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A-solid slab design: 

a)  

𝑕𝑚𝑖𝑛 =
𝑙

24
=

3600

24
= 150 𝑚𝑚 

𝑕 > 𝑕𝑚𝑖𝑛 → 𝑜𝑘 

b) 

𝐷𝐿 = 𝑜𝑤𝑛 𝑤𝑒𝑖𝑔𝑕𝑡 + 𝑠𝑢𝑝𝑒𝑟𝑖𝑚𝑝𝑜𝑠𝑒𝑑 

𝐷𝐿 =  0.175 ∗ 24 + 4 = 8.2 𝑘𝑛 𝑚2  

𝐿𝐿 = 4 𝑘𝑛 𝑚2  

𝑊𝑢 = 1.4 8.2 + 1.7 4 = 18.28 𝐾𝑛 𝑚2  

c) 

𝑀𝑢 = 22  𝑘𝑛.𝑚     , 𝐴𝑠𝑠𝑢𝑚𝑒  𝑑𝑏 = 12  

  𝑑 = 175 − 20 −
12

2
= 149𝑚𝑚  , 𝑅𝑛 =

22 0.9 

1000 ∗ 1492
∗ 106 = 1.101 𝑀𝑝𝑎  

𝑚 =
420

0.85 ∗ 25
= 19.765 , 𝜌 =

1

19.765
 1 −  1 −

2 ∗ 1.101  ∗ 19.765

420
   = 0.00269 

𝐴𝑠 = 0.00269 ∗ 1000 ∗ 149 = 401.3 𝑚𝑚2 , 𝐴𝑠 𝑚𝑖𝑛 = 0.0018 ∗ 1000 ∗ 175 = 315 𝑚𝑚2 

𝑆𝑚𝑎𝑥 = min 
113.04

401.3
∗ 1000 = 281.7𝑚𝑚 ,300𝑚𝑚, 2 ∗ 175 = 350 = 281.7 𝑚𝑚 

𝑓𝑜𝑟 𝑓𝑙𝑒𝑥𝑢𝑟𝑎𝑙 → 𝑢𝑠𝑒 ∅12@280 𝑚𝑚 

𝐴𝑠 𝑠𝑕𝑟𝑖𝑛𝑘𝑎𝑔𝑒 = 0.0018 ∗ 1000 ∗ 175 = 315 𝑚𝑚2 

𝑆𝑚𝑎𝑥 = min 
113.04

315
∗ 1000 = 358.86𝑚𝑚, 300𝑚𝑚, 4 ∗ 175 = 7200 = 300𝑚𝑚 

𝑓𝑜𝑟 𝑠𝑕𝑟𝑖𝑛𝑘𝑎𝑔𝑒 → 𝑢𝑠𝑒 ∅12@300 𝑚𝑚 
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d) 

 

 

𝑊𝑢   𝑠𝑙𝑎𝑏 = 18.28 𝑘𝑛 𝑚2   

𝑊𝑢 𝑏𝑒𝑎𝑚 𝐶 − 𝐷 = 18.28 ∗  
3.6

2
+

3.6

2
 + 1.4 ∗  0.425 ∗ 0.3 ∗ 24 = 70.092 𝑘𝑛 𝑚  

e) 

 

 

 

 

The effective flange width 𝑏𝑓  is determined as follows:− 

𝑏𝑓 = 𝑀𝑖𝑛  

𝐿𝑛
4
 𝑠𝑕𝑜𝑟𝑡𝑒𝑠𝑡 𝑠𝑝𝑎𝑛 =

7300

4
= 1825 𝑚𝑚

𝑏𝑤 + 16𝑕𝑓 = 300 + 16 ∗ 175 = 3100 𝑚𝑚

𝑏𝑒𝑎𝑚 𝑡𝑟𝑖𝑏𝑢𝑡𝑎𝑟𝑦 𝑤𝑖𝑑𝑡𝑕 = 3600 𝑚𝑚

 = 1825 𝑚𝑚 

 

  

Wu= load from slab +self weight  

Beam  C-D 
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B-joist slab design: 

a) 

