Elasticity

(Ph. D. Qualify Exam, Spring 2004)

1. In a thick-walled cylinder subject to an inside pressure only, the following strains exist at
point A in Fig. 1:

e, =0.002
£,y =0.004
g, =—0.001

(a) What are the stresses 7,., 7,,and 7, for G=1.0x10"Paand v =10.3? (15%)
(b) What is the stress tensor 7, at A for the Cartesian coordinates shown in the figure?
(15%) ’
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Figure |

2. A solid three-dimensional linear elastic body is submerged in a fluid such that every point
on its surface is subjected to uniform hydrostatic pressure p.

(a) What is the state of stress at an interior point? (18%)

(b) Using this state of stress, determine the displacements u, v, w. Set
u=v=w=0,=0,=0,=0 atx=y=z=0. Neglect the body forces. (17%)

/.’.*"\»/\p
: U=v=w= =0, =w, =0

N

X o : ‘ Figure 2



3. Along elastic cylinder with fixed ends is constructed from two hollow cylinders of the
same material. Before assembly, the inner radius of the outside cylinder is 0.005 in. less
than the outer radius of the inside cylinder. Assembly is accomplished by applying heat
to the outside cylinder so as to produce thermal expansion, and then inserting the inside
cylinder. After cooling the final dimensions are as shown in Fig. 3. Also,
E=30x10°psi and v=0.3.

(a) What is the contact pressure between the outside and the inside cylinders? What are the
stress distributions in both cylinders? (18%)

(b) Now let a pressure p = 30,000 psi be applied at the inner radius of the inside cylinder.
What are the new stress distributions? (17%)

E=30 X 10° psi
=03

Figure :* 3
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Finite Element Method

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

1. The structural stiffness equations of the truss is Ay, v
[K]{D}={R}, where {D} = {uy, va, up, Vp, Ug, . d
Vo> uds V@3 T and {D} = {Fxa, Fya, Fxp, Fyb, % Q 0 501;
Fxc: Fyc, Fxd, Fyd}T. The structure is subjected P
to a horizontal force of magnitude 50 kips at node ﬁ
d. In addition, the truss is subjected to the
following support displacements: uy = -0.25 in.,
up = -0.5 in, and vy = 0.25 in. For all the 17%7 b X
members E = 29000 ksi and A = 0.993 in2, the g %
stiffness matrix [K] is given as follows: = 12 ft >
[1.354 0.354 -1 0 0 0 ~0.354 —0.354]
1354 0 0 0 ~1 0354 —0.354
1.354 -0.354 -0.354 0.354 0 0
[K]= 200 1.354 0354 —0.354 0 -1 (Ib/in)
1.354 -0.354 -1 0
1.354 0 0
symmetric 1.354 0.354
i 1.354 |

Calculate (i) the displacements at nodes ¢ and d, (ii) the reactions at nodes a and b, and (iii) the

forces in members ab, ac and ad. (25%)

2. (i) What are the shape functions Ny, N, and Ny

for the eight-node isoparametric element in the

natural coordinates (§,1). (ii) The element is
subjected to a downward uniform pressure of
magnitude q. Find the consistent loads at all the

nodes. Show their directions. (20%)




Qualified Examination

3. A steel plate with constant thickness
is subjected to uniformly distributed
tangential stress p as shown. (i) Sketch
the mesh and describe the best type of
element that you would use to analyze
the plate (need to take the symmetric
or antisymmetric conditions into
account). (ii) Specify the boundary

conditions on your mesh. (20%)

P
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Spring 2004

L

N

A shell roof is subjected to compressive force in the longitudinal direction as shown in Fig. (a).

A

The shell is simply supported at four edges but motions in longitudinal direction are allowed.

After the finite element buckling analysis, the critical buckling mode of the shell is shown in Fig.

