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458 1 /Field 1 (Structures‘ / Design)

Question 1 , .

~ Fig. 1.1 shows a cantilever beam subjected to a point load P. The beam is made of a linear elastic
- material with the Young's modulus E, and has the sectional area A = 2h X b. w is the bending
induced downward displacemenf of the beam. Answer all the following questions assuming that the
deformations arc infinitesimally small, and the Euler-Bernoulli beam theory (i.e., simple beam theory)
is valid for this beam. '

. (1) Consider the bending induced deformation of the beam segment of infinitesimal length dx shown
in Fig. 1.2(b). The radius of curvature of the neutral plane of the deformed beam segment is R.
Obtain expressions for the axial strain, €, and stress, o, of a fiber located y distance from the
neutral plane when the ends are subjected to a moment M.

(2) Obtain an expression for the bending induced elastic energy, H = % fv oe dV, of the beam in

terms of [, E and R, where V is the volume of the beam, [ is the second moment of the area,

1 d?w
and = = ..
R dx?

(3) For the cantilever beam shown in Fig. 1.1, w can be approximated as w = ax3 + fx2, where a
and f are constants. Let AH = H — W, where H'is the elastic energy stored in the system and
W is the work done by fh_e force P. W = Pw(L), where w(L) is the displacementat x = L. Find

a and B by minimizing AH with respectto a and f (i.e., by setting ?—: = 0 and ?—BHE 0).

(4) In addition to bending moments, shear forces also contribute to the deformation of beams. The
shear induced downward displacement u (see Fig. 1.2(c)) of a beam can be approximately
. b

estimated using the differential equation & Z—: = where ¢ =

E__ is the shear modulus and
2(1+v}) .

v is the Poisson’s ratio.

a) Find the shear induced deformation, u, of the beam shown in Fig. 1.1 as a finction of x.
b) Prove that the shear induced deformation of the cantilever beam shown in Fig. 1.1 is negligibly
small compared to bending induced deformation (i.e., u < w).

(5) Consider that the left end of the beam is -connected toa linéar rotational spring of stiffness k as
shown in Fig. 1.3. The geometric and material properties of the beam are identical to those of the
beam shown in Fig. 1.1. Ignore any shear induced deformations. '



a) Write an expression forthe AH' = H' — W’ ofthe new system, where H' is the elastic energy
stored in the new system and W' is the new work done by force P. ‘

b} Propose a suitable polynomial to approximate the new downward deformation, w’, of the
beam, Brieﬂy explain the reasons for your choice of the approximation.

c) Find the unknown coefficients of the polynomial you proposed.

cantilever beam: F¥FH¥E, Young's modulus: ¥ 7%, infinitesimally small: #&FR/]>, Euler-Bernoulli beam
theory: SR A A 7 —RHES, radivs of curvature: BiZR¥E, neutral plane: H3ZMH, elastic energy:
MM RV —,  second moment of area: Wi —VRE— A b, downward displacement: T 752547,
rotational spring: [E#5/5R, polynomial: X85, shear modulus: ¥ AWTiEiHsR
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= E‘ﬁ x | d z“A‘T\ﬁ =
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: | b
(a) A rectangular cantilever beam : (b) Cross-section

Figure 1.1: A rectangular beam with cross sectional dimensions 2k X b, and length L.

A fiber at y distance
from the neutral plane /

o X
dx : .
(2) Undeformed shape (b) Deformed shape under a (c) Deformed shape under a
bending moment M shear force P -

Figure 1.2: Undeformed and deformed shapes of an infinitesimal beam segment of length dx
when subjected to a bending moment M and shear force P.

. y /Rotational spring
- |
iy P

L
Figure 1.3: A beam connected to a rotational spring.

Y



43BF 1 /Field 1: (Structures / Design)

Question 2

Fig. 2.1(a) shows a newly developed hysteretic damper utilized to suppress the vibration of a single-
degree-of-freedom system. The éystem is éubjectcd to a sinusoidal load P(?) that induces the steady-
state vibration, The load is defined as Eq. 2.1. :

P(t)= Posin(wi) @D

Here, P is a constant and w is the angular frequency. & and m are the stiffness and mass of the

system in which the damper is installed. Let # denote time. The displacement of the mass is x(0). Fig.
2.1(b) shows the forces acting on the mass including the elastic resistance force Fs, the damping force
Fp, and P(f). For this damper, the relationship between the damping force Fp and the displaceinent X
under steady-state conditions is shown in Fig. 2.2, Starting from the origin 0, the cycle continues to
peint 1, point 2, point 0, point 3, point 4, and finally returns to the origin. This relationship can be
mathematically described as Eq. 2.2. '

Fp = nklzlsgn (2) 2

Here, the parameter 77 is a property of the 'dax:npcr assignable by the designer and sgn (%) is defined

as Eq. 2.3.
' -1 forz<0
sgn(z)=< 0 forz=0 - . 2.3
1 for >0

In dynamics, damping is usually represented by viscous damping, which is the simplest form of
damping since the governing differential equation of motion is linear. Assuming this hysteretic damper
~ could be approximated by an equivalent viscous damper, answer the following questions.

. (1) The damper dissipates the vibration energy Ep, which can be calculated by the work done by the

damping force, i.e., Ep= / Fpdz . Letxo denote the maximum displacement of the mass. Obtain

the energy dissipation by the hysteretic damper during one cycle of the motion.

(2) The most common method for defining equivalent viscous damping is to equate the energy
dissipated in a vibration cycle of the actual system and an equivalent viscous system. Derive an
equation expressing the equivalent viscous damping cqefﬁéient for the hysteretic. damper, as a
function of #, Po, x, k, m, or other basic parameters identified above.

(3) The displacement of the system is X if it is loaded statically with constant load Py Obtain the



value of 7 ncécssary for the damper to limit the peak steady-state displacement of the system to
three times X when subjected to P(?). . .
(4) The behavior of hysteretic damping models given by Eq. 2.2 is considered to be closer to that of
real structures than viscous damping models, while viscous damping models are more convenient
and simplified for dynamic analysis. '
a) Compare the two damping models’ energy dissipation performances from a frequency
dependence perspective. |

b) The viscous damping property of a real structural system could be estimated from its dynamic
response obtained from a forced vibration test. Discuss how to obtain the optimal viscous
damping coefficient from the test. | ‘

k et |
AW R <
— |

m > P() F | m > P@
- e .

hysteretic damper ( ) ) No friction . (_ ) ( ) .
777777777 . TITTT7777777
(a) basic components ‘ (b) forces acting on the mass

Figure 2.1 A single-degree-of-freedom system with a hysteretic damper

Fp

Figure 2.2 Relationship between damping force and displacement under steady-state conditions

hysteretic damper: JBHER! Z -3, suppress vibration: IRENVE i35, sinusoidal load: IESXHETE, steady-
state vibration: HE#IREY, angular frequency: FIEEIEK, viscousdamper: ¥5MEF L 2%,  governing equation:
KBS, energy dissipation: =RV F—ifk, equivalent viscous damping: SAIFEHEE, frequency
dependence: IREMXIKTE, forced vibration: FRHIIRE)



| 787 2/F feld 2: (Concrete Engineering / Geo.techm'cal Engineering)

'Question 1

(1) Answer the fo!lowing'questions.

,a)

by

In general, the compressive strength of concrete increases as water-to-cement ratio decreases.
Explain the reasons based on the microscopic mechanisms in about 3 lines in English or 2 lines
in Japanese. ,

Moderate heat Portland cement is often utilized for concrete with low water-to-cement ratio.
Explain the reasons based on the clinker composition and chemical reactions in about 4 lines

in English or 3 lines in Japanese.

Considering the properties of fresh concrete, explain the advantage and disadvantage of

increasing the maximum size of coarse aggregate in one line, respectively. ‘

Explain what strain hardening of reinforcing steel bars is in one line. Then, explain why strain

hardening of reinforcing steel bars is important in the load-bearing performance of steel-

reinforced concrete (RC) members in about 4 lines in English or 3 lines in Japaﬁese.

Consider an RC slab used in a road structure in a cold region. . |

- Give an example of combined deterioration caused by two deterioration mechanisms that
may occur in the RC slab. | |

- Discuss mutual interactions between those deterioration mechanisms.

- Then, propose countermeasures to effectively prevent the combined deterioration from the
viewpoints of design and maintenance, resp;ctively.

Answer-in about 7 lines in English or 5 lines in Japanese in total. .

(2) Consider the section of an RC member with properties given in Fig. 1.1, which is ‘subjeci:ed to

only a flexural moment as an external mechanical load. Answer the following questions. Do not

use safety factors.

a)

b.)