 𝐷𝐿 = 𝑜𝑤𝑛 𝑤𝑒𝑖𝑔𝑕𝑡 + 𝑠𝑢𝑝𝑒𝑟𝑖𝑚𝑝𝑜𝑠𝑒𝑑 

𝐷𝐿 =  0.08 ∗ 24 + 4 = 5.92𝑘𝑛 𝑚2  

𝐿𝐿 = 4 𝑘𝑛 𝑚2  

𝑊𝑢 = 1.4𝐷𝐿 + 1.7𝐿𝐿 

𝑊𝑢 = 1.4 5.92 + 1.7 4 = 15.088𝑘𝑛 𝑚2  

Load on typical rip: 

𝑊𝑢/𝑟𝑖𝑝 = 15.088 ∗  0.65 + 1.4 ∗   0.32 ∗ 0.15 ∗ 24 + (14 ∗ 0.5 ∗ 0.32) = 14.556 𝑘𝑛/𝑚 

b) 

𝑀𝑢+ =
1

14
∗ 14.556 ∗ 3.32 = 11.32 𝑘𝑛.𝑚 

𝑀𝑢− =
1

9
∗ 14.556 ∗ 3.32 = 17.613 𝑘𝑛.𝑚 

c) 

𝐷𝐿 =  0.08 ∗ 24 + 4 = 5.92𝑘𝑛 𝑚2  

𝐿𝐿 = 4 𝑘𝑛 𝑚2  

𝑊𝑢 = 1.4 5.92 + 1.7 4 = 15.088𝑘𝑛 𝑚2  

𝑆 = 0.5 𝑚 

𝑀𝑢 =
𝑊𝑢 ∗ 𝑆

2

12
=

15.088 ∗ 0.52

12
= 0.3143 𝐾𝑁.𝑚 

𝜎𝑡 = 0.7 𝑓𝑐  ̀ = 0.7 25 = 3.5 𝑀𝑝𝑎 

𝑀𝑛 = 𝜎𝑡 ∗
𝑏 ∗ 𝑕𝑓

2

6
= 3.5 ∗

1000 ∗ 802

6
∗ 10−6 = 3.733 𝐾𝑛.𝑚 

∅𝑀𝑛 = 0.65 ∗ 3.733 = 2.427 𝐾𝑛.𝑚 > 𝑀𝑢 → 𝑡𝑕𝑒 𝑓𝑙𝑎𝑛𝑔𝑒 𝑖𝑠 𝑡𝑕𝑢𝑠 𝑜𝑘 
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d) 

𝐶𝑣 = 1.15 , 𝑉𝑢 =
1.15 ∗ 11.42 ∗ 3.3

2
= 21.669  𝑘𝑛 

𝑑 = 400 − 20 − 8 −
12

2
= 366 𝑚𝑚 

∅𝑉𝑐 = (1.1)0.75 ∗
 25

6
∗ 150 ∗ 366 ∗ 10−3 = 37.744 𝑘𝑛 

∅𝑉𝑐 > 𝑉𝑢 →   𝑛𝑜 𝑠𝑕𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑚𝑒𝑛𝑡 𝑟𝑒𝑞𝑢𝑖𝑟𝑑 

 

e) 

 

 

 

𝑊𝑢 𝑏𝑒𝑎𝑚 𝐶 − 𝐷 =
14.556

0.65
∗  

3.6

2
+

3.6

2
− 0.3 + 1.4 ∗   0.6 ∗ 0.3 ∗ 24 +  0.3 ∗ 4  + 1.7 ∗  0.3 ∗ 4  

𝑊𝑢 𝑏𝑒𝑎𝑚 𝐶 − 𝐷 = 83.67 𝑘𝑛 𝑚  

 

  

Wu= load from slab +self weight  

Beam  C-D 
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Q2) 

