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Part 1 (Mathematics)

KOMEN], Rl2TNTHEELI N,
Answer the following questions [1] and [2].

[1]
(D y" =3y +2y=0, y(0) =2, y(0) =~1 ZW K v(x) 2RdL.
Find the function y(x) suchthat y"" —3y'+ 2y =0, v(0) =2, and y'(0) = —1.

(2) #MHFHRR v +3v=6e"XD—lE y(x) BRDL.
Find the general solution y(x) for the differential equation ' + 3y = 6e~2%,

(2]

310 :
1% A=(1 3 0) oWT, UTFOBWIZE LRI L.,
0 0 2

3 1 0
Answer the following questions about a matrix 4 = (1 3 0)
0 0 2

(1) 751812 DWT, PT'AP = DERZEHIFTFIPERATTFIDERD TS W,
For the matrix A, find a regular matrix P and a diagonal matrix D such that
P~1AP = D.

2) FHIAD n R@ADERLIZ I,

Show matrix A to the n* power (matrix A™)



HEMBLE

Specialized subjects

10 EEOREDHFNG 4 BZBERUMBETHT &

KE2, 3 BETH
K4, 5 KT
K6, 7 HiAg T %2

K8, 9:  LIAEHEZS
K10, 11: Oy Y—hRI%

HEERAR—PLUBRICRRBEN TN 3,

Choose four out of ten parts and answer questions in the parts.

Part 2, 38: Structural engineering
Part 4, 5: Hydraulics

Part 6, 7: Geotechnical engineering
Part 8, 9: Infrastructure planning
Part 10, 11: Concrete engineering

Questions of each part are written in the following pages.



KE 2 (RETH)

Part 2 (Structural Engineering)

UTORME 1 KHRETL. MECHEDARRRONIEHF LESEREL TEND,
ER/EHT TS &
Answer Question 1 below. You may add new symbols if they are not sufficient to answer the

question, however the definition must be clearly stated.

L. 1 IORTHEMXHEINZT L RS ARELTROBWICE LW, &7
L, AAZRZr, &HHICEL THTREIMER £, BNESHZDOEEEpEL, B
METREAMERZRKELTEINWET S, £, SBHHEBEERZEEL, BEHOE
EREEL TIWET 3. |
Answer the following questions about the simply supported Warren truss shown in Fig, 1.
Assume that the circumference ratio is 7, thé bending stiffness is EI for each member, the
mass per unit length is p, and pin connections may be assumed between members. The
sectional forces are assumed to be positive in tension, and the effect of gravity should be

neglected.

1) #f#1 CE & Ek#f CF\@ﬁﬁﬁ Neg, Nep EHHWTE— A2 N Meg, Mo 2R L.
Calculate the axial forces Ncg and Ner, and bending moments Mcg and Mcr of member CE and
CF.

2) MR PEFHS TR oL L ERMITERNREET DMMIRTEZOLEDP D
RESZHETR. HECHIZ-TIE, BETEZEREN Euler ERTHDEEEL,
RO X > TERBMEL, 2RO TLNETS,

Estimate members and the magnitude of P at which buckling first occurs under progressively
increase of P. For the estimation, it is assumed that the Euler buckling occurs, and the buckling

load P, may be obtained using Equation (1).

P —_iEI_ '
T (kD2 (1)
::m,kﬁﬁﬁwﬁﬁﬁﬁﬁﬁﬁf@a

where £ is the effective buckling length factor of the member.



3) Bf# CD @ n XROBEFREBEL,PRQ)TREND LT 5.
Suppose that the » th~order natural frequency £, of the member CD is expressed by Equation

2).

T El T
| 2= L n* +%n2 @
I TIIEM CD DENTH S, WE 1 ROBEFRIBNATH 2 Z&bhot,
IQEZFSARERALTVEME P OREIZHEL, TEAWTIZER K. 7277
L, EOEMIZBNTHEECHERIREL THRNHDET 5.

where T is the tension in the member CD. Now the first-order natural frequency is f;. Answer

the magnitude of the load P acting on the truss without using 7. Assume that no buckling or

yielding occurs in any member.

4) IREEICBIT B F— RETEICDOWT 100 FRETHAE L.

Explain the modal analysis method in vibration problems in about 50 words.

5) #iE X EHEMHEENC DO WT 100 FRETHIE L.

Explain the resonance and the self~excited vibration in about 50 words.

P
E F| G

s

M1 BHEESNET-LY RS
Fig. 1  Simply supported Warren truss
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Part 3 (Structural Engineering)

EUFOME L 2 ITmER L. ﬁ%ﬂk%tbﬂ‘;@ﬁ\%ﬁ’wi%ﬁt WREZREL TIND,
EEEWHLT D L.

Answer Questions 1 and 2 below. You may add new symbols if they are not sufficient to answer

the question, however the definition must be clearly stated.

1. RLIERY, OFHS— G, G2,G3 WM I 1B S B S N B EmE
WWOIBELTROBWIEZRI W, 270, BORIEs, &3 r THETHY,
HEREE £, BAWEBSREE ETB. Fi, ENOFEBREALTINET 2.
Answer the following questions for the simply supported beam with a rectangular cross
section and strain gages G1, G2, and G3 attached to the section I. The beam is homogeneous

with width b and height /. The modulus of elasticity is £ and the stress is positive in tension.

The effect of gravity should be neglected,

D WEIOBAKNA SSEHMTFE—A> R M ERD L.

Calculate the shear force St and bending moment M of the section I.

W P
Section I l
AL i‘| 2
k | | 3
L3 L6 L»2
Ll Wrml TEX
Side view  SectionI . Bottom view
|
| ! G1,G2 ;
A< >B A< ==
2 i
et |
i T
Section 1

1 B E N EREE LD

Fig.1  Simply supported beam with rectangular section and strain gauges at section [



2) UF'RT—P Gl G2, BB R0 THEEZNENRDE. £FEL, UFHF—
PEE 1 PORROGAOEVDTHERMTZEDE L, BiE I OTARG T
R TERENB LT 3.

Find the strain sensed by strain gages G1, G2, and G3, respectively. Assume that the strain
gauges sense the normal strain in the direction of the dotted line in the figure, and that the

shear stress distribution in the section I is expressed by Equation (1).

3P Z \?
= 2 {1 - (h/_Z) } 1)
LWz AP EEZ AR S TOHETMEOREMTHS. 2B, KUTHY—
DREH L EEEC B TEERAREEZRELRQZANTENET S,
where z is a vertical downward cdordinate axis with the origin at the neutral axis position. The
surface to which each strain gage is attached is assumed to be in a plane stress state, and

Equation (2) may be used.

ey_1r1  —~vyon
=315 TG @
Z ZIZVid Poisson b, &1, @idEOTH, 0, aldERHTHS.

where vis the Poisson ratio, &1 and & are principal strains, and o and o, are principal stresses.

2. M2 ICRTEMEHS MM I BEEZ ICEL TROBWIEZ RSN, 72
U, WEZHELDEAT, WEH2RE— A MIITHBET S, i, BHO
HEIERLTEINETS.

Answer the following questions for the simply supported steel I-beam shown in Figure 2.
‘The section is assumed to be homogeneous and thin-plate assembled, and the sectional

secondary moment of beam is /. The effect of gravity should be neglected.

