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Lab 6: Behavior of Columns Under Axial Load
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Objective:
	The objective of this lab is to determine the different ways of buckling, and buckling loads for different sizes and types of columns.
Introduction:
	A column that is exposed to a vertical axial load will deform and eventually buckle. This buckling occurs at the critical load, which depends on many different factors, such as the length of the column and the way in which the beam is fixed to its surroundings. The cross-sectional shape of the column and the point at which the load is been applied with respect to the centre of the beam are also important factors when examining the buckling of a column. When the axial load applied exceeds the critical load, the column will begin to buckle due to compressive forces. By relating the elastic modulus, the critical load, the moment of inertia of the cross section, and the length of the column, Euler’s formula can be derived. Euler’s formula is used for a column whose ends are held down, have a load that is applied concentrically, and possess elastic behavior. The determination of the buckling load for a column is extremely important in every day structures, as it will be considered for safety measurements when building or designing any part that will have to withstand any compressive loads. 
Procedure:
1. Using a Vernier caliper, measure the outer and inner diameters of each column. 
2. Take note of the end conditions (fixed-fixed, pin-fixed, pin-pin)
3. Place the rod in the load device 
4. Increase the load on each rod in the tension/compression testing machine, watching for the start of buckling of the rod.
5. Record the maximum experimental critical load of the rod.
6. Repeat steps for hollow and solid columns of different lengths.







Results:
1. Cross-sectional Area and radius of gyration: 
Ex for hollow 75mm:
AHollow = (π/4)*(dout2 – din2) = (π/4)*(6.36mm2 – 4.58mm2) = 15.29mm2
Moment of inertia = I = (π(dout4 – din4))/64 = π(6.36mm4 – 4.58mm4)/64 = 58.72mm4
Radius of gyration = r = sqrt(I/A) = sqrt(58.72mm4/15.29mm2) = 1.96mm 
	
	Column Length, L (mm)
	End Conditions
	Inner diameter, din (mm)
	Outer diameter, dout (mm)
	Cross sectional Area, A (mm2)
	Moment of Inertia, I (mm4)
	Radius of Gyration, r (mm)

	Hollow
	75
	Pin-Pin
	4.58
	6.36
	15.29
	58.72
	1.96

	
	125
	Pin-Pin
	4.60
	6.34
	14.95
	57.33
	1.96

	
	225
	Pin-Pin
	4.51
	6.38
	15.99
	61.02
	1.95

	
	225
	Pin-Fixed
	4.53
	6.00
	12.16
	42.95
	1.88

	
	225
	Fixed-Fixed
	4.61
	6.40
	15.48
	60.19
	1.97

	Solid
	225
	Pin-Pin
	6.51
	33.29
	88.17
	1.63

	
	225
	Pin-Fixed
	6.52
	33.39
	88.71
	1.63

	
	225
	Fixed-Fixed
	6.53
	33.49
	89.25
	1.63



2. PCR:
PCR = (π2EI)/L2
Where E = modulus of elasticity (of aluminum, 70000MPa), I = moment of inertia (mm4), L = effective length (mm)
PCR = (π2*(70000MPa)*58.72mm4)/(75mm)2 = 7211.65 N
	
	Effective Length, Leff (mm)
	End Condition
	Theoretical Critical Load, Pcr (N)

	Hollow
	75
	Pin-Pin
	7211.65

	
	125
	Pin-Pin
	2534.94

	
	225
	Pin-Pin
	832.76

	
	159.08
	Pin-Fixed
	1172.52

	
	112.5
	Fixed-Fixed
	3285.32

	Solid
	225
	Pin-Pin
	1203.17

	
	159.08
	Pin-Fixed
	2421.889

	
	112.5
	Fixed-Fixed
	4872.09



3. Slenderness ratio:
λ = Le/r 
Where Le = kL (mm), and r = radius of gyration (mm)
Ex for L = 75mm:
λ = (1)(75mm)/(1.96mm) = 38.28
Experimental critical stress:
σcr = Pcr exp. /A = (4039N / 15.29mm2) = 264.09 MPa
	
	Column Length, L (mm)
	End Conditions
	Effective Length factor, K
	Experimental Critical Stress, σcr (MPa)
	Slenderness Ratio, λ

	Hollow
	75
	Pin-Pin
	1
	264.09
	38.28

	
	125
	Pin-Pin
	1
	242.40
	63.83

	
	225
	Pin-Pin
	1
	101.66
	115.19

	
	225
	Pin-Fixed
	0.707
	176.60
	84.64

	
	225
	Fixed-Fixed
	0.5
	139.42
	57.05

	Solid
	225
	Pin-Pin
	1
	96.92
	138.25

	
	225
	Pin-Fixed
	0.707
	65.89
	97.59

	
	225
	Fixed-Fixed
	0.5
	103.94

	68.91



4. Theoretical critical stress:
σcr = (π2E)/(L/r)2 = (π2E)/(λ)2 = (π2*70000MPa)/(38.28mm)2 = 471.53 N
	
	Column Length, L (mm)
	End Condition
	Theoretical Critical Stress, σcr (N)

	Hollow
	75
	Pin-Pin
	471.53

	
	125
	Pin-Pin
	169.56

	
	225
	Pin-Pin
	52.07

	
	225
	Pin-Fixed
	96.45

	
	225
	Fixed-Fixed
	212.25

	Solid
	225
	Pin-Pin
	36.15

	
	225
	Pin-Fixed
	72.54

	
	225
	Fixed-Fixed
	145.48



Report:
1. 
	
