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(1) A block & is pushed against three springs by a force P {see figure). The muddle spring has stiffness & and the
ouler springs each bave stillness &, Imually, the springs are unsteessed und the nuddle spring s shehtly longzer
than the cuter springs (the difference in length s denoted 5).

(a) Draw a force-displacement diagram with the torce P as orduate and she displacement ol the block as
abscissa (8%
ib) From the diagram, determine the strain energy 5 of the springs when o= 25 (0%

ich Explamn why the strain energy O i notequal o pd /@2, where & =2y (6%)
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{2) Consider a circular tube subjected o a torgue T The tube has constant thickness ¢ and radius r 1o the median line
of the cross section { J = r/1). The cross section ol the tube 15 shown as figure.
(a) Check the validiy for the approximate formula of the average shear swess inoa thin-walled wbe by
comparing the approximate formula with those of exact theory [ 109
(b) Calculate the ratio o between the maximum shear stress obtained from the approximate formula and that

oblained {rom the exact theory for §=3 (1.6, 2=0T, w7 me Jpee J010%0)

{3) Derive the relanonship between moduli of elasticaly £ and G {16, &= E/2{1 +viwhere v is the Poisson's
ratin} {20%)
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(4} A 45Y strain rosette consists of three elecincal-resistance strain gages arranged 1o measure strains in two
perpendicular directions and also at a 45% angle between them (see figure). The roseite 1s bonded 10 the surface of
the structure before it is loaded. Gapes A4, # and O measure the normal strans £, £, and & in the directions of
lines Oa, Ob and O¢, respectively. Explain how to obtain the stwains ¢, &, and p o associated with an
element onented at an angle & 0 the xy axes (20%:)

(5) Consider an ideal column that is fixed at the base, free at the 1op, and subjected to an axial load P (see fi

The length and the bending dgidity of the column are £ and £F. Determine the critical buckling laad
corresponding buckled shape. (20%

gure).
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