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Graduate School of Engineering (Master's Programs)
Special Selection for International Students
Civil and Environmental Engineering

Entrance Examination Sample Questions

Specialized Subject I

Essay A: Examination on the applicant's knowledge and thinking capacity on Civil and Environmental
Engineering
Essay B: Review of previous studies regarding desired research topic
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Question 1
Answer two questions out of the following three questions, (1) to (3).

(1) Express your views in some 400 words regarding roles of civil and environmental engineering to solve global environmental
issues such as global warming, acidification and so forth.

(2) In 1980s, “America in ruin” sounded the alarm about the severe deterioration of civil infrastructures. Recently, the
deterioration of infrastructures in Japan also becomes a social problem. Write your idea on the reason and the solution of this
problem in some 400 words.

(3) It seems that, in various areas of the world, large scale natural disasters, such as earthquake, flood, landslide or storm surge,
have been taking place more frequently than before. Explain your idea on the role of civil and environmental engineering for
mitigation of these natural disasters in some 400 words.
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Question 2
After writing your desired study topic in the master’s program, explain the background of the study and summarize the
objectives, methodologies, results and problems of previous studies, in some 800 words.
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Graduate School of Engineering (Master's Programs)
Special Selection for International Students
Civil and Environmental Engineering

Entrance Examination Sample Questions

Specialized Subject I

Select one of the following seven subjects, which must be registered in the application:

* Structural Engineering (strength of material, structural mechanics, and energy principles)

+ Concrete Engineering (materials for concrete, propetties of fresh and hardened concrete, and concrete structure)

* Geotechnical Engineering (soil mechanics, design of earth structures, and geotechnical disaster mitigation)

* Sanitary and Environmental Engineering (water chemistry, water supply and sewerage systems, microbial ecology,
and kinetics)

* Hydraulics (conservation laws of momentum and energy, laminar and turbulent flows, and flows in open channels
and conduits)

* Infrastructure and Transportation Planning (city planning and transportation demand forecasting)

* Applied Mathematics (linear algebras, differential and integral calculus, ordinary differential equation, and
probability and statistics)
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Entrance Examination Sample Questions

Specialized Subject I

Structural Engineering (strength of material, structural mechanics, and energy principles)
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Question 1
Explain following terms.
(1) Mohr’s stress circle
(2) Plane stress and plane strain
(3) Principle of complementary virtual work (Unit load method)

WA—~fi< (Continued on the following page.)



IR RFRF B TP e AR A A ek B e i
Graduate School of Engineering (Master’s Programs), Hiroshima University
Entrance Examination Sample Questions

Fhas HARBR BE T 5 fha HAR BRI 157
AR H (REFAHE ) 5K Civil and
Subject Civil and Environmental Department Environmental
Engineering II Engineering

Fr HEE T2
Specialized Structural Engineerin

subject ructu gieering
iR 2

Fig2-1 |27~ T b 7 2D FEMICk R 2 U CRIBER EAMER T 2356, LLFORICE X K.
(1) A & B DO OFERR AT

=
() 5Ebt &R OEM T U & D DOFZERAT.
(B) AU E A g DMEHT 2356 O L Ok 11 U Z3ked L.

Question 2

A truss structure shown in Fig. 2-1 is subjected to an indirect load at the panel point of the bottom chord member. Answer the
following questions.

(1) Draw the influence lines of reaction forces at the points A and B.
(2) Draw the influence lines of internal forces, U and D, in the upper chord member and diagonal member.

(3) When the truss is subjected to a uniformly-distributed load, g, at the whole span, give the internal force, U, in the upper
chord member.

>I
61 |

Fig. 2-1

RA— i< (Continued on the following page.)
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Question 3

Regarding a Gerber beam subjected to a uniformly-distributed load, ¢, as shown in Fig. 3-1, answer the following questions.
(1) Give the reaction forces at the points A and B.
(2) Draw the shear force diagram and the bending moment diagram.

RA— i< (Continued on the following page.)
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Question 4
A beam AB fixed at both ends is subjected to a concentrated load P at the center, as shown in Fig. 4-1. Elastic modulus and inertial

moment of the beam are £ and 7, respectively. Answer the following questions, assuming that the axial force caused by the deformation

of the beam can be neglected.
(1) Give the degree of redundancy of the beam, and show a policy on obtaining cross-sectional forces of statically indeterminate

beam.
(2) Give the reaction forces at the ends.
(3) Draw the shear force diagram and the bending moment diagram.

