20244510 A, 202544 AN (October 2024 and April 2025 Admissions)
TSR RFGEH PR T AR P TR LARRERY] (ikset) BEP9RE B A\ ralriiiid

[ R

Graduate School of Advanced Science and Engineering  (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)

Question Sheets
(2024 48 H 22 HIEfti / August 22, 2024)

S HARERET 15 BRI T R
AREL A (HFIRHR D) AT TN Civil and o
. . . : Examinee’s M
Subject | Civil and Environmental Program Environmental
. o Number
Engineering 1 Engineering

ERERRERS ;9 FF 00 A9 ~11 ¥ 30 45

(Examination Time : From 9:00 to 11:30)

ZER EODFEFIEA

M
@
©)
Q)

Q)
©)
™

®
©

MREFAR IR A 5 7 28 B, IR IR A 54 8 K » £~

ZAUTERRTY. ARSI CEEA L TL 72 &0,

R AR FHER O RO EE OFEE LT-EINS, S8 52t AL T EE,

ZOMATES LTUINTEFA. —EBTHIEDITTLESTZHAITE, EBISGRBREEI s THRICHE
Sz L.

IR AR B %2, THORICORIZST L TERT A2 e, 12720, SRT2RE1L, HEERAOBRSR LR &
FHEL T3 b0,

1N O Z SRR L B35 Z & fiENEX IV E X2, R UHROEmEZFIH L TH LU,
727170, ZFOHEET Eiki<) R EEEmICEEH LI-Z 00 b oL Tl Z L.

MRE R IS AR & BIzm L E 9

M [X/EEZEE 2RIV EWIIERRSIGETE, EARIGGEAT D Z L.

THTHER, EEAEHLTHELIZD

(10) BB DI RSN S DA IETFTA2 T 52 L.

Notices

(1)
@)
3)
@
©)

(©)

%
@)

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

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

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

Do not disband this booklet. If the sheet has been disbanded accidentally, tell an invigilator and follow his/her instruction.
Mark the specialized subject that you have selected, with a circle in the Selection row in the table given below. The specialized
subject which you mark must be the subject that you registered in the application.

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

Return the question sheets together with the answer sheets.

When you are required to provide figures/tables, draw them on the answer sheet.

(9) You may use the approved ruler and calculator.
(10) Raise your hand when you have any questions.
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Question 1

Answer the following questions.

(1) Explain strain.

(2) Explain Poisson’s ratio.

(3) When the volume of an isotropic elastic material is constant during its deformation, determine its Poisson’s ratio.

FijRE 2
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Question 2
The frame shown in Fig. 2-1 is subjected to a uniformly distributed load ¢. Assume A is a fixed support, D is an internal hinge, and
E is aroller. Draw the axial force diagram, shear force diagram, and bending moment diagram.
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Question 3
The beam shown in Fig. 3-1 is subjected to bending moments at A and B. Assume the support at A is a pin, and B is a roller. The
flexural rigidity £ is constant. Determine the slopes at A and B.
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Question 4

The beam shown in Fig. 4-1 is subjected to a uniformly distributed dead load of 0.8 kN/m, a uniformly distributed live moving load
of4 kN/m, and a concentrated live moving load of 20 kN. Assume A is a pin-support, B and D are rollers, and E is an internal hinge.
Determine the maximum positive (upward) reaction force at B, the maximum positive moment at C, and the maximum negative
shear force at C.

A C B E D
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Fig. 4-1
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Question 5

The frame shown in Fig. 5-1 is subjected to a concentrated load P =4 kN. The elastic modulus of the frame’s members is 200 GPa,
and the yield stress is 360 MPa. Assume A is a pin-support. Consider the supports at B and C as pins for x—x axis buckling and fixed
supports for y—y axis buckling. Determine the safety factor with respect to buckling about each of these axes of the member BC.
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Fig. 5-1
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Question 6
The beam shown in Fig. 6-1 is subjected to two concentrated loads at B and C. Assume the support at D is a roller and A is a fixed

support. The flexural rigidity £/ is constant. Determine the reaction force at D.
60 kN 100 kKN

3m 3m 3m

Fig. 6-1
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Question 1

Answer the following questions regarding concrete materials.

