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[Problem 1)

Select the most appropriate term, number, or symbol for (A) to (W) from the table below, and complete the
sentences (1) to (3). Each term, number, and symbol shall be used only once.

(M

@)

©)

Table

acidic, aggregate, alkali-aggregate, alkaline, amorphous, blasting demolition,
calcium hydrogen carbonate, calcium hydroxide, carbon footprint, carbonation,
chemical admixture, clay, coal-fired power plant, concrete sludge, corrosion,
cover thickness, crystalline, diatomite, expansive agent, export, fly ash,
ground granulated blast furnace slag, high-fluidity concrete, high-strength concrete,
illegal dumping, low-shrinkage concrete, magnesium hydroxide, mince demolition,
mineral addition, mixed construction waste, municipal solid waste, neutral,
nuclear power plant, oxidation, polymerization, Portland cement, pozzolanic, quartz,
rebar diameter, recycle, reduce, renovation, retrofitting, reuse, sand,
selective demolition, specially controlled industrial waste, total organic carbon,
water-to-cement ratio, 5, 10, 20, 40, 60, 80, CaCO3, CaO, MgCOs, MgO, Na,COs3,
NaHCOs, Na,O, NaOH

The ratio of construction waste to the total amount of industrial waste for emission is about (A) %, that
for final disposal is about 20%, and that for illegal dumping is about 70%. Given the problems of
natural resource depletion and the tightness of residual capacity at the final disposal site, the
construction industry plays a major role in establishing a resource recycling society, and it is important
to promote the 3Rs. The priority of the 3Rs is (B) for the first place, (C) for the second place, and (D)
for the third place. When they are difficult, heat recovery or appropriate disposal of waste must be
performed. In the demolition of buildings, the (E) was shifted to (F) after the enforcement of the
Construction Recycling Act established in 2000, and the amount of (G), which was difficult for
resource circulation, decreased.

The dome of Pantheon, built in Rome in 126 AD, is made of concrete using cement consisting of lime
and volcanic products. In (H) aqueous solution, SiO, and AlOs, which are (I) and contained in the
volcanic products, cause (J) reaction to form a compound with biding ability. The natural substances
that cause the (J) reaction include rice husk ash and (K), and the industrial byproduct that causes the
(J) reaction is (L) generated in (M). At present, (L) is used as a (N) for concrete, for suppressing thermal
cracking of mass concrete, and for suppressing (O) reaction.

The amount of carbon dioxide emitted throughout the product life cycle is called the (P). In the case of
reinforced concrete buildings, the amount of carbon dioxide emitted is mostly due to the use of
equipment during the operation of the building, but the amount of carbon dioxide emitted during the
production of (Q) is not small, about (R)% of which is generated by calcination of limestone, that is,
the chemical reaction of (S)—(T)+COx. In order to reduce the (P) of reinforced concrete buildings, it
is effective to use cement mixed with (U), to use (V) so as to reduce the cross-sectional area of members,
and to increase (W) so as to prolong the service life of the buildings.

14
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[Problem 2}

Answer the questions from (1) to (6) for the frame, which is subjected to two types of load combinations, as
shown in Figures 1 (a) and (b). The flexural rigidity of each member is EI. Consider only flexural
deformation and neglect shear and axial deformation for each member.

X 2] —x 2] —x
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T T roe T T
A E B 1A E B
/ /
_1€ D] _lc D]
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(a) Load combination #1 (b) Load combination #2
Figure 1

(1) Thebeam AB in Figure 1 is supported and loaded, as shown in Figure 2. Calculate the bending moment
as the function of x (0 <x </), which is the distance of from point A. Also, calculate the slope at point A.

X 2] —x
W=7W0 WZTWO
RN N o
T | s
iy 2
|2 l 2 l |
Figure 2

(2) Thebeam AB in Figure 1 is supported and loaded, as shown in Figure 3. Calculate the bending moment
at point A.
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(3) The column AC in Figure 1 is supported and loaded as shown in Figure 4. Calculate the bending
moment at point C.

C

Figure 4
(4) Calculate the bending moments at points A and E for the beam AB in Figure 1(a).

(5) The frame in Figure 1 is loaded as shown in Figure 5. Calculate the bending moment at point A for

beam AB.
F A B

I3
|

21

Figure 5

(6) Suppose that the frame in Figure 1 is a reinforced concrete structure and its tensile longitudinal
reinforcements are arranged such that the bending moment does not exceed the allowable moment
strength under both load combinations #1 and #2 shown in Figures 1 (a) and (b). Calculate required
sectional areas of tensile longitudinal reinforcements a; at points B and E for the beam AB with 3
significant figures using the conditions below.

