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578F 1/Field 1: (Structures / Design)

Consider the vibration response of a construction transport vehicle being loaded with soil of weight
msg as shown in Figure 1(A). Assume that the vehicle can be modeled as a damped linear single-
degree-of-freedom system with a mass my, damping coefficient ¢y, and spring constant ky, as
shown in Figure 1(B). Answer the following questions under the assumption that the vehicle's damping
ratio {y = cv/(Zm) is less than 1, and my is significantly larger than mg.

The definitions of mathematical symbols and variables are as follows:

* t: Time

* g: Gravitational acceleration.

» x(t): Vertical displacement of the vehicle in Figure 1(B) and Figure 2 based on a stationary
coordinate system. The displacement in the stationary state before loading the soil is 0.

(1) Write the vibration equation of the vehicle when the external force due to the soil is f(t).

(2) Let’s determine the displacement response x(t) of the vehicle for £ = 0 when the external force
f(t) isgiven by the following equation [1]. The displacement response x(t) can be expressed as
the sum of a particular solution (x,(t)) of the vibration equation for forced vibration and the
general solution (xp (t)) of the vibration equation for free vibration when the external force is zero.
Determine both x,(t) and xj(t). The undetermined constants of the general solution can be left
as they are.

(0 (t<0)
FO ={neg ¢ 2 0) H

(3) Determine the minimum and maximum values of x(t) assuming that the damping ratio of the
vehicle is extremely small and can be neglected, and then sketch the graph of x(t) showing the
minimum and maximum values. The initial conditions are x(0) = 0 and x(0) = 0.

Next, at time ¢t = 0 right after the soil was loaded as described in equation [1], the vehicle started

moving at a certain velocity on an uneven road surface, as shown in Figure 2.

The definitions of mathematical symbols and variables are as follows:
* y(t): Elevation of the uneven road surface in Figure 2 based on a stationary coordinate system.
* Y: Amplitude of the elevation of the uneven road surface in Figure 2.
* w: Circular frequency of the uneven road surface in time.

* Wy = +/ky/my: Natural circular frequency of the vehicle.



(4) Write the vibration equation for the vehicle shown in Figure 2 assuming that y(t) is given by
equation [2], and then determine its particular solution.

y(t) = Ysin(wt) (t=0) [2]
(5) At time t =m/w,, determine the condition that w/w, must satisfy for the displacement

response x(t) to be smaller than the maximum value obtained in (3). The initial conditions are

x(0) =0 and x(0) = 0. Assume that the damping ratio of the vehicle is extremely small and can
be neglected.

lf(t)

(A)* (B)

Figure 1. A damped linear single-degree-of-freedom system.

* Source of the photo: A. Stentz et al., “A Robotic Excavator for Autonomous Truck Loading,” Autonomous Robots, Vol.7,
No.2, pp.175-186. 1999.

jf(t)

Figure 2. A damped linear single-degree-of-freedom system moving on an uneven road surface.

Construction Transport Vehicle : #5% It 3/, A Damped Linear Single-degree-of-freedom System : JHZ D
H DR 1 BHEER, Mass : H &, Damping Coefficient : JBRFREL, Spring Constant : [X#JE2EL, Damping



Ratio : BiFErE, my is significantly larger than mg: myldmg & ¥ +43KE W

Gravitational Acceleration : B /J/I&# B, Vertical Displacement : $R1ELJ5 6] (DZE{i7, Stationary State : ¥& 14K HE,
Stationary Coordinate System : #f1E B2 3, Natural Circular Frequency : & H MR8 2L

Vibration Equation : fiRE) 522, Displacement Response : Z{i Ji~%&-, External Force : #} 77, Particular Solution :
WF kAR (F# %), Forced Vibration : 38| #REh, General Solution : —fi%fi#, Free Vibration : H H#E®E), Initial

Conditions : #1414, Undetermined Constants : REEEL

Uneven Road Surface : MDD & 5 B, Elevation : i =
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57 BF 2/Field 2: (Concrete engineering)

(1) Answer the following questions.

a)

b)

Consider the section of a reinforced concrete (RC) member with materials’ properties given in

Figure 1. Show the calculation process when answering the questions. Do not use safety factors.

a-I) When the RC member is subjected to only flexural moment, calculate the ultimate flexural
capacity (moment) at failure.

a-II) Consider a situation that 1,000,000 N of axial force is applied to center height of the
section of the RC member. When the RC member is subjected to flexural moment under
the situation, calculate the ultimate flexural capacity (moment) at failure.

Pre-stressing forces in pre-stressed concrete beams are often eccentric. Explain the reason in

about 3 lines. You may use illustrations, if needed.

Explain the important concept in the design of RC members for toughness in ultimate state by

using all the following keywords, in about 3 lines. Underline each keyword when it first appears

in the answer.

Keywords: Flexural compression failure, Shear failure, Brittle failure

l 400 mm |
| |
Ny
E Black dot (@) indicates a reinforcing steel bar
= Dotted line indicates center height of section
g 2]
é ________________ E Total cross-sectional area of reinforcements: 4, = 4,000 mm?
o € Yield strength of reinforcement: £, = 350 N/mm>
Elastic modulus of reinforcement: £; = 200,000 N/mm?
Compressive strength of concrete: £ = 35 N/mm?
Ultimate compressive strain of concrete: &', = 0.0035
® 00

Figure 1. Reinforced concrete section and material properties.

(2) Answer whether each of the following statements is TRUE or FALSE. If it is FALSE, write the

reason in about 2 lines, referring to the scientific mechanisms.

a)

b)

c)
d)

It is important to ensure sufficient air content in hardened concrete to reduce frost damage of
concrete. The sizes and spacing of the air bubbles are not important for this purpose.

Use of blast furnace slag powder as a cement substitution increases chloride binding of concrete,
which reduces the steel corrosion resistance of RC against salt attack.

Use of fly ash as a cement substitution generally degrades the workability of fresh concrete.
Moderate-heat Portland cement is often used in high-strength concrete with low water-cement
ratios and high cement content. Moderate-heat Portland cement is therefore less commonly



used in dam concrete with low cement content.
e) Honeycombs appearing in early age concrete are generally due to segregation during casting,
which is caused by several factors, such as insufficient compaction and inappropriate mix

proportion.

section: W], member: #f#7, safety factor: ZZ2f%¥L, flexural moment: BiFE— A 2 |k,

ultimate flexural capacity: BT /7, axial force: #l/7, pre-stressing force: 7 L" A b L A /7, beam: Z(H7),
eccentric: ffi/Ly, design: FX&Et, toughness: ¥4, flexural compression failure: # 1 F EAFREE,

shear failure: & A/MTREIEE, brittle failure: MEMEREIEE, reinforcing steel bars (reinforcements): A&k,

yield strength: FE{RHEE, elastic modulus: H#EFREL, compressive strength: JEAFFHEE,

ultimate compressive strain: JERFREEE T 22,

sufficient: 14372, air content: ZE4& &, frost damage: #F, spacing: [, air bubble: ZE4&7%,
blast furnace slag powder: &¥F A 7 7 k17K, cement substitution: & A > hMEE,

chloride binding: ¥&{L¥EE, corrosion: &£, salt attack: 5, flyash: 774 T v /=,
degrade: Bk ZH %, workability: 7 —HF ') 7 ¢, fresh concrete: 7Ly a7 ) —F,
moderate-heat Portland cement: FEEVE/L kT > F& A > b, water-cement ratio: 7K& A > k ki,
honeycombs: 7+ > # (E4R), segregation: F1A}57BfE, casting: FT3AZx, compaction: #[& 9D,

mix proportion: ACH



438 3/Field 3:(Geotechnical engineering)

(1) Answer the following questions on liquefaction phenomena of ground.
a) Explain the mechanism of liquefaction in sandy ground during an earthquake, in about 3 lines.
b) List three factors that affect the onset of liquefaction during earthquake, and explain their
physical mechanism in about 3 lines in total.

