Qualified Examination , Spring 2010

Finite Element Method

(Close book, 100 minutes, 60% to pass)

l. For the plane truss shown below, let the structural displacement vector be
{D}={uy,v4,up,Vh,Uc,Ve,ld,>vd }T. (1) Form the structural stiffness matrix [K]g,g . (ii) Determine
the displacements at nodes a and b. (iii) Calculate the reactions at nodes b, ¢ and d. (iii) Find the
axial force in member ac. Let E = 200 GPa, a=30°, p=45° and y=40°. Assume
Aab=200cm?, Apc=180cm?, Ane=150cm?, and A ,q=200 cm>. (25%)

2. The potential energy of a beam-column subjected to axial compressive force P and restrained by

translational spring with spring constant k at x =L is
2
2 dv)’ 1
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where vy, = v(L). Using the calculus of variation to find the governing differential equation and

nonessential boundary conditions of the beam. [Hint: The essential boundary conditions of the
beam is v(0)=0and v'(0)=0] (20%)
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3. A 4-node isoparametric element with thickness t = 0.1 is shown below.

(1) Compute the Jacobian matrix [J] and its determinant |J| at the centroid (&=0,1=0) of the

element. (10%)

(11) Compute the strains €y and Yxy at the centroid of the element if the nodal displacements are

{d} = {uy,vy,uy,V9,u3,v3,u,,v4} L = {3,1,3,-1,3,2,3,137. (10%)
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4. Use a 2x 2 Gauss integration rule to evaluate the following integral: (15%)

- [°f _y 2 <x<6,-1<y<
I—ij_l(2+1+3x+4x )ydx, (3<x<6,-1<y<2)

Is this integral evaluation an exact solution? Why or why not? (5%)

5. A cantilever beam subjected to a concentrated force at the free end is modeled by 20-node solid
elements. From the result of the analysis, the deformed shapes of the cross sections near A and B

are shown below. (i) What phenomenon is exhibited in the deformation shape of the beam? (ii) In

Spring 2010

your judgment, is the result of this finite element analysis accurate? Why or why not? (15%)
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Dynamics of Structure
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. (30%) Consider the two-degree system and the modal parameters
shown in fig. 1. Determine (a) the equations of motion for the system,
(b) the natural frequencies and characteristic shapes, and (c) write
the modal equations of motion.

. (40%) For an undamped one-degree system with sinusoidal support
motion shown in Fig. 2. Determine the spectrums of the maximum
relative motion of the mass with respect to the support and the
maximum absolute acceleration of the mass. Note that the support
acceleration continues for only one cycles.

. (30%) Consider an idealized vehicle traveling over a simply
supported bridge shown in Fig. 3 at constant speed v.. (a)Derive the
equation of motion for the system. (b) Assume that the deflection
shape of the bridge is sin(zx/L), derive the equation of motion for the
vertical motion of the vehicle. (c) Find the maximum vertical motion
of the vehicle.
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Qualifying examination (Elasticity)

(1) Show that the equilibrium equations for an isotropic linearly elastic medium with

Lame constants A, /¢ are expressible in the form
(A g i + gy ;=0

in the absence of body force(10%). Show that these equations are satisfied
identically when u has the Papkovich-Neuber representation

=y +al@+xy;),

where the functions @, /; are harmonic, so long as & takes an appropriate

value. What is the value of & ? (15%)

(2) Torsion of a uniform, isotropic, linearly elastic prismatic cylinder, whose

generators are parallel to the x5 axis, generates a displacement field of the form

Uy =—Pxyx3 ,uy = Bxx3, Uy = B w(x;,x,)

Show that the only independent non-zero stress components are 073,053 (10%).
Show that equilibrium is satisfied if

O3 = 1PV 25 O3 =—pPy
for some stress functiony (x;,x,).Here 4 is the shear modulus. (10%) By
relating 073, 07,5to the strain field, deduce that

Va1t o ==2(5%)

(3). At a point, the traction vector on three planes are obtained as follows

t, =¢ +2e, +3e, for n=-e
t, =—2«/§e1 +£x/§e2 for n =—1—(e1 +e,+e,)
3 V3

t,=2(-e +e, +e,;) for n=e,



Find the stress tensor 6 at that point.  (25%)

(4) The constitutive law for isotropic linearly elastic medium is

oy = /lskké}j +2,uaij

where A, 1 are Lame constants. Use this form to derive the representations for
E (Young’s modulus) and v (Poisson’s ratio) in terms of A and g .(25%)
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1.  Compaction curve
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3.  Mohr-Coulomb failure criterion
4.  Critical hydraulic gradient
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Engineering Geology
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(2) 4738 & #2477 37 87 & 7(4%)

(3) Strike? Dip? Dip direction? (12%)

(4) ZZEEAREH? Lugeon test? (6%)
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1. (40%) Please give detailed explanations for the following questions:

(a) What are the full English and Chinese names of the four types of welding,
SMAW, FCAW, GMAW and ESW?

(b) Why is it important to have the limitations for minimum size of fillet weld in
fillet weld design?

(c) What are the differences between LRFD & ASD in steel design?

