_Finite Element Methods

Derive the weak formulation for the boundary value problem ( 252 )

%(p(x)%)w(xwﬂ(x), 0<x<l,

¢(0) = ¢0 H
d¢
E!x:l =4

In problem 1, let p(x) = X%, q(x) = 1, by a Galerkin finite element method using
linear element, produce the finite element formulations. ( 25%)

The deflection w of a uniform thin elastic plate £2, of uniform flexural rigidity D,
simply supported along its edges 7, and subjected to unit uniform transverse load
per unit area, is governed by the differential equation { 259>
V'w=1/D
in 2 and the boundary conditions w=98*w/dn* =0on I
Obtain the weak formulation of the problem. Show that the finite element
method requires C' continuous elements. ( 25%)

For the plate in problem 3, produce the element shape functions for a rectangular
four-noded cubic element which ensures continuity of w, ow/ox, éw/dy,

&’w/0xdy, across element boundaries. ( 25
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(1) Consider the free vibration of a single degree of freedom system with viscous
damping as shown in Fig. 1 where m, ¢ and & denote the mass, damping coefficient
and spring constant of the system. The damping force is assumed to be proportional
to the velocity.

(a) Derive the equation of motion. (10%)

(b) With initial conditions x(¢=0)=x, and % =v,, determine the general
(=0

solution for the underdamped case (10%)

(¢) Define the nondimensional ratios of ¢ and @, as ¢&=c/c, and
o, =Jkim=c,/2m where ¢, denotes the critical damping and
¢, = 24Jkm = 2ma,. Rewrite the general solution in terms of the dimensionless
parameters such as ¢ and w,. (10%)

(d) Simply draw a figure for this oscillatory motion of x(¢) (i.e., x versus @,¢).(10%)

k = x@

z 72

SOV A PP

(2) Consider the two-story building as shown in Fig. 2. The equation of motion can be
expressed in matrix notation as

m 0 |[%(@) N 2k —k||x@)| |Fsinwt
0 m||%0| |-k 2k|lx@) | o

(a) Determine the solutions of x,(r) and x,(?). (20%)
(b) Plot its frequency response curve (i.e., xk/F Versus o/e,; and xk/F versus
ol w,). (10%)
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(3) A simply supported beam of total mass m has a concentrated mass M at midspan as
shown in Fig. 3.

(a) Determine the effective mass of the system at midspan. (10%)
(b) Determine its fundamental frequency. (5%)
Hint: 1. the deflection of the beam due to a concentrated load at midspan is
3
y=ym|:37x—4(%jjl (x<0.5L)

2. when a concentrated force P is applied at midspan, the deflection at
midspan is PL’/48E] .

M -
JO N
rara
=X
W
y(x)
2 L .

(4) Interprete the analytical process of the method of modal matrix for a equation of
motion of an n-degree of freedom system with viscous damping and a set of
arbitrary excitation F(¢). The equation of motion is given as

MX+CX+KX=F (15%)

$:8 %-8




Qualifying examination (Elasticity)

1.A two dimensional rectangular plate is loaded with a uniform tensile force T Ib/in.
as indicated in Figure below. The plate is clamped on top and bottom edges and is
traction-free along its left edge. There are no body forces.

(a) Construct an equilibrium stress field for which
T, = c(3y? —6xy%)

and determine c.

(b) Construct a virtual displacement field for which

Se, =1-y? 5¢,, = 08, =—xy o, =0

Yy

© Verify by actual evaluation of W,

int

and W, that the above fields satisfy

the theorem of principle of virtual work.

5
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(1.-1)

2. The strain-displacement relations in polar coordinates are

g, =0ulor
1o

E., =
T
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. . . . . u
for two-dimensional problems. Explain the geometric meanings of the terms— and
. .

v . . . .
— appearing in strain components ¢,, and ¢ ,, respectively.
¥

3. The shape of the two-dimensional body is arbitrary as shown in the Figure. Under
what kind of tractions applied on the surface of the body will the body be in a

constant stresses state at any point of the body? Please give an example.
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WA RBFEF_ERH T HARER(LEHS)

. FRRE 4 3(20%)

(1) Overconsolidation Ratio (OCR) (5%)
@) B A S A E (%)

(3) 4T 38 25 1 04 & #4Z (sensitivity) $248 J& H (thixotropy) (10%)

. ATIF T RAE PR (Alterberg Limit)? (10%)
- P E A SRBRRARGAT IR AT AT 23%0) Rk b F BT A 2 A A2 (T%)

. R 4efT A B Casagrande PR 3R 69 ik R B3 L0 AR B IR /1 2(5%) ko 5T ) B %50 7

P2 BEHGEFRERLREFSG(ETRES L BB EE 1)2(10%)

s

R R KSR L K BR R BT B S R A K (10%)