When compreséive strength of concrete £ is 25 N/mm?, calculate both the position of the .
neutral axis and the ﬁltimate-ﬂexural capacity (moment) at failure. Show the calculation process
when answering the question. , ‘

Calculate the range of the compressive strength of concrete £°; which causes yields of both the

 tensile and compressive reinforcing steel bars when the flexural moment reaches the ultimate

flexural capacity. ‘ ,

Consider the case where steel corrosion occurs in the RC member. In generall’ when steel
corrosion causes the cross-sectional losses of reinforcing steel bars, the ultimate flexural
capacity is often smaller than the one which is calculated simply using the reduced cross-
sectional area. Explain the reasons in about 4 lines in English or 3 lines in Japanese.



e @ 70 mm
® indicates reinforcing steel bar
Total cross-sectional area of compressive reinforcements: 4 ;= 2,000 mm?
‘5 g  Total cross-sectional area of tensile reinforcements: 4, = 4,000 mm?
b g Compressive yield strength of reinforcement: /7, = 350 N/mm?
& & Tensile yield strength of reinforcement: Jy =350 N/mm?
Elastic modulus of reinforcement: E, = 200,000 N/mm?
Ultimate compressive failure strain of concrete: g°, = 0.0035
eeeOe |
N _\SO num

Figure 1.1: Cross section of RC member and material properties

Compressive strength: JEHEIRE, Water-to-cement ratio: 7K A 1 b bk, Moderate heat Portland cement: = #4
RN b Z 2 FE A b, Clinker composition: 2 U > 77 —4#%5, Chemical reaction: {b22 i, Maximum size of
coarse aggregate: fHE #1115, Fresh concrete: 7 L' /= 2% V) — b, Strain hardening: U A8 1L,
Reinforcing steel bars (Reinforcements): #f55#%%7, Load-bearing performance: ffif %7 ¥4 #E, Steel-reinforced
concrete member: k% =27 U — L¥BAT, Slab: FRRK, Cold Region: ZE¥Hi, Combined deterioration: &4
{k, Mutual interactions: fHE{EA, Design: % 5t, Maintenance: #EFFE B, Flexural moment; I E— A > K,
External méchanical force: $+77, Neutral axis: M 3Lilll, Ultimate flexural capacity: liiJTit 77, Service: {3, Steel
Corroéion: #:5 IE &, Cross-sectional loss: WfiE K18, Coﬁgressive reinforcements: [ fi§10] 8% §5, Tensile
reinforcements: 3| 3E{AIEAF, Yield strength: FEIRBREE, Elastic modulus: B{EEREL, Ultimate compressive failure

strain: [EARRE O,



57 EF 2/Field 2: (Concrete Engine_ering / Geotechnical Engineering)

Question 2
(1) Consider the consolidation process illustrated in Fig. 2.1. The soil contained in the tank, of which
the bottom is connected to the adjacent pipe, is successively subjected to the following hydraulic
conditions from (1) to (V): |
(I) At the initial state, the water level of the soil tank is at its surface, and that of the adjacent pipe
is also at the same heiglhit. |
(II) The water levels of the soil tank and the adjacent pipe drops by # meters. Note that the soil
above the water level is partially saturated.
(IIT) Subsequently, the water level of the adjacent pipe is recovered, but the water level of the soil
tank is kept.
(IV) An impermeable sheet with negligible thickness and stiffness is inserted at the depth of
meters from the surface of the soil tank.
(V) Subsequently, the water level of the adjacent pipe drops by (% + D*3/4) meters.

Answer the following questions a) and b), assuming one-dimensional consolidation. .

a) Express the total stress and pore water pressure at point P for each of the above states from (I) \
to (V), using 4, D, yat (the unit weight of saturated soil), 71 (the wet unit weight of partially
saturated soil) and # (the unit weight of water)..

b) Calculate the void ratios at point P for each of the above states from (I) to (V), using the values

' in Table 2.1. Draw the relationship between effective stress and void ratio.
(2) When conducting a laboratory test on soil, we should consider ground conditions and situations
during construction. Answer the following questions a), b) and c) regarding the following two cases

(I} and (II) on/in ground consisting of a normally consolidated soil, as 1llustrated in Fig. 2.2.
(I} Point A beneath the foundation subjected to a load '
(1) Point B in the backfill ground of underwater excavation

a) What kind of laboratory test is suitable for conservative (safe side) design considering lower
strength for each of the constructions (I) and (II), respectively?

b) Explain the reasons for each of the suitable laboratory tests answered in the questlon a) in
about 7 lines in English or 5 lines in Japanese, respectively.

¢) Raise effective countermeasures or construction methods for each of the constructions (I) and
(ID), respectively.



Hydranlic condition: BTG4, Saturated soil: #8Fn+, Partially saturated soil: F#afnt, Impermeable
sheet: A3%7K 3 — b, One-dimensional consolidation: — ¥k JEFE, Total stress: 2/ 71, Pore water pressure: i
BRZKFE, Unit weight: B{7 {7 &, Effective stress: B %hIE 71, Void ratio: FIfREE, Compression index: [E#E
¥ %, Swelling index: I #5 %, Consolidation yield stress: /£ 45 BE{R S 71, Laboratory test: 2 P A 5R,
Conservative (safe side) design: Z2MIDF% 5, Backfill ground: ¥ EHAE, Underwater excavation: 7K PIEHY,
Failure plane: fi¢#E@ (3§ Y M), Sheetpile: &iK

Soil tank Pipe

7 |
Permeable

Partially saturated |

i

Water leak for keeping water level J
| LA NG ]

Partially saturated

(I} *Initial state an {11
| ble shect s she
('Pﬁﬂf:s «§21?f?nu§s are negligible) 7 Impermeablesheet
Partially soturated | |p - Partiotly sawrated | |y
D2
—_> b
D/4I
- ‘[ ]
A
|
' av) W)
Figure 2.1: Hydraulic conditions of the tank
. Table 2.1: Values for calculating the consolidation
Y car: the unit weight of saturated soil 20.0 KN/m® | |ey: the initial void ratio 1.0 s Properties at the
¥¢ the wet unit weight of partially saturated soil |16.0 kN/m® | |peo: the initial consolidation yield stress|90,0 kpa | initial state (I)
C . the compression index 1.0 J|h ‘ - 30m Specifications of
C,: the sweiling index 0.2 D 10.0 m the soil tank
¥ the unit weight of water 10.0 KN/m®
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Figure 2.2: Cases (I) a'nd‘(II) on/in ground consisting of a normally consolidated soil



5785 3/Field 3: (Hydrospheric engineering)

Question 1

Let us consider a 2-dimensional steady flow over a weir of height h,, as shown in Figure 1. The x-
axis is horizontal and the z-axis is vertical in the figure. The flow is directed in the positive x-direction.
The water depth is 7 + h,, at the upstream section (Section I), while it is h, at the downstream
section (Section II). Answer the following questions. '

X
>

Section 11
hz i

Figure 1: 2-dimensional steady flow over a weir.

(1) The flow discharge per unit width over the weir, g, is given by the following equation under certain
assumptions:

q = hy2g(hy — B) with kg = A, +%, [1.1]

where g is gravitational acceleration, V; is the flow velocity at the Section I, hy is the
upstream water head, and h is the flow depth on the weir crest as illustrated in Figure 1.
" Derive Equation [1.1] while clarifying the underlying assumptions.

(2) The flow transits from subcritical to supercritical flow while passing the weir crest. Therefore, the
flow state on the weir crest cannot be determined from either upstream or downstream conditions.

It is known that, in such situations, the flow depth at the transitional section can be given as follows:
2
h= §ho: [1.2]

which leads Equation [1.1] to a well-known form of the overflow discharge formula:

2 ‘2 '
_ 2|5 .3
q - 3 3gh0' [1'3]

a) Explain the above underlined sentence; why cannot it be determined?
b) Describe the theoretical basis of Equation [1.2].



It is more convenient and practical to express the discharge formula in terms of the upstream water
level /n which is directly measurable. Therefore, we often approximate Equation [1.3] as follows:

2 |2
=_ |Zgh3
q 3 39{11) \ [1'4]

a) Explain a condition of h; under which this approximation works well.
b) Estimate the percentage error in g associated with this approximation when h, = h,,.