(1) Fig. 1-1 schematically shows the changes in the degree of hydration for major mineral components in Portland cement (the left
figure: very early age, the right figure: long term). The symbols (a) to (d) in both figures represent the same minerals. Write the
hydration reaction equations of (a), (b), and (c) in the presence of gypsum.

(2) Explain the four moisture states of aggregate using an appropriate figure.

(3) Explain the cement dispersion mechanism of a naphthalene-based water-reducing admixture.
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Question 2

Answer the following questions regarding fresh concrete.

(1) Fresh concrete has a rheological property similar to Bingham fluid as shown in Fig. 2-1. Explain the changes in the figure when
a high-range water-reducing admixture is added to enhance the fluidity of fresh concrete.

(2) Explain the effects of material segregation on the properties of hardened concrete.

(3) Explain entrained air and entrapped air.

Shear stress 7
S

Shear rate y

Fig. 2-1
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Question 3

Answer the following questions regarding hardened concrete.

(1) Explain the effects of testing methods (the shape and size of a specimen and loading rate) on compressive strength.

(2) Fig. 3-1 schematically shows the creep-time curve of concrete. Draw Fig. 3-1 on the answer sheet, add appropriate terms at the
location of each arrow, and explain the creep of concrete.

(3) Explain the effect of water-cement ratio on autogenous and drying shrinkage.
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Question 4

Fig. 4-1 shows the changes in chloride ion concentration in concrete caused by carbonation as time passes from (D to (5. Explain
the mechanisms of changes as indicated in the figures. Draw Fig. 4-1 on the answer sheet and add information necessary to explain
in the figures such as free chloride ion, fixed chloride ion, and so on as shown in (D,
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Question 5
Explain the microbial deterioration of concrete in sewage treatment facilities, using an appropriate figure and reaction equations.
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Question 6

Answer the following questions regarding a slender reinforced concrete beam, using a suitable mechanism for each.

(1) Explain how flexural crack width changes as the bond between reinforcement and concrete decreases.

(2) Explain how flexural crack width changes as the concrete shrinkage increases.

(3) Explain how shear capacity changes as the maximum size of coarse aggregate decreases.

(4) Explain how shear capacity changes as the concrete shrinkage increases. Also, explain how to consider the shrinkage effect ina
prediction method for the shear capacity.
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Question 7

Answer the following questions.

(1) In general, total compressive force in concrete at the bending failure of a rectangular reinforced concrete beam (4: height, d:
effective depth, b: breadth, x: neutral axis depth, f;: compressive strength of concrete) can be calculated using equivalent stress
block (0.85f: x 0.8x). Derive the stress block based on the stress-strain relation shown in Fig. 7-1, where k=0.85, &,=0.002,
and &,~0.0035.

(2) Calculate total compressive force in concrete at the bending failure of a T-shaped reinforced concrete beam (/: height, d: effective
depth, b: breadth of flange, b,,: breadth of web, x: neutral axis depth, f: compressive strength of concrete) using the equivalent
stress block. Assume that the neutral axis is located within the web.

Stress o,

ki,

10
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Question 1

Explain the following technical terms in geotechnical engineering.
(1) Compressive strain and shear strain

(2) Standard penetration test

(3) Water content and degree of saturation

(4) Sensitivity ratio
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Question 2

Answer the following questions regarding the permeability of soil.

(1) Determine the hydraulic conductivity k£ and the apparent velocity v measured in the constant head permeability test under the
conditions shown in Fig. 2-1.

(2) Determine the actual velocity of the specimen shown in Fig. 2-1, using O, 4, and e.

(3) A constant head permeability test was conducted using a specimen made of three types of sandy soils with different hydraulic
conductivity, as shown in Fig, 2-2. Determine the vertical hydraulic conductivity Kv of the entire specimen.

e g_ ...................
4%
H
L ke  }--Y._.