) LTS PORAMBADHRNE 3 DX5THSHETS. AUHEOY =T IRE
ETLHEANISNATEZ R ABGRERICEDERD, K3 IThs> TRREL.
PITIEERK « BANOBAMIEIOARZ S 2EETHETD 2 &.

BE WE 2 RE— A2 AL B AR ADS OWIE D A P BT 5 | AR (s,
RO L ORDB ZENTES. 4 :

Assume that the shear stress distributions in the upper and lower flanges are as
shown in Fig. 3. Calculate the shear stress distribution in the web of the same
cross section based on the shear flow theory and illustrate it in accordance with
Fig. 3. Indicate the magnitude of the maximum and minimum shear stresses 1n

the figure.



Reference: The shear flow g(s;) at point P; of a section with a sectional secondafy

moment of [ and a shear force of § can be obtained using Equation (3).

S
q(s1) 5—7[50 tZd§+Q(50) @)

T, qlsp)idR Po BT HEAMRTH 2. A3 PIMirEL2REET 58 AN
ABRDERETH S, sEBREFLITR - ZEENT, K4 IRTESICEP IR
WTs =55, HPRBNTs =5, TH5.

where q(sg) is the shear flow at point Po. Z is the coordinate axis in the direction of shear
force of which origin is the neutra) axis position. s is the coordinate axis along the thickness

center. 5 = s, atpoint Pgand s =s; at point P, as shown in Fig. 4.

2) EF7 5 PORABIBHDTNE 3 OLSCRINBWETT S VeI T %
BEEITLTHRABHETRICELT, WMEPICLVAUBFAMISH BB ERE
BBLIENES, OLE OR/MEERDE.

For a fillet weld joining a flange and a web at the cross section where the shear stress
distribution in flanges is as shown in Fig. 3, calculate the minimum value of throat thickness

a such that the shear stress 7induced by load P does not exceed the allowable stress level 7.

3) HBEICBITSEBET—A L MEI 2T NIFEICDWT 100 REE THEE L.

Explain the fully plastic moment and compact section in steel structures in about 50 words.

B £

Cross section view

b

A B EN

|
2

L2 L2

I—'.__'J?\.t
b

2 BEMITErE Nz Lm0
Fig.2  Simply supported steel I-beam
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Part 4 (Hydraulics)

FORM1~3 DNWTHICHMET S L. HEREESEIEBLTHWSZ &,
Answer the following questions 1, 2, and 3. Necessary symbols ete. should be defined before

using them.

1. ZRIEART I v MRNIZBWT, HERT Vv )L o AR TR I NS HEESR
BEZD, ZOR, LITORWIIEZEL.
Consider fluid motion in a two-dimensional potential flow, where the velocity potential ¢ is

expressed by the below equation. Answer the following questions.
p=ax+fy (o, BIZEDEL) (a B arepositive constants)

(1) x, y®CHFROEERS, u, vERDLE., Find the velocity components,  and v, in the

x- and y-axis directions.
@ (1) 2= IRNERERD L. Find the stream function that satisfies (1).

(3) HMOXERD B EH%IT, ZOWFES % KR L. Find an equation for the

streamlines and illustrate this fluid motion.

2. BRAHEE CTKEKBRREDOERBKENS S, 2T, BAEd2 D DREN g (—
F) TRITHNTWAEE, ROMVIERL. AFL, BERICEBTRILF—
BRIIEETE, RKQUEZO0, BENMEEE g &7 5. ‘
Consider a uniform and steady water flow with a constant discharge ¢ per unit width in a
horizontal and straight open channel with a rectangular section. Suppose that energy loss due
to friction is negligible, atmospheric pressure is 0, and gravitational acceleration is g. Answer

the following questions.

(1) KiRZE b, BEEHSDKBROBEREZ 2 LTHEE, ZORNBOKTES
TREHS ERIT, EIRNF—EHTRINF—0HERYE. When the water depthr
is A, and the height of the channel floor from a reference level is z, sketch the flow field.

Moreover, show the equations for total energy and specific energy.



Q) MB ¢ VEZSN/EE, —RITKERITIZ 2 DOEORENEET B Z L ERE.

When a discharge ¢ is given, explain that it shows two positive & solutions.

() QD2DODEFEE M, by O<h<h) ETHEE, KENP, BLUThLDBEOFHEN
DEHZRT EHRIZ, TNENE2HEICHAT X, Suppose that the two solutions for
question (2) are /11 and A2 (0 < A1 < hz). Answer the names and meaning of the flows connecting

to /1 and A, respectively.

@) BNBERFDOEEDOKFELFEE g & g ZEVWTENENEY, In a critical flow

‘condition, use ¢ and g to develop expressions for the water depth and velocity.

3. HFEBZERLET S, 415 —DEHHFEX, FEL - A7 20FER, BLUL
A/ NVAFBARDNT, NS5 3 D20FBRICHED X IBNNH 2 ONHA LR
RN
Explain different points between the Euler equations, the Navier-Stokes equations, and the

Reynolds equations.



K5 (KT

Part 5 (Hydraulics)

LLTFORE 1~3 DWTHICHMBET A&, LEREEEEEELTAVWAI &,

Answer the following questions 1, 2, and 3. Necessary symbols etc. should be defined before

using them.

L.

Ko

2

©)

“

THEO XD ZEEE A OXZ72MAEKEOCERICEERE o OFKkORDNTNS
4>>a). PROZFUCRKRETREKREWETANSD. ZORENSHADZ
FWTKEZHRHSES., ZO&E, DUTORWIEAX ~EL, RERBE,
DEEFETHZEL, BENNEEE g, B ICBIBKERZLHETS.

As shown in the figure below, a large cylindrical water tank ‘ A

of cross-sectional area A4 has a drainage opening of the

i<

cross-sectional area a at the bottom (4 >> g). Initially, the

drain is closed, and water is filled to a depth of %. From ' kg
this state, the drain is opened, and the water is allowed to ﬁ -
flow out. At this point, answer the following questions. e
Assume that the fluid is assumed to be a fluid with perfect ‘:@1" v

density, the gravitational acceleration is g, and the water | h,

depth at time ¢ is 4.

T

BATRF RIS D OKOBE AR ZRE 2, BROEKOOWTEM a DR EL TR
® . Find the volume of water discharged per unit time as a function of the water depth /

and the cross-sectional area a.

BATRS RS D OKERNOKOEEELEKIEL BIUKEOMER A DB -
L T3R® &, Find the change in volume of water in the tank per unit time as a funétion of

depth / and cross-sectional area 4.

PFAOZBIT TS & TOKRISHEH ENE T TORB %R L. Find the time from

when the drain is opened until all the water is discharged.

PARSNIARH, FERODS m BEIOKTRIZERL TRD. T0LERFRIC
B9 %7123k XK. Drained water is striking a horizontal plate that ; away from the

drainage opening. Find the force acting on the horizontal plate.



