Qualifying Examination (Finite Element Method)

1. Consider the boundary value problem

d’u
-=3 0<x<2
dx
u(0)=2 u(2)=0.5
By using two linear elements of equal length calculate the approximate value of
u.(25%)

2. Deduce the boundary value problem equivalent to minimizing the functional

J[g]= jj{~(¢’)2 — 4gldx+124(3)
where

p()=1 (@5%)

3. Discuss the properties of the following shape functions for the five-noded
triangular element shown in the figure.(25%)
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N =1-3x-3y+2(x+y)
N, =4x(1-x-y)

N, =x(-1+2(x+y))

N, =y(-1+2(x+y))

N =4y(1-x-y)

4. Determine corresponding variational problem for the following two-dimensional
boundary value problem

ou Ju
+
ax'l a}}l

=—]1 withinD

where D is the triangular region bounded by the lines x=0, y=0 and y=1-x and

u=0 on x=0,
u=0 on y=0, (25%)
ou

—=0o0n y=1-x
on Y
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KRAAF B 1Hz » 32 k324 A FSin(2 7 ft)2 # (F=force magnitude, f=force
frequency=2Hz) > E#— T4 > e FEBL \Hz 2B E Y2 A R E > 3
HARE - 25%

2. Please find (1) the mass and stiffness matrices (Fig.2a); (2) Find the natural
frequencies and mode shapes; (3) If the damping ratio is equal to 0.1, please find
the displacements of the system under the loads as shown in Fig.2b; (4) If the
response- spectrum figure is shown in Fig.2c. Please solve this problem by using
the response-spectrum analysis. (50%)

F2=5

0 ’ 30 50
Fig.2¢c

Fig.2 (Mass unit=T, spring constant unit=kN/m, force unit=kN)

3. MMERA - 2 RABBHRFNRRME EALALLESG T
FNENEITERER - ZHGERAIVDERB  BHETH -G RTHL
BHEARAHQERMTR > EATF LT

F(t) = Pwh 1[8('[—t1)+5(t—t2)+8(t—t3)+8(t—t4)]

{2

Ef 1=#d g R BRF THXHM TRIABIETESLHTE > Punea
B R - EAERGER RLIRZBHRAE LV £ F V=5
2RE L= EKE - F R EHRMTRR LV AR EH R
BEEXHEYP RA-FAGHERBEREERNFO - T FRAMTEE
KA RRBEREFE LR - 25%

Note: 8(t)=0 fort=0, 8(t)=c0 fort=0.



Qualified Examination Spring 2006

Theory of Elasticity

(Closed Book, 60% to Pass)

1. (a) Investigate what problem is solved by the following stress function

¢=L (lx3+xy2]tan_1 A +ly3 ln(x2+y2)—lx2y
2ma|\3 x) 3 3

applied to a semi-infinite plate shown below. (25%)

X
y

Y

(b) Using superposition and the results of (a), determine the stress function for the case shown
below. (5%)

2. A shaft of elliptic cross section is twist by a torsion T. Let the boundary of the cross section be
given by the equation

X2 Y2
—2+—2:1
a b

sections are . ‘)’/

u =-0zy, v =-0zx

where 0 is the angle of twist. The warping of cross section is
defined by a function y(x,y) as

w=0y(x,y)

T

/—Q
_'/ x
Assume that the displacements corresponding to rotation of cross

z

Y
K\_‘%

T

Determine (i) the angle of twist 0, (ii) the warping of cross section w, and (iii) the shear
stresses Txz and Ty . (25%)



Qualified Examination Spring 2006

3. A beam is simply supported at x =+a and loaded by a uniform pressure p on the top surface
y =b. Find the stresses o, oy, Txy in the beam. (30%)
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Hint: The stress function of the beam shown below is

2.3

¢=C1X4Y+C2X y +Csy5

2 3

+Cyx“y+Csy (C1,C9,C3,C4,C5 are constants)
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4. For a three dimensional body with body force Fx in x direction. Prove that the following three
equations must be satisfied at all points throughout the volume of the body. (15%)

0o N 813xy N Otxy
Ox oy oz

2 2
628X +8 gy :6 Txy

o2 ol  oxdy

2 .
26 €x O _5sz+8yxz+5ny:|

Oyoz 0x 0x oy oz



Soil Mechanics

SRR e — B A R A ERSEE,
EHAE: THhE
—. L 20%)

