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Project: Your Project Name
Task: Task of Project

Calc by: Cole Miller Date: 2024-10-26
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Flexural Example Problem
Flexural Example Problem
Determine the LRFD flexural design strength for a W10x12 beam with an unbraced length of 10 ft.

Section Properties of W10X12

ℎ = 8.85 inch 𝑡𝑓 = 0.21 inch 𝑏𝑓 = 3.96 inch 𝑡𝑤 = 0.19 inch

𝐸 = 29000 ksi 𝐹𝑦 = 50 ksi 𝑆𝑥 = 10.9 inch3 𝑍𝑥 = 12.6 inch3

𝐿𝑏 = 10 ft

Figure 1: W-Shape: Flexural Strength
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Project: Your Project Name
Task: Task of Project

Calc by: Cole Miller Date: 2024-10-26
Check by: John Doe Date: 2024-10-28

Determine if Section is Compact
Determine the limiting ratios (AISC Table B4.1b)
Check Flange

𝑏 = 𝑏𝑓
2 = 3.96 inch

2 = 1.98 inch

𝑡 = 𝑡𝑓 = 0.21 inch

𝜆 = 𝑏
𝑡 = 1.98 inch

0.21 inch = 9.43

𝜆𝑝 = 0.38 ⋅ √ 𝐸
𝐹𝑦

= 0.38 ⋅ √29000 ksi
50 ksi = 9.15

𝜆𝑟 = 1 ⋅ √ 𝐸
𝐹𝑦

= 1 ⋅ √29000 ksi
50 ksi = 24.08

𝑐𝑙𝑎𝑠𝑠 =
⎧{
⎨{⎩

𝑐𝑜𝑚𝑝𝑎𝑐𝑡 if 𝜆 ≤ 𝜆𝑝
𝑛𝑜𝑛𝑐𝑜𝑚𝑝𝑎𝑐𝑡 if 𝜆𝑝 < 𝜆 ≤ 𝜆𝑟
𝑠𝑙𝑒𝑛𝑑𝑒𝑟 otherwise

=
⎧{
⎨{⎩

𝑐𝑜𝑚𝑝𝑎𝑐𝑡 if 9.43 ≤ 9.15
𝑛𝑜𝑛𝑐𝑜𝑚𝑝𝑎𝑐𝑡 if 9.15 < 9.43 ≤ 24.08
𝑠𝑙𝑒𝑛𝑑𝑒𝑟 otherwise

= 𝑛𝑜𝑛𝑐𝑜𝑚𝑝𝑎𝑐𝑡

Flange is noncompact

Check Web

ℎ = ℎ = 8.85 inch

𝑡𝑤 = 𝑡𝑤 = 0.19 inch

𝜆 = ℎ
𝑡𝑤

= 8.85 inch
0.19 inch = 46.6

𝜆𝑝 = 3.76 ⋅ √ 𝐸
𝐹𝑦

= 3.76 ⋅ √29000 ksi
50 ksi = 90.55

𝜆𝑟 = 5.7 ⋅ √ 𝐸
𝐹𝑦

= 5.7 ⋅ √29000 ksi
50 ksi = 137.27

𝑐𝑙𝑎𝑠𝑠 =
⎧{
⎨{⎩

𝑐𝑜𝑚𝑝𝑎𝑐𝑡 if 𝜆 ≤ 𝜆𝑝
𝑛𝑜𝑛𝑐𝑜𝑚𝑝𝑎𝑐𝑡 if 𝜆𝑝 < 𝜆 ≤ 𝜆𝑟
𝑠𝑙𝑒𝑛𝑑𝑒𝑟 otherwise

=
⎧{
⎨{⎩

𝑐𝑜𝑚𝑝𝑎𝑐𝑡 if 46.6 ≤ 90.55
𝑛𝑜𝑛𝑐𝑜𝑚𝑝𝑎𝑐𝑡 if 90.55 < 46.6 ≤ 137.27
𝑠𝑙𝑒𝑛𝑑𝑒𝑟 otherwise

= 𝑐𝑜𝑚𝑝𝑎𝑐𝑡

Web is compact

W-Shape is classified as F3
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Project: Your Project Name
Task: Task of Project

Calc by: Cole Miller Date: 2024-10-26
Check by: John Doe Date: 2024-10-28

Determine Flexural Capacity based on Chapter F, Section 3
Calculate Miscellaneous Variables

𝑐 = 1

𝑀𝑝 = 𝐹𝑦 ⋅ 𝑍𝑥

= 50 ksi ⋅ 12.6 inch3

= 52.5 ft kip

𝐿𝑝 = 1.76 ⋅ 𝑟𝑦 ⋅ √ 𝐸
𝐹𝑦

= 1.76 ⋅ 0.78 inch ⋅ √29000 ksi
50 ksi

= 2.77 ft

𝐿𝑟 = 1.95 ⋅ 𝑟𝑡𝑠 ⋅ 𝐸
0.7 ⋅ 𝐹𝑦

⋅
√√√
⎷

𝐽 ⋅ 𝑐
𝑆𝑥 ⋅ ℎ0

+ √( 𝐽 ⋅ 𝑐
𝑆𝑥 ⋅ ℎ0

)
2

+ 6.76 ⋅ (0.7 ⋅ 𝐹𝑦
𝐸 )

