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Qualified Examination Fall 2001

Finite Element Method

(Close Book, 60% to Pass)

1. A 4-node isoparametric element with thickness t =1 is shown below left.

A (5.4) 3

2
(2’_1)

(1) Compute the Jacobian matrix [J] and its determinant |J| at the centroid of the element. (10%)
(i) Compute the strains €, €y, Yxy at the centroid of the element for the nodal displacements
given as (ug, vy, Uy, Vo, U3, V3, Uy, V4) = (3, 1, 3, -1, 3, 2, 3, 1). (10%)

2. Use a 2x2 Gauss integration rule to evaluate the following integral (3<x<9,-2<y £2)
9,2 1
= —_— 2 _ 3 2
I I3I_2(2+ i + 6x< — 12y 2 + 4xy < )dydx

The weight factor at Gauss points is W = 1. (20%)




Qualified Examination Fall 2001

3. (i) A tapered bar element with two degrees of freedoms is shown in Fig. (a) below. The element
has a constant thickness and its cross-sectional area can be represented by A(x) = A + x(Ay-
A,)/L, where A, and A, are cross-sectional areas of the element at the two ends. Assume the
displacement in the element is u(x) = ay + a;x. Formulate the stiffness matrix for the tapered
bar element. (10%)
(il) An axially loaded tapered bar structure modeled by two tapered bar elements is shown in Fig.
(b) below. Assume that Aj = 10 in?, Ag =1 in and the Young's modulus E = 10000 ksi.
Calculate the displacements u,, us. (10%)

(@

4. A square panel with a central circular hole and subjected to uniaxial tensile stress q is shown
below. (i) Sketch the mesh and describe the best type of element that you would use to analyze
the panel (need to take the symmetric conditions into account), (ii) specify the boundary
conditions on your mesh. (20%)

& Las
——— ——
] —>
- —>
———— —>
q [e— —>1 g
] >
l———— —
- —
< —>
- >
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5. A cantilever beam subjected to a concentrated load is analyzed .by 4-node and 8-node plane stress
elements. The mesh used in the analyses and the normalized beam deflections at the free end are
shown below. When the normalized beam deflection is equal to 1, it means the numerical result is

the same as the analytical solution.

y

é

o

Z,

7 P

\/
Mesh

| 1 [ ] I B
1x6

—— I T { ; { 1 ——
2x12
4x12

8 x 24
Normalized beam deflections
v Mesh Size (Depth x Leﬁgth)
Elernen_t : :
1x6 2x12 4x12 8x24
4F 0.074 0.242 0.242 0.561
8F 0.994 1.000 1.000 1.000
4R 20.30 1.308 1.051 1.012
SR 1.000 1.000 1.000 1.000

4F: 4-node with full integration,

8F: 8-node with full integration,

4R: 4-node with reduced iftegration, 8R: 8-node with reduced integration.

Please explain: (i) why the results obtained by 8-node elements (8F or 8R) are better than those

obtained by 4-node elements (4F or 4R)? (ii) why the results obtained by elements using the

reduced integration rule (4R or 8R elements) are better than those using the full integration rule
(4F or 8F elements)? (iii) why the normalized deflection of the 4F element with 1x6 mesh is so
small? (iv) why the normalized deflection of the 4R element with 1x6 mesh is so large? (iv) what
is the influence of mesh sizing effect on the results of the numerical analyses? (20%)
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Qualifying Examination, Fall, 2001

(Engineering Mathematics)

1. Solveu_ +u =0 in the disk(r<a) with the boundary condition u=I1+ 3sin¢

onr=a. (25%)

2. Consider the integral

T ax
= '(’:x2+1

a) Evaluate I from the integral

o« eiax
I,(a)= jmdx (a>0)

and note that I, (0) = 21. (10%)
b) Evaluate I from the integral

1=§_151‘—dx

x? +1

and show that
L=(2ri)l
For part b) use the contour shown below and note that

xlnx —0asx —0

(Inx))x —»0asx — o (15%)




3. Find the general solution of
x(x-2)y -(x*-2)y +2(x-1)y=3x* (x-2)* *

given that y= e*and y=x” are linearly independent solutions of the
corresponding equation. (25%)

4. Derive the differential equation for the longitudinal oscillations of a thin rod
of variable cross section A=A(x). (25%)
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1. Briefly describe the usage of Dynamic Shear Rheometer in

the Superpave asphalt binder specification.(25%)

2. Briefly describe the Marshall and Superpave mixture design

methods.(25%)

3. The repeated flexural test is conducted to evaluate the
fatigue properties of an asphalt mixture and, hence to
estimate pavement life for fracture. Describe the test

procedures and its usage.(25%)

