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BUCKLING OF COLUMNS 

 Stability of columns 

A prismatic column can be idealized to a spring rigid bar system 

Consider an identical structure as shown below. Member AB is a rigid bar that is pinned at base and 
supported by an elastic spring of stiffness k at top. 

The bar supports a centrally applied load P that is perfectly aligned with the axis of bar, hence the spring 
has to be inserted force in it. 
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If the bar is disturbed by some external force so that it rotates slightly through a small angle ߠ about A. 

The stability conditions for the column are: 

 (1)  If restoring moment is greater than distorting moment then column is in stable equilibrium.  

Kܮଶߠ > PL	ߠ 

KL > P   (condition for stable equilibrium) 

(2) If restoring moment is equal to distorting moment then column is in neutral equilibrium. 

Kܮଶߠ = PL	ߠ 

KL = P   (condition for neutral equilibrium) 

Here the load P is known as a critical load ܲ. 

(3) If restoring moment is less than distorting moment then column is in unstable equilibrium. 

Kܮଶߠ < PL	ߠ 

KL < P   (condition for unstable equilibrium)  

These equilibrium relationships are shown in the graph of P versus ߠ below.  
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 Euler buckling theory  

This theory is applicable to materials following Hook’s law. 

Consider the loaded column as shown below, 

 

M = - ܫܧ ௗ
మ

ௗ௫మ
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PV = - ܫܧ ௗ
మ

ௗ௫మ
 

ௗమ
ௗ௫మ

 + 
ாூ
ܸ = 0 

Solution: - 

V = Asin Bcos + ݔ݇  ݔ݇

Where k = ට
ாூ

 

To find A and B, we use boundary condition. 

 Hinged – Hinged  

V(0) = 0;  V(݈) = 0 

∴  B = 0 

Asin ݈݇ = 0 

∴ sin ݈݇ = nߨ     where n = 1, 2, 3....... 
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k = గ


   

ܖ = ܚ܋۾
ૈ۳۷
ܔ

       

    Here ܫ should be the minimum principal inertia. 

Also, 

 .ଶ      → where r is radius of gyrationݎA = ܫ      

ܲ = గ
మா

ቀೝቁ
మ          → where 


 is slenderness ratio. 

And,     

 = గߪ  
మா

ቀ ೝቁ
మ            
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 Similarly for other boundary conditions  

 

Boundary 

Condition 

 ࢘ࢉࡼ ࢋࡸ

 Hinged-Hinged L ߨଶܫܧ
ଶܮ

 

 Fixed-Fixed L/2 4ߨଶܫܧ
ଶܮ

 

 Fixed-Free 2L ߨଶܫܧ
ଶܮ4

 

 Fixed-Hinged L/√2 2ߨଶܫܧ
ଶܮ
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Problems 

1.  
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Sol.  4 kN   

 

 

 

x = aߠ  

k = 1000 N.m/rad 

a = 0.5 m 

D.M. = P.aߠ  

R.M. = k.2ߠ  

   = 0ܯ∑

R.M. - D.M. = 0   

k.2ߠ – P.a0 = ߠ  

So ܲ = ଶ


 = ଶ×ଵ
.ହ

 = 4 kN 
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2.  

 

Sol.   C   
 
Pୡ୰ଵ = ସ

మ୍
୪మ

       (for both ends fixed)   

Pୡ୰ଶ = 
మ୍
୪మ

       (for both ends pined)   

So  ౙ౨భ
ౙ౨మ

 = 4  
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3.  

 

Sol.   A   

For a simply supported beam,   

Pୡ୰ = 
మ୍
୪మ

        

E = 210× 10ଽ  N/݉ଶ  

l = 0.5 m  

ௗ = ܫ
య

ଵଶ
 = (ଵ.ହ×ଵషమ)×(ଵ×ଵషమ)య

ଵଶ
 = 0.125× 10ି଼  ݉ସ  

Then, Pୡ୰ = 10.36 kN  
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4.  