(b). In your judgement, the buckling mode looks correct or not? Why? (10%)

>

(b)
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5. Assume the displacement fields of the constant strain triangle element shown below are:

u(x,y) = Nj(x,y)up + No(x,y)uy + N3(x,y)u3

V(X,y) = Ny(x,y)v] + N5(x,y)vp + Ng(x,y)v3

Y. v
Vi
x 1 up
b

V2 V3 v
Y 2 3

|e——}———>]

a a

Assume the element has constant thickness t and v = 0. (i) Obtain the shape functions N{(x,y),
Nao(x,¥), N3(x,y), Nyg(x,y), Ns(x,y) and Ng(x,y). (i) Determine the 2 by 2 submatrix [k]g of [k]
that operates at node 1. That is

u; Fxi
k =
[ ]S{Vl} {Fyl}

where Fy and Fy are nodal forces applied to node 1 in x and y directions respectively. (25%)
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1. Solve the following differential equations (24%)
d'y
(a) o
(b)y" -4y +4y = (x+1)e*

O(x-1y —-2(x-1)y -4y=0

+y=0

2. Find the eigenvalues and eigenvectors of the given matrix.
Check and explain the orthogonal property of these eigenvectors.
(16%)

1 2
® 5
0 0
®|y o

3. (If F=xyi+y’zj+z°k, evaluate
[[ ¥ nds
S

where S is the unit cube defined by 0<x<1,0<y<1,0<2z<1.(8%)
(b)Change the order of integration in

J-Os J:)4—2::/3 Jcos—x/z—symF(x’ ). D)y

to dydxdz (10%)

4. (a) Show that the equation

, 0%u _ 0%u

o o

2

oeon
by means of the substitutions & = x+at, 7 =x-at .(10%)

can be put into the form

(b) Show that a solution of the equation is (8%)
u=F(x+at)+G(x—at)
where F and G are arbitrary, twice-differentiable functions.

/
e



5. Evaluate

e’ _
§C (Z 3 3z)dz

where C is the unit circle |z/=1. (10%)

6. Consider
y +Ay=0
subject to the periodic boundary conditions
y=D=yM), y D=y O
Show that the eigenfunctions are
{1, cosE, 005_2_75’ ..... sin E,sin EE, ..... } .
L L L L
This set, which is orthogonal on [~ Z, L], is the basis for the Fourier
series.(14%)



TRE I ERREEE

1. Please find (1) the mass and stiffness matrices (Fig.2a) 15%; (2) Find
the natural frequencies and mode shapes 15%; (3) If the damping ratio
1s equal to 0.1, please find the displacements of the system under the
loads shown in Fig.2b 20%; (4) If the response- spectrum figure is
shown in Fig.2c. Please solve this problem by using response-spectrum

analysis 20%. (Total 70%) ARERFIEH HEABETER 2%

PERVRERY » FIFRMEE S 15 -

m1=20 m2=50
k1=100 k2=300

)
Fig.2a
F1=10 F2=5 ,
m1=20 m2=50
k1=100 k2=300
4
Mﬁx.disp. Fig.2b
10
: Period
0 30 50
Fig.2c

2 INEMRE —EIREIZS (Shaker) - FEEAEIAIZ Sine 4477 » XH 15
TENIEEER - BEEHIPEEN(ERINBEE FORE ) » sE R E R
Bl i FER—ETEEEE  BUE B AR - JEEEE

TR LR E RRRTER SUEE - SR IEE © (30%)



BIBAARPLERTREAEEFAS B EEFHER
I SR

March 26 2004
Note: B#&n# % 70 4

1. 3REAES BT B (active fault) 2 £ % - SR THE R X BTN 5
=% RXRAZ - (15 %)

2. £FRRWH B HN0R S A E > RAIR AR
TV 3R] o RFA KR - (15 %)

3.8 ERARBRABETORERE  RALZ RBEB X
BB REELIH BT RAIE L RAGHE S
ZIRENYE - (15%)

4. 22 5B E—FRERBET 5 AR KRE > 4 3 RA LK KREH
BHEAZBRR - FRE-RBEIB - HEFBERATEGGYH
IRTHELZHBE -(15%)

