Advanced Stress Analysis & FEA – Revision Questions April ‘20

Q1.	(i) By means of a suitable sketch of a load (P) – extension (δ) graph, prove that the stain energy, U, (neglecting the weight of the bar) is given by;
					
	(ii) Given that the standard relationship for a bar in tension is  as given in part (i) above, where P is the applied load and E is Young’s Modulus, prove that resilience may be defined as;
					

Q2.	(i)   A steel rod has cross-sectional dimensions 12mm x 18mm and length 1200mm.  Calculate the strain energy in the rod when a stress of 280 MPa is produced by stretching it.  E = 210 GPa.							[48.38J]
	(ii)  If the rod was fixed vertically at its upper end and a rigid collar fitted securely 		at the lower end, if a mass ‘m’ is dropped from a vertical height ‘h’ onto the 		collar, show that the energy transferred from the falling mass due to the height, 		is related to stress ‘σ’ in the rod, by the following relationship;

					
	Assume that the instantaneous extension of the bar is significant in the energy transfer, and should not be neglected from the relationship.

Q3.	A sample of brass is subjected to a simple uniaxial tensile test, which indicates an elastic limit of the material of 135 MN/m2 and a calculated Poisson’s ratio value of 0.34.  Determine the required safety factor if the principal stresses set up in a complex 2-D stress system are limited to 85 MN/m2 tensile and 35 MN/m2 compressive.  The appropriate theories of elastic failure on which the calculations should be based are:
(i) The maximum shear stress theory,					[1.125]
(ii) The maximum strain energy per unit volume theory,		[1.319]
(iii) [bookmark: _GoBack]The maximum shear strain energy theory.				[1.263]



Q4.	A thin walled cylinder of diameter 450 mm is manufactured from brass as described in Q3 above, and is subjected to an internal pressure of 1.5 MN/m2.  Applying a safety factor of 2.5, calculate the required wall thickness on the basis of the Tresca and Von Mises yield criteria of elastic failure.  It can be assumed that the radial wall stress is negligible in comparison to the hoop and longitudinal stresses.
						[Tresca, t = 6.25mm; Von Mises, t = 5.41mm]

Q5.	A strut is 3m in length and has a rectangular cross-section of 40mm by 25mm.  The 	bottom of the strut is built into a ground socket and the top is completely 	unrestrained.  Given that E = 105 GN/m2 calculate the Euler buckling load and also 	the buckling load as determined by the Rankine-Gordon theory.  Which would be a 	more realistic 	value for the strut? 
	Given: Yield stress is 135 MN/m2; a = 1/15000	[Pe = 1.5 kN; PR = 10.8 kN]

Q6.	If the strut in Q5 above was to have the same external dimensions, but was to be 	made from low carbon steel with a wall thickness of 3mm, calculate the Euler and 	Rankine-Gordon buckling loads.  Take E = 210 GN/m2.
	Given: Yield stress is 325 MN/m2; a = 1/15000	[Pe = 1.88 kN; PR = 15.32 kN]

Q7.	Repeat Q6 above but consider that the hollow rectangular strut is now pinned at the 	top and bottom and hence not allowed to move sideways; hence, a = 1/7500.
								[Pe = 7.52 kN; PR = 8.21 kN]
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