2.

)

)

&)

3.

THOLDIZ, ER04m, £ 10m DHFORAEICLDEKEA DKER S
KX TEAKEB IZEAKT D, CORTREOED 0.6 m* DKEERE 04 m, £
S 70m QAR OEKETREKT B2DDEH kW) ERDEZL. ROBFNWICEZ
L. ZEL, A A BRISAEL, ABMBERNORNIEEET 3. ik, W
ABRERE K =03, 2D OBRBE K =03, HOERRE K =1.0, ERiEax
RE=0.04, ENIEE g=9.8m/s’, KOBE L=1.0gem?, R T OEEERIT
80 %&T 5.

As shown in the figure below, a pump pumps water from reservoir A into reservoir B using a
cylindrical suction pipe 0.4 m in diameter and 10 m long. We want to find the electric power
(kW) required to pump 0.6 m* of water per second through the 0.4 m diameter, 70 m long
cylindrical water pipe. Answer the following questions. Here, assume that reservoirs A and B
are sufficiently large and that the flow in the cylindrical pipe is steady. Also, assume that the
inflow loss coefficient K. = 0.3, bend loss coefficient Ky = 0.3, outlet loss coefficient Ko = 1.0,
friction loss coefficient f= 0.04, gravitational acceleration g = 9.8 m/s?, water density £ =
1.0 g/em’, and the synthetic efficiency of the pump is 80 %.

v
Hyg=15m
v
- ki B
HA Reservoir B
=8m
Brakfia
Reservair A E

ENOEEFR®E vy #RD LK. Find the average velocity v in the pipe.

SREKBMERDK. 7IZL, RO TAOFEA, R ThEOFRHBOBOBELIT
&4 9 5. Find the total head of water loss At. Here, neglecting losses at inflow to and

outflow from the pump. -

HAKITHE/RES S 23R XK. Find the power S required for pumping.

BOREEZD, BRETIEAKBETFREOLIITEHT 20, 2RI &I, 2
DR ZHEAEL.
Consider waves in the ocean. How do water particles move in the intermediate water depth

region? Sketch the particle motion and explain its characteristics.
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Part 6 (Geotechnical engineering)

FRET R TIZEA L. Answer all questions,
BB U TEY/RKE 2 BT L. Make reasonable assumptions wherever necessary.

[1] EAF O 23T L. BKECBUTHE - Bl2FALTH LW,
Explain the following terms. You can use illustrations and/or equations if necessary.
(a) FERE
Uniformity coefficient
(b) FEREDEE
Degree of compaction
(c) IEMRERHS T
Normally consolidated clay
(@) FTBEAAMATIE
Driving pile method
(e) N &

Nvalue

[2] PECIZRTY, BfI Lkt B 0BT 52 WIIEHITEICONWT, 0513257 D%E
EEIZEEIAREDR, FL20BH2HHETL. 3612, FOREROTMEODITKER
ZHERRBRTE, SORANGREBEFRIIONVWTHAT L, HERBUTH - &%
FALTHL N .

For the following embankment or excavation work in saturated clay soil, explain when stability
should be considered and why. Describe the triaxial compression test method and the strength
constants that §;hould be used to evaluate stability. You can use illustrations and/or equations if

necessary.

L () ERAEBKIHBCNT 3R TRORS

Embankment work on normally consolidated clay ground
(b) BEER T HB IS 2B TEOHE

Excavation work in overconsolidated clay ground



3] LEERL, SARREEELER, ROBREGL
Soil samples were collected and laboratory tests were conducted to obtain the following

-information.

RIBE @ #5153 35%, )L b4Y35%, B4 25%, BES> 5%

YPERREE | FAETKEE wim87.0%, THIFOBAKEEBr263kN/mS, T OBMEBAR
EEy=14.200N/m’, TEHERR wi=71.0%, BIEEE=34

Particle fractions: Clay 35%, Silt 35%, Sand 25%, Gravel 5%

Physical properties: Natural water content wn = 87.0%, Unit weight of soil particle 3% = 26.3kN/m?,
Wet unit weight of soil 3 = 14.2kN/m?, Liquid limit w = 71.0%, Plasticity index %= 34

TEOEMICEZA L. HELKOEMERK = 10.0Nm? &7 5.

" Answer the following questions. Assume the unit weight of water %, is equal to 10.0kN/m?.

(a) ZDTDOHPIFIE N 5h.

Obtain the soil’s fines content,

) TOLZFRTHDETEWARBREICRZSD. BUERLTER L.

If the soil is mixed thoroughly, what kind of state can be expected? Explain the reason.

() TOL DML & FE S, Z23Rd &,

Obtain the soil’s void ratio e and saturation degree S;.

(@ TOLZBEIMBELTHWS 2O, RAER ST TEKEE w=600%Z TFiF.
IR V=1.00m* Bz D LOEBSW SWP Lk, HREEEELENSDET S,
In order to use this soil as an embankment material, the water content w was reduced-to 60.0% by
exposing the soil to the sun. Obtain the weight of soil reduced‘ for the volume #=1.00m>. The void
ratio shall remain unchanged.

(e) BAKELw A8 60.0%ICin o et %, BKEE—FITRo i E EHED THEFE S, = 90.0%
Ll WEDTOEBEMERRIZNL 5ITRTVBN, . |
The soil having water content w = 60.0% was compacted without change of the water content and

the saturation degree S; became 90.0%. Obtain the compacted soil’s dry unit weight 7.
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Part 7 (Geotechnical engineering)

BT NTIZE A L. Answer all questions,
HEITIRT TJ@J@JE{E%% tVF . Make reasonable assumptions wherever necessary.

(1] BT oFEgzRATk. HLEISCTH - B EFBELTHX W,
Explain the following terms. You can use illustrations and/or equations if necessary.
@)7Iv:@x(xvi~“‘)&
Fellenius (Sweden) method
(b ¥ B RL—2T
Sand drain method
() IR
Plastic chart
@ KA Y
Boiling
(e) EBERE

Coefficient of consolidation

[2] TR, HBEOZET Q 2EET S0 Terzaghi DXHEHARTH 5.
Below is Terzaghi's bearing capacity formula used to calculate the ground's bearing capacity,
denoted as Q.

%ZQ'C"NC +ﬂ'y1 'B'N;,‘!‘}/z 'Df‘Nq

Ty BEREARO L OEMARER, »n IEABEELROLOBNAEERTH
5. AGEBOERE, BIXERE DIIRANEEITHS. HTFRMRENEDETS. B
- ToMWwicEZL. .
Here, y1 represents the unit weight of the soil below the foundation base, and  represents the unit
weight of the soil above the foundation base. A4 denotes the area of the foundation, B the width of the
foundation, and Dr the depth of the foundation. The groundwater table is assumed to be deep. Please
answer the following questions.
(@ Ney Ny NBFEEDTHMERETNBRET, EDNINTA—F—DHEKETH BN %S
&L,
Explain what the coefficients N, Ny, and Ng are collectively called and what parameters the
function depends on.
®) e HIMEZRETHEDOD/NT A —F—nE AT &L,
Explain what parameters & and S are and why they need to be considered.
@) EHES, FERABERALT DL, P tang % 23 fFI0T 2 T EMXBNEEOR
KLELIEfThNS. MEEET2002HATL.