(2) Answer the following questions on active earth pressure on retaining wall.
a) Explain the concept of obtaining the active earth pressure based on (i) Rankine’s earth pressure
theory and (ii) Coulomb’s earth pressure theory, in about 4 lines in total.
b) Explain three conditions for the actual active earth pressure on the retaining wall to be equal to
that obtained by Rankine’s earth pressure theory.

(3) Hollow cylindrical torsional shear test is often used for evaluating the strength and deformation
characteristics of soil. Explain the characteristics of the hollow cylindrical torsional shear test in

about 3 lines, including its advantage and disadvantage.

(4) Excessive groundwater pumping can cause significant fall of groundwater level and ground
settlement. Consider the ground shown in Figure 1. Here, GL indicates the ground level. The
groundwater level is initially GL—5.0 m, then lowered to GL—10.0 m by the groundwater pumping.
Estimate the ground settlement due to the effect of groundwater lowering, by answering the
following questions.

Here, the settlement of the sand layer can be ignored. Degree of saturation of the sand layer above
the groundwater level is $,=50%, water density is p,,=1.0 g/ecm?, compression index of clay layer
is Cc=0.9, and gravitational acceleration is g=10 m/s’. If necessary, the following values can be
used; log102=0.30, log103=0.48, logi05=0.70, log;07=0.85, logio11=1.04.

(a) Calculate the following three values:
- saturated unit weight of sand
- saturated unit weight of clay
- wet unit weight of sand above the groundwater level
(b) Draw a figure of the vertical distributions of pore water pressure (hydrostatic pressure), u:
- when the groundwater level is GL—5.0 m using a solid line
- when the groundwater level is GL—10.0 m using a broken line
(c) Draw a figure of the vertical distributions of vertical effective stress, o,:
- when the groundwater level is GL—5.0 m using a solid line

- when the groundwater level is GL—10.0 m using a broken line

10



(d) Calculate effective vertical stress at the middle height of the clay layer (GL—14.0 m) when the
groundwater level is GL—5.0 m and GL—10.0 m, respectively.

(e) Calculate the change of void ratio in the clay layer and the approximate value of settlement,
using the result of (d).

: >\f'oicl ratio, e=0.7
.- - [ Soil particle density, ps=2.7 g/em?

Normally Void ratio, e=2.0
consolidated clay Soil particle density, ps=2.5 g/cm’

:Permeable rock

Figure 1. Ground condition and groundwater level.
onset of liquefaction:FRIL D FEAE

active earth pressure: =1/, retaining wall:##8#, Rankine’s earth pressure theory: 7 > % o @ /£ BRF,
Coulomb’s earth pressure theory: 7 — & > @+ 5g, actual: EEED

hollow cylindrical torsional shear test: 72242 U V) & A Wrakia,
strength and deformation characteristics of soil: - DR EE I L OVE R4

excessive groundwater pumping: 72T KD < 2 LT, groundwater level:#i F7K{iZ, settlement:iL T,
degree of saturation:#2FNEE, water density:7K D BE, compression index of clay layer: #4180 EfaFax,
gravitational acceleration: F 7 /N3 BE, saturated unit weight:faFn BT AR EE,

wet unit weight: 2 i B (L (KTEE &, vertical distribution: i€ 53 i, pore water pressure: [ B 7K JE,
hydrostatic pressure:Ff7K/E, vertical effective stress:#n1E A %0 /1, void ratio: IR H,

approximate value:BERE{E, solid line: 348, broken line:WE#R, respectively: AL,

soil particle density: 47F% B, normally consolidated clay: IEFREZ#E 1+, permeable:sZ K tED & 5



77 8¥ 4/Field 4: (Hydrospheric engineering A)

A circular-crested dam holds stationary water up to its crest level as illustrated in Figure 1. We define
the x-axis as extending horizontally downstream from the upstream toe of the dam, the z-axis upward
from the dam crest level and the y-axis perpendicular to both the x and z axes (see Figure 1). The dam
cross-section is semicircular with radius R and uniform in the y direction. Answer the following
questions. Density of water is p and gravitational acceleration is g. Assume atmospheric pressure to be

ZETro.
(1) Find the resultant horizontal force of water pressure on the dam per unit length in the y direction.

(2) Find the bulk density required for the dam to remain stable against sliding. Assume a static friction
coefficient of 0.5 between the dam and the ground surface.

ava

Figure 1. Cross-section of a circular-crested dam holding stationary water.

Upstream water discharge raises the water level and generates a steady state as illustrated in Figure 2.
The upstream flow, away from the dam (x < —R), can be considered a uniform horizontal flow. The
upstream flow velocity is U = \/g_RfiS . which is assumed to be uniform throughout the depth. The
water surface elevation from the dam crest level, 5(x), is approximated by the following function:

1) _1 1 X1y for —R<x<R. [1]

R 2 24 R

Answer the following questions. Neglect the flow friction on the bed including the dam surface. You
may introduce additional approximations as needed, but they should be stated explicitly.

(3) Find the depth-averaged horizontal velocity above the dam crest (x = R) using mass conservation.

(4) Find the pressure at the upstream toe of the dam, (x, z) = (0, —R), using energy conservation.



(5) The flow velocity satisfies the following kinematic condition along the water surface:

u%=w for z=n(x), : [2]

where u and w are horizontal and vertical velocity components, respectively. Find & and w

at the water surface above the dam crest, (x, z) = (R, 7(R)).

(6) Find u and w at the dam crest, (x, z) = (R, 0), based on the assumption that the horizontal velocity
component varies linearly with the depth above the dam crest.

(7) Draw a sketch of the vertical distribution of pressure above the dam crest (x = R), based on the
assumption in (6).

e
e -
—_—

—

—

—_—

— V&R
—— 6
e

—

—

x=—R
Figure 2. A steady flow over the circular-crested dam.

circular-crested dam: FIFRARDIEF ZH % X L, stationary water: B#lE L 727K, crest: THEF,

upstream toe: EFND T, perpendicular: FEE 7, semicircular: 3FIED, radius: £, densit}ly: I,
gravitational acceleration: B /JHEEE, atmospheric pressure: A5JE, resultant horizontal force: 7KF& 77,

bulk density: 7% # &, sliding: {8E), static friction coefficient: FIEEEMEIREL, discharge: FiE, steady state:
FE & RRE, uniform horizontal flow: —H& 727K, flow friction: FiaLic & 2 BEHE, bed: JET, approximation :
AL, depth-averaged: 7KEEFHE D, mass conservation: EE{R7F, energy conservation: T F L ¥ —{R7F,

velocity component: FL# 45T, kinematic condition: FEEIFEAYSAF, linearly: ERRAYIC



7 BF 5/Field 5: (Hydrospheric engineering B)

(1) Regarding the following statements about climate change, answer whether each statement is TRUE
or FALSE. If it is FALSE, explain the reason.

a) According to the IPCC AR6 (Intergovernmental Panel on Climate Change 6™ Assessment
Report), it is still difficult to conclude that the rise in global air temperature since the Industrial
Revolution is certainly due to greenhouse gas emissions by humans, because there are many
other factors that affect Earth’s climate.

b) The Paris Agreement requires all member nations to decide targets to reduce greenhouse gas
emissions, regardless of their level of responsibility for past emissions.

¢) The amount of water vapor that the atmosphere can hold increases along with air temperature
rise. As a result, annual mean precipitation is expected to increase in all regions of the world.

d) Compared to local-scale meteorological extremes such as heavy rainfall, river discharge
reflects basin-wide-scale water circulation processes. Thus, it is relatively easy to identify the

impact of climate change from long-term data on annual maximum river discharge.

