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There are 24 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.

(7) Return the question sheets together with the answer sheets.
(8) When you are required to draw a diagram, draw it on the answer sheet.
(9) Youmay use the approved ruler and calculator.
(10) Raise your hand when you have any questions.
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Question 1
“The simply supported beam shown in Fig. 1-1 is subjected to a single load P. Assume the flexural rigidity £7is constant. Determine

the elastic deflection curve of the beam by two different methods.
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Question 2

Explain the following technical terms.

(1) Internally determinate truss and internally indeterminate truss
(2) Liner elastic and nonlinear elastic materials

(3) Euler-Bemoulli beam theory

(4) Castigliano's first and second theorem
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Question 3
The frame with an internal hinge shown in Fig. 3-1 is subjected to a 1 kN/m uniformly distributed load. Assume A and D are pin-
supports. Draw bending moment, shear force, and axial force diagrams.
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Question 4

The beam shown in Fig. 4-1 is subjected to a dead load of 0.4 kN/m, a2 kN/m uniformly distributed moving load, and a concentrated
moving load of 8 KN. The length of the distributed load is 50 m. Assume A is a roller, B is an internal hinge, and C is a fixed support.
Answer the following questions.

(1) Determine the maximum positive vertical reaction at support A.

(2) Determine the maximum positive shear just to the right of support A.

(3) Determine the maximum negative moment at support C.
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Question 5 -

The frame shown in Fig, 5-1 is subjected to a single load 2. The elastic modulus of the frame’s members is 200 GPa, and the yield
stress is 360 MPa. Assume C is a pin support. Also, AB is pinned at its ends for x—x axis buckling and fixed at its ends for y-y axis
buckling, Determine the maximum allowable load P that can be applied to member CD without causing member AB to buckle. The
factor of safety with respect to the buckling of member AB is 3.

2m 2m BP

|
i

45 mm

X
Section E-E’

Fig. 5-1
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Question 6
The beam shown in Fig. 6-1 is subjected to a uniformly distributed load (12 kN/m). Assume B is a roller, and C is a fixed support.
Also, the flexural rigidity £7 is constant. Determine the reactions at supports B and C.
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Question 1

Answer the following questions regarding concrete materials.

(1) Write the hydration reaction equations of CsS and C;S in cement and explain the characteristics of both hydration reactions.

(2) Introduce two typical pozzolans used as the mineral admixture of concrete and explain the characteristics of the pozzolanic
reaction.

(3) Explain the influences of the particle shape of aggregate on the properties of fresh concrete.
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Question 2

Answer the following questions regarding fresh concrete.

(1) Explain the term “entrapped air” and its impacts on concrete.

(2) Explain the term “workability” of concrete.

(3) Explain the term “bleeding” and its effects on the properties of hardened concrete.
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Question 3

Answer the following questions regarding hardened concrete.

(1) Explain the influence of curing temperature on compressive strength development of concrete.

(2) Explain the static moduli of elasticity (namely, initial tangent modulus, secant modutus, and tangent modulus of elasticity) of
concrete.

(3) Explain the mechanism and characteristics of autogenous shrinkage of concrete.
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Question4
Explain the deterioration mechanism of reinforced concrete structures due to carbonation. Also, for each new and existing structures,
introduce two typical measures against carbonation.
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Question 5
Explain the deterioration mechanism of the alkali silica reaction and the characteristics of cracking patterns caused by the reaction.
Also, introduce three typical measures to prevent the reaction in the design of new structures.
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Question 6

Answer the following questions regarding concrete structures.

(1) Introduce fundamental assumptions to analyze behaviors of reinforced concrete beams from flexural crackmg to reinforcement
yielding.

(2) Explain the tensile bending failure and the compressive bending failure of reinforced concrete beams.

(3) Explain the truss analogy to calculate the shear capacity of reinforced concrete beams.