®  Allowable moment strength M, = a. f; ]
® Allowable tensile stresses of the longitudinal reinforcement f;

= 200 (N/mm?*) for load combination #1
* 300 (N/mm?®) for load combination #2

Distance between compressive and tensile force resultants j = 7d/8
® [Effective height (the distance from the extreme compression fiber to the centroid of tension
reinforcement) d = 600 (mm)

® 1 ="70.0 (N/mm)
® /=3.00X10° (mm)
® F=wl

17



[Problem 3}

(1) Answer the following questions on the stability and static determinacy of structures.
A) State in one or two sentences the definition of statically determinate structures.
B) Identify all stable structures within the planar trusses shown in Figure 1.
C) Identify all statically indeterminate structures within the planar trusses shown in Figure 1.

A P
el P i A

Figure 1
(2) Answer the following questions regarding the relationship between the load and displacement directions
for the truss structure with two members, as shown in Figure 2(a). Let the length be L, the cross-section
areabe A, and Young’s modulus be E for both members.

dua’x
—
P

X

Do [

A —-
60° *\? "
p

>

-

A) When horizontal load p, isapplied to point A, as shown in Figure 2(b), find axial forces n; and
n, of two members and find horizontal and vertical displacements d, and d,, of pointA.

B) When vertical load p,, is applied to point A, as shown in Figure 2(c), find axial forces n; and
n,of two members and find horizontal and vertical displacements d; and d;, of point A.

(@) (b)
Figure 2

C) Therelationship betweenload p = {gi} applied to point A and the corresponding displacement

- (D
D= { Dx} of point A, as shown in Figure 2 (a), can be expressed by a linear equation. Express
y
Dy and D, using p, and p,,.
D) There are cases when p and D in Figure 2(a) are parallel. In such a case, there exists a scalar
value A suchthat D = EL—A Ap. Identify all sets of such A and the corresponding direction of p.
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[Problem 4)

(1) Answer the following questions about soil liquefaction.
(1-1) Read the following text and choose the most appropriate word(s) for (a) to (e) from the options in the
bracket.

In general, if a mass of loose (a) [sand, clay, gravel] in a (b) [unsaturated, saturated] condition is subjected
to a suddenly applied shear stress from an earthquake or any other dynamic force, the soil tends to (c)
[increase, decrease] in volume. As a result, the pore water is subject to a suddenly applied excess pore water
pressure, and a portion of the weight of overlying material is transferred from (d) [intergranular pressure to
pore water pressure, pore water pressure to intergranular pressure]. Thus, the (e) [total stress, excess pore
water pressure, effective stress] in the soil is reduced. This transfer of pressure causes a sudden decrease in
the shear strength. If it is reduced to a value below the applied shear stress, the mass will fail. This type of
phenomenon is referred to as liquefaction.

(1-2) Describe three examples of building’s damage and the change of the ground condition causing such
damage due to liquefaction.

(2) A soil has an unconfined compression strength of 60 kN/m?. In a triaxial compression test, subjected to
confined stress o5 of 40 kN/m? a specimen of the same soil failed at a deviator stress of 140 kN/m?, as
shown in Figure 2. The soil strength is assumed to be described by the Mohr-Coulomb failure envelope that
describes a linear relationship between the normal stress ¢ and the shear stress 7 at failure as 7 = ¢ +
o tan ¢, where c is the cohesion and ¢ is the angle of shear resistance.

(2-1) Figure 1 shows a Mohr’s circle when the specimen failed at this triaxial compression test. Find the
major principal stress value g; ( in Figure 1).

(2-2) Determine the angle a¢ between the rupture plane and the major principal plane in radian (see Figure
2).

(2-3) Determine the cohesion ¢ in kN/m?.

(2-4) Determine the angle of shear resistance ¢ in radian.
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ATTENTIONS

Do NOT proceed to the following pages until you are told to start the examination.

Four answer sheets and four draft answer sheets will be distributed.
There are four exam problems in total.

The answers to each exam problem should be written on one answer sheet. You may use both sides
of'the sheet if necessary, with checking a mark at the right bottom corer of the front side. If more than
two exam problems are answered on one sheet, they will not be scored.

Write the number of problem which you answer in a designated box on all answer sheets.

Write your examinee's number in a designated box on all answer sheets. Never write down your name
or any indication which suggests your identity anywhere on your answer sheet. In the case of violating
this instruction, none of your answers will be scored.

Submit four answer sheets at the end of this examination. Even if you do not answer, write the problem
number and your examinee's number on the sheet, and submit it with blank answer. None of your
answers will be scored if you do not submit all the four answer sheets.

The question booklet and draft sheets will be collected at the end of this examination. They are not
counted in scoring your answers.
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