Qualifying Examination (Finite Element Method)

(1) Develop the quadratic shape functions N;(&),i=1,2,3 by considering a three
nodded standard element with nodes at &=-1, £ =0, & = +1, assuming a trial
solution

u=ag+oé+arE? (25%)

(2) Solve

d%u

5 =2 1<x<3
dx

(25%)
u)=1, u'3)=6

by using two linear elements of equal length.
(3) Explain the meaning of the following terms (30%)
(a) convergence criterion= completeness + compatibility
(b) patch test
© isoparametric element
(4) Consider the four-node bilinear element. Prove that the one-point Gauss

quadrature formula in two dimensions is sufficient to exactly integrate the area

fpedd  (20%)



Dynamics of Strﬁcture

BB

1. 3R B 85 4 #7 (Time history analysis) & K J& 3 (Response-spectrum analysis) > i
bR E - 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 0.05, 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 resp'onse-spectrum analysis. (50%)
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Fig.2 (Mass unit=T, spring constant unit=kN/m, force unit=kN)

3. Fouriertransfer({ #| E B )FHER AR EEE G A B AT 3
M FE 3 3 T % % 45 :(1) Fourier transfer, (2) Fast Fourier transfer, (3)

Fourier series, and (3) Fourier integral. (25%)

m
a

MLIE3ATEA BRARELER HEHIRL-



Department of Civil Engineering
National Cheng Kung University

Theory of Elasticity
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figure can be written as

1. (15%) Show that the shear stress S acting on a plane defined by the unit normal » in the

S = nin2 (-0, +rind (0, -0, ) +rini (04~ |,

where n,,n,,n,and o,,0,,0,denote the principal axes and principal stresses, respectively.

2. (15%) A hydrostatic stress field is described by

0 0 —-p

where p=p(x,,%,,x;) and may be called the pressure. Show that the equilibrium
equations imply that the pressure must satisfy the relation Vp=F (F: body force per

unit volume).

3. (20%) Consider the one-dimensional thermoelastic problem of a uniform bar constrained
in the axial direction but allowed to expand freely in the y- and z-directions, as shown in

the figure. Taking the reference temperature to be zero, show that the only nonvanishing
stress and strain components are given by

o, =-EaT,

e, =e,=a(1+v)T,



. where E is the Young’s modulus, ¢ the thermal expansion coefficient, v the Poisson’s
ratio and 7 the temperature. '
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4. (25%) Since the strain energy U has physical meaning that is independent of the choice of
coordinate axes, it must be invariant to all coordinate transformations. Because U is a
quadratic form in the strains, it cannot depend on the third invariant III,, and so it must
depend only on Z, and II,. Show that

U=(%l+,u)[ez—2,uﬂe,

where A and y are the Lame’s constant and the shear modulus, respectively.

S. (25%) A thin uniform circular disk is subjected to a constant rotation &), as shown in the
figure. The rotational motion generates centrifugal acceleration on each particle of the
disk, which becomes the source of external loading for the disk. No other additional
external loadings are considered. Find the stress components o,, o,in the 7- and &
-directions, respectively.

(Hint: The particular stress function ¢=g¢ (r), satisfying automatically the equilibrium
equations, is given by

c,=@/r, G, =—+F

where F, is the generated centrifugal force per unit volume. Use the compatibility
condition to determine the governing equation of the stress function.)



Soil Mechanics
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(1) % B # (Confined flow)
(2) B&Eta¥a, (Coefficient of compressibility)
(3) B J+FLM th(Critical Void Ratio)
(4) % /1 3% (Dynamic Compaction)
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Engineering Geology
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F., BB TIHREEHYF 4L dip direction/dip 89 F X &7
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(1) N35°E- 30°SE
(2) N35°E - 30°NW
(3) S35°E - 30°NW
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ERSTAE

(Ph.D. Qualify Exam.)

. Briefly describe the SHRP and the LTPP.

. Briefly describe the Superpave mix design procedures.

. Briefly describe the historical developments of pavement
design. (Flexible pavement and Rigid pavement)

. Istherea premium composite pavement? Describe the major
features of the pavement design section.

. 'What is the purpose of the road test? Describe the AASHO
road test also.

. What are the serviceability/performance concepts?

: Brieﬂydescribe the concept of pavement management.
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