(d) Please describe how the four alloy elements, nickel (Ni), chromium (Cr),
molybdenum (Mo) and vanadium (V), affect the properties of steel.

(e) Please explain the effect of residual stress on steel column strength.

2. (15%) Please give a detailed explanation for the approximate second-order
analysis (P-delta analysis) procedure used for the design of frames in LRFD
steel design. (Note: except for showing the formulas, you need to give a
simple example to demonstrate how to use this second-order analysis
procedure)

3. (25%) Consider the following simply-supported beam-column with a
triangular loading shown in the following figure.

(1) Please derive the y-direction deflection formula v(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 By) for this

beam-column.

L < SW

o e

Note: Assume linearly-elastic material
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4. (20%) Please derive the theoretical effective length factors (K) for the

following two columns.

P *P

free end Q guided end

fixed end fixed end

%

Column (I) Column (IT)
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1.

If the compliance matrix of elasticity is given by

—Sll S12 Sl3 0 0 0 |
S, §; 0 0 0
S, 0 0 0
S, O 0 ’
symm Sy 0
L 2(S11 ’—Slz)_

what are the planes of material symmetry? What kind of crystal structures would it
correspond to? Also, derive the elastic modulus in <110> direction for such a
material. (15%)

Explain two yield criteria, Tresca and Von Mises, and show their graphical
representation for plane stress respectively. Will hydrostatic stresses affect the

prediction by Tresca or Von Mises criterion? Give the reason for each criterion.
(15%)

. Write three fracture criteria of single crack and explain each criterion. If material

is ductile, what will happen near crack tip? How does the ductility affect fracture

criteria in general? (15%)

“The elastic deformation on loading and the recovery of stain on unloading
involves the stretching of atomic bonds.” Would this statement be true of the large
elastic deformation observed in rubbers? Why or why not? Also, how does the
molecular weight influence the elasticity of rubbers? (15%)

Explain “Time-temperature” equivalence in polymeric materials. (10%)

In metals, the yield strength is observed to be
o,=A+Bd™"?

Where A, B are constants. Explain the parameter d based on the mechanism of
plasticity of metal at low temperature. What is the physical interpretation for
constant A? (15%)

Briefly explain in terms of the physical mechanisms of creep for metal and
polymers, respectively. Also explain the effects of grain size, stress and
temperature on the trends in creep behavior of metal. (15%)
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What are update anomalies, addition anomalies, and deletion anomalies within
the data redundancy? (20%)

What is VPN(Virtual Private Network)? How can we apply VPN to the
construction industry? (10%)

What is OLAP (Online Analytical Process)? If you were a material supplier how
can the OLAP system help you develop marketing strategies? (10%)

Use the following dependencies to normalize Table 1 to 3™ normal tables. (20%)
(A,B)—C,D,E,F,G
B—D,E,F
C—B
E—-F

Table 1
A|B|C|DJ|E|F |G

Use the following business rules to answer the questions:

a. A department employs many employees, but each employee is
employed by one department.

b. Some employees, know as “Rover,” are not assigned to any
department. '

c. A division operates many departments, but each department is
operated by one division.

d. Anemployee may be assigned to many projects and a project may
have many employees assigned to it.

e. A project must have at least one employee assigned to it.

f.  One of the employees manages each department.

g. One of the employees runs each division.

5.1. Develop an appreciate E-R diagram (20%)

5.2. Write all the cardinalities into the model.(10%)

5.3. Modify the E-R model by splitting the M:N relationship into two 1:M
relationships that are connected through a composite entity. Then rewrite the
connectivities and cardinalities to match the changes you have made.(10%)
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Project Schedule Control
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Qualify exam, Operations Research 26 March 2010

Please answer in English or Chinese. Answer all the questions concisely.

The traveling salesman problem (TSP, #& 473 4% B R %8) is deeply
related with the minimum spanning tree problem (MSTP, # & % #} 1
#2). This set of questions will explore part of the common roots shared by

these two important problems. Please refer to the following definition.

Definition (Held and Karp, 1970): A 1-tree is a network with nodes 1,
2, ..., n, where the nodes 2, 3, ..., n form a tree, and node 1 is attached to

the tree by two arcs.

1. (10%) Please define the TSP, and describe a method to solve for its

true optimal solution. Comment (do not prove) on its complexity.

2. (10%) Please define the MSTP, and describe a method to solve for its

true optimal solution. Comment (do not prove) on its complexity.
3. (10%) Prove that a feasible solution to a TSP is a 1-tree.

4. (20%) Please suggest a method to solve for a minimum-cost 1-tree for
a given network. Comment (do not prove) on the complexity of your

method.

5. (20%) Prove the following statement: if a minimum-cost 1-tree is a

TSP tour, then it is also an optimal solution to the TSP.

6. (20%) Consider a network G of n nodes, and let 7, be a real value
associated with node i. Let ¢, be the cost of arc (i), and let
¢y =¢, +m,+,. Prove that the optimal TSP solution with respect to ¢,

is also optimal with respectto ¢, .

7. (10%) Does the property stated in the previous question apply to the
MSTP? Why?



