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Qualified Examination Fall 2003

Finite Element Method

(Close book, 60% to pass)

1. The strain field in a triangular region bounded by x = 0, y=0, A

X +y =2 is assumed to be of the form y
& Taxtay
&y = blx +byy i

ny =cx + c,y

with body forces Fy, = d = constant and Fy =0.

(1) At the position (x,y) = (1,1), use the stress-strain matrix

1000 300 O ' unit in inches
[E]=]| 300 1000 0 |ksi
0 0 100

to compute oy, cy, ’ch and the stress component O, inthe n direction. (15%)
(i1)) Write an equation in terms of ap, ay, by, by, €1, ¢, and d to guarantee equilibrium in the x
direction. (5%)

2. A linear strain triangle element in the area coordinates (ct,B,y) is shown below. The element
nodal load vector for the element is {Q} = {9;x d1y> Gox> Doy» 3% 93> dgxe 4 ay> Usx> Usy> gxo
q 6y} A concentrated load, P = P11 + P2 ], is applied halfway between nodes 6 and 4, where i
and j are unit vectors in x and y directions, respectively. (i) What are the area coordinates of
the location at which P is applied? (Hint: o + 3 + y=1) (ii) Compute the equivalent nodal load
vector {Q} for P. (20%)




Qualified Examination Fall 2003

3. (1) What is shear locking (or parasitic shear)? Use the linear element subjected to pure bending
and with full integration rule to explain this phenomenon. How to avoid it? (10%)
(i) What is zero energy mode (or hourglass mode)? Use the linear element subjected to pure

bending and with reduced integration rule to explain this phenomenon. How to avoid it? (10%)

X X
X
X X
Full integration Reduced integration

X represents the locations of integration points

4. An axially loaded bar structure shown below is modeled by two bar elements. Use the finite
clement method to (i) formulate the structural stiffness for the bar structure, (ii) calculate the
displacements uj, u,, and (iii) compute the strains and the stresses in both bar elements. (20%)

AyE, R

CARE;

Y

w @ ; T

5. A tension bar with uniform thickness and with notches is subjected to uniaxial tensile stress g
as shown. (i) Sketch the mesh and describe the best type of element that you would use to
analyze the bar (need to take the symmetric conditions into account). (ii) Specify the boundary

conditions on your mesh. (20%)

2a —1




STEEL STRUCTURE

1. Determine the capacity of the splice shown in Fig.1. All plate materials are A36
steel (Fy=36 ksi, Fu=60 ksi). Fasteners are 1-in A325 bolts (Fv=30 ksi)ina
bearing-type connection with threads excluded from the shear planes. Standard holes.

Please use allowable-stress-design (ASD) method to solve this problem.
-2, 3,15]15 3; 27,
[ I 5/6-in plate

I
- | N\ 1/2-in plate
Unit=inch 5/6-in plate

2+ o

[e]

— o -

4.5
T o

.00 ©
I

0O o0 o o

,O 1

2

S 113
o I3
3

2

Fig.1
2. Use LRFD method to do proble;n 1 again. (R,=60As)

3. Do the analysis work for the problem in Fig.2. The member is W12x35, and
material is A572 grade 50 steel, Fy=50 ksi. (W12x35, d=12.5, tw=0.3, bf=6.56,
t£=0.52, A=10.3 in’, x=5.25, ry=1.54, r=1.74, Sx=45.6 in®, Sy=7.47 in’; unit=in)

k=1000 Ib

P=120k /}P=120k
/\D /Mx=20ft-k \i/ /My=10ft—k

_*b 20/ 10
0| '
20 Momen H Moment
diagra P diagram
wixas |10 1
/]\P=1 50k /]\P=150k
Strong Axis Weak Axis

Fig.2
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(a) BakESy;: (5%) B

(b) shAEEHEGBBKRY; (105)

(c) b ¥Ry KBRS - (109)

FEAHERAEREER AL HBAERA0, MELL S
$ o BB u0)=i(0)=0 > THEABZALIIN L p()th R BIRS
Fo A EmRESaOWREIRS -

(a) 2 p()=0> B a()=aAs() > BB M AEwRE » £ FafAth
Chfi REAVDAGEHN ARG A B RERBEZ R AL -
(10%)

(b) = p()=ma;sinot » B a,O)=a,Atét) » L F a -~ a,~ oFe At T ko
i Bozo, mA24 82 RRZ24BHREAEHLBR
Bu@®)- (15% )

