
Solution Assignment 4 

Problem 1 (20 marks) 

 

 

NOTE: 

* f'c = 30 MPa, fy = 400 MPa 

* 30 mm clear cover 

* 40 mm clear spacing between layers of steel 

 

 

a) Moment Resistance without using the CDH tables 

As = 7 000 mm2; 𝛼1 = 0.81; 𝛽1 = 0.90  

Check T-beam design 

𝐴𝑠,𝑟𝑒𝑓 =
𝛼1𝜙𝑐𝑓′𝑐𝑏𝑓ℎ𝑓

𝜙𝑠𝑓𝑦
= 4645.6 𝑚𝑚2; 𝐴𝑠 > 𝐴𝑠,𝑟𝑒𝑓  ∴ 𝑎 >  ℎ𝑓;  𝑇 − 𝑏𝑒𝑎𝑚 𝑑𝑒𝑠𝑖𝑔𝑛 

Design as T-beam 

𝐴𝑐 =
𝜙𝑠𝐴𝑠𝑓𝑦

𝛼1𝜙𝑐𝑓′𝑐
= 150 681 𝑚𝑚2 

𝐴𝑐 = 𝐴𝑓 + 𝐴𝑤 = (𝑏𝑓 × ℎ𝑓) + (𝑏𝑤(𝑎 − ℎ𝑓)) 

𝑎 = ℎ𝑓 +
(𝐴𝑐 − 𝐴𝑓)

𝑏𝑤
= 212.6 𝑚𝑚 > ℎ𝑓  𝑂𝐾 

𝐴𝑤 = (𝑎 − ℎ𝑓)𝑏𝑤 = 50670 𝑚𝑚2 

𝑎̅ =
𝐴𝑓 (

ℎ𝑓

2 ) + 𝐴𝑤 (ℎ𝑓 +
𝑎 − ℎ𝑓

2 )

𝐴𝑐
= 85.7 𝑚𝑚 

𝑑1 = 567.5 𝑚𝑚; 𝑑2 = 642.5 𝑚𝑚; 𝑑 = 621 𝑚𝑚 

𝑧 = 𝑑 − 𝑎̅ = 535.3 𝑚𝑚 

Check yielding 

𝑐

𝑑
=

𝑎 𝛽1⁄

𝑑
= 0.38 ≤

700

700 + 𝑓𝑦
= 0.64 ∴ 𝑠𝑡𝑒𝑒𝑙 𝑦𝑖𝑒𝑙𝑑𝑠 (𝑢𝑛𝑑𝑒𝑟 − 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑑) 

Moment resistance 

𝑀𝑟 = 𝜙𝑠𝐴𝑠𝑓𝑦(𝑑 − 𝑎̅) = 1274 𝑘𝑁 ∙ 𝑚 

𝑴𝒓 = 𝟏𝟐𝟕𝟒. 𝟎 𝒌𝑵. 𝒎 



b) Moment Resistance using the CDH tables 

As = 7 000 mm2; 𝐴𝑠,𝑟𝑒𝑓 = 4645.6  𝑚𝑚2 

𝐴𝑠 > 𝐴𝑠,𝑟𝑒𝑓  ∴ 𝑎 >  ℎ𝑏;  𝑇 − 𝑏𝑒𝑎𝑚 𝑑𝑒𝑠𝑖𝑔𝑛 

Flange moment resistance 

𝑀𝑟𝑓 = 𝐾𝑟𝑓(𝑏𝑓 − 𝑏𝑤)𝑑2   (Overhang) 

