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1. Find the general solution of the equation y"+ y =secx (15%)

2. Solve the initial value problem y" +3y'+2y =5(t-2), y(0)=0, y'(0)=0. Where &5(t—2)

is the Dirac delta function. [Hint: Laplace transform] (20%)

3. Evaluate j' ———i—— [Hint: residue theorem] (20%)
(2+cos 0)

4. Evaluate ”R xydA over the region R shown in figure. [Hint: change variables] (15%)

5. (a) Derive the equation for longitudinal oscillations of a slender uniform rod of constant”

Cu 1 0u . , : : .
cross section area: — ———-=0, f—>x > u(on) |

o v or .
where u(x,?) is the displacement of the cross section of the rod with abscissax at

timer.
(b) Explain the physical meaning of the parameterv. 4
(c) Formulate the initial and boundary conditions for the special case:
Arod of length / is clamped at the end x =0, and stretched by a force /' applied to
the other end; at the time 7=0 the force is suddenly released.

(d) Solve u(x,?) for the case (c).
[Assumethat E = Young’s modulus of the material, A = cross section area of the rod,
p =density of the material] (30%)
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1. Describe “long-term stability problem” and “short-term stability problem” (10%); What are
their relationships with “effective stress analysis” and “total stress analysis” ? (10%)

2. Derive the equation of Rankine's active earth pressures. (20%)

3. Describe the theoretical background of Terzaghi's bearing capacity equation. (10%)
Describe “bearing capacity factors” and “correction factors” used in this equation ? (10%)
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Theory of Elasticity
Wednesday, March 18, 2009

Ph.D. Qualification Examination (Spring 2009)

1. Please compare and contrast the following terms in each question. (50%)
(a) elastic vs. anelastic and inelastic deformation,
(b) elasticity vs. plasticity, viscoelasticity and viscoplasticity,
(c) relaxation vs. recovery,
(d) screw vs. edge dislocations
(e) crystalline vs. amorphous solids
(f) Nabarro-Herring vs. Coble creep
(9) deformation vs. growth twins in crystalline materials
(h) fatigue under stress vs. strain loading
(i) fracture under the plane strain vs. plane stress assumptions
(j) friction vs. internal friction

2. Please discuss the following questions and define the symbols in the equations. (30%)
(a) The meaning of the Hall-Petch relationship (o, = 0, + k,d™/* ), and sketch of its

derivation.

(b) The meaning of the creep constitutive relationship &= A%[g) D, and sketch of its

derivation.
(c) The meaning of E =rf/”c* for calculating the energy dissipated in a given loading

cycle, and sketch of its derivation.
2

(d) The meaning of the plastic zone radius r = ——, and sketch of its derivation.
TTH y

(e) The meaning of 9" =tand for calculating loss tangent from the quality factor, and
sketch of its derivation.

E.E
(f) The meaning of E_ = —2 ™ ___ for estimating the Young’s modulus of a fiber-
V.E,+V,E,

reinforced composite and sketch of its derivation.

3. Given the three-dimensional stress state of a stress element, as below, please answer
the following questions. (20%)

38 -1
c=| 8 6 2
-1 2 13

(a) Find the maximum normal stress state of the stress element

(b) Find the maximum shear stress state of the stress element

(c) Find the normal stress under the maximum normal stress fracture criterion

- (d) Find the shear tress under the maximum shear stress yield criterion

(e) Find the shear tress under the octahedral (von Mises) shear stress yield criterion
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Finite element analysis
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4, Use the 1 by 1 and 2 by 2 Gauss rule to approximate I

2
(r={f 1Y+ jedy) over the rectangular region shown in Fig.1. (50/3)
Yy

Order n Sampling point | Weight factor
1 0 2
2 +1/43 1

Fig.1




Dynamics of Structures 972

L.

(a) What is the definition of response spectrum? Please describe briefly the
procedures to determine the deformation response spectrum. (10%)

(b) What are the differences between pseudo-velocity and relative-velocity
response spectra? (5%)

(c) What are the differences between pseudo-acceleration and acceleration
response spectra? (5%)

(d) What is the earthquake design spectrum? (10%)

A 2-story shear building shown in Fig. 2a is subjected to a design spectrum

shown in Fig. 2b. Assume 2% damping ratio for all modes, and zero initial

conditions. (Given m=2kg, EI/W=8N/m and h=3m)

Please determine

(a) Mass matrix M and Stiffness matrix K. (10%)

(b)Natural Frequencies @ and corresponding mode shapes @. (10%)

(c) Modal maximum floor forces, base shear, and overturning moment for each
individual mode. (25%)

(d) The maximum floor forces, base shear, and overturning moment by using
square-root-of-sum-of-squares (SRSS) rule. (25%)
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Qualifying examination (Elasticity)

(1) The constitutive law for linear, isotropic, thermoelastic material is

1+v 1%

(a) Inert this law to express 7, in terms of ¢, and AT.(10%)

(b) Derive the Navier equation for this material which is in the form
A+wu, , +pu, ;+4=0

where A is purely related to AT in the absence of body forces. (10%)
(2) Are the principal axes of strain coincident with those of stress for
(a) an anisotropic material satisfying generalized Hooke’s law? (10%)
(b) a material with one plane of elastic symmetry? (10%)
(c) an orthotropic material? (10%)
(3) Determine the stress fields for the 2-D infinite medium with a circular hole in it,
as shown in the Figure where a uniform pressure P is acting on the circular hole.
(25%)




(4) Consider a linear elastic beam of arbitrary cross section, subjected to pure bending
M, about the z-axis(Fig). Show that the flexure formula
M
r oMoy
IZZ

is exact if O is at the centroid and yz are principal axes.(25%)




Engineering Geology
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Engineering Management Information System, Qualification (2009)

What are the differences between Structured Query Language and Query By Example? (15%)

What is the 3-tier network? Illustrate it. (15%)

What is Virtual Private Network (VPN)? What applications can we build with VPN to benefit the

construction industry? (15%).

Describe what update anomalies, addition anomalies, and deletion anomalies are. Give an example for each

of them? (15%)

Please identify and explain the rule violations and formating errors within the DFD shown in Figure 1.

(15%)
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Transform the E-R diagram of Figure 2 into a set of 3NF relations. (25%)
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