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Qualified Examination Spring 2001

1.

Finite Element Method

(Close Book, 100 Minutes, 60% to Pass)

Consider a three-dimensional solid body composed of linearly elastic isotropic homogeneous
material with Young's modulus E and Poisson's ratio v. The body is subjected to body forces
{F}, surface tractions {®}, initial stresses {C,} and initial strains {€,}. Use the following
notations

{F} = {Fx,Fy,F2} T, the body forces.

{@} = {Dy, Dy, D7} T, the surface tractions.

{u} = {u,v,w}T, the displacements.

{0} = {Ox,0y,02,Txy,Tyz Tzx} |» the stresses.

{Co} = {Gxo:Gy0>Gzo=Txy0>TyZO>szo} the initial stresses.

{e} = {ax,ay,sz,yxy,yyz,yzx} the strains.

{€0} = {€x0-8y0-£20-Yxyo-Yyzo-Yzxo} | the initial strains.

[E] = the material property matrix, in which {c} = [E]{€}

V = volume of the body

S = surface area of the body.
(a) Derive the expression for the total potential energy II of the body in a matrix form. (5%)
(b) Assume the body to be modeled by N elements. Let {d};, Vj, and S; be the nodal degrees of

freedoms, the volume and the surface area of the i-th elements. Use the relations {u} =

[N]{d};, {e} = [B]{d}j to develop the expression for the total potential energy II of the

entire N elements. (5%)

(c) If the total potential energy of the body can be written in the following form:
1= —{D}T[K]{D} {D}T{R} (D

where {D}, {R} and [K] are the nodal degrees of freedoms, the load vector, the structural
stiffness of the entire body. Based on the entire N elements, what are the expressions for
{R} and [K]? (5%)

(d) From Equation (1), use the principal of stationary potential energy to derive the finite
element expression for the body. (5%)

(a) What is the parasitic shear? Use the eight-node isoparametric plane element to illustrate the
way to avoid it. (7%)
(b) What is the zero-energy mode (hourglass mode)? Draw a possible zero-energy mode for an

eight-node plane element with reduced integration. (8%)
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3. (a) Assume L =10in, E=10ksi, A; =3 in%, Ay =2 in?. Letdy, dy, d3 and 1y, 1, r3 be the axial
displacements and equivalent axial loads at nodes 1, 2, 3 respectively. Construct the stiffness
matrix [k]3x3 for the assembly shown below. (Hint: k;; = 3000 Ib/in) (10%)
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(b) Assume r3 = 0. Obtain the substructure stiffness [k'],y, for a single assembly shown below
by condensing out the middle displacement dj in (a). (Hint: k'll = 1200 1b/in) (5%)
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(c) Use the substructure stiffness in (b) to form the global stiffness matrix [K]343 for the
structure ABC shown below. Members AB and BC have the same dimensions and material

property as those in (b). Please note that there is a skew roller support at node B. (10%)

45°
Uy K ¢ Ao
A-——> 1 2
) ——>>
¥ B[ | U,
BT
C
T

(d) In (c), if the horizontal displacement of node A is U3 = 0.1 in, calculate the displacements U
and U, of node B, the magnitude of force F applied at A, and the reaction R at the skew roller
support. (10%)
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4. What are the shape functions Ny, N5, Ng for the nine-node Lagrange element shown below in the

natural coordinates (§,1)? Make a sketch for each shape function. (15%)

A
n
> o—+o
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5. A linearly varying distributed load acts normal to an edge of a four-node plane element. Calculate
the consistent (or equivalent) nodal loads at nodes 1 and 2 in y direction. (15%)
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National Cheng Kung University
Department of Civil Engineering
Pavement Engineering, Qualifying Examination, Spring, 2001
Open books and notes

1. (15%)

An asphalt aggregate mixture contains 34% coarse aggregate and 66% fine
aggregate and 6% asphalt by dry weight of aggregate. The specific
gravities of materials are as follow: (a) coarse aggregate = 2.62, (b) fine
aggregate = 2.71,(c) asphalt = 1.00. The bulk density of the
compacted asphalt mixture is 2.30 g/cm®. Please determine

(1) air void content in the compacted asphalt mixture,

(2) voids in mineral aggregate,

(8) percent voids filled with asphélt.

2. (15%)

You obtain the following traffic data on an existing highway. Please use the

load equivalence factor (LEF) of a flexible pavement with Py = 2.5 and SN = 4.

(1) You are asked to finish the following table and calculate the equivalent
single axle load (ESAL) value.

(2) Based upon the above information, please determine the truck factor.

(8) Using the above truck factor, you have to determine the ESAL value for a
new highway. You have the following information: two-way daily traffic
ADT, = 20,000 for the first year, average initial truck factor = 1.5, 12%
truck, 2% annual growth for truck factor, 3% annual growth factor for truck
volume, 80% directional distribution, 50% lane distribution, and a 20-year
design period.

Axle Type Truck Number Weight, kips ~ Axle Number LEF ESAL
Single 6 2000
Single 12 1500
Single 22 1200
Single 26 1500
Tandem 34 1200
Tandem 38 2500
Tandem 42 1500
Tandem 44 1200

Total 10,000




3. (35%)
A flexible pavement for an urban highway is designed to carry 2 million ESALs.
Related information presented as follows:

)

Elastic modulus of asphalt concrete at 20°C (68°F) = 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

Please design a flexible pavement according to the AASHTO's
procedures.

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 (W1g) before pavement
reaches failure?

4. (35%)

A joint plain concrete pavement (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:

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

e Elastic modulus of the concrete = 27.6 GPa (4,000,000 psi)
e Effective modulus of subgrade reaction = 54 kPa/mm (200 pci)
e Initial and terminal serviceability = 4.5 and 2.5

o Reliability level = 85%

e Overall standard deviation = 0.39



e 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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