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(9) Youmay use the approved ruler and calculator.
(10) Raise your hand when you have any questions.
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Question 1
Regarding the following cross sections, find the moments of inertia about the x-axis.
(1) A square with a side length of 24, as shown in Fig. 1-1
(2) A circle with a radius of 7, as shown in Fig. 1-2
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Question 2
Regarding the truss shown in Fig. 2-1, determine the forces of members BC, BD and BE. Assume the support at Ais a pin, and H is

aroller.
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Question 3

Regarding the beam shown in Fig. 3-1, determine the deflection and slope at A. The flexural rigidities for portions AB and BC are
EI and 3EI, respectively. Assume the support at B is a pin, and C is a roller.
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‘Question 4
The beam shown in Fig. 4-1 is subjected to a uniformly distributed moving load of 15 kN/m. Assume A, C, and D are rollers, Fis a

pin, and B and E are internal hinges. Determine the maximum positive (upward) reaction at C. The length of the moving load is 30
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Fig.4-1
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Question 5

A solid circular rod of length 4 m is pinned at one end and fixed at the other end. The rod is subjected to an axial compressive load
of 15 kN, and a safety factor of 2 is required against buckling. The elastic modulus of the rod is 68.9 GPa, and the yield stress is 255
MPa. Determine the minimum necessary diameter of the rod to the nearest mm to avoid its buckling.
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Question 6

The beam shown in Fig. 6-1 is subjected to a uniformly distributed load of intensity w. The support at B is a roller, and A is fixed.
The flexural rigidity EI is constant. Determine the reaction force at B. Also, draw the shear force and bending moment diagrams
schematically.
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Question 1

Answer the following questions regarding concrete materials.

(1) Explain the differences in strength development and hydration heat generation among ordinary Portland cement, high-carly-
strength Portland cement, and moderate-heat Portland cement in relation to the CsS and C»S contents in each Portland cement.

(2) Introduce one of the typical pozzolans for concrete mineral admixture, and explain the advantages and disadvantages of its use
.in concrete. :

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

Answer the following questions regarding fresh concrete. ’

(1) Introduce two factors affecting the workability of concrete, and explain how each factor affects the workability.
(2) Explain the effects of entrained air on the properties of fresh and hardened concrete.

(3) Explain the effects of bleeding on the properties of reinforced concrete.
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Question 3

Answer the following questions regarding hardened concrete.

(1) Explain the effects of aggregate properties on concrete strength.

(2) Explain the fracture process of concrete under uniaxial compression, in relation to its stress-strain curve.

(3) Explain the carbonation of concrete. Also, explain the effects of relative humidity on the rate of carbonation.
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Question 4
Cement manufacturing processes are. deeply related to environmental impacts. Explain the cement manufacturing processes,
including which processes cause the increase in environmental impacts and which ones contribute to the reduction of environmental

impacts.
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Question 5

Answer the following questions regarding the alkali silica reaction in concrete.

(1) Explain the deterioration mechanism caused by the reaction.

(2) Explain the pessimum content of reactive aggregate.

(3) Explain the characteristics of cracking patterns caused by the reaction.

(4) Provide 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) The shear resistance mechanism of a reinforced concrete beam is explained by (@) shear resistance by uncracked concrete, (b)
aggregate interlocking across the crack, and (c) dowel action of the longitudinal reinforcemient. Of these, explain how (b)and
(c) contribute to the shear resistance.

(2) Explain the effect-of using low water-to-cement ratio concrete on the shear resistance, focusing on strength and autogenous
shrinkage. Here, clarify the relationship with the three mechanisms explained in (1).

(3) Explain the fiber reinforced concrete.

5=
PUITITRY 2 DOZMHRWT, TREEE A 28 = 7 U — MNdY DETTRADEEFEE BT L. 728,

HITBEREET A b0 L L, ST oy 2 2RVTE, RBICSLELRDERIERTDI L.
(1) BN T T VNIHDEE
Q) HSTEIA Y = TRICH BES

Question 7

Explain how to calculate the flexural capacity of a reinforced concrete beam with a T-shaped cross-section under the following two
conditions. Assume that the beam exhibits flexural tension failure, and an equivalent stress block may be used. Define any necessary
symbols for the explanation. .

