‘A)

Qualified Examination Tall 7004

Al.

A2.

A3.

Finite Element Method

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

A bar of length 2L is subjected to linearly varying axial load q(x) = c(2L-x), where ¢ is a
constant. Let the bar be divided into two elements. (i) Determine the consistent nodal loads at
nodes 1, 2 and 3. (ii) Find the axial displacements at all the nodes. (iii) Calculate the stresses in
both elements. (15%)
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A cantilever beam is subjected to laterally distributed load q(x) (force per unit length) as
shown. Let the potential energy Hp of the beam (weak form) be

EIL L
P :? 0 V’ZXde—J‘O qvdx

where V,szdzv/ dx2. (i) What are the essential boundary conditions of the beam? (ii) From
the calculus of variations, find the goveming differential equation (strong form) and
nonessential boundary conditions of the beam. (20%)
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To analyze a two-dimensional plane stress structure, there are four types of isoparametric
elements may be used, which are 4-node element with full integration, 4-node element with
reduced integration, 8-node element with full integration, and 8-node element with reduced
integration. Make your comments on the performance of each element and select the most
appropriate element you would use for the analysis. (15%)
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(1) Please explain how to write computer software to perform a linear

finite element analysis. (50/3)

(2) Please explain the advantages and disadvantages of the high-order
element (the element has high-order shape functions). To overcome

the drawback of the linear shape function, please illustrate in detail at

least one method, such as incompatible mode. (50/3)

(3) Use the 1 by 1 and 2 by 2 Gauss rule to approximate

2
(I= I jl +yX dxdy ) over the rectangular region shown in Fig.1. (50/3)
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Elasticity-93

1. Show that the invariants of strain tensor are given by

G =¢,+6,+e;,=6+6,+¢&,
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where g, ,, €, are principal normal strain components.

2. Show that in an isotropic body the principal axes of strain coincide with those of
stress.

3. We consider a beam clamped at one €nd (x = 0) and supported at the other end (x
= [) with a spring of stiffness & and is subjected to a distributed lateral load p(x)
per unit span acting in the direction of the z-axis. Show that the functional for the
principle of stationary potential energy of this problem is given by

1 2 1 2
= J:EI(W) e+ Kw()Y - J: pwdx

with subsidiary conditions w(0) = w’(0) = 0, and derive the governing equation
and boundary conditions.

4. An elastic solid of unbounded extend has a circular cylindrical cavity with radius
a. The cavity contains a gas under pressure py. Find the displacement, stress, and
strain field in the solid. Assume a condition of plane strain.
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Qualifying Examination (Structural Dynamics)
Al. An undamped system is driven by a harmonic function as shown

4¢ if 0<t
$+16x= Fpy={ 4 Y Ost<7
0 elsewhere
The initial conditions are x(0)=0 and %(0)=1. Find the response of the
system.(25%)

A2. A spring of stiffness K is attached to a uniform beam of mass m/unit length, and
bending stiffness EI. Consider the system as a single degree of freedom system
with the deflection of point B as the coordinate. Determine the natural -
frequency.(25%)
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Engineering Mathematics

QUALIFYING EXAM

October 29, 2004

1. (20%) The steady-sate temperature distribution in a finite cylinder of radius 1
and length a is governed by the problem
Py 10u %
=+t +—=0 <1, 0<
or? r8r+6z2 TS Z< o
u(r,0) = f(r), u(r,a) =0, u(l,2) =0.
Find a series expression for u(r, z).

2. (20%) Solve the Euler-Lagrange equation appropriate for the functional

1) = [y/1+(y)ds,

where y(z) satisfies the boundary conditions y(—a) = A and y(a) = A.

3. (20%) Explain (i) self-adjoint, (i) Legendre polynomial, (iii) elliptical type of
PDE, (iv) spherical harmonics.

4. Consider the Sturn-Liouville problem

d? d
:czd—m:g—i—xa%%-/\y:O, y(0) =0, y(b) =0, b> 1.

Derive the characteristic numbers A (7%) and their corresponding characteristic func-
tions ¢, (z) (8%). If f(x) is piecewise differentiable in the interval (1,b), and if

f@) =Y Anpn(),
n=1
find the expansion coefficient A, (5%).

5. (10%) Prove that any function can always be regarded as a sum of an even
function and an odd function.

