Qualifying examination (Elasticity)

1. Given the stress components
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(k = constant)
(a) Show that they satisfy the equilibrium and compatibility conditions for no body
forces,and find the corresponding Aify stress function. {15%)
(b) Show that the Airy stress function is biharmonic.(10%)

2. A rectangular dam is subjected to pressure p(x,) = p,x, on one face, where p,, isthe
weight density of water. The dam is made from concrete, with weight density p, (and
is therefore subjected to a body force p.e, per unit volume).

(a) Write down the boundary conditions on all four sides of the dam.(10%)

(b) Consider the following approximate state of stress in the dam
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Show that (i) The stress state satisfies the equilibrium equations (5%) (ii) the stress
state exactly satisfies boundary conditions on the sides x; = *a ,(5%) (iii) The stress
does not satisfy the boundary condition on x, =0 exactly. (5%)

(c) Show, however, that the resultant force acting on X, =G is zero, so by Saint

Venant’s principle the stress state will be accurate away from the top of the dam. (5%)




(3) Arigid circular inciusion of radius a is embedded in an infinitely extended
two-dimensional medium where uniform stress p is applied at infinity as shown
in Fig. The solution to this problem may be formulized as follows.( conditions of
plane-strain are assumed) (a) First show that the substitution of the
strain-displacement expressions

B
7 ar’ 80 .
into the stress-strain relations
Oy =24E, + A& + Egg),
Ogp =2HEgp + A& +Egg),
will give
Op =(A+ 2#)@ + AE:
dr r

o0 = A L Gr2mt, (5%)
dr ¥
(b) Obtain an equation for « when these stresses are introduced into the equilibrium
equation
do

2o Lo —ca0)=0, (%)
dr F

. . . B
(c) Show that the solution for the equation ofuis u=Ar+—  (5%)
s

where A and B are arbitrary constants.
(d) Find the stress components of the medium. (10%)
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4 The displacement field in a 2D elastic body is given by
u; = q[5x% + (%, -2)*]
y = ql4x, +(x, ~1’]

where q is a small positive constant.

(i) Determine the strain tensor &; and the rotation tensor @; (10%).

(ii) At the point # = (3,2) find the extension¢, of the line element nds,
wheren=(3/5, 4/5).(10%)
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1. Please give a brief description of the following questions (you may define qualitatively the
required parameters if not given and also give the definition if any terminology is used)
(NOTE: No difficult calculation is required!) : (30%)

(a) What are the procedures to construct the combined D-V-A response spectra of a given
ground motion? Please make a sketch and also give brief descriptions regarding the
acceleration-sensitive region, the velocity-sensitive region, and the displacement-
sensitive region. (15%)

(b) What is the important distinction between earthquake elastic design spectrum and
inelastic design spectrum? For ground motion on firm ground, 7,=1/33 sec,

T, =1/8sec, T, =10sec,and T ;= 33 sec, assume any given ¢ and

L 1<,
R, =42u-1 1, <7 <T,
H T, >T,

How to comstruct a constant-ductility design spectrum (for #=2,4,and8) from the
elastic design spectrum? (make a sketch if necessary) (15%)

2. Please find the max. displacements of u; and u, of the system (Fig. 2a) under the
earthquake design response spectrum as shown in Fig. 2b. Solve this problem by using the
square-root-of- sum-of-squares (SRSS) rule. (50%)
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Fig. 2a (Given mass m=10fon, spring constant k=200kN/m)
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Fig. 2b

3. Please derive the complete solution for at-rest initial conditions of an undamped single-
degree-of-freedom system subjected to a harmonic force. i.c. mii+ku=F sin@,? . Note:

@, =k m . (20%)
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Finite Element Method

(Close book, 100 minutes, 70% to pass)

1. The following True-False questions refer to finite elements based on assumed displacements.
(15%) |

( ) A. The calculated displacements are more accurate than the calculated stresses.

() B. The diagonal coefficients of a structural stiffness matrix [K] must be greater than or
equal to zero.

{ ) C. The elements should not be able to display rigid body motion and constant strain
states.

( ) D. First-order (linear) elements with full integration are prone to locking and normally
should not be used.

( )E. The 8-node plane elements are less sensitive to the distortion of geometry than the
9-node plane elements.