N

TEA-LER G st HELEREEN ~ FUIRAKE A EF MR N R B
(15%)

Im Dry sand
G.=2.65, e=0.5
t Sand FAlAK - HEE A

M| =065, e=0.5 $=40%

Saturated Sand
G=2.65, e=0.5

Impermeable layer
R RER F = b RIR AR B 5 SLHE R 7T 0 B AR B FE R &R AR AF2(10%) 35 B & il

A L = 3B 2 T AE o (10%)
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LR RBRET 71 43 (25%)

(a) subduction zone (b) plate tectonics (c)
rock mass (d) Bowen’s reaction series (€)
soft fillings

MERLEFE?LFREVRERES
BALME - MEREFE? NREDAERXR
ABEmAK  RAEFHEHERZIT
A7 (25%).

gy BEAR 5 HEE D REEL LS
BZBERHBMT? (18%)

a. WML EEMBEREARE?(EDE
7 IE) b, £ E ik 254 (rock-forming
minerals) 7 #Rek ? Rz - (12%) .
REATHLR=FE? RAEAL =ZMFR
ZBHEE - (12%)

0 2 GRS AZRQD)ZE £ A HE
B AR 5w 2 RQD A » (8%) °




THPE TR
(Ph.D. Qualify Exam.)

(Total 100%, 20% each)

1. Describe the reason why pavement design has gradually evolved
from art to science, empiricism still plays an important role even up
to the present day.

2. Brief describe the SHRP and the LTPP program.

3. Describe the difference when consider airport pavement design and
highway pavement design.

4. 'What are the serviceability/performance concepts of pavement?

5. Briefly describe the intent of good pavement management.
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A continuously welded rail length is not free to expand, only where there is a free end where
the expansion will be allowed for by an expansion joint. Away from such locations variations in
the rail temperature will cause variations in the longitudinal forces in the rails. The rail is installed
and welded in at a specified neutral rail temperature (NRT). This is normally achieved at moderate
to low rail temperatures by stretching the rail to the equivalent NRT using hydraulic tensioning
equipment.

At temperatures above the NRT the rail will be in compression, and in tension at temperatures
below the NRT. The NRT will therefore be chosen according to the climatic conditions, to be at
some point between the maximum and minimum anticipated rail temperature, such that the
combined risk of rail fracture in cold weather, and buckling in hot weather is minimized.

Following a restressing operation the NRT can vary with time and it is often the case that,
where it does change, it tends to reduce. This is the redistribution of residual stresses in the head of
the rail which occurs during the first few months of traffic on a new rail and results in a net
longitudinal strain or compression force in the rail. This effect has been investigated in the past and
was shown to be equivalent to typically 3-5°C of change in MRT, all of which occurs in the first
few months of service. '

2. GmfER NEFTEURHYEEE o (20%)
Nadal's limlting Y/Q ratlo
2.5

| )
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contact angle (deg)

O;I ! ! 1] { i !

1l

Tu=01 Tu=02 *u=025"y=03
FUu=035 *u=04 =u=05

u - wheel-rall trictfon coetficlent

1l
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A simplified form exists for the P2 force by neglecting the damping and the track mass terms,
which can be very useful for comparison purposes:

PZ2=g Vjkm,

It will be noted that this is the same equation as presented in Paper 3 for the lateral impact
forces at switches. The mechanism is of course the same, i.e. an impact by a mass on an
elastic support at a discrete angular irregularity in the geometry.

In order to limit the impact forces on the track the formula for P2 has been adopted by BR as
a design criterion for vehicles {P1 is not used as the vehicle characteristics have httie
influence). A maximum P2 + static wheel load of 340 kN is imposed for a severe irregularity
of 20 mrad. This has meant that the unsprung mass has had to be reduced when newer designs
have been introduced. Some example are shown in Table 1.

Vehicle Design Speed | Axle Load | Uns. mass | P2 +slatic
km/hr kN kg kN/wheel
Class 55 160 172 3360 340
Class 86/2 160 208 2070 329
Class 43 (HST) T 200 175 2300 314
Class 91 (1C225) 225 205 1700 340 ]

4. IR NYIZEEETAT FEME G E S EE S ke © Wamfeiiik
BRI © (20%)

LZ - L]:30 ZOg]O(VZ/V])
Ly EE v KBEE; Ly S vy VISR
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Spring, 2008
BB FEELA L (Open book test)

1. A corbel is subjected to the vertical load P = 590 kN and horizontal load H= 118
kN. How do you use the strut-and-tie model to design the required reinforcement ?
f, =35 MPa, f, = 420 MPa (Only list the procedure of solution) (25%)

2. Use the C-line concept to find the maximum flexural stresses at top and bottom of

the prestressed concrete beam. (25%)

