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Problem 1 (30 Points)

Consider a boundary value problem:

ﬁ—gﬁ:O , 0<x<l
dx
$(0)=0
() _,,
dx

oM
Let $=¢ =2 a,N, wherc a set n, is selected such that the condition at x = 0 is
m=1

automatically satisfied.

(a) Write the weighted residual statement of this problem. (5 points)
(b) If N, =x"(m=1,2,..,M), use the appropriate weighting function ¥, (I=1,2,....M) to
obtain #(x) when
- W, =8(x-x) ; point collocation
- W, =N, : weak form of Galerkin’s equation
Use M = 5. (20 points)
(c) Solve this differential equation analytically. (5 points)

Problem 2 (30 Points)

Consider a thin beam element with the governing equation and boundary equations

being as shown below
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(a) Derive the total potential energy of this beam. Then, from the variational principle,

formulate the stiffness matrix K and the force vector F corresponding to
d
m 6 w, 6} Whemg:d—j.(mpoims)

(b) Show that we can obtain the matrices K and F by using the weak form of

Galerkin’s equation which are identical to the ones in (a). (15 points)
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(c) Show that the operator is self-adjointed. (5 points})

d:x'i

Problem 3 (20 Points)
Axial Deformation of A Bar
The governing differential equation is of the form:

—i[EAgy— =0;0<x</
dx dx

For the minimum number of linear elements, give

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

variables)

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

d=2in.

500 kips

Steel, £, =30 x 10% psi
Aluminum, £, = 10 % 10° psi



Problem 4 (20 Points)
Construct the shape functions of the 6-node triangular element (x,y co-ordinate).

Show intermediate steps of calculation.
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