2 %;
P

]

4

Fig. 4-1

RA— i< (Continued on the following page.)
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Question 5
A pinned structure constructed by three rods is subjected to a force (v-direction: X, y-direction: Y) at the point A, as shown in Fig.
5-1. The axial forces of the rods are N;,, N, and N; at the equilibrium state. Answer the following questions. Let 4 be
cross-sectional area of all rods.
(1) When virtual displacements (x-direction: du, y-direction: év) are given at the point A under the equilibrium state, give
the strain of each rod by using the virtual displacements of du and dv.
(2) Derive the equilibrium equations based on the virtual work principle.

Fig. 5-1
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Entrance Examination Sample Questions

Specialized Subject I

Concrete Engineering (materials for concrete, properties of fresh and hardened concrete, and concrete structure)
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Question 1
Answer the following questions.
(1) Give the hydration reaction equation of C;S and explain the characteristics of its hydration reaction.
(2) Explain four moisture states of aggregate.
(3) Explain the dispersion mechanism of cement due to water-reducing agent.
(4) Explain the characteristics of ground granulated blast furnace slag as a mineral admixture.
(5) Explain workability of concrete.
(6) Explain entrained air.
(7) Give the factors that influence creep of concrete.
(8) Explain the cement water ratio theory for strength of concrete.
(9) Explain static modulus of elasticity (initial tangent modulus, secant modulus and tangent modulus of elasticity) of
concrete.

fifieE 2
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Question 2

Give two typical factors that cause corrosion of steel embedded in reinforced concrete and explain the mechanism of steel
corrosion due to each factor. For each factor, provide two countermeasures and explain their outlines together with the reasons
why you provide those countermeasures.

fie 3

WA—~fi< (Continued on the following page.)
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Question 3

Explain the mechanism and characteristics of concrete deterioration caused by alkali silica reaction, together with resultant crack
patterns. Also provide three typical countermeasures against alkali silica reaction and explain their outlines in addition to the
reasons why you provide those countermeasures.

filed 4
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Question 4

Answer the following questions.

(1) Explain the mechanism of the shrinkage of concrete from the view point of the shrinkage of cement paste.
(2) Explain the effect of the aggregates on the shrinkage of concrete.

(3) Explain the effect of the shrinkage of concrete on the mechanical performance of concrete structures.

WA—~fi< (Continued on the following page.)
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Question 5

Answer the following questions.

(1) Explain that total compressive force in concrete at the bending failure of a rectangular reinforced concrete beam (/: height,
d: effective depth, b: breadth, x: neutral axis depth) can be calculated by using equivalent stress block (0.85f°. x 0.8x) based
on the following stress-strain relation in Fig.5-1, where £,=0.85, £,=0.002, and ¢.,,=0.0035.

(2) Give the total compressive force in concrete at the bending failure of a T-shaped reinforced concrete beam (/: height, d:
effective depth, #: thickness of flange, b: breadth, b,: breadth of web, x: neutral axis depth) by using the equivalent stress
block.

Stress O,

kif.

Strain £,

Fig.5-1
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Entrance Examination Sample Questions

Specialized Subject I

Geotechnical Engineering (soil mechanics, design of earth structures, and geotechnical disaster mitigation)
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Question 1
Answer the following questions.

(1) Explain each of the following 5 technical terms showing the definitions.
coefficient of uniformity, remolding sensitivity, plasticity index, relative density, degree of saturation

(2) Explain dynamic characteristics of soil with the following 3 technical terms.
shear modulus, damping ratio, strain level

WA—~fi< (Continued on the following page.)
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Question 2
Answer the following questions.
(1) Show the outline of the constant head permeability test of soil with a figure of the apparatus.

(2) Explain how to judge whether the clayey ground is normally consolidated ground or overconsolidated ground from
the result of consolidation test.

WA—~fi< (Continued on the following page.)
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Question 3

As shown in Fig.3-1, a saturated clay specimen was consolidated isotropically in a triaxial cell with the cell pressure of .. After
the completion of consolidation, the undrained compression test was carried out and the maximum deviator stress (6;—o3)rand
the pore pressure u; were obtained. The internal friction angle and cohesion on effective stress of this clay are ¢’ and ¢’,
respectively. Answer the following questions.

(1) Show the total stress condition and the effective stress condition of the clay specimen at failure, using Mohr’s stress
circles.

