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. Question 1

The cantilever beam shown in Fig, 1-1 is subjected to a single load P. Assume A is a fixed-support. Also, the flexural rigidity is £
when the magnitude of bending moment on the cross-section is less than or equal to M, and 1/3EI when it exceeds M. Determine
the deflection v at the point of B as a function of P and draw the relationship between P and vs.
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Question 2

Answer the following questions regarding the moment of inertia. .

(1) The relationship between the moment of inertia about an arbitrary Z-axis I and the moment of inertia about the z-axis passing
through the centroid L is shown as I;=L+)t*4, using the centroid coordinate (v, z0) and the cross-sectional area 4 in YZ plane.
Derive this relationship.

(2) For the rectangular cross-section shown in Fig. 2-1, determine the moments of area and inertia about the Z-axis and use them to

« determine the moment of inertia about the axis passing through the centroid.
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Questlon 3

The beam shown in Fig. 3-1 is subjected to a single load (40 kN) and a uniformly distributed load (10 kN/m). Assume A is a pin-
support, C is an internal hinge, and D and E are rollers. Draw the bending moment and shear force diagrams.
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Question 4
The frame shown in Fig. 4-1 is subjected to a single 1 KN moving load on beam BD. Assume A is a fixed-support. Draw the mﬂuenoe

line curves for the vertical reaction, the shear force, and the bending moment at support A.
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Fig. 4-1
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(1) Explain the differences in strength development and hydration heat generation among ordinary portland cement, high-early-
strength portland cement, and moderate-heat portland cement in relation to the C3S and C>S contents in each portland cement.
" (2) Introduce one typical pozzolan for concrete mineral admixture, and explain the advantages and disadvantages of using it in
concrete. )
(3) Explain the mechanism of air entrainment in concrete when using an air entraining admixture.
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Question 3

Answer the following questions regarding the seepage flow of water in the ground.

(1) Derive the governing equation of three-dimensional seepage flow in the ground using the differential element shown in
Fig. 3-1.

fﬁmﬂw

pipning).
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Question 5

The results of laboratory constant pressure (CP) direct shear test of a sand sample under the dramage condmon showed cohesion cq

=5 kPa and internal friction angle ¢;=40.5°. Answer the following questions. ‘

(1) Caleulate the shear strength of the sand in the direct shear test, when the normal stress is 200 kPa.

(2) The direct shear tests are classified into two types: the CP and constant volume (CV) tests. Illustrate the typical eﬁ"ectlve stress
paths for loose and dense sands under the CP and CV conditions.
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Question 6

Answer the following questions regarding the sediment disasters.

(1) Explain using figures the mechanisms of the typical sediment disasters: (i) slope failure, (ii) debris flow, and (iii) landslide.
(2) Explain three typical structural measures for sediment disaster mitigation.
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Question 1 :
(1) Explain the following technical terms.
(a) mitigation
(b) atmospheric inversion
(c)BOD ‘
(2) Explain the difference of prediction interval and confidence interval for the estimation of an environmental index.
(3) Explain the reason for the difficulty of reduce of nonpoint pollution with an example.
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Question 2
There is a pond with inflow and outﬂow Inflow organic pollutant concentration is 2 mg L. The pond can be divided into two parts

with completely mixed flow, with hydraulic retention times shown in Fig. 2-1. The organic pollutant is decomposed with a first-
order reaction of the concentration for each part The reaction rate coefficients are shown in Fig. 2-1. Derive the outflow concentration

of the pollutant.

Inflow: Q {m?3 d?)
Organic pollutant concentration = 2 (mg L'Y)

Hydraulic retention time = 1 (d)
Reaction rate coefficient = 1 (d)

Hydraulic retention time = 1.5 (d)
Reaction rate coefficient = 0.5 (d?)

" Qutflow: Q (m3d-1)

Fig. 2-1
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Question 5

A wastewater of 500 mg COD L is aerobically treated by a bioreactor with an effective volume of 50 m’ at a hydraulic retention

time of 12 h. The bioreactor is operated at a steady state with the effluent of 50 mg COD L. The specific substmte consumptlon rate
S = i =
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Question 6
Answer the following questions regarding a solution of 0.1 mol L™ ammonium chloride (NH,CI) at 25°C. The base dissociation
constant for ammonia K, is 1.8x107° at 25°C. The dissociation constant for water Ky is 1.0% 10 at 25°C. Ky, is expressed as
follows. ‘ : ' '

| _[NH}][OH)

" [NHg]

(1) Show all the chemical species in the solution excluding HO.
(2) Show the mass balance equation of Cl in the solution.
(3) Show the mass balance equation of nitrogen in the solution.
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Question 7 :
Answer the following questions regarding microbial ecology.
(1) Explain the following terms.

(@) extremophile

a l E;H w‘m\-vhafeurih&r’w ﬂ:’J’Tl‘i“r’W

(2) Explain the rRNA approach using the following eight terms.
[probe, sample, sequencing, database, design, rRNA gene, PCR, FISH]
(3) Explain the stable isotope probing (SIP) method that can analyze the microbial community structure and metabolic function of
microorganisms simultaneously, in about 100 words.
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Question 1

Answer the following questions about an incompressible viscous fluid motion.

(1) The equation of motion in an arbitrary x-direction is given by equation (1.1). Explain the physical meaning of each term.

(2) When the velocity potential of equation (1.2) exists, show the conditions of the flow field and the equation for ¢.

(3) Under the flow condition for question (2), show that viscosity has no effect on the motion of the fluid.

(4) From equation (1.1), derive equation (1.3) in which the total head does not change along the streamwise direction s in a non-
viscous steady flow. :

ou ou Oou Oou_ 10p o'u o' du) - L1
U AV AW E e — g V| bt — (1.1)
o0 ox oy Oz @ pox 0 oy* 0Oz
u=20 .9 ., % (12)
Ox oy 0z :
2 R .
e\, (3
os\2g pg
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Question 2

The time-series trend in the number of electric vehicles owned in Japan is shown i in Table 2-1. The electric vehicle ownership model
is assumed as

Yt =g+ bt + (% .
where, ; is the number of electric vehicles owned in Japan in year #, a and b are model parameters, and e, is the error term. Answer
the following questions.
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Question ‘
After writing your desired research topic in the master’s course, explain the background of the research by summarizing the
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.

accordance with the specified format can be referred in the Essay.
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