(4) Explain the advantages of prestressed concrete structures.
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Question 7
The rectangular reinforced concrete cross-section shown in Fig. 7-1 is subjected to a combination of bending moment and axial

compressive force. Draw the interaction diagram schematically. Also, calculate the capacities for three major points of the interaction
diagram. For this beam, /: height of the beam, &: effective depth, d* distance to the compressive reinforcements, 5: breadth of the
beam, £: compressive strength of concrete, 4;: cross-sectional area of tensile renforcements, 4" cross-sectional area of compressive
reinforcements, Es: elastic modulus of reinforcements, 7: tensile yielding strength of reinforcements, and £: compressive yielding
strength of reinforcements.

5=200 mm
e o o o o |Fd=50mm
E A,=500 mm?2 Material properties
é Concrete
B2 £=30 N/mm?
=II0 Reinforcements
L = R E=200 kN/mm?
o 43500 mm* /=400 N/mm?
£,= 400 N/mm?
Fig. 7-1
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Question 1

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

(2) Total stress and effective stress

(3) Streamline and equi-potential line

FAIRE 2

Fig. 2-1 I F 0= AT, HPORLELUTORELAY, KPEAEES)Y IREEATRERy, 2Tt
nEET L. B, TRTFOHEY G, 8IfEY S, BEibE o, BIMBENATHER Sy (o, HIREAEERTY,,
KOBYIAEER Sy, TR TOBMEIEERYY, BKbzwl 15,

Question 2

Considering the schematic three-phase diagram of soil shown in Fig. 2-1, derive the equations of the submerged unit weight y'and
wet unit weight ¥,. In these equations, G is the specific gravity of soil particles, S, is the degree of saturation, e is the void ratio,
¥sar is the saturated unit weight, ¥ is the dry unit weight, ¥, is the unit weight of water, ;is the unit weight of soil particles, and
w is the water content.

Pt | mman ma=0 T 4 =0t

Vv »
Vi 7K (Water) w - Ww
V R ; mo e w

VS A His l W"

Y y ‘ =— SEVeE - | 4 A

{47% (Volume) ik (Mass) EHE (Weight)

Fig. 2-1
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Question 3
Answer the following questions regarding Terzaghi’s one-dimensional consolidation equation given below
du _ 0%u
e
in which
_k
v = MyYw

where, ¢ is the time, z is depth, u is excess pore water pressure, ¢,, is the consolidation factor, m,, is volumetric compression factor
(constant), k is permeability coefficient, and ¥, is unit weight of water.

(1) Explain the three conditions and five assumptions to derive Terzaghi’s one-dimensional consolidation equation.
(2) Derive Terzaghi’s one-dimensional consolidation equation considering the above requirements.
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Question 4

Fig. 4-1 schematically shows the falling head permeability test of soil. 4 is the cross-sectional area of the soil specimen (=100 cm?)
and k isthe permeability coefficient of the specimen (=10*m/sec). Also, porosity 7=0.3. Answer the following questions.

(1) Draw distributions of total hydraulic head, pressure hydraulic head, and positional hydraulic head.

(2) Calculate the flow rate Q.

Water level

&

— z=20m

7 , — z=18m

Z

y, Saturated

Loy

Fig. 4-1
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Question 5

Answer the following questions regarding the earthquake damage of ground.

(1) Fig. 5-1 schematically shows a typical land slide caused by an earthquake of maximum horizontal acceleration (KH). Derive an
| equation for the safety factor with respect to the earthquake.

(2) Introduce typical countermeasures against liquefaction caused by an earthquake.

@ : & A W51 A (internal friction angle)

c: #5758 F1(cohesion)

W: L B2 E & (weight of sliding mass)

L: TRYEDE S(sliding surface length)

Fig. 5-1
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Question 6
Explain the bearing capacity of ground using the relationship between load and settlement obtained from the vertical loading test

results as shown in Fig, 6-1.

Settlement

Fig. 6-1
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Question 1
(1) Explain the following technical terms.
(a) red tide
(b)COD
(c) bioremediation
(2) Explain the flow-weighted composite sampling method for the monitoring of water environment.
(3) In oligotrophic lakes, algal growth is occasionally suppressed in summer. Explain the reason for it by considering nutrients release
from the bottom sediments.
(4) Explain the difficulty for decreasing NOx in air pollution.