(1) FSE B — 185 E OL - Pt~ CH B GP-GM k2R

EH? (4%)

(2) {TRBERFUKITREEE? (TRHEIE? (4%)

(3) il Terzaghi B EEERRIITEEL? (6%)

(4) {AT5EES Y BB (Sensitivity)? (2%)

(5) SRERPT{AEEAENEE A SAEs (Standard Penetration Test)? (2%)

(6) #A3RH Casagrande RGBS BETAE AR B - (2%)

= HBUWNE MR TEE 4m o APk o AKTZE—EE
| 26384 8em JIFEE » ERL L% E (Degree of Consolidation)
R 50% o EMEFEIEVES TG ERWS 40m - —ERATLAEEMBRK - £
ACZMHFIEEE 1 88 4 4% > S RIERELDYUTIEER 7 (20%)

=, SDUEFEIRIL S JE SRS/ (Total Stress Path, TPS)REE » 27
HABETZRE L /EHs - BIERERSLAE A EBHEEAIR 48 B(E Dz
FESTRMEIEIT » (20%)
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b BE—EER Smb+/E - HE - TERTENKE » FHi Tk
AR g 75 15Sm B > EfTHKGBRESRES
0.6m’/min » BEHZKHHIE 9m B2 22m BRAFFAIKGIABIFER L
J&TENG =77 10m &2 14m -

(1) #EEEKRHEAT WKL T B HE K R E(m/sec) « (10%)
(2) HEAEILRD L& BRRIEE - (10%)

Ti. Boussinesq EHAENERE R ZEISGMHAE q EAT » BILT
FTRERS ZHUE, > EEFEIEINE Ap FIAZANT

(13488 Newmark B2 B (Influence Chart) » bR 3R IHE 5 -
(AT RS 2em » BB 0.005) (10%)

Q)RS 6m EH Im 2R  F q=S00unl K TR
Fi  FIRB()FHEEY Newmark B2 - RaETD AR fS
BE A BT 5 3m BREEETIRIEIIE - (10%)



deviator stress (MPa)

EAZELERER 25 HF R Moo

(1.Close Book 2HRABABE—LRT)

147735 Hydrostatic Compression & Deviatoric Compression ? 5 % % #1
#4551 3% /m Hydrostatic Compression & Deviatoric Compression #4 &
E TR JE 7 (20%)

28 H s R B AR > L ARE G SE BT 2 (10%)

3IFA A E AR AL AR B 7 BT R R B X o fT ? (15%)

4o R B8 B BALFEE 7 (5%)

5.4 28 Brittle-ductile transition pressure ? (5%)

6.8 — S FLERE 2 MIK SRR BT ZWBERIAKRER - ATAE
B % oc=1Mpa~2Mpa-~4Mpa-~6Mpa-8Mpa - iFLR5Ex b
JE 71 (01— 03) $2 3 ) J& % (5,) Z B f4 o [B] (a) > FLFR KRR S b ) JEE 4% (c)
& Bt 4o Bl (D)7~ > 34 () &R B 2 L% 3%  (peak strength)Z &
E F B B RO G AR R0 SR R R A o (1) AR BE X 4R

& (residual strength) & 4 JE /1 E @B B R b e BM 2 B ER58 K
BEEE 2R o (20%)

g P
-+ op=1.0MPa
i o 09=2.0 MPa
3 oa=4.0 MPa
A gy=8.0 MPa =
. T ox=8.0 MPa &
H
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3
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»
& + o3=1.0 MPa
. & o3=2.0 MPa
O 03=4.0 MPa
“ A py=6.0 MPa
1 o3=8.0 MPa
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axial strain (%)
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TH—2HAE=-wHFEma~bcxERAMEAL TR (25%)
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Engineering Geology

Nt OFRER SRR EATKR L IEZBY RS
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(1) plate tectonics
(2) overturned fold
(3) joint

(4) RMR method
(5) foliation

~{

(6) Bowen’s reaction series - _\)
Al
FATRER T ETRAAREBYREL IR ER ¢ /NSO . 3V
(: Q(‘ IR =
BAT 7 2P S o ATE R BT R 7 (20%) 3() J S

AT S W (shear zone) 2 AN A BN S AL 3
@m? (20%)
"ATHERAEBD?MERLB B FEE o aYye

BHEWEZHEAT? (15%)
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Operation Research