(2) Undrained shear strength of clay s, , and the coefficient of pore pressure A¢ are defined as follows.

o, —-0,),
Gl D
2

ur
(01-03)¢

Show the undrained shear strength s,using ¢’, ¢’, 4f and o..

WA—~fi< (Continued on the following page.)
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‘ Deviator Stress
Cell pressure, o, I (61-05)
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Fig.3-1

R~—~fi< (Continued on the following page.)
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Question 4

Let us consider the one-dimensional consolidation of clayey ground as shown in Fig4-1. Derive the following partial
differential equation of consolidation (Terzaghi’s equation of consolidation), showing the necessary assumptions.

2
w_ ok
ot 0z m)y.,

where, u is pore water pressure, k is coefficient of permeability, z is the distance of the element of clay from the bottom of
clay layer, m, is a coefficient of volumetric compressibility and y,, is unit weight of water.

WA—~fi< (Continued on the following page.)



JR SRR B TP e B AR A A ek B AR g [
Graduate School of Engineering (Master’s Programs), Hiroshima University
Entrance Examination Sample Questions

Fras FARBREE T M HARBREE T2
AR A (5P ﬂ HII) LA Civil and
Subject Civil and Environmental Department Environmental
Engineering II Engineering
BB HifE T
Specialized Geotechnical
subject Engineering

Consolidation pressure p

L L

Saturated Clay

Fig4-1

WA—~fi< (Continued on the following page.)
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Question 5

Let us consider the slope stability with sliced mass of soils along the circular arc shown in Fig.5-1. The radius of the arc is 7,
and the center of the arc is O . The width of the i-th slice from the right is b, , the heightis /,, and the weight is J¥,. The

inclination at the bottom of the slice is ¢, , and the length of the bottom of the slice is /; . The forces acting on the bottom of the

slice in the perpendicular and parallel to the bottom of the slice are P, and S, , respectively. The forces acting on the both

sides of the slice and the ground water level can be neglected. Assuming the strength parameter for the soil at the bottom of the
sliceare ¢ and ¢ forall the slices, answer the following questions.

(1) Show the equation for the sum of forces acting on the slice in direction perpendicular to the bottom of the slice.

(2) Derive the following equation of the safety factor (Fellenius method).

WA—~fi< (Continued on the following page.)
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Entrance Examination Sample Questions

Specialized Subject I

Sanitary and Environmental Engineering (water chemistry, water supply and sewerage systems, microbial ecology,
and kinetics)
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Question 1

(1) Indicate two factors that influence the pH in lakes and explain their mechanisms.

(2) For the estimation of the lake water quality, COD is more frequently used for organic matter concentration than BOD. Explain the
reason for it.

(3) Explain the difference between turbidity and light absorbance using the following terms:
absorption; reflection; scattering; light

RA— i< (Continued on the following page.)
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Question 2

(1) Show the advantages and disadvantages of disinfection by chlorination in drinking water treatment processes compared to

ozonation and/or ultraviolet treatment in some 50 words.
(2) Explain the purification mechanism of rapid filtration in drinking water treatment processes in some 50 words with figures.
(3) Show a primary condition of the ideal sedimentation tank.

fie 3
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Question 3

(1) Explain what the bulking of activated sludge is in some 50 words.

(2) Show a way for effective utilization of excess activated sludge, and explain its significance briefly.

(3) With regard to the nitrification/denitrification process with recirculation for biological nitrogen removal from sewage, show a
controllable factor to increase its removal efficiency and explain the reason why the efficiency is inareased with the process flow

diagram.

RA— i< (Continued on the following page.)
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SERIROOEMIRISHRECERE V) Ik R Q (m’ sHYDIBEADHA LA HAE Q (m s DOLBLAN M LT\
(Fig. 4-1). AR OTGEEREIL C (g ), FEHIKBEELE Cou (@ m7) &5, LUFORICAZ L. 7272 LIGEWE
DAFRTHEEE D—IRBEIHE D (RISEE R : k) & 5.
(1) EFIRREIZBIT D Cou & V, Q, Cip, k TFHA
() EFARREIZBIT DIREFR1-CouCi)lE 09 THo7-. BRERON L2 BHIE U AUz BINE 23R EE R S
e, UTFOMICEZL. 72 LkIT—ELT 5.

() SUSHEDORFEE 2 f5QVIC LIz & & OEFIRIEORR LR %KD K (Fig. 4-2a).