 

Sol.   B   

For one end fixed and other is hinged,  

   = L/√2ܮ

Pୡ୰ = 
మ୍

(.୪)మ
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5.  

 

Sol.   3289.73 N  

Pୡ୰ = 
మ୍
୪మ

    (for both side hinged)      

E = 200× 10ଷ N/݉݉ଶ , ݈ = 1m = 1000 mm, ܫ = ௗ
య

ଵଶ
 = ଶ×ଵయ

ଵଶ
 = 1666.66 ݉݉ସ  

So, Pୡ୰ = 3289.73 N 
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6.  

 

Sol.   5.99 cm  

Pୡ୰ = 
మ୍
୪మ

    (for simply supported column)        

݈ = 1.57 m, E = 200GPa, ߪ௬ௗ = 240 MPa  

σୡ୰ = ౙ౨	


 = 
మ୍

୪మ.ୢమ
 =  ܫ    ,  

య

ଵଶ
 = ௗ

ర

ଵଶ
   

σୡ୰ = 
మ

୪మ.ୢమ
× ௗర

ଵଶ
  ௬ௗߪ   =  

d = ටቀఙ	×ଵଶ×୪మ

మ
ቁ = 0.0599 m = 5.99 cm   
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7.  

 

Sol.  D   

Pୡ୰ = 
మ୍
୪మ

     

గௗ = ܫ
ర

ସ
  

Pୡ୰ = 
మ
୪మ

× గௗర

ସ
  

  Pୡ୰  ∝   ݀ସ  
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ౙ౨,మ		
ౙ౨,భ		

 = ቀௗమ
ௗభ
ቁ
ସ
 = 2ସ = 16  

Pୡ୰,ଶ = 16Pୡ୰,ଵ  
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8.  
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Sol.  1937.8 N  

Lets R is load applied on column BD.    

E = 200 GPa, radius of member, r = 10 mm, ܫ = గௗ
ర

ସ
   

× = 0 = Rܯ∑ 1 - P× 2  

R = 2P = 
మ୍
୪మ

  =  

P = ଵ
ଶ

× మ
୪మ

× గௗర

ସ
   = 1937.8 N   
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9.  

 

Sol.   B 

݈ = 1m, E = 200GPa, 12 = ߙ× 10ି /°ܥ  
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×ௗయ = ܫ

ଵଶ
 = ଵ×య

ଵଶ
 = 180 ݉݉ସ  

Pୡ୰ = ସ
మ୍
୪మ

    (for both side fixed beam)  

σୡ୰ = ౙ౨


 = ସ
మ୍

୪మ.
    ்ߪ = ܧܶ∆ߙ =  

∆ܶ = ସ
మ୍

୪మ..ఈ
 ܥ° 9.89 =  
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10.  

 

Sol.  2056.03 N   

݈ = 200 mm, E = 200 GPa, fos = 2.5 

fos = ௬ௗ	ௗ
ௗ	ௗ

   

ܲ =  ,݈݀ܽ	݈݀݁݅ݕ
మ୍
మ

       

Then, applied load, P = గ
మாூ

మ.௦
   

×ௗయ = ܫ  

ଵଶ
 = ଵ×ହయ

ଵଶ
 = 104.16 ݉݉ସ   

P = 2056.03 N  
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11.  

 

Sol.   D  

ܲ = ସ
మ୍
మ

      (for both side fixed bar)  

 = ೝߪ


 = ସ
మ୍

మ.మ
    ܧܶ∆ߙ =  

×ௗయ = ܫ    

ଵଶ
 = 

ర

ଵଶ
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So,     ߙ = ସమ

మ .మ. ்
× ర

ଵଶ
  = ଵ

ଷ
. 

మ.మ

మ . ்
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12.  

 

Sol.  B    

Area, A = గௗ
మ

ସ
	  

గௗ = ܫ
ర

ସ
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 = ೝߪ


 = 
ସమ.ഏ

ర

లర 			

మ .ഏ
మ

ర

      ܧܶ∆ߙ =  

  ଶ݀  ∝     ܶ∆ 	,ܵ