(1) The neutral axis is within the flange.

(2) The neutral axis is within the web.
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Question 1

Explain the following technical terms in geotechnical engineering.

(1) Fine fraction content

(2) Deformation modulus

(3) Coulomb’s failure criterion
(4) Uniformity coefficient
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Question 2

Answer the following questions regarding cohesive soils.

(1) Based on the consistency limits, éxplain the change in the state of a cohesive soil with varying water content.

(2) Based on the plasticity chart shown in Fig. 2-1, explain the characteristics of the cohesive soil with a liquid limit wi, = 38% and
plasticity index Z, = 18% in terms of soil classification, hydraulic property and mechanical property.

(3) When constructing an embankment using a cohesive soil having a high liquid limit, explain the problems and the corresponding
countermeasures,

100
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Fig 2-1
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Question 3

Consider a normally consolidated saturated clay layer with a depth of 10 m on a bedrock. The groundwater table coincides with the

ground surface, and the ground surface is under a drained condition. The saturated unit weight of the clay is 16.8 kN/m?®, and the unit

weight of water is 9.8 kKN/m®. Answer the following questions. v

(1) Draw the distributions of total stress, pore water pressure and effective stress from the ground surface to a depth of 10 m.

(2) A soil sample is collected from a depth of 5 m without disturbance and brought to the ground surface. Explain how the pore
‘water pressure inside the sample changes after the collection.

(3) A surcharge pressure of 50 kN/m? is applied to the ground surface. Draw the distributions of total stress, pore water pressure
and effective stress from the ground surface to a depth of 10 m under the following two conditions: (a) immediately after loading
and (b) after a sufficiently long time is elapsed.
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Question 4

Answer the following questions regarding the seepage through soil.

(1) AsshowninFig, 4-1, two tanks are connected by a tube, wherethenghttankcontams asand layer of thickness Z, and a constant
difference in water level is maintained between the two tanks. Draw the distributions of total head, potential head and pressure
head in the right tank, taking the bottom of the tanks as the reference plane.

(2) Assume the saturated unit weight of the sand layer is j% and the unit weight of water is y. As shown in Fig. 4-2, when the water
level in the left tank is raised by A, quicksand occurs at the bottom of the sand layer. Express A4 in terms of i, Yw, /1, o, b and
/b : _

(3) Considering the condition given in (2), determine the critical hydraulic gradient i; in terms of i and y.

hvd

11K

Fig. 4-1 Fig. 4-2
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Question 5
Answer the following questions regarding the earth pressure.
(1) Determine Rankine’s active earth pressure coefficient X, when the cohesion ¢ = 0 in Fig, 5-1.

(2) Using Fig. 5-2, explain how to determine Coulomb’s active earth pressure.
(3) Indicate the conditions under which Rankin’s earth pressure and Coulomb’s earth pressure become equal.

Retaining wall

‘| Retaining wall

c:Cohesion

Va4

v:: Unit weight of soil

¢: Internal friction angle

12
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Question 6

Answer the following questions regarding the failure of embankment.

o Explain the mechanism of rainfall-induced embankment failure on bedrock.

(2) An embankment on bedrock is modeled as shown in Fig. 6-1. Derive the weight W and the safety factor F's against sliding of
the embankment ABC.

Bedrock

y:: Unit wéight of soil
c:Cohesion
¢: Internal friction angle

Fig. 6-1
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Question 7

Answer the following questions regarding seismic geo-disasters.

(1) From a global perspective, explain the reason why earthquakes occur in the limited regions.

(2) Explain the triggering mechanism of seismic landslides.

(3) Using the principle of effective stress, explain the mechanisms of liquefaction and consolidation phenomena.
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Question 1

(1) Explain the following technical terms.
(a) limited nutrient
(b) non-point source

(2) In highly polluted areas with a high density of factories, total emission regulation is generally better than concentration regulation.
Explain the reason for it.