(b) [F UEHE V OSERIRA B DRI 2% B CEAN SRR E LT A O E FIRRE DR LR 2R L (Fig. 4-2b).

Question 4
There is a completely mixed bioreactor with a volume of V (m?®) and influent and effluent at a flow rate of Q (m*s™) (Fig. 4-1). The

influent pollutant concentration is C,, (g m*) and that of effluent is C,, (g m?). The pollutant is decomposed in the tank and its
decomposition follows the first-order reaction of the pollutant concentration (reaction rate constant: k (s")). Answer the following
questions.
(1) Formulate C,, as a function of V,Q, C,,, and k.
(2) The removal ratio (1-C,,/C;,) was 0.9 at the steady state. In the case that one more reactor is added or the volume is increased in
order to raise the removal ratio, answer the following questions. The k value is unchanged.

(a) Derive the removal ratio at the steady state in the case that the volume is simply doubled (2V) (Fig. 4-2a).

(b) Derive the removal ratio at the steady state in the case that the completely mixed bioreactor with a same volume V is set in series

at the subsequent stage (Fig. 4-2b).

Q(m3s?) | \Z Q(m3st)
—> — —>
Ci, (g m?3) V (m?3) Cout (EM3)

Reaction rate constant: k (s?)
Fig. 4-1
a)

11K
K | =
11K

2V (m3) V (m3) V (m3)

Fig. 4-2
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25°CIZHIT 5 05mol L DT U E=T I HOWTUTORNCE 2 L. 7 =7 O L OWEERI I T L 9128
hb.
NH; + H,0 = NH} + OH™

[NH;J[OH] _

[NH,] b

25°CIZBIT DT =T OHHSRETER K, 13 1.8X10°, KDA T AE K, 1L 10X 10 TH 5, SEEITE U TROMEA VL.
logi02=0.3, log;¢3=0.5, V1.8=1.34, V2=14,v/3=1.7, V/5=22, V10=32.

(1) TVE=T DR Z 0 LT DL X, TUEST, TUESULA T, KEBVIIA Ao OPEE 27,
(2) fRBIERE o Z3HHE L.
(@) pH ZitFHE L.

Question 5
Answer the following questions related to a solution of 0.5 mol L™ ammonia at 25°C. The equilibrium of ammonia dissociation and the base
dissociation constant for ammonia are expressed as follows:

NH; + H,0 = NH} + OH™

[NHFJ[OH-] _

[NH,] b

The base dissociation constant for ammonia K}, is 1.8 X 10 and the dissociation constant for water K., is 1.0 X 10" at 25°C. Use the following
values if necessary: log;i2=0.3, logi03=0.5, V1.8=1.34, V2=14, V3=1.7, V/5=2.2, V10=32.

(1) When the degree of dissociation for ammonia is expressed as o, show the concentrations of ammonia, ammonium ion, and hydroxide ion.

(2) Determine the degree of dissociation for ammonia, .
(3) Determine the pH.

RA— i< (Continued on the following page.)
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Fig. 6-1 |% 16S IRNA S 2 HD< SO 7 —T7 D%Fk Ch 5. LLTORIZE % L.
() HFOFEIANIH A Z 2 L T 03E 7R~

Q) KO TR (R—r3—=) [ TfilaRK L TWDHETRE.

(3) ”Candidatus” D EEZ 7 X

(4) HHEA - AR ORBRIFEIC 16S IRNA R AW LA B Z 2 UL EdHITEHT L.

Question 6

Fig. 6-1 shows the phylogenetic tree of a bacterial group based on 16S rRNA genes. Answer the following questions.

(1) Explain what the notation in parentheses in Fig. 6-1 is.

(2) Explain what the underline (scale bar) in Fig. 6-1 is.

(3) Explain the meaning of the “Candidatus™ in the clones.

(4) Explain at least two reasons why 16S rRNA gene is used for the phylogenetic classification of the domain Bacteria and Archaea.

