Qualifying examination (Elasticity)

(1) (2)Express the compatibility equations for the case of plane strain. (15%)
(b)Given the plane strain distribution (10%)

&, =3x"y
2 -2
&, =4y"x+10

_ 3
Ey =VIt+X
are the compatibility equations satisfied?
(2) Consider two 90° rotations of axes x,, x, , x, -one about x,and one about x;. Show

that for the elastic constants to be invariant with respect to both of these
transformations, we must set (25%)

Ciiz = Coyzs = Capy = Coppy = Caggy = Cy

Coss =Cap3 =Chyp

Ciin = Chp =Cl

(3) 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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(4) The stresses in a circular cylinder of radius a with x, axis as the axis are given

by

O3 =03 =—fk,
Oy =0y = pf,

0,,=0pn=0y3=0,=0,=0
where u and B are constants. Show that the lateral surface of the cylinder is

traction free, i.c., show that t, =0 on the surface shown in the figure. (25%)
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FMBET AR (15%)
(a) response spectrum
(b)classical damping matrix
(c) earthquake design spectrum

Determine the natural frequencies and mode shapes for the uniform, rigid bar
(EI =o0) with mass 7 per unit length. u;: translation, u,: rotation of the mass

center. (30 %)

i LA—s= L/2 =

3

Please derive the complete solution for at-rest initial conditions of an undamped
SDF system subjected to a harmonic force. i.e. mii+ku=Fsinw,t . Note:

w, =vk/m . (25%)

Please find the displacements of the system (Fig. 4a) under the response-
spectrum as shown in Fig. 4b. Solve this problem by using the square-root-of-
sum-of-squares rule. (Given m=20Tonand k=100iN/m) (30%)
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National Cheng Kung University
Department of Civil Engineering
Pavement Engineering
Qualification Exam for Ph.D. Students
Open Books and Notes (100 minutes)
Fall 2009

1.

Explain the following terms:

(a) permeable pavement, (b) drainage pavement, (c) rigid pavement, (d)
JRCP, (e) rubberlization (25%)

2.
What are the new features of AASHTO Mechanistic-Empirical Pavement
Design Guide (ME-PDG)? (25%)

3.
What are the major road tests since 1950? Why are these road tests
important to pavement engineering? (25%)

4.
What are the major differences in highway and airport pavement designs?
(25%)
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1. (40%) Please give detailed explanations for the following questions:

(a) Please describe how the four chemical elements, phosphorous (P), sulfur (S),
hydrogen (H) and nitrogen (N), affect the properties of steel.

(b) What is “lamellar tearing” phenomenon in steel material? How does it happen?
How to solve this problem?

(c) We usually categorize carbon steels into four categories by their carbon

percentages. What are these four categories and their carbon percentages?

(d) Please list at least two methods to measure the toughness of steel and clearly
describe these methods.

2. (15%) In LRFD steel design, we use 0.6F) (or 0.6F,) as the shear strength of
steel to evaluate the shear forces of steel components. Where is the coefficient
0.6 from? Please try to derive it. (F, and F, are the yield and ultimate
strength of steel respectively from the tensile test)

3. (25%) Consider the following simply-supported beam-column with a
concentrated load (F) at the mid-span.

(1) Please derive the y-direction deflection formula w(x) for this beam-column.

(2) Please derive the moment formula M(x) for this beam-column

(3) Please obtain the theoretical moment magnification factor MAF (or B;) for this

beam-column.

P—ox J I »
B = P M
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Note: Assume linearly-elastic material
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4. (20%) Please list the limit states considered for designing the welded/bolted
double angle connection shown in the following figure.
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