(2) Countermeasures against climate change can be classified into "mitigation measures" and

"adaptation measures". Answer the following questions regarding these countermeasures.

a) Write the definitions and examples of "mitigation measure" and "adaptation measure" in about
4 lines in total.

b) In the Paris Agreement, "keeping a global temperature rise this century well below 2 °C above
pre-industrial levels" was decided as a globally common target for mitigation measures, while
such common target was not made for adaptation measures. Explain why setting globally
common target is difficult for adaptation measures in about 3 lines.

¢) What are the potential benefits for developed countries to support adaptation measures in
developing countries? Explain in about 3 lines, citing multiple examples of the benefits.

(3) Due to the intensification of river flooding under climate change, it is becoming difficult to avoid
losses and damages by floods only through the conventional flood control measures, such as dams
and levees to prevent inundation outside of river areas. Therefore, various flood risk reduction
measures that go beyond conventional measures are currently being considered.

Consider several flood risk reduction measures that are effective in reducing losses and damages
from large-scale flood hazards. Discuss how these measures can reduce flood risk and what
difficulties are expected in implementing them, within 10 lines in total.

Use at least five keywords from the list below, and underline each when it first appears.

Keywords: Basin-wide approach, Land use, Flood forecasting, Multiple stakeholders, Green

infrastructure, Co-benefit, Compensation, Reinforcement



Intergovernmental Panel on Climate Change: S{EZEh(Z B85 5 BRI/ <R/, 6™ Assessment Report: 25 6 ¥R
AFMi# &2, Industrial Revolution: EEZEHE A, certainly: &V 72 <, greenhouse gas emission: IREZHFEH 2
PEH, Paris Agreement: /3 Y #}7E, member nations: MEAE, regardless of: BAf% 72 <, responsibility for past
emissions: EDHEHIZ T 5 FLE, water vapor: 7K, atmosphere: K&, annual mean precipitation: 4F3F
¥JRE 7K B, meteorological extreme: HENGSZRIRE, heavy rainfall: BEF, river discharge: 7)1/}t &, basin-wide-
scale: FEIHAE, identify: BFIET 2, annual maximum: SEHAfE

countermeasure: X, mitigation measure: RN, adaptation measure: WA, pre-industrial: FEFER MBI,
citing: ZR L2

intensification: {#({k, losses and damages: 82k & #%%, conventional flood control measure: i34 o7k 7K il 4
K, levee: 12FA, inundation: B, river area: I [X1, flood risk reduction measure: 7k V) 2 7 {5,
implementing: i, underline: F#t% 5] <

basin-wide approach: eIz 7=%5 7 7 2 —F, land use: THIFI A, flood forecasting: #t7K T8, multiple
stakeholders: 23 DF|ERIfRAE, green infrastructure: 7'V —2'A 7 F A b F 7 F % —, co-benefit: 1BEF)
ft, compensation: fifi{&, reinforcement: 5&{b
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43%F 6/Field 6: (Transportation)

Consider that you have conducted a stated preference (SP) survey on transportation mode choice with
three alternatives: regular vehicle (RV), private (personally owned) autonomous vehicle (PAV), and
shared autonomous vehicle (SAV). Here, the SAV system is a driverless ride-hailing service.
Passengers of SAVs send a request specifying pickup and drop-off points using a mobile application,
and the system assigns vehicles through a matching algorithm (e.g., matching the request with the

nearest vehicle).

Now you want to analyze the SP data by estimating the following discrete choice model. The utility

function of individual n choosing alternative 7 is defined as:
Ui,n = V%,n + Ein [1]

where &, follows an independently and identically distributed (i.i.d.) Gumbel distribution with the

location parameter being zero and the scale parameter being one, and V;,, are defined as follows:

er,n — ASCpy+ }BcostCOSth,n+ ﬁtime,livtimeﬂv,n [2]
VPAV,n = ASCerav+ ﬁcostCOSt'PAV,ﬂ.+ Btime,PAVtimePAV,n [3]
Vsm»',n = ﬁcostCOStSAV,n+ ﬁtime,SA\«’timeSA\-’,ﬂ-i- ﬁwaitwa‘itSAV,ﬂ. [4]

where ASC; is the alternative specific constant (ASC) of i, cost;, is the travel cost in Japanese Yen
(JPY) associated with alternative 7 and individual n, time;, is the travel time in minutes of alternative
i and individual », and waitsav,» is the expected waiting time in minutes to get on an SAV. Bocts
Btimerv: Btimepav: Ptimesav: and Pyaie are the coefficients of the explanatory variables. The
estimates for the parameters can be found in the following Table 1. Note that all the estimates are
statistically and significantly different from zero.

Table 1. Estimation results.

Parameter Estimate

ASCgry 3.750
ASCpav -3.500
ﬁcost -0.015

)Btime,RV -0.630
Btime,pav  -0.450
Biime,sav ~ -0.540
Boait -1.125




Answer the following questions.

(1) Explain an estimation method for the above model. Note that_ if you introduce new formulations or
notations here, you must define them explicitly.

(2) What do the signs of the estimates suggest? Explain the related behavioral interpretation of each
of (a) ASCrv and ASCrav, (b) Beost: (¢) Btimerv: Brimepavs and Brimesav and (d) Bwait-

(3) Assume that the waiting time has the largest elasticity on the choice of SAV. What policy would
you propose for improving the SAV system to promote the use of SAV? Discuss the policy and its
potential adverse effects.

(4) Estimate the Value of Travel Time Saving (VTTS) in JPY/hour of each of the three alternatives.
Then, explain your interpretation regarding the difference in the estimated VTTSs.

(5) Imagine the near future when autonomous vehicles are practically available and people can own
and use AVs more easily. Based on the estimated VTTSs, what impacts would you expect on travel
behavior and urban land use? Explain your projection in about five lines in English or four lines in
Japanese. (You may or may not consider a specific city/region.)

stated preference (SP) survey: FPIRIFFA, transportation mode choice: ZZiAFELRIR,

alternative: 23R, regular vehicle: i B &),

autonomous vehicle (AV): HBEhElZH, shared AV: #HHH B BhEis,

ride-hailing service: BlHIH— 1 X, pickup and drop-off points: FEH - FEHIBHT,
discrete choice model: Bf#ORIRET L, utility function: %h FBE%L,

independently and identically distributed (i.i.d.): JR3E[R—43FlZGE

Gumbel distribution: 7 > ~/L437, alternative specific constant: 4R i [E A E %,
statistically and significantly: FEtA9EEIZ, explanatory variable(s): uBAZE%L,

estimation method: HEGETE, notation(s): Radik - it 5,

behavioral interpretation: 17E(F&)RIAFEIR, adverse effect(s): EHE - RHEH,

elasticity: #7714, Value of Travel Time Saving (VTTS): B2 iFfH] S il il
projection: (RFIZxH45) Tl travel behavior: ZZiB1TED,

17



478 7 / Field 7: (Spatial information engineering)

(1) Answer the following questions.
a) Explain the functionality of the Global Navigation Satellite System (GNSS) referring to
three satellites in use, in about 3 lines in English or 2 lines in Japanese.
b) Explain the principles of absolute and relative positioning with GNSS, in about 5 lines in
English or 4 lines in Japanese.

¢) List three advantages and three disadvantages of GNSS surveying in about 5 lines in
English or 4 lines in Japanese.

(2) Figure 1 shows an example of a synthetic aperture radar (SAR) image. The region with
stronger / weaker backscatter intensity appears brighter / darker in the image. Answer the
following questions.

a) Explain why the use of SAR rather than a real aperture radar (RAR), is the only practical
option for radar imaging from space, in about 3 lines in English or 2 lines in Japanese.

b) Name and illustrate with a diagram the scattering processes that occur in each of the
following three land uses: high-rise buildings, forests, and water bodies.

c) Sketch a graph of incidence angle versus backscatter intensity for both forests and water
bodies.