(4) The accuracy of the discharge formula above is restricted by the assumptio’ﬁs on which EQuation
[1.1] is based. Therefore, in practice, we need to introduce the discharge coefficient, ¢4, into

2 2
a=5c ’gghi’: K | [1.5]

Laboratory tests have been conducted by many researchers to determine ¢; for weirs of different

Equation [1.4] as follows:

geometries. One of the most restrictive assumptions is that the water pressure on the weir crest is

hydrostatic.

a) Demonstrate that the pressure distribution on the weir crest generally differs from the
hydrostatic one using Euler’s equations of motion.
b) Discuss how the effect of the non-hydrostatic pressure on ¢, varies with the weir shape.

i

(5) The design of a weir requires evaluating the horizontal forces generated by the flow.

a) ‘Express the total horizontal force per unit width using p, g, h,, Ay and h, when ¢4 =1,
where p is density of water. You may neglect tangential forces on the weir surface.
b) Discuss the validity of the approximation of neglecting the tangential forces.

steady flow: EM T, weir #E, crest: KM, flow discharge: Fi&, subcritical flow: %K,
supercritical flow: ¥ %%, transitional: B ¥+ %, overflow discharge formula: A=,
hydrostatic: E7KIREED, non-hydrostatic: FEFRACKIED, Euler’s equatlons of motion : 73‘4’ 4
—DBENSFTRI, tangential force : T D FADH



5787 3/Field 3: (Hydrospheric engineering)

Question 2
Read the following description about the velocity profile of an open channel flow and answer all the
following questions. You may define variables and parameters if necessary. Show processes that led

to your solution.

Figure 2: 2-dimensional open channel flow.

Let’s discuss the velocity profile of a 2-dimensional steady and uniform open channel flow with the
depth h and the gradient 6 as a model of a river (see Figure 2). The 2-dimensional NaVIer-Stokes
equation can be written as:

6u+ au+ ou ; 16P+,u 62u+62
ot T “ox ”ay_ p Ox dx? * dy?)’

where u is velocity in x-direction, v is velocity in y-direction, g is gravitational acceleration,

[2.1]

I =sin8 is slope of the riverbed, p is density of water, P is pressute, u is viscosity coefficient, x
is axis along the river, y is the distance from the riverbed, and ¢ is time.

Equation [2.1] includes the contribution of molecular viscosity stress (1). When Reynolds number is
small and a laminar flow can be assumed, the velocity profile can be obtained by solving Equation

[2.1] (2. However, to consider a realistic river flow, it is necessary to include the effect of turbulence.
The variables in [2.1] are decomposed into ensemble means (i, 7, P) and fluctuations (u’, v’, P"):

| u=ti+u,v=o+v,P=P+P, [2.2]
Then, the 2-dimensional Reynolds equation can be written as:

— U+ T =gl —=— — 2.
+U—+7 I += ax2+6y ox v oy [2.3]

ot _dm _ou 18P ufd?w o2\ [ou® ouv
ot Ox dy pox



Equation [2.3] includes the contribution of turbulence. Although the ensemble means of the fluctuating
components of velocity are zero (e.g.. u' = 0), the fluctuating components affect the mean flow

velocity, @ and 7.3 In the model of a realistic river flow, the molecular viscosity term in [2.3] can

be neglected except for the thin viscous sublayer. @) In this case, Equation [2.3] can be solved for the

- steady and uniform flow by applying the mixing length model to parameterize Reynolds stress:
' di| du

dy dy
where [ is mixing length, k is Karman coefficient,

—pu'v’ = pl? I =xy, | c [2.4]

The velocity profile obtained in this way can be empirically applied in all depths except for the viscous
sublayer. This velocity profile can explain that the existing empirical eguatiohs of degth—averaged
velocity such as the Chézy equation shown in [2.5] are reasonable apprommatlon ©)

U = CVRI, [2.5]
where U is depth-averaged velocity, € is Chézy coefficient, and R is hydraulic radius. -The
consideration of turbulence is extremely important to .accurately estimate velocity profile and
discharge.

Turbulence also plays an important role in sediment transport in river basins. ¢s) Furthermore.

turbulence in boundary layers substantially affects global water cycles. (n Thus, it is necessary to

consider turbulent flows to estimate basin-scale water budgets. Therefore, modeling turbulence is
extremely important for integrated water resources management.

(1) a) Which term in Equation [2.1] indicates the contribution of molecular viscosity stress?

b) In some fluids, molecular viscosity stress does not. follow the answer of la). Discuss what

characteristic of a fluid is necessary to formulate the contribution of molecular viscosity stress as the
*answer of 1a). |

¢) Provide an example of fluids whose contributions of molecular viscosity stress cannot be formulated

as the answer of la).
(2) Solve Equation [2.1] for the steady and uniform flow and derive velocity profile u(y). As
boundary conditions, use non-slip condition at the bed (y = 0) and assume no molecular viscosity

stress at the water surface (y = h).

(3) Using Equations [2.1] and [2.2], derive Equation [2.3]. Discuss why the ﬁuctuatlng components
of velocity affect the mean flow velocity, ¥ and v.

(4) Discuss what affects the existence and thickness of the viscous sublayer in a river.



(5) a) Solve Equation [2.3] for the steady and uniform flow and derive velocity profile #(y) by
neglecting molecular viscosity stress and parameterizing Reynolds stress by Equation [2.4]. As the
boundary condition, assume no Reynolds siress at the water surface (v = h). You may also assume
y L h. ‘ _

b) By deriving the depth-averaged velocity from your answer of 5a), discuss the relationship between

your answer of 5a) and the Chézy equation [2.5]. ' .

(6) Discuss why turbulence in boundary layers is important for sediment transport in river basins,
Answer in 1-2 lines.

(7) Discuss why turbulence in boundary layers is important for global water cycles, Answer in 3-5
lines.

{

velocity profile: #iEi#57R, steady and uniform open channel flow: TE& 72 Bk R,
Navier-Stokes equation: 7' & h—2 X FRBX, viscosity coefficient: FhtE{REKL,

riverbed: {AIFR, molecular viscosity stress: 4> F#5ME/~77, Reynolds number: LA / VXK,
laminar flow: f&#iE, turbulence: ELFE, ensemble means: 7 ¥ L 7 LYy, _
fluctuations: BERLSY, Reynolds equation: Vo / VW XHER, viscous sublayer: ¥5MEEE,
mixing length model: JRAEEREE T /1, Reynolds stress: LA / VA7,

mixing length: JR&BEBE, Karman coefficient: /v~ > 4,

depth-averaged velocity: 7KEEFFHIHEE, Chézy equation: 3= P— D,

hydraulic radius: ¥, sediment transport: #EFEEAE, boundary layers: BERE,

water budgets: 7K{¥X, non-slip condition: / >RV » 75/



5787 4 / Field 4 (Transportation / Spatial information engineering):

Question 1

Answer the folloWing questions.

‘_(1) Draw a triangular fundamental diagram of traffic flow with traffic density k [veh/km] as the
horizontal axis and traffic flow g [veh/h] as the vertical axis according to the following
conditions:

® The wave speed in uncongested traffic is 60 [krh/h].
® The wave speed in congested traffic is —20 [km/h].
® The maximum throughput is 2,400 [veh/h].

(2) Consider an activity combination that maximizes the sum of utilities of the activities conducted
during the time constraint. Find all the combination of activities maximizing the sum of utilities
using a search tree and the branch-and-bound method, and show the calculation process; The utility
and consumed time for each candidate activity are shown in Table 1.1. The total consumed time
should not exceed 9 hours.. '

Table 1.1.: Candidate activities

. Activity Utility | Consumed time [h]

A | Shopping for luxury 5 3
"B | Shopping for daily use 3 2
C | Exercise 10 &
D | Meeting people | 4
E | Watching a movie 8 5

(3) Suppose a major landslide severely damages the railroad network between the business district and
the commuter suburb in a regional metropolitan area as shown in Fig. 1.1, There is no rail network
to bypass the damaged section. To reach the business district, the residents in the commuter suburb

.must travel on the roads that havé already been restored. Since road congestion would be severe if

+ all commuters use their cars, the railroad operator and the local government cooperate to operate a

free temporary bus service for railroad users. Obviously, the temporary bus service will help the
- residents who do not own cats. | |

Landslide damage

Raj
Business Iroaq

district Commuter
suburb

Road

Figure 1.1.: Connection between the business district and the commuter suburb



a) Raise two measures that can be édopted to promote the use of temporary buses, and explain
their strengths and weaknesses, in about 4 lines in English or 3 lines in Japanese for each
measure. _

b) Raise traffic management measures to reduce congestion other than the free temﬁorary bus
service, and’explain their strengths and weaknesses, in about 4 lines in English or 3 lines in

Japanese.’

