 =
𝑀𝑢

𝐹𝑦 ∗ 𝐽 ∗ 𝑑 ∗ 𝛽𝑐𝑟𝑎𝑐𝑘

 

𝐴𝑠 =
33 ∗ 105

3600 ∗ .826 ∗ 147.5 ∗ .75
                𝐴𝑠 = 10.03  𝑐𝑚2 ≪   𝐴𝑠−𝑚𝑖𝑛 =  22.13   

 

𝑢𝑠𝑒𝑑 9∅18 /𝑚  
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Lower steel  

 

9∅18 𝑖𝑛 𝑡𝑜𝑤 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛   