Candidatus Accumulibacter phosphatis clade II1A, UW-1 (CP001715)
Candidatus Accumulibacter sp. (HM046416)
Candidatus Accumulibacter sp. (JN679118)
Candidatus Accumulibacter sp. (HM046421)
Candidatus Accumulibacter sp. (JQ726370)
Candidatus Accumulibacter sp. (HM046418)
Candidatus Accumulibacter sp. (JN679110)
Candidatus Accumulibacter sp. (JN679073)

outgroup

0.05

Fig. 6-1
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[ 1
JENEODRITTAWR 2473 2 BRI T 25Uk 2 LA/ A ZGRAIR TR END.
2— T
0=gsin6+vd L; +d( uw)
dz dz
0=-gcosf- 1dp
p dz

T, QIIKEEOMERME, o IFESINEE, plIKOEE, vIZKOERHREER L,  z I1UKEEKZ 0 &
L, KERIZHEE A& 2IEE LICEETH 5.
KRz L LT, LUFORIZE 2 L.
(D) =S54 p(z) R L.
Q) HAWIEI IR T (2) & BEESERE u, 2R L.
Q) B ThDEE, TOWHPMPRATRIND Z & AT,
gsinf )
u(z) = . (th—z )
(@) FRTHD & E, ZOWMESMBRANTRIND Z Lamt. 2L, RGHEE 131 =xzVl-z/h &
INHHDET 5.

ﬁ(z)=%lnz+c

IIT, KIS, CRIENTERTHD.

Question 1
For a uniform flow in a wide rectangular open-channel, the Reynolds equations are as follows:
2— T

0=gsin6+vd L; +d( uw)
dz dz
1

0=-gcosf-— 4
p dz

where @ is the tilt angle of the channel, g the acceleration of gravity, o and v are the density and the kinematic viscosity
of water, respectively. The coordinate z is perpendicular to the channel bed and the origin is on the bed; the positive direction
is upward.

Let / be the water depth, answer the following questions.

(1) Find the pressure distribution p(z).
W~ —~f5E< (Continued on the following page.)
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(2) Find the distribution of the shear stress 7(z) and the shear velocity . .
gsinf

(3) In the case of laminar flow, derive the velocity distribution: u(z) = (2nz-2%).

v
(4) In the case of turbulent flow, given Prandtl’s mixing length 1 =xz<1-z/h , derive the velocity distribution:

u (Z) =—Inz+ C,where k isthe Karman constantand C is the constant of integration.
K
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Fig. 2-1 lIRT L D1, FEEERD & 2 /K2 B DRI AT E g OKBTAL TS, Btk
IXFIRCHD. KOBKELEZp, EHINEEL g, TRVX—7E o, EHEREE B LEL, TRLX—HK
IHERTE 0L T 5. LIFTORMITEZ L.

(1) FEEOTEIC R Db —%RD K.

() PEEOTEF CIRINR L 72> T D & &, THENZ T 2 KR S L F = LU, BEEEOm S Az, 23R L.
() MEEEn 8 < AR 72 Y O &Rk L.

uestion 2
© As shown in Fig. 2-1, the water is flowing at a flow rate per unit width ¢ in a horizontal, wide rectangular open-channel
with a raised ridge. The flow at the upstream site is subcritical flow. Let o be the water density, g be the acceleration of
gravity, « be the Coriolis coefficient and £ be the Boussinesq coefficient. Assuming that the energy loss of the flow is
negligible, answer the following questions.
(1) Find the specific energy at the top of the raised ridge.
(2) When the flow is critical at the top of the raised ridge, find the water depth and the specific energy at the top of the raised

ridge, and the height of the raised ridge Az _.

(3) Find the drag per width on the raised ridge.

Az h,
J777 7777777777777 m////////// -

Fig. 2-1
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Fig. 3-1 \TRT L 91Z, JAVWKIEIZE S]], BERd OFERBERL TV, FRRETI T E TRB KRR IS
S TWA. RO T O OB D O ) ZVREAHTTH 5. KT R0, ok L bk
FENOKNOIK FITECE 5. BEERILREE £, EINEEE2 g ERL, FEAV O L VO RLF
—RIINTEECE D LELT, LIFOMIZE A L.

(1) O TofhEy LEBNOFLEY 23K, TN O OFHENERDLd /d &L bIZED X BT LD
DA X

Q) V ANRDHDHEEDFEQ' & ) AN EDiEQ DO/ Q&RD, TNNERDID /d & &bl
EDO X HNENT DrER R L.

