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Question 1
(1) Explain Poisson’s ratio briefly.
(2) When the volume of an isotropic elastic material is constant during its deformation, determine its Poisson’s ratio.

M2
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Question 2
A cantilever beam is subjected to a linearly distributed load (maximum mtens1ty q) as shown in F1g 2-1. Find the deflection and
rotation at B. Assume the flexural rigidity E1 is constant.
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Questlon 3
A structure is subjected to a uniformly distributed load g between B and C, as shown in Fig. 3-1. Draw diagrams of axial force and
shear force. Assume A is a pin and D is a roller.

q

Fig. 3-1
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Questlon 4

Abeam shown in Fig. 4-1 is subjected to a single 500 KN live moving load. Assume A is a fixed-support, B is an internal hinge, and
C is aroller. Answer the following questions.

(1) Determine the position of the moving load at which it causes the largest moment at D.

(2) Determine the largest moment at D.

| 8m | &m | 20m - |

Fig. 4-1
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Question 5

A truss is subjected to two concentrated loads P, as shown in Fig. 5-1. Determine the largest value of the load P without causing
member AG to buckle. Assume that the members of the truss are pin-connected, and they are made of steel (Elastic modulus =200
GPa, Yield stress =250 MPa). Also, the cross-sectional area of the members is 2x10° m? and the moment of inertia is 31077 m*.
Assume A is a pin and D is aroller.

Fig. 5-1
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Question 6

Determine the reactions at the supports A and D for the frame shown in Fig. 6-1. Assume A is a fixed-supportand D isa ro]ler Also,
the flexural rigidity £7 is constant.

10m 20 kN/m

‘ 5m . Sm

Fig. 6-1
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Question 1
(1) Explain the following technical terms.

() limited nutrient

(b) biodiversity

(2) For the regulation in polluted areas due to industrialization, total emission regulation is generally better than concentration
regulation. Explain the reason for it.

~ (3) Explain the principle of the separation of pollutants by gas chromatography.
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Question 2 ,

There is a pond with an inflowing river with organic pollutant concentration of 2 mg L and an outflowing river with organic pollutant
concentration of 1 mg L', This pond has the hydraulic retention time of 1 day. Evaluate the reaction rate coefficient k (d1), assuming
that the organic pollutant is decomposed with a first-order reaction of the concentration in the pond and that the hydraulic condition
of the pond is completely mixed flow. ‘ ' |
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Question 3 ‘

Answer the following questions on drinking water treatment.

(1) Explain the purification mechanism of slow sand filtration in about 50 words.

(2) Explain the reason to use chlorine for disinfection in about 50 words. :

(3) Derive the relational expression between settling velocity of particles and surface loading rate in the ideal sedimentation tank.
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Question 4 :

Answer the following questions on sewerage and sewage treatment.

(1) Explain the disadvantage of combined sewerage in about 50 words.

(2) When SVI (Sludge Volume Index) of activated sludge becomes high, explain its influence on the treatment in about 25 words.
(3) Explain the mechanism of biological phosphorus removal in the sewage treatment process in about 100 words.
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Question 5 ‘

A wastewater of 5,000 mg COD L is anaerobically treated by a bioreactor having an effective volume of 100 m® at a flow rate of
200 m? d"!. The effluent concentration is 500 mg COD L. The methane concentration of produced biogas is 70%. Answer the
following questions.

(1) Find the hydraulic retention time [d]

(2) Find the COD volumetric loading rate [kg COD m™ d].

(3) Find the COD removal efficiency [%o].

(4) Find the COD removal rate [kg COD m* d"].

(5) Write the equivalent COD of methane [Nm® CH, kg COD].

(6) Estimate the biogas production per day [Nm’ d"].
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Question 6

The acid dissociation constant for formic acid is expressed as follows.

« [I]iHcoo] |
8 [HCOOH]

The acid dissociation constant for formic acid K, is 1.8x10™* at 25°C.

The dissociation constant for water Ky is 1.0x107™ at 25°C.

Answer the following questions related to a solution of 200 mmol L™ formic acid at 25°C.
(1) Show all the chemical species in the solution excluding H0.
(2) Show the mass balance equation of formic acid in the solution.
(3) Show the charge balance equation in the solution. '
(4) Derive the cubic equation for [H'].