13



2023 £ 10 A, 2024 € 4 A A% (October 2023 and April 2024 Admissions)
5B RERFEFCER T RAEM RS LRRERS (—B8K) FMR B AZHRME
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2023 £ 8 H 24 BEHE / August 24, 2023)

RBHHE (FMAED P E AN Civil and L . S
. . . . Specialized | Sanitary and Environmental
Subject Civil and Environmental Program Environmental . e
. . . . subject Engineering
Engineering I Engineering _

FEiRE 2

BT CHEEWE X 3 SS SR (RERD) LIAFROmE)LRE SN, BFED X OREIL500ngL’, £

T-RRBRED X DEEIX Sng L Thotr. SSIREIXSmgL! Thote. UITORIZEZX.

()X DSS 7= 0 DIRE (ugkg'SS) ZRDL.-

QX D SS bV EFBROBFIEREICT 2K ((hgkg'SS) / (wgL?)) ZRD L.

Q) K ITR FIZH BB K,y E1X10° (ugkg'SS) / (ugL™h)) 12T &E 2 bz, TRERE E IFFROR
BRI 8, TR E T T e EZ DAY HEUME X, SS & bICRROOMRITRHT
RO SS IER L UWE X OAFHREREDLLRNH D ET 5.

Question 2

Toxicant X was detected in both particulate (adsorbed in SS) and dissolved phases at a point in a river. The detected concentration of

toxicant X was 500 ng L for dissolved phase and 5 ng L™ for particulate phase. The SS concentration was 5 mg L™, Answer the

following questions.

(1) Calculate the toxicant X content in SS (ug kg’ SS).

(2) Calculate the ratio K of “the content in SS” to “dissolved phase concentration” ((ug ke SS)/ (ug L)) for the toxicant X.

(3) The K was considered to approach its equilibrium value (Ke; = 1x10° (g kg™ SS)/ (ng L)) as water flows downstream. Do
the particulate and dissolved concentrations tend to increase or decrease as the water flows downstream? For the estimation,
assume that there is no degradation or dilution of SS and toxicant X, and their tetal concentration does not change with river flow.
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Question 3

Answer the following questions regarding drinking water treatment.

(1) Explain the particle removal efficiency of an ideal sedimentation tank using equations related to the surface loading rate and
settling velocity of particles.

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

(3) Explain the key considerations for the dosage of chlorine in the chlorination of water containing ammonia in about 50 words.
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Question 4

Answer the following questions regarding sewerage and sewage treatment.

(1) Explain the situations in which a separate sewerage system is selected in about 50 words.

(2) Explain why the retum sludge rate is used as one of the operational parameters in the activated sludge process in about 50 words.

(3) Draw a flow diagram of the biological treatment process with nitrogen removal and explain the mechanism of ammonia removal
in about 100 words.
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COD £ 5,000 mg L O KEEHFRE 10m® DA 4V 77 Z—CHREIBT D L 2EXD. ZOVT 74—
VHAERIHEREA 9 kg COD M A1 TH Y, UKD COD E% 500mg L' LIT GEIRT 5. /e, BETI 4T
ADAZ YEEIT T0% TH D, UTOMICER L.

(1) COD &= [%] D MEERD L.

() FFETE BBK COD FFE4&TH [kgCODm>d'] %R L.

Q) HETE HRIUNEAE [m’d'] ZRDL.

(4) A CE HRyVIGESFRIFERR [d] 2RO L.

(5) A% D COD %E [Nm’ CH,kg! COD] %7~E.

6) 1 BICRETDRRO A FH AR [Nm’ d'] ZEHET L.

Question 5

A wastewater with a COD concentration of 5,000 mg L is treated anaerobically in a reactor with an effective volume of 10 m’. The
reactor's COD removal potential is 9 kg COD m™ d”, and it operates with an effluent COD concentration of < 500 mg L. The
methane concentration in the produced biogas is 70%. Answer the following questions.

(1) Find the minimum COD removal [%0].

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

(3) Find the acceptable maximum flow rate [m’ d"'].

