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(1) Consider a two-section bar as shown in Fig. 1, in which the left hand side of the bar is clamped, and the

right hand side is subjected to a concentrate load P. The strong form of this problem is given as follows:

GE: i(AE W)y,
dx dx
BCs: u(x=0)=0,
[AE ﬂ =P.
dx =lx=2L
(a) Find the exact solution. (10%)
(b) Determine the finite element solutions using two linear elements with uniform spacing. (10%)

(c) Compare the results of displacement and axial force obtained by the analytical and FEM approaches.
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(2) Derive the equations for the beam element on an elastic foundation, which are Y K A9 = F©  (i=1~4),
j=1
(a) using the principle of minimum potential energy. Here k, is the subgrade spring constant per unit
length. The potential energy of the beam is
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(b) using Galerkin’s method. The basic differential equation for the beam on an elastic foundation is

2 2. (e)
d { dw :]=—q(x)—kfw("’) in 0<x<I, (15%)

4

where the deflection w(x) in the element domain is expressed as w®(x) = ) 4”(x) A, and the generalized
J=1

nodal displacements and forces are defined as
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Fig. 2a A beam element on the elastic foundation
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Fig. 2b The nodal variables of a beam element

(3) If the nodal values of the element shown in Fig. 3 are «, =%, (i=1,2,3), compute #, du/dx and 0u/dy
at point (x, y) =(0.25,0.25) . (20%)

Hint: The linear interpolation functions ¢ (x, y)= —217(05,.(” + B x+y y) (i=1,2,3) and

e

a=x,y,-x,3;, B =y, r,=—(x;-x),(i#j#k;i,jand k permute in a natural order).
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(4) Give some comments on mesh generation and imposition of boundary conditions. (20%)
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Please give a brief description of the following questions (you may define qualitatively the
required parameters if not given and also give the definition if any terminology is used)
(NOTE: No difficult calculation is required!) : (30%)

(a) What are the acceleration-sensitive region, the velocity-sensitive region, and the
displacement-sensitive region on a response spectrum? (make a sketch if necessary)

(b) For ground motion on firm ground, 7, =1/33sec, I, =1/8sec, T, =10sec, and
T = 33 sec, assume any given ¢ and

1 T,<T,
R, =y2u-1 I, <T, <T,
| H T,>T,

How to construct a constant-ductility design spectrum (for z=2,4,and 8) from the
elastic design spectrum ? (make a sketch if necessary)

Please derive the complete solution for at-rest initial conditions of an undamped
single-degree-of-freedom system subjected to a harmonic force. i.e. mi+ ku=Fysinw,t
Note: @, =vk/m . (20%)

Please find the max. displacements (u; and u;) of the system (Fig. 3a) under the earthquake
design-response-spectrum as shown in Fig. 3b. Solve this problem by using the

square-root-of- sum-of-squares rule. (Given m=20Ton and k=100kN/m) (50%)
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1. The methods, such as: planar surface method and friction circle method, do not depend on the
distribution of the effective normal stresses along the failure surface. However,, if the mobilized
strength for a c-¢ soil is to be calculated, the distribution of the effective normal stresses along
the failure surface must be known. The above problem can be solved by discretizing the mass of
failure slope into smaller slices and treating each slice as a unique sliding block. For the soil
slice system, there are 6n-2 unknowns, while only 4n equations are available. The system is
statically indeterminate.

2. In soil mechanics the mathematical solution of stability problem is preceded by the
experimental determination of the values of ¢’ and ¢’ and by subsequent replacement of the real
soil by an ideal plastic material. This replacement involves the assumption that both ¢’ and ¢’
are independent of strain, i.e., the assumption of a simultaneous failure. Whenever a material is
characterized by a stress-strain curve exhibiting a peak, the conditions for simultaneous failure
are likely to be violated, because even in a homogeneous material the strains along a potential
surface of sliding are not likely to be uniform. This is the so-called progressive failure.

3. The results of mathematical investigations concerning the state of plastic equilibrium beneath
continuous footings are not fully satisfactory. Yef the shortcomings are not of serious practical
importance because the accuracy of even approximate solutions is limited by our ability to
evaluate the appropriate physical properties of the soil that enter into the equations, rather than
the defects in the theories themselves. In the approximate methods, it is assumed that the
bearing capacity consists in general of the sum of three components computed separately,
représenting respectively the contributions of :

(1) the cohsion and friction of a weightless material carrying no surcharge.
(2) the friction of a weightless material on addition of a surcharge on the ground surface.

(3) the friction of a material possessing weight and carrying no surcharge.

1 2010-10-26
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1 1050 50 6
2 1250 40 6
3 1160 25 6
4 600 10 6
5 500 5 6

5. A smooth vertical wall 4 m high is pushed against an overconsolidated clay (y = 20 KN/m’, ¢’ =
5 kPa, ¢' = 30°, and average s, = 150 kPa). The water table in the overconsolidated clay is at the
ground surface. The surface of the overconsolidated clay carries a uniform load of 40 kPa.
Using the Rankine theory to calculate the resultant pressure per linear meter against the wall
when the clay behind the wall fails (1) in an undrained condition (10 %-), and (2) in a drained

condition (10 %").