If ¢’ is the cohesion and ¢ is the shear resistance angle, multiplying ¢’ or tang’ by 2/3 is often

used to calculate the bearing capacity. Explain what this adjustment accounts for.



3]  KYICHERR L 7 LLEE0ER S A L LR A S, BN AR R S LT —
BERRREEELE. UTORWCEL X,

Unconfined compression tests were conducted on undisturbed samples of horizontally deposited,
relatively soft, homogencous clay soil. Please answer the following questions.

(@ ANODLEVWEBORRAE L L TEQEIRFENELSNDE N ? FEE D EDH
FE. T, TORIOEIKEAMES 0%, —HERRS o 2 AV TRETL.
What methods can be used to collect undisturbed samples? Name one method. Additionally,
estimate the undrained shear strength ¢, of this clay using the unconfined compressive strength gu.

(b) TEDEZANTICC O EEEICIEN Lz v, S oRMBETARERS
RETB. 5% OLEBERE RO TEBTENY DI B HEED 5OES d %,
 ERERNTRDE. |
We plan to excavate this clay soil vertically without using earth retaining walls. The wet unit
weight of the clay is %. Using Rankine's earth pressure theory, determine the depth from the ground
surface where the active earth pressure is zero, dt, using the ¢, and .

(¢} EHLEDEHNEOITRBEE b, e b pZRNTHRE. BB T A ETHE
DEERWTICHHITES Z LT3 8, ERICIIHEN 2 TTHEL TSI LR T
ElxWh., TOEHERAL.

Express the depth £, at which the resultant force of the active earth pressures becomes zero, using
¢u and x. Theoretically, it is possible to excavate up to A without using earth retaining walls.
However, in practice, the ground is not expected to be self-supporting up to /.. Provide reasons

for this.



K8 (LAFESE

Part 8 (Infrastructure planning)

LT D 3MOeETEMET L. Answer all the questions from 1 to 3.

1L UTFTORICRTEIR, ZEX LY TEHASNS SHEOT—F2%3. Y £X T
BERBLZRE, ERXORERE CMERUTE2 fLZT) 2RD L.
Given the data shown in the table, find the linear regression equation of Y explained by X. Then,

calculate the coefficient of determination of the regression equation (to the second decimal place).

X -2 0 2 4 6
Y 2 2 4 5 7

2. BTORBITOWT, BITTHAY L. Explain the following words.

(1) BAFERSTITBIT B HE0E(B2,R  Social discount rate in cost-benefit analysis

(2) B¥EIZEAE R Design Traffic Capacity

3. AT ORWIZEZ X, Answer the following question.

B2 HRFEO+FRERMND 0, TRV

BDD | HBL0 ORERI Slsecl THB. T%O
ERABOLEREA/MBIIERCRTELS 2D preet e
B—BEIETH D, MITTARERSTOMA e
BT 1800[4/7 | S TH 5. ZOTEMIH 10301

WT, BUR 1 ICRETREFERME, AF
FEmO 1 667 D LGB N2 R £.
There is a four-leg intersection that is controlled by two-phase signal. Lost time is 5 [sec] for every
signal change interval. Vehicles arrive uniformly from the upstream as shown in the ﬁgljre. Saturation
flow rate is 1800 [veh/green-hr] for all approaches. Determine the green time [sec] for phase 1 and

obtain the average delay per vehicle [sec] for approach A.



KEHO (EAEES)

Part 9 (Infrastructure planning)

+

BAFD2 FnEJCDé’C ZfREW XK. Answer all the questions from 1 to 2.
1. L TOHEGEICDNWT, #f T;}EEDTE'J: Explain the following words.

(1) 15 ﬁ%ﬁfﬁ 15-minute city

(2) JE®DIE Urban Ventilation Path (Luftleitbahnen)

(3) 7y Fih#R Clothoid curve

2. ATOREWICEAZ XK. Answer the following questions.

(1) HAFKRBLE, ERARERBETDICHEZOLL L2205 2200 )0k 248
BT HEDWIEolk. L1EEK, L2BEEREOLIRBEEMIBHLAI N, 3BT,
RABFREHRBNT, ThENICH LT ZBRE LR EOL SRR E L HER
ERESNENEFATE.

Two levels of tsunami, L1 and L2, have been assumed when developing countermeasures against
tsunamis since the Great East Japan Earthquake. Explain what are the L1 and L2 tsunamis.
Additionally, explain what the Central Disaster Prevention Council proposed as the target and

countermeasures to be taken for each of them.

(2) REXR ﬁ??tbf%L,Az HOWTNMAZRIRTHTHICHLT, ovy MEF
NWEEBRTSESS, ZoLE, BREEBAEHERSE, SEEREORAOREEIC
ADSZHMAERE S AR L. Xk, ZOEFNERIAT, NAOEBTEBOR
BITHNOEEZ 2 JAFiHTEL.

Suppose that a logit model is applied to the behavior of choosing a main mode among train, bus,
and car. Explain five explanatory variables that can be entered into the observed term for the utility
of the train alternative in this model, except for the alternative-specific canstant. Additionally,

explain two typeé of effects of bus frequency on travel behavior based on this model.



: K10 (2v2y—FI%)

Part 10 (Concrete engineering)

BEISMRR NS X SNTVRNEHFLESICIE, COMERILEEERLEE
THEEEZED TI W, Attempt all questions. Answer the following questions. If you
cannot find any required characteristic values of materials, you may solve the problems

by defining them.

L 1@b=450 [mm}, &< b=750[mm], AZI& d= 700 [mm]DEREHERHFI > 7)) — g
BHD. A7V —bOEFBER fo =30 Nmm?], #FIE SD345 (BREE
fy=345N/mm?) O D29 (1 AH7z 0D ORMETEE 6424mm?) % 3 AREELTHE0, Bk
%% Es=200,000 [N/mm?] T 5.

There is a reinforced concrete beam with rectangular cross-section; b =450 [mm], h=750[mm],
d =700 [mm], fc= 30 [N/mm?]. Conditions of tension reinforcing bars are 3-D29 (cross sectional
area for one bar; 642.4mm?), fy=345N/mm? and Fs=200,000 [N/mm?).

(1) TORIZHITE— AV M AMERT B &%, %ﬁm%ﬁbrmmm%Amﬁﬁmmﬁ
EZUTORXTRDZCENTES. COMBOPUMOES x ORDFIIDONT, %
HAOTHAT X, (B%F  PUBTE < 13 190mm BE £755). When a bending moment |
M acts on this beam, if the rebar has not yielded, the stress level of the rebar can be obtained by
the following equation. Explain how to find the height of the neutral axis x in this case, using a
figure. (Reference: The neutral axis position x is about 190 mm.)

M

As(d—x/3)

(2) BIFBIRMET 5 &KEL, UTOREANTIOMMELTHA SN BRBHIFE—AY
~ (EVFT) My [KNm] %3k &, Assuming that the member will fail in bending tension,

determine the ultimate bending moment (bending capacity) Mu [kNm] that the member can

Og =

withstand using the following equation.