(4) Find the acceptable minimum hydraulic retention time [d].

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

(6) Calculate the maximum biogas production per day [Nm® d'].

fEiRE 6
(1) 25°CIZ81F % 107 mol L™ Df{b/ksE (HCD KD pH 23Rk L.
(2)25°CIz#31F % 0.5 mol L™ OREET > E=7 2 (NH.:S0s) & 0.1mol L™ OFif~ 7RV 5 (MgSOy) DIREH
WZOWTU T ORIZEZ L.
() IO H0 S R 2 (FIEE L.
) BERFOERICET HWEICHETE.
() TP ORRIZEE T 2B AT,
(d) TEHEFOERMNA LY.

Question 6
(1) Find the pH of a solution of 10”7 mol L™ hydrogen chloride (HC) at 25°C.
(2) Answer the following questions for a mixed solution of 0.5 mol L™ ammonium sulfate (NH4),SOs) and 0.1 mol L™ magnesium
sulfate (MgSOy) at 25°C.
(a) List all the chemical species in the solution excluding HzO.
(b) Write the mass balance equation of nitrogen in the solution.
(c) Write the mass balance equation of sulfur in the solution.
(d) Write the charge balance equation in the solution.
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AERBIZ W TCLATORNZE 2 L.
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(2) Fig. 7-1 1 168 tRNA BEFZES< & M ERE O 7 )V~ T ORBRI CTh 5. LITORICEA L.
(a) SZREMBEOERE TTlE L.
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© RI—ns3— (0.10) ORESPFOBIREZHHTL
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Question 7
Answer the following questions regarding microbial ecology.
(1) Explain the following technical terms.
(a) fluorescence in sifu hybridization (FISH) technique
(b) biofilm
(2) Fig. 7-1 shows the phylogenetic tree of an autotrophic bacterial group based on 16S rRNA genes. Answer the following questions.
(@) Describe the definition of autotrophic bacteria.
(b) There is a bacterium assigned Candidatus. Explain the situation to which Condidatus is assigned.
(c) Explain the meaning of the length of the scale bar (0.10).
(d) Explain the meaning of the values (96%, 52%, etc.) at the nodes.

o6%— Nitrosomonas europaea
52%[ - Nitrosomonas eutropha
99% Nitrosomonas oligotropha
08% - L— Nitrosospira muftiformis

- _ 100%[Nitrobacter hamburgensis
Nitrobacter winogradskyi
100%— Candidatus Nitrospira defluvii
— Nitrospira moscoviensis

100%

P outgroup

0.10

Fig. 7-1
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(1) BROESBENT, KBIBI TVl EFREICISNT 5 44E r HIROKGESTR ) E KD L.

() BN BN, ZERINTAER r OIPRICESTHN S ERRED 0% RO K.

Question 1
A cylindrical container of inner radius R and height // contains water of the constant depth /o. The container is rotated around the

cylindrical center axis z at an angular velocity o for a sufficiently long time, as shown in Fig. 1-1. Answer the following questions.

(1) Find the water depth distribution /() in the radial direction 7 for the steady state when the bottom of the container does not appear
and the water does not overflow.

(2) Find o for the steady state in which water overflows from the container and the bottom appears in a circle of radius 7o from the
center of the container.

l g: acceleration of
it
e gravity

\ 4
~

Fig. 1-1
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EAED =05m, FHXHEL =5%10°m DF >3 <AHEKKET 100m i F35 212 0.5m DTFRLF—HBEPE
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(1) EEBEREE & RD/KEFHNEE ) HEm ZHEE K.

() Fig.2-1 T3 Moody K%5EIZ, WikitFAGuEzE KD L.

Question 2

Answer the following questions for a straight circular pipe of diameter D = 0.5 m and equivalent roughness height k =5x10"m 3
where an energy loss of 0.5 m occurs for every 100 m of flow. Kinematic viscosity v = 10°® m%s and acceleration of gravity g =
9.8 m/s.

(1) Calculate the friction velocity and determine if the pipe has a hydraulic smooth or rough surface.