6. (10%) Show that

/oo dz =—, a>0
0 (a:2+a,2)2 463’ )
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(1) constrained modulus (2) consolidation  (3) overconsolidation ratio
(4) consistency (5) hydraulic gradient

—
.
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Triaxial compression tests were performed on a dry sand, ¢’ = 35 degrees. Prior to
shear each specimen was subjected to an isotropic confining (cell) pressure of 200
kPa. Specimens were then sheared with the following four loading path. (28%)
1. Compression - axial stress increased to failure (lateral stress constant).

2. Compression — lateral stress decreased to failure (axial stress constant).

3. Extension - axial stress decreased to failure (lateral stress constant).

4. Extension - lateral stress increased to failure (axial stress constant).

For each of these loading paths complete the following:

—
— .
—

9 -

a. Construct the Mohr’s circle for stresses at failure and locate the pole point (origin
of planes)

b. Determine the major and minor principal stresses at failure and indicate which of
these is the axial stress and which is the lateral stress.

c. Determine and illustrate by means of a sketch the orientation of the failure planes.

Plot the rate of flow, discharge velocity, total head and pore water pressure as a
function of position along the path of flow, and draw the flow net in the soil for
the following cases: (Note: use the base of the sample as the datum.) (27%)
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Test No. o 3(MPa) o 1(MPa)
1 1.0 9.2
2 5.0 28.0
3 10.0 49.0
4 15.0 74.0

th4a 2 B R AE 6Y A B B /7 Mohr [B] @484 -
(D) a B BB 4R E A 5 MPa» 3% B Hoek and Brown &% 3%
BRI m B S ZE A7

2
0, =0, 4-\/m0'00'3 +s0o,

2. FRA

ho {7 RAF &

(25%)
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® & 22 ¢1 7 & (Joint and Fault)
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A% T macroscopic traffic flow model ; #1 " microscopic traffic
flow model ; (10% ) - E3REAEHRHE 1A (15%)
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Projections of
socioeconomic
conditions and land use

\d
I Trip generation |

I Mode choice

| Trip distribution |

l<__

| Trip assignment |
|

3% 3% Transportation planning &9 B #) 22N E - (25%)
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National Cheng Kung University, Department of Civil Engineering
Paving Materials
Qualification Exam for Ph.D. Students
Open Books and Notes (100 minutes)
Fall 2004

1. Assumed that you are the asphalt manager in charging of selling asphalt products
to foreign countries. You receive the following letter:

Dear Sir:
Subject: Absolute Viscosity of Paving Asphalt AR-8000.

This is refers to the test result of Absolute Viscosity @ 60°C of Paving Asphalt
AR-8000. We have noticed that your test result for absolute viscosity from Ist to Sth
delivery increases and also observed the 6th delivery which arrived last September 11,
2004. Your mill certificate showed that absolute viscosity resulted to 8910 poise which

is almost in the maximum value of 9000 poise as per specification.

This matter alarmed us so we would like to request your office to explain how
absolute viscosity increases from 7902 of 5th delivery to 8910 poise 6th delivery.

Project Manager,

Ejaz Sharif
Pala Compact Road Project

What will be your response? Please clarify your points with reasonable explanations.
(25%)

2. Although the use of reclaimed asphalt pavements (RAP) can lead to economical
and environmental benefits, the assurance of proper RAP handling and usage in HMA
is needed to ensure adequate pavement performance. Currently, the construction
specification calls for the maximum of 40% RAP to be used for paving projects.
High percentages of RAP are not used in normal practices; however, some
construction projects in Taiwan have been observed with unusually high RAP
contents in HMA mixtures. Concerns have been raised regarding the effect of a high

RAP content on pavement performance. It is imperative that guideline be



established to determine the RAP content in a HMA mixture after a pavement project
is finished. You are asked to identify and/or develop laboratory tests to detect and
quantify the amount of RAP in a given mixture. (25%)

3. A compacted specimen of hot-mix asphalt mixtures have been measured at 25°C.
The component diagram shown below indicates five properties, i.e., four specific
gravities and the asphalt content. As indicated on the component diagram, you are
asked to find (1) the volumetric properties, (2) mass quantities, (3) void in mineral-
aggregate, (4) void filled with asphalt andA(S) maximum theoretical density. Please
show all your calculations. (25%)

VOL (cm?) Gy = 2.401 MASS (g)

a L 3

air

13 P,
absorbed asph

1.000 f | .
‘aggregate
b= 2675

 Gy=2

4. Consider various gradation curve shown below. Please identify the curve that best
describe a (1) dense-graded asphalt mixture, (2) stone mastic asphalt, and (3) porous
asphalt. Also please give your explanations. (25%)

100
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Total percent passing
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0.01 0.1 1 10 100
Grain size (mm)



Pavement Engineering

(PhD Qualify Exam.)