My = fyAs(d - &)
— —_ 4 5 T —
B=08, x—aﬁﬁﬁ 7efEUky = 0.85 ELTEW.
() TDEEQUVTHRBRROTHLULTHEZZ 2R, IFSEBET VWS RESR
HF8E L. Show that the strain at this point is greater than or equal to the yield strain, confirming
the assumption of flexural tensile failure. .
4 COHEHIL ) —bOBANTANEFHELEE IS, 169N Tholz. TOWMEXL
f 6m OBFIPEE LTHY, XEHROBIC 150kN @ﬁi &fmr* T OB ORIELLT
DBRE LD —D0BY, TOEBAEHBBX.



SURESRMIREA L%, ROEAMVOENMNREL T, TAMKREST S,
BIERESHVRARA L, ERNIS ) - bRRBUOTRIEL, thifET 5.
SERESKHERRETT, AOWABVPENNREL, SANRETS.
SERESHERAT T, HOTABOCEN B RAE Linned, BEICIE > Tha.

The shear capacity of this reinforced concrete beam was 169kN. This heam was used as a simple

o 0w p

beam with a 6 m s_;pah, and a load of 150kN was applied only at the center of the span.

Select one of the following states for this situation and explain the reason why you chose
it.

A) After the tensile main bar yields, diagonal shear crack develops, and shear failure
occurs.

B) After the tensile bar yields, the concrete on the compression side reaches the ultimate
strain and fails in bending. . ' '

C) The tensile bar does not yield, but diagonal s};ear crack develops, and shear failure
oceurs.

D) The tensile bar does not yield, and diagonal shear crack does not appear, thus failure

has not occurred.
&




() 227V —=bDI ) —TFEEBRNHEDOBR AT K. Explain the difference between
creep and drying shrinkage of concrete.
2) A7 V—bDEENFHETEZANZLA ZEHPAE K. Explain the mechanism of frost

AKE11 (2v2)— I

Part 11 (Concrete engineering)

damage to concrete.

By BRIV —PMCETA T LOMESE L, ZOEEEZEZBRAL, List the

construction problems related to hot-weather concrete and describe the solutions.

D A TRBROSEE

evaluation of the slump test, using hand drawings.

@) TREBEBEBIIVFS O REASN, BRBIVFSCREAS R, RERRVE S RE
A IREENBLENOECERLEDDTHD. A~C IS TEES LA Mk

ZEZ, TOHBEFHATL.

Portland cement, early strength Portland cement and moderate heat Portland cement. Answer the

type of cement that applies to A, B and C, then explain why you think so.

HMIcOWT, HzBEWTHBEE X, Explain the method and

The Table shows the percentages of compounds in ordinary

AL b DEEYOEIS (mass%) masspercentages of compounds in cements

.S .5 CoA CAF

T—54F | E—54F | FAIX—ME| 754 ME
A 64 11 8 9
45 33 3 12
¢ 52 24 8 8

6) LTV 7ERVEOBMEROHESLZRLZHDOTHS. W)IHD2NWEENSOE
M RECEBEL TEMERAL, ZOBRICOWTESOZEXZ 2R L. The
following graph shows the trend of aggregate supply in Japan. Explain the trend, focusing on the

. supply of aggregate from rivers or the sea, and give your opinion on the reasons for the trend.

E44 B AGGREGATE (X108 TON)
Lo e L 4 L O ¥ =, TR [+ T ¥

=
o

0
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K1 ()

Part 1 (Mathematics)

R ORIER[1],[2] 2 T~ THRELZZ W,
Answer the following questions [1] and [2].

[1]
(DD FRER Y = e¥e? D—MfEy(x) 2RO L.

Find the general solution y(x) for the differential equation, y' = e*e?.

()M FRK Y —y' — 2y = 9 D— My (x) &R kL.
Find the general solution y(x) for the differential equation, y” — y’ — 2y = 9e¢?*,

B)ROEE DM dzZ RO IV,
Find the total differential dz of the following function.
2 2
X"+
=X Y
X+ y

(2]
(1) ROATF| DHATHI 2 R L.

Find the inverse matrix of the following matrix.

21 3
1 0 -1
21 =2

R)UT OITFAZ Ak L. E24%2 0BT 2 ERITHIZ RO L.
Diagonalize the following matrix 4. Also, find the regular matrix that diagonalizes
A.

A=|1 3/2 3/2

0 —uz-&pl
~1 1/2  1/2




HMFE

Specialized subjects

10 EORBADT G 4R BIRLEETEHZ &,

K2, 3 HEET 2
KR4, 5 K TH

K6, 7 HifR T 5
K8, 9: +oketiE

<R 10, 11: gy Y— FTEE

HEBEITRA—VLURICER STV S,

Choose four out of ten parts and answer questions in the parts.

Part 2, 3: Structural engineering
Part 4, 5 Hydraulics

Part 6, 7: Geotechnical engineering
Part 8, 9: Infrastructure planning
Part 10, 11: Concrete engineering

Questions of each part are written in the following pages.



A2 (METZ)

Part 2 (Structural engineering)

1. HIIZRTEIRESSmOBEHME AB ki, XM 4mOBMREZ 2 KBV BENSH
5, XM4mDRELERPHE (K& & 1) BBET S, BUTOMWIEZREN,

Two simple beams of 4m long each are placed on an 8m long simple beam where a unit concentrated
load moves on the 4m long beams as shown in Figure 1. Answer the following questions.

1) RESm DR LD PIZBTBEABINLEITE— 2 FORERERD, HRLRS
"R :

Calculate the influence line functions about shear force and bending moment at the point P on the
8m long simple beam, and draw those diagraros.

2) Riz, I20 L3 EE 4 mOBMBEZIRYERE, BE Sm OEMPE L 2FLRHENE
B LB DS P ICRIT B AN Ll B — A FORBRERD . BIRLRZEY,
After removing the 4m long beams, the unit concentrated load moves on the 8m long
beam as shown in Figure 2. Calculate the influence line functions about shear force
and bending moment at the point P, and draw those diagrams.

3) 1) L2) OFREELEL, 4mOBEMBOEHE T ONTHRRRE W,

' By comparing the results of 1) and 2), explain the function of the 4m long beams.

— ) Sm . 3m T
™ | N
. S§m L 8m
E1 ' B 2
Figure 1 Figure 2

2. ROFEIZDWVWT, THLh 100-200 FRETHA LRI,
Give explanations with about 50-100 words each for the following items.

1) BAORN FEERESME

High strength bolted frictional joint
2) EAEETAWILS

Principal stress and principal shearing stress
3) TMETTEE

Elastic load method
4) FELEORE

Principle of virtual work



1.

K3 (MEETE)

Part 3 (Structural engineering)

LITEHRELZRT WY Y XFOMECHFH A 2R TR TH DL, UTORWE
ZIREW, |

Figures 1 shows the load bearing capacity of a steel column with pin support at both ends subjected
to a compression load. Answer the following questions.