Figure 1. Synthetic aperture radar (SAR) image.

functionality: $##E, absolute positioning: BEAlJIf7, relative positioning: FEXHEIAL, synthetic aperture radar
(SAR): HHEBHR L —& —, real aperture radar (RAR): EBiRD L—# —, backscatter intensity: % 57 HEEL
FREE  incidence angle: A4



57%F 8/Field 8: (Urban / Landscape)

Answer the following questions.
(1) Tt is important to consider the sequential landscape of urban public spaces to realize cities where
people can enjoy walking.
a) Explain differences between sequential landscape and scenic landscape, in about three lines.
b) The sequential changes of spatial relationships between pedestrians and their surroundings are
one of the essential factors for the quality of walking experiences in urban public spaces. Give
and describe an example of what you consider to be enjoyable walking experiences in urban
public spaces, in about four lines.
c¢) Propose a design strategy for urban public spaces where people can enjoy walking as they

experience a sequential landscape, in about seven lines.

(2) Japan has a regulatory system that building forms are primarily controlled by restricting building
coverage ratios and floor area ratios.
a) Explain the building coverage ratio and the floor area ratio, in one line each.
b) Discuss a method for planning townscapes which are pleasant for pedestrians under this system

for controlling building forms, in about seven lines.

sequential landscape: ¥ —7 = 2 F# scenic landscape: — > ffEl

sequential changes: Wex loid = B2, spatial relationships: Z2f#972BE{RE
pedestrian: #17% surroundings: J& strategy: HEME, 5

building coverage ratio: &\ 3 floor area ratio: &3¢ townscape: #ilfz Z



57 BF 9/Field 9: (Management)

Figure 1 shows the recent trends in: (a) the daily labor costs for public works officially estimated by
the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) and; (b) the average daily wage
of subcontractors in construction. This figure highlights the relationship between the labor costs borne
by the employers and the actual labor wages in public works in Japan. Note that the officially estimated
daily labor cost is defined as the wage level that subcontractors’ site workers should daily receive, and
that these estimated labor costs are in fact reflected in the contract prices. It can be seen that the
estimated daily labor cost rose from 15,175 Japanese Yen (JPY) per person in 2013 to 22,227 JPY in
2023, up 46%, on average among the 12 main types of construction work. In contrast, the average
daily wage of subcontractors in construction rose from 15,117 JPY per person in 2013 to 18,983 JPY,
up only 26%.

[JPY]
23,000

—+—(a) Estimated daily labor cost (MLIT)
-#—(b) Average daily wage (subcontractors in construction)

22,000

21,000

20,000

19,000

18,000

17,000

16,000

15,000

14,000
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 [YEAR]

Figure 1
Answer the following questions.

(1) It is argued that the main cause of the difference in the above two percentage rises lies in its

industrial structure, often referred to as the multi-layer subcontracting system. Describe firstly why

20



the entire supply chain of the construction industry tends to form such a multi-layer subcontracting
system, and secondly why this industrial structure can explain the difference in those percentage
rises.

(2) Recently, the Japanese government are introducing the prevailing wage rates, below which a
construction contract is outlawed as unreasonably low price sales. Discuss how this new policy
can affect the gap between the two trends discussed above.

(3) Though the introduction of the prevailing wage rates intuitively seems to cause higher construction
costs, the past studies, empirical or theoretical, are surprisingly not conclusive on this causality.
Discuss what conditions or mechanisms could make the overall construction cost unaffected by the
introduction of the prevailing wage rates.

Daily labor costs for public works officially estimated by the Ministry of Land, Infrastructure, Transport and Tourism
(MLIT): E+Z584 B Y70 0 A4 TEEE 9 R, Labor wages: 5 # &4,

Subcontractors: T B ¥EH, Borne by ...: -l X-oTABINS,

Employers: FEH, Public works: ZA3L T8,  Site workers: BEX{EENEEH,

Contract prices: $2f9&%H, Types of construction work: E25% AR, Industrial structure: FE &,
Referred to as...: - & MREN 5, Multi-layer subcontracting system: HEJE T rgthis,

Prevailing wage rates: fE¥E5E®, Outlawed: BEiEL 72D, Unreasonably low price sales: BfE7E1T 43,
Intuitively: ERERIIC, Empirical: SERERY, Conclusive: fEr@ASH TV 5,

Causality: FRBAFE, Unaffected: 822 X720
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57 %F 10/Field 10: (International Project)

Read the following text and answer the four questions below.

In the urban metropolises of the Global South. informal transportation options such as minibuses. tuk-

tuks, cyclos (trishaws) and motorbikes. enable those with limited financial means to access services

and employment, and to move goods for themselves or small-scale businesses.ia) With limited large-

scale, planned transportation schemes, these alternatives are often the only means by which millions
of people can travel on a daily basis, making a major contribution to urban mobility. Yet increasingly.

such means of transportation are being seen as outdated and obsolete, failing to fit modern urban

transportation ideals.s) with policies being implemented to restrict their operations. Such policies

increase mobility injustice.(c)

Source: Turner, S. (2020). Journal of Transport Geography, 85, 102728. Partially modified from the
original text.

(1) Regarding the underlined part (A), why do many urban metropolises of the Global South have
informal transportation options? Explain the reasons in about six lines in English or about four
lines in Japanese.

(2) Regarding the underlined part (B), what are the modern urban transportation ideals in contrast to
informal transportation? List four factors that constitute such ideals.

(3) Regarding the underlined part (C), what kinds of mobility injustice are typically caused by the
policies restricting informal transportation? Explain them from the viewpoints of users and drivers
within three lines in English or two lines in Japanese for each.

(4) Recently, new transportation options with advanced technology, such as online-based ridehailing
and delivery services, have been increasingly popular in many urban metropolises of the Global
South. Such new transportation services may accelerate the mobility injustice by undermining the
existing informal transportation. What kinds of policy should be introduced for harmonizing the
new transportation options with the existing informal transportation? Describe your proposals on

the policy in about eight lines in English or about six lines in Japanese.

metropolis: F<ERT, means: TE%, outdated: FF{LiE4L, obsolete: THEW,
ideal: P&, A, restrict: MR 5, injustice: NAIE, Y, constitute: LT 5,
ridehailing: BREEH—E A, delivery: EliE, undermine: fHET 3, harmonize: AfI=E 5

22



EXTYERSEi

BLANK PAGE

23



K

EE S examinee number

AR | RIE M
Question Booklet of “Civil Engineering”

2025FERFERAR HRAKFRFER LERHER SR FEY H %R

The 2025 Entrance Examination Doctoral program, Department of Civil Engineering,

Graduate School of Engineering, The University of Tokyo

20245F8H26H (A ) 14:40 — 15:30 ( B A<F5F[H]) August 26™, 2024 (Monday) 14:40 — 15:30 (in JST)

47871 (Field 1) 1831 - 525t (Structures / Design)
47872 (Field 2) #4#} (Concrete engineering)
47873 (Field 3) HiAIE (Geotechnical engineering)
437874 (Field 4) /K T4 A (Hydrospheric engineering A)
43875 (Field 5) 7K 5B (Hydrospheric engineering B)
47976 (Field 6) ZZ3# (Transportation)
47877 (Field 7) ZEfH & ## (Spatial information engineering)
47558 (Field 8) #BTH - 8l (Urban / Landscape)
437879 (Field 9) ¥V AP (Management)
479710 (Field 10) EPf7 227} (International project)
478711 (Field 11) 5 (Mathematics) B!/{ft(Separate Booklet)
TEEYFIE / Notices
o RRREMFEMOE LICZBRE S AR TEEL ), Write your examinee number at the upper right box of this page.

HAGES LIIEFE T, #FE 752 L. Answers must be written in Japanese or English.

IR LTRETAIL, Lo HEMELIhERE A FREREICEATAZL, BESFREARTORELR
7255y OREEITE RS EY A, Answer the questions in the one exam field. Write your answered exam ficld in the
Declaration Form of answered exam fields. If you answer questions in an exam field different from that you selected in the form,
your answers will not be scored.