2. A tapered bar element with three degrees of freedoms {d;,d,,d;} and subjected to a
concentrated force P is shown below. Assume the Young’s modulus of the element is E. If node-
2 is condensed out from the element, determine the condensed stiffness matrix [k];xg and the
consistent nodal forces 17 and ry for the element so that {k];x2 {dl,d3}T ={1,13 3T, (15 Points)
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3. Consider a beam of uniform EI that supports a concentrated force P and a concentrated moment
M, as shown. Assume the lateral deflection of the beam is v(x). (i) Calculate the potential
energy Hp of the beam. (ii) Use the calculus of variation to find the governing differential

equation and nonessential boundary conditions of the beam. (20%)
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4. (i) For a 4-node plane element with reduced integration rule, how many zero energy modes
may exist? Sketch any one of the zero energy mode shape for it and show all the positions of
Gauss points. (if} For a 9-node plane element with reduced integration rule, how many zero
energy modes may exist? Sketch any one of the zero energy mode shape for it and show all the
positions of Gauss points. (iii) For a 4-node plane element with reduced integration rule, use
the sketch you draw to explain why the strain energy at the reduced integration point is zero?
(15%)
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5. (i) Use a 2-point Gauss integration rule to evaluate the following integral: (10%)

X .

1=fe S dx, (~1<x54)
I x%+1

(ii) Is the integral evaluation in part (i) an exact? Why or why not? (3%)

Hint: & =+1/-/3.

6. A 4-node isoparametric axisymmetric element is shown below. Let {E}T ={er,8'9,sz,'yrz}T
and {d}' = {ul,Vl,UZ,Vz,U3,V3,U4,V4 31 . If the strain-displacement relation of the element is
{e} =[H][T][Q]{d} =[B){d}, find the explicit expressions for the [H]axs, [Tlsx5, and [Qlgysg
matrices. (20%)
Note: {s}T =[H]{u:r,u,z,wjr,w,z,u}T, {u,r,u’z,w,r,w}z,u}T =[T]{u,a,um,w’g,wm,u}T,

{0 g0, W g, W g, 0} =[QI{da}".
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Advanced Bituminous Materials

5 EREEMES (20% for each question)

1. Translate the following paragraph.
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. These tests were never good at predicting performance and
have become less reliable in prediction performance as axle loads and tire
pressures have continued to increase.

2. Briefly describe the asphalt refining procedures.

3. Briefly describe the major superpave asphalt binder testing equipment and
purpose.

4. Briefly describe the procedures of the Marshall mix design and superpave mix

design method.

5. Briefly describe the properties of an ideal pavement binder.
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1. A random variable X has a normal distribution with mean u and standard deviation o .
(a) Prove E(X")=puE(X"™")+(n-1)o’E(X"?), where E denotes the expectation. (10%)
(b) Find E[(X —x)’] and E(X7).(10%)

2. Determine the maximum likelihood estimators of the two parameters in a lognormal

distribution when the sample simple is #. (20%)

3. Given a sample of »=10 as follows:
20, 13, 6.0, 19, 51, 04, 53, 0.7, 48, 9.0

(a) Obtain a 95% confidence interval for the mean value. (15%)

(b) The null and alternative hypotheses are

Hy:u=125
H:p>25

Test the hypothesis at the 5% significance level. (15%)

(c) Give your assumptions in answering (a) and (b). (5%)

4. Given the data as follows:

x 1.4 1.5 2.0 2.5
v 23.0 24.5 25.0 29.0

Calculate the least-square estimators of the slope and y-intercept, and then the coefficient

of determination. Assumptions and procedure must be given to obtain the results. (25%)
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1. Discuss the advantages and disadvantages of the martensitic and austenitic steel,
respectively, as a structural material. (10%)

2. Draw the iron-carbon binary phase diagram, and identify the eutectic and eutectoid phase
transformation points. Use the lever rule to determine the percentage of all phases in 3
weight % carbon steel at 1000°C. (10%)

3. Why stainless steel is stainless? In other words, why does it have superior properties
against corrosion, as compared to standard steel. (10%)

4. Does steel show Bauschinger’s effects? How strong is it when compared with other
metallic materials? What are the consequences of Bauschinger’s effects to the steel

materials in terms of energy dissipation? (10%)

5. There are many atomic species can be found in construction steel. In addition to carbon
and iron, please list 5 other atomic species and discuss their effects to the mechanical
properties of the steel. (10%)

6. Consider the beam-column with fixed-end boundary condition at the both ends, and this
beam-column is subjected to a concentrated lateral Ioad @, a uniformly distributed load w
and a constant axial compressive load P as shown in Figure 1. Assume that the material
of this beam-column is linearly-elastic. Please derive the end moment (Ma or Mg)

equation for this beam-column. (25%)

Figure 1
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7. Please derive the elastic buckling load P, for the column with one end pinned at the
bottom and one end laterally restrained by a linear spring (spring constant=k) at the top as
shown in Figure 2. Assume that the material of this column is linearly-elastic. (25%)




Mechanical Properties of Materials
SRS

1. Please briefly explain the following terminologies. (14%)
(a) bee, fee and hep lattice, (b) Bragg’s law for determining interatomic spacing, (¢} unit
cell and Brillouin zone, (d) structural factor, (e) lattice and reciprocal lattice, (%)
Wigner-Seitz cell construction, (g) Miller index for crystallographic planes.