2 2010-10-20
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1. The 9 independent elements of the elastic compliance of an orthotropic material
are:S,, =10"°m* /N ,S,, /8, =13,8,,/8,, =23,8,,/8,, =-04,8,, /5, =6,
S, /S, =-0.5,8/8,,=16,8,,/8,, =20,S8/S,, =16 |
Calculate the strains that result from the following stress state to the orthotropic

material: ¢, = 0,, = 05, =13MPa,o,, =5MPa and o, =12MPa . (20%)

2. (a) Derive the constitutive equation for the standard linear solid shown below:

El .
AW

E,

(b) For the model shown above find the overall o(¢) in terms of E,, E, and

r——’O’,E

n, when a constant strain £ is applied.

(¢) How will the response change as ¢ — (24%)

3. (a) Why is the ideal cohesive strength roughly equal to E/10 while the intrinsic
lattice resistance is 1.33E/z, where E is the Young’s modulus and z is the number
of bonded neighbors per atom? (b) Describe the differences between precipitate
hardening and dispersion hardening. (c) Why does the yield strength increase with

the square root of the inverse of the grain size? (24%)

4. 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 0.5. (20%)

5. Distinguish between high cycle fatigue and low cycle fatigue in terms of
phenomenology and the mechanism controlling each type of fatigue. (12%)
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1. (40%) Please give detailed explanations for the following questions:

(a) Please list four chemical elements which can improve the mechanical properties
of steel and explain what mechanical property each chemical element can
improve.

(b) What are the factors affecting “shear lag effect” in tension member design?
(c) What are the disadvantages of steel as a structural material?

(d) What is “balanced weld” in fillet weld design?

77«

(e) How do we identify “compact section”, “non-compact section” and “slender
element section” for H-shaped steel sections?

2. (10%) Please discuss the factors that could affect the buckling strength of a
real steel column.

3. (15%) In LRFD, limit states of steel structure design are usually categorized
into two groups, “strength limit states” and “serviceability limit states”.
(a) What are “strength limit state” and “serviceability limit state”?
(b) Please give sufficient examples to “strength limit state” and “serviceability limit
state” in steel structure design (at least 3 examples for strength limit states and 2
examples for serviceability limit states).

4. (15%) Please list the limit states needed to be considered for the single-plate
connection shown in the following figure.

Single-Plate Connection
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5. (20%) Consider the following simply-supported beam-column with equal end
moments (M) shown in the following figure.

(1) Please derive the y-direction deflection formula v(x) for this beam-column.

(2) Please derive the moment formula M(x) for this beam-column

(3) Please obtain the theoretical moment magnification factor MAF (or B;) for this

beam-column.

M,

P

Note: Assume linearly-elastic material
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Use the project data in Table 1 to find the following items: (25%)

1.1.
1.2.
1.3.
1.4.
1.5.

Draw an precedence diagram network (activity-on-node)
ES, EF, LS, LF of each activity

TF & FF of each activity

Determine project duration

Identify critical path and activities

Table 1

| Mobilize

2 Set up scaffolding 2 1

3 Construct security barricades 1 2881
4 Strip off old roofing 3 2,3

5 Repair damaged decking 2 4 SS/1
6 Repair damaged cant strip 1 4,5

7 Replace sheetmetal 1 5, SS/1
8 Install felt roofing 1 6,7

9 Hot mop roof 2 8

10 Inspect roofing 1 9

Il Call for inspection 1 10 SF/3
12 Remove scaffolding 2 10

13 Haul off roofing materials 2 6,7

14 Demobilize 1 12 FF/1, 13 FF/1

*Under Predecessors. the following notation is used:

x/#: Activity x must finish # days before this activity can begin.
xSS/#: The # of days after activity x starts that this activity can begin.
xFF/#: This activity cannot finish until # days after x is completed.
xSF/#: This activity must finish # days before x can start.

1/3



2. Aconstruction progress is shown as in Figure 1 and Table 2.

Planned Actual
Progress Progress
Figure 1
Table 2
1000:? ? ? ? . 900? ? 2
2100 ? ? ? ? . 1100?72 7?7
3000 ? 2 2 2 . 3100? ? 2
,,,,,,,,,, 3600 —- —
2000 ? 2 ? ? o 750? ? 7?7
8000 --- e
19700 ? ? ?
?
?
?

2.1. Please fill out the Table 2 to show the project status information of the activities and
the construction project. (15%)

2.2. Explain how this construction performs (5%)

2.3. Estimate the cost at completion of this construction project. (5%)

2/3



3. You, as the project planner, are planning a residential community project consisting of 10
houses. The required activities for completing each house are listed in Table 3.
* All activities should be performed continuously once they are started.
3.1. Develop a linear schedule for this project and determine the project duration(10%)
3.2.  You are going to add an extra crew for each activity to reduce the project duration.

- Which approach would you take to minimize the project duration ? (1) assign an extra
crew to the same house, the duration of each activity is cut in half. (2) assign an extra
crew to work at different house, the duration of each activity is unchanged. (15%) *You
need to show the linear schedules of the both approaches and explain your
reasoning.

Table 3

A 4 --
B 2 A
C 6 A
D 8 B,C
E 2 C
F 4 D, E

4. Please solve the network in Figure 1 by the Brooks method (25%)

B F

3 4

2H, 2M 2H, 2M
A C E H
3 3 1

2H, 2M ™ 2H, 1M 1H, 1M
Available # of resources: D G

4H, 3M

5

2H, 3M 2H, 2™
Figure 2
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