(3) In a eutrophic lake, the pH rises to-more than 7 when the photosynthesis is enhanced. Explain the reason for it.
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Question 2
Answer the following questions related to the solution of 0.1 mol L. ammonium chloride (NH4CI) at 25°C. The base dissociation
constant for ammonia K, is 1.8x10 at 25°C. The dissociation constant for water Ky is 1.0x107 at 25°C. The base dissociation
constant for ammonia is expressed as follows.
_[NHZ][OH]
T [NH,]
(1) Show all the chemical species in the solution excluding H;O.
(2) Show the mass balance equation of Cl.
(3) Show the mass balance equation of ammonia.
(4) Show the charge balance equation.
(5) Derive the cubic equation for [H'].
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Question 3

Answer the following questions about drinking water treatment.

(1) Derive the relationship between settling velocity of particles and surface loading rate in the ideal sedimentation tank.
(2) Explain the purification mechanism of rapid sand filtration in about 50 words.

(3) Explain the difference in disinfection effect between chlorination and ozonation in about 50 words.

s 4

TAMBZ DOV TLLFORICE % L.

(1) TEMBTRE & EIEEOE % 200 FHEE TRl L.

Q) EWPHIERIRE T 1w A TEEREEIEH S BEMORA#EE 200 FHEEE TR k.

Question 4 :

Answer the following questions about wastewater treatment.

(1) Explain the differences between activated sludge process and biofilm process in about 100 words.

(2) Explain the characteristics of microorganisms playing a major role in biological nitrogen removal process in about 100 words.
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COD B 1,000[mg CODL1], 7K& 100 [m® d"|DHEKE RGN A 4V 77 4 —CRES . U 7T 2 7 —I3RGRERE
9 [kg COD m? d'|%& L, XKD COD % 100 [mg COD L' AT GEET 2. FAET DA AHADA S ]
EL 0% ThD. LUTORICEZ L.

(1) CODBRER [%]&aRD L.

() A COD FFEET kg CODm? d' %R K.

@) WERYT 7 Z—0OFRE RO L.

(4 AZDCOD 4E [Nm®CHikg! COD]Z7RE.

G) 1 HIZRET D A AHRAE [Nm® &R L.

Question 5

A wastewater with a COD concentration of 1,000 [mg COD L] is treated by an anaerobic bioreactor at a flow rate of 100 [m* d"].
The reactor has a removal potential of 9 [kg COD m? d], and is operated at a COD concentration < 100 [mg COD L] in the
effluent. The methane concentration of produced biogas is 70%. Answer the following questions.

(1) Calculate the COD removal efficiency [%).

(2) Calculate the accepted COD volumetric loading rate kg COD m™ d'].

(3) Calculate the required volume of bioreactor [m’].

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

(5) Calculate the amount of biogas production per day [Nm® d'].

RileE 6
BEMERRIZ OV T T ORICE 2 L.
() LFOFREZ R L.
(@) 7T LGB
®) ZRALVRL
Q) BERICAERT AMEMDIZE AL ITEEERTHD. BENE L Bl E 2 D% L.
(3) A X5 ) MFFZOWTUTORREEZ 2 TRV TR L.
[7)F—ay, TRVIN, ©=0F, F—F_=X, BEVUIN, a7 —F, Ya—rJ—F]

Question 6
Answer the following questions about microbial ecology.
(1) Explain the following technical terms.
(2) Gram staining
(b) three domain system
(2) Most of microorganisms living in the environments are unculturable. Explain two reasons for it.
(3) Explain the metagenomic analysis using all of the following terms.
[annotation, assemble, binning, database, environmental sample, long-reads, short-reads]
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Question 7
There is a pond with an inflowing river with an organic pollutant concentration of 2 [mg L] and an outflowing river

with an organic pollutant concentration of 1 [mg L"']. The hydraulic retention time is 1 day. Calculate the reaction rate
coefficient k [d'], assuming that the decomposition of organic pollutant is represented by a first-order reaction equation
of the concentration and that the water in the pond is completely mixed.
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Question 1
Answer the following questions about a two-dimensional incompressible fluid motion.
(1) The equation of motion in an arbitrary x-direction is expressed by equation (1 .1). Write 7, and 7, USINg Viscosity /.

(2) Explain the condition of the flow field when a potential function ¢ in equation (1.2) exists.
(3) Show that viscosity does not affect the motion of the fluid when ¢ exists.
(4) Derive equation (1.3) for steady flows when ¢ exists.