2. Please answer the following questions regarding interatomic potential and elastic constants
of materials. (18%)

(a) For the 6-12 Lennard-Jones potential with two potential parameters 4 and B, please
show the potential is stable around the equilibrium point of the two atoms bonded by
the potential.

e (b) Calculate the Young’s modulus of a simple cubic material when the uniaxial loading is
' parallel to one of its material axis.

(c) Calculate all non-zero Cyy for simple cubic lattice (assume the 1 and 2 axis have
different elastic properties) with spring constants ki (horizontal interaction between
nearest-neighboring atoms), k, (vertical interaction between nearest-neighboring
atoms) and k; (diagonal interaction between diagonally nearest-neighboring atoms on
the same atomic planes). Also, please calculate the directional Young’s modulus of the
simple cubic lattice under uniaxial loading along the [111] crystallographic direction.

3. Please answer the following questions about dislocation and the strength of materials.
(18%)
(a) Please estimate the theoretical (ideal) shear AND cohesive strength of a crystalline
solid in terms of their elastic constants.
(b) Derive Orowan dislocation mobility equation.
(c) Derive the Hall-Petch relationship to describe the increase of strength with decreasing
grain sizes.

4. Derive an equation of pure bending moment as a function of edge strain (strain on top or
bottom surface) for a beam with a rectangular cross-section,

(a) for a material with a simple power-hardening stress-strain curve. (10%)

(b) for a material with an elastic and perfectly plastic stress-strain curve. (10%)

5. (a) An infinitely large sheet is subjected to a tensile stress of 350 MPa. There is a central
crack of 5 cm long and the material has a yield strength of 500 MPa. Calculate the stress
intensity factor and plastic zone size at the crack tip. Also, comment upon the validity of the
calculated plastic zone size. (10%)



(b) You have been asked to determine fracture toughness for a material that is supplied in the
form of strip. Explain your method of measurement. (10%)

6. Describe and plot the creep behavior of Maxwell material and Vogit material, respectively.
(10%)
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. Answer the following questions (20%)

1.1. What is an example of a procurement activity that might be a valuable inclusion in a
network?

1.2. Conversely, what is an example of a procurement activity that has little merit for
inclusion in a network? |

1.3. If “order tiles” requires a lead time of 35 days and “install tiles” can start right after “get
surface ready for titling” is finished, will you define the relationship between “order
tiles” and “install tiles” as FS/35 ? Why? if not, what relationship would you define?

. Please finish the following questions according the information listed in Table 1.
2.1. Develop a Precedence Diagram (Activity on Node). (5%)
2.2. Determine the ES, EF, LS, LF, TF, FF and fuil them in the Table 1. (10%)
2.3. Identify the critical path (5%)
2.4. Develop an Arrow Activity (Activity on Arrow) and explain what type of dummies if
there are any. (5%)
* Use beginning of day convention. All activity relationships are (FS,0)

Table 1
2 9 1
3 5 1
4 5 1
5 8 2
6 7 2
7 4 5
8 15 4,6
9 5 7
10 6 4,5, 6
11 12 3,7
12 12 8, 10
13 4 9, 11, 12

. The task of forming beams and slabs of one floor requires 20 days with a standard deviation
of 2 days.(20%)
3.1. What duration should be used if there is to be a 90% conﬂdence that the duration

would not be exceeded?
3.2. What is the probability that the duration will be less than 15 days?
3.3. What is the probability that the duration will be longer than 22 days?

1/3



4. A construction progress is shown as in Figure 1 and Table 2.
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Table 2
Activity . . Cost 1} Budget? -
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4.1. Please fill out the Table 2 to show the project status information of the activities and
the construction project. (10%)

4.2. Explain how this construction performs (5%)

4.3. Estimate the cost at completion of this construction project. {5%)

5. Please level the resources (R) for the network in Figure 2. (15%) 6
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