5. RAMEHEHRETIRZZE - 20 9)

6. RIBWEBRE > KEFH 2 BB F I &M - (20 )



AT+ —2FEE _2HELHETEREL HB w2 20043

— ~ A (20%)
(1) R AnE ~ &8 ~ B2
(2) BJE k4%
(3) Fmid #7 4 R 55 B 3 3R AT 2 845 Tk (wick drain method)
(4) #E 1%
= BACF i CA B Y BA R AR AR K 85 BE R B BEAR 20 T b Uk o R A
R BIENBE A EESEBATERE o (20%)
U BERAAXERBARI GG I EARRIGIBRE Y
(DhofTiE 4B E ()l Toihi & XAEFEE T M2 X I184E
R IT 22 - (20%)

W BRI ERRARHEIE P ARSI TR T
B > IR L FEEREL o (20%)

A~ BEES S MTEGRZ FEAREEE (BT FHAY
LR E R AR ET L ? o7 3% T Sk TS e A i & (45
do o ML EZE ~ FEEIT R B 2 (20%)

HE < > AFE

Scm
3~Spm — S0 SRR




e

25%

L RAZMEERER 25 H S RA(2004.3)
(1.Close Book 2HAAARE R E)

L% — % % R = s 15 % 2] 100 kefiem”® 6934 % 8 14 » B34 500 keflem®
Bk E B AR 0 FR]

(QRBEHIER - KA 2R AKE 0y BT ?
OLERAKRE{jZHE 12 -3 REE ]~ L~ 13 &4 2?2 (10%)

2 B4R 4 $9(40%)
. () RQD(Rock Quality Designation)
(b) RMR(Rock Mass Rating)
(c) 7 1% #2148 4H(Strike and Dip)
(d) Bt 2 35 #%(Slake Durability Index)
(e) 872 ¥1 & 12 (Fault and Joint)
(f) Mohr-Coulomb Criteria
(g) J& % #4b(Strain Softening)
(h) Dilatancy
(1) BazEE32da /R 7/ (Brittle to Ductile Transition“Pressure)

(1) Deviatoric Compression

3.35 390 © % 3R 5 (Brazilian Test) 2 38 ¥ ik #1 B 32  (10%)
447738 7K F1 5% H 7k (Hydraulic Fracturing) > #2458 A L H FRE L2 R4] 7 (15%)

SEZRLEHE A-B-C BhERDEMER > SRDLRBEMR > B @2l
fuF

OSEEBE Lo | mas | #e
= \
A b 30° iE 7
B iFib 40° &
c Ex | 60° Y

EEAB-CERTEMTESEMITTAE A

(EAB-CHRTREMAEMEEGGES ~MRA ~ MR T e TREL
B EIREE 7

(D)L A-B-CeRVvLHE—f%ma-b; A Fakmzita ALl
145" ~EmiEd s bk mAERIEIL > M8H 45" ~HEMIER > XL Aa k
TABEzak®H CbiRCEHEx bY@ A Aa~Ab~Ba~Bb~Ca-~
Cb sk mfTH AIER% 24 A E &3k 7 IER BT IBR AT ? i
¥ 2 A& B BT 7 (25%)



Nt S ERF 2R LREATRELLEHLRNE

— - FFERBET 7 43 (25%)

(1) sensitivty

(2) thixotropy

(3) critical void ratio
(4) specific surface
(5) specific volume

= - 473F SHANSEP ? £ B 8 %47 ? R4k it ko745 i SHANSEP & K IR,
H(field) X AP K 5% E 7 (25%)

= - F R L RITREHEK (CD,S) Rk b A E A RER
100kPa Fu 3 /KB /7 (back pressure) 70kPa #1F] @ B % - BE Xk
%o IR PFEIETURRSABRAF XA EZRNBAIEL L o
R TR RIFAERZ AR BEEA o’=35K » &HK 1 (a) %
B2 E AR AR ERA="kPa? (b) R ZFEEHE -
AR R HAREE (pole point)r B o (c) B H PR BL THIBE B A
E 9?2 (25%)

- RE H Terzaghi EG R FHERZARRZ(ED 21E) > EHALAfT

2
FHREXEATEK Zh-c T . (25%)



EEEMR (#8453 100 430 70 53 ek )