SEIET, WL T oS FRA L T{/EEL, Please use one answer sheet for each field.
BRI B 1-100E A Th2 TS B S | LB BIES LY, SBFNORER THA R | L=y Bk
o, Bt2Blbn s, R B S AARICRASN I 2B Chis A 1 O AR B SB Ly, BT AS
17207, You received one answer sheet named “Civil Engineering”, which should be used to answer Field 1-10. and one answer
sheet named “Mathematics™, which should be used to answer Field 11. Totally you received 2 answer sheets. One answer sheet

which corresponds to one field you write in the Declaration Form of an answered exam field will be scored and the remaining
sheet will not be scored.

SEI1-0DEREILHT=> T, RERBOEORICZRE S LS HEEE T AL TS, When you answer Field
1-10, please fill your examinee number and exam field number for the answer sheet.

SPEFIEE)FRIHC R ET . 6 PIRMEZERL TREL TESD, MERAROREOMICZRES -HESSETEA
LT</EZEL), You can find problems of Field 11 (Mathematics) in the separate booklet. Please select one problem out of six
problems. Please fill your examinee number and write the problem number that you answer in the boxes of the answer sheet.
BEIC AW T ERRIAIZ 2V TLERESZRAO L, £ EOMIZIN/A| L5 A 524, For an answer sheet
which you did not use for answering, you must write “N/A” in the upper left box. Your examinee number should also be written.

BERMOBREZEALTHROWETA, EREZBMNT52 41 TE2FE4H A, You can use both sides of the answer sheets.

Additional answer sheefs are not available.

AERE T BRI, RIREM 3 LU 2 X TEIYL £, You must return the booklets and all the answer sheets after

the examination.



EiR A Bk

BLANK PAGE



FLim H Bk

BLANK PAGE



43%F 1/Field 1: (Structures / Design)

Consider the vibration response of a construction transport vehicle being loaded with soil of weight
mgg as shown in Figure 1(A). Assume that the vehicle can be modeled as a damped linear single-
degree-of-freedom system with a mass my, damping coefficient ¢y, and spring constant k. as
shown in Figure 1(B). Answer the following questions under the assumption that the vehicle's damping
ratio {y = CV/(ZJW) is less than 1, and my is significantly larger than ms.

The definitions of mathematical symbols and variables are as follows:
* t: Time
* g: Gravitational acceleration.
* x(t): Vertical displacement of the vehicle in Figure 1(B) and Figure 2 based on a stationary
coordinate system. The displacement in the stationary state before loading the soil is 0.

(1) Write the vibration equation of the vehicle when the external force due to the soil is f(t).

(2) Let’s determine the displacement response x(t) ofthe vehicle for t = 0 when the external force
f(t) is given by the following equation [1]. The displacement response x(t) can be expressed as
the sum of a particular solution (x,(t)) of the vibration equation for forced vibration and the
general solution (xp(t)) of the vibration equation for free vibration when the external force is zero.
Determine both x,(t) and x,(t). The undetermined constants of the general solution can be left
as they are.

0 (t<0)
FO ={neg 2 0) i

(3) Determine the minimum and maximum values of x(t) assuming that the damping ratio of the
vehicle is extremely small and can be neglected, and then sketch the graph of x(t) showing the
minimum and maximum values. The initial conditions are x(0) = 0 and %(0) = 0.

Next, at time t = 0 right after the soil was loaded as described in equation [1], the vehicle started

moving at a certain velocity on an uneven road surface, as shown in Figure 2.

The definitions of mathematical symbols and variables are as follows:
» y(t): Elevation of the uneven road surface in Figure 2 based on a stationary coordinate system.
* Y: Amplitude of the elevation of the uneven road surface in Figure 2.

* w: Circular frequency of the uneven road surface in time.
* Wy, = 4/ ky/my: Natural circular frequency of the vehicle.



(4) Write the vibration equation for the vehicle shown in Figure 2 assuming that y(t) is given by
equation [2], and then determine its particular solution.

y(t) = Ysin(wt) (t=0) [2]
(5) At time t =m/w,, determine the condition that w/w, “must satisfy for the displacement
response Xx(t) to be smaller than the maximum value obtained in (3). The initial conditions are

x(0) = 0 and x(0) = 0. Assume that the damping ratio of the vehicle is extremely small and can
be neglected.

lf(t)

lj

x(t)

Cy

(A)* (B)

Figure 1. A damped linear single-degree-of-freedom system.

* Source of the photo: A. Stentz et al., “A Robotic Excavator for Autonomous Truck Loading,” Autonomous Robots, Vol.7,
No.2, pp.175-186, 1999.

lf(t)

Figure 2. A damped linear single-degree-of-freedom system moving on an uneven road surface.

Construction Transport Vehicle : E5% /A E# # i, A Damped Linear Single-degree-of-freedom System : JB3= D
HDHF | BHER, Mass : &, Damping Coefficient : J#FEFR%L, Spring Constant : X1 7EF, Damping



Ratio : B3, my is significantly larger than mg: myidmgd ¥ +43 kK&

Gravitational Acceleration : B 7)JI#EE, Vertical Displacement : $A7E 57 (D ZE(i7, Stationary State : #5 LR HE,
Stationary Coordinate System : #t1E#E42E5%, Natural Circular Frequency : [&E78 FiRENEL

Vibration Equation : RENFER, Displacement Response : ZE(3F i, External Force : #+ /) , Particular Solution :
FFPRAE (7 M%), Forced Vibration : 58I #ZE), General Solution : —fiZfi#, Free Vibration : B HIE®h, Initial

Conditions : #FJH#iZ:{E, Undetermined Constants : FEEEL

Uneven Road Surface : {4 & % B&MH, Elevation : & =
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578 2/Field 2: (Concrete engineering)

(1) Answer the following questions.

a)

b)

Consider the section of a reinforced concrete (RC) member with materials’ properties given in

Figure 1. Show the calculation process when answering the questions. Do not use safety factors.

a-I) When the RC member is subjected to only flexural moment, calculate the ultimate flexural
capacity (moment) at failure.

a-II) Consider a situation that 1,000,000 N of axial force is applied to center height of the
section of the RC member. When the RC member is subjected to flexural moment under
the situation, calculate the ultimate flexural capacity (moment) at failure.

Pre-stressing forces in pre-stressed concrete beams are often eccentric. Explain the reason in

about 3 lines. You may use illustrations, if needed.

Explain the important concept in the design of RC members for toughness in ultimate state by

using all the following keywords, in about 3 lines. Underline each keyword when it first appears

in the answer.
Keywords: Flexural compression failure, Shear failure, Brittle failure

= 400 mm |
| i
= Black dot (@) indicates a reinforcing steel bar
é Dotted line indicates center height of section
=] i -
8 ; 3
=N v § Total cross-sectional area of reinforcements: 4, = 4,000 mm?
e ©  Yield strength of reinforcement: £, = 350 N/mm*
Elastic modulus of reinforcement: £, = 200,000 N/mm?
Compressive strength of concrete: £°. = 35 N/mm?
Ultimate compressive strain of concrete: &', = 0.0035
000

Figure 1. Reinforced concrete section and material properties.

(2) Answer whether each of the following statements is TRUE or FALSE. If it is FALSE, write the

reason in about 2 lines, referring to the scientific mechanisms.

a)

b)

c)
d)

It is important to ensure sufficient air content in hardened concrete to reduce frost damage of
concrete. The sizes and spacing of the air bubbles are not important for this purpose.

Use of blast furnace slag powder as a cement substitution increases chloride binding of concrete,
which reduces the steel corrosion resistance of RC against salt attack.