𝐴𝑠1 = 1962.5 𝑚𝑚2   ,   𝐴𝑠2 = 1962.5 𝑚𝑚2      

𝐴𝑔 = 160 ∗ 103 𝑚𝑚2   ,   𝐴𝑠𝑡 = 3925 𝑚𝑚2       

a- Pure compression point:- 

𝑃𝑜 =  0.85 𝑓𝑐  ̀ 𝐴𝑔 − 𝐴𝑠𝑡 + 𝑓𝑦 ∗ 𝐴𝑠𝑡   ∗ 10−3 

𝑃𝑜 =  0.85 ∗ 25 ∗  160 ∗ 103 − 3925 +  420 ∗ 3925  ∗ 10−3 

𝑃𝑜 = 4965.094 𝐾𝑛 

∅𝑃𝑛,𝑚𝑎𝑥 = 0.80 ∗ 0.65 ∗  0.85 𝑓𝑐  ̀ 𝐴𝑔 − 𝐴𝑠𝑡 +  𝑓𝑦 ∗ 𝐴𝑠𝑡   ∗ 10−3 

∅𝑃𝑛,𝑚𝑎𝑥 = 0.80 ∗ 0.65 ∗  0.85 ∗ 25 ∗  250 ∗ 103 − 3925 +  420 ∗ 3925  ∗ 10−3 

∅𝑃𝑛,𝑚𝑎𝑥 = 2743.214 𝐾𝑛 

𝐛 − 𝐁𝐚𝐥𝐚𝐧𝐜𝐞𝐝 𝐩𝐨𝐢𝐧𝐭    𝜺𝒕 = 𝟎. 𝟎𝟎𝟐𝟏 

𝑑1 = 62.5 𝑚𝑚   ,    ,   𝑑3 = 337.5 𝑚𝑚     

𝐶 =
0.003

0.003 + 𝜀𝑡
∗ 𝑑3 

𝐶 =
0.003

0.003 + 0,0021
∗ 337.5 = 198.53 𝑚𝑚 

   𝜀𝑖 =
𝑑𝑖 − 𝐶

𝐶
∗ 0.003 

   𝜀1 =
62.5 − 198.53

198.53
∗ 0.003 = −0.00206 

   𝜀2 =
337.5 − 198.53

198.53
∗ 0.003 = 0.0021 

   𝑓𝑠𝑖 = 𝜀𝑖 ∗ 𝐸 =              −420 <    𝑓𝑠𝑖 < 420  

   𝑓𝑠1 = −0.00206 ∗ 200,000 = −412                      

   𝑓𝑠2 = 0.0021 ∗ 200,000 = 420 𝑀𝑝𝑎 

𝑎𝑏 = 𝛽 ∗ 𝐶 

𝑎𝑏 = 0.85 ∗ 198.53 = 168.751 𝑚𝑚 

𝑎𝑏 > 𝑑𝑖    → 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑧𝑜𝑛𝑒     ,     𝑎𝑏 < 𝑑𝑖    → 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑧𝑜𝑛𝑒   
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 𝐹𝑠𝑖 =  𝑓𝑠𝑖 ∗ 𝐴𝑠𝑖 ∗ 10−3  → 𝑇𝑒𝑛𝑠𝑖𝑜𝑛  𝑍𝑜𝑛𝑒 

 𝐹𝑠𝑖 = (𝑓𝑠𝑖 + 0.85 ∗ 𝑓𝑐   ̀) ∗ 𝐴𝑠𝑖 ∗ 10−3  → 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛  𝑍𝑜𝑛𝑒 