1. Briefly describe the asphalt types and uses in flexible pavement. (14

7)

=2 Describe how the pavement performance related to asphalt cement

rheological properties. (16 43)

3. Describe the Superpave mix design method. (14 43)

4. What material characteristics should be evaluated for the suitability of

aggregates for use in HMA? (14 43)

5. Describe the methods used to determine the optimum asphalt content

“in the Marshall mixture design. (14 43-)

6. Describe the two principal types of HMA mixing facilities in use today.
(14 53)

7. Describe the production of recycled asphalt mixtures. (14 43-)



BINZ IR T RTAER 02 BFEH — SHH LI EREER
ST oy

open book

L FEsfmE Aoy o BEEREE AR R B - (B E EIIRALL - 5
EABH ST TR EAT R 28R - WRREHHR T - (20%)

1. GRRHHMI RS E 34T Bradbury FEJIE ERBUBIRI IR - M0ERAFHER
A © (20%)

ML B EAT R R A —E IS S TESEIN R R 28 - F537H AASHTO &%
FIARE P AR REE R R AGKET ? 20%)

s LLEK PSI ~ PCI ~ IRT &5 =% RS S E G A s FEN
HREYRFIE EBAIRE 2 (10%)
BRI EIRE =280 TR - T HE 2 (10%)

V. GBI T E R BRI - (20%)

An engmeered management system (EMS) is defined as a system that consists of
a set of engineering tools for performing condition surveys and condition prediction,
and developing work plans with the objective of optimizing spending. EMSs use
engineering technology to determine when, where, and how to best maintain facilities.
They provide the needed leverage to preserve the infrastructure investment.

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.

APMS is not a substitute for good quality control. Pavements built poorly with
substandard materials perform poorly regardiess 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.
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WIBSLLRB T - FRAHE LR - P R R B A EREER
RIR - WHBILRPIFRIAHBFRAARIERE 305

Transactions during 1 January 2001 to 31 December 2001 are given below for a
construction company:

(1) Material inventory purchased on account 80,000

(2) Total office rent paid 20,000
(3) Salaries paid to engineers 90,000
(4) Accounts receivable collected 60,000
(5) Accounts payable paid 30,000
(6) Subcontractor accounts paid 70,000
(7) Bidding expenses 20,000
(8) Dividends paid to stockholders 10,000
(9) Building depreciation . 40,000
(10) Construction equipment depreciation 30,000

(a) Journalize all of the above transactions.

(b) Post journals entries to appropriate accounts.

(c) Develop income statement for period 1 January to 31 December 2001.
(d) Develop the balance sheet for the company as of 31 December 2001.
(Gt 40 73)

BTSN TR R RN - — M EHERR - R EEHE - FEIHEER
{E ARG - AR R EAGEHIREEER - (30 73)
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+ {5 CPI(Cost performance index), SPI(Schedule performance index) ? fIfalE}& CPI,
SPI? SR FHE AR - (30 43)

* AR RETE DA - R A AN - (304)

© FTAFE TIIESE - BREIRERIR > T a BESE > m BATHE > b SRR

WFI > ZEUR 1A 10 > R I ARBL 15 - S5 Ry MRl (heuristic) » HFEIRE
R © (40 93)

(=3 THA BIREA AIEEE

a_m b I 1I
A 1 2 4 3 0
B 5 6 7 5 4
C 2 4 5 4 1
D 1 3 4 2 0 A
E 4 5 7 4 3 C
F 3 4 5 2 7 A
G 1 2 3 6 2 B,D,E



5.1.

5.2

5.3.
5.4.

Construction Management Information System
Qualification

What is Data Mining? Please describe what kind of business operations that the real estate

agent can apply Data Mining to. (15%)

What is ERP (Enterprise Resources Planning)? Please list three different approaches usually
taken to introduce ERP to an enterprise? (15%)

Please explain INTERNET, INTRANET, and EXTRANET. (15%)

What is 3-tier approach for web applications.(10%)

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 | | | ) o
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. (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, draw the E-R diagram. (10%)

Using the results of problem 4.2, draw the relational schema. (15%)