BAERFHEHEIRE R HEARTRA 2006 3 A 21 H

% 148120 4

FETEATZHER SHRIBEARAETNGESRLE A Fu s
BE CABRA L x(NBHRI)HZRE - BBRLEAB T2 AESL !
x(1,3)=x(32)=x(24)=1> HBHFHLREHAH 0 - REBERAHE L
48 38 B i & &9 residual network > 3t 37 8A #b residual network P & #) 42 49

A

%24 205

EE—AESE B2 RE—ETHT 4 c(iy) B HR>0)Z AR
Koo B B SRENE K ) = (i) -1+ o 4 Pimn) B 2L c(iy) B
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% 378 120 4

R —BESL > EPFOoHaRAs el BREARFAERANTE
B o SRR A B S B A B SR AR IR B R
HAJE A m BQ)MEE P AE & 25 M 2 S s AR R 1S B m A AT
By o REARE F ik BT IEAE o

B (DB 2REEFRRME QR dDA TS | ke R E R
diDFATHE ?



BAREARAZHETRERELR FEHRRA 2006 3 A 21 A

F 478140 5> HAE 10 4

Successive shortest path algorithm (SSP) % K A# 488 & /N kA A &) P28

(minimum cost flow problem)&y % H ik — - HEX A S B AL BEE 4

MEATEE—EAHNARENBRLTR I URSAEREE RN ELRE

25 j o £ residual network EFS T i mmERE ¥R Es i
BEJEZRERH I XML E JIEFRE BEZZT=H2 R

#Ho b RERBEAZA T RABLEHEA L

) B LA VAR o

(a) BPAR #4383 PT A Bp R A3 B 9F B > LA SSP Ko/ sk A 8 B 28
Bf 0 {2 % 2 W4 B4 residual network # 7T A& & 3 & 14 & 44 &
oo HIHA AT o

(b) £ SSP 4514 AR RS 48 JE LA R LIRS 2o T 0 A5
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() #3xst — 1B F % » £ SSP 4w & K AR R 48 HAE 2 AT 4% residual
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4. FACTORS CONTRIBUTING TO TRACK BUCKLING STRENGTH

Apart from the longitudinal resistance and NRT. as alceady deseribed, buckling strength is
affected by many other parameters,

4.3 Rail Temperanre

This is ohviously a primary facter but it can clearly be affected by degree of exposure to the
mm, wm& mai“ g am ‘mz iwa:mg esffm Qf the: Sum Car mean ﬁm m a mim wsmy day zize

Lateral Resistance

iz is possibie 1o consider the resistance of track 1o Iateral movement as being a combination of
the Ballast resistance and the bending 9itfness of the rail. The two effects will be considered
separately here.

Thas pesistarme to movemnt of the sleeper in the ballast Is itself governed by the sum of several
contributory factors, namely:

* Sleeper weight

» Sleeper dimensions and shape

* Sleeper spacing

* Batlagt type

* Degree of ballast boxing (between gleepsrs)
» Dimensions of the ballast shoulder

Degrer of compaction of the bellast

The resistance provided by the sleeper in the ballast can also be considered to come feom three
gonivees, 1. ﬁ‘ friction on the base of the sleeper and on the sides, and bearing vesistance of the
shoulder baltast against the sleeper ends. Messurements have shown that the contribution fram
sach of the thres sources 15 approximately equal in the typical case,

4.3  Torsional Resistance

In the case of 2 localised lateral distortion of the track there is inevitably some rotational
movement between the rail and the sleeper. Thus dny torsional restraint to this movement is
beneficial in resisting buckling. The design of the fastening and the gripping or toe load will
obviously influence the characteristics of the behaviour, Dnce again many measurements have
been made of these parameters and the resulss incorporated into the theoretical modelling of
track buckling. In generatl it can be stated that the modern spring clip types of fastening have
negligible torsional resistance when compared to baseplated fasténing fypes.,



4.4  Rails

The factors affecting the buckling strength of track are the cross sectional area and the
coefficient of thermal expansion {which together govern the temperature/ioad rejationship}, and
the mioment of ingctid in fateral bending.

Mast variants of standard rails have simifar coefficients of thermal expansion including wear
resistant and head hardened rails. Manganese steel rails {rolied or cast) do have a dramatically
{around 50%) higher coefficient of expansion and therefore should be avoided in any quantity
in long welded rail lengths,

In general it is desirable to have a large moment of inectia and 2 small cross sectional area.
In general of course, larger rails have 3 larger moment of inertiz and a larger cross sectional
area and thus these effects tend to balance.