Use of fly ash as a cement substitution generally degrades the workability of fresh concrete.
Moderate-heat Portland cement is often used in high-strength concrete with low water-cement
ratios and high cement content. Moderate-heat Portland cement is therefore less commonly



used in dam concrete with low cement content.
e) Honeycombs appearing in early age concrete are generally due to segregation during casting,
which is caused by several factors, such as insufficient compaction and inappropriate mix

proportion.

section: 71, member: #E#4, safety factor: 2RI, flexural moment: pHIFE—A 2 |,

ultimate flexural capacity: HiiF /7, axial force: 77, pre-stressing force: 7L A b L A /], beam: Z(#7).
eccentric: {f/L», design: #REF, toughness: B4, flexural compression failure: B 7 EFEREEE,

shear failure: fullﬁ?@ﬁ, brittle failure: faftitEE, reinforcing steel bars (reinforcements): #HFREkFH,

yield strength: FEfREHEE, elastic modulus: 4R EL, compressive strength: EFEREE,

ultimate compressive strain: JEMEREEEO$ 72,

sufficient: 4772, air content: ZE&UH, frost damage: RE, spacing: [, air bubble: Z2&ia,
blast furnace slag powder: E1F A T 7K1, cement substitution: & A > MU,

chloride binding: (LW E, corrosion: F &, salt attack: &, flyash: 774 7 v ¥/ =,
degrade: Bk =¥ %, workability: 7—HF ¥V 7 1, fresh concrete: 7Ly a7 ) —F,
moderate-heat Portland cement: HFEZF/L |} Z 2 F& A b, water-cement ratio: 7K A b b,
honeycombs: ¥+ 71 (GAR), segregation: ##+57 8, casting: ¥T3AZ:, compaction: #5[E D,

mix proportion: Bt



57%¥ 3/Field 3:(Geotechnical engineering)

(1) Answer the following questions on liquefaction phenomena of ground.
a) Explain the mechanism of liquefaction in sandy ground during an earthquake, in about 3 lines.
b) List three factors that affect the onset of liquefaction during earthquake, and explain their
physical mechanism in about 3 lines in total.

(2) Answer the following questions on active earth pressure on retaining wall.
a) Explain the concept of obtaining the active earth pressure based on (i) Rankine’s earth pressure
theory and (ii) Coulomb’s earth pressure theory, in about 4 lines in total.
b) Explain three conditions for the actual active earth pressure on the retaining wall to be equal to
that obtained by Rankine’s earth pressure theory.

(3) Hollow cylindrical torsional shear test is often used for evaluating the strength and deformation
characteristics of soil. Explain the characteristics of the hollow cylindrical torsional shear test in

about 3 lines, including its advantage and di'sadvantage.

(4) Excessive groundwater pumping can cause significant fall of groundwater level and ground
settlement. Consider the ground shown in Figure 1. Here, GL indicates the ground level. The
groundwater level is initially GL—5.0 m, then lowered to GL—10.0 m by the groundwater pumping.
Estimate the ground settlement due to the effect of groundwater lowering, by answering the
following questions.

Here, the settlement of the sand layer can be ignored. Degree of saturation of the sand layer above
the groundwater level is S,=50%, water density is p,,=1.0 g/cm?, compression index of clay layer
is C=0.9, and gravitational acceleration is g=10 m/s?. If necessary, the following values can be
used; logi02=0.30, log103=0.48, logi105=0.70, log107=0.85, logio11=1.04.

(a) Calculate the following three values:
- saturated unit weight of sand
- saturated unit weight of clay
- wet unit weight of sand above the groundwater level
(b) Draw a figure of the vertical distributions of pore water pressure (hydrostatic pressure), u:
- when the groundwater level is GL—5.0 m using a solid line
- when the groundwater level is GL—10.0 m using a broken line
(c) Draw a figure of the vertical distributions of vertical effective stress, g,,":
- when the groundwater level is GL—5.0 m using a solid line

- when the groundwater level is GL—10.0 m using a broken line



(d) Calculate effective vertical stress at the middle height of the clay layer (GL—14.0 m) when the
groundwater level is GL—5.0 m and GL—10.0 m, respectively.

(e) Calculate the change of void ratio in the clay layer and the approximate value of seftlement,

using the result of (d).

: >Void ratio, e=0.7
Soil particle density, ps=2.7 g/cm?

Normally 1 | Void ratio, e=2.0
consolidated clay Soil particle density, ps=2.5 g/cm?

Figure 1. Ground condition and groundwater level.

onset of liquefaction: i tk{bL D 34

active earth pressure: =) -/, retaining wall:#BE, Rankine’s earth pressure theory: 7 > 5 > @ +[E I,
Coulomb’s earth pressure theory: 7 — @ > @ +FE ¥, actual: EREED

hollow cylindrical torsional shear test: 12242 U V) & A Wi AER,
strength and deformation characteristics of soil: =D 35 LT VA Rk

excessive groundwater pumping: %72 I T KD < Z_EIF, groundwater level: 1 F7K {7, settlement:3L T,
degree of saturation:F2FNEE, water density:7K (D44 ., compression index of clay layer: ¥5+ /@D EHEIEEL,
gravitational acceleration: & 77 IN#EFE, saturated unit weight:#8F0 B A7 (FFE E B,

wet unit weight: {& ¥ BLAL (K FEE &, vertical distribution: ¥ 4347, pore water pressure: [ P 7K &,
hydrostatic pressure:##7K £, vertical effective stress:#ATH A 20 /1. void ratio: (Pt

approximate value: &, solid line: 3E#R, broken line: AR, respectively: T Fh,

soil particle density: +-#.F% £, normally consolidated clay: IEE & K5+, permeable:EAMED H 5



77 8F 4/Field 4: (Hydrospheric engineering A)

A circular-crested dam holds stationary water up to its crest level as illustrated in Figure 1. We define
the x-axis as extending horizontally downstream from the upstream toe of the dam, the z-axis upward
from the dam crest level and the y-axis perpendicular to both the x and z axes (see Figure 1). The dam
cross-section is semicircular with radius R and uniform in the y direction. Answer the following
questions. Density of water is p and gravitational acceleration is g. Assume atmospheric pressure to be

ZET0.
(1) Find the resultant horizontal force of water pressure on the dam per unit length in the y direction.

(2) Find the bulk density required for the dam to remain stable against sliding. Assume a static friction
coefficient of 0.5 between the dam and the ground surface.

(8]

v

Figure 1. Cross-section of a circular-crested dam holding stationary water.

Upstream water discharge raises the water level and generates a steady state as illustrated in Figure 2.
The upstream flow, away from the dam (x < —R), can be considered a uniform horizontal flow. The
upstream flow velocity is U = \/g_R/:S . which is assumed to be uniform throughout the depth. The
water surface elevation from the dam crest level, #(x), is approximated by the following function:

B0) L L%l for i il [
R 2 24 R

Answer the following questions. Neglect the flow friction on the bed including the dam surface. You
may introduce additional approximations as needed, but they should be stated explicitly.

(3) Find the depth-averaged horizontal velocity above the dam crest (x = R) using mass conservation.

(4) Find the pressure at the upstream toe of the dam, (x, z) = (0, —R), using energy conservation.



(5) The flow velocity satisfies the following kinematic condition along the water surface:
d
u 20 w
dx

where u and w are horizontal and vertical velocity components, respectively. Find » and w

for z=n(x), [2]

at the water surface above the dam crest, (x, z) = (R, #(R)).

(6) Find u and w at the dam crest, (x, z) = (R, 0), based on the assumption that the horizontal velocity
component varies linearly with the depth above the dam crest.

(7) Draw a sketch of the vertical distribution of pressure above the dam crest (x = R), based on the

assumption in (6).