-F B
OIS I CE R et (1.1)
o ox 0Oy p Ox pl ox oy

u‘=%, 02% (1.2)
ox Oy
2
o, r_ .l-o (1.3)
ox\2g pg

18



2025 4E 10 B, 20264 4 A A% (October 2025 and April 2026 Admissions)
JEBRSERE b e TRR e AHE LR AT (—siR) FRR B AFABREE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)

(2025 4£ 8 A 28 HEME / August 28, 2025)

e ARIRE LY M ERRE TF £ H
BB (FMFLE D A=E A Civiland R el KEZE
Subject Civil and Environmental Program Environmental pSl;;.ech: Hydraulics
Engineering I . Engineering’ )
filRd 2
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() FEEZ Mlw, midtREFHATEL, v, wERDL

Q) O)DEX, EiEL, hERDL.
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Question 2

As shown in Fig. 2-1, the two-dimensional jet with width 5 and velocity v in x-y horizontal plane impinges on the board inclined by
6. Answer the following questions, neglecting the shear stress acting on the board and the energy dissipation. Here, pis the density
of the fluid. '
(1) Find velocity vectors v; and v,, assuming v; and v, are parallel to the board.

(2) Find widths b, and by, considering assumption (1).

(3) Find the x, y components of the hydrodynamic force (F, ;) acting on the board using b, v and ¢, considering assumption (1).
(4) Explain how F; and F, vary, when decreasing the length of the board.

Velocity: vi

Width: &,

Velocity: v

Velocity: v

Fig. 2-1
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Question 3

Water is flowing in a rectangular cross-sectional channel of constant width with a flow discharge per unit width g and a water depth
h, as shown in Fig. 3-1. Answer the following questions.

(1) Draw the shape of the water surface when the flow conditions are subcritical flows upstream and downstream of the hump.

(2) Derive the critical water depth /. using the equation of specific energy.

(3) Find the hump height 4z at which the flow changes to a supercritical flow downstream of the top of the hump if friction and

other losses can be ignored.
Water surface — 9
- g h
o N
Channel bed A
§ z

Fig. 3-1
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(1) Section1 N TE LY /KEEh=plpg+z B—E THDH T L ZHAT L.
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() FOEST u & Y KEOARL T SR pe O TRE.
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Question 4

Answer the following questions about a laminar flow through a sufficiently long circular pipe (inner diameter 2a) shown in Fig. 4-1.

(1) Explain that the piezometric head / = p/pg -+ z is constant in Section 1.

(2) Show the equilibrium equation for the forces acting on the fluid on a ring with a differential width dr at a radius 7 using shear
stress 7.

(3) Show the velocity distribution « using a piezometric head gradient / and viscosity zL

(4) Determine the flow rate in the pipe, when the piezometric head difference between Sections 1 and 2 is oh, and the distance
between Sections 1 and 2 is L.

(5) Derive /= 64/Re (Re: Reynolds number), when the energy gradient Z, is expressed using the friction coefficient fin equation

@1).

MU AL @.1)
¢ D2g’
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Fig. 5-1 ® Moody FIZ-2V YV CLA T DFEAE) &2 TRV NG
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Question 5
Explain the Moody diagram shown in Fig. 5-1 using all of the following terms.

[friction coefficient, Reynolds number, relative roughness, laminar flow, turbulent flow, hydraulically smooth surface,

viscous sublayer]

N EEE

N Complete turbulence, rough pipes

0.05

0.04

0.03

BisA Y

0.02
0.015

0.0125

Transition region N

-0.01

0.008

w

0.006

Laminar ﬂow"\;

0.004

0.003

Friction coefficient f

0.002

= 0.001

0.0008

- 0.0006

- 0.0004

RSO EE
I Smooth pipes -
107

678 10° 2 3 4567810° 2 3 4567810° 2 34567810 2 345678107

Reynolds number Re

Fig. 5-1
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— 0.0001

r=0.00001

0.00005
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Question 1

Taxi use and age for one hundred residents of an agricultural village were surveyed, and the contingency table was obtained as shown
in Table 1-1. Describe the relationship between taxi use and age using the test of contingency table. The chi-square distribution value

is 6.64 with 1 degree of freedom and a significance level of 0.01.