3. The reinforced concrete one-way slab is subjected to the-uniformly distributed load
w and exposed to fire at the bottom side simultaneously. Find the fire endurance of
this slab if the ASTM E119 standard temperature-time curve is assumed for the fire
hazard. f, = 28 MPa, f, = 420 MPa ( Only list the procedure of solution) (25%)

AN

- Asquat shear wall is subjected to the constant vertical load w, uniformly distributed
- at the top surface, and a horizontal force H. How do you apply the scftened truss
model to predict the response of the load H and shear deformation of the wall 7

(Only list the procedure of solution) (25%)
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# 3% 77 K. Open AISC-LRFD manual, but close other books & notes
£ EER: 100 4

1. (40%) Please consider the following two frames:

(a) Please derive the formula of B, factor for frame A in any necessary
symbol (P;, Py, Pg, Ly, Le...etc.) and compute the exact B, value:

P=400 kips P,=600 kips

Frame A:
Columns: W12x210

Beam: W18x60

Pg: Euler’s buckling load for columns

(00 f

Le=12 1t
Lb=15 ft

L

I H Column Orientation

(b) Please write the formula of B, factor in detail for frame B in any
necessary symbol (P;, Py, P3, and buckling kling strength of columns):

P, P, Ps

|

er

Frame B




2. (60%) Please evaluate 27 order M, of column A & column B, and
check if column A & column B meet the AISC-LRFD beam-column

design interaction equations H1-1a or Hi1-1b:

400 kips

15 kips

AL AU e

400 kips
2K/t

\

12f | A

15 ft

Columns: W14x132
Beam; W21x101
Steel: A992

Out of plane:
Col. A & B braced at floor level

I

Column Orientation

///////////W

244 S 2144
400 kips- 400 kips- e S ——— . 7 21,44
2 It 4. L]
) n 43| -
oA B |
P B | Z |
A
i |
2 i
0 B Ly el 894
g 7, | T
1% order M, (unit: k-ft)
5 3933
< 558 — i s 3833
15 kips. A j 7 A w
7 _7/ _/
|/ /
i B
A’ B //_ A ;‘I/‘/‘
/ /
%, | sl 5189 | hos, 5088
1% order M,, (unit: k-ft)
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—. BBLFAREE (30 4)
1. Job order cost system
2. Activity-based costing

3. Contribution margin

—. Ichiban construction company’s 6 transactions in Feb. 2008 are given as follows:
1. Ichiban paid $70 labor cost for Project A.

Ichiban was billed $45 by a subcontractor for Project A.

Account receivable of $20 was collected for Project A.

Ichiban received $100 from client for Project A.

Ichiban received $60 from client for Project B.

AN

Equipment depreciation of $30 recognized for Project B.

F () Mok (2 Bk Q) M2 AMmEEER D) M2AMNEAEAERGERS D)
(30 4

=. ReRE & (statement of cash flows)Z £ » L1 F & aE A RIB B R A? E3%
B AT HAE o (20 )

m. Bt bk & 447 oY va {8 & %) : leverage ratio, liquidity, activity, and profitability = 3% 3t 32 &
Pb R B FE AR G B4 0 AT Ias R £ 5] - (20 &)



4.1.
4.2.

4.3.

Engineering Management Information System
Qualification, 2008

What is the 3-tier approach for web applications.(15%)
What are the differences between Structured Query Language and Query By Example? (10%)
Describe what update anomalies, addition anomalies, and deletion anomalies are. Give an example for each
of them? (15%)
Table 1 contains many unsatisfactory components and characteristics. (For example, there are several
multi-valued attributes, naming conventions are violated, some attributes are not atomic, and so on.)

Table 1

EMP CODE  [1003

LAST NAME (Willaker

EDUCATION [HS, BBA, MBA

DEPT CODE MKTG
DEPARTMENT |Marketing

DEPT MANAGER [ill H. Martin
JOB CLASS 23
TITLE Sates agent

DEPENDENTS  [Gerald (spouse), Mary (daughter), John (son)

BIRTH DATE [12/23/65

HIRE DATE  |10/14/94

TRAINING Level 1, level 2

BASE SALARY [$32,255

Given Table 1, draw its dependency diagram. Label all transitive and/or partial dependencies. (10%)
Break up the dependency diagram you drew in problem 4.1 to produce dependency diagrams that are in
3NF. (10%) Hint: You might have to create a few new attributes. Also, make sure that the new
dependency diagrams contain attributes that meet proper design criteria; that is, make sure there are no
multi-valued attributes, that the naming conventions are met, and so on.

Using the results of 4.2 to draw the E-R diagram . (20%)

Please identify and explain the rule violations and formating errors within the DFD shown in Figure 1.
(20%)

DF2 —M———»

DF1

E2 | DFT7

Figure 1