Il

-
Il
o |09
B

Hd b

x==R X=
Figure 2. A steady flow over the circular-crested dam.

circular-crested dam: MR DIEE#F 3% X L, stationary water: ik L 7z7K, crest: TAEF,

upstream toe: _EJifElD T, perpendicular: FE[E 7, semicircular: D, radius: H£E, density: B,
gravitational acceleration: EJIMEREE, atmospheric pressure: A5, resultant horizontal force: K& 77,
bulk density: 7> & %L, sliding: {88, static friction coefficient: ##1EEEIEFREL, discharge: Fi&, steady state :
JEH KRB, uniform horizontal flow: —#&727K 3, flow friction: Fidvic X % EEHE, bed: JEMH, approximation :
iTfl, depth-averaged: 7K D, mass conservation: B B{RTE, energy conservation: T F ¥ —{R7F,
velocity component: J#5>, kinematic condition: EBIZERYEZEF, linearly: EHRAYIC
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578 5/Field 5: (Hydrospheric engineering B)

(1) Regarding the following statements about climate change, answer whether each statement is TRUE
or FALSE. If it is FALSE, explain the reason.

a)

b)

d)

According to the IPCC AR6 (Intergovernmental Panel on Climate Change 6™ Assessment
Report), it is still difficult to conclude that the rise in global air temperature since the Industrial
Revolution is certainly due to greenhouse gas emissions by humans, because there are many
other factors that affect Earth’s climate.

The Paris Agreement requires all member nations to decide targets to reduce greenhouse gas
emissions, regardless of their level of responsibility for past emissions.

The amount of water vapor that the atmosphere can hold increases along with air temperature
rise. As a result, annual mean precipitation is expected to increase in all regions of the world.
Compared to local-scale meteorological extremes such as lif:avy rainfall, river discharge
reflects basin-wide-scale water circulation processes. Thus, it is relatively easy to identify the

impact of climate change from long-term data on annual maximum river discharge.

(2) Countermeasures against climate change can be classified into "mitigation measures" and

"adaptation measures". Answer the following questions regarding these countermeasures.

a)

b)

Write the definitions and examples of "mitigation measure" and "adaptation measure" in about
4 lines in total. .

In the Paris Agreement, "keeping a global temperature rise this century well below 2 °C above
pre-industrial levels" was decided as a globally common target for mitigation measures, while
such common target was not made for adaptation measures. Explain why setting globally
common target is difficult for adaptation measures in about 3 lines.

What are the potential benefits for developed countries to support adaptation measures in
developing countries? Explain in about 3 lines, citing multiple examples of the benefits.

(3) Due to the intensification of river flooding under climate change, it is becoming difficult to avoid

losses and damages by floods only through the conventional flood control measures, such as dams

and levees to prevent inundation outside of river areas. Therefore, various flood risk reduction

measures that go beyond conventional measures are currently being considered.

Consider several flood risk reduction measures that are effective in reducing losses and damages

from large-scale flood hazards. Discuss how these measures can reduce flood risk and what

difficulties are expected in implementing them, within 10 lines in total.

Use at least five keywords from the list below, and underline each when it first appears.

Keywords: Basin-wide approach, Land use, Flood forecasting, Multiple stakeholders, Green

infrastructure, Co-benefit, Compensation, Reinforcement



Intergovernmental Panel on Climate Change: SUEZEBYZB5 2 BUFH /<% /L, 6% Assessment Report: 55 6 ¥k
FFffi i #5 &, Industrial Revolution: FEZEH M, certainly: fHHE\V 72 <, greenhouse gas emission: I ZEEhHE A 2
HEH, Paris Agreement: /%Y #47E, member nations: JNE3[E, regardless of: BIf&72 <, responsibility for past
emissions: 183 OHEHIZ X}~ 5 FE, water vapor: 7KFRE, atmosphere: &, annual mean precipitation: £
¥Rk B, meteorological extreme: MEIRR SIS, heavy rainfall: ZEF, river discharge: ii])I|i &, basin-wide-
scale: JRIKHIE, identify: $FET 5, annual maximum: R AfE

countermeasure: Xf3%, mitigation measure: #&F05E, adaptation measure: E/i 5, pre-industrial: PEFEREMBID,
citing: ZR L>2>

intensification: #{k, losses and damages: 8% & #3, conventional flood control measure: FEEMY DAL HI{H
*3#, levee: BEBA, inundation: &, river area: {])1| X8, flood risk reduction measure: 7K U R 7 &5,
implementing: ZEHE, underline: F#R%E 5| <

basin-wide approach: 2RIz 107=5 7 7 2 —F, land use: HIFI A, flood forecasting: #t7K I, multiple
stakeholders: fEELOF)ERIRE, green infrastructure: 7'V —>1 A 7 F A b F & F % —, co-benefit: tHHEF)
i, compensation: fifif&, reinforcement: 581k



47 %¥ 6/Field 6: (Transportation)

Consider that you have conducted a stated preference (SP) survey on transportation mode choice with
three alternatives: regular vehicle (RV), private (personally owned) autonomous vehicle (PAV), and
shared autonomous vehicle (SAV). Here, the SAV system is a driverless ride-hailing service.
Passengers of SAVs send a request specifying pickup and drop-off points using a mobile application,
and the system assigns vehicles through a matching algorithm (e.g., matching the request with the

nearest vehicle).

Now you want to analyze the SP data by estimating the following discrete choice model. The utility

function of individual » choosing alternative 7 is defined as:
Ui,n = Vé,n + Ein [1]

where &;, follows an independently and identically distributed (i.i.d.) Gumbel distribution with the

location parameter being zero and the scale parameter being one, and V;,, are defined as follows:

VR\f‘,n = ASCpry+ BmstCOStrw,n+ /Bzime,n\ftimenv,n [2]
VPAv,n = ASCpav+ BCQEECOStPAV,ﬂ+ )Btime,PAVtimePAV,n [3]
VSAV,n = BccstCOStSAV,n+ 6time,SAVtimeSAV,ﬂ+ ﬁwaitwa‘itSA\’,ﬂ [4]

where ASC; is the alternative specific constant (ASC) of 7, cost;, is the travel cost in Japanese Yen
(JPY) associated with alternative i and individual », time; , is the travel time in minutes of alternative
i and individual n, and waitsav,, is the expected waiting time in minutes to get on an SAV. Beost-
Primerv: Ptimepav: Primesav. and Puwaie are the coefficients of the explanatory variables. The
estimates for the parameters can be found in the following Table 1. Note that all the estimates are
statistically and significantly different from zero.

Table 1. Estimation results.

Parameter Estimate

ASCrgry 3.750
ASCpavy -3.500
i -0.015

Btime,RV -0.630
Btime,pav  -0.450
ﬁtime,SAV -0.540
Bwait -1.125




Answer the following questions.

(1) Explain an estimation method for the above model. Note that if you introduce new formulations or
notations here, you must define them explicitly.

(2) What do the signs of the estimates suggest? Explain the related behavioral interpretation of each
of (a) ASCrv and ASCpav, (b) Beost: (€) Brimervs Btimepavs ad Primesavs and (d) Buait-

(3) Assume that the waiting time has the largest elasticity on the choice of SAV. What policy would
you propose for improving the SAV system to promote the use of SAV? Discuss the policy and its
potential adverse effects.