𝐹𝑠1 =  −412 + 0.85 ∗ 25 ∗ 1962.5 ∗ 10−3 = −766.85 𝐾𝑛 

𝐹𝑠2 = 420 ∗ 1962.5 ∗ 10−3 = 824.25𝐾𝑛 

𝐶𝑐 = 0.85 ∗ 𝑓𝑐  ̀ ∗ 𝑏 ∗ 𝛽 ∗ 𝑐 ∗ 10−3 

𝐶𝑐 = 0.85 ∗ 25 ∗ 400 ∗ 0.85 ∗ 198.53 ∗ 10−3 = 1434.38 𝐾𝑛 

𝑃𝑛 = 𝐶𝑐 − Σ𝐹𝑠 

𝑃𝑛 = 1434.38 −  −766.85 + 824.25 = 1376.98 𝐾𝑛 

𝑀𝑛 = 𝐶𝑐  
𝑕

2
−
𝑎

2
 + 𝐹𝑠1  𝑑1 −

𝑕

2
 + 𝐹𝑠2  𝑑2 −

𝑕

2
 + 𝐹𝑠3  𝑑3 −

𝑕

2
 ∗ 10−3 

𝑀𝑛 = 1434.38  
400

2
−

168.751

2
 − 766.85  62.5 −

400

2
 + 824.25  337.5 −

400

2
 ∗ 10−3

= 384.63 𝐾𝑛.𝑚 

∅𝑃𝑛 = 0.65 ∗ 1376.98 = 895.037 𝐾𝑛 

∅𝑀𝑛 = 0.65 ∗ 384.63 = 250 𝐾𝑛.𝑚 

𝐂 − 𝐚𝐭 𝐩𝐨𝐢𝐧𝐭  𝑪 = 𝟏𝟎𝟎 𝒎𝒎 

𝑑1 = 62.5 𝑚𝑚   ,    ,   𝑑3 = 337.5 𝑚𝑚     

𝜀𝑖 =
𝑑𝑖 − 𝐶

𝐶
∗ 0.003 

   𝜀𝑖 =
𝑑𝑖 − 𝐶

𝐶
∗ 0.003 

   𝜀1 =
62.5 − 100

100
∗ 0.003 = −0.001125 

   𝜀2 =
337.5 − 100

100
∗ 0.003 = 0.007125 

   𝑓𝑠𝑖 = 𝜀𝑖 ∗ 𝐸 =              −420 <    𝑓𝑠𝑖 < 420  

   𝑓𝑠1 = −0.001125 ∗ 200,000 = −225                      

   𝑓𝑠2 = 0.007125 ∗ 200,000 = 1425 > 420  → 𝑢𝑠𝑒 420𝑀𝑝𝑎 

𝑎𝑏 = 𝛽 ∗ 𝐶 
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𝑎𝑏 = 0.85 ∗ 100 = 85 𝑚𝑚 

𝑎𝑏 > 𝑑𝑖    → 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑧𝑜𝑛𝑒     ,     𝑎𝑏 < 𝑑𝑖    → 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑧𝑜𝑛𝑒   

 𝐹𝑠𝑖 =  𝑓𝑠𝑖 ∗ 𝐴𝑠𝑖 ∗ 10−3  → 𝑇𝑒𝑛𝑠𝑖𝑜𝑛  𝑍𝑜𝑛𝑒 

 𝐹𝑠𝑖 = (𝑓𝑠𝑖 + 0.85 ∗ 𝑓𝑐   ̀) ∗ 𝐴𝑠𝑖 ∗ 10−3  → 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛  𝑍𝑜𝑛𝑒 

𝐹𝑠1 =  −225 + 0.85 ∗ 25 ∗ 1962.5 ∗ 10−3 = −399.86 𝐾𝑛 

𝐹𝑠2 = 420 ∗ 1962.5 ∗ 10−3 = 824.25𝐾𝑛 

𝐶𝑐 = 0.85 ∗ 𝑓𝑐  ̀ ∗ 𝑏 ∗ 𝛽 ∗ 𝑐 ∗ 10−3 

𝐶𝑐 = 0.85 ∗ 25 ∗ 400 ∗ 0.85 ∗ 100 ∗ 10−3 = 722.5 𝐾𝑛 

𝑃𝑛 = 𝐶𝑐 − Σ𝐹𝑠 

𝑃𝑛 = 722.5 − (−399.86 + 824.25) = 298.11 𝐾𝑛 

𝑀𝑛 = 𝐶𝑐  
𝑕

2
−
𝑎

2
 + 𝐹𝑠1  𝑑1 −

𝑕

2
 + 𝐹𝑠2  𝑑2 −

𝑕

2
 + 𝐹𝑠3  𝑑3 −

𝑕

2
 ∗ 10−3 

𝑀𝑛 = 722.5  
400

2
−

85

2
 − 399.86  62.5 −

400

2
 + 824.25  337.5 −

400

2
 ∗ 10−3 = 282.185 𝐾𝑛.𝑚 

∅𝑃𝑛 = 0.9 ∗ 298.11 = 268.3 𝐾𝑛 

∅𝑀𝑛 = 0.9 ∗ 282.185 = 253 𝐾𝑛.𝑚 
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