F-—FPAMERFERRMAKALIN N p()=sinor » £HBFEMAE L
Foin ekt T HEhko/o, B AL BREABBUERER -

RUARBARAGEELAKKRGRE BELERR - (15%)

F-MERERDARXERKRS a, () —HREERA2Z ARARZH

MEBERB2: —EEAm A-—BXZHOYE Ak-

(a) RAEXMIRBEHEZ LM - (59)

() KRBEBHAKTEZLME - (105)

() €a,@)=sinot®  REILZBEREMHRBRE M2 0 HHRIIK
BE BBREREGERLYH0% R K — o —in
REBRHBLBEREORLIRAFAERAREAFZ LM -
(10%)

BREYN BRI FAERE  BRABBERL THEOEZRE =
AYEYDE AR THEONREZBRERYE - RMEXA LE BT -
WhmEHER Y EZESL - (10%)
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1.

Explain the following failure plane or failure criteria (a) Rendulic plane (b)
Tresca (c) von Mises (d) Coulomb-Mohr. (25%)

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 stress relaxation rate of the concrete is described well by the following
equation: ¢ = 4&”. Calculate the force relaxation rate dP/dt if the central
deflection of the concrete beam is fixed to be §. Discuss your result for the
limiting cases of an elastic beam and a plastic beam. (25%)

Describe the maximum pull-out load versus embedded fiber length for various
interfacial friction conditions: (a) r alTw2l (b) O<z, /7, <1 and(c)

T7,/7, =0. Here, 7, is the adhesional shear strength and 7, is the shear
stress at the debonded zone in a fiber reinforced concrete. (25%)

Describe the stress-strain curve and correspondmg failure mechanism for
(a) A cellular concrete under compression. ;
(b) A high strength concrete under tepgg} .

(c) Alightweight-aggregate concrete under compression.
(d) A normal strength concrete under compression. (25%)
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© MEHTHAERGRGEE  RIFESEE - &6 2388 - KARERE

BIE - B HEE  BIRESIEIRK T 7R - SRGHEIR - (d8a%  REE
AR - (40 53)

* EARCILECAIEHIEITAR o IR - B TIERARA S ? HES ? SR
| HE? G049



WA SERE—SMEEEAAE A8 RTS 200310

—~ %A (30%)
(1) RAMTHEETE?
(2) BJETihM8m
(3) r%i& TBM 36 Lk
(4) & NATM # Lk
(5) MEHIZBRF > FTFALILE?
— BB AR E T (Arch lowing method) ¥ T & 2
(10%) | |
Z BEUBERTAXFRARRIGEIERLRIETBE T
(1)ﬁuﬁ#ﬁ%ﬂiﬁfs‘i@)&nﬁh\%%ﬁX’ﬁ‘éa‘%@ﬁ%%ﬁ'r&zéiﬁﬁ
EEie T 8 o (20%)

o kIR (1) Tl (2) BRRAAEE (3) BhFrnsd
B (4) BAMATABRTE (5) BE#BBRBR I E 55
MR —ER P I RY FREAKA 2% ITE40%)



BEFERAER— T AT X 92.10,30

1. For a shallow foundation, B=0.8 m, L = 1.2 m, and D,= 0.8 m. The known soil

characteristics are as follows :

Soil: ¢'= 28°
c'=50kN /m’ ,
y=17.8kN/m’ -

Modulus of elasticity, £, =580kN/m"

Poisson’s ratio, p, =0.33
Calculate the ultimate bearing capacity. (Note: Using the method proposed by
Vesic(1973)) (25%)

2. A foundation mgasuring 10 ft x 10 ft has to be constructed in a granular soil

deposit. For this foundation, D, =5 ft and y=115Ib/ f’ . Following are the results

of a standard penetration test in that soil:

Depth (ft) Field standard penetration number, N,
5 10 -
10 12
15
20 13
25 16
30 18
35 24
40 - ' 30

Using Eq. (1) to estithate an average friction angle ¢' ( for bearing capacity

calculation ) for the soil. (25%)

0.34
-1 NGD

12.2 + 20.3[1’]
P,

Eq.(1)

¢'= tan



‘Where N,,= field standard penetration number
o, = effective overburden pressure
p, = atmospheric pressure in the same unitas o'
¢' = soil friction angle

3. For the braced cut shownin Fig. 1, H=8m; H, =3m; y, = 16.84N / m* ; the

angle of friction of sand, ¢ ,'=32": H =35m; y_=18.2kN/m’: and the unconfined

compression strength of clay layer, ¢, = 72kN /m"-

a. Estimate the average cohesion. ¢

av’?

and average unit weight. vy, for

development of the earth pressure envelope. Use n'= 0.75 as the coefficient of

‘progressive failure. (10%)
b. Plot the earth pressure envelope. (15%)

.