Traffic density: Z5@BEEE, Traffic flow: ZTEHEER, Uncongested traffic: FERHFIE, Congested traffic: BEjlEy,
Maximum throughput: KAV —7 2 b, _

Time constraint: P&, Combination of activities: FEH DUl I A 14 , Search tree: £ AR, Branch-and-
bound method: 434ERRE I, Utility: %08, Time consumed: 743 KRR, ‘

Landslide: b, Business district: #3H#, Commuter suburb: ~X > K% ©7 ./, Regional metropolitan areas:
1 5#B B8, Road congestion: i ##43#, Free temporary bus service: 5} DEIF/S 2 H— %



57 8% 4/ Field 4 (Transportation / Spatial information engineering):

Question 2

(1) Answer the following questions about spatial information technologies.
a) Explain the principle of single point positioning GPS considering the contents of sateilite
messages and processing of receiver, each in about six lines in English or five lines in Japanese. |
b) The web map tile technology becomes so popular due to-smooth operability. Explain the most
advantageous point of the map tile system for web map service providers in about six lines in
English or five lines in Japanese.

@) Consider the conversion of annual raw GPS data of millions of people to indivjdual trip data for
easier querying. Explain main steps involved and their processing algorithms in about 12 lines in
English or 10 lines in Japanese in total. ‘

(3) Recently efnergénce of deep learning enables us to have high accuracy of ‘objecf recognition with
. training data. Draw the network diagram and calculate the number of paramieters required for deep
learning using a CNN (Convolutional Neural Network) to make a binary decision (for example,
given image contains urban area or not) from three RGB channels when the input image is 512x
512 pixels. The CNN settings shall be as follows. '
.a) Three convolutional layers
Filter size: 5X5 ‘
The number of filters: 64, 138 and 256 with three layers
Stride: one pixel '
Padding type: zero paddingﬁ _
b) Three pooling layers
Filter size: 2X2
The number of filters: three layers after convolutional layers each
~ Type: inax pooling '
Stride: two pixels
Padding type: zero padding
c¢) Dense layer
Hidden layer of 256 neurons

Single point positioning: BEJAMME, Satellite message: #E{S, Map tile technology: - Hi[H & 1 /LT, Raw
GPS data: ERRET D £ D GPS ¥ —#, Convolutional Neural Networks: BiAr=a—F Ry hT—7,
Pooling layer: 7— Y 2§, Dense layer: EHEE



5 BF ',SI/Fiéld‘ 5: (Urban / Landscape)

Question 1
(1) Fig. 1.1. shows a railroad plan of Tokyo at around 1900. The solid lines show existing railroads

. and the dashed lines show proposed railroads. Explain the backgrounds and (railroad operators’
and government’s) intentions of the railroad plan, within about 10 lines in English or 7 lines in

Japanese. -
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- (2) Tokyo Station has been the terminal and central station of the Tokyo metropblitan area since its
opening in 1914. Discuss the future roles of Tokyo Station and its swrrounding area, considering
the possibilities of developing information and communication technology and opening the
Maglev bullet train from Shinagawa station, in about 13 lines in English or 10 lines in Japanese.

Railroad plan: #kiEFHEIR], Maglev bullet train: V = 7 i,
Information and communication technology: 1% 38 {S HAif



538F 5/Field 5: (Urban / Landscape)

Question 2 ‘ , : o
Garrett Eckbo, a famous American landscape architect in the 20th century, gives his opinion on the

quality of the landscape in the following extract from his work “The Landscape We See”. Answer the

following questions related to this text. |

Quantitatively the landscape is total; it includes e‘)erything we see wherever we are. Qualitatively,
however, is a different matter. We see? Who sees? Quality does not reside in the scene, nor does it
reside in the observer. It resides precisely in the relationship which exists at a given time between the -
two. This is the design problem for all who are concerned with the quality of the landscape. ‘

..

By quality ] mean a relationship between an individual or a group of people and a landscape. This
relationship involves human perception, comprehension, and reaction as a process which measures
quality. Thg essence of landscape quality is neither in the landscape itself nor in people, but rather in
the nature of the relationships which are established between them. ‘

(G. Eckbo, The Landscape We See, 1969; partly revised)

A Japanese translation : _

BELTESIRL, REBLIL, CITHONEOEFNOR25H50E bOORMTH B,
LW LUEEBS ORI, RAD2FENREINICLIoTRLZLDIELRI D .
1, BREBDE— v ORM TRV L, ZREHDABEEDAZNTHAEY, ELL

X, HAHBACBNTHAEDHVEIRBEHLTWAEERED Y bz, BEOTHD, Thi
R, BEOBELEFEELTRTOACL>TD, F¥A v LOMBETH 2, |
[HEE] E

(B L WIHIBETOELAETW VO, HHEALLIEHI—BHOAL LRBLD
HOWED BROILTHD, ZOMRICLE > T REOERHET 3 —EOBRETH B,

ANFEORHE, B, RIEHBERIESNDZOTHS, REOEOBIRL, BT BRI
HEOTH, A2RHDEDTHR, LA, BEE AL EOHWVIRIZEI NS EHRICHE
b THAUEEDRMZH B,

(1) As G. Eckbo says, the quality of the landscape depends on the relationship between the scene and
the observer, primarily the spatial relationship between visual targets and the viewpoint. .
a) List'two indicators for the spatial relationship between visual targets and the viewpoint and’
explain them briefly, within three lines in English or two lines in Japanese each.
b) Give an example of the landscape which is generated by intentionally creating spatial



relationship between visual targets and the viewpoint, within eight lines in English or five lines
in Japanese. You may use visual aids such as diagrams or sketches, if necessary.

(2) From G. Eckbo’s point of view, we can say that “good” landscape design is to produce some
qualities which bring us better human perception, comprehension, and reaction by creating or
improving relationships between people and landscape. Give an example of what you think “good”
landscape design in this sense and describe it, within fifteen lines in English or ten lines in Japanese.
You may use visual aids such as diagrams or sketches, if necessary.

indicators for the spatial relationship between visual targets and the viewpoint : 1R%t8 & H A D ZERREHZA
ERTHEER

the landscape which is generated by intentionally creating spatial relationship : ZZREIRVE R 2 B K L CAIH
THZ LKW ERHEIN-7E



5yEF 6/Field 6: (International Project / Management) |

Question 1

Construction projects typically mvo]ve a w1de range of rigks, such as unforeseen site conditions,
natural disasters and market price inflation. A contract is often considered as a tool for risk
- management, allocating each risk factor to one or more prOJect parties.
Answer all the following questions. All answers should fit within a maximum of 2 pages.

(D Dlscuss issues concerning the standard ‘Iump sum’ construction contracts from the viewpoint of
- risk management.

(2) Choose one project risk factor, and discuss what contractual arrangements can effectively address

the risk factor chosen. You may refer not only to the construction stage, but also to other related

project stages, including design, pre-construction and post-construction.

Unforeseen site conditions: F#iL 72t \ﬁiﬁ%ﬁ:
Market price inflation; T4 {Ti#s 5 g

Project party: B3R A

‘Lump sum’ contract: &HFERAZRK

Contractual arrangements: 3R#9 LD D R



438 6/Field 6: International Proj ect / Management

Question 2

Read the following text and answer the four questions below.

“Despite the global poverty rate having been halved since 2000, almost one billion people are still
living without access to reliable and affordable electricity. A lack of access to modern energy impacts
health and welfare and impedes sustainable development.(a) Knowing the location of those one billion
is crucial if aid and infrastructure are to reach them. Traditionally, wealth and poverty have been
measured through surveys of household income and consumption. However, many developing

. countries. particularly in sub-Saharan Africa, have only rudimentary economic statistics, and in many
cases, lack regional data.;s) The international donor community is attempting to address poverty by

~ spending billions of dollars annually in aid for the world’s poorest countries based on the assumption
that aid is flowing to where poor people live.

(..)

Given the paucity of relevant information, one of the most promising methods for estimating economic

activity—especially for countries with low-quality statistical systems—is that of satellite-derived

radiance.cy”

(1) Regarding the underlined part (A), how does the access to modern energy impact poverty? Explain
the mechanism within four lines in English or three lines in Japanese. :

(2) Regarding the underlined part (B), wﬁy do many developing countries suffer from poor availability
of regional data? Raise three reasons and describe them within three lines in English or two lines
in Japanese for each.

(3) Regarding the underlined part (C), why is the satellite-derived radiance a promising method for
estimating economic activity from a viewpoint of the international donor community? Raise three
reasons and describe them within three lines in English or two lines in Japanese for each.

