
CE 473 

 

Eng.ALI ALQARNI Page 1 
 

Major axis X-X 

Minor axis Y-Y 

𝐼𝑥 > 𝐼𝑦 ⇒ 𝑟𝑥 > 𝑟𝑦  

Example:- 

If b= 200 mm and h=500mm. Calculate the moment of inertia and 

 Radius of gyration? 

𝐼𝑥 =
𝑏 ∗ ℎ3

12
=

200 ∗ 5003

12
= 2.083 ∗ 109𝑚𝑚4 

𝐼𝑦 =
ℎ ∗ 𝑏3

12
=

500 ∗ 2003

12
= 0.333 ∗ 109𝑚𝑚4 

𝐴 = 200 ∗ 500 = 100 ∗ 103𝑚𝑚2 

𝑟𝑥 =  
𝐼𝑥
𝐴

=  
2.083 ∗ 109

100 ∗ 103
= 144.34 𝑚𝑚 

𝑟𝑦 =  
𝐼𝑦

𝐴
=  

0.333 ∗ 109

100 ∗ 103
= 57.74 𝑚𝑚 

 

Major axis X-X 

Minor axis Y-Y 
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Euler formula:- 

𝑃𝐸 =
𝜋2𝐸𝐼

𝐿2
 

Buckling stresses:- 

𝐹𝑐𝑟 =
𝜋2𝐸

 𝐾𝐿 𝑟  2
 

Column formulas:- 

∅𝑃𝑛 = 0.85 ∗  𝐴𝑔  ∗ 𝐹𝑐𝑟  

If  𝜆𝑐  > 1.5 ⇒ (Elastic buckling, long column) 

𝐹𝑐𝑟 =
0.877

𝜆𝑐
2 ∗ 𝐹𝑦  

If  𝜆𝑐   ≤  1.5 ⇒ (Inelastic buckling, short and intermediate column) 

𝐹𝑐𝑟 = (0.658𝜆𝑐
2
) ∗ 𝐹𝑦  

Where  

𝜆𝑐 =
𝐾𝐿 𝑟 

𝜋
∗  

𝐹𝑦

𝐸
 

Using LRFD table to find factor tensile strength:- 

1. Use (KLy) to enter the table and find ∅𝑃𝑛  . 

2. Since (KLy) < (KLx) check the buckling strength about major axis. 

3. (𝐾𝐿)𝑒𝑞 =
𝐾𝐿𝑥
𝑟𝑥
𝑟𝑦

 

4. If (𝐾𝐿)𝑒𝑞 < 𝐾𝐿𝑦   ∴ Major buckling is not problem. 

5. If (𝐾𝐿)𝑒𝑞 > 𝐾𝐿𝑦   ∴ Reenter the table and find ∅𝑃𝑛at(𝐾𝐿)𝑒𝑞 . 

 

 

 

 

 

 



CE 473 

 

Eng.ALI ALQARNI Page 3 
 

Example 1)  

Determine the factor tensile strength of W 310X60. Knowing that (KLx) =6m, (KLy)=6m. 

Given: 

𝐴𝑔 = 7590𝑚𝑚 2              𝑟𝑥 = 130 𝑚𝑚    , 𝑟𝑦 = 49.1 𝑚𝑚 , 

Neglect the effect of local buckling 

Solution:- 

 

 𝐾𝐿𝑥 𝑟𝑥  =
6000

130
= 46.15 𝑚𝑚 

 𝐾𝐿𝑦 𝑟𝑦  =
6000

49.1
= 122.2 𝑚𝑚 

Buckling @ Y-Y axis is critical: 

𝜆𝑐 =
𝐾𝐿𝑦 𝑟𝑦 

𝜋
∗  

𝐹𝑦

𝐸
=

69.23

𝜋
∗  

250

200000
= 1.38 < 1.5 

𝐹𝑐𝑟 =  0.658𝜆𝑐
2
 ∗ 𝐹𝑦 =  0.6580.782

 ∗ 250 = 113.19 𝑀𝑝𝑎 

∅𝑃𝑛 = 0.85 ∗  𝐴𝑔  ∗ 𝐹𝑐𝑟 = 0.85 ∗ 7590 ∗ 113.19 ∗ 10−3 = 730.25 𝐾𝑛 
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Example 2)  

Determine the factor tensile strength of W 310X60. Knowing that (KLx)=9m, (KLy)=6m. 

