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Objective: 
To test the experimental buckling loads for hollow and solid columns of various lengths.

Introduction:
 Determining the critical stress for a slender column that is subjected to an increasing axial load is essential for the design of such columns. The critical load on a slender column depends on a number of factors which include: length of the column, end support conditions, cross-sectional shape, and the location of the applied load relative to the sections’ centroid

Assumptions made prior to starting lab experiment:
· Each rod tested was made entirely of aluminum, though no specific grade was provided
· The lengths of the samples were provided prior to testing and no additional check was done
· We assumed that the end conditions were properly calibrated to ensure no movements in specific directions
· That the testing apparatus, and load gauges were calibrated to the correct specifications
· We assumed the position of the load on the rod/tube was through the centroid of the cross-section. 

Equipment and Specimens: 

· Mechanical Testing machine
· Load measuring devices 
· Vernier Caliper
· Aluminum rods (hollow and solid) made of lengths , 225mm, 125mm,and 75mm long

Procedure:

1. Set up the loading device for compression testing 
2. Measure the diameter and thickness of the wall and length of each specimen including end fittings
3. Starting with the 22mm specimens, perform individual tests for each of the following end conditions:
· Both ends fixed
· One end fixed and the other pinned
· Both ends pinned 

4. Gradually increase the compressive load on each specimen and watch for the onset of bending. Record the maximum load
5. For the specimens of 125 and 75 mm length perform the tests only for both ends pinned



Analysis of results: 

Sample calculations for 75mm Hollow Aluminum sample

Pin-Pin Connection

Length= 75mm, Effective Length factor (K) = 1

Effective Length (Leff): 75mm * 1 = 75mm

Inner Diameter = 4.51mm

Outer Diameter = 6.31mm

Cross sectional area A = π*(DOutside) ^2)/ (4) - π*(Dinside) ^2)/ (4)
= π*(6.31mm^2)/ (4) - π*(4.51^2)/ (4) = 15.30mm2 

Moment of Inertia (I) = (π (Outside Diameter^4)/ (64) - (π (Inside diameter ^4)/ (64)

 = (π (6.31^4)/ (64) - (π (4.51 ^4)/ (64) = 57.51mm4 

Radius of Gyration (r) = (I / A) ^0.5 = (57.51mm4/15.30mm2)^0.5 = 1.94mm

Slenderness ration (λ) = Leff/r = 75mm/1.94 = 38.68 

Allowable Stress from Aluminum Association (σ (MPa) =139 - 0.868*(λ)    [for 9.5 < λ < 66]
= 139 – 0.868(38.68) = 105.4Mpa

Theoretical Critical load (Pcr) = (π2*E*I) / (Leff)2 =                (π2*70000*57.51) / 75^2 = 7064N 

Theoretical Stress σcr (MPa) = (π2*E) / λ2 = (π2*70000MPa) / 38.682 = 461.8MPa

Experimental Critical Stress σ MPa = Experimental Critical Load / Area = 4102N / 15.30mm2 = 268.2MPa 

Report: 

See attachment File with Drawings of members after buckling  3A (Hollow specimen) and 3B (Solid Specimen) .

1. Hollow Aluminum Specimen properties 


	End Connection
	Column Length (mm)
	Effective Length Factor (K)
	Effective Length (mm)
	Inner Diameter (mm)
	Outer Diameter (mm)
	Cross sectional area, A (mm2)
	Moment of Inertia I (mm4)
	Radius of Gyration r (mm)
	Slenderness ratio (λ)
	Theoretical Critical Load σ (MPa)
	Experimental critical Load σ (MPa)

	Pin-Pin
	75
	1.0
	75
	4.51
	6.31
	15.30
	57.51
	1.94
	38.68
	7064
	268.2

	Pin-Pin
	125
	1.0
	125
	4.48
	6.29
	15.31
	57.06
	1.93
	64.75
	2523
	247.7

	Pin-Pin
	225
	1.0
	225
	4.46
	6.25
	15.06
	55.48
	1.92
	117.22
	757
	46.2

	Pin-Fixed
	225
	0.707
	159
	4.46
	6.36
	16.15
	60.89
	1.94
	81.91
	1662
	64.6

	Fixed-Fixed
	225
	0.5
	113
	4.48
	6.37
	16.11
	61.05
	1.95
	57.78
	3332
	109.7


Table 1A: Properties of hollow aluminum specimen




Table 2A: Allowable stress from the Aluminum Association compared with both Theoretical and Experimental stress

	End Connection
	Allowable Stress σ(MPa)
	Theoretical Stress σ(MPa)
	Experimental Stress σ(MPa)

	Pin-Pin (75mm)
	105
	461.8
	268.2

	Pin-Pin (125mm)
	82.8
	164.8
	247.7

	Pin-Pin (225mm)
	25.5
	50.3
	46.2

	Pin-Fixed (225mm)
	52.3
	103.0
	64.6

	Fixed-Fixed (225mm)
	88.8
	206.9
	109.7









Graph 1A:
Stress versus Slenderness ratio for Hollow Aluminum specimen (pin-pin, pin-fixed, fixed-fixed connections) 













2. Solid Aluminum Specimen properties 

	End Connection
	Column Length (mm)
	Effective Length Factor (K)
	Effective Length (mm)
	Outer Diameter (mm)
	Cross sectional area, A (mm2)
	Moment of Inertia I (mm4)
	Radius of Gyration r (mm)
	Slenderness ratio (λ)
	Theoretical Critical Load σ (MPa)
	Experimental critical Load σ (MPa)