Table 1-1
_ Unit: persons People who use taxis ' People who do not use taxis
People aged 65 and over 28 20
| People aged 64 and under v 15 I : 37

[iRE 2 :

Table2-1 D7 B V=2 MZOWT, UTOMIZEZE. EL, 2005 F27nvzy NHUREEF1=0 L 35.
(1) 1570 DFEBIFE %, %, THDLEDTNENORMAERIERD L.

() BAELEIAY 1.00 & 722 NEIREEERZRD K.

Question 2

Answer the following questions about a project shown in Table 2-1. Set the project evaluation reference year t = 0 as 2025.
(1) Calculate the cost-benefit ratios for the discount rates 3%, 5% and 7% per year.

(2) Calculate the internal rate of return at which the cost-benefit ratio is 1.00.

Table 2-1
_ Year 2025 2026 2027 2028 2029 2030
Benefit (million JPY) 0 20- 20 20 20 .20
Cost (million JPY) 65 5 5. 5 5 -5
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Question 3
The trend in the automobile fuel consumptions in a country is shown in Table 3-1. The automobile fuel consumption model is
assumed as
Yi=a+bt+e
where, Y; is the automobile fuel consumptions in year ¢, a and b are model parameters, and e; is the error term. Answer the
following questions.
(1) Estimate a and b using the ordinary least squares method.
(2) Estimate the automobile fuel consumptions in 2000, 2002, 2004, 2006, and 2008 using the estimated model.
(3) Calculate the multiple correlation coefficient of the estimated model.
(4) Evaluate the model fitting based on the multiple correlation coefficient, and explain the limitations of the model.

Table 3-1
Year The annual automobile firel consumptions (10° ton)
2000 600 :
2002 , 650
2004 ‘ 670
2006 ' 730
2008 ‘ 870

24



2025 4£ 10 A, 20264 4 A A% (October 2025 and April 2026 Admissions)
TRBIEEREGAER T AR A A LA (—RER) FRR B AFHRME
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2025 £ 8 A 28 HENME / August 28, 2025)

HSEBERE TR HEERBRETY . el
. . - 3 S L=
HERFH  (HFMRA D sz h Civil and S g ?- d I fj:mfﬁu'li% d
Subject Civil and Environmental Program Environmental L . b
- ' s N subject Transportation Planning
Engineering I Engineering :
fiiRE 4

PITF O +AGHESOER R e L.
(1) T
Q) IFEGK

() #B|x

Question 4

Explain the following technical terms in infrastructure and transportation planning.

(1) market equilibrium
(2) null hypothesis
(3) zoning boundary

FiRE 5

HEREESENE R LI HRICONT, UTFOBICE 2 L. ()EQDIREDERCIL, LTOMEEL TEHIETEE
5T k. AMASEER, AT ShERME HFAE BRRAN, B OB BBRNE, 0B5E, 8
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Question 5

Answer the following questions about a society in which autonomous vehicles are widely adopted. Use as many of the following
terms as possible in your answers to (1) and (3): [public transportation, equity, efficiency, private cars, environmental impact, traffic
regulations, traffic accidents, travel time, vulnerable road users, safety in transportation spaces].
(1) Identify three new problems that will arise with the spread of autonomous vehicles and describe them in about 75 words.
- (2) Describe the solutions to the problems identified in (1) in about 75 words.
(3) Describe the social values created by the widespread adoption of autonomous vehicles in about 100 words.
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Notices
(1) There are 3 question sheets and 6 answer sheets each including a cover sheet.
(2) This examination booklet consists of only question sheets. Use the other booklet for answers.
(3) Fill your examinee’s number in the specified positions in both booklet covers and each answer sheet.
(4) Do not disband this booklet. If the sheet has been disbanded accidentally, tell an invigilator and follow his/her instructions.
(5) Answer all the questions.
(6) Return the question sheets together with the answer sheets.
(7) When you are required to provide figures/tables, draw them on the answer sheet.
(8) Raise your hand when you have any questions.
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Question

Social infrastructure developments that support safe and secure communities may vary for regions or countries with different natural
conditions and/or social situations. By choosing two different regions or countries, discuss the backgrounds of social infrastructure
developments in response to anticipated natural disasters in each, and the effects and limitations associated with the social
infrastructure developments, in about 250 words.
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Question
After writing your désired research topic in the master’s course, review the research topic by summarizing the background, 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.



