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1. (20%) Let the truss element of Fig. 1 have constant cross-sectional area 4 and
elastic modulus E. Generate the element stiffhess matrix.
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Fig. 1.

2. (30%) The differential equation for thebeam problem is

Elw, —g=0
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and the nonessential boundary conditions are
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whereEI = bending stiffness, w = later displacement, ¢ = distributed loads.

Use Galerkin's method to derive the finite element formulation.
(30%) For problem 2, using the nodal displacement w and rotation & = w,, as the
nodal d.o.f. to derive an expression for the element stiffness matrix.
(20%) For a simple supported beam of length L, under uniform load g, use two
element with the stiffness you get in problem 3 to evaluate the displacement of medial

point.



Qualifying examination (Elasticity)

(1) Determine the stress concentration factor for the 2-D infinite medium with a
circular hole in it loaded as shown in Fig. below. The quantity P is a stress
magnitude. (25%)
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(2 ) Determine the stress fieldo,,,0,,,0,, in a semi-infinite linearly elastic isotropic
medium due to a concentrated load P acting on its surface, as shown.(15%)

Discuss your results. (10%)




(3) A rigid disk is welded to an elastic isotropic half-space. A load, P, is applied to
the disk as shown. Considering the most general motion of the disk, state the
boundary value problem. (Don’t solve the problem. Statement must include
equilibrium requirements). (25%)

(4) A solid with volume 7 is subjected to a distribution of traction?; on its surface.

Assume that the solid is in static equilibrium. By considering a virtual velocity of the

form §v; = 4;y,;, where 4;; is a constant symmetric tensor, use the principle of

virtual work to show that the average stress in a solid can be computed from the
shape of the solid and the tractions acting on its surface using the expression. (25%)
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1. Translate the following paragraph.
In the past, the mechanical characterization tests used were generally empiricat
in nature, but an effort has been made since the middle of 1980s to move
towards measuring more fundamental engineering properties. Empirical tests are
used less frequently now because they are not able to predict performance for
conditions that are different than those under which the tests were developed.

2. Briefly describe the reasons to develop the superpave asphalt binder tests and
specifications.

3. Briefly describe the procedures of the Marshall mix design and superpave mix
design method.

4. Briefly describe the asphalt refining procedures.

5. Briefly describe the properties of an ideal pavement binder.
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1. A random variable Z is the sum of two statistically independent random variables X" and Y, where
X and Y have the same type of probability distribution but with different parameters.
(a) Show three types of probability distribution for X and Y so that their sum Z also has the
same type of probability distribution as those for X' and Y. (15%)
(b) For each illustration in (a), state the relationship between the parameters of X, ¥ and Z. (15%)

2. Let X, X,,..., X, beuniformly distributed on the interval 0 to a.

(a) Find the moment estimator of @. Is this an unbiased estimator? And why? (15%)

(b) Find the maximum likelihood estimator of a. Is this an unbiased estimator? And why? (15%)

3. A multiple regression model is givenby Z=a+fBx+yy+¢.
(a) Derive the formulae to estimate the parameters «, £ and y together with the variance

of & if n observations are obtained. (15%)

(b) Determine the estimates for e, £, y and the variance of & on the basis of the

observations as follows. (10%)

x|167 174 184 168 18.9 17.4
y| 30 42 47 47 43 4
210 110 103 103 91 76

4. Assuming that X is normally distributed, does the following data of X suggest that the mean of X
exceeds 257 Carry out the test at a significance level of 5%. (15%)

25.8 36.6 26.3 21.8 27.2