(2) Calculate the mean velocity with reference to the Moody diagram shown in Fig. 2-1.

10 -

o\ X
8""’ . .,\u~ *ﬁm%t& wnab i ey n

i S Complete turbulence, rough pipes . i
7.- x:‘ e e (105

e 4 ]
6 L
5 - =N N
fazidaiod \

) ~ Transition region

S

‘v: 1]
: :
o N W 4]
% 3 Lamnar flow Y =
X =Y

8 >
c e
L W
= s
~ =
= :

ASPEE e R e

RE Smooth ppes 1T
107 v '
- gh ‘ -

g . , N 4 0.00001
6781¢° 2 3 4567810 2 3 4567810° 2 3 4567810° 2 34567810/ 2 3 4567810“
Reynolds number Re = VD r=0.00001
Fig. 2-1
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AT T A FERE A E AEL —dp/dx THAL TV . Fig. 3-1 D& I LRSS x HTITRE V T
BiL W5, LITORICER L.

(1) FEFIRS LENBAICHTT, FEE « A b= 2FER Q1) LA /I AZHENCEESER

Q) VA ) IVAFERA Fig. 3-1 OFThUTTHT A HRERICEZ L.

Question 3

An incompressible viscous fluid flows by pressure gradient —dp/dx between two parallel plates. Then, the top plate moves in the

x-direction with a velocity of Vas shown in Fig. 3-1. Answer the following questions.

(1) Divide the flow velocity into the average component and turbulent component, and rewrite the Navier-Stokes equation (3.1) to
the Reynolds equation.

(2) Change the Reynolds equation into the differential equation of the flow shown in Fig. 3-1.

gu ou ou  1dp

ou o4, 0% _ H o2
6t+uax+v6y p6x+pvu (3.1)

A velocity of moving top plate
L p o density
";‘ac,c:élemtion of gravity
B o e
=T fixed plate -
Fig. 3-1

20



2023 4 10 A, 2024 4F 4 A A% (October 2023 and April 2024 Admissions)
RBRFRFIRIER TR A e RHE TRRATH (—RBEHR) FMB B AFEAREE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2023 £ 8 A 24 A EMi / August 24, 2023)

HSERRE TS R ERRIET S e
RERTE (B5MAE D AT AN Civil and Svecialized KB
Subject Civil and Environmental - Program Environmental peuctl)a_lelczte Hydraulics
Engineering I Engineering SubJ

FiiRE 4
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dh iy~ Iy
dx  1—F?

Question 4

(1) Derive the equation of motion for the one-dimensional unsteady flow in the channel shown in Fig. 4-1. Assume the water pressure
is hydrostatic and the velocity distribution is uniform in the vertical direction.

(2) Based on the obtained equation of motion, show that the water surface shape of non-uniform flow can be expressed by the
following equation. In this equation, i, is the bed slope, Ir(= T/pgh) is the energy slope, T is the bed shear stress, p is
the water density, g is the acceleration of gravity, 1 is the water depth, and F,. is the Froude number.

dh _ly—If
dx 1—E?
I | |
' |
I_ Discharge per unit width g- — . Water surface
P | Velocity v |
Lo I
l | |
I |
I Shear stress I
: + > Bedslopeio Channel bed
I Ax
Fig.4-1
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Question 5

(1) Explain the classification of open channel flows using the following terms.
[unsteady flow, uniform flow, gradually and rapidly varied flows, subcritical and supercritical flows, laminar and turbulent flows]
(2) Give specific examples of unsteady flow, uniform flow, and non-uniform flow and explain them with diagrams.
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Question 1
Calculate the net benefit and the cost-benefit ratio for projects A, B, and C in Table 1-1 for the discount rate 5% per period and select
the optimal project.