Question 3

As shown in Fig. 3-1, the water in the tank is flowing through the nozzle with the diameter of ¢’ into the atmosphere. The
length and diameter of the horizontal straight pipe are 1 and d , respectively. The change of the water level in the tank is
negligible because the area of the water surface is large. Let f be the friction coefficient of the pipe and g be the
acceleration of gravity.
Assuming that the energy losses of the flow at the entrance and the nozzle are negligible, answer the following questions.
(1) Find the flow velocity v' at the nozzle and the velocity v in the pipe. In addition, explain how the velocities change with

the ratio of diameter d'/d .

(2) Find theratio Q' /Q, where (' is the flow rate of the pipe with the nozzle and Q is the flow rate without the nozzle. In

addition, explain how theratio '/ changes with the ratio of diameter d'/d .

||| 4

H /¢ i
id
......... d —»v—T>’U
Fig. 3-1
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ettt s = — DDA (v = ORI N R0 525 &, RIS RO KT A

@—i 1_(ho/h)3
dc "1-(n./h)

ERIND. TIT, RIIKE KBRS ST BE (T HMAIE), i 3UKRARL, A TEROKE, A 1

BRFVKEECH D, LLFORIZEZ L.

(1D RE-D)ZEHE L. 525 Q7R VKERRIX T OEFR A IR TR L.

(2) Fig. 4-11TRTX9IT, 2 2DRPKH S SIAIEAKR TR AR AR DEARUIZ L LD, il
AKHIDAALIE, KB Efisis COBRFGRDAN L 0 &<, FHRATAMDAKALIEL R CORRFHROIKNAL L D K.
RIREZR /K & SRR & BRFUKEGERR & & blohli, KoL Fdks L OB o REIZ AT K. 7272
L, FKERIITDEVHO L L, Hiih b HEIRA~OEE3 R ARUKE Tl 2 2556 S EARUKE TR Z 5455
B DWW TKEEZ 7~

4-1)

Question 4
In the case of the Chézy’s formula (v =C./hi ; ) , the water surface profile in a wide rectangular open-channel is given by

the following equation:

dn_, 1=(ho/h). @)
dr 1= (n,/n)

where /4 is the water depth, x the coordinate along the channel (downstream is positive), i, the channel slope, 4, the

normal depth and 7, the critical depth.

Answer the following questions.

(1) Derive Eq. (4-1). Several hydraulic quantities required for the derivation should be defined.

(2) As shown in Fig. 4-1, there is a wide rectangular open-channel that joins two reservoirs. The upper part of the channel has a
steep slope and the lower part of the channel has a mild slope. The channel parts are sufficiently long. The water level of the
upstream reservoir is higher than that of the critical flow at the upstream end. The water level of the downstream reservoir is
lower than that of the critical flow at the downstream end.

Draw possible water surface profiles with the lines of the normal depth and the critical depth. In addition, write in the
names of the water surface profiles and indicate the tracking directions of the profiles by arrows. Since the transition from the
supercritical flow to the subcritical flow occurs at the steep or the mild slope, show the surface profiles in the two conditions.

WA—~fi< (Continued on the following page.)
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VAR

Steep slope

NANN N NN

Mild slope

Fig. 4-1
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i 1
LUR DS TFCR 1 OFEART —4 x ORRV) 4 258853 95% CIXREHEEE L.

(1) B o 13 L T5. o215, EEER 95%D z fHl%1.96 TH 5.
Q) R o? IR ET 5. [BHEIS% DO HBE 4 DHEIL 2.8 ThH 5.

®1 AT

ID X xX—-X (x-x)
1 7 42 17.64
2 1 -1.8 324
3 1 -1.8 324
4 4 12 1.44
5 1 -1.8 324
P x 2.8 a3 28.8

Question 1

Calculate a 95% confidence interval for the population mean 4 of data x in Table 1 under the following conditions.

(1) The population variance ¢ is known. The o¢?is5andthe z value of 95% confidence level is 1.96.
(2) The population variance ¢ *is unknown. The ¢ value of 95% confidence level with 4 degrees of freedom is 2.8.

Table1 Data

D X xX-Xx (x-x)
1 7 42 17.64
2 1 -1.8 324
3 1 -1.8 324
4 4 12 1.44
5 1 -1.8 324

Sample mean x 2.8 Total 28.8
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[ 2
[EFET Ly, = Zbkxik + & ICBHLT, UTORMIZERL. 7220, y 3% 7 v i ORREE, x, 3~
Vi D kFBEBOFIEL, b 1ZRTA—F, e 1T T Vi DR THS.

(1) LLFORTRENDEYFET VOREREIC OV CRRFE L.

