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Unstiffened element:- 

A. Single angle or double angle:- 

𝜆𝑟 = 0.45 
𝐸

𝐹𝑦
 >

𝑏

𝑡
   ⇒    𝑄𝑠 = 1 

0.45 
𝐸

𝐹𝑦
<
𝑏

𝑡
< 0.91 

𝐸

𝐹𝑦
    ⇒    𝑄𝑠 = 1.34 − 0.76  

𝑏

𝑡
  

𝐸

𝐹𝑦
 

𝑏

𝑡
> 0.91 

𝐸

𝐹𝑦
    ⇒    𝑄𝑠 =

0.534 ∗ 𝐸

𝐹𝑦 ∗  
𝑏
𝑡 

2  

B. Flanges of  W-shape and channels:- 

𝜆𝑟 = 0.56 
𝐸

𝐹𝑦
>
𝑏

𝑡
   ⇒    𝑄𝑠 = 1 

0.56 
𝐸

𝐹𝑦
<
𝑏

𝑡
< 1.03 

𝐸

𝐹𝑦
    ⇒    𝑄𝑠 = 1.415 − 0.74  

𝑏

𝑡
  

𝐸

𝐹𝑦
 

𝑏

𝑡
> 1.03 

𝐸

𝐹𝑦
    ⇒    𝑄𝑠 =

0.69 ∗ 𝐸

𝐹𝑦 ∗  
𝑏
𝑡 

2 

C. Stem of tee:- 

𝜆𝑟 = 0.75 
𝐸

𝐹𝑦
<
𝑑

𝑡
   ⇒    𝑄𝑠 = 1 

0.75 
𝐸

𝐹𝑦
<
𝑑

𝑡
< 1.03 

𝐸

𝐹𝑦
    ⇒    𝑄𝑠 = 1.908 − 1.22  

𝑑

𝑡
  

𝐸

𝐹𝑦
 

𝑑

𝑡
> 1.03 

𝐸

𝐹𝑦
    ⇒    𝑄𝑠 =

0.69 ∗ 𝐸

𝐹𝑦 ∗  
𝑑
𝑡 

2 

  

b 

b 
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Stiffened elements:- 

𝐼𝑓 
𝑕

𝑡𝑤
≥ 1.49 

𝐸

𝐹𝑦
     

𝑏𝑒 = 1.91 ∗ 𝑡𝑤 ∗  
𝐸

𝑓𝑐𝑟
∗  1 −   

0.34

𝑕 𝑡𝑤 
  

𝐸

𝑓𝑐𝑟
  < 𝑕 

𝑄𝑎 =
 𝐴𝑟𝑒𝑎 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒

𝐴
=
𝐴 − (𝑏∗ ∗ 𝑡𝑤)

𝐴
     ,𝑤𝑕𝑒𝑟𝑒  𝑏∗ = 𝑕 −  𝑏𝑒  

 

Column formulas:- 

∅𝑃𝑛 = 0.85 ∗  𝐴𝑔  ∗ 𝐹𝑐𝑟  

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

𝐹𝑐𝑟 =
0.877

𝜆𝑐
2 ∗ 𝐹𝑦  

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

𝐹𝑐𝑟 = 𝑄 ∗ (0.658)𝑄∗𝜆𝑐
2
∗ 𝐹𝑦  

Where  

𝜆𝑐 =
𝐾𝐿 𝑟 

𝜋
∗  

𝐹𝑦

𝐸
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Example 1)  

Determine the factor tensile strength of W shape 360X64, (KLx) =9 m, (KLy) =6m. 

Fy=345 Mpa. 

Given: 

𝐴𝑔 = 8140 𝑚𝑚 2 , 𝑟𝑥 = 148 𝑚𝑚    , 𝑟𝑦 = 48.2 𝑚𝑚 , 

𝑏 =
𝑏𝑓

2
= 101.5 𝑚𝑚  , 𝑡𝑓 = 13.5 𝑚𝑚  , 𝑡𝑤 = 7.7 𝑚𝑚 ,𝑕 = 280 𝑚𝑚 

Solution:- 

1. Check the local buckling 

a) Unstiffened element:- 

𝜆𝑟 = 0.56 
𝐸

𝐹𝑦
= 0.56 

200000

345
= 13.48 

𝑏

𝑡
=

101.5

13.5
= 7.52 

𝜆𝑟 = 0.56 
𝐸

𝐹𝑦
>
𝑏

𝑡
   ⇒    𝑄𝑠 = 1  (𝑛𝑜 𝑙𝑜𝑐𝑎𝑙 𝑏𝑢𝑐𝑘𝑙𝑖𝑛𝑔) 

b) Stiffened elements:- 

1.49 
𝐸

𝐹𝑦
   = 1.49 

200000

345
= 35.87     

𝑕

𝑡𝑤
=

280

7.7
= 36.36  

𝑕

𝑡𝑤
≥ 1.49 

𝐸

𝐹𝑦
     

𝑏𝑒 = 1.91 ∗ 𝑡𝑤 ∗  
𝐸

𝑓𝑐𝑟
∗  1 −   

0.34

𝑕 𝑡𝑤 
  

𝐸

𝑓𝑐𝑟
  < 𝑕 

𝑄𝑎 =
 𝐴𝑟𝑒𝑎 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒

𝐴
=
𝐴 − (𝑏∗ ∗ 𝑡𝑤)

