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Problem 1 (50 Points)

A prestressed cable with tension, 7, has a support with a distributed stiffness
of k. The load is a vertical force to a load P at the end free to translate

vertically. Axial deformation of the cable is neglected.
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(a) Show that the governing differential equation of equilibrium (strong form)

for the vertical displacement, w(x) of the cable in term of &, T, and P is:

d’*w(x)
dx2

Hint: for small displacements, we have:

T —kw(x)=0 for O<x<lL

cosa~1 and sina~
(b) Show that the boundary conditions needed to solve the above differential

equation are:

Essential Boundary Condition: w(0)=0
Natural Boundary Condition: 7w (L) = P

(c) Starting with the strong form of equilibrium, determine the weak form and
identify the primary and secondary variables.

(d) Using the weak form, construct a finite element equation for the problem.
(e) Develop a two-node finite element, and use three elements (each L/3 long)

to solve the problem.

Assumethat k=T/I’ and P=T=1 =1



Problem 2 (50 Points)
For the Euler-Bernoulli beam with constant /£ shown in Figure below,
Derive
(a) The interpolation functions
(b) The full element stiffness matrix (6x6)
(c) The reduced element stiffness matrix (4x4) obtained by eliminating the

internal degrees of freedom.
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Problem 3 (50 Points)
A cylindrical rod that is one of several in a small heat exchange device is
shown in Figure below. The left end of the pin is subjected to a constant
temperature of 180 F’ and the right end is in contact with a chilled water bath
maintained at constant temperature of 40 F°. The exterior surface of pin is in
contact with moving air at 72 F°.
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The physical data are given as:

k=120 ——BLO : Thermal Conductivity

hr— fi—F
D =0.5in.: Diameter of Pin
L =4 in.: Length of Pin

B
B.. =50 WT—FO— : Heat Transfer Coefficient of Air
Btu .
B uer =100 —————— Heat Transfer Coefficient of Water

hr— ft* = F



Problem 4 (50 Points)

For the structure shown in Figure below, determine the forces and elongation
in rods AB and CD. Each rod has a cross-sectional area 4 of 0.03 in’ and

modulus of elasticity £ = 30x10° psi .

Please use Penalty Method to cope with the kinematics constraint.

Problem 5 (50 Points)

The governing differential equation is of the form:

—i[EAEZZ}:O;O<x<L
dx dx

For the minimum number of linear elements, give

(a) the boundary conditions on the nodal variables (primary as well as
secondary)

(b) the final condensed finite element equations for the unknowns

d=2in.

500 kips

Steel, E, = 30 x 10® psi
Aluminum, E, = 10 x 10° psi



Problem 6 (50 Points)

Consider the differential equation

2
u
—chosnx:0<x<1

and subjected to the following boundary conditions:
u(0)=0 and u(1)=0

Use the uniform mesh of three linear elements to solve the problem