L: Length

A: Cross-sectional area
k: Hydraulic conductivity
H: Total head difference

Q: Flow rate
e: Void ratio

Fig. 2-1
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H
A
L2 ¢ kZ fffffffff gﬂﬁﬁl:
Ly I ks T 0

E—

L;: Length of layer i (i = 1~3)

A: Cross-sectional area

k;: Hydraulic conductivity of layer i (i = 1~3)
H: Total head difference

Q: Flow rate

Fig. 2-2
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Question3
Answer the following questions regarding the consolidation.
(1) Draw the outline of e - logp relationship for the following four stages of consolidation. Note that the horizontal axis is the
consolidation stress p on a logarithmic scale and the vertical axis is the void ratio e.
Stage 1: Transfer from state A, with a small consolidation stress, to state B by increasing the consolidation stress.
A(eo,po) =B (e1,p1)
Stage 2: Transfer from state B to state C by decreasing the consolidation stress up to po.
B (e1,p1) = C(e2, po)
Stage 3: Transfer from state C back to state B by increasing the consolidation stress up to pi.
C(e2,p0) =B (er, p1)
Stage 4: Transfer from state B to state D by increasing the consolidation stress up to p».
B(ei,p)=D(es, p2)
(2) Explain the states of overconsolidation and normal consolidation.
(3) Explain what the consolidation yield stress p. is, and identify which of the consolidation stresses from states A to D corresponds
to p. in the e - logp relationship drawn in (1).
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Question 4

The results of triaxial compression tests conducted on the normally consolidated saturated clay are shown in Table 4-1. Answer the

following questions.

(1) Explain total stress and effective stress.

(2) Draw the effective stress paths without the excess pore water pressure for cases 1 and 2.

(3) Draw the effective stress paths, assuming that excess pore water pressure for cases 1 and 2 develops with a Skempton’s pore
pressure coefficient of 0.6.

Table 4-1
Case No. Effective confining pressure o3 | Maximum principal stress o1 (kPa) | Deviatoric stress at failure state g
(kPa) (kPa)
1 50 130 80
2 100 260 160
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Question 5
Answer the following questions regarding the earth pressure.
(1) Explain the active earth pressure, passive earth pressure, and earth pressure at rest, by relating them to wall displacements using

figures.
(2) Referto Fig. 5-1 and determine the Rankine active and passive earth pressure coefficients K, and K,

Back
@: Internal friction angle
Retaining c: Cohesion
wall y,. Unit weight of soil
A\ Front
Fig. 5-1
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Question 6

Answer the following questions regarding the stability of infinite slopes.

(1) For an infinite slope of angle  shown in Fig. 6-1 (a), a linear slip surface is assumed at a depth of z from the ground surface.
The internal friction angle, cohesion, and unit weight of the ground are ¢, ¢, and y,, respectively. Derive the safety factor Fis.

(2) Asshownin Fig. 6-1 (b), the groundwater level in the slope rises up to the depth of d from the ground surface after rainfall. The
unit weight of soil below the groundwater level is y and the unit weight of water is y,. Derive the safety factor Fs.

(@) (b)
d
z
Sliding surface
B meo § ke

z

Sliding surface

. / ’ :
T .
- <
” / o e
Groundwater level T
Pl U
. PO
N .
% Groundwaterlevel 7 Z
Fig. 6-1

il 7

HAESEEIZEST DL ORIE 2 L.

(1) EATROIAERA T = A L%RmT L EHig, BN aikise —omia k.
Q) WIILDIEAERA T1 = A L% wd b L Hig, BN aikis—omia k.

Question 7

Answer the following questions regarding geo-disasters.

(1) Describe the mechanism of debris flow disasters and explain one specific countermeasure.
(2) Describe the mechanism of liquefaction and explain one specific countermeasure.
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(1) WRED pH (% -2 BINT% 2 DH1F, FORT-23 pH 221t S8 2% 4 30 L.

