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Experiment 7: COLUMN BUCKLING
1. OBJECTIVE

To compare theoretical and experimental critical loads on columns under compression.
2.
APPARATUS

Mechanical press, load-cell, LVDT, calibres, PC, data acquisition system.
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Figure 1: Mechanical press
3.
THEORY 


Leonard Euler (1707-1783) laid the foundations for the study of column behaviour.  Ideal column theory is based upon the following assumptions:

a. Loads are applied at the ends of the prismatic column and without eccentricity.

b. The member is perfectly straight before loads are applied.

c. The pins (or hinges) at the ends are frictionless.

d. The column material is homogeneous and isotropic.

e. The column weight is neglected in the analysis.

f. The end pins are constructed such that the column is free to buckle about any axis of the cross section.

Since the column is assumed to be prismatic and fabricated of homogeneous material, the flexural rigidity EIv is constant. The moment of inertia Iv is the minimum moment of inertia of the column cross section, and the column will buckle about the axis of least resistance to bending.

If a compressive load P is gradually applied from a zero initial value to a value denoted by Pe the following occurs.  Q is applied to Pe, when Q is applied and removed, the column will remain slightly bent.  In order words, Pe is the smallest axial load for which the column will remain in the slightly bent configuration. Pe is known as the Euler critical load.
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Figure 1: Column with pinned end

The bending moment is:
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In this case, the bending moment is a function of the small lateral deflection of the column, which contrasts with beam bending moments which are functions of the longitudinal coordinate X.

The bending moment and curvature are related by:
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where E is the modulus of elasticity. Substitution of equation (1) in equation (2) yields
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Let 
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and rewrite equation (3) as:
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Equation 5 it an ordinary, second-order, linear, homogeneous differential equation with constant coefficients.  The general solution of this equation is given by:
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The values of the constant A and B will be determined from the boundary conditions.  For the case in which the end points do not leave the X axis, the boundary conditions are:

X = 0,
u = 0

X = L,
u = 0
Substituting the first condition in equation (6) yields

B = 0

Substituting the second condition in equation (6) yields 
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It must be conducted that either A= 0, in which case u= 0 for all x and the column remains straight regardless of load, or sin kL =0. 

It is satisfied if:
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Taking into account the equation (7), it can be extruded that the critical load is:
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for n=1
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It is evident from the foregoing derivation that Pe depends on the end conditions of the column. End conditions can be accounted for through the use of an effective length factor K, a dimensionless number, that, when multiplied by the actual length of the column, yields the effective length KL. Euler’s formulas can then be rewritten with the inclusion of the effective length:
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Figure 2: Effect of end conditions

4. PROCEDURE

In order to execute a typical fatigue test the following steps should be followed:
a) Place the column appropriately according to the desired end condition and turn on the data acquisition system (PC). Pin ended (K=1), fixed ended (K=0.5), as well as fixed/pinned ended (K=0.7) columns are used.

b) Obtain the corresponding critical buckling load (Pcr) according to the examined case.

c) Calculate the critical buckling loads.

	Variable parameters
	Constant parameters

	Length (mm)
	Effective length factor K
	b (m)
	h (m)
	Modulus of Elasticity
	Moment of inertia 


	426 mm
	K=0.5

K=0.7

K=1.0
	0.03 m
	0.004 m
	210 GPa
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	426 mm
	
	0.03 m
	0.004 m
	210 GPa
	


4. EXPERIMENTAL PROCEDURE
During this experiment, we used specimens with the following dimensions:

Length: ………. mm

Base: ………. mm

Depth: ………. mm

It should also be noted that the Young’s modulus for Steel is E = 210*10
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For this particular experiment, we are only concerned with two out of three types of the column fixtures, namely, Pinned ends (K=1) column and Fixed/pinned ends (K=0.7) column. The following are the data and the calculations, with results, for the two previously mentioned cases.
Pinned ends
	Force
	Time

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Table 1
After you fill table 1 plot the Force (N) vs. Time (seconds)

Moment of Inertia I = (bd³) / 12 = ………. mm
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Critical load Pr c = (π² E I) / (KL) ² = ………. N
In order to find the weight, we can divide the calculated force with gravity constant:

…………… = ………. kg

Fixed/Pinned ends
	Force
	Time

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Table 2
After you fill table 2 plot the Force (N) vs Time (seconds)
Moment of Inertia I = (bd³) / 12 = ………. mm
[image: image20.wmf]4


Critical load Pr c = (π² E I) / (KL) ² = ………. N

In order to find the weight, we can divide the calculated force with gravity constant:

…………… = ………. kg

5.
CONCLUSION

Compare the obtained experimental critical buckling loads with the corresponding theoretical ones for each case.
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