' (4) Estimate the Value of Travel Time Saving (VTTS) in JPY/hour of each of the three alternatives.
Then, explain your interpretation regarding the difference in the estimated VTTSs. _

(5) Imagine the near future when autonomous vehicles are practically available and people can own
and use AVs more easily. Based on the estimated VTTSs, what impacts would you expect on travel
behavior and urban land use? Explain your projection in about five lines in English or four lines in

Japanese. (You may or may not consider a specific city/region.)

stated preference (SP) survey: ZPHZBIFFZE, transportation mode choice: 2%38FE:RIR,

alternative: JBIRAY, regular vehicle: %@ H &,

autonomous vehicle (AV): H Bhi#E#zHEL shared AV: IHHE BhElzH,

ride-hailing service: BoBLH—E A, pickup and drop-off points: FEH - FEEIFHT,

discrete choice model: BfEGERET 1, utility function: Zh 8%k,

independently and identically distributed (i.i.d.): 32 R—43A7(ZFE S

Gumbel distribution: # > /L4370, alternative specific constant: &R EH E1L,
statistically and significantly: HEaTHIH EIZ, explanatory variable(s): FBAZEEL,

estimation method: #E{E, notation(s): Fitik - 0,

behavioral interpretation: 1T8h(5)AIRER, adverse effect(s): ZERE - BI{EA,

elasticity: #7114, Value of Travel Time Saving (VTTS): P28 FF ] 2 i iE.

projection: GREIZx7 %) Tl travel behavior: 22847,
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43%F 7 / Field 7: (Spatial information engineering)

(1) Answer the following questions.
a) Explain the functionality of the Global Navigation Satellite System (GNSS) referring to
three satellites in use, in about 3 lines in English or 2 lines in Japanese.
b) Explain the principles of absolute and relative positioning with GNSS, in about 5 lines in
English or 4 lines in Japanese.
c) - List three advantages and three disadvantages of GNSS surveying in about 5 lines in
English or 4 lines in Japanese.

(2) Figure 1 shows an example of a synthetic aperture radar (SAR) image. The region with
stronger / weaker backscatter intensity appears brighter / darker in the image. Answer the
following questions.

a) Explain why the use of SAR rather than a real aperture radar (RAR), is the only practical
option for radar imaging from space, in about 3 lines in English or 2 lines in Japanese.

b) Name and illustrate with a diagram the scattering processes that occur in each of the
following three land uses: high-rise buildings, forests, and water bodies.

¢) Sketch a graph of incidence angle versus backscatter intensity for both forests and water
bodies.

functionality: $%8E, absolute positioning: ELAMBI{Z, relative positioning: FH>HEIAL, synthetic aperture radar
(SAR): &RBAR L—4#—, real aperture radar (RAR): R0 L —4#—, backscatter intensity: % 5 HEL
J8PE, incidence angle: AT
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57 %% 8/Field 8: (Urban / Landscape)

Answer the following questions.
(1) It is important to consider the sequential landscape of urban public spaces to realize cities where
people can enjoy walking.
a) Explain differences between sequential landscape and scenic landscape, in about three lines.
b) The sequential changes of spatial relationships between pedestrians and their surroundings are
one of the essential factors for the quality of walking experiences in urban public spaces. Give
and describe an example of what you consider to be enjoyable walking experiences in urban
public spaces, in about four lines.
c) Propose a design strategy for urban public spaces where people can enjoy walking as they

experience a sequential landscape, in about seven lines.

(2) Japan has a regulatory system that building forms are primarily controlled by restricting building
coverage ratios and floor area ratios.
a) Explain the building coverage ratio and the floor area ratio, in one line each.
b) Discuss a method for planning townscapes which are pleasant for pedestrians under this system
for controlling building forms, in about seven lines.

sequential landscape: > —7 = 2 R scenic landscape: > — &l

sequential changes: &% (i Z 5 &4L spatial relationships: Z2[]r972 BAGRIE
pedestrian: #{7# surroundings: & B strategy: HMg, 5K

building coverage ratio: &<\ 5 floor area ratio: ZFf&%  townscape: @il



578 9/Field 9: (Management)

Figure 1 shows the recent trends in: (a) the daily labor costs for public works officially estimated by
the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) and; (b) the average daily wage
of subcontractors in construction. This figure highlights the relationship between the labor costs borne
by the employers and the actual labor wages in public works in Japan. Note that the officially estimated
daily labor cost is defined as the wage level that subcontractors’ site workers should daily receive, and
that these estimated labor costs are in fact reflected in the contract prices. It can be seen that the
estimated daily labor cost rose from 15,175 Japanese Yen (JPY) per person in 2013 to 22,227 JPY in
2023, up 46%, on average among the 12 main types of construction work. In contrast, the average
daily wage of subcontractors in construction rose from 15,117 JPY per person in 2013 to 18,983 JPY,
up only 26%.

JPY]
23,000

——(a) Estimated daily labor cost (MLIT)
-#—(b) Average daily wage (subcontractors in construction)
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Figure |
Answer the following questions.

(1) It is argued that the main cause of the difference in the above two percentage rises lies in its

industrial structure, often referred to as the multi-layer subcontracting system. Describe firstly why
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the entire supply chain of the construction industry tends to form such a multi-layer subcontracting
system, and secondly why this industrial structure can explain the difference in those percentage
rises.

(2) Recently, the Japanese government are introducing the prevailing wage rates, below which a
construction contract is outlawed as unreasonably low price sales. Discuss how this new policy
can affect the gap between the two trends discussed above.

(3) Though the introduction of the prevailing wage rates intuitively seems to cause higher construction
costs, the past studies, empirical or theoretical, are surprisingly not conclusive on this causality.
Discuss what conditions or mechanisms could make the overall construction cost unaffected by the

introduction of the prevailing wage rates.

Daily labor costs for public works officially estimated by the Ministry of Land, Infrastructure, Transport and Tourism
(MLIT): EL7584 A 47 0 A3 TEFREH S, Labor wages: HH &4,

Subcontractors: T A, Bomeby ...: ~-lZL->TEREZNS,

Employers: FE1EH, Public works: A3 TH,  Site workers: BERR{EFEMERAE,

Contract prices: 32#)4%R, Types of construction work: BERXENAE, Industrial structure: 5 3E4%E,
Referred to as...: -+ & RT3, Multi-layer subcontracting system: FJ@ Frafiis,

Prevailing wage rates: HR¥EFFE, Outlawed: EE L7123, Unreasonably low price sales: BEFE{T4,
Intuitively: EREAYIZ, Empirical: FEREAY, Conclusive: fEamasH T3,

Causality: KRR, Unaffected: fEE X172\
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478 10/Field 10: (International Project)

Read the following text and answer the four questions below.

In the urban metropolises of the Global South, informal transportation options such as minibuses. tuk-

tuks. cyclos (trishaws) and motorbikes. enable those with limited financial means to access services

and employment, and to move goods for themselves or small-scale businesses.(a) With limited large-

scale, planned transportation schemes, these alternatives are often the only means by which millions
of people can travel on a daily basis, making a major contribution to urban mobility. Yet increasingly,
such means of transportation are being seen as outdated and obsolete, failing to fit modern urban

transportation ideals.is) with policies being implemented to restrict their operations. Such policies

increase mobility injustice.c)

Source: Turner, S. (2020). Journal of Transport Geography, 85, 102728. Partially modified from the
original text.

(1) Regarding the underlined part (A), why do many urban metropolises of the Global South have
informal transportation options? Explain the reasons in about six lines in English or about four
lines in Japanese.

(2) Regarding the underlined part (B), what are the modern urban transportation ideals in contrast to
informal transportation? List four factors that constitute such ideals.

(3) Regarding the underlined part (C), what kinds of mobility injustice are typically caused by the
policies restricting informal transportation? Explain them from the viewpoints of users and drivers
within three lines in English or two lines in Japanese for each.

(4) Recently, new transportation options with advanced technology, such as online-based ridehailing
and delivery services, have been increasingly popular in many urban metropolises of the Global
South. Such new transportation services may accelerate the mobility injustice by undermining the
existing informal transportation. What kinds of policy should be introduced for harmonizing the
new transportation options with the existing informal transportation? Describe your proposals on

the policy in about eight lines in English or about six lines in Japanese.

metropolis: FHELT, means: FE%, outdated: B4R, obsolete: H RV,
ideal: /&, HRAH, restrict: R4 25, injustice: NEIE, A, constitute: #ELT 5,
ridehailing: BREEV—E A, delivery: BLiE, undermine: PHET 5, harmonize: FfN=H5
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