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Check of Flexural Strength 

Strength I limit State (Factored Moments): 

𝑀𝐷𝐶 = 𝑀𝐷𝐶1 + 𝑀𝐷𝐶2 = 1920.24 + 180 = 2100.24 𝑘𝑁. 𝑚 

𝑀𝑢 = 𝜂𝑖[1.25𝑀𝐷𝐶 + 1.50𝑀𝐷𝑊 + 1.75𝑀𝐿𝐿+𝐼𝑀] 

= 1.0[1.25 𝑥 2100.24 + 1.50 𝑥115.2 + 1.75 𝑥 1955.35] ≅ 6220 𝑘𝑁. 𝑚 

𝐴𝑝𝑠 = 𝑁𝑝. 𝐴𝑝 = 27 𝑥 98.7 = 2664.9 𝑚𝑚2 

0.5𝑓𝑝𝑢 = 0.5 𝑥 1860 = 930 𝑀𝑃𝑎 

𝑓𝑝𝑒 = 𝑅. 𝑓𝑝𝑖 = 0.8 𝑥 1395 = 1116 𝑀𝑃𝑎 > 0.5𝑓𝑝𝑢 = 930 𝑀𝑃𝑎 ∴ 𝑂𝐾 

𝑑𝑝𝑠 = ℎ − 𝑦𝑏𝑝 = 1650 − 120 = 1530 𝑚𝑚 

𝛽1 = 0.85 − 0.05(𝑓𝑐
′ − 28)/7 = 0.85 − 0.05(35 − 28)/7 = 0.8 

𝑘 = 2(1.04 − 𝑓𝑝𝑦 𝑓𝑝𝑢)⁄ = 2(1.04 − 0.9) = 0.28 

𝑐 =
𝐴𝑝𝑠. 𝑓𝑝𝑢

0.85𝑓𝑐
′. 𝛽1. 𝑏𝑒 + 𝑘. 𝐴𝑝𝑠. 𝑓𝑝𝑢 𝑑𝑝𝑠⁄

 