Q) IKFOEIERE 2Tl DS, HEICEBOTIZBOD LV 3 COD 23—V B A FEH A7 L.

() BTN 9% HAREHE LT-E 25 3 m Tholz., 0%REET HARIN HEEBEZLND
D WINTKEIZTHETH D LARET 5.

(4) HFRLHTEORGKOWENE OIS 250 L, R KRG 52 DA S L.

Question 1

(1) Write two factors that affect the pH of lakes, and explain the involved mechanisms.

(2) Explain why COD is used more often than BOD to evaluate the concentration of organic matter in lake water.

(3) When the attenuation of solar irradiation was measured in a lake, the water depth for 99% attenuation was 3 m. Estimate the
water depth for 90% attenuation in the lake. Assume water quality is uniform in the lake.

(4) Explain the formation mechanism of atmospheric inversion layer near the ground surface and explain its influences on air
pollution.

fild 2

FRE100m’, AUKE: 200m’ d! OFERIRAOEMSICHEN G 5. FENITEFRIETH D JRAKF OIGEYE IR

200mg L, JHKIEEEL S0mgL! Thote. LLNORIZE 2 L. 7272 LIHREIE O REO— IR DSITHE S &

T%. n2=07,In3=1.1,=74,6=20 L T%.

() ROSHERRE ') AR L.

Q) SIAENZTZRIRAE O U LIAUCE 2 72556, TRHTKIREEIR S BIZ2R 50N 1272 UKBRFIOTHEIRH] &
SOGSHEELREIIAETH D &3 5.

Question 2

There is a bioreactor with a completely mixed flow condition. The volume of the tank is 100 m® and its flow rate is 200 m* d"'. The
influent pollutant concentration is 200 mg L™ and that of the effluent is 50 mg L' with a steady state condition. The pollutant
decomposition follows a first-order reaction equation of the pollutant concentration. Answer the following questions. Assume In 2
=0.7,In3=1.1,e*=74, and & =20.

(1) Calculate the reaction rate coefficient (d™).

(2) Whatis the concentration of effluent if the tank flow condition is changed to plug flow? The hydraulic retention time and reaction
rate coefficient are assumed to be invariant.
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0.1 mol L' HH#E—0.1 mol L' FiiET MV 7 ARKICBIL T, LATORICE 2 L. BHEOVHTERII pKa=5 & 32.

T RY U NIEERRTT N TFEL C0D 2 EITEER L. 72720 logn3=0.5, login5=0.7 £ 3%.

(1) ¥ pH Zsked k.

() % 0.05 mol L' AZV7ZBED pH 2 b AR L.

(3) HAKITHERE% 0.05 mol L' AN=3550 pH LT 5 2 & C, BHR—FHEET NV ¥ AR OREREIC DOV Cii
.

Question 3

Answer the following questions regarding a solution of 0.1 mol L™ acetic acid-0.1 mol L™ sodium acetate. The equilibrium coefficient

of acetic acid is pKa = 5. Note the sodium is completely dissociated in the solution. Assume logio 3 =0.5 and logio 5=0.7.

(1) Calculate the pH of the solution.

(2) Explain the change of pH by adding the hydrochloric acid of 0.05 mol L™ to the solution.

(3) Discuss the pH buffering capacity of acetic acid-sodium acetate solution by comparing the case (2) with the case of adding the
hydrochloric acid of 0.05 mol L™ to pure water.

il 4

HOKIZES L CUL R ORI % L.

(1) BEAEEOEVFFLZ 100 TRYE CHilE L.

() HEFEHENE LB FRIRAE L ORRE X2 -V CRiie L.

@) E5sSm, £ @A) 10m, 7K 4 m OFFTERTERMZ SS JREE 100 mg LT DJFUKAS 1,000 m* d! THEA LT
W5, [EOIBSEEDS 1 cmmin” TH—ThHD L&, ZOWEBIOH 00 SS R A1 L.

