Qualifying Examination(FEM)

(1)Use Galerkin’s method to formulate a linear finite element for solving the
differential equation(40%)

2
LT D 4pn 1<x<2
dx” dx

subject to y(1) = ¥(2) = 0. Use two-element solution by taking equally spaced nodes
at x=1,1.5,2.

(2)For the eight-node element shown in the Figure, show that the x coordinate along
side 1-2 is related to the &coordinate by

x= —%f(l—f)xl b G+ OT + (- £,

and that the relations

522(_35_)1/2__1, ———=(xa)”2
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(3)Show that the displacement of the element along x-axis in problem (2) is (30%)

u(x,0) = —(2\/g —1)(1- \/g)ul +(-1+ 2\/2)(\/2)142 +4(]% = Dyu,
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(1) For the state of stress as given below
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(a) determine the principal stresses and directions

(b) find the traction vector on a plane with unit normal n=0i+ % j+ %k . (25%)

(2) Consider the equilibrium of a two-dimensional differential element in polar
coordinates, as shown in the following figure. Explicitly sum the forces and

moments and develop the two-dimensional equilibrium equations. (25%)
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(3) Investigate what problem of plane stress is solved by the stress function

3F x) P,
= e —_——
¢ 4c(xy 3ch 2”7

where F, ¢ and P are constants. (20%)



(4) For the axisymmetric case, field quantities are independent of the angular coordinate,
and the Airy function solution is given by

p=Alnr+Briinr+Cr*+D.

(a) Determine the stresses and displacement u, of an infinitely long hollow
thick-walled cylinder under uniform external pressure loading (see Figure 4a).

(b) Determine the stresses and displacement u, in each material of an infinitely

long composite cylinder under uniform external pressure loading (see Figure
4b). The idealized perfect bonding between the two materials is assumed.
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