𝑐 =
2664.9 𝑥 1860

0.85 𝑥 35 𝑥 0.8 𝑥 2146.6 + 0.28 𝑥 2664.9 𝑥 1860/1530
 

𝑐 = 95.33 𝑚𝑚 < 200 𝑚𝑚 → rectangular section 

𝑓𝑝𝑠 = 𝑓𝑝𝑢(1 − 𝑘. 𝑐/𝑑𝑝𝑠) = 1860(1 − 0.28 𝑥 95.33/1530) = 1827.55 𝑀𝑃𝑎 

𝑎 = 𝛽1. 𝑐 = 0.8 𝑥 95.33 = 76.26 𝑚𝑚 

𝑀𝑛 = 𝐴𝑝𝑠. 𝑓𝑝𝑠(𝑑𝑝𝑠 − 𝑎 2⁄ ) = 2664.9 𝑥 1827.55(1530 − 76.26/2) = 7265.76 𝑘𝑁. 𝑚 

𝜙 = 1.0 → 𝑀𝑟 = 𝑀𝑛 

𝑀𝑟 = 7265.76 𝑘𝑁. 𝑚 > 𝑀𝑢 = 6220 𝑘𝑁. 𝑚   ∴ 𝑂𝐾 

Check of Minimum Reinforcement 

𝑓𝑟 = 0.63√𝑓𝑐
′ = 0.63 𝑥 √35 = 3.73 𝑀𝑃𝑎 

𝑃𝑒 = 𝐴𝑝𝑠. 𝑓𝑝𝑒 = 2664.9 𝑥1116 = 2974 𝑘𝑁 

𝑓𝑐,𝑝𝑒 =
𝑃𝑒

𝐴𝑔

+
𝑃𝑒 . 𝑒𝑐

𝑆𝑏𝑔

=
2974𝑥103

525𝑥103
+

2974𝑥103𝑥504

180.07𝑥106
= 13.99 𝑀𝑃𝑎 

𝑀𝑐𝑟 = (𝑓𝑟 + 𝑓𝑐,𝑝𝑒 − 𝑀𝐷,𝑛𝑐 𝑆𝑏𝑔⁄ )𝑆𝑏𝑐𝑔 

= (3.73 + 13.99 − 1920.24 180.07⁄ ) 𝑥 303.97𝑥106 = 2144.85 𝑘𝑁. 𝑚 

𝑀𝑐𝑟 ≥ 𝑓𝑟 . 𝑆𝑏𝑐𝑔 = 3.73 𝑥 303.97𝑥106 = 1133.81 𝑘𝑁. 𝑚 ∴ 𝑂𝐾 

1.2𝑀𝑐𝑟 = 1.2 𝑥 2144.85 = 2573.82 𝑘𝑁/𝑚 

1.33𝑀𝑢 = 1.33 𝑥 6220 = 8272.6 𝑘𝑁. 𝑚 > 1.2𝑀𝑐𝑟  ∴ 𝑂𝐾 

𝑀𝑟 = 7265.76 𝑘𝑁. 𝑚 > 1.2𝑀𝑐𝑟 = 2573.82 𝑘𝑁. 𝑚   ∴ 𝑂𝐾 

Design of Shear 

∵ 𝐴𝑠 = 0 → 𝑑𝑒 = 𝑑𝑝𝑠 = 1530 𝑚𝑚 

𝑑𝑣 = 𝑑𝑝𝑠 − 𝑎 2⁄ = 1530 − 76.26/2 = 1453.74 𝑚𝑚     ← governs  

≥ 0.9𝑑𝑒 = 0.9 𝑥 1530 = 1377 𝑚𝑚 

≥ 0.72ℎ = 0.72 𝑥 1650 = 1188 𝑚𝑚 

𝑥 = 𝑑𝑣 + 0.5𝑤𝑏 = 1453.74 + 150 = 1603.74 𝑚𝑚 ≅ 1.6 𝑚 
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𝑉𝐷𝐶 = 𝑤𝐷𝐶(0.5𝐿 − 𝑥) = 29.17(0.5 𝑥 24 − 1.6) = 303.37 𝑘𝑁 

𝑉𝐷𝑊 = 𝑤𝐷𝑊(0.5𝐿 − 𝑥) = 1.6(10.4) = 16.64 𝑘𝑁 

𝑉𝐿𝑛 = 𝑤𝐿𝑛(0.5𝐿 − 𝑥) = 9.3(10.4) = 96.72 𝑘𝑁 

𝑉𝑇𝑟 = 264.81 𝑘𝑁    

Live Load Distribution Factor for Shear: 

𝐷𝐹𝑉𝑠𝑖 = 0.36 + 𝑆/7600 

= 0.36 + 2.4/7.6 = 0.676 

𝐷𝐹𝑉𝑚𝑖 = 0.2 + 𝑆/3600 − (𝑆/10700)2 

= 0.2 + 2.4/3.6 − (2.4/10.7)2 = 0.817 

→ 𝐷𝐹𝑉𝑖𝑛𝑡 = 0.817 

𝑉𝐿𝐿+𝐼𝑀 = 𝐷𝐹𝑉𝑖𝑛𝑡[(1 + 𝐼𝑀)𝑉𝑇𝑟 + 𝑉𝐿𝑛] 

= 0.817[1.33 𝑥 246.81 + 96.72] = 347.2 𝑘𝑁 

Strength I limit State (Factored Shear): 

𝑉𝑢 = 𝜂𝑖[1.25𝑉𝐷𝐶 + 1.50𝑉𝐷𝑊 + 1.75𝑉𝐿𝐿+𝐼𝑀] 

= 1.0[1.25 𝑥 303.37 + 1.5 𝑥 16.64 + 1.75 𝑥 347.2] = 1011.8 𝑘𝑁 

Check the adequacy of the section for shear resistance: 

𝑉𝑛 = 0.25𝑓𝑐
′. 𝑏𝑣. 𝑑𝑣 = 0.25 𝑥 35 𝑥 200 𝑥 1453.74 = 2544 𝑘𝑁 

𝜙𝑉𝑛 = 0.9 𝑥 2544 = 2289.6 𝑘𝑁 > 𝑉𝑢 = 1011.8 𝑘𝑁 →  the  section is adequate 

𝑉𝑐 = 0.166√𝑓𝑐
′. 𝑏𝑣. 𝑑𝑣 = 0.166 𝑥 √35 𝑥 200 𝑥 1453.74 = 285.53 𝑘𝑁  

𝜙𝑉𝑐 = 0.9 𝑥 285.53 = 257 𝑘𝑁 < 𝑉𝑢   →   𝐴𝑣 is required 

𝑉𝑠 = (𝑉𝑢 − 𝜙𝑉𝑐)/𝜙 = (1011.8 − 257)/0.9 = 838.67 𝑘𝑁 

Details of shear reinforcement: 

𝑣𝑢 = 𝑉𝑢/∅𝑏𝑣. 𝑑𝑣 = 1011.8𝑥103/(0.9 𝑥 200 𝑥 1453.74) = 3.867 𝑀𝑃𝑎 

0.125𝑓𝑐
′ = 0.125 𝑥 35 = 4.375 𝑀𝑃𝑎 > 𝑣𝑢 

𝑠𝑚𝑎𝑥 = 0.8𝑑𝑣 = 0.8 𝑥 1453.74 = 1163 𝑚𝑚 

≤ 600 𝑚𝑚              ← governs 

∅𝑣 = 12 𝑚𝑚 → 𝐴𝑣 = 226 𝑚𝑚2 

𝑠 = 𝐴𝑣. 𝑓𝑦. 𝑑𝑣/𝑉𝑠 = 226 𝑥 420 𝑥 1453.74/(838.67𝑥103) = 164.53 𝑚𝑚 

use ∅12 @ 150 𝑚𝑚 o.c. stirrups 

27Ø12.7 mm
Strands 

120 mm

Ø12 @ 150 mm 

4Ø25 mm
at each end 

60 mm

 