Question 4

Answer the following questions regarding drinking water treatment.

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

(2) Explain the relationship between chlorine dose and chlorine residuals using an appropriate figure.

(3) Water with SS concentration of 100 mg L™ flows into a horizontal sedimentation tank with a width of 5 m, length (flow direction)
of 10 m, and water depth of 4 m at a flow rate of 1,000 m® d. Calculate the SS concentration in the effluent of the horizontal
sedimentation tank. Assume that the settling velocity of solids is 1 cm min™ and is uniform in the tank.
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TAKERZBE U CUL FORIZE 2 L.

(1) TEHBIRIEOERNLEM & kb B2 L.
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() EWrE ) RET O AD Y AREEE 200 TR CRIAE L.

Question 5

Answer the following questions regarding wastewater treatment.

(1) Explain the purpose of primary sedimentation tank and final sedimentation tank in the activated sludge process.
(2) Explain the relationships among the quality of treated water, SVI, and bulking in about 50 words.

(3) Explain the mechanism of phosphorus removal in biological phosphorus removal process in about 100 words.

fHRE 6

B DHHNEFE 10m’ OBEHE N AU 77 2 —1F, COD BREHE 8kg CODm? d! OHEKUEREREZ A L T D. =
DY T 7 & —T COD JEEE 2,000 mg COD L DK% COD BREHE 80% CRBEET 5 & X, LLFOMICEZ L.

(1) WKk COD # [mg CODL'] %K kL.

(2) COD #Ffgéfr [kgCODm*d'] ZRd L.

() & m*d'] &2k k.

@) KPEFHIRRERERE] [d) AsRked L.

(5) AX > ®COD %& [Nm’CHskg' COD] %7t

©6) 1 Blz3AET 2 A28 [NmPCHy d'] &R L.

Question 6

An anaerobic bioreactor with an effective volume of 10 m® has a COD removal performance of 8 kg COD m™ d”. A wastewater
with a COD concentration of 2,000 mg COD L is treated by this reactor at 80% of COD removal efficiency. Answer the following
questions.

(1) Calculate the COD concentration in the effluent [mg COD L™].

(2) Calculate the COD volumetric loading rate [kg COD m* d''].

(3) Calculate the flow rate [m® d™].

(4) Calculate the hydraulic retention time [d].

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

(6) Calculate the methane production per day [Nm® CH4 d™].
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(1) LLFOfIREE - L.
(a) flipEE
(b) SEPERRGUIMIE
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(3) T OZZHTHEIT 16S IRNA SEL A0SO B DR 2 100 FRE TRl .

Question 7
Answer the following questions regarding microbial ecology.
(1) Explain the following technical terms.
(a) Pure culture
(b) Facultative anaerobic bacteria
(2) Explain the differences between autotrophic bacteria and heterotrophic bacteria in about 50 words.
(3) Explain why 16S rRNA gene is used in the phylogenetic classification of microorganisms in about 50 words.
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LI5EE, ITORIZEZ L.

(1) Wi, I OFtHEz B IETE g, BLOKEN, b2V TER.

() 7— MEHTDEAMEST=V D)1 %, q, h, hZRAWTEE. 72720, KOBEp, E/NEEg &L, W
i L, 1 FEOEREAMIS T — MAEHT DN TR TE 5 2375,

(B) WiE I, O TIRNOT RPN ETEL L X, g& g b, hEHAWTEYE. KIS, fE2g b, hzH
W

@) PAUSK U CHER S — RO, 7 — Rk & b OBIRIT h=ak ThoT-. qIFFRILE LT, ¥ — % Fig
1-1 DEFRDO L DD~ W LT L &, 7F— MPTERFE AT hy, b, fOZEEFRH S & HISHE
L.

Question 1

Assluice gate is installed in a wide horizontal rectangle channel as shown in Fig. 1-1, where the flow is uniform in the lateral direction

and the flow follows a steady state condition. Answer the following questions.