(4) As stated in the above text, the satellite-derived radiance has been often used for analyzing regional
economic activities. Suppose that you would use the global satellite nighttime light data for post- .
-evaluation of the impacts of a seaport investment on regional economies. Explain an appropriate
method for this post-evaluation within eight lines in English or six lines in Japanese.

affordable : HEA L9\, impede : #5iF B, rudimentary: #I#RR972,
paucity : &, satellite-derived : ATHEAFED, radiance : JE X,
post-evaluation : Z54% 72, nighttime light : 7R3
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5787 1 /Field 1 (Structures / Design)

Question 1

Fig. 1.1 shows a cantilever beam subjected to a point load P. The beam is made of a linear elastic
material with the Young's modulus £, and has the sectional area A = 2h X b. w is the bendmg
induced downward displacement of the beam. Answer all the following questions assuming that the
deformations are infinitesimally small, and the Euler-Bernoulli beam theory (i.e., simple beam theory)
is valid for this beam. '

(1) Consider the bending induced deformation of the beam segmént of infinitesimal length dx shown
in Fig. 1.2(b). The radius of curvature of the neutral plane of the deformed beam segment is R.
Obtain expressions for the axial strain, €, and stress, o, of a fiber located y distance from the

neutral plane when the ends are subjected to a moment M.
{2) Obtain an expression for the bending induced elastic energy, H = % fv oge dV, of the beam in

terms of I, E and R, where V is the volume of the beam, [ is the second moment of the area,

2
and % = ?171:'
(3) For the cantilever beam shown in Fig. 1.1, w can be approximated as w = ax® + fx2, where a
and f are constants. Let AH = H — W, where H is the elastic energy stored in the system and
W isthe work done by the force P. W = Pw(L), where w(L) is the displacement at x = L Find

a and f by rmmmlzmg AH withrespectto & and £ (i.e., by settmg Py 0 and ?—EH = 0).

(4) In addition to bending moments, shear forces also contribute o the deforma'tion of beams. The
shear induced downward displacement u (see Fig.1.2(c)) of a beam can be approximately

estimated using the differential equation G au _E ,where G = 5 is the shear modulus and
| dx A 2(14+V) |

v is the Poisson’s ratio.

a) Find the shear induced deformation, u, of the beam shown in Fig. 1.1 as a function of x.
b) Prove that the shear induced deformation of the cantilever beam shown in Fig. 1.1 is negligibly
small compared to bending induced deforimation (i.e., u K w).

(5) Consider that the left end of the beam is connected to 2 linear rotational spring of stiffness k as
shown in Fig. 1.3. The geometric and material properties of the beam are identical to those of the
beam shown in Fig. 1.1. Ignore any shear induced deformations.

~



a) Write an expression forthe AH’ = H' — W' ofthe new system, where H' is the elastic energy
stored in the new system and W' is the new work done by force P,

b) Propose a suitable polynomial to approximate the new downward deformation, w’, of the .

beam. Brieﬂy explain the reasons for your choice of the approximation.
c) Find the unknown coefficients of the polynomial you proposed.

cantilever beam: A##H#E, Young's modulus: ¥ > Z'3, infinitesimally small: #EfR/]s, Euler-Bernoulli beam

theory: ~/VR—A - A T —ZLIBH, radius of curvature: BIZEY4R, neutral plane: H13Z[E, elastic energy:

BET RN F—, second moment of area: Wit —ikR-E— A b, downward displacement: T 7%z,
rotational spring: [E|fE/3R, polynomial: ZIRI, shear modulus: AWM

g
< : ' k
/: T P x
7 L
-4—};——’
(a) A rectangular cantilever beam ~ (b) Cross-section

Figure 1.1: A rectangular beam with cross sectional dimensions 2k X b, and length L.

A fiber at y distance /
from the neutral plane /

/ |

M ) M+dM ¢I du
J m P N—1\ i
.{ ......... e . _ ,
dx
(&) Undeformed shape ‘ (b) Deformed shape under a (c) Deformed shape under a
bending moment M _ shear force P

Figure 1.2: Undeformed and deformed shapes of an infinitesimal beam segment of length dx
when subjected to a bending moment M and shear force P.

" y /Rotational spring
Il

-+

A c L
Figure 1.3: A beam connected to a rotational spring,

Y




53%F 1 /Field 1: (Structures / Design)

Quesﬁon 2 . .

Fig. 2.1(a) shows a newly developed hysteretic damper utilized to suppress the vibration of a single-
degree-of-freedom system. The system is subjected to a sinusoidal load P(f) that induces the steady-
state vibratibn. The load is defined as Eq. 2.1.

- P(t)= Pysin(wt) : : 2.1

Here, Py is a constant and w “is the angular frequency. k and m are the stiffness and mass of the

system in which the damper is installed. Let ¢ denote time, The displacement of the mass is x(f). Fig.
2.1(b) shows the forces acting on the mass inciuding the elastic resistance force Fs, the damping force
Fp, and P(f). For this damper, the relationship betiveen the damping force Fp and the displacement x
under steady-state conditions is shown in Fig, 2.2. Starting from the origin 0, the cycle continues to-
point 1, point 2, point 0, point 3, point 4, and finally returns to the origin. This refationship can be
mathematically described as Eq. 2.2.

Fp =nklalsgn (@) | 22

Here, the parameter 7 is a property of the damper assignable by the designer and sgn () is defined

as Eq. 2.3.
sgn(z)=< 0 forx=0 ' (2.3)
1 for >0 '

In dynamics, damping is usually represented by viscous damping, which is the simplest form of
damping since the governing differential equation of motion is linear. Assuming this hysteretic damper
could be apprbximated by an equivalent viscous damper, answer the following questions.

(I)l The damper dissipates the vibration energy Ep, which can be calculated by the work done by the

damping force, i.e., Ep= / Fpdz . Letxp denote the maximum displacement of the mass. Obtain

the energy dissipation by the'hyétereti‘c damper during one cycle of the motion.

(2) The most common method for defining equivalent viscous damping is to equzite the energy
dissipated in a vibration cycle of the actual systeém and an equivalent viscous system. Derive an
equation expressing the equivalent viscous damping coefficient for the hysteretic damper, as a
function of #, Py, x, k, m, or other basic parameters identified above. |

(3) The displacement of the system is X if it is loaded statically with constant load Pp, Obtain the



value of 77 necessary for the damper to limit the peak steady-state displacement of the system to
three times Xy when subjected to P(¢). :

(4) The behavior of hysteretic damping models given by Eq. 2.2 is considered to be closer to that of
real structures than viscous damping models, while viscous damping models are more convenient
and simplified for dynamic analysis. | -
a) Compare the two damping models’ energy dissipation performances from a frequency

" dependence pefspective. '
b) The viscous damping property of a real structural system could be estimated from its dynamic
response obtained from a forced vibration test. Discuss how to obtain the optimal viscous
damping coefficient from the test.

2——x

k
I AV . . Fg ~——t
- m > P() m & > P(D)
hysteretic damper ( ) ( ) No friction ( ) ( )
7777777777 LSS
(a) basic components (b) forces acting on the mass

Figure 2.1 A single-degree-of-freedom system with a hysteretic damper

£p

Figure 2.2 Relationship between damping force and displacement under steady-state conditions

hysteretic damper: FREERY & .- /%, suppress vibration: {RENVE I35, sinusoidalload: IEFLIEHME, steady-
state vibration: EHIEHE], _angular frequency: FMEENI, viscous damper: $51E4 /%,  governing equation:
XECHER,  energy dissipation: TR/ F—Hifk, equivalent viscous damping: ZfHF514EE, frequency
dependence: IRENEXHETF, forced vibration: FARHIIRED



7787 2/Field 2: (Concréte Engineering / Geotechnical Engineering)

Question 1

(1) Answer the following questions.

a)

b)

In general, the compressive strength of concrete increases as water-to-cement ratio decreases. |

Explain the reasons based on the microscopic mechanisms in about 3 lines in English or 2 lines

in Japanese.

Moderate heat Portland cement is often utilized for concrete with low water-to-cement ratio.

Explain the reasons based on the clinker composition and chemical reactions in about 4 lines

in English or 3 lines in Japanese. ‘

Considering the properties of fresh concrete, explain the advantage and disadvantage of

increasing the maximum size of coarse aggregate in one line, respectively.

Explain what strain hardening of reinforcing steel bars is in one line. Then, explain why strain

hardening of reinforcing steel bars is important in the load-bearing performance of steel-

reinforced concrete (RC) members in about 4 lines in English or 3 lines in Japanese.

Consider an RC slab used in a road structure in a cold region.

- Give an example of combined deterioration caused by two deterioration mechanisms that
may occur in the RC slab. .

- Discuss mutual interactions between those deterioration mechanisms. -

- Then, propose countermeasures to effectively prevent the combined deterioration from the
viewpoints of design and maintenance, respectively. '

Answer in about 7 lines in English or 5 lines in Japanese in total.

(2) Consider the section of an RC member with properties given in Fig. 1.1, which is subjected to

only a flexural moment as an external mechanical load. Answer the following questions. Do not.

use safety factors.

a)

.b)

When compressive strength of concrete /¢ is 25 N/mm?, calculate both the position of the
neutral axis and the ultimate flexural capacity (moment) at failure. Show the calculation process
when answering the question. |

Calculate the range of the compressive strength of concrete /. which causes yields of both the
tensile and compressive reinforcing steel bars when the flexural moment reaches the ultimate
flexural capacity. .

