Finite Element Method
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(1) A second-order ordinary differential equation with variable coefficients and its
- corresponding boundary conditions are given as follows.

GE: %(a(x) duT!St)—) +b(x)=0 n 0<x<1 (1a)
BCs:  u(x=0)=0
du .
a?d; . = P N (lb)

where u(x) is the unknown function; a(x) and b(x) are given functions.

(a) State a physical problem of which governing equation and possible boundary conditions

refer to Egs. (1a) and (1b). (10%)
{(b) Construct the weak forms. (10%)
(c) Let a(x)=1+x, b(x)=0 and a(1)=2. Determine the exact solution of u(x). (10%)

(d) Let a(x)=1+x, b(x)=0 and a(1)=2. Compute the 2-parameter Ritz approximation of Egs.
(1a) and (1b) using algebraic polynomials as the approximate functions. (15%)

(e) Let a(x)=1+x, b(x)=0 and a(1)=2. Compute the finite element solution using two linear
elements with a uniform mesh. (15%)

(2) (a) Construct the .weak forms for the following equations which govern the static behavior
of a beam on elastic foundation. (15%)
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“GE: d (bfiwa+kw=f in 0<x<L

2 2
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BCs: w=b —=0 at x=0 and x=L.

(b) Derive the characteristic equations for a beam element by letting

aw®
W = g +|
dx

The stiffness matrix can be expressed in terms of ¢;. (15%)

(e)
}gﬁz + w9, + [dz}; )¢4 , where ¢, denote the shape functions.

(3) State how to determine the shape functions for the five-node rectanguler element. (10%)
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Dynamics of Structure
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1. Please find (1) the mass and stiffness matrices (Fig.2a) 15%; (2) Find
the natural frequencies and mode shapes 15%; (3) If the damping ratio
is equal to 0.05, please find the displacements of the system under the
loads shown in Fig.2b 20%; (4) If the response- spectrum figure is
shown in Fig.2c. Please solve this problem by using response-spectrum

‘analysis 20%. (Total 70%) AR S FIE S I~ s HEE 22
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Soil Mechanics
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Engineering Geology
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