(1) Find the velocities at sections I and II, using the discharge per unit width ¢ and water depths £ and /.

(2) Find a force per unit width facting on the gate using g, /1, 1o, p (Water density), and g (the acceleration of gravity). The bottom
shear stress between sections I and II is negligible compared to /-

(3) When energy loss is negligible between sections [ and I, find ¢ using g, /1, and /. Then, find fusing g, /1, and 4.

(4) For a gate perpendicular to the flow, the relationship between the gate opening & and 4 is /> = ak. Then, assuming that ¢ is the
same, explain the changes in /1, /1, and fwhen the gate is slightly tilted as indicated in Fig. 1-1 by the dotted line.

i

A4

i

h,=ak

T Il

Fig. 1-1
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A HAE O ENT_ T = B ITEE pD/KSF LTS, Fig 2-1 DL D ICHEE D QWi 1T & NES d Ot

1 23~ ) A= TEPN, B, DK A->TND. LIFORICEZ L.

(1) WL & Wi I CE=Y KB —ETh D & &, W [ LWk 1 TIEED L 5 7aiitiv & 7e > T Dol L.

Q) EEOTUHRZIN > TV —A ORXEE 2, Wik 1 Wi 0 OO B KEE by & hy D7Eh = h—hn %
WCER Q 2ot 72720, Whi 1, Wik I N CHipd, =Y KiEE—Ee L (B 1 LW 1T o cziub
TR D), W T & Wi 0 ORIO= LR —Ek 1372 15,

(@) N N OBURERL, O &, HEFVTHRE.

@ W I & W 11 OO RV—8K 2 BB L1550 Q & oh, DBIRZ R

Question 2

Awater of density o flows through a Venturi tube inclined at an angle  from the horizontal plane, as shown in Fig. 2-1. Cross-section

I of inner diameter D and cross-section II of inner diameter ¢ are connected by a manometer filled with mercury of density .

Answer the following questions.

(1) When the piezometric head is constant for cross-sections I and 11, explain the flow condition.

(2) Considering Bernoulli’s equation along the centerline of the tube, show the equation of the flow rate O using the difference
between the piezometric heads /; and /y at the center of cross-sections I and 1T (6% = h— /). Here, the flow velocity and
piezometric head are assumed constant at cross-sections I and II, while their values are different at these cross-sections. Also,
there is no energy loss between cross-sections I and I1.

(3) Show the relationship between o, and oh, and express O using Fin.

(4) Show the relationship between Q and ..., considering the energy loss 4 between cross-sections I and I1.

Fig. 2-1
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Fig. 3-1 {R SIS xy WD 2 Yot a5 2 5. LLFORIZEZ L.

() @&y DEKIEH 2~V X—A OFBEEZRANCORL, S L.

Q) BEEINIRWGE L HDGAITBW T, SRR EBKAEGER (E//KEE, HEKEE, HB00KEE) #Fhe
NBPR LGt L.

@) KOOI H LK (KE) WEBZTN TN IGEE 2D, BENRWEA EHOGAEZXAIL T, ABEN
QRIS EDOARIDO I L BFARIE T H % XR L TRl L.

Question 3
Consider two-dimensional flows in the x-y plane shown in Fig. 3-1. Answer the following questions.

(1) Show and explain the total hydraulic head H at height y using Bernoulli’s principle.
(2) Draw and explain the energy and hydraulic grade lines (pressure head, velocity head, and loss head) for both conditions of with

and without friction.
(3) Consider that the gray colored water mass flows from point (1) through the pipe as shown in Fig. 3-1. When the water mass
reaches point (2), draw and explain the deformation of the mass and forces acting on it for both conditions of with and without

friction.