Consider the case where steel corrosion occurs in the RC member. In general, when steel
corrosion causes the cross-sectional losses of reinforcing steel bars, the ultimate flexural
capacity is often smaller than the one which is calculated simply using the reduced- cross-
sectional area. Explain the reasons in about 4 lines in English or 3 lines in Japanese.

1



250
i —

e © /0 mm
@ indicates reinforcing steel bar
Total cross-sectional area of compressive reinforcements: 47 = 2,000 mm?
g g  Total cross-sectional area of tensile reinforcements: 4, =-4,000 mm?
§ 5 Compressive yield strength of reinforcement: /', = 350 N/mm?
33 & Tensile yicld strength of reinforcement: £, = 350 N/mm?
Elastic modulus of reinforcement: E; = 200,000 N/mm?
Ultimate compressive failure strain of concrete: £, = 0.0035
ee e |-X
s A\LJO mm

Figure 1.1: Cross section of RC member and material properties

Compressive strength: EHEIHE, Water-to-cement ratio: 7K A > I Ho, Moderate heat Portland cement: W E
v T v B A b, Clinker composition: & Y ¥ %7 —#EEK, Chemical reaction; L2515, Maximum size of
coarse aggrc‘gate: #EE 4 B KT, Fresh concrete: 7 Ly =227 U — b, Strain hardening: O #4884k,
Reinforcing steel bars (Reinforcements): ##88 &k f%, Load-bearing performance: fit fif {88, Steel-reinforced
concrete member: #kfi =t > 7 U — NERHL, Slab: BRAH, Cold Region: Si@;‘%ﬂlg., Combined deterioration: &%
1k, Mutual interactions: PHEVER, Design: #%5l, Maintenance: #ERFE R, Flexural moment: phifE— A |,
External mechanical force: #177, Neutral axis: " 3Ziif, Ultimate flexural capacity: B iFTi 77, Service: #tA, Steel
Corrosion: &k ff /& £, Cross-sectional loss: B &% 18, Compressivé reinforcements: [E #tg {l #% #5, Tensile
reinforcements: 5|7RMIEKAR, Yield strength: ME{R3&EE, Blastic modulus: MRS, Ultimate compressive failure
strain: FERFRESEOT %, |



787 2/Field 2: (Concrete Engineering / Geotechnical Engineering)

Question 2
(1) Consider the ¢onsolidation process illustrated in Fig. 2.1. The 5011 contamed in the tank, of which
the bottom is connected to the adjacent pipe, is successwely subjected to the following hydrauhc
conditions from (I) to V).
(I} At the initial state, the water level of the soil tank is at its surface, and that of the ad_]accnt pipe
is also at the same height.
(II) The water levels of the soil tank and the adjacent pipe drops by 4 meters. Note that the soil
above the water level is partially saturated.
(IL) Subsequently, the water level of the adjacent pipe is recovered, but the water level of the soil
tank is kept. |
(IV) An impermeable sheet with negligible thickness and st1f’fness is inserted at the depth of &
meters from the surface of the soil tank. ‘
(V) Subsequently, the water level of the adjacent plpe drops by (A + D*3/4) meters.

Answer the following questions a) and b), assuming one-dimensional consolidation.

a) Express the total stress and pore water pressure at point P for each of the above states from (I) ‘
to (V), using A, D, ya (the unit weight of saturated soil), 7t (the wet unit weight of partially
saturated soil) and % (the unit weight of water).

b) Calculate the void ratios at point P for each of the above states from (I) to (V), using the values
in Table 2.1. Draw the relationship between effective stress and void ratio. '

(2) When conducting a laboratory test on soil, we should consider ground conditions and situations
during construction. Answer the following questions a), b) and c) regarding the following two cases -
(I) and (II) on/in ground consisting of a normally consolidated soil, as illustrated in Fig. 2.2.
(I) Point A beneath the foundation subjected to a load |
() Point B in the backfill ground of underwater excavation

a) What kind of lab(;ratory test is suitable for conservative (safe side) design considering lower
strength for each of the constructions (I) and (II), respectively? .

b) Explain the reasons for each of the suitable laboratory tests answered in the question a) in

~ about 7 lines in English or 5 lines in Japanese, respectivély.

¢) Raise effective countermeasures or construction methods for each of the constructions (I) and
(II), respectively.



Hydraulic condition: 7KILEER Feft, Saturated soil: 82Fn+, Partially saturated soil: R&9f+-, Impermeable
sheet: R3&E7K I — b, One-dimensional consolidation: —¥kJT/E4E, Total stress: 2Ji 71, Pore water pressure: [
BRKEE, Unit weight: BAL{ATREEE, Effective stress: H D571, Void ratio: FIFLL, Compression index: E#§
5%, Swelling index: FEIHHE 4K, Consolidation yield stress: FE %8 F&{R iz /7, Laboratory test: ZPIRER,
Conservative (safe side) design: ZRMOFFE, Backfill ground: 7§ EHIAE, Underwater excavation: 7K F#EE!,

Failure plane: TSR (7% 0 1H), Sheetpile: &iR :

Water leak for kccping water |c<cl

&

i s o
- Pipe

Sol tank Panially soturated |

D

D2

(I) Initial state

Impermeable sheet ’
(Thickness & stiffness are chljgilzlg)

(1) . ’

lmpermeable sheet

i

Partially saturaled \ Partially saturated h

Partially saturated

]

[y
h b

¥

— -
AYA i
1v) V)
Figure 2.1: Hydraulic conditions of the tank
Table 2.1: Values for calculating the consolidation

Y s the unit weight of saturated soil 20.0 KN/m* eq: the initial void ratio 1.0 SProperties at the
¥y the wet unit weight of partially saturated soil |16.0 kN/m® - | [p: the initial consolidation vield stress|90.0 kPa initial state ()
C: the compression index - L0 h ‘ 13.0m Specifications of
C: the swelling index 0.2 D 10.0m the soil tank
Y the unit weight of water 10.0 KN/m®
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Loading o : /
: Underwater - . )
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" Failure plane
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Figure 2.2: Cases (I) and (II) on/in ground consisting of a normally consolidated soil

'



4787 3/Field 3: (Hydrospheric engineering)

Question 1

Let us consider a 2-dimensional steady flow over a weir of height h,, as shown in Figure 1, The x-
axis is horizontal and the z-axis is vertical in the figure. The flow is directed in the positive x-direction.
The water depth is h; + h,, at the upstream section (Section I), while it is h, at the downstream
section (Section II). Answer the following questions. -

Zs

Section T

X

- Section II
hg )

Figure 1: 2-dimensional steady flow over a weir.

(1) The flow discharge per unit width over the weir, g, is given by the following equation under certain
assumptions:

g =hy2g(he — h) with hy = by ‘2’—19 | Ry
where g is gravitational acceleration, V; is the flow velocity at the Section I, kg is the

upstream water head, and h is the flow depth on the weir crest as illustrated in Figure 1. -
Derive Equation [1.1] while clarifying the underlying assumptions.,

(2) The flow transits from subcritical to supercritical flow while passing the weir crest. Therefore, the

flow state on the weir crest cannot be determined from either upstream or downstream conditions.

It is known that, in such situations, the flow depth at the transitional section can be given as follows:
2
h == ‘é‘ho, [1.2]

which leads Equation [1.1] to a well-known form of the overflow discharge formula:

2 ‘2 ‘
q =§ gghs, [1.3]

a) Explain the above underlined sentence; why cannot it be determined?
b) Describe the theoretical basis of Equation [1.2].



(3) It is more convenient and practical to express the discharge formula in terms of the upstream water
level /n which is directly measurable. Therefore, we often approximate Equation [1.3] as follows:

22 |
=3 §gh1, | [1.4]—

a) Explain a condition of h; under which this approximation works well,
b) Estimate the percentage error in g associated with this approximation when h; = h,,.

(4) The accuracy of the discharge formula above is restricted by the assumptions on which Equation
] Y P q
[1.1] is based. Therefore, in practice, we need to introduce the discharge coefficient, ¢ , into

2 2 .
q‘=-§cd z 9, . - [1.5]

Laboratory tests have been conducted by many researchers to determine ¢; for weirs of different
geometries. One of the most restrictive assumptions is that the water pressure on the weir crest is

Equation [1.4] as follows:

hydrostatic.

a) Demonstrate that the pressure distribution on the weir crest generally differs from the
hydrostatic one using Euler’s equations of motion.
b) Discuss how the effect of the non-hydrostatic pressure on ¢; varies with the weir shape.