10
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Question 7 ,
Answer the following questions on microbial ecology.
(1) Explain the following technical terms.
(a) nitrifying bacteria
(b) denitrifying bacteria
" (c) Three-domain system _
(2) Explain the principle of SYBR green method in real-time quantitative PCR, in about 75 words.
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Question 1
- Answer the following questlons about incompressible viscous fluids.

(1) The equation of motion in any x-direction is expressed as Eq. (1-1). Find Fi, Fy, and Fy; as functions of p, v, g, u, v, w, and p.
In this equation, pis density, vis kinematic viscosity, g is acceleration of gravity, u, v, w are flow velocity components in the x,
¥, z directions, respectively, and p is pressure. ' ‘

(2) Write the condition of the flow field, when the Velocmes u, v, and w have a velocity potential ¢.

(3) Derive Eq. (1-2) when the flow is steady for the above condition (2).

oF, ‘ ’
apu aF ‘ X + aEvz =0 (1-1)
ot 6x oy 0Oz

V2 p
—Yh=constant, V’=u’+0*+w’, h="-+z (12
2g . | P8
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Question 2

A drainpipe with length & and cross-sectional area a is installed to a water tank with cross-sectional areaA (Fig. 2-1). Answer the
followmg questions. '

¢ Fmd the flow rate through the drainpipe from the tank with water depth /2 when the energy loss is negligible.

2 Fmd the pressure distribution along the vertical axis y from the outlet of the drainpipe to the water surface.

(3) Find the elapsed time  to reach the water depth / from initial water depth /o in the tank.

4 ¥

Fig. 2-1
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Question 3 ‘ :

Water flows in a long and straight circular pipe with an inner diameter ¢ and a friction coefficient /. The water density and
kinematic viscosity are p and v, respectively. Given acceleration of gravity is g , answer the following questions.

(1) When the energy gradient is 7, find the cross-sectional average velocity U .

(2) Find the relation between the energy gradient 7 and the shear stress on the inner wall of the pipe 7, .

14
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Question 4

Write the normal depths and the critical depth, and draw the water surface profiles with their designated proﬁle names in the open
channel shown in Fig. 4-1. In addition, plot the trace directions of surface profiles by arrows. The channels with slopes (l, AN )
are all sufficiently long and the gate opening is less than the critical depth.

Sluice gate

h

(i,>1)

i, : critical slope

Fig 4-1
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~ Question 5
(1) Explain the velocity distribution for turbulent flows in the wall region using all the following terms:

“viscous sublayer”, “hydraulically smooth wall”, “hydraulically rough wall”, “equivalent roughness” “Reynolds stress”,
“logarithmic distribution”

(2) Explain a visualization method of flows using all the following terms:
“streamline”, “pathline”, “streakline”, “unsteady flow”, “steady flow”, “tracer particles”.

16
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Notices

(1) There are 3 question sheets and 9 answer sheets including a front sheet.

(2) This examination booklet consists of only question sheets. Use other sheets for answers.

(3) Fill your examinee’s number in the specified positions in the both booklet covers and each answer sheet.

(4) Do not disband this booklet. Ifthe sheet has been disbanded accidentally, tell an invigilator and follow his’her instruction.
(5) Answer all the questions. \ ‘

(6)- Return the question sheets together with the answer sheets.

(7) When you are required to draw a diagrarri, draw it on the answer sheet.

(8) Youmay use the approved ruler and calculator.

(9) Raise your hand when you have any questions.
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Question

(1) The social needs for the infrastructures are different in countries or regions, depending on the locational condltlons Choose a
specific country or region, and discuss the requirements and backgrounds of the construction and management of infrastructures
in your chosen country or region, in about 300 words.

* (2) The civil and environmental engineering is closely related to the global warming issues. Describe your idea with two examples

of how the civil and environmental engineering can solve the problems related to the global warming, in about 15 0 words for

each example (3 00 words in total).
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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
objectives, methodologies, results and problems of previous studies, in about 800 words. The list of references prepared in

accordance with the specified format can be referred in this essay.



