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Notices

(1) There are 28 question sheets and 8 answer sheets each including a cover sheet.

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

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

(4) Do not disband this booklet. If the sheet has been disbanded accidentally, tell an invigilator and follow his/her instruction.

(5) Mark the specialized subject that you have selected, with a circle in the Selection row in the table given below. The specialized
subject which you mark must be the subject that you registered in the application.

(6) Use an individual answer sheet for each question. If the space is not enough, use the other side of the sheet and write down
“to be continued” on the last line of the sheet.

(7) Retum the question sheets together with the answer sheets.

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

(9) Youmay use the approved ruler and calculator.

(10) Raise your hand when you have any questions.
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Question 1
The simply supported beam shown in Fig. 1-1 is subjected to a moment /=30 kN'm and a load P. Assume the flexural rigidity £/
is constant. Determine P when the deflection at C is zero.
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Question 2
Fig. 2-1 shows the plane stress state of a small element. Determine principal stresses and their directions using a Mohr’s stress circle.
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Question 3

The truss shown in Fig. 3-1 is subjected to two loads of 4P and 2P. Assume A is a pin-support and J is a roller. Answer the following
questions.

(1) Explain that the internal force of member AB is zero.

(2) Determine the internal forces of members CD, CE, and CF.
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Question 4

The beam shown in Fig. 4-1 is subjected to a 150 kN/m uniformly distributed moving load. The length of the distributed load is 30
m. Assume A is a fixed-support, B is an internal hinge, and C is a roller. Answer the following questions.

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

(2) Determine the largest shear force at D.

l 4m | 4m | 10m |

Fig. 4-1
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Question 5

The column shown in Fig. 5-1 is subjected to an axial load of 400 kN. Assume A is a fixed-support and B is a roller. Also, modulus
of elasticity £ = 180 GPa, yield stress oy = 340 MPa, cross-sectional area A = 8x10° mm?®, and moment of inertia /= 18x1 0° mm*.
Determine the factor of safety with respect to buckling.

400 kN

4m
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Question 6
The frame shown in Fig. 6-1 is subjected to a single load (20 kN) and a uniformly distributed load (1 kN/m). Assume A and D are
pin-supports. Also, the flexural rigidity £7is constant. Determine the reactions at supports A and D.
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Question 1

Answer the following questions regarding concrete materials.

(1) Write the hydration reaction equation of CsS in cement and explain the characteristics of the reaction in comparison to those of
CsS.

(2) Explain the hydration reaction properties of ground granulated blast furnace slag and fly ash, specifying the differences between
the two mineral admixtures.

(3) Explain the four moisture states of aggregate.
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Question 2

Answer the following questions regarding fresh concrete.

(1) Explain the slump of concrete.

(2) Explain two typical forms of segregation in fresh concrete.
(3) Explain the plastic shrinkage.
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Question 3
Answer the following questions regarding hardened concrete.
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Question 5
Explain the biological deterioration of concrete in detail using a schematic figure, considering the biological deterioration of
concrete in a sewage treatment facility as an example.
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Question 1

Explain the following technical terms in geotechnical engineering.
(1) Quicksand

(2) Mohr’s failure criterion

(3) Degree of compaction

FHRAE 2
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Question 2
Explain three common collapse mechanisms of river levees caused by floods using schematic figures.
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Question 4

Answer the following questions regarding the consolidation.

(1) Explain the difference between the compaction and consolidation of soil.

(2) Consider a horizontal clay ground (thickness: 2AH=20 m) under a double drainage condition. Uniformly distributed load g =200
KN/m? is applied on the ground surface instantaneously, and then, the load is kept constant. According to Terzaghi’s one-
dimensional consolidation theory, the dlsmbutlon ofthe normahzed excess pore water pressure u/ ¢ changes over time as shown
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Fig. 4-1
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Question 6
Answer the following questions regarding geo-disasters.
(I)  Indicate three countermeasure techniques applied to the reinforcement of embankments and explain their mechanisms.