Although pavement design has gradually evolved from art to science,
empiricism still plays an important role even up to the present day.
Describe why does art relate to the pavement design? (20%)

Briefly describe the evolution of the flexible pavement design
methods. (20%)

What is the difference between traditional pavement design and a
pavement design strategy? (15%)

What is the difference in the way flexible and rigid pavements carry
load? (15%)

List the essential requirements of the pavement management. (15%)

Describe the distresses in the HMA pavements. (15%)
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1.

I1.1.
1.2.
1.3.

2.1.
2.2.

2.3.

T A2 423 4] Qualification Exam

Consider the following project in Table 1

Table 1

Activity |Duration [Predecessors |Masons [Helpers
A 1 None 2 1

B 4 A 2 1

C 2 A 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 I

L 2 F,GH 3 2

M 1 K, L 2 1

Develop an unrestrained schedule. (10%)
Develop resource histograms for mason and helpers, respectively. (10%)
Level the project, using 4 masons and 2 helpers. (20%)

Your bonding company has asked for the status of a telecommunications revitalization project (In
Table 2). 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 following information:

Find the BCWS and BCWP of each activity (fill in the table) (1 0%)

Calculate the SV, CV, SPI, and CPI of the project (10%) and determine the performance of the
project in terms of schedule and budget. (10%4)

What possible action can you take to speed up the project without increasing the project cost?
(10%)



Table 2

Activity # [Description Total cost |Scheduled |[Percentage [Actual cost BCWS |[BCWP
forecast  |percentage |complete  to date
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
12 [New Ceilings’ 20000 0
193500 88238.5

* Asterisks indicate the critical path for this project

AR CUFTE R TN » —ER RS ST - (20 49)
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Date: Oct. 29, 2004
PhD Qualifying Exam for “Steel Structures” or “Steel Material & Structures”

Note: Please solve the following problems in US units (i.e. inch ('"N. foot (N, Kip. 1b, Kksi, psi ....)

1. Please give detailed explanations for the following questions:
a) Inthe AISC-LRFD Specification, why is the yield condition of steel for shear stress (7;)
usually taken as 0.6 times of the tensile yield stress (Fy), i.e. 5,= 0.6 F)?
b.) What is “shear lag” effect? How does it affect the bolted and welded members? How can
we reduce this effect?
c.) What is Charpy V-notch (CVN) test for in steel structures?

2. Please estimate the maximum factored load P, of the following tension member by the

AISC-LRFD method. (You have to check all the limit states of all the components in this
tension member)

Top View:
E70 Electrodes
%n[/6'% /71/‘n|78" | e L L S
i

2" E P
2" by u

T Feeoooooocd soenoooooooo- S

Splic:e Plate 12"x 8" HSS 10"x10"x %" Splic; Plate 12"x 8"

Side View: 4572 Gr 50 Steel A500 Gr B Steel A572 Gr 50 Steel

0.5 P, «— 4 »05P,

0.5P, «—

3 05P,

1" (inch) A490-N Bolts,
Standard Holes,
Bearing Type Connection

3. Please determine the maximum factored w, (kip/ft) that the steel beam (see the figure below)
can safely support by the AISC-LRFD beam design method. (Neglect beam self-weight)

Uniform Load = Concentrated Load P = 10w, (kips, ¥)
b o (kip/f, Y)
T OO Beane: W18x50, A992 Steel
X X Note: lateral supports at both

| 555 ends and the center

16 ft ! 16 fi ‘




ey SR

(Time: 100 minutes)

1. (a) Define the “initial setting time” and “ final setting time” as measured by the
penetration resistance method (ASTM C 403).
(b) What is their significance in the concrete construction practice?
(c) What are the principal factors controlling the setting time of concrete?
(20%) '

2. Explain
(a) Plastic shrinkage

(b) Pozzolanic reaction
(c) SSD
(20%)

3. Calculate @M, for singly reinforced rectangular beams having the following
properties: b=10 in , d=20 in, Bar=3 No. 8, fc' =3000psi, f,=60000psi.

(20%)
4. Give three reasons why compression reinforcement is used in beams. (20%)

5. Explain how to construct an interaction diagram for a concrete column. (20%)
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