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Figure 3:Hinge- fixed ends column 

COLUMN BUCKLING ANALYSIS BY FINITE DIFFERENCE 

METHODS 

The basic differential equation of beam -column is: 

 

This can be written in difference equation form, if we know that  
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Example: Use the F.D.M.  to find Pcr for the column shown in 

the Fig 6. 

1. Assume n=2   
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@ fixed end :          

@ hinge end :           
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H.W.: Resolve the previous example  

Figure 5: column division for finite 

difference method  
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1. Using advantage of B.C. 

2. assume n=3 & n=4 

  

H.W.: For the beam rest on elastic foundation knowing k is subgrade 

reaction along the beam (KN/m). calculate Pcr use n=2. 
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COLUMN BUCKLING ANALYSIS BY MATRIX METHODS 

Consider a prismatic column shown in Figure 6. The axial strain of a 

point at a distance y from the neutral axis is: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The first integral in Eq. above yields the stiffness matrix for a bar element 

associated with the kinematic degrees of freedom u1 and u2. The second 

integral yields the stiffness matrix for a beam element. The third integral 

sums the work done by the external load P when differential elements dx 

are stretched by an amount [(dv/dx)
2
×dx/2] (there exists another 

interpretation of the third integral: a change in the potential energy of the 

applied load during buckling). The third integral leads to the derivation of 

the element geometric stiffness matrix K. The lateral displacement field v 

of the beam and its derivative dv/dx are: 
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Figure 7: Column model, degrees-of-

freedom 

Example: Consider a propped (fixed-

pinned) column shown in Fig. 7. The 

prismatic column length is L. Using the 

numbering scheme, one obtains the 

following stiffness relationship: As the 

global coordinate system and the local 

coordinate system are identical, there is 

no need for coordinate transformation. 

Let  φ=Al
2
 /I . 

Superimposing element stiffness 

matrices of bar element and beam 

element, one obtains an element stiffness 

matrix for a two-dimensional frame element. 
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The elastic stiffness matrices KE and the stability matrices KG can now be 

assembled, reduced, and rearranged, separating the degrees of freedom 

associated with the axial deformations and the flexural deformations, 

respectively. Assembling the element stiffness matrices to construct the 

structural stiffness matrix is of course to combine the element 

contribution to the global stiffness. Reducing the assembled stiffness 

matrix is necessary to eliminate the rigid body motion, thereby making 

the structural stiffness matrix nonsingular. 
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 Noting that K
*

G is equal to KG for P =1, one can set up the stability 

determinant  |KE  + λ K
*

G | =0. This leads to 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