(2)  Explain three examples of slope disaster mechanisms caused by heavy rainfalls.
(3) Explain a typical geo-disaster especially caused in coastal areas due to trench earthquakes and the countermeasures against

such a disaster.
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Question 5

A wastewater of 10,000 mg COD L is anaerobically treated by a reactor with an effective volume 10 m’. The reactor’s COD
oval potential is 8 kg COD m™ d”, and the reactor is operated at >80% of COD removal efficiency. The methane concentration
roduced biogas is 70%.

3) Find the accepted maximum COD volumetric loading rate [kg COD m™ d™].

° Find the maximum flow rate [m’ d"'].

) Find the maximum COD concentration in the effluent [mg COD L™].

L~ e B T T -V
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Question 6
Answer the following questions regarding a solution of 50 mmol L™ sodium acetate (CH:COONa) at 25°C. The acid dissociation

ennstant for acefic acid K. is 1 7x107 5t 23°C. The dissnciation constant v water K...is 1 0x107 at 25°C_K.,. is exnressed as

£ i aad ]
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Question 7

@pswer the following questions regarding microbial ecology.
In the amplification of 16S rRNA genes of a targeted bacterial group using PCR method on samples from complex microbial
communities such as activated sludge, 16S rRNA genes derived from non-targeted bacterial groups are occasionally amplified.
Explain how to determine the PCR condition for resolving this problem with the reason.

(2) Explain the advantages and disadvantages of the following methods.
(a) “N-stable isotope analysis
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Question 2

Answer the following questions on the water surface profile for steady flow in a uniform width channel. Note that the energy loss is

negligible.

(1) Find the total hydraulic head H and specific energy E when the mean velocity is v, the water depth is /, the channel bed
height is z;,, and the acceleration of gravity is g.

(2) Express the relationship between dh/dx and dz/dx using the Froude number F,.

(3) Draw the water surface profile for subcritical flow in the channel with a small rounded ridge as shown in Fig. 2-1.

(4) Explain the above water surface profile of (3) using the equation derived in (2).

? v
=
Z 4%
[ =
Fig. 2-1
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1) The viscous stress tensor acting on a differential control volume (CV) of water AxAy with unit depth (Az = 1) is defined as

shown in Fig. 3-1. Obtain the viscous stress tennsRer;unit volume, 7, which acts on the CV in the x-direction. (32)
The viscous stresses 0w, 7 are defined using the expansion and contraction rate & and the strain rate . as in Equation (3.1).
Express &, . using x-direction velocity # and y-direction velocity v. Explain the deformation of the CV using
appropriate diagrams.

Oy = 2,Ll€x, Tyx :uyyx

(3) Show that the viscous stress term 7, in the x-directional momentum equation can be expressed in Equation (3.2) by using the
continuity equation for an incompressible fluid.
[T, S
ox’ oy’

(4) In addition to the viscous stress, pressure p acts on the CV. Considering that these forces acting on the CV induce the
accelerating motion of the CV, derive the equation of motion in the x-direction.

Ty
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Question 4
Answer the following questions abopit flow velocity distribution u (z) within the viscous sublayer (Fig. 4-1). Note that p is pressure.
(1) Derive the Navier—Stokes i ireetion; >

/.
(2) Find the velocity distribution u(z) within the viscous sublayer by using thich/%s the velocity on the top surface of the
viscous sublayer (z = z). Also, describe the conditions under which 1(z) becomes a linear distribution.
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Question 5
(1) Explain the averaged velocity profiles for near-wall turbulent flows using all the following words.

[Reynolds stress, viscous stress, logarithmic law, viscous sublayer, wall roughness]
(2) Explain the sub- and super-critical flows using all the following words.
[long wave, hydraulic jump, critical depth, Froude number, water surface profile]
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Question 1

The 12-hour traffic volume of a road was measured five times in the cases of weekday and holiday (see Table 1-1). Using statistical
tests, check whether the 12-hour traffic volume of a weekday is more than that of a holiday, at a significance level o = 0.1. F-
distribution table (upper probability 5%) and t-distribution table are shown in Tables 1-2 and 1-3, respectively.