Table 1-1

_ Period 0 2 3 4 5

Project A Benefit 0 5 6 7 8 8
(million JPY) Cost 15 3 3 3 3 3
Project B Benefit 0 10 10 6 5 3
(million JPY) Cost 10 4 4 4 4 4
Project C Benefit 0 50 50 50 50 50
(million JPY) Cost 140 20 20 20 20 20

RilRE 2

Table 2-1 O A FHONREEELERSSE 2 AV V- HEED T A 7H A LT HRA AL MIETDUTORICEL L. &
BEBINTA 100 FAMA & T5. VAT AERE UTHBIESERN, HEESLERN, HIEMEABFEENRETD.
77 L BEEEAEED 1 B840 O COHEHEIX 1COyB LT 5.

1) VA F =T DOETHIERD L.

Q) BEE 1 SOOBEIC L AHEEbEEE L BBEALEERX DR RAEEREL RO L.

() MEIBLEEE L BEIEELEEED CO, PRHIRE (+-COymillion JPY) Z3RD L.

@) BEIEDT A 7HA 7L COPHHE LCCOYE) ZRDX.

Question 2

Answer the following questions regarding life cycle assessment of automobiles based on the expanded input-output table for city A
in Table 2-1. The functional unit is 1 million JPY / vehicle. The system boundary covers material production stage, automobile
production stage, and automobile use stage. The CO; emission for automobile use stage is 1 +COy/vehicle.

(1) Calculate Leontief inverse matrix from Table 2-1.

(2) Estimate the spillover outputs of material production and automobile production by the demand for one automobile.

(3) Estimate the CO, emission coefficient (t-COy/million JPY) for material production and automobile production.

(4) Estimate the life-cycle CO, emissions of an automobile (+-LCCOy/vehicle).

Table 2-1
» Material production | Automobile production Househeld Outputs
Material production (million JPY) 100 100 0 200
Automobile production (million IPY) 0 0 © 1,000 1,000
Household (millionJPY) 100 900
~ Inputs (million JPY) 200 1,000
CO; emission (+C0%) 800 250
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Question 3
Describe three possible environmental disadvantages of electric vehicles compared to conventional intemal combustion engine
vehicles from a life cycle assessment perspective.

FIRE 4

LUFOBEFAREIZOUVT, ZIVENaE L.
(1) Rkt

(2 =R

(3) Bl EE

@ =T RTo

Question 4

Explain the following technical terms.
(1) usedistricts

(2) floor area ratio

(3) assigned traffic volume

(4) compact city

friRE 5

BER & HHRERIC BT DL T ORMICE X L.

(1) EE ORI BE D EER L SR A 1ER Ui B, YR, YEG IR, HEERE, BLUEES
FRIZKPITRE.

Q) AR ORRERII—EL SND. ORISR E, R LZRTIORE.

@) BEOEWREHIC L - TR Z A AIMOBIGHIROE L & Z DB OWT, BRUKEZZR L2 i
'k

Question 5

Answer the following questions about a demand curve and a supply curve.

(1) Draw a figure of the demand curve and supply curve for the normal private goods. Show the equilibrium price, equilibrium trades,
consumer surplus and producer surplus in the figure.

(2) The marginal cost of pure public goods is assumed to be constant. Show the supply curve corresponding to this situation in the
figure.

(3) Suppose a normal technological innovation in the figure. Explain the change in the supply curve of the public goods and its
impacts.
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Notices
(1) There are 3 question sheets and 8 answer sheets each including a cover sheet.
(2) This examination booklet consists of only question sheets. Use the other booklet for answers.
(3) Fill your examinee’s number in the specified positions in both booklet covers and each answer sheet.
(4) Do not disband this booklet. If the sheet has been disbanded accidentally, tell an invigilator and follow hisher instruction.
(5) Answer all the questions.
(6) Return the question sheets together with the answer sheets.
(7) When you are required to draw a diagram, draw it on the answer sheet.
(8) Raise your hand when you have any questions.
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Question

(1) The social demands for infrastructure development are different among countries and regions, depending on social and economic
backgrounds. Choose a specific country or region and discuss the current problems and the measures to solve them regarding
the construction and maintenance of the infrastructures in your chosen country or region, in about 300 words.

(2) Describe your idea on how civil and environmental engineering can contribute to achieving carbon neutrality by year 2050, in
about 200 words.
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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.