- 32!)‘

4.InFig. 2,let H, =3m, pile diameter = 0.45m. vy, = 16.8kN /m* . ¢

clay

Y warcetary = 17.5kN / m®, and L = 24m. The water table coincides witb the ground

, s,ﬁrfac’e_,Deterrnine the downward drag force. Assume that & = 0.6¢' (25%)

clay *



Where .\, = field standard penetration number
o, = etfective overburden pressure
p. = atmospheric pressure in the same unitas o,
¢'= soll friction angle

3. For the braced cut shown in Fig. . H=8m: H_ =3m: v =16.8k\/m’: the

angle of friction of sand. ¢ '=32": H =3m: v =182\ ‘m": and the unconfined

compression strength of clay laver. ¢, = 72kN /1~

a. Estimate the average cohesion. ¢, . and average unit weight. v . for

development of the earth pressure envelope. Use n'=0.73 as the coefticient of
progressive failure. (10%)

b. Plot the earth pressure envelope. (13%)

—]

T

1

Fie.

+InFig. 2 let H, =3m.pile diaméter =043m. . =16.8k\ ‘m. ¢ ..'=

!
N

! el = 17.3kN /m” . and L = 24m. The water table coincides with the ground

surface. Determine the downward drag force. Assume that 8 =0.6¢' . (23%)
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L TR EBABTE S ER BRI ? EREHIRA -
(20%) |

2. BB -BE-AKE WEREEHZLIHBOEN RS S
LA B BRI X AT E 7 (20%)

3. MMM HEHETE SR IBRAATROVELT ? BE
2 KONEE BAT 2 (20%)

4 T AREEFEGNECHBIRELE > FmRAZ - (20%)

5. 473 O B4 2 . (Key Block)
QB :?E-- RY(Failure Criteria)
® & 52 (Joint)
@ & A2 #F 5 (Rock Mass Rating)
© ® B #2 @t 4 45 2 (Slake Durability Index) (20%)
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THERFREH] LT 92 £ 10 A

> %ﬁﬁ%ﬁ%{g{ﬁ?ﬁ(eamed value method)/JEEL - (25 43)

© RTOEE TOIERERR - FEIEMEE - SIS IEERE - R - FHE

CKIHR- (254
e THR #RME(EE RIfRMER:
A 5 B SS1 - FF8
C SS2 > SF8
B 10 D SS5
C 4 D SS7 » FF10
D 15

© RTAEZ THA R — R - BIERIRES 24 K> RIEIR 46 K- HHEIERE (mode)

£ 36 K o FRTELLL T/EAE 40 RINSERIIEEER - (25 53)

* fAIERAERERES R (Hierarchy of ScheduleS)A? HAENFREE L - BT fERcE R

R AR > RS ? (25 5)



Qualifying Examination
(Engineering Mathematics)
(Closed books)
1. Let
0 ¢ -b
A={-¢c 0 a
b -a 0

where a,b,ce R and a,b,c#0.
a) Calculate the eigenvalues and eigenvectors of A (15%)

'b) Calculate e™ where LER.(5%)

2. Ifx=rcosfé and y = rsind , determine expression for (%) and express

result as a function of r and 6.(10%)

3. Evaluate using complex variables

[[Fac (15w%)
X

4For xeR" ,let r=(x] +x%+----+x2)"? and show thatif ¢ = (), then

Vg=¢" +i——l¢ ,7>0
r

and bonclude that each radially symmetric harmonic function in R¢ — {O} is

of the form

¢(r):a+%,ifd>2
r

where a and b are constants.(15%)
What is the form when d=2. (10%)



5. Obtain the solution of the problem
Y +Ay=h(x), y(0)=0= y()

in the form
had a . N
x) = z sin 0<x<l
) ,,Zz;it—iz'znz/l2 l ( )

when A #(nz/l)*> ( n=1,23,...), where a, is the nth coefficient in the

expansion
h(x)=3a, s'ml%m—c_ 0<x<l

n=1

assuming that h(x) is piecewise differentiable in (0,7). (15%)
6. Use Stokes’s theorem to determine the value of the integral