Table 1-1 Measurement results for the 12-hour traffic volume of a road (unit: vehicles)
Weekday 2029, 2827, 3035, 2444, 2732
Holiday 1837, 1693, 2157, 1981, 2332

Table 1-2 F-distribution table (upper probability 5%)

Degrees of freedom 1 2 3 4 5
1 161.448 199.500 215.707 224.583 230.160
2 18.513 19.000 19.164 19.247 19.296
3 10.128 9.552 9277 9.117 9.014
4 7.709 6.944 6.591 6.388 6.256
5 6.608 5.786 5410 5192 5.050

Table 1-3 t-distribution table

Degrees of fieedom 0=0.1 =005 «=0.025 a=0.01 &=0.005
1 3.078 6314 12.706 31.820 63.657
2 1.886 2.920 4303 6.965 9.925
3 1.638 2353 3.182 4,541 5841
4 1533 2132 2776 3747 4604
5 1476 2015 2.571 3.365 4032
6 1.440 1943 2447 3143 3707
7 1415 1.895 2365 2.998 3499
8 1397 1.860 2306 2.896 3355
9 1383 1833 2262 2801 3250
10 1372 18137 08 " 2764 3.169




Engineering I Engineering
B 4
3 Dt
3)
Table2-1 The trip time and fare
Trip time Fare e 1/15000 for 0= V'=15000
(minute) (PY) =3 for 15000< V
Taxi 10 1500
Bus 25 180
Shuitle bus 20 700 *
—O
0 5000 10000 15000 v

Time value (JPY/hour)

Fig. 2-1 The distribution of time value to the passengers
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Table 4-1 shows the benefit and cost of project A (introduction of local currency) and project B (introduction of MaaS) to revitalize
a mountainous area with a population of app; swer the following questions using discount rate 5% per

period.
(1) Calculate the net benefit of projects A and B.
2) Calculate the cost-benefit ratios of projects A and B.




RiRE 5

PUFOEPIFRERCOWT, ENEhaieE L.
() HEHEIEE

2 PR

(3) HUMREERR

Question 5

Explain the following technical terms.
(1) Statistical test

(2) Utility maximization theory

(3) Central limit theorem

RIRE 6
EEE LD EIER OB L NASE TR £ L OBy VT —F LA — A TIEEN D~V N v T
TF—F DB NTONT, 300 FFREEE TR L.

Question 6

jv‘J_:__ PR LY. S Jﬁnim, | e E’F 2s i1y bfi-“iﬁfﬁﬂtmr&ﬁ-- =y r}h:h‘tlv‘ﬂn"\hnifmimﬁrfa w7 mmanndeawil
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RiRE 7
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Question 7

Discuss the advantages and disadvantages of using a big data containing trip behavior collected from mobile phone's location records
for the 4-step method in transport demand forecasting in about 150 words.
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Notices

(1) There are 3 question sheets and 8 answer sheets each including a cover sheet.

(Examination Time : From 13:30 to 15:30)

(2) This examination booklet consists of only question sheets. Use the other booklet for answers.
(3) Fill your examinee’s number in the specified positions in both booklet covers and each answer sheet.

(4) Do not disband this booklet. If the 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) Whenyou are required to draw a diagram, draw it on the answer sheet.
(8) Raise your hand when you have any questions.
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Question

(1) The demands for the infrastructures are different among various regions depending on factors such as landscape, climate,
historical and economic conditions. Considering this point, discuss the current problems and possible solutions for the
construction and management of infrastructures, in about 300 words.

(2) Describe your ideas on how civil and environmental engineering or civil engineers can contribute to increasing energy security,
in about 200 words.
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