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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.
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Mark the specialized subject that you have selected, with a circle in the Selection row in the table given below. The specialized
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(8) When you are required to draw a diagram, draw it 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
Derive Castigliano's second theorem for a simply supported beam subjected to concentrated loads, Py, P, ***, P, -+, and Py.
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Question 2

The beam shown in Fig, 2-1 is subjected to a uniformly-distributed load g and an axial force P. Assume A is a pin-support, B is an
internal hinge, and C and D are rollers. Draw the axial force diagram, shear force diagram, and bending moment diagram of the
beam.
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Question 3
The beam shown in Fig. 3-1 is subjected to a single load P at C. Assume the support at A is a pin, and B is a roller. The flexural

rigidity £/ is constant. Determine the slope at point A of the beam.
P
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Question 4
The beam shown in Fig, 4-1 is subjected to a uniformly-distributed dead load of 2 kN/m and a single live moving load of 10 kN.
Assume A is a pin-support and C is a roller. Determine the maximum bending moment and the maximum positive shear force created

by these loads at B.
10kN
A B C
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Fig. 4-1
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Question 5
The beam shown in Fig. 5-1 is subjected to a single load of 20 kN at B. Assume the support at A is aroller and C is fixed. The flexural

rigidity £7is constant. Determine the reaction force at point A of the beam.
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Fig. 5-1
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Question 6
For a pin-ended column, show that Euler’s buckling load Py is 72E]I/ I?. in which / is the length of the column and £/ is the flexural

rigidity.
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Question 1

Answer the following questions regarding concrete materials.

(1) Write the hydration reaction equation of C,S in cement and explain the characteristics of the reaction in comparison to those of
CsS.

(2) Explain the advantages and disadvantages of using ground granulated blast-firrnace slag as a mineral admixture for concrete.

(3) Explain the role of air entraining agent.
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Question 2

Answer the following questions regarding fresh concrete.
(1) Explain the slump of concrete.

(2) Explain the laitance.

(3) Explain the plastic shrinkage.
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Question 3

Answer the following questions regarding hardened concrete.

(1) Explain the curing effects on the strength of concrete.

(2) Explain the cement-water ratio law for the compressive strength of concrete.
(3) Explain the pessimum content of reactive aggregate in alkali silica reaction.

RiIRE 4
S s U — MR SN R B S A RFRBILER % 2 0%, ZRENOERIC L > THMEE
WZEA A=A LT L.

Question 4
Introduce two typical factors that cause the corrosion of steel bars embedded in reinforced concrete. Then, explain the mechanism
of steel corrosion due to each factor.
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Question 5
Explain the mechanisms of autogenous shrinkage and drying shrinkage of concrete. Also, explain factors affecting each shrinkage.
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‘Question 6

Write the constitutive models of concrete and steel with figures for calculating the following capacities of a reinforced concrete beam
subjected to a bending moment. For (3), show the changes in the models when using high-strength concrete and steel, too.

(1) Flexural cracking capacity

(2) Steel yielding capacity

(3) Ultimate capacity
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Question 7

Regarding the shear failure of a reinforced concrete beam, explain the following mechanisms.
(1) Shear resistance mechanism of a slender beam without stirrups

(2) Shear resistance mechanism of a slender beam with stirrups

(3) Shear resistance mechanism of a deep beam without stirrups
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Question 1
(1) Explain the following technical terms.
(a) Acidity
(b) Thermal stratification
(c)Blue tide
(2) Explain the meaning and necessity of positive and negative controls for experiments.
(3) Explain the effects of photolysis by algae in water on pH and its mechanism in water bodies.
(4) When hydrophobic organic pollutants exist in water bodies, why are the pollutants more likely to accumulate in organisms higher
up in the food chain?
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Question 2

In a river, the BOD concentration was 4.0 mg L™ at point A. There was no inflow or outflow of water and pollution along the river

downstream from point A. The saturated DO concentration was 8.0 mg L in the river. Answer the following questions assuming

there was no mixing for the flow direction and the reaeration rate coefficient was constant.

(1) The BOD decreased along the flow direction, and its rate followed a first-order reaction of the BOD concentration with a rate
coefficient of 0.02 hr. Calculate the BOD concentration (mg L™) and its rate (mg L hr'") at a point 5 hours downstream from
point A.

(2) At a downstream point from point A (point B), the DO concentration reached to the minimum of 4.0 mg L™ and the BOD
concentration was 2.0 mg L. Estimate the value of the DO reaeration rate coefficient (hr™).

(3) If the DO consumption associated with BOD decrease was negligible downstream of point B, estimate how many hours from
point B were expected to recover the DO to 7.0mg L.
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Question 3

Answer the following questions regarding drinking water treatment.