𝐴
     ,𝑤𝑕𝑒𝑟𝑒  𝑏∗ = 𝑕 −  𝑏𝑒  

𝑄 = 𝑄𝑎 ∗ 𝑄𝑠 = 𝑄𝑎 ∗ 1 = 𝑄𝑎  

X 

Y 
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Frist assume           𝑄𝑎 = 1 

 𝐾𝐿𝑥 𝑟𝑥  =
9000

148
= 60.81 𝑚𝑚 

 𝐾𝐿𝑦 𝑟𝑦  =
6000

48.2
= 124.48 𝑚𝑚 

Buckling @ Y-Y axis is critical: 

𝜆𝑐 =
𝐾𝐿𝑦 𝑟𝑦 

𝜋
∗  

𝐹𝑦

𝐸
=

124.48

𝜋
∗  

345

200000
= 1.645 > 1.5 

𝐹𝑐𝑟 =
0.877

𝜆𝑐
2 ∗ 𝐹𝑦 =

0.877

1.6452
∗ 345 = 111.7174 𝑀𝑝𝑎 

𝑏𝑒 = 1.91 ∗ 7.7 ∗  
200000

111.60
∗  1 −   

0.34

280 7.7 
  

200000

111.60
  = 376.16 𝑚𝑚 > 𝑕 

∅𝑃𝑛 = 0.85 ∗  𝐴𝑔  ∗ 𝐹𝑐𝑟 = 0.85 ∗ 8140 ∗ 111.60 ∗ 10−3 = 772.973 𝐾𝑛 

By using LRFD table:- 

At (KLy) = 6 m⇒ ∅𝑃𝑛 = 773 𝐾𝑛 

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

(𝐾𝐿)𝑒𝑞 =
9

3.07
= 2.932 𝑚 

If (𝐾𝐿)𝑒𝑞 < 𝐾𝐿𝑦   ∴ Major buckling is not problem   ⇒ ∅𝑃𝑛 = 773 𝐾𝑛 
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Example 2: 

a) Compute the bucklng length factor for two story for column (A-B) and     

(B-C) ,if the columns and beams have section 310X79 ,360X101 

respectively. 

b) Design the column (A-B) if Pd=500 Kn,PL=300 Kn ,the steel grade 250 Mpa, 

assume( Kx Lx =Ky Ly =6.5 m). 

 𝑓𝑜𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 (310𝑋79)   𝐼𝑥 = 177 ∗ 106 𝑚𝑚4 

𝑓𝑜𝑟 𝑏𝑒𝑎𝑚𝑠 (360𝑋101)   𝐼𝑥 = 302 ∗ 106 𝑚𝑚4 

𝐺 = 10   𝑕𝑖𝑛𝑔𝑒 𝑠𝑢𝑝𝑝𝑜𝑟𝑡   , 𝐺 = 1   𝑓𝑖𝑥𝑒𝑑 𝑠𝑢𝑝𝑝𝑜𝑟𝑡   

 

 

 

 

 

 

 

 

 

 

 

 

Solution: 

Column (A-B) is braced       𝐺𝐴 = 10  𝑕𝑖𝑛𝑔𝑒 𝑠𝑢𝑝𝑝𝑜𝑟𝑡  

5 m 5 m 

3.5 m 

6.5 m 

A 

B 

C 
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𝐺𝐵 =
  

𝐼
𝐿 𝐶

  
𝐼
𝐿 𝐵

=
 

177 ∗ 106

3500
 +  

177 ∗ 106

6500
 

 
302 ∗ 106

5000
 +

302 ∗ 106

5000

= 0.644 

Column (B-C) is unbraced        

𝐺𝐵 =
  

𝐼
𝐿 𝐶

  
𝐼
𝐿 𝐵

=
 

177 ∗ 106

3500
 +  

177 ∗ 106

6500
 

 
302 ∗ 106

5000
 +

302 ∗ 106

5000

= 0.644 

𝐺𝐶 =
  

𝐼
𝐿 𝐶

  
𝐼
𝐿 𝐵

=
 

177 ∗ 106

3500
 

 
302 ∗ 106

5000
 +

302 ∗ 106

5000

= 0.419 

 

Unbraced frame Braced frame 

K(A-B)=0.82 

K(B-C)=1.18 
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b) 

𝑃𝑢 = 1.2 500 + 1.6 300 = 1080 𝐾𝑁 

∅𝑃𝑛 ≥ 𝑃𝑢  

W360X91          ∅𝑃𝑛 = 1380 𝐾𝑛       weight =0.893Kn/m      

W310X79          ∅𝑃𝑛 = 1220 𝐾𝑛       weight =0.775 Kn/m             

W250X73          ∅𝑃𝑛 = 1150𝐾𝑛        weight = 0.716 Kn/m             

W200X100          ∅𝑃𝑛 = 1240 𝐾𝑛      weight = 0.981 Kn/m      

Choose the lightest section:- 

W250X73         ∅𝑃𝑛 = 1150 𝐾𝑛  

Check the buckling about major axis:-  

At (KLy) = 6.5 m⇒ ∅𝑃𝑛 = 1150 𝐾𝑛 

Since (KLy) = (KLx) ∴ Major buckling is not problem   ⇒ ∅𝑃𝑛 = 1150𝐾𝑛 