4. Describe what kind of improvements should be made to be

an ideal pavement binder.(25%)



STEEL STRUCTURE

1. Determine the capacity of the splice shown in Fig.1.  All plate materials are A36
steel (Fy=36 ksi, Fu=58 ksi). Fasteners are 6/8-in A325 bolts (Fv=30ksi) in a
bearing-type connection with threads excluded from the shear planes. Standard holes.
Please use allowable-stress-design (ASD) method to solve this problem. ( 3/,, )

2, 3,15115 3.2
, , 5/6-in plate
[

|
Unit=inch
2+ o o

o

12-inplate .
5/6-in plate

'U
I
{1

O 0 O O
[e]

\)(DI(JOUON
'

T o

2. Use LRFD method to do problem 1 again. (Ry=60As) ( 3/.0 )

3. Check the W12x45 section to carry an axial compression and biaxial bending, as
shown in Fig.2. Use A36 steel. (ASD method) (W12x45, d=12.06, tw=0.335,
bE=8.045, t£=0.575, A=13.2 in%, rx=5.15, ry=1.94, r;=2.15, Sx=58.1 in’, Sy=12.4 in’;
unit=in) E=29000ksi.  ( 3/, )

=150k =150k
\L Mx=15ft-k \l( My=7ft-k

T 15 T 7
10 '
2 1
wizx3s | 10
4 o 4 0
/P P=150k P=150k
Strong Axis Weak Axis

Fig.2
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Chart of accounts £ Project cost accounts G{A[-N[&] ? #8453 4HIE (general ledger

accounts) iz 7EiE THZBAMINE (Subsidiary ledger accounts) 3 4MAJER 3t —3&EH
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1. (30%)Compute the natural frequency in the horizontal mode of the steel
rigid frame shown in Fig. 1. the horizontal girder may be assumed infinitely
rigid, and the mass of the columns may be neglected.

30 kips
1=56.4 in4é\'
E = 30%10° psi ) 15 f
: —x
T w7 | 5f
20 T 20ft ——

2. (40%)The rigid frame of Prob. 1 is subjected to a horizontal force applied at
the girder lever. The force increases linearly from zero at £ = 0 to 4 kips at ¢
= (.5 sec and then remains constant.

a. Compute the horizontal deflection at # = 0.7 sec.
b. Determine the maximum deflection and the time of maximum
deflection.

3. (30%)Repeat Prob. 1, taking into account the girder flexibility. The moment
of inertia of the horizontal member is I = 112.4 in®. '
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. Yo fT4E iR X A (Mat foundation)4x i % # £ % % & (Differential

settlement)? (25 4°)
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1. Pavement design has gradually evolved from art to science.
Describe what do art and science relate to pavement design.

(25%)

2. Discuss the basic design differences between an airport and

a highway pavement.(25%)

3. A composite pavement is composed of both HMA and PCC.
Describe the cross section of premium composite pavement

recommended by Von Quintus et al. (25%)

4. Briefly describe the distresses in HMA paveménts. (25%)



Civil Engineering Department Ph.D. Program Qualification Exam

Subject: Operations Research

Note: The following questions may be answered by Chinese and/or English.

Problem 1 [25 points]

(a) Describe the use of Kuhn-Tucker conditions, by expressing the relationship
between Kuhn-Tucker conditions and Lagrangeans.

(b) Solve the following problem using Kuhn-Tucker conditions. If the constraint
is replaced by X;+X,=2, how the solution to this problem is affected? Does
the result differ from the concept of shadow price?

Maximize

Z=3X1X3
Subject To

XI:XZ >0

Problem 2 [25points]

SYM must determine how many motorcycles should be produced during each of

the next 4 quarters (one quarter = three months). This decision has to be made at

the beginning of each quarter. The demands of each quarter are: 40, 60, 75 and

25. SYM must meet the demand on time and it has an inventory of 10

motorcycles at the beginning. We may assume that motorcycles manufactured

during a quarter can be used for that quarter. During each quarter, SYM can

produce up to 40 motorcycles with regular cost of $400 per motorcycle.

However, it is allowed to produce additional motorcycles at the cost of $450 per

motorcycle. At the end of each quarter, a holding cost of $20 per motorcycle is

incurred. '

(a) Use linear programming to formulate a model that determines the best
production schedule during the next four quarters.

(b) Use balanced transportation problem to model this problem.

(c) Describe this problem with appropriate network flow representation.

Problem 3 [25 points]

You are given the tableau shown in Table 1 for a maximization problem. Give
conditions on the unknowns al, a2, a3, b and c¢ that make the following .
statements true:

October 2001 1



(a) The current solution is optimal. ,
(b) The current solution is optimal, and there are alternative optimal solutions.

