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Exercise #3: End-restrained members in compression – buckling determinant 
 
Problem Statement 
 
The steel column shown in Figure 1a has a pin at its bottom and it is restrained at the top by 
an elastic beam that is fixed at its far end. At the top end of the column there is no deflection. 
The slope at the column top equals the slope at the beam end. The moments oppose each 
other as shown in Figure 1b. (assume perfect column without any imperfections). In this case,  
 

𝑀!" =
4𝐸𝐼"
𝐿"

𝜃! = 𝑎𝜃! = 𝑎𝑣′(0) 

 
The symbol, 𝑎, is a spring constant that is 𝑎 = #$%!

&!
 when the far end (B) of the beam is fixed; 

and when the far end (B) of the beam is pinned, 𝑎 = '$%!
&!

. 
 
Assume that the beam is an IPE 300; the column is an HEA300. Both members are made of 
S355 steel (E = 210GPa). Assume that LC = 4m and LB = 6m. Compute the following: 
 

1. Derive the differential equations of equilibrium of the column by assuming that the 
far end of the beam (point B) is fixed. 

2. Derive the buckling determinant of the column based on the employed boundary 
conditions of the problem. 

3. Compute the first critical load of the column and express it as a function of the Euler 
load, 𝑁$; what would be the effective length in this case? 

4. Compute the general solution for 𝑣(𝑥). 
5. How much does the critical load change if the far end of the beam (point B) is 

pinned? 
 
You can use MATLAB (or equivalent) for your computations 
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Figure 1.  Restrained column as part of a frame 
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