V1

N

Fig. 3-1

23



2024 £ 10 H, 20254 4 H A% (October 2024 and April 2025 Admissions)
JRERFR G eI TR B 2T e R ERR AT (—iith) FMA B AZERERRE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2024 4= 8 H 22 HZfi / August 22, 2022)

TR IEREIBE 177 ARERARITY | o
AR FLH (FEMFE D EA AN Civil and Svecialized KB
Subject Civil and Environmental Program Environmental pectl)a} 1Zte Hydraulics
Engineering | Engineering subjec

il 4
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_1.z21 4.1)
V= E h3l2
I IC, VIS EIRSE, nid~ = S OB, hIKETHD.
Q) MEEEZPNTKEDO B EIRZ (IS & 7— R Fr 3 1 L7po7-. ZOROAR A FHEY
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Q) 1&FrRILT, A —NSERKEEOMEDKEEIZIBNT, VLN QFERRKEED 72 D7) wRed L.

Question 4
Water is flowing in a straight rectangular experimental channel with a width of B and a slope of . Assuming that the shear stress
on the sidewalls is negligible, answer the following questions.

(1) Using Manning velocity formula (4.1), calculate the normal depth /3 when the flow discharge is Q.
121

V=32 “.1)
Where, V is the depth average flow velocity, n is Manning’s roughness coefficient and h is the water depth.
(2) Assume that when the channel slope is gradually changed without changing the flow discharge, Froude number Fr reaches 1.
Calculate the channel slope at this time.
(3) The length ratio of two experimental channels is A, whereas their I and Fr are the same. What are the ratios between the larger
and smaller channels for V' and Q?

filH 5

(1) 7KIEIE, Al —EDORABUKIIZI T 2/KEE X, ZORHSE LT OfEa) &2 CHWCGRIE L.
(VKR BRAVUKEE, 70— R, Bk, Piomkid, Bk

) BAIZKEESELIENZ 1T D R OFHR DA AONT, LU RO Z 2 AW TR L.
(S5, MSHEAWNST), KRS, FRSHE, LA 2V RIGT), k]

Question 5

(1) Draw the water surface profiles in a mild slope channel with constant gradient and uniform width, and explain their characteristics
using all of the following terms.
[normal depth, critical depth, Froude number, upstream-end water depth, downstream-end water depth, hydraulic jump]

(2) Explain the mean velocity distribution for turbulent open-channel flows using all of the following terms.
[uniform flow, bottom shear stress, viscous sublayer, equivalent roughness, Reynolds stress, logarithmic distribution]
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Table 1-1 DFERT—4 x, y [ZOWTLL FORIZEZ K.

() B 1, 1, D 95%IEHEXE A HEET L. AREAUE S %D EHE 4 O tE1X2.77 TH 5.
Q) AT —% x, y DA 0 2R L.

@) AT —H x, y OIEAFHBMRE AR L.

Question 1

Answer the following questions regarding the sample data x and y as shown in Table 1-1.

(1) Calculate the 95% confidence interval for the population means £ and 1. The ¢ value of 5% significance level with 4 degrees
of freedom is 2.77.

(2) Calculate the sample covariance o, of sample data x and y.

(3) Calculate the sample correlation coefficient of sample data x and y.

Table 1-1
ID X ¥y
1 54 55
2 10 20
3 18 11
4 40 30
5 9 22

RifiH 2
Table2-1 D71 =7 A, B, C Oflifiizs B ARD, ol 7 ey =7 MEs L. 72720, 1 #HH
720 OEGIFRIL 5% LT 5.

Question 2
Calculate the net benefit and the cost-benefit ratio for the projects A, B, and C in Table 2-1 for the discount rate 5% per period, and
select the optimal project.

Table 2-1
Period 0 1 2 3 4 5
Project A Benefit 0 40 48 56 64 72
(million JPY) Cost 120 24 24 24 24 24
Project B Benefit 0 80 80 48 40 32
(million JPY) Cost 80 32 32 32 32 32
Project C Benefit 0 400 400 400 400 400
(million JPY) Cost 1120 160 160 160 160 160
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Question 3
The time-series trend in the number of motor vehicles owned in Japan is shown in Table 3-1. The motor vehicle ownership model is
assumed as
Vi =a+bt+e
where, Y; is the number of motor vehicles owned in Japan in year t, a and b are model parameters, and e, is the error term.
Answer the following questions.
(1) Estimate a and b using the least squares method.
(2) Describe the distribution’s assumption of the error term required for the least squares method.
(3) Predict the number of motor vehicles owned in Japan in year 2030.
(4) Explain the limitations of this motor vehicle ownership model focusing on the function form and the explanatory variable.