(5) The design of a weir requires evaluating the horizontal forces generated by the flow.

a) Express the total horizontal force per unit width using p, g, Ay, by and h, when ¢z =1,
where g is density of water. You may neglect tangential force's on the weir surface.
b) Discuss the validity of the approximation of neglecting the tangential forces.

steady flow: EHAL, weir: B, crest: K, flow discharge: &, suberitical flow: T,
supercritical flow: &1 %%, transitional: BB T3, overflow discharge formula: #BEHE 2,
hydrostatic: F#7KIRHED, non-hydrostatic: FEF#ACIRAED, Euler’s equations of motion : A 7
—DEB)F2, tangential force : EIZIR D HFHEID S



52 5F 3/Field 3: (Hydrosph_ei'ic engineering)

Question 2

Read the folldwing description about the velocity profile of an open channel flow and answer all the
following questions. You may define variables and parameters if necessary. Show procésses that led
to your solution.

y

Figure 2: 2-dimensional open channel flow,

Let’s discuss the velocity profile of a 2-dimensional steady and uniform open channel flow with the
depth h and the gradient 8 as a model of a river (see Figure 2). The 2-dimensional Navier-Stokes
equation can be written as:
du du  du . 18P u{d%u 8%u
at+ua—+v-é;= I—Ea'l-';(axz'l'ayz);

where u is velocity in x-direction, v is velocity in y-direction, g is gravitational acceleration,

[2.1]

I = sin@ isslope of the riverbed, p is density of water, P is pressure, u is viscosity coefficient, x
is axis along the river, y is the distance from the riverbed, and ¢ is time.

Equation [2.1] includes the contribution of molecular viscosity stress (1). When Reynolds number is \

small and a laminar flow can be assumed, the velocity profile can be obtained by solving Equation

[2.1] . However, to consider a realistic river flow, it is necéssary to include the effect of turbulence.

The variables in [2.1] are decomposed into.ensemble means (u, 7, P) and fluctuations ', v, P'):
u=1i-+u, v—v+v P= P+P' - [2.2]
Then the 2-dimensional Reynolds equation can be written as:

ou _ou _om 10P ,u(azu az) (aF aW) |

yj— — =gl - —_— 2.3
—tU—+7 + ax2+ay ax+ 5 [2.3]

gt dx ay p Ox E



Equation [2.3] includes the contribution of turbulence. Although the ensemble means of the fluctuating

components of velocity are zero (e.g.. u’ = 0), the fluctuating components affect the mean flow

velocity, # and 7. 3) In the model of a realistic river flow. the molecular viscosity term in [2.3] can

be neglected except for the thin viscous sublayer. () In this case, Equation [2.3] can be solved for the

steady and uniform flow by applying the mixing length model to parameterize Reynolds stress:
| dujdn - 2 '4]
dyldy’ =~ K?' )

where [ is mixing length, x is Karman coefficient.

—pu'v’ = pl?

The velocity profile obtained in this way can be empirically applied in all depths except for the viscous
sublayer. This velocity profile can explain that the existing empirical equations of depth-averaged

velocity such as the .Chézy equation shown in [2.5] are reasonable approximation: (s)

U =CVRI,  [2.5]
where U is depth-averaged velocity, € is Chézy coefficient, and R is hydraulic radius. The

consideration of turbulence is extremely important to accurately estimate velocity profile” and
discharge. '

Turbulence also plays an important role in sediment transport in river basins. 6 Furthermore

turbulence in boundary layers substantially affécts global water cycles. (5 Thus, it is necessary to

consider turbulent flows to estimate basin-scale’ water budgets. Therefore, modeling turbulence is
extremely important for integrated water resources management.

]

‘

(1) a) Which term in Equation [2.1] indicates the contribution of molecular viscosity stress?

b) In some fluids, molecular- viscosity stress does not follow the answer of 1a). Discuss what
characteristic of a fluid is necessary to formulate the contribution of molecular viscosity stress as the
answer of 1a). | ‘ 1 . '
¢) Provide an example of fluids whose contributions of molecular viscosity stress cannot be formulated
as the answer of 1a). '

(2) Solve Equation [2.1] for the steady and uniform flow and derive velocity profile u(y). As
boundary conditions, use non-slip condition at the bed (y = 0) and assume no molecular viscosity

stress at the water surface (y = h).

(3) Using Equations [2.1] and [2.2], derive Equation [2.3]. Discuss why the fluctuating components
of velocity affect the mean flow velocity, # and 7.

(4) Discuss what affects the existence and thickness of the viscous sublayer in a river.



(5) a) Solve Equation [2.3] for the steady and uniform flow and derive velocity profile %i(y) by
neglecting molecular viscosity stress and parameterizing Reynolds stress by Equation [2.4]. As the
boundary condition, assume no Reynolds stress at the water surface (y = h). You may also assume
y < h. o |

b) By deriving the depth-averaged velocity from your answer of 5a), discuss the relationship between

your answer of 5a) and the Chézy equation [2.5].

(6) Discuss why turbulence in boundary layers is important for sediment transport in river basins.
Answer in 1-2 lines. ' '

(7) Discuss why turbulence in boundary layers is important for global water cycles. Answer in 3-5
lines.

velocity profile: JfiE437h, steady and uniform open channel flow: TE% 72 Bk RS,
Navier-Stokes equation: 7E X F—27 X G, viscosity coefficient: #51H4REL,

riverbed: {AIER, molecular viscosity stress: 43 F¥5PEM71, Reynolds number: - L1 J Vv XK,
laminar flow: ¥, turbulence: ELIE, ensemble means: 7 o v F A,

fluctuations: ZZEHIEKS>, Reynolds equation: L -f J VX FREI,  viscous sublayer: BEMEEESE, .
mixing length model: /RS EEBEE 7 /V, Reynolds stress: v J /VXIRA,

mixing length: {B-&BERE, Karman coefficient; /1~ v EH,

depth-averaged velocity: KIBEHFEE, Chézy equation: /= P— DR,

hydraulic radius: £E¥R, sediment transport: HEFEMEE, boundary layers: HE5 /8,

water budgets: 7KIXZ, non-slip condition: / > A U v &



47 %7 4 / Field 4 (Transportation / Spatial information engineering):

Question 1

Answer the following questions.

(1) Draw a triangular fundamental diagram of traffic flow with traffic density k [veh/km] as the
‘horizontal axis and traffic flow g [veh/h] as the vertical axis according to the following
conditions: - '

- @ The wave speed in uncongested traffic is 60 [km/h].
® The wave speed in congested traffic is —20 [km/h].
® The maximum throughput is 2,400 [vel/h].

" (2) Consider an activity combination that maximizes the sum of utilities of the activities conducted
during the time constraint. Find all the combination of activities maximizing the sum of utilities
using a search tree and the branch-and-bound method, and show the calculation process. The utility
and consumed time for each candidate activity are shown in Table 1.1. The total consumed time
should not exceed 9 hours. '

- Table 1.1.: Candidate acfivities

Activity Utility | Consumed time [h]

A | Shopping for luxury 5 3
B | Shopping for daily use 3 2
C | Exercise 10 6
‘D | Meeting people ' 4
E | Watching a movie 8 5

(3) Suiapose a major landslide severely damages the railroad network between the business district and

 the commuter suburb in a regional metropolitan area as shown in Fig. 1.1. There is no rail network

to bypass the damaged section. To reach the business district, the residents in the commuter suburb

must travel on the roads that have already been restored. Since road cqngestidn would be severe if

all commuters use their cars, the railroad operator and the local government cooperate to operate a

free temporary bus service for railroad users. Obviously, the temporary bus service will help the
residents who do not own cars. | ‘

Landslide damage

Business -
district Commuter

suburb

Road

“Figure 1.1.; Connection between the business district and the commuter suburb



a) Raise two measures that can be adopted to promote the use of temporary buses, and explain
their strengths and weaknesses, in about 4 lines in English or 3 lines in Japanese for each
measure. ‘

b) Raise traffic management measures to reduce congestion other than the free temporary bus
service, and explain their strengths and weaknesses, in about 4 lines in English or 3 lines in
Japanese. '

Traffic density: 3Z:% B, Traffic flow: ZZ3@iE=E, Uncongested traffic: FERZ#FF, Congested traffic: FziHiRs,
Maximum throughput: JZERAA—T > b,

Time constraint: F{#}fl#), Combination of activities: {EEI DA G o4, Search tree: FRHA, Branch-and-
bound method: #32FREE, Utility: %4, Time consumed: JHZRRRT, ,

Landslide: :I:@.ﬁf:%, Business district: Z##1, Commuter suburb: ~ v F# 7 1/, Regional metropolitan areas:
H#J5R 1, Road congestion: 8 J&#5, Free temporary bus service: MBI DEGRE/S X ¥ — 'R ’



53 5F 4 / Field 4 (Transportatioh / Spatial information engineering):

Question 2

(1) Answer the following questiohs about spatial information technologies.
a) Explain the principle of single point positioning GPS considering the contents of satellite
meséagcs and processing of receiver, each in about six lines in English or five lines in Japanese.
b) The web map tile technology becomes so popular due to smooth operability. Explain the most
advantageous point of the map tile system for web map service providers in about six lines in
English or five lines in Japanese.