4.5  Alignment Quality

The alignment of the track can have a dramiatic effect on the buckling temperature of track and
this arguably goes some way to explaining why sonig tracks which are apparently deficient in
some of the othier areas described above ¢an survive without buckling at high temperatures.
¥t has also been shown that alignment defects can grow in warm weather due to thermal cycling
and traffic effects such that they may reach 4 size which can trigger buckling. Short
wavelength kinks can be as inportant as longer wavelengths aiso.

A less critical parameter is the vertical alignroent. but nevertheless poor track top can cause
unloading of sieepers, and voiding under sleepers, if evidesdt, will increase buckling risk.

46  Curwes

Thearetically and statistically track on coeves is more likely 1o buckle than straieht rack. Thix
‘iﬁ ﬁ:zt: m 'ﬁm aasz tam% :zr:g azf tke earveé ifﬁck m iﬁy m move miward w’i&en ‘imﬁ&

tzzis f0 ;;sa{i mwmis, a5 fm‘ ﬁ'ze ma;arsty é}f iha time: ih& rait is in mmq

$t is normal 1o restrict the use of CWR 1o carves of radii greater than g certzin minimum
radius. BR sllow CWE an curves dows to 800 m madius with tack of pormal design.
AddRtional slespers zre regoired on gurves of smatler radius to increase the laterad resistavice,

4,7  Jointed Tk

‘The expanston gaps in jointed track allow & greater margin against buckling. This is wue only
when those expansion gaps are maintained. If rail creep ocows for one of the reasons
seribed gbove, the paps can close or be reduced and the buckiing eisk can substantinlly
increase. Bt iz very important with jointed irack, therefore, to- faintain i joint gaps unifarmiy

to the stipulated values.

48 Trafte

Many buckies coour under iraing. Passing trains can reduce the margin of safety for thres
reasons. Firstly the verticsl loading of the wheels causes a shight uplift force on sleepers in
advance of the wheel, or between the bogies of long maibasa vehicles, This marginally
reduces the lateral resistance. The dynamic vibration of the passing train tan also provide an
additional component of lateral force. Also on curves, ;)artmu{aﬂy with long trains, the curving
friction can sise the il temperature by a fow degrees hence inceeasing the buckling risk.

Although trains cantherefors be the final factor which precipitates the buckle, there siill needs
1 be 2 polentisily unstable sitwation on the track for it o acwally happen,



1.

N=R Ty Y p Sl T Open book test

Please describe the key concepts how to ensure a slender beam behave as
flexure-dominated beam. In general, what are the criteria for identifying a beam as
shear-dominated beam? (20 %)

What is the ACI 318 design concept of reinforced concrete beam-column

connection with monolithic construction? (20 %)

A ten-story reinforced concrete apartment building designed conforming to the
ACI 318 seismic provisions was subject to fire accident at its 2™ and 3™ floor. The
fire following the standard E119 fire-temperature curve is assumed lasting for 3
hours. If we can use the existing material properties of concrete and steel under
elevated temperature, please describe the procedure how to evaluate the safety of
beams and columns at the 3 floor. (30 %)

A reinforced concrete column is subjected to a concentrated load and a horizontal
force as shown in the figure. Please describe the procedure how to establish the
relationship of curvature ductility and displacement ductility. (30 %)
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Date: Mar. 31, 2006
STEEL & STEEL STRUCTURES
(PhD Qualifying Exam)
Note: Please solve the following problems in US units (i.e. inch ("), foot ("), kip, Ib, ksi. psi ....)

1. (40%) Please give detailed explanations for the following questions:
(a) What is “Carbon Equivalent (CE)”? What is its usage in steel design?
(b) What is “Whitmore Section”? How does it affect steel design?
(c) What is “Lemellar Tearing”? Please give two examples of this kind of failure in steel
structures.
(d) How do the following chemical components influence the properties of steel?
Carbon (C), Phosphorous (P), Sulfur (S), Silicon (Si) and Manganese (Mn)