Table 3-1
Year The number of motor vehicles owned in Japan (million vehicles)
2020 81.85
2021 82.08
2022 82.17
2023 82.45
2024 82.57
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(1) Table4-1 2> %I/ﬁ‘/%:n7@5§jﬁﬂ%ﬁ&bct

(2) BREIEEHL B | By OFFENC L DM RHREERESE & B RGERE S OW L AR SR L.
() MEHLERESE & ﬁ%ﬁﬁ%ﬁﬂ%@ CO, HEHYREL (t+-COy/million JPY) Z3kd L.

4) WREFEMEEIEED T A 7 7L COHEHE (-LCCOyH) ZRd L.

Question 4

Answer the following questions regarding life cycle assessment of fuel cell vehicles based on the extended input-output table for city
Ain Table 4-1. The functional unit is 7.5 million JPY/vehicle. The system boundary covers material production stage and automobile
production stage.

(1) Calculate its Leontief inverse matrix from Table 4-1.

(2) Estimate the spillover outputs of material production industry and automobile production industry by the demand for a fuel cell

vehicle.
(3) Estimate the CO, emission coefficients (t-CO»/million JPY) for material production industry and automobile production
industry.
(4) Estimate the life-cycle CO, emissions of a fuel cell vehicle (-LCCOy/vehicle).
Table 4-1
Material production Automobile
industry production industry Household Outputs
Material production industry
(million JPY) 80 120 0 200
Automobile production
industry (million JPY) 0 0 1,000 1,000
Household (million JPY) 120 880
Inputs (million JPY) 200 1,000
CO; emission (CO») 750 250
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Question 5

Explain the following technical terms.
(1) Urban planning area
(2) Reduction of site area

(3) MaaS

(4) Building coverage ratio

i 6

ABTTFHENZ I3 D - HFI FHE ) & 28R HE O Wil B L CLLF ORIIZE 2 L.

(1) FEEHUZIVT 2 TR FHEHE & AEE HRO FFIZ DU T, 150 FREEE TRl L.
Q) Yy I—AZ T ATHT D I HFIFHE B & ZGERHE ORI OV, 150 FHRREE TRl L.
(3) ABHTFHEN I3V T AHEFI FHF HE & A5 FE O i SWag e PR 22, 150 FF2EE TR .

Question 6
Answer the following questions regarding the coordination between land use planning and transportation planning in urban planning,

(1) Explain the coordination between land use planning and transportation planning in a residential area, in about 75 words.
(2) Explain the coordination between land use planning and transportation planning in a football stadium, in about 75 words.

(3) Explain why the coordination between land use planning and transportation planning is necessary in urban planning, in about

75 words.
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Notices

Y
@
€)
@
®)
(©)
@
)

There are 3 question sheets and 7 answer sheets each including a cover sheet.

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

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

Do not disband this booklet. If the sheet has been disbanded accidentally, tell an invigilator and follow his/her instruction.
Answer all the questions.

Retumn the question sheets together with the answer sheets.

When you are required to provide figures/tables, draw them on the answer sheet.

Raise your hand when you have any questions.
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Question

Social demands for infrastructure’s development, maintenance, and management are formed against the background of the natural
and socio-economic conditions of the sociéty. Given two different countries or regions, discuss the social demands and their

backgrounds in about 250 words, and summarize them using a table.
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Question
After writing your desired research topic in the master’s course, explain the background of the research by summarizing the
objectives, methodologies, results, and shortcomings of previous studies, in about 800 words. The list of references prepared in

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





