Ph. D. Entrance Examination
May 29, 2004

1. (20%) Bar A-B-C has a constant cross-sectional area A=0.8 in>. The material has an elastic,
perfectly-plastic ~stress-strain behavior as shown in Fig, with o, =364si and
E =30x10> ksi _

(a) Determine the load P, at which first yielding occurs, and determine the corresponding

displacement u, of section B where the load P is applied.
(b) Determine the load P, at which yielding occurs in the remaining segment of the bar,

and determine the corresponding displacement u;, of section B.

A (o2
A
20 in. P o Y a—
} l B
lu |
_L £ ¢
40 in. ! !
C I

2. (15%) A homogeneous straight beam of length L and total weight W ( weight density q per
unit length is g=W/L) rests on a smooth rigid plane. Determine the length of the left-hand
part of the beam leaving the rigid plane when a force W/3 is applied to its end.
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3. The ideal beam-column is subjected to the force Q and the axial load P.  EI is constant.
(a) (20%) Derive the expression for the deflection of the beam-column.
(b) (15%) Determine the maximum displacement and the maximum moment in the

beam-column.
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4. For a delta strain rosette in the position shown
(a) (10%) Show that the maximum principal strain is located at angle, counterclockwise to

the x axis, where

\/g(gb -&.)

28, — &, — &,

tan 20 =

(b) (10%) Shown that the two principal strains 1 and 2 are given by
gl:8a+<‘;b+€c+R’ 82=8a+83b+£c_R

Where

R %[(28(1 _gb —gc)z +3(8b - 80)2]1/2

(c) (10%) Construct the corresponding Mohr’s circle for the delta rosette.
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1. Following are the results of a sieve analysis. Make the necessary calculations
and draw a particle-size distribution curve. ( 25 %)

U.S. sieve size Opening Mass of soi} retained
(mm) on each sieve (g)
4 - 475 0
10 2.00 40
20 0.850 60
40 0.425 89
60 0.250 140
80 0.180 122
100 0.150 210
200 ' 0.075 56
Pan - 12

And then, determine a. Dlo, D30, Dgo
b. Uniformity coefficient, C,
c. Coefficient of gradation, C,

2. A consolidated-drained triaxial test was conducted on a normally consolidated
clay. The results were as follows: (25%)
03 =250 kKN/m?
(A 0 9)r=275 KN/m®

Determine the following:
a. Angle of friction, ¢
b. Angle § that the failure plane makes with the major principal plane
c. Normal stress, ¢, and shear stress, 7 ¢, on the failure plane

3. - (a) Draw curves of load versus settlement for circular foundation
under four conditions (1) surface foundation on loose sand (2)
surface foundation on dense sand (3) deep foundation on loose sand
(4) deep foundation on dense sand. Put curve 1 and curve 2 on one
diagram, and curve 3 and curve 4 on another.

(b) In what might be termed classical bearing capacity (Fellenius,
Prandtl, Terzaghi, etc.), what assumptions are made regarding soil
properties themselves? Think in broad terms and don’t leave out

“obvious” factors. Note that the question relates to soil properties.

(25%)



<. - (a) Describe the load transfer mechanism from a pile to the soil, and how
to model this transfer mechanism? (b) Describe how to construct a
representative t-z curve. (c) What is the principal theoretical objective
to the t-z approach and practical objective to use the t-z approach? (25%)
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Part]. Please translate the following paragraphs into Chinese, and briefly elaborate your
thoughts on each paragraph.

1. Scientific knowledge is defined collectively through discussion and debate. Group
discussion—whether in seminars, orientations, research settings, or informal settings—can
demonstrate how different individuals would react in specific situations, often leading to
conclusions that no one would have arrived at individually.

2. Methods are important in science, but like scientific knowledge itself, they are not infallible.
As they evolve over time, better methods supersede less powerful or less acceptable ones.
Methods and scientific knowledge thus progress in parallel, with each area of knowledge
contributing to the other.

3. There are many right problems, but very few people search carefully for them. Rather
they simply drift along doing what comes to them, following the easiest path to tomorrow.
Great scientists all spend a lot of time and effort in examining the important problems in
their field. N
4. Deep emotional commitment seems to be necessary for success. The reason is obvious.
The emotional commitment keeps you thinking about the problem morning, noon and night,
and that tends to beat out mere ability.
Part II.
5. Briefly describe the Superpave mix design method. (35%)
6. Describe the two principal types of HMA mixing facilities in use today. (35%)

7. What kind of properties should the ideal pavement binder have? (30%)

Part II1

In 1885, Boussinesq formulated a set of equations for calculating the stress, strains and
deflections of a homogeneous, isotropic, linear elastic semi-infinite space under a point load. The
equation for vertical displacement for a point load is shown as

d = %E—)—E[Z(l— ) + cos’ 6]

[2]
o]

Please derive the equation below for vertical
displacement for a circular distributed load, o, with
loading radius a)
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R RAR I BEA %, (Closed Book)

(A) > \

Describe briefly the following terminologies:

. The softening effect of reinforced concrete beams subjected to shear;

2. The unified theory of reinforced concrete structural components;

. The secondary moment of prestressed concrete structures during the
prestressing;

4. The tension stiffening effect of reinforced concrete beams;

5. The tension shift effect of reinforced conprefe beams.
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(B) >&7%

(a) 48 2 45 K A2 2 (Young’s Modulus) ~ 4K 78 & (Yielding Strength) ~ ifir 38 &
(Tensile Strength) & 3¢ & M (Ductility) £ M % » T E 2% EX S EMRAE T 5
B ? :

- (b)#% X (Quenching) ¥ &) X (Tempering) # & 3 » dof ¥ B2 45 KA ~ BK
BE - BEREEMNT

(c) 7

al i TS TR B BT
(a) Bulk Modulus ’
(b) Stress Intensity Factor
(¢) Coefficient of Thermal Expansion
(d) Dilatation
(¢) Atomic Packing Factor
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