
CVG3148 - ASSIGNMENT 2 – Solutions (Summary) 
 
 
Problem 1 (20marks) 
 
a. 
𝑊𝑊𝑓𝑓 = 𝟏𝟏𝟏𝟏𝟏𝟏 kN/m 
𝑀𝑀𝑓𝑓 = 𝟑𝟑𝟑𝟑𝟑𝟑.𝟏𝟏𝟏𝟏 kN.m 
𝑎𝑎 =  𝟏𝟏𝟏𝟏𝟏𝟏.𝟓𝟓𝟓𝟓 𝒎𝒎𝒎𝒎 
𝑀𝑀𝑟𝑟 = 𝟑𝟑𝟑𝟑𝟑𝟑 𝒌𝒌𝒌𝒌.𝒎𝒎 

 
Compare 𝑀𝑀𝑟𝑟  and 𝑀𝑀𝑓𝑓:   𝑀𝑀𝑟𝑟 = 398 𝑘𝑘𝑘𝑘.𝑚𝑚 > 𝑀𝑀𝑓𝑓 = 328.13 kN.m      OK 

 
b. 
𝜌𝜌 = 𝟏𝟏.𝟎𝟎𝟎𝟎 %   
𝑘𝑘𝑟𝑟 = 𝟑𝟑.𝟏𝟏𝟏𝟏𝟏𝟏 
 
𝑀𝑀𝑟𝑟 = 𝟑𝟑𝟑𝟑𝟑𝟑 𝒌𝒌𝒌𝒌.𝒎𝒎⟹  𝑀𝑀𝑟𝑟 = 329 𝑘𝑘𝑘𝑘.𝑚𝑚 > 𝑀𝑀𝑓𝑓 = 328.13 𝑘𝑘𝑘𝑘.𝑚𝑚    OK 
 
c. 
𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝟔𝟔𝟔𝟔𝟔𝟔.𝟏𝟏𝟏𝟏 𝒎𝒎𝒎𝒎𝟐𝟐 
𝐴𝐴𝑆𝑆 = 2000𝑚𝑚𝑚𝑚2 > 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆=621.19 𝑚𝑚𝑚𝑚2    OK 
 
d. 
              𝑠𝑠 = 𝟒𝟒𝟒𝟒 𝒎𝒎𝒎𝒎 

              𝑠𝑠 = 40 𝑚𝑚𝑚𝑚 ≥ �
1.4𝑑𝑑𝑏𝑏 = 35𝑚𝑚𝑚𝑚

1.4𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚 = 28𝑚𝑚𝑚𝑚
30𝑚𝑚𝑚𝑚

         (𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚 =aggregate size)     OK 

 
e. 
𝑑𝑑𝑠𝑠 = 𝟓𝟓𝟓𝟓.𝟓𝟓 𝒎𝒎𝒎𝒎 
𝐴𝐴𝑒𝑒 = 𝑏𝑏(2𝑑𝑑𝑠𝑠) = 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 𝒎𝒎𝒎𝒎𝟐𝟐 

𝐴𝐴 =
𝐴𝐴𝑒𝑒
𝑁𝑁

= 𝟕𝟕𝟕𝟕𝟕𝟕𝟕𝟕 𝒎𝒎𝒎𝒎𝟐𝟐 

𝑧𝑧 = 𝑓𝑓𝑠𝑠�𝑑𝑑𝑐𝑐𝐴𝐴
3 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝑵𝑵/𝒎𝒎𝒎𝒎 < 30000𝑁𝑁/𝑚𝑚𝑚𝑚 OK. 