	Pin-Pin
	225
	1.0
	225
	6.34
	31.57
	79.31
	1.59
	141.96
	1082
	934

	Pin-Fixed
	225
	0.707
	159
	6.02
	28.46
	64.47
	1.51
	105.70
	1760
	1322

	Fixed-Fixed
	225
	0.5
	113
	6.28
	30.97
	76.35
	1.57
	71.66
	4168
	2558


 Table 1B: Properties of solid aluminum specimen


Table 2B: Allowable stress from the Aluminum Association compared with both Theoretical and Experimental stress

	End Connection
	Allowable Stress σ(MPa)
	Theoretical Stress σ(MPa)
	Experimental Stress σ(MPa)

	Pin-Pin
	17.4
	34.3
	29.6

	Pin-Fixed
	31.4
	61.8
	46.4

	Fixed-Fixed
	68.4
	134.6
	82.6




Graph 1B:
Stress versus Slenderness ratio for Solid Aluminum specimen (pin-pin, pin-fixed, fixed-fixed connections)
 



Discussion:

1. For the hollow specimens that were tested the values that were calculated for the theoretical stress were significantly different from those obtained from the experiment. For the pin-pin end connections we saw the biggest difference (193.7Mpa) for the 75mm aluminum sample, interesting to note that as the sample length increased the difference between the experimental values and theoretical values became smaller. The 125mm aluminum sample that was pin-pin end connection had a difference of only 4Mpa. For the solid specimens the results between experimental and theoretical were much smaller in comparison to the hollow specimens. The 225mm aluminum sample that had a pin-pin end connection only had a difference of 4.7Mpa, and the largest difference between experimental and theoretical values was (52 Mpa) which came from the 225mm aluminum sample, which had a fixed-fixed end connection. 


There could have been many factors that affected the results of this test here are a list of the most probable ones that occurred: 

· The end supports could have been improperly contacting the bar. This is especially crucial for the pin type supports. 
· Components of the testing apparatus were improperly calibrated
· Dimensions read using the Vernier caliper were erroneous
· Material impurities in specimen
· General calculation & human error (Misread of load indicator, etc.)

2. When comparing the allowable stress from the Aluminum Association to the experimental stresses which were observed during the lab, it’s clear that there lies a large difference between them. The biggest difference was found to 164.9MPa which was the pin-pin 125mm specimen of hollow aluminum, and the smallest was 12.3MPa which was the pin-fixed 225mm sample. Having such a range of differences between the test results indicates perhaps the results are faulty. 

For the solid aluminum sample the results were much closer to those of the Aluminum Association. The smallest difference between experimental and allowable stress was 12.2 MPa which was for the 225mm pin-pin connection, and the largest was 15MPa which came from the 225mm pin-fixed connection. 


3. Factors that may affect the buckling strength of real columns: 

· The type of support on both ends of the column (fixed, pinned), because this will affect the K factor that is used to calculate effective length 
· Moment of Inertia of the specimen: because this value is used in calculating critical stress and also is proportional to the critical load. 
· Eccentric Loading: because this concept takes into account the force and the moment that causes the column to bend further
· Temperature: Certain types of aluminum may react differently to extreme heat or freezing conditions, and this will cause the column to act in a different manner.

4. The circular tube would provide the higher buckling load. If the same cross sectional area is being considered for both then the circular tube would have a larger outer diameter. Therefore creating a larger moment of inertia which would affect the calculation of the critical load Pcr = (π2*E*I)/L2 .

Conclusion: 
	In conclusion this laboratory test was informative in terms of observations but didn’t fairly represent the aluminum sample when comparing the allowable stresses to the experimental ones. It was very clear that he 75mm samples were able to withstand buckling a lot more than the 125mm and 225mm samples, a couple of other factors that played a big role in determining critical stresses were moment of inertia, the end connections and the slenderness ratio. 


References:  Beer F. and Johnston, R (1992) Mechanics of Materials, McGraw-Hill 
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Theorectival Stress 	38.67951834782662	64.7472329687705	117.215623644905	81.9133998509363	57.7838904230673	461.7805859899643	164.7992986238938	50.28364831797325	102.964586949928	206.9113092819411	Experimental Values	38.67951834782662	64.7472329687705	117.215623644905	81.9133998509363	57.7838904230673	268.1674169492524	247.6761391442228	46.15857803185756	64.59718091053476	109.6501614611122	Allowable stress	38.67951834782662	64.7472329687705	117.215623644905	81.9133998509363	57.7838904230673	105.4261780740865	82.7994017831072	25.54677666666666	52.31150474109845	88.84358311277755	Slenderness ratio (λ) 

 Stress σ (MPa)  


Theorectical Stress	141.9558359621451	105.6976744186046	71.65605095541396	34.28398388458014	61.83963555415146	134.5525848633806	Experimental Stress 	141.9558359621451	105.6976744186046	71.65605095541396	29.58547041921608	46.44602924194781	82.58313611689472	Allowable Stress	141.9558359621451	105.6976744186046	71.65605095541396	17.41809333333329	31.41783485279221	68.35989333333329	Slenderness ratio (λ)

Stress σ (MPa)
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