Finite Element Method
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(1) A second-order ordinary differential equation with variable coefficients and its
corresponding boundary conditions are given as follows.

GE: gx-(a(x) d%’”) #b(x)=0  in0O<x<l (1a)
BCs:  u(x=0)=0
du .
a'd—x' . =0 ’ , (lb)

where u(x) is the unknown function; a(x) and b(x) are given functions.

(a) State a physical problem of which governing equation and possible boundary conditions

refer to Eqgs. (1a) and (1b). (10%)
(b) Construct the weak forms. (10%)
(c)Let a(x)=1 and b(x)=sin(zx), and determine the exact solution of u(x). (10%)

(d) Let a(x)=1 and b(x)=sin(zx). Compute the 2-parameter Ritz approximation of Egs.
(1a) and (1b) using algebraic polynomials as the approximate functions. (15%)

(e) Let a(x)=1 and b(x)=0. Compute the finite element solution using two linear
elements with a uniform mesh. {(15%)

Hint: A detailed description for the FEM process in problem (le) is much more important than
a lengthy calculation.

(2) If the nodal values of the element shown in Fig. 2 are u, =4, (i=1, 2, 3), compute u, du/dx
and ou/dy atpoint (x,y)=(0.375,0.375). (20%)

. . . . . 1
Hint: The linear interpolation functions ¢ (x, y)= a—(a,.‘e’ + B0 x+y® y) (i=1,2,3)

e

and @@ =x,3,-%5;, B?=y;-y, r,=—(x;~x%), (i#j#k; i, j and k permute in a
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natural order).
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(3) Show that the bilinear interpolation functions for the four-node triangular element in Fig. 3
are of the form (20%)

$0 =4, +BE+Cn+DEn (=1,2,3,4)

where 4, =1, 4,=4,=4,=0, -B=B,=1/a, B;=B,=0,
_6ab—a’-2b _ 2b(a+b) c o-_a+h c o
' aca-20) > ac(a-2b)’ *ea-2b)° Y c(a-2b)
1 3
Dy=D,=Dy=-—-D, =~ .
3 cla—2b)

Hint: The coordinate of point 4 is (a ;b ) —;—j




Structural Dynamics
For the structure shown, assume vertical columns are much lighter in weight than m.

1{28) Determine an approximate expression for the stiffness & and the damping c of the
equivalent singer degree of freedom system (SDOF), in terms of /, EI of the
columns.

(a) Ifpoint Ais a hinged connection.
(b) Ifpoint A is a clamped connection.

2 () In a vibration test, apply a static load p by hydraulic jack to displace the girder m
by an amount &), than instantaneous release of p, measure and obtain the max

return saying is &, in 7 sec, find %, ¢ and equivalent EI of the column from the
results in problem 1.

3.0t) Suppose the ground motion Xo is measured as

% = Ao sin(z/ty) for 0<t< 17y, (auelecvation)
X =0 for 1=1;.

Investigate the dynamic response of the system to %o, for what value of 7, the
structural deformation becomes dangerously large. ( Discussion (i) if %o can be
considered short duration. (ii) if Xo cannot be considered short duration ).

4 (3+)Discussion the method of mode superposition for the analysis of multi degree of
freedom system (MDOF).
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Qualifying examination, Oct., 2008 (Elasticity)

1. For isotropic materials,
(a) express Hooke’s law for plane stress, giving strains in terms of stresses. (10%)
(b) express Hooke’s law for plane strain, giving strains in terms of stresses. (10%)
(c) Compare result for plane stress with that for plane strain. (5%)

2. Using only the linearity of the constitutive law, derive the Betti reciprocal
theorem,

@ .2 _ 2) (1
J;o;.j &5 dv = J;JO',.!. &; av

The superscripts represent different states of loading on the same body with the
same constraints. (25%)

3. The following state of strain exists at a point in a body

001 —002 0
le,]=| 002 0.03 -0.01
0 -001 0

In a direction# = (0.6,0,0.8) , what is the normal strain &, along the directionn ?
(25%)

4. State the “Principle of virtual Work™ and proof it. (25%)



Soil Mechanics
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Engineering Geology
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1.

National Cheng Kung University
Department of Civil Engineering
Pavement Engineering
Qualification Exam for Ph.D. Students
Open Books and Notes (100 minutes)
Fall 2008

You are asked to calculate the equivalent single axle load (ESAL) and the truck
factor using the following data:(20 points)

2.