S Ser _ 1
\\ Oy A2
1.0 (#F A4 7 —dhig)

(Euler curve)

c. /oy

| N )
05 sze

Column with residual
stress, initial imperfection

0 . 0.5 1.0 .15
1 [ay /i
=2 )
M1 B\RITAETTRIC X A S O 7 e

Figure 1 Nondimensional load bearing capacity curve of a steel column

1) & 1 OFEETMEEDEREMW A (G E o) ZHRET2EERERTH D, FiC (W)

2)

3)

4)

2.

DI EEMERERD, TIT, on b riZENEFNIEORRIENE, RS, Brm =K
MR (= JI/A . 22T, IREKRE—A 2 b, ARBER Thb,

A in Figure 1 is an important parameter which determines the load bearing capacity (stress, o) of
a steel column. What is the quantity Ii/r called? Note that ov, I; and » are yield stress, length and

“radius of gyration of area of a column, respectively where » = 4/1/A , I is the second moment of

area and A is the sectional area.

M 1DFA7 MR TRENDIBERICOWCRHA LRI, £, ZOHBBMEDORE
RIGTE oy IETFE LRV EZRLARE,

Give explanation for the phenomenon shown by the Euler curve in Figure 1. In addition, show that
this phenomenon is independent of the yield stress oy of a steel column.

X 1 CRINAEOMH L, culoy=1 DEMREFTA F—MBTHRESND, =11
BW TR A OXERRRENEDL D Z &I W THRALRZREW,

The load bearing capacity of a steel column shown in Figure 1 is determined by the constant value
at 6./ oy = 1 and the Euler curve. Give explanation that the load bearing capacity of a steel column
is divided into two different states at A = 1.

B 1 0BEIES. OHREOSHSEOMRIZ. 8) TOWHIBEVIEL 2>TN5D.
ZOEHEHBALZIV,

Give explanation for the reason that the load bearing capacity of a steel column with residual stress
and initial imperfection is lower than that in 3), as shown in Figure 1.

ROEHEIZOWT, ZRFH 100-200 FRE TR LR &,

Give explanations with 50-100 words each for the following items.

1)}
2)
3)

4)

T — RERHTEE

Modal analysis method

B ES ‘

Seismic isolation (base isolated) structure
FAEIRE) & E BhEE) h
Forced vibration and self-excited vibration

R & RREE

Damping ratio and critical damping



K4 (KkI%)

Part 4 (Hydraulics)

UTOEM 1~3 DN TR HEETIZ L. HELRESEIERLCAWEZ L.
Answer the following questions 1, 2, and 3. Necessary symbols etc. should be defined before using

them.

1. B0 L3, KRERRKIC, KEeEm LA E2EE -8 RELTWS. BZlt=0
TAREDREICHERaD/ MRER T & &, LEOREDENEEX 5. KEOKE
FHA, AKALOVIFMER X URAItR OKRALE FNEvhy, h(), IRDKFEIEEND O
Ikh,, HEIRGREEC, BELAEOEREM (HE LAKOEERRL) , KOBEpL
THEE, UTORWCRA L. 2EL, REBEOEBIIER T, 8ELAHFIX—
EELTESHTHbOE L, REERETS.

A truck with a tank filled with water is at rest on a horizontal floor as shown in below figure.

Suppose a small hole, whose cross-sectional area of a, is opened in a side wall of the tank at time

t = 0. Consider the following questions, when the cross-sectional area of the tank is A, the height of

a small hole and the water level measured from the bottom of the tank at the initial and at time ¢ is

hy, hy, and h(t), respectively, and the contraction coefficient is C, the mass of the truck and the

tank without water is M, and the density of water is p. Note that friction between the floor and the
truck can be negligible and the truck with the tank moves in a unified fashion. Consider the
atmospheric pressure to be equal to zero.

BT T A

Cross—sectional area A

Ehafm

Pressure distribution

RO EKa
Cross—sectional
area of small hole a

S
—I | h1

BIROWERC2 |

Cross—sectional area
Iyof contraction Ca
1

|

—

=L

(@) (@]
T 777

(1) AREOUEEAIL/ N OBEMEaL 0 b+ KEVWE LT, KE I &EHADKIRD
— R AECah & BAWTH I & PRIV —A4 DEBRZEHL, XTRE. 20R%E
L CAREORMRRD & & O /KOFEvERD L.

Assuming that the area of a small hole, a, is much smaller than the water area of the tank, A, show
the Bernoulli’s equation, when applied it to a streamline from the surface of the water in a tank I to
the cross-section II, where the flow stream is uniform. By using the equation, show also the velocity
v in the cross-section II.

(2) KIEDOKRAIAD & & OFRET BKROFREQERD L.
Show the flow rate, ¢, when the water level of the tank is A,



(3) EEBEOEBRLRA, KEOKMUBRD L KR ZTDHAFERD L.

Using the momentum theorem, show the force, F, acting to a water tank when the water level of the
tank is h.

(4) BAtCB T 2 REQMERxE T & &, BEIEATIERHFENNER LIV,
If the position of the truck at time ¢ is x, show the equation of motion for the truck.

2. TRHOESRESS0mOF L0 H 5. #F LAOMIKIEIZBWTRAKERBELTHS.
he=3m & U TLUFORIVIZEZ RSV,

Adamis 50 m high as shown in the figure below. A critical depth h, occurs at the overflow crest

of the dam. Assuming h,. = 3 m, answer the following questions.

50m

AR

(1) FLAOEKELICBITIEMESH Y OfEEZRD X,

Find the flow rate per unit width at the overflow crest of the dam. -

(2) FAEZEEEL LT, KO+ LRI T KR ERD K.

With the dam crest as a reference, find the water depth hy sufficiently upstream in the reservoir.

(3) FLrEMRT LUIEHBOKEARME (k) LoKELERD L. 7L, FLA0H®
RB->THERNTSHE, BLUKMNE ECOZRAF—BRITERTEEH0ET 5,
Find the depth of water A, above the horizontal slap after flowing down the dam. Here, assume that
energy loss during flow down the slope of the dam and over the slap can be neglected.

(4) KEARINE ETHOKRZAECERDEDITE, THRAKERRLEWL B THIE L V.
Fio, BEKIZE D Rbh B r A F—BRKEEZRD L.
How much water depth h;downstream is needed to produce the hydraulic jump on a horizontal water
slap? Also, find the head of lost energy due to the hydraulic jump.



3. UTFIRTRAELHATL. VEREERERTAZ & LEREUTHE - HaFIA
LThEw.

Explain the following terms. Define the necessary symbols. You can use illustrations and/or equations
if necessary,

(1) iR Bed load sediment
(2) VA 2 A% Reynolds number



AR5 (KI%F)

Part 5 (Hydraulics)

UTORME 1~3 ODWTRICHBEET S L. LELRESTIERLTHNWSZ L.
Answer the following questions 1, 2, and 3. Necessary symbols etc. should be defined before using

them.