𝑑

ℎ𝑓
= 6.21 

𝜌𝑓 = 0.75% (Table 2.3, CDH); Alternatively, calculate 𝜌𝑓 =
𝛼1𝜙𝑐𝑓′𝑐ℎ𝑓

𝜙𝑠𝑓𝑦𝑑
= 0.75% 

𝐾𝑟𝑓 = 2.35   (Table 2.1, CDH); 𝑀𝑟𝑓 = 𝐾𝑟𝑓(𝑏𝑓 − 𝑏𝑤)𝑑2 = 498.4 𝑘𝑁. 𝑚 

𝐴𝑠𝑓 = 0.0075 × (𝑏𝑓 − 𝑏𝑤) × 𝑑 = 2561.6 𝑚𝑚2 

Web moment resistance 

𝑀𝑟𝑤 = 𝐾𝑟𝑤(𝑏𝑤)𝑑2; 𝐾𝑟 = 4.475 (Table 2.1, CDH); 𝑀𝑟𝑤 = 776.6 𝑘𝑁. 𝑚  

𝐴𝑠𝑤 = 𝐴𝑠 − 𝐴𝑠𝑓 = 4438.4 𝑚𝑚2 

𝜌𝑤 =
𝐴𝑠𝑤

𝑏𝑤𝑑
= 1.59% 

Total moment resistance 

𝑀𝑟 = 𝑀𝑟𝑓 + 𝑀𝑟𝑤 = 1275 𝑘𝑁. 𝑚 

𝑴𝒓 = 𝟏𝟐𝟕𝟓 𝒌𝑵. 𝒎 

 

Problem 2 (20 marks) 

As = 5600 mm2; 𝛼1 = 0.8125;  𝛽1 = 0.9075 

Factored moment at critical section (mid-span of beams) 

𝑊𝐿 = 𝐿𝐿 × 6 = 36 𝑘𝑁/𝑚; 𝑊𝐷 = 𝐿𝐷 × 6 = 48 𝑘𝑁/𝑚; 𝑊𝐹 = 1.25𝑊𝐷 + 1.5𝑊𝐿 = 114 𝑘𝑁/𝑚 

𝑀𝐹 =
𝑊𝑓𝐿2

8
= 912 𝑘𝑁. 𝑚 

Effective depth and effective width 

𝑑 = 509 𝑚𝑚 

𝑂𝑣𝑒𝑟ℎ𝑎𝑛𝑔 < {

12 ℎ𝑓

             1 5  𝐶𝑙𝑒𝑎𝑟 𝑆𝑝𝑎𝑛⁄           

 1 2⁄  𝑐𝑙𝑒𝑎𝑟 𝑑𝑖𝑠𝑡. 𝑡𝑜 𝑛𝑒𝑥𝑡 𝑏𝑒𝑎𝑚

  

𝑏𝑓 = 2 × 𝑜𝑣𝑒𝑟ℎ𝑎𝑛𝑔 + 𝑏𝑤 = 3 440 𝑚𝑚 



Check T-beam design 

𝐴𝑠,𝑟𝑒𝑓 =
𝛼1𝜙𝑐𝑓′𝑐𝑏𝑓ℎ𝑓

𝜙𝑠𝑓𝑦
= 32060.3 𝑚𝑚2 

𝐴𝑠 < 𝐴𝑠,𝑟𝑒𝑓  ∴ 𝑎 <  ℎ𝑓;  𝑅𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑏𝑒𝑎𝑚 𝑑𝑒𝑠𝑖𝑔𝑛 

Check yielding 

𝑎 =
𝜙𝑠𝐴𝑠𝑓𝑦

𝛼1𝜙𝑐𝑓′𝑐𝑏𝑓
= 41.9 𝑚𝑚 

𝑐

𝑑
=

𝑎 𝛽1⁄

𝑑
= 0.077 ≤

700

700 + 𝑓𝑦
= 0.64 ∴ 𝑠𝑡𝑒𝑒𝑙 𝑦𝑖𝑒𝑙𝑑𝑠 (𝑢𝑛𝑑𝑒𝑟 − 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑑) 