Table 1
z x1 x2 x3 | x4 | x5 | rhs
1 -c 2 0 0 0 10
0 -1 al 1 0 0 4
0 a2 -4 0 1 0
0 a3 3 0 0 1 b

Problem 4 [15 points]

The government wishes to maximize the hydroelectric power produced by
building dams on three different river basins, subject to a budget of $3 million.
Assume the power from each dam is independent of the others and dynamic
programming approach is used to solve this problem. The power generated from
various levels of investments is shown in Table 2. Formulate a backward
recurrence representation for this problem and solve it. Please clearly define the
notation and assumptions, if any.

Table 2
Level of investment (million) Return function, Gi(Xj)
X i=1 i=2 i=3
0 0 0 0
1 2 1 3
2 4 5 5
3 6 6 6

Problem 5 [10 points]
For a typical furniture manufacturer's activity analysis, the problem may be
expressed with a linear programming model as below. Please write the dual
problem and state the economic interpretation of this primal-dual problem.
Max g(X)=¢X
st. AX<b
X>0

October 2001 2
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1. A simply-supported beam made from a concrete is under a central concentrated
load P; the span = S, the height = H and the thickness of the beam = B. If the
concrete obeys power-law creep: £= Ao". Calculate the central deflection
rate of the concrete beam. Discuss your resuilt for the limiting cases of an

elastic beam and a plastic beam. (25%)

2. Describe the corresponding stress-strain curve and failure mechanism for
(a) A foamed concrete under compression.
(b) A steel fiber reinforced concrete under tension.
(c) A high strength concrete under tension.
(d) A normal strength concrete under compression.
’ (25%)

3 Discuss the applicability and compare the difference of the following three
failure criteria when they are employed in concrete application: Tresca, von
Mises and Coulomb-Mobhr. (25%)

4. A concrete with 10% porosity in cement paste ( E,, =32GPa and
p p SolidCementPaste

G gpriacemempasie =1 2GPa) and with 16% volume fraction of granite aggregate

(E =90GPaand v =0.3) is under a hydrostatic stress state:

aggregate aggregate

0, =0, =0;;,=10MPa. Calculate the dilatation of the concrete.
(25%)



TR H Qualification Exam

1. Your bonding company has asked for the status of a telecommunications revitalization project. You
decided to calculate Schedule Variance (SV), Schedule Performance Index (SPI), Cost Variance
(CV), and Cost Performance Index (CPI) as performance indicators. Your cost accounting system

section and project manager have provided you with the information in Table 1.

Table 1
Activity # [Description Total cost |Scheduled |Actual Actual cost BCWS  |BCWP
forecast  [percemfage [Percentage jto date
complete  [complete
1 [Building permits” 2000 100 100 1253.75
2 Temp. networks 25000 100 100 26497 .83
3 Order cable trays 8000 100 100 7907.27
4 Order routers, cabling 10000 100 100 9017.32
5 Remove ceilings 18000 100 100 11427.49
6 Install cable trays 28000 100 100 19743.19
7 [New servers’ 20000 100 70 11271.25
'8 Cable TV - 10000 100 10 | 793.21
9 Backbone and routers 20000 100 5 327.19
10  |LANs 17500 20 0 -
11 |Connect and test’ 15000 0 0 --
12 [New Ceilings’ 20000 0 --
193500 88238.5

* Asterisks indicate the critical path for this project
1.1. Find the BCWS and BCWP of each activity (fill in the table) (10%)

1.2. Calculate the SV, CV, SPI, and CPI of the project (10%)
1.3. Predict the performance of the project in terms of schedule and cost. (1 0%) -

2. Consider the project information in Table 2.
2.1. Develop an unrestrained schedule in Gantt Bar Chart form. (5%)

2.2. Develop resource histograms for mason and helpers, respectively. (10%)
2.3. Level the project, using 4 masons and 2 helpers. (15%)

Page 1




Table 2

Activity |{Duration |Predecessors |Masons |Helpers
A 1 None 2 1
B 4 A 2 1
C 2 2 1
D 1 B 1 0
E 4 B 3 0
F 3 C 3 0
G 4 C 1 2
H 2 C 1 1
J 2 D 2 2
K 6 J 2 1
L 2 FGH 3 2
M 1 K, L 2 1

3. Please answer the following questions based on the project information in Table 3 and the activity

information in Figure 1. Indirect cost =$100/Day

3.1. Draw the direct cost curve of the project. (15%) (Note: show the calculation steps)
3.2. Determine the best schedule that has the minimum total project cost. (5%)