Given: 

𝐴𝑔 = 7590𝑚𝑚 2   ,   𝑟𝑥 = 130 𝑚𝑚    , 𝑟𝑦 = 49.1 𝑚𝑚 , 

Neglect the effect of local buckling 

Solution:- 

 

 𝐾𝐿𝑥 𝑟𝑥  =
9000

130
= 69.23 𝑚𝑚 

 𝐾𝐿𝑦 𝑟𝑦  =
6000

49.1
= 122.2 𝑚𝑚 

Buckling @ Y-Y axis is critical: 

𝜆𝑐 =
𝐾𝐿𝑦 𝑟𝑦 

𝜋
∗  

𝐹𝑦

𝐸
=

69.23

𝜋
∗  

250

200000
= 1.38 < 1.5 

𝐹𝑐𝑟 =  0.658𝜆𝑐
2
 ∗ 𝐹𝑦 =  0.6580.782

 ∗ 250 = 113.19 𝑀𝑝𝑎 

∅𝑃𝑛 = 0.85 ∗  𝐴𝑔  ∗ 𝐹𝑐𝑟 = 0.85 ∗ 7590 ∗ 113.19 ∗ 10−3 = 730.25 𝐾𝑛 

By using LRFD table:- 

At (KLy) = 6 m⇒ ∅𝑃𝑛 = 731 𝐾𝑛 

Since (KLy) < (KLx) check the buckling strength about major axis. 

(𝐾𝐿)𝑒𝑞 =
9

2.65
= 3.4 𝑚 

If (𝐾𝐿)𝑒𝑞 < 𝐾𝐿𝑦   ∴ Major buckling is not problem. 
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Example 3)  

Determine the factor tensile strength of W 360X216. Knowing that 

 (KLx) =12m, (KLy) =6m. 

Given: 

𝐴𝑔 = 27600𝑚𝑚 2, 𝑟𝑥 = 161 𝑚𝑚    , 𝑟𝑦 = 101 𝑚𝑚 , 

Neglect the effect of local buckling 

Solution:- 

 

 𝐾𝐿𝑥 𝑟𝑥  =
12000

161
= 74.53 𝑚𝑚 

 𝐾𝐿𝑦 𝑟𝑦  =
6000

101
= 59.41 𝑚𝑚 

Buckling @ X-X axis is critical: 

𝜆𝑐 =
𝐾𝐿𝑥 𝑟𝑥 

𝜋
∗  

𝐹𝑦

𝐸
=

74.53

𝜋
∗  

250

200000
= 0.839 < 1.5 

𝐹𝑐𝑟 =  0.658𝜆𝑐
2
 ∗ 𝐹𝑦 =  0.6580.8392

 ∗ 250 = 186.202 𝑀𝑝𝑎 

∅𝑃𝑛 = 0.85 ∗  𝐴𝑔  ∗ 𝐹𝑐𝑟 = 0.85 ∗ 27600 ∗ 186.202 ∗ 10−3 = 4368.309 𝐾𝑛 

By using LRFD table:- 

At (KLy) = 6 m⇒ ∅𝑃𝑛 = 4860 𝐾𝑛 

Since (KLy) < (KLx) check the buckling strength about major axis . 

(𝐾𝐿)𝑒𝑞 =
12

1.59
= 7.54 𝑚 

If (𝐾𝐿)𝑒𝑞 > 𝐾𝐿𝑦   ∴ Reenter the table and find ∅𝑃𝑛at(𝐾𝐿)𝑒𝑞 . 

At (𝐾𝐿)𝑒𝑞 = 7.54𝑚 ⇒ ∅𝑃𝑛 = 4366 𝐾𝑛 
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7.54

4 

 

4266 

 