HS(VXV)-nds

over the part of the unit sphere x> + y> +z*> =1 above the xy plane, where V = yi .
(15%) | -



BRI ARETARTITRR N EFEF BB LHERES
HEIERE
Close book
L FEE TFIA R BRI SR B M R - (15%)
1. SHERSAERE
2. i E G
I BETAIAES LM 2 A 2 B4 B B i - [RIRF R R A
REGREZ - AR R E R RRIHREEE - (15%)
OLFWD J& H Bl BRI A F YRS AR TR — - (20%)
1. FWD Bl EEiR 7
2. EHIFTE I BEREEER B Al DAHERIEE ?
3. HETH RREERNFEERMA ?
4. REMEFREEHZER  ERBREERRE ?

IV. ZDRIMERE e =R T SRR E B B - LR B e B e ?
JRRESM ? (10%)

V. BRI AR — TG T AT RIR TR - e aR e e
H o EEATEE G TSR 7 EA{TAE ? (15%)

VI F5#E THEEL - (25%)

APMS is not a maintenance management system. A maintenance management
system (MMS) is concerned with maintenance activities that apply from “property line to
property line.” Such activities as little pick-up, vegetation control, culverts and routine
maintenance of pavements are included in an MMS. Pavement management systems can
provide information pertinent to the scheduling of routine pavement maintenance, but do
not deal with other activities, such as little pick-up.

A PMS is not a substitute for good quality control. Pavements built poorly with
substandard materials perform poorly regardless the best maintenance or rehabilitation
policy. Developing a database of information for a PMS helps quantify performance
predictions and cost consequences of using poor materials or reduced control.

A road inventory summarizing pavement conditions is not a PMS. Such
information is inadequate for answering “what,” “when” and “where.” “Where” can be
answered by a road inventory only if performance standards are set.



5.1.

5.2.

Construction Management Information System

Qualification

(10%)
1.1. What is Data Warehouse?
1.2. Data Mining?
1.3. Please describe how to apply these two approaches to the construction related business.
(10%)
2.1. What is SCM (Supply Chain Management)?
2.2. Please list at least three different reasons that construction industry should develop SCM.
(15%)
3.1. List five different types of database?
3.2. Explain their structures and pros and cons.
3.3. List the example of applicable filed for each of the five different types of database.
Please explain INTERNET, IN' TRANET, and EXTRANET. (15%)
Table 1 contains many unsatisfactory components and characteristics. (For example, there are
several multi-valued attributes, naming conventions are violated, and some attributes are not
atomic, etc..)

Table 1

EMP CODE  |1003
LAST NAME |Willaker

EDUCATION  [HS, BBA, MBA

DEPT CODE |MKTG
DEPARTMENT  |Marketing

DEPT_MANAGER Jill 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 I, level 2

BASE _SALARY ($32,255

Given this table, draw its dependency diagram. Label all transitive and/or partial
dependencies. (15%)

Break up the dependency diagram you drew in problem#.1 to produce dependency di agrams
that are in 3NF. (15%) Hint: You might have to create a few new attributes. Also, make sure

I



5.3.
5.4.

that the new dependency diagrams contain attributes that meet proper design criteria; that is,
make sure there are no multi-val ibutes, that the naming conventions are met, and so
== 2e Tk Naming conventions are met \

W

on.
Using the results of 4.2, draw the E-R diagram. (10%)

Using the results of problem 4.2, draw the relational schema, including the connectivities
between entities. (10%)
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— - EERAET 5 449 (25%)

(1) subduction zone
(2) unconformity
(3) thrust fault -
(4)RQD

(5) Erosion

= ATIREIE 7 ATHRBR VAR AR LR R L AT ? R A

B BEBMT? (25%)

I

"R EREBB?MEREB G LR R LRI LS

#7272 (25%)

WKL RY 2 FEIF A R BRI B - (25%)



BETEREL (RES 100 53 > 70 53 RckE)
1. Briefly describe the asphalt refining procedures. (16 43-)
2. Describe the asphalt cement grading system. (16 43+)

3. Describe the Superpave asphalt binder testing equipment and purpose.
(1843)

4. Describe the Superpave mix design method. (18 43+)

5. Describe the two principal types of HMA mixing facilities in use today.
(1653)

6. What are the purposes of using additives and modifiers in HMA? (16

53)