550

200

Page 2

Cost ($)
A

Table 3

Activity ID

Predecessors

A -

T o |H|w
>

F,G

3090

590

390
300
> Time (Days)

10

15

Cost (5)
A

i
i »
»

Time (Days)

3 13 14 17



Cost (8) » Cost (8)
A A
600 b - 700 fe-eee-
F
. 600
400 1 500 ,vi
§ > Time Days) é ] > Time (Days)
2 6 8 i0 12
Cost ($) Cost ($)
A A
1800 - P T T -
G H
800 : 200
L »  Time (Days) > Time (Days)
5 10 4 6
Figure 1
4. Answer the following questions based on the information in Table 4
Table 4

Activity ID |Predecessors |[Most Optimistic [Most Likely [Most Pessimistic [t |o;

A -- 52 60 74

B -- 17 25 39

I - 8 10 18

D - 41 45 61

E A B 2 4 9

F D 20 25 33

G C 8 12 19

-H F 26 30 46
I |E,GH 9 12 18

4.1. Fill in the t;and 5; (10%)

4.2. What is the expected duration of the expected critical path? (5%)
4.3. What is the probability that the project can be completed within 124 days? (5%)

Page 3
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The following table provides the area between the mean and normal deviate value z.

Normal
Deviate
z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

0.0 0000 .0040 .0080 .0120 .0160 .0199 .0239 .0279 .0319 .0359
0.1 0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0753
0.2 0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 .1103 1141
03 1179 1217 .1255 .1293 .1331 .1368 .1406 .1443 .1480 .4517
0.4 1554 .1591 .1628 .1664 .1700 .1736 .1772 .1808 .1844 .1879
0.5 1915 .1950 .1985 .2019 .2054 .2088 .2123 .2157 .2190 2224
0.6 22957 2291 .2324 .2357 .2389 .2422 .2454 .2486 .2518 .2549
0.7 2580 .2612 .2642 .2673 .2704 .2734 .2764 .2794 .2823 .2852
0.8 2881 .2010 .2939 .2967 .2995 .3023 .3051 .3078 .3106 .3133
0.8 3159 .3186 .3212 .3238 .3264 .3289 .3315 .3340 .3365 .3389
1.0 3413 .3438 .3461 .3485 .3508 .3531 .3554 .3577 .3599 .3621
1.1 3643 .3665 .3686 .3708 .3729 .3749 .3770 .3790 .3810 .3830
1.2 3849 3869 .3888 .3907 .3925 .3944 .3962 .3980 .3997 .4015
1.3 4032 .4049 .4066 .4082 .4099 .4115 .4131 .4147 .4162 4177
1.4 4192 4207 .4222 .4236 .4251 .4265 .4279 .4292 .4306 4319
1.5 4332 .4345 .4357 .4370 .4382 .4394 .4406 .4418 .4429 4441
1.6 4452 4463 4474 4484 4495 .4505 .4515 .4525 4535 .4545
1.7 4554 4564 .4573 .4582 .4591 .4599 .4608 .4616 4625 .4633
1.8 4641 .4649 .4656 .4664 4671 .4678 .4686 .4693 .4699 4706
1.9 4713 .4719 .4726 .A732 4738 .4744 .4750 .4756 4761 .4767
2.0 4772 4778 .4783 .4788 .4793 .4798 4803 .4808 .4812 4817
21 4821 .4826 .4830 .4834 .4838 .4842 .4846 .4850 4854 .4857
2.2 4861 .4864 .4868 .4871 .4875 .4878 .4831 .4884 .4887 .4890
2.3 4893 .4896 .4898 .4901 .4904 .4906 .4909 .4911 .4913 4916
2.4 4918 .4920 .4922 .4925 .4927 .4929 .4931 .4932 .4934 .4936
2.5 4938 .4940 .4941 4943 4945 .4946 .4948 .4949 4951 .4952
2.6 4953 4955 .4956 .4957 .4959 .4960 .4961 .4962 4963 .4964
27 4965 .4966 .4967 .4968 .4969 .4970 .4971 .4972 4973 4974
2.8 4974 .4975 4976 .4977 4977 .4978 .4979 .4979 4980 .4981
2.9 4981 .4982 .4982 .4983 .4984 .4984 .4985 .4985 4986 .4986
3.0 49865 .4987 .4987 .4988 .4988 .4989 .4989 .4989 4990 .4990
4.0 49997

SOURCE: From Statistical Analysis for Decision Making by Morris Hamburg, copyright ©1970 by Harcourt Brace
Jovanovich, Inc. Reproduced by permission of the publisher,
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