Moment resistance 

𝑀𝑟 = 𝜙𝑠𝐴𝑠𝑓𝑦 (𝑑 −
𝑎

2
) = 929.2 𝑘𝑁. 𝑚 

𝑴𝒓 = 𝟗𝟐𝟗. 𝟐 𝒌𝑵. 𝒎 

Check design 

𝑴𝒓 = 𝟗𝟐𝟗. 𝟐 𝒌𝑵. 𝒎 >  𝑴𝒇 = 𝟗𝟏𝟐 𝒌𝑵. 𝒎   →   Acceptable design 

 

Problem 3 (20 marks) 

a) Design critical beam section in positive bending 

𝑀𝐹 =
𝑊𝑓𝐿2

24
= 266.7 𝑘𝑁. 𝑚; 𝛼1 = 0.805; 𝛽1 = 0.895 

𝑑 = 550 𝑚𝑚 

Assume rectangular design (a < hf) 

𝐾𝑟 =
𝑀𝑟

𝑏𝑓𝑑2
= 0.735 

𝜌 = 0.22%   (Table 2.1, CDH) 

𝐴𝑠 = 𝜌𝑏𝑓𝑑 = 1452 𝑚𝑚2   →   5-20M, 1 layer (A20M = 300 mm2) 

𝐴𝑠,𝑟𝑒𝑓 =
𝛼1𝜙𝑐𝑓′𝑐𝑏𝑓ℎ𝑓

𝜙𝑠𝑓𝑦
= 11081 𝑚𝑚2 

𝐴𝑠 = 1500 𝑚𝑚2 < 𝐴𝑠,𝑟𝑒𝑓 = 14 774 𝑚𝑚2 ∴ 𝑎 <  ℎ𝑓;  𝑅𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑏𝑒𝑎𝑚 𝑑𝑒𝑠𝑖𝑔𝑛 

Check yielding 

𝑎 =
𝜙𝑠𝐴𝑠𝑓𝑦

𝛼1𝜙𝑐𝑓′𝑐𝑏𝑓
= 27.1 𝑚𝑚 

𝑐

𝑑
=

𝑎 𝛽1⁄

𝑑
= 0.055 ≤

700

700 + 𝑓𝑦
= 0.64 ∴ 𝑠𝑡𝑒𝑒𝑙 𝑦𝑖𝑒𝑙𝑑𝑠 (𝑢𝑛𝑑𝑒𝑟 − 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑑) 



Check moment resistance 

𝑀𝑟 = 𝜙𝑠𝐴𝑠𝑓𝑦 (𝑑 −
𝑎

𝑠
) = 273.6 × 106 𝑁. 𝑚𝑚 = 273.6 𝑘𝑁. 𝑚 

𝑴𝒓 = 𝟐𝟕𝟑. 𝟔 𝒌𝑵. 𝒎 >  𝑴𝑭 = 𝟐𝟔𝟔. 𝟕 𝒌𝑵. 𝒎   →   OK 

Check spacing 

𝑠 =
𝑏𝑤 − 2𝐶𝑜𝑣𝑒𝑟 − 2𝜙𝑠𝑡𝑖𝑟𝑟𝑢𝑝𝑠 − 𝑛𝑑𝑏

𝑛 − 1
= 105 𝑚𝑚 

𝑠𝑚𝑖𝑛 = 𝑚𝑎𝑥 {
 1.4𝑑𝑏      
1.4𝑎𝑚𝑎𝑥

30 𝑚𝑚

 

𝒔 = 𝟏𝟎𝟓 𝒎𝒎 > 𝒔𝒎𝒊𝒏 = 𝟑𝟓 𝒎𝒎   →   OK 

 