(1) Explain the relationship between the surface loading rate and the particle removal efficiency of sedimentation tanks in about 50
words.

'(2) Explain the difference in the purification mechanisms between slow and rapid sand filtrations in about 50 words.

(3) Explain the advantages and disadvantages of ozonation for disinfection in about 50 words.
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Question 4

Answer the following questions regarding sewage treatment.

(1) Explain the relationship between bulking and SV1 of activated sludge in about 50 words.

(2) Explain the processes of reducing excess sludge in about 50 words.

(3) Draw a flow diagram of the biological treatment process with simultaneous removal of nitrogen and phosphorus, and explain the
mechanism of nitrogen removal in about 100 words.
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Question 5

A wastewater with a COD concentration of 10,000 [mg L] and a flow rate of 100 [m’ d'] is treated anaerobically in a bioreactor.
The bioreactor is operated at 90% of COD removal efficiency. The reactor's COD removal potential is 9 [kg COD m™ d']. The
methane concentration in the produced biogas is 70%. Answer the following questions.

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

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

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

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

(5) Show the equivalent COD of methane [Nm’ CH4 kg CODI.

(6) Calculate the biogas production per day [Nm® d"].
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Question 6
Calculate the pH of pure water in equilibrium with carbon dioxide in the atmosphere. The related equations and values are as follows.
Assume that [H'} = [HCOs'].

log[COngs] = 3.4
log Kg=-1.5
logK=2.38

log KH2C03= 3.5
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Question 7
Answer the following questions regarding microbial ecology.
(1) Explain the following technical terms.
(a) Horizontal gene transfer
(b) GenBank
(c) Agarose gel electrophoresis
(2) Explain the three reaction steps of PCR.
(3) Explain a method to enhance the detection efficiency of a targeted bacterial group in FISH analysis in about 50 words.
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Question 1

Answer the following questions about Eqs. (1.1) - (1.4) for two-dimensional fluid motion.
(1) The equation of motion in an arbitrary x direction is expressed as Eq. (1.1). Explain the physical meaning of each term.
(2) Explain the condition of the flow field when the stream function i exists. Explain the condition when the potential function ¢

exists.

(3) Show that viscosity does not affect the fluid motion when yand gexist.
(4) Show that the total hydraulic head H in Eq. (1.4) is constant everywhere for steady flow, when yand gexist.

—+u—+

ou__1op W(@Za
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Question 2

A conical flask with a bottom inner diameter of D and a top inner diameter of  is located on a scale as shown in Fig. 2-1. The flask

contains water with depth h (<H), and water flows out from the pipe of length & and cross-sectional area a. Assuming that energy

loss is negligible and a is sufficiently small compared to the cross-sectional area of the flask, answer the following questions. Here

the density of water is p, the acceleration of gravity is g, and the water volume ¥ in the flask at a depth A is given by Eq. @2.1.

(1) Write the flow rate from the outlet at /.

(2) Write the differential equation for the temporal variation in h

(3) Draw the pressure distribution in the y-direction in the stream from the outlet of the pipe to the surface of the water.

(4) Find the value M of the weight shown on the scale at /. Next, explain the relationship between the weight A and the pressure
distribution acting on the flask wall. Here, you can ignore the weight of the flask.

= 7z1_22h B 7[(D127};;’)h2 {3D—%(D—d)} 2.1
| D ?
] -
-/ v 27\ |
z .
! h o
== I

M ............
‘ a

Fig. 2-1
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Question 3

(1) Show that the loss coefficient at a sudden expansion in a circular pipe is Ki~(1-A1/A;), where A1 and 4 are cross-sectional areas
before and after the sudden expansion, respectively.

(2) There are circular pipes that flow water from tank A to tank B as shown in Fig, 3-1. Draw the energy line and the hydraulic grade
line with the distance from tank A along the pipes, as the horizontal axis. Here, fis the friction loss coefficient of the pipes, K. is
the loss coefficient at the entrance from tank A'to the pipe, Kb is the loss coefficient at the bends, Kois the loss eoefficient at the
outlet from the pipe to tank B, and Dy and D; are the diameters of the thin and thick pipes, respectively.

<z
A — A
Tank A
D
A H
L~
H: z - X
v D-
A\ — TankB | /=
I l Y
< > > »
Ll L3 L4
Fig. 3-1

14



2024 % 4 A AZ (April 2024 Admission)
LB RERFERAER TR ZMERELRRAITE (—HRK) TR E AERREE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2024 € 1 B 25 BFEHE / January 25, 2024)

MREBRRETSY HEEBRETY #E ‘
HEREL R (FM#EETD A=/ A7 Civil and Secialized | KR
Subject Civil and Environmental Program Environmental p:ﬁl;?elczte Hydraulics
Engineering I Engineering )

FERE 4

Fig, 4-1 \oRT/AE S OB —EDES § THIEORE VEPN TG, ORI THS. LTORMIZ
BxL.