(2) Consider the conversion of annual raw GPS data of millions of people to individual trip data for
easier querying. Explain main steps involved and their processing algorithms in about 12 lines in
English or 10 lines in Japanese in total.-

(3) Recently emergence of deep learning enables us to have high accuracy of object recognition with
training data. Draw the network diagram and calculate the number of parameters required for deep
learning using a CNN (Convolutional Neural Network) to make a binary decision (for example,
-given image contains urban area or not) from three RGB channels when the input image is 512X
512 pixels. The CNN settings shall be as follows.

a) Three convolutional layers
Filter size: 5Xb5
The number of filters: 64, 128 and 256 with three layers
Stride: one pixel '
Padding type: zero padding
b) Three pooling layers
Filter size: 2X2
The numb{er of filters: three layers after convolﬁtional layers each
Type: max pooling
Stride: two pixels
Padding type! zero padding
¢) Dense layer '
Hidden layer of 256 neurons

Single point positioning: BiMMBIL, Satellite message: #5F15%5, Map tile technology: HE[E ¥ 1 /LEIHT, Raw
- GPS data: ALEATDLED GPS 7—7F, Convolutional Neural Networks: A= a2—F Ry R T—7,
Pooling layer: 77—V v 7 &, Dense layer: /EfE -



55 %F 5/Field 5: (Urban / Landscape)

Question 1 .

(1) Fig. 1.1. shows a railroad plan of Tokyo at around 1900. The solid lines show existing railroads
and the dashed lines show proposed railroads. Explain the backgrounds and (railroad operators’
and government’s) intentions of the railroad plan, within about 10 lines in English or 7 lines in
Japanese.

&
©

Legends

—— Existing railroad
--«-- Proposed railroad

£%, Sea area
=z Boundary between city and suburb
=xa River

kA

Figure 1.1.: Railroad plan in Tokyo (Partly revised)

(2) Tokyo Station has been the terminal and central station of the Tokyo metropolitan area since its
opening in 1914. Discuss the future roles of Tokyo Station and its surrounding area, considering
the possibilities of developing information and communication technology and vopening the
Maglev bullet train from Shinagawa station, in about 13 lines in English or 10 lines in Japanese.

Railroad plan: $EFHEE, Maglev bullet train: U =7 $ER,
Information and communication technoiogy: FE R {E BT



5787 5/Field 5: (Urban / Landscape)

Question 2

Garrett Eckbo, a famous Amérigain landscape architect in the 20th century, gives his opinion on the
quality of the landscape in the following extract from his work “The Landscape We See”. Answer the
- following questions related to this text.

Quantitatively the landscépe is total; it includes everything we see wherever we are. Qualitatively,
however, is a different matter. We see? Who sees? Quality does not reside in the scene, nor does it
reside in the observer. It resides precisely in the relationship which exists at a given time between the
two. This is the design problem for all who are concerned with the quality of the landscape.

[...]

By guality ] mean a relationship between an individual or a group of people and a landscape. This
relationship involves human perception, comprehension, and reaction as a process which measures
quality. The essence of landscape quality is neither in the landscape 1tself nor in people, but rather in
the nature of the rclatlonshlps which are established between them, : *

- (G. Eckbo, The Landscape We See, 1969; partly rev1sed)

A Japanese translation :

BELTHRI L, RELIT, Y THONEOEFINLRIH LWL LODRMTES 3,
L LEZR S 2 b0, RZB2FENABEINEI-oTRZAZBOELEI D
7, BREDZDIRY— O Tiiznl, Thzitb 2BEE0R»TERN, ELL
i, HOARRICBNTHEOHWIEICEHE L TWAHERD I BIZ, B0 THD, £l
R, BRBEOEICBHLEFELITRTOALL-TO, THA  LORBBETHS,
[Hhg] '

B LV BETOELAEVENOR, HBEAL L IHE—HOAL L ERLD
HOED BROZ L THD, ZOBRICL > T EBROELHET 2 EOERTH D,
ABDB:, BE, RENBERI SN0 TH S, REOEOREL, BRBREThERKK
HBHDOTH, AZHD0THRN, LA, RE L A2 L OHWITEIN D BRIZE
Do TWHHEDORNIH S, '

(1) As G. Eckbo says, the quality of the landscape depends on the relationship between the scene and
the observer, primarily the spatial relationship between visual targets and the viewpoint.
a) List two indicators for-the spatial relationship between visual targets and the viewpoint and
explain them briefly, within three lines in English or two lines in Japanese each.
b) Give an example of the landscape which is generated by intentionally creating spatial



relationship between visual targets and the viewpoint, within éight lines in English or five lines
in Japanese. You may use visual aids such as diagrams or sketches, if necessary.

(2) From G. Eckbo’s point of view, we can say that “good” landscape design is to produce some
qualities which bring us better human perception, comprehension, and reaction by creating or
improving relationships between people and landscape. Give an example of what you think “good”
landscape design in this sense and describe it, within fifteen lines in English or ten lines in Japanese.
You may use visual aids such as diagrams or sketches, if necessary.

indicators for the spatial relationship between visual targets and the viewpoint : ﬁi‘]‘ R BAOERHIER
xR THIE

the landscape which is generated by intentionally creating spatial relationship : ZEMEBEREZER L TAIH
THRZ IRV ALHENTZRE



43 %% 6/Field 6: (International Project / Management)

‘ Questioh 1. ‘

. Construction projects typically involve a wide range of risks; such as unforeseen site conditions,
natural disasters and market price inflation. A contract is often considered as a tool for risk
management, allocating each risk factor to one or more project parties. .

Answer all the following questions. All answers should fit within a maximum of 2 pages.

(1) Discuss issues concerning the standard ‘lump sum’ construction contracts from the viewpoint of
risk management. | J S

" (2) Choose one project risk factor, and discuss what contractual' arrangéments can effectively address

the risk factor chosen. You may refer not only to the construction stage, but also to other related

project stages, including design, pre-construction and post-construction.

Unforeseen site conditions: THi L 72 W ELIG S
Market price inflation: &Ml =

Project party: $%E§ﬁ;ﬁiﬁi .

‘Lump sum’ contract; #&liFE-H RN

" Confractual arrangements: 340 LD E D "



57%F 6/Field 6: International Project / Management

Question 2
Read the following text and answer the four questions below.

“Despite the global poverty rate having been halved since 2000, almost one billion people are still
living without access to reliable and affordable electricity. A lack of access to modern energy impacts
health and welfare and impedes sustainable development.(a) Knowing the location of those one billion
is crucial if aid and infrastructure are to reach them. Traditionally, wealth and poverty have been
measured through | surveys of household income and consumption. However, many developing

countries, particularly in sub-Saharan Africa, have only rudimentary economic statistics, and in many
cases. lack regional data.qs) The international donor community is attempting to address poverty by

spending billions of dollars annually in aid for the world’s poorest countries based on the assumption
that aid is flowing to where poor people live. '

‘ , ..y

Given the paucity of relevant information, one of the most promising methods for estimating economic -

activity—especially for countries with low-quality statistical systems—is that of satellite-derived

radiance.c)”

(1) Regarding the underlined part (A), how does the access to modern energy impact poverty? Explain
- the mechanism within four lines in English or three lines in Japanese.

(2) Regarding the underlined part (B), why do many developing countries suffer from poor availability
of regional data? Raise three reasons and describe them within three lines in English or two lines
in Japanese for each.

(3) Regarding the underlined part (C), why is the satelhte derived radiance a promising.method for
estimating economic activity from a viewpoint of the international donor community? Raise three
reasons and describe them within three lines in English or two lines in Japanese for each.

(4) As stated in the above text, the satellite-derived radiance has been often used for analyzing regional
economic activities. Suppose that you would use the global satellite nighttime light data for post-
evaluation of the impacts of a seaport investment on regional economies. Explain an appropriate
method for this post-evaluation within eight lines in English or six lines in Japanese.

affordable : FEA LS9 Uy, impede : 5T B, rudimentary: ##RRY72,
paucity : &, satellite-derived : A TR B3k, radiance : JE&,
post-evaluation : B S, nighttime light : 7MY . "