	Column Length, L (mm)
	End Condition
	Theoretical Critical Load, Pcr (N)
	Experimental Critical Load, Pcr (N)

	Hollow
	75
	Pin-Pin
	7211.65
	4039

	
	125
	Pin-Pin
	2534.94
	3624

	
	225
	Pin-Pin
	832.76
	1626

	
	225
	Pin-Fixed
	1172.52
	2147

	
	225
	Fixed-Fixed
	3285.32
	2158

	Solid
	225
	Pin-Pin
	1203.17
	3226

	
	225
	Pin-Fixed
	2421.89
	2200

	
	225
	Fixed-Fixed
	4872.09
	3481



2.



Discussion:
1. The theoretical critical stresses and the experimental critical stresses were obtained using two different formulas, theoretical using Euler’s formula and the modulus of elasticity, which includes the slenderness ratio, and experimental using experimental critical load and the cross-sectional area. Consequently, the capacity for error may be more present in one of the two ways. While the experimental stress is obtained using a simple formula of load divided by cross-sectional area, the theoretical value is obtained using more terms, and thus could hold a higher chance of error. There are quite large discrepancies between these theoretical and experimental stress values, which could be due to a factor of errors, including experimental errors such as not being able to set the pin connections perfectly in place, as they were difficult to position. This error could have hindered the results and calculations, as the load would not have been applied concentrically. 
2. Since the experimental and theoretical stresses are all above the allowable stresses, the results make sense, because the allowable stress value is going to be below the point where the column buckles. The metal would therefore be able to support more force than is intended, which affects the material’s factor of safety. 
3. The factors that can affect the buckling strength of real columns are the length of the column, the end condition (pin-pin, pin-fixed, or fixed-fixed), the modulus of elasticity of the material, the location of the force with respect to the centroid of the column, and the cross-sectional area. When dealing with real life columns, these factors will therefore be extremely important. As seen from this lab, columns with shorter effective lengths will be capable of withstanding larger loads before buckling. Additionally, columns with the end condition as fixed-fixed are of preference, as they are able to tolerate larger loads prior to buckling when compared to pin-pin or pin-fixed conditions. How they are hinged in place affects the manner in which the columns buckle. From the experiment, it is seen that if the column is in a pin-pin condition, the entre column deflects into an arc shape (k=1). A column in a fixed-fixed condition’s ends will remain straight while the mid-section will begin buckling into an arc shape as well (k=0.5). A column in a pin-fixed condition will buckle into half an arc (k=0.707). 
4. A circular bar will provide a higher buckling load, as it will have a larger moment of inertia (larger cross-sectional area), which affects the value of the critical load, which allows the bar to support a larger load. 
Conclusion:
	To conclude, the slenderness ratio, critical loads, and stresses were retrieved from testing the buckling points of different characteristics of aluminum columns (different lengths, effective lengths, types of columns and end conditions). The experimental and theoretical critical stresses could then be compared for each different column. This experiment showed that the shortest column, of length 75mm, could withstand the largest critical stress (the smaller the length, the larger the critical load, the larger the critical normal stress). Additionally, solid columns, when compared to hollow columns, also hold larger critical stresses, due to their cross sectional area having a higher value. 



Stresses vs. Slenderness Ratio
Theroretical Critical Stress	38.27763853852647	63.83265384402371	115.1911831435033	84.6364402434655	57.05255299683125	138.2488479262673	97.5920245398773	68.91271056661561	471.5280266210227	169.555539941614	52.06661063007523	96.44573065398386	212.2499610729421	36.14720679444749	72.53859348299688	145.4786024762903	Experimental Critical Stess	38.27763853852647	63.83265384402371	115.1911831435033	84.6364402434655	57.05255299683125	138.2488479262673	97.5920245398773	68.91271056661561	264.086771623838	242.3995098720412	101.6625908938375	176.6023413858941	139.4187578351058	96.91979894610053	65.89274620839508	103.9412126672538	Allowable Stress 	38.27763853852647	63.83265384402371	115.1911831435033	84.6364402434655	57.05255299683125	138.2488479262673	97.5920245398773	68.91271056661561	105.775009748559	83.5932564633874	26.45261666666666	48.9995778725175	89.47838399875042	18.36471	36.85347641654443	73.91089333333334	Slendreness Ratio
Stresses (MPa)