2
, (Z(bk'xik)_y)
= RV
(v, -¥)
227G, b, 1k BROBRIEEICEIT 585 A—2HEE, § iky OFHIETHS.

(2) /3T A—% b \CBIT D t REDIFIEGN & RARGR, 35 KO EAUEC OV TR L.

Question 2

Answer the following questions about a regression model y; = Z b,x, + &, where y,isan objective variable of sample

x,, isthe k th explanatory variable of samplei, b, is a parameter of sample i, and &, is an error term of sample 7 .

(1) Explain R-squared of the regression model, as shown in the following equation.
2

. (Z(kaik)—y)

(v, -7)

R

A

where b, is an estimated parameter in the k th explanatory variable and y isanaverage of y .

(2) Explain the null hypothesis, alternative hypothesis and significant level of a t-test in parameterd, .

fie 3
PIFTORICEZ L.
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(1) FEEFHTEIET Mt EiHEHT— % O AT & ERTa T L.
Q) Sl AT D HUT AIAS @O & Z 0% % 400 FFEE Tt L.

Question 3
Answer the following questions.
(1) Explain advantages and disadvantages in stated preference data employed in a disaggregate demand model.
(2) Discuss problems with local public transport in aging society and discuss the countermeasures in some 200 words.

WA—~fi< (Continued on the following page.)
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Rl 4
HEELDOATHRE DM T2 K 5 2 RIFRE S C O T, BLFORICE 2 L.
(1) FaTRIR, LR, EEOBLEOESTIRHE, ZEFHRIOZNZENO S THE KA, 3 07D
0T k.
Q) Eito o b, BT & ASEFHE O 72D WAL 720 IR A3 0, 400 TREE Tl .

Question 4
Regarding a large tsunami damage in multiple metropolitan areas, answer the following questions.
(1) Give three countermeasures in both city planning and transportation planning, in terms of pre disaster management,
post disaster management and reconstruction.
(2) Pick out some countermeasures requiring a close coordination between city and transportation planning exampled in
(1), and discuss them in some 200 words.
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R 1 (Question 1)

(1) ROATHN A R &

Factorize the following determinant.

a p y 0
g oa 0 vy
y 0 a p
0 v fp «

Q) ROITHIA Zxtfafel, A" ZsRD L.

Give A" for the following matrix A , by using matrix diagonalization.

3 2 12
A=|-1 0 -6
0 0 -1

R 2  (Question?2)

HoFE 2 O TIROARZFE L. 7ol nlZERTH .
Prove the following formula, where 7 is a natural number, through using integration by parts.

2:4--(2n)  (@2n)!
1:3--(2n+1)  Qn+D!!

B, =‘i’(l —xz)"dx =

&3 (Question3)
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THIESLx = ' VT, ROFS TR O Z KD L.

Find the solution to the following ordinary differential equation by changing the variable x = e'.

Xy =2x)"+2y=x" (x>0)

WA—~fi< (Continued on the following page.)
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[fJ&4 (Question4)
1 35 6 £ TORFARFONTEDY A an a2 iSn2 3BT, ThZhoB0BEY, X, X, LT2.

A cubic dice having a number from 1 through 6 is thrown three times independently. Let X, X, and X, be the first, second and

third number on the dice, respectively.

(1) X, DHIRHE £(x, ) 2R L.
Give the expected value £(x,) for x,.
Q) x, Py (x,)ERD L.
Give the variance V( Xl) forx,.
@) X, + X, DEHHEE(X, + X, ) &R k.
Give the expected value E(Xl +X2) for X, + X,.
@ X, +X, 008 v(x, +X,) &R L
Give the variance V(Xl +X2) for)(1 + X,
() X, +X, < X, &2 DHERZRD L.

Give the probability for X, +X, <X,

PRI, A e BIIMNETIIZR<, 2EELIETIE, AilEl &R RS DMERIIMO BIZHA_THEET 5 b0 & 12,
Consider the case when the numbers on the dice are not independent. From the second throw, the probability to have the same number
on the dice as that in the last throw shall be a half of the probability for the other number.

6) X, +X, <X, &RblERERD L.
Give the probability for X, + X, < X-
(M) X, =3Tholel &, x, =3 THORIIEHER (X, =3X, = 3)& A ADOFEUZ LY Red L.

Give the conditional probability of X =3 under the condition X ,=3,0r P( X, = 3‘ X, = 3), by Bayes’ theorem.