(1) BE z TOADON HVRERD L.

() FoEH u Z RO L.

(3) BIMENT- ) OitEE RO L.

Question 4

An oil with high viscosity flows on a slope with gradient S, as shown in Fig. 4-1. The oil layer depth is 6. The viscosity of the oil is
4 Answer the following questions.

(1) Write the equilibrium equation of the forces at depth z.

(2) Find the velocity distribution u.

(3) Find the flow rate per unit width.

v
=
d
S .
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, sub- and super-critical flows, laminar and turbulent flows]

(2) Draw the water surface profiles in a steep channel with constant gradient and uniform width, and explain the characteristics of
water surface profiles using the following terms.
[normal depth, critical depth, Froude number, upstream direction, downstream direction, hydraulic jump]
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Question 1

One hundred residents of a town were surveyed about public transportation use and car ownership, and the contingency results were
obtained as shown in Table 1-1. Describe the relationship between public transportation use and car ownership 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
People who use public transportation | People who do not use public transportation
_ (persons) (persons)
People who own a car (persons) v 20 . 42
People who do not own a car (persons) 23 15

FieE 2

HA D SEES RO % Table2-1 IOT Y. ZOBEMFAETT UL Yrathtte &35, 22T, RiZtHFORZ

EEMEAEME, o bIITA—H, lIFRERTHD. LUTORMIZER L.

(1) BITRECEY, o bEHEEL

Q) AOEEHZETTVERT, 20034, 2008 4F, 2013 £, 2018 47, 2022 EDREEHRR A HEET L.

G) ASEEHRATT N OERBREEHET L. EEBRECE S TUSEERRET T L OH TR D EZF
filrd &

@) ZoOETNORFEZHFE X

Question 2

The time-series trend in the number of traffic accidents in Japan is shown in Table 2-1. The traffic accident model is assumed as
Y=ar+bt+e. Where, ¥, is the annual number of traffic accidents. #is the year. a and b are model parameters. e; is the error. Answer the
following questions.

(1) Estimate a and b using least squares method.

(2) Estimate the number of traffic accidents in 2003, 2008, 2013,2018, and 2022 by using the traffic accident model.

(3) Calculate the multiple correlation coefficient of the traffic accident model and evaluate the model fitting based on the coefficient.

(4) Explain the limitations of the model.

Table 2-1
Year The number of traffic accidents in Japan (1,000 accidents)
2003 , - 948 .
2008 . 766
2013 665 : ’
2018 ‘ 431
2022 301
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Question 3

Answer the following questions related to traffic demand forecasting,

(1) Explain the four-step method.

(2) Which step of the method is used to assess the impacts of a natural disaster? What is the reason for using that step?
(3) Which step of the method is used to examine the'ride sharing? What is the reason for using that step?

(4) Explain the limitations of the four-step method.

RERE 4

T OHEFEECOWT, FREnSiae k.
(1) BN

Q) FARINERE

) HEAEEHE

4 THEFREEX

Question 4

Explain the following technical terms.
(1) building coverage ratio

(2) technological externality

(3) national spatial planning

-(4) urbanization contro] area

FiIRE 5

RIS Z W, PITORINCEZ L.

(1) TREFHEKSE DRI ONT, TAOFE TEEOAK & Lh HEAE L.

Q) HHEHERIEOHT, TS OREEREIROD HHIEL—0FT T, TONFLHAT L.

(3) A OEOEROREIZHR L 5 2 T, ZOWEBRROBRNOEE LW IHEHIER R v T —27I20
WCERBAE ..

Question5
Answer the following questions about urban fires.
(1) Explain the characteristics of fires in urban areas and compare them with those in detached houses in suburban areas.
(2) Introduce one urban planning system that is effective in reducing the damage caused by fires in urban areas.
(3) Explain the role of roads in the case of urban fires, and then describe the desirable urban road network from the damage mitigation
viewpoint.
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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 his/her 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 requirements for infiastructure vary depending on the social and economic conditions by each country or region. Considering
a country or region as an example, discuss the challenges and solutions for the development and maintenance of infrastructure,
in about 300 words. '

(2) In recent years, disaster mitigation to reduce the damage caused by disasters has been becoming increasingly significant. Describe
your ideas on what contributions can be made to disaster mitigation by civil and environmental engineering, 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, main 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.