 
 



f. 
For 𝑓𝑓𝑦𝑦=400MPa ⟹ 𝑐𝑐

𝑑𝑑
= 0.636 ⟹ 𝑐𝑐 = 411.81 𝑚𝑚𝑚𝑚 

 

A𝑠𝑠𝑠𝑠 =  
𝛼𝛼1𝛽𝛽1𝜙𝜙𝑐𝑐𝑓𝑓𝑐𝑐′𝑏𝑏𝑏𝑏 

𝜙𝜙𝑠𝑠𝑓𝑓𝑦𝑦
= 𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓.𝟔𝟔 𝒎𝒎𝒎𝒎𝟐𝟐 

 
𝐴𝐴𝑆𝑆 = 2000𝑚𝑚𝑚𝑚2 < 𝐴𝐴𝑠𝑠𝑠𝑠=5819.6 𝑚𝑚𝑚𝑚2  OK 

 
⟹ 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 621.19 𝑚𝑚𝑚𝑚2 < 𝐴𝐴𝑆𝑆 = 2000𝑚𝑚𝑚𝑚2 ≤ 𝐴𝐴𝑠𝑠𝑠𝑠=5819.6 𝑚𝑚𝑚𝑚2 -> under-reinforced 
 
 
Problem 2 (20marks) 
 

a. 
 
We assume a < 150𝑚𝑚𝑚𝑚 and we apply rectangular analysis: 
 

  a  
 

 

𝒂𝒂 =
𝜙𝜙𝑠𝑠𝑓𝑓𝑦𝑦𝐴𝐴𝑆𝑆  
𝛼𝛼1𝜙𝜙𝑐𝑐𝑓𝑓𝑐𝑐′𝑏𝑏

= 𝟏𝟏𝟏𝟏𝟏𝟏.𝟑𝟑𝟑𝟑 𝒎𝒎𝒎𝒎 

 
Assumption 𝑎𝑎 = 110.35 𝑚𝑚𝑚𝑚 < 150 𝑚𝑚𝑚𝑚 (similar to rectangular beam)     OK 
 

𝑑𝑑 = ℎ − �𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 +
𝑑𝑑𝑏𝑏
2 �

= 𝟗𝟗𝟗𝟗𝟗𝟗.𝟓𝟓𝟓𝟓𝟓𝟓 

 
Check also �𝑐𝑐

𝑑𝑑
� = 0.134 < �𝑐𝑐

𝑑𝑑
�
𝑚𝑚𝑚𝑚𝑚𝑚

= 0.64      OK 

 

𝑀𝑀𝑟𝑟 = ∅𝑠𝑠𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦 �𝑑𝑑 −
𝑎𝑎
2
� =  𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏.𝟔𝟔 𝒌𝒌𝒌𝒌.𝒎𝒎  

 
b. 
 
We assume a > 100𝑚𝑚𝑚𝑚 

  a  



 
𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔 𝒎𝒎𝒎𝒎𝟐𝟐  
⟹ a =131 mm > 100𝑚𝑚𝑚𝑚    OK 
 

 𝑎𝑎 =  ∑𝑦𝑦𝑐𝑐𝑐𝑐∗𝐴𝐴𝑖𝑖∑𝐴𝐴𝑖𝑖
= 56.1 mm 

𝑀𝑀𝑟𝑟 = ∅𝑠𝑠𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦𝑍𝑍 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏.𝟑𝟑 𝐤𝐤𝐤𝐤.𝐦𝐦 
 
�𝑐𝑐
𝑑𝑑
� < �𝑐𝑐

𝑑𝑑
�
𝑚𝑚𝑚𝑚𝑚𝑚

⟹ 0.159 < 0.64    OK 

 
c. 

 
𝑏𝑏𝑡𝑡ℎ = (600 ∗ 1000) − (300 ∗ 700) = 390000 𝑚𝑚𝑚𝑚2 (Total area of concrete section) 

 
 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏.𝟑𝟑 𝒎𝒎𝒎𝒎𝟐𝟐 
 
 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 1233.3 𝑚𝑚𝑚𝑚2 < 𝐴𝐴𝑠𝑠= 4000 𝑚𝑚𝑚𝑚2    OK 

 
 

 
  𝑠𝑠 = 𝟒𝟒𝟒𝟒.𝟕𝟕 𝒎𝒎𝒎𝒎 
 

              𝑠𝑠 = 45.7 𝑚𝑚𝑚𝑚 ≥ �
1.4𝑑𝑑𝑏𝑏 = 35 𝑚𝑚𝑚𝑚

1.4𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚 = 28 𝑚𝑚𝑚𝑚
30 𝑚𝑚𝑚𝑚

         (𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚 = aggregate size)      OK 