1 EZRT X5, EED (BEHA) ORAERAIC D, (BEH A) KT 5560
FEROTZFINF—EIREEZ S, BEHR ABCD IZBWT, i OELIXEVWKMTEL
LI, FAMAOERIERTE, AB Bl TRV T HMICETTEY, 20
BIEN TOEAEI— T THDH LHRTILNTED. BEOLD, FIRATIZED
hTkYy, FEEMERT K (ZRAVF—HEFREK e =10 THBLLT, UTO.
BWZER 2 S, 1

Consider energy loss due to flow with sudden enlargement of the cross-section of pipe flow, whose

diameter becomes D (Cross-sectional area A;) to D2 (Cross-sectional area As) as shown below.

Consider a control velume of ABCD, in which flow change takes place within a short distance so that

frictional energy loss is negligible. The flow at the cross-section of AB is parallel to the flow direction,

and pressure p; is uniform there. For simplicity, assume that the pipe is placed horizontally, and the

velocity is uniform within the cross-section {energy correction factor o = 1.0). Answer the following
questions.

(1) RE#R TR LA ABCD ([ZRBWT, BN, EBHEORE, BREZEELE~NL
R—ADOREEA LRIV, L, SHRRKE A LT5.

Apply the equation of continuity, momentum conservation law, and the energy conservation law to a
control volume of ABCD. Note that the head loss of sudden enlargement is expressed as Age.

(2) BILHEIIKIE he 1, fVFORE COEEKEE & BB RREL . ZHAVE L, Yok
HIET A

Show the 4. in term of the velocity head in a smaller pipe and the sudden enlargement loss coefficient,

(58'



() SWRRRE (i3, EROMMBEOMEMOLOATREND ZLEHEETREN,
Show the coefficient {;, as a function of a ratio of the cross-sectional area of a pipe, just before and
after the sudden enlargement.

@ MNPAROEMEIZRND & &, SR E 2D, & OV WIE Tt R8I0 L, |
RS COMNDOBTEIINEL 2D, TR AF—BRIIZ OMHEIREE b TIREOMALAIE
KT DESTELDHEEFAL, SMBEREHRPERMICES FHEEZHFA LRI,

Consider a sudden contraction flow directed from the right to the left of the figure. In the flow section
of a smaller pipe just below the section AB, flow separates, and contraction occurs. Then the flow
again becomes enlarged downstream. Considering the fact that energy dissipation occurs in the flow
enlargement zone downstream of the contraction, explain how the contraction energy head loss can be
derived theoretically.

2. HnXHic, ZABOIR (IBh, BEh) BAFCHERREMTWS. 0L, =4
BOEIZIERTA22KE (BEICEBELRME), BLUFOEREOKEEZRD L. =

L, KOBEEY, EAMERIIgLT5.

As shown in the figure below, a triangular plate (width b, height h) is placed vertically in water. Find
the total water pressure (in the direction perpendicular to the surface of the paper) acting on one side
of the plate and the depth of the water at the point of action. Let p be the density of water and g be
the acceleration of gravity,

3. UTFITRTARBZAAY L, LRELLEFENERTHZ & LECHRUTHE - HX2fH
LTh L.

Explain the following terms. Define the necessary symbols. You can use illustrations and/or equations
if necessary.

(1) 7% AFAOEE Archimedes’ principle
(2) BB Density flow



Afi6 (HBTF)

Part 6 (Geotechnical engineering)

[1] LT OFRZRAY L, HEISCTHE - FEFALTH Lvy,

Explain the following terms. You can use illustrations and/or equations if necessary.

(1) EEEhR
Group-pile effect.

2 7149071
Quick clay.

[2] BERE =90 kPa, FE u=0kPa THEHER L7fafn Liorbt L ofiRikicst LT =

JEfERER (CU) &1Tolc, ZORER. BERD ¢r=60kPa, 1EFEIKIAKE dus=60kPa THHE L
Tee BNMER—ELTD, £lo. ZOLORENITER (0=0kPa) LRET D, ZOHE, AT
DFIZE Z X,
A triaxial compression test (CU) was conducted on a specimen of saturated clayey soil that had been
isotropically consolidated under an effective confining pressure (o’c) of 90 kPa and back pressure () of
0 kPa. The results showed failure at deviatoric stress (gr) of 60 kPa and an excess pore water pressure
(dus) of 60 kPa, with the cell pressure remaining constant. Cohesion of the soil is assumed to be zero (¢’
= () kPa). Answer the following questions based on this scenario.

(1) CUDEHRERIR L,
Explain the meaning of CU.
(2) BEROET—NADIEAAERIGAFRT (ER) LEDLIZT @R CTRFEL.
IMustrate Mohr's stress circles at failure using total stress (solid line) and effective stress (dashed line).
() BAERIASZRD &,
Calculate the angle of shear resistance (&°).
(4) Rl CHEEE R CHZHORE CES Lk, BAVE—ETZHERRR (CD) #17-o7z,
BROMZEIGS ¢ RO L,
Calculate the deviatoric stress gy at the point of failure when conducting triaxial compression tests (CD)
with cell pressure maintained constant at the same effective confining pressure for the same specimen.



K7 (HAETH)

Part 7 (Geotechnical engineering)

[1] LTOEMERBEY L, NEZELTE - HRXE2FHLTH L,

Explain the following terms. You can use illustrations and/or equations if necessary.

() 2 RAFri—
Consistency.

(2) 7vxrOLEER

Rankine’s earth pressure theory.

[2] #IFLZ p KN/m? &1 o i (a)~(e) D —IRTTEFHRBIL OV TE LRIV, BE L REKBIIE

BLianbDl T2, e, BRABLCRBICEE LA N3 Fiddket LT3, Ao
B EHERT N IND & 45, ¥BHBOFAMBEIT Fm/day, EEEMERET momYkKN THY |
BERRPIZSA TS L3I HmBLU2Hm TH 5,

Answer the following questions regarding a one-dimensional consolidation phenomenon of grounds from (a)
to (), provided that sand and impermeable layers do not exhibit deformation. Drained condition is imposed
at the ground surface and standpipes connected to sand layers. The unit weight of the water is %, kN/m®.
Permeability, coefficients £ m/day, volume compressibility m, m%kN, and heights of clay layers are A m or

2H m as given in the following figures.

p KN/m? p kN/m? p kKN/m?
#ht Clay ||z it Clay ||y ¥t Clay ||y
(v, K) (my, k) {my, k)
# Sand ® Sand ) Sand
#ht Clay #5+£ Clay #5 L Clay
b | o |27 b |
B Sand —  ®Sand | % Sand
@ — ® —  ©
p KN/m? 7 kKN/m?
#t Clay |y ¥t Clay ||g
(m. k) (my, k)
— —
Impermeable Impermeable
#it Clay #it Clay
moy | ey [
__I_ £ Sand #) Sand
' (d (e)

(1) HBE@~EIEEE) p N EER SR EORBLETE S 2T FhRD L,
Obtain the final settlements Sy for grounds (a) through (e) reached under consolidation pressure of p (kN/m?)
2) OBEECHIET DEEREUREE T & T5, @~(DLE. TEOKLEN 90%ERIZH =
THDIZET SR t T ENENE I RDIMEBERLL,
The time factor for 90 percent consolidation is denoted by Tige. Answer Tygp for upper and lower clay layers
of the grounds (a) through (e), respectively.