Check crack control 

𝑓𝑠 = 0.6𝑓𝑦 = 240 𝑀𝑃𝑎; 𝑑𝑐 = 50 𝑚𝑚; 𝐴 =
𝑏×2𝑦

𝑛
= 12000 𝑚𝑚2 

𝑧 = 𝑓𝑠(𝑑𝑐𝐴)
1

3⁄ = 240(50 × 12000)
1

3⁄ = 20242 𝑁/𝑚𝑚 

𝒛 = 𝟐𝟎𝟐𝟒𝟐 𝑵/𝒎𝒎 < 𝟐𝟓 𝟎𝟎𝟎 𝑵/𝒎𝒎   →   OK for exterior exposure 

b) Design critical beam section in negative bending 

𝑀𝐹 =
𝑊𝑓𝐿2

12
= 533.3 𝑘𝑁. 𝑚 

𝛼1 = 0.805; 𝛽1 = 0.895; 𝑑 = 550 𝑚𝑚 

Assume rectangular design (a < h - hf) 

𝐾𝑟 =
𝑀𝑟

𝑏𝑓𝑑2
= 2.94 

𝜌 = 0.97%   (Table 2.1, CDH) 

𝐴𝑠 = 𝜌𝑏𝑤𝑑 = 3201 𝑚𝑚2   →   11-20M, 1 layer (A20M = 300 mm2) 

𝐴𝑠,𝑟𝑒𝑓 =
𝛼1𝜙𝑐𝑓′𝑐𝑏𝑓ℎ𝑓

𝜙𝑠𝑓𝑦
= 11 080 𝑚𝑚2 

𝐴𝑠 = 3300 𝑚𝑚2 < 𝐴𝑠,𝑟𝑒𝑓 = 11 080 𝑚𝑚2 ∴ 𝑎 <  ℎ −  ℎ𝑓;  𝑅𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑏𝑒𝑎𝑚 𝑑𝑒𝑠𝑖𝑔𝑛 

Check yielding 

𝑎 =
𝜙𝑠𝐴𝑠𝑓𝑦

𝛼1𝜙𝑐𝑓′𝑐𝑏𝑤
= 119.1 𝑚𝑚 

𝑐

𝑑′
=

𝑎 𝛽1⁄

𝑑′
= 0.242 ≤

700

700 + 𝑓𝑦
= 0.64 ∴ 𝑠𝑡𝑒𝑒𝑙 𝑦𝑖𝑒𝑙𝑑𝑠 (𝑢𝑛𝑑𝑒𝑟 − 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑑) 

Check moment resistance 



𝑀𝑟 = 𝜙𝑠𝐴𝑠𝑓𝑦 (𝑑′ −
𝑎

𝑠
) = 550.2 𝑘𝑁. 𝑚 

𝑴𝒓 = 𝟓𝟓𝟎. 𝟐 𝒌𝑵. 𝒎 >  𝑴𝑭 = 𝟓𝟑𝟑. 𝟑 𝒌𝑵. 𝒎   →   OK 

Check spacing 

𝑠 =
𝑏𝑤 − 2𝐶𝑜𝑣𝑒𝑟 − 2𝜙𝑠𝑡𝑖𝑟𝑟𝑢𝑝𝑠 − 𝑛𝑑𝑏

𝑛 − 1
= 90 𝑚𝑚 

𝑠𝑚𝑖𝑛 = 𝑚𝑎𝑥 {
 1.4𝑑𝑏

1.4𝑎𝑚𝑎𝑥

 30 𝑚𝑚

 

𝒔 = 𝟗𝟎 𝒎𝒎 > 𝒔𝒎𝒊𝒏 = 𝟑𝟓 𝒎𝒎   →   OK 

Check crack control 

𝑓𝑠 = 0.6𝑓𝑦 = 240 𝑀𝑃𝑎; 𝑑𝑐 = 50 𝑚𝑚; 𝐴 =
𝑏×2𝑦

𝑛
= 10909 𝑚𝑚2 

𝑧 = 𝑓𝑠(𝑑𝑐𝐴)
1

3⁄ = 19609 𝑁/𝑚𝑚 < 𝟐𝟓 𝟎𝟎𝟎 𝑵/𝒎𝒎   →   OK for exterior exposure 

c) Design summary drawing 

 

 

 