2. (30%) Consider the following tension member with bolted and welded connections:
(a) Please compute the maximum factored load P, of the bolted connection by the
AISC-LRFD specifications.
(b) Design the welded connection by the P, you obtained from (a), i.e. design the weld size w

and the weld length L.
E70 Electrode
PL2” x 20”
/
7
l s
2" ||
X | —> P,
2" I
[
I )
Two C15x50 — kvo C15x50
(backto-back) 1 33" 3 3 (back-to-back)

All C-Shapes and the plate are A36 Steel
All Bolts are 1" A325 Bolts with Standard Holes

3.  (30%) Please determine the maximum factored w, (kip/ft) that the steel beam (see the figure
below) can safely support by the AISC-LRFD specifications. (Neglect beam self-weight)

w, (kip/ft, ¥)

<—— P =10 w, (kips)

12 ft
Beam: W12x96, A992 Steel



Financial &Cost Concepts for Engineering and Construction

Qualification

Explain the following items (20%)
1.1. Earning per share

1.2. Substantial Completion

1.3. Work in Progress

1.4. Differences between (contract) line items and (schedule) activity

What are the four categories of ratios? How are they used to view a firm’s
financial position? Do they have any pattern? (20%)

A real estate developer is considering building a 25-unit apartment complex in a
growing town. Because of the long-term growth potential of the town, it is felt
that the company could average 85% of full occupancy for the complex each year.
If the items in Table 1 are reasonably accurate estimates, what is the minimum
monthly rent that should be charged if a 12% per year MARR (Minimum
Attractive Rate of Return) is desired? (Assuming that investment in land is
recovered at the end of year 20 and that annual upkeep is directly proportional to
the occupancy rate, ) (20 %°)

i N — N - F=P1+i)"
Hint - _ [A+)"-1 po 0D N1 (1+1)
i i(1+17)
Table 1

Land investment cost $50,000
Building investment cost $225,000
Study period, N 20 years
Upkeep expense per unit per month $35
Property taxes and insurance per year 10% of total initial investment

The balance sheet of XYZ construction for July, 1998 and the transactions during
1 Aug. 1999 to 31 Aug. 1999 are shown in Table 2 and Table 3, respectively.
Please complete the followings: (40%)

4.1. Journalize all of the above transactions.

4.2. Post journal entries to appropriate accounts.

4.3. Develop income statement for period 1 Jan. 1999 to 31 Dec. 1999

1



4.4. Develop the balance sheet for XYZ Construction as of 31 Dec. 1999.

Table 2
Assets Liabilities
Cash $39,000 Accounts Payable $78,000
Account Rec. $75,000 Notes Payable $20,000
Securities-T-Bills $35,000 Taxes payable $25,000
Inventory $120,000 Current Liabilities $123,000
Current Assets $269,000 Term Liabilities
Fixed Assets Mortgage On Bldg. $340,000
Equipment $45,000 Total Term Liabilities $340,000
Building $670,000 Total Liabilities $463,000
Total Fixed Assets $715,000 Owners Equity
Common Stock 1,000 shares $5,000
Retained earnings $516,000
Total Assets $984,000 Total Liabilities and O. E. $984,000
Table 3

a. Sold on credit, $35,000 in material to South Building.(Note: This is the selling
price for the material. The value of the inventory is unknown at this time. At
the end of the month, a physical count of the inventory will be made and the
CGS entry can be made then).

Pay $15,000 on account payable.

Advertising in trade journal, paid $3,000.

Wages paid, $2,500.

Received $22,000 from customer for account receivable

Received bill from supplier for repair of equipment, $1,000.

Paid sales commission of $1,500.

I

Sold $28,000 of material for each to customer.

—e

Billed Simpson Co. $8,000 for installation services.

Paid Mortgage Co. $17,000 of which $15,000 was toward principal and
$2,000 was interest.

Paid part of tax owed, $2,000.

Declared and paid dividends of $1,000

Depreciation of equipment is $1,000 and the building is $2,000.

(I,

=

5 3

Physical count of inventory at the end of the month is $80,000. (Beginning
inventory-removal during month = ending inventory).
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Project Schedule Control

95 & 3 H 318
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¥ No.| £t B 45 N BT HA HE
11 iz A 4/16 4/22 5 12,500
12 Ei+= B — — 2 5,000
13 B3z C 4/30 — 2 5,000
14 H3x D 4/23 4/29 4 10,000
e ¥ No.| 7m % BCWS BCWP ACWP SPI CPI ¥ or £
11 100 12,500 10,000
12 0 0 0
13 5,000 3,000 0.83
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