Axle Type  Vehicle Weight, Axle
Number kKips Number

Single 10 1400
Single 18 500
Single 22 300
Single 26 200
Tandem 32 400
Tandem 36 350
Tandem 40 200
Tandem 44 100
Total 1,300

Aflexible pavement for an urban highway is designed to carry 2 million ESALSs.
Related information is presented as follows: (10 points for each question)

Elastic modulus of asphalt concrete at 20C (68F) = 3100 MPa (450,000
psi)

Layer coefficient of base course material = 0.14, and M; = 214 MPa
(31,000 psi)

layer coefficient of subbase course material = 0.1, and M, =93.1 MPa
(13,500 psi)

CBR value of subgrade material = 6, M, = 62.1 MPa (9,000 psi)
Reliability level = 99 % '

Overall standard deviation = 0.49

Initial serviceability = 4.5

Terminal serviceability = 2.5

Drainage coefficient for both base and subbase = 0.8



(1) Please design a flexible pavement according to the 1993 AASHTO's
procedures.

(2) What would the pavement thicknesses of asphalt concrete be if the
modulus of the asphalt concrete surface course used in the calculation is
actually 30 percent too high?

(3) What would the structural number be if the original thicknesses from
question (1) were used?

(4) With this structural number obtained from (3), what are the estimated
18-kip equivalent single axle load applications (W,g) before pavement
reaches failure?

3.

A JPCP for a roadway is to be designed to carry 6 million ESALs. The

pavement will be a two-lane facility with asphalt concrete shoulders. The joint

spacing will be 4.6 m (15 ft) and dowel bars will be used. The estimated time
for the water to drain from within the pavement is approximately one week, and
the pavement structure will be exposed to moisture levels approaching
saturating 30 percent of time. The following values have been determined:

(10 points for each question)

e Modulus of rupture of the concrete 4.4 MPa (700 psi)

* Elastic modulus of the concrete = 27.6 GPa (4,000,000 psi)

« Effective modulus of subgrade reaction = 54 kPa/mm (200 pci)
+ Initial and terminal serviceability = 4.5 and 2.5

* Reliability level = 85%

* OQverall standard deviation = 0.39

* Drainage coefficient = 0.90.

(1) Determine the thickness of the concrete slab needed to carry the
estimated traffic by the AASHTO rigid pavement design procedures.

(2) How many ESALs would the pavement be able to handle if dowel bars
were not used at transverse joints?

(3) How much thicker would the pavement have to be to handle the same
number of ESALs, i.e., 6 million.

(4) In the AASHTO rigid pavement design procedures, JPCP, JRCP, and
CRCP can be designed accordingly. Since reinforcement is used in
JRCP and CRCP, the thickness needed for traffic loading should be less
in JRCP and CRCP than in JPCP. Do you agree on this statement?
Please explain your answer.
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1. FHZRAHEE T =BAE - (10%x3)

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. EHTEEEERAA A swing-nose crossing FHRE A% (K] <>.(10%)
3. RIS LR R T R =S & - (10%)
4. FERIE NYIZE LA (METEEEEESGEI [ HIREEZR - (10%)

B EDAEIN AR B R RR A T R EE S RIS TR RSN
Ao AR RS BRI R ERSE N2 DR IR HEE] 7 (20%)

5. EEERIBEERG BRI R N T BT 2 (20%)



Mechanical Properties of Materials

MR E
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1. The elastic constants of an orthotropic material are:

E, =13GPa, E,, =09GPa, E,, =16.4GPa, G,, =910MPa, G, =1180MPa,
G,,=790MPa, v,,=0.37,v,,=0.43,v,,=0 4,v,,=0.024,v,,=0.63, v,,=0.028

Calculate (a) the strains and (b) the dilatation, resulting from the following stress
state in a block of the material: o, =0,, =20MPa and o, = o, =10MPa.
(25%)

2. (a) Distinguish between diffusional flow and power law creep in terms of
phenomenology and the mechanism controlling each type of creep. (b) What is the
cause of power law creep breakdown ?

(25%)
3. The tensile strength of a brittle material can be described well by the

two-parameter Weibull statistical analysis with m=6 and o,=20MPa .

Calculate the applied concentrated force P loaded at the center of a simply
supported beam with a span L=10m and a rectangular cross-sectional area
10cmx10cm when the failure probability of the beam is 0.1.
(25%)
4. The following data were obtained in a tensile test on a specimen with 100mm

gauge length and a cross-sectional area of 100mm?:

PKN) 12 25 32 36 40 42 63 80 93 100 101 90
6 (mm)0.05 0.1 0.15 02 025 03 125 25 375 50 625 75

(@) When o, =-0,,=100MPa, determine the number of cycles to failure ?
(b) When g,=lcmand o =100MPa, determine the plastic zone r; (based on

the Dugdale plastic strip model) ?
(¢) When g,=lcm, o, =100MPaand o, =0MPa, determine the number of

cycles to failure ?
Note that: N,"*Ae” =03, N,"°Ac =800, da/dN =1x10"(Ac/7a)’ and

K,.=40MPa-m!? for Ac inMPaand a inm.
(25%)



Project Schedule Control
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Activity Duration (&) | Following Activity
A 3 B(SS, 2); C(FS, 0)
B 5 D(SS,1); E(FS, 1)
C 4 E(FS, 0)
D 2 F(FS, 0)
E 7 F(FS, 0)
F 6 -—--