2

= 1.95 ⋅ 0.98 inch ⋅ 29000 ksi
0.7 ⋅ 50 ksi ⋅

√√√√
⎷

0.05 inch4 ⋅ 1
10.9 inch3 ⋅ 9.66 inch

+
√√√
⎷

( 0.05 inch4 ⋅ 1
10.9 inch3 ⋅ 9.66 inch

)
2

+ 6.76 ⋅ (0.7 ⋅ 50 ksi
29000 ksi )

2

= 8.05 ft

𝐹𝑐𝑟 = 𝐶𝑏 ⋅ 𝜋2 ⋅ 𝐸
( 𝐿𝑏

𝑟𝑡𝑠
)2 ⋅ √1 + 0.08 ⋅ 𝐽 ⋅ 𝑐

𝑆𝑥 ⋅ ℎ0
⋅ ( 𝐿𝑏

𝑟𝑡𝑠
)

2

= 1 ⋅ 3.142 ⋅ 29000 ksi
( 10 ft

0.98 inch )2 ⋅ √1 + 0.08 ⋅ 0.05 inch4 ⋅ 1
10.9 inch3 ⋅ 9.66 inch

⋅ ( 10 ft
0.98 inch)

2

= 24.32 ksi

𝑘𝑐 = 4
√ ℎ

𝑡𝑤

= 4
√ 8.85 inch

0.19 inch

= 0.59

𝑘𝑐 = max (min (𝑘𝑐, 0.76) , 0.35)

= max (min (0.59, 0.76) , 0.35)

= 0.59
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Project: Your Project Name
Task: Task of Project

Calc by: Cole Miller Date: 2024-10-26
Check by: John Doe Date: 2024-10-28

1. Lateral Torsional Buckling

𝑀𝑛𝐿𝑇 𝐵 =
⎧{
⎨{⎩

𝑀𝑝 if 𝐿𝑏 ≤ 𝐿𝑝
𝐶𝑏 ⋅ (𝑀𝑝 − (𝑀𝑝 − 0.7 ⋅ 𝐹𝑦 ⋅ 𝑆𝑥) ⋅ 𝐿𝑏−𝐿𝑝

𝐿𝑟−𝐿𝑝
) if 𝐿𝑝 < 𝐿𝑏 ≤ 𝐿𝑟

𝐹𝑐𝑟 ⋅ 𝑆𝑥 otherwise

=
⎧{
⎨{⎩

52.5 ft kip if 10 ft ≤ 2.77 ft
1 ⋅ (52.5 ft kip − (52.5 ft kip − 0.7 ⋅ 50 ksi ⋅ 10.9 inch3) ⋅ 10 ft−2.77 ft

8.05 ft−2.77 ft ) if 2.77 ft < 10 ft ≤ 8.05 ft
24.32 ksi ⋅ 10.9 inch3 otherwise

= 22.09 ft kip

2. Compression Flange Local Buckling

𝑀𝑛𝐶𝐹𝐿𝐵 =
⎧{{
⎨{{⎩

𝑀𝑝 − (𝑀𝑝 − 0.7 ⋅ 𝐹𝑦 ⋅ 𝑆𝑥) ⋅ 𝜆𝑓−𝜆𝑝𝑓
𝜆𝑟𝑓−𝜆𝑝𝑓

if 𝜆𝑓𝑐𝑙𝑎𝑠𝑠 = 𝑛𝑜𝑛𝑐𝑜𝑚𝑝𝑎𝑐𝑡
0.9⋅𝐸⋅𝑘𝑐⋅𝑆𝑥

𝜆2
𝑓

if 𝜆𝑓𝑐𝑙𝑎𝑠𝑠 = 𝑠𝑙𝑒𝑛𝑑𝑒𝑟
𝑀𝑝 otherwise

=
⎧{
⎨{⎩

52.5 ft kip − (52.5 ft kip − 0.7 ⋅ 50 ksi ⋅ 10.9 inch3) ⋅ 9.43−9.15
24.08−9.15 if 𝑛𝑜𝑛𝑐𝑜𝑚𝑝𝑎𝑐𝑡 = 𝑛𝑜𝑛𝑐𝑜𝑚𝑝𝑎𝑐𝑡

0.9⋅29000 ksi⋅0.59⋅10.9 inch3
9.432 if 𝑛𝑜𝑛𝑐𝑜𝑚𝑝𝑎𝑐𝑡 = 𝑠𝑙𝑒𝑛𝑑𝑒𝑟

52.5 ft kip otherwise

= 52.12 ft kip

Flexure Capacity

𝜙𝑀𝑛 = 𝜙𝑏 ⋅ min (𝑀𝑛1, 𝑀𝑛2) = 0.9 ⋅ min (22.09 ft kip, 52.12 ft kip) = 19.88 ft kip
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