 
 

𝑑𝑑𝑠𝑠 = 𝟓𝟓𝟓𝟓.𝟓𝟓 𝒎𝒎𝒎𝒎 
 

𝐴𝐴𝑒𝑒 = 𝑏𝑏(2𝑑𝑑𝑠𝑠) = 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔 𝒎𝒎𝒎𝒎𝟐𝟐 
 

𝐴𝐴 =
𝐴𝐴𝑒𝑒
𝑁𝑁

= 𝟕𝟕𝟕𝟕𝟕𝟕𝟕𝟕 𝒎𝒎𝒎𝒎𝟐𝟐 

 
𝑧𝑧 = 𝑓𝑓𝑠𝑠�𝑑𝑑𝑐𝑐𝐴𝐴

3 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝑵𝑵/𝒎𝒎𝒎𝒎 < 25000𝑁𝑁/𝑚𝑚𝑚𝑚   OK. 
 



Problem 3 (20marks) 
 
a. 
 
𝑀𝑀𝑓𝑓 = 𝟐𝟐𝟐𝟐𝟐𝟐.𝟒𝟒 kN.m 
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 ⟹ 𝟒𝟒− 𝟐𝟐𝟐𝟐𝟐𝟐 (𝑨𝑨𝒔𝒔 = 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 𝒎𝒎𝒎𝒎𝟐𝟐) 
 
Verify design 

𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 547.5𝑚𝑚𝑚𝑚 
𝛼𝛼𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 144.4𝑚𝑚𝑚𝑚 
�𝑐𝑐
𝑑𝑑
� = 0.295 < �𝑐𝑐

𝑑𝑑
�
𝑚𝑚𝑚𝑚𝑚𝑚

= 0.64     OK 

𝑀𝑀𝑟𝑟.𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 323.2 𝑘𝑘𝑘𝑘.𝑚𝑚 。 𝑀𝑀𝑓𝑓    OK 
 
𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝟒𝟒𝟒𝟒𝟒𝟒 𝒎𝒎𝒎𝒎𝟐𝟐 。 𝐴𝐴𝑠𝑠     OK 
 
Bar spacing 
              𝑠𝑠 = 𝟒𝟒𝟒𝟒 𝒎𝒎𝒎𝒎 
 

              𝑠𝑠 = 40 𝑚𝑚𝑚𝑚 ≥ �
1.4𝑑𝑑𝑏𝑏 = 35 𝑚𝑚𝑚𝑚

1.4𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚 = 28 𝑚𝑚𝑚𝑚
30 𝑚𝑚𝑚𝑚

         (𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚 = aggregate size)     OK 

 
b. 

A = 12.27 
B = −180200 
𝐶𝐶 = 243.4 ∗ 106 
 

𝑥𝑥 = −𝐵𝐵±√𝐵𝐵2−4AC
2A

    ⟹ 𝑥𝑥 = 1504 𝑚𝑚𝑚𝑚2 ⟹ 𝟒𝟒− 𝟐𝟐𝟐𝟐𝟐𝟐 (𝑨𝑨𝒔𝒔 = 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝒎𝒎𝒎𝒎𝟐𝟐)  
 
c. 
𝑀𝑀𝑟𝑟 = 𝑀𝑀𝑓𝑓 = 234.4 𝑘𝑘𝑘𝑘.𝑚𝑚   

𝐾𝐾𝑟𝑟,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =
𝑀𝑀𝑟𝑟

𝑏𝑏𝑑𝑑2
 ⟹   𝐾𝐾𝑟𝑟,𝑚𝑚𝑚𝑚𝑚𝑚 = 2.78  

⟹ 𝑓𝑓𝑓𝑓𝑓𝑓 (𝑘𝑘𝑟𝑟 = 1.83), 𝜌𝜌% = 0.882 
 
𝐴𝐴𝑠𝑠 = 𝜌𝜌𝜌𝜌𝜌𝜌 = 1402.4 𝑚𝑚𝑚𝑚2  ⟹ 3 − 25𝑀𝑀 (𝑨𝑨𝒔𝒔 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝒎𝒎𝒎𝒎𝟐𝟐) 