KR8 (LARES)

Part 8 (Infrastructure planning)

LT 3o TE2AREE Y. Answer all the questions from 1 to 3.

I LTFORICRT L IR, BEBX LY TREEND SHOT 855, Y £ X TR
WENE LeNE, BRAORERE CMRLLITE 2 fLET) 2Rk L.
Given the data shown in the table, find the linear regression equation of Y explained by X. Then,

calculate the coefficient of determination of the regression equation (to the second decimal place).

X -2 -1 0 1 ' 2
Y 2 2 2 1 1

2. LT ORGEICOWT, BT THAYE L. Explain the following words in a few lines.

(1) EFEZEENEMIE  Ranked hourly traffic volume diagram

(2 Tuv=s FEHEICBIT53E 2 A ME  Travel cost method in project evaluation

3. LATORIWTE X L. Answer the following questions.

&% EBVEEAERICHEE S0[km/h], FHEIEIERE 40[m) 0 —#RALZZEF A EIT LT

5, ZTOERTHREENRRE LD, TOMEDIGEERIT 750[E/M] &Y., BEFOBE
WL 10(km/h] & irofe, TOBBEERFELTHO | RMBOEBHRELRDRI,
There is a motorway where vehicles arrive uniformly from the upstream in the speed of 50 [km/h]
and in the space headway of 40 [m]. A breakdown vehicle appeared on this motorway, then the
motorway capacity at this location dropped to 750 [vel/h] and the flow speed became 10 [km/h].
Obtain the length of the queue one hour later.



K9 (EARFHEF)

Part 9 (Infrastructure planning)
UIFD 22 TEAEEW L. Answer all the questions from | to 2.

1. AFORAEIC>WT, BT THAY L. Explain the following words in a few lines.

(1) JEBEERRS  Concept of a neighborhood unit

(2) 2ERESEA%FE Comprehensive national development plan

(3) B4 - EPILBEOWERITBIT BFEALEE  Trip-rate model in trip generation modeling

2. LITORWZZEZ L. Answer the following questions.

(1) TAVHIZBOTEL ANHRTYWA TIF (Tax Increment Financing) D {45 % 55 BA&
o
Explain the TIF (Tax Increment Financing) mechanism, which is widely used in the United States.

(2) 2007 FHEFT D HIRNIEATIBIS VAT A4 1 LA D Ml /A 328 @ BB B O S8 % B 1A
DEEN-FE L CHAT L.
Explain the characteristics of the local public transportation planning system in Japan since the
enforcement of the Act on Revitalization and Rehabilitation of Local Public Transportation

Systems in 2007, focusing on the role of local governments,
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Part 10 (Concrete engineering)

BICRT, ANVPRESICHE 2 SEFRESZIT 2 RCIEV#E L3, WimBRIZRIZ
TRTBY THD, a7 U— FOEKERE £ =30N/mm?, i OUENBE £=2.8N/mm2, =
Y7 U — hOY TERE ES25KIN/mm?, 8RS ORERIEE £~400N/mm?, EXFHOY o /1R
E=200kN/mm?, 4=3000mm2, =7 ) — FOREEOTH ,=0.0035 LT3, HEICHER
REFSETEEREL, TOMOBERVNEISELTCEEERE L TAVWS Z &,

P2 P/2
3200mm 800mm 3200mm 400mm

Ct 3

800mm y 700mm

Concerning the singly reinforced rectangular beam subjected to positive moment with two points
concentrated load shown in the figure, answer the following questions. Compressive strength of
concrete f;’ =30N/mm?, bending strength of concrete f;, =2.8N/mm?, Young’s modulus of concrete

~25kKN/mm?, Yielding strength of re-bar f; = 400N/mm?, Young’s modulus of re-bar E; =
200kN/mm?, A4=3000mm?, and the failure strain of concrete in compression is 0.0035. Set
appropriate assumptions for calculation, if necessary. Other necessary symbols can be used with
appropriate definition.

FH THITOUENBEL 5BEOWEERD X,
Obtain the load P when first bending crack is generated.

BT OCEINR SR LR, FHRRRT 2 L EOWELZTEY L, SKHEEERRT I HEo
OTHAMEENGRERTR L, 2L, EfESII22 02 ) — FEEMEFREL LT,
Obtain the load P when re-bar is yielded. Show the distributions of strain and stress in the section
where re-bar is yielded. You can assume concrete in compression as elastic material.

B ASH TRHE T AEOMEEL RO L, BETAMEOOTASMR EILASHA 2 RRE L,
Obtain the load P when the section fails in flexure. Show the distributions of strain and stress in the
failure section. ‘
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Part 11 (Concrete engineering)

ROBRIZOWTERAR L, HE, FHAOEDICEE AW,

Explain the following matters. You can use appropriate figures for explanation if necessary.

(1) 2v7 V— MEBEHOEEIT 2IEMMEE M LS 5D 0FR

Measures to improve the resistance of concrete structures against chloride induced corrosion

(2) BIFAZ VIR & Th, £, TMELaY 7 U — FCRIETRERICOWTIRA L,
What is ground granulated blast-furnace slag ? Explain its effect on hardened concrete.

@) LT V= DT Y—F (v F LD, TV —F 4 IR Y — MEEMOTARIC
RIETEEIZ>WTERE,

What is bleeding of concrete ? Explain its effect on durability of concrete structures.

@) =27 )—bD2 ) =FRar s ) — MEEHOEBCRIETERRERC OV TR L,
Explain significant effects of creep of concrete on the behavior of concrete structures. '

(5) RCHEOHZFO/ENTOWTIRAL,
Explain the roles of hoop reinforcement in RC columns.

(6) RCERHICEIRINMEDSE LD & RO UEFINMRAET 20, HEAT L,

Explain why cracking occurs when drying shrinkage is generated in RC members.
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Part 1 Mathematics)

O[], [21Z2 T~ THRER IV,

Answer the following questions [1] and [2].

[1]
DS FEX v +2xy = e P O— BBy () ERD L.

Find the general solution y(x) for the differential equation, ¥y~ + 2xy = e ¥,

(DS FER vy -4y’ +3y = cosx D— iRy (x) Z KD L.
Find the general solution y(x) for the differential equation,
y’ - 4y/ + 3y = cosx.

[2]

(D LT OFFIRER 2 E 5 2583, AR DIXEITHZRD &
Examine whether each of the following matrices is regular or not. If it is regular, then
calculate the inverse matrix.

2 3 -1 2 3 -1
(a) [—1 2 1 ] (b) [—1’ 2 1

3 -1 -2 3 1 =2

(2) LT DITFIAT DN TH AT, A FER OP AP = D& 72 5 IERIFT
FIP Lt AITFIDZRD .
Examine the possibility of diagonalization of the following matrix 4. If it is possible,
find a regular matrix P and a diagonal matrix D such that P~1AP = D.

2 -1 4
A=|-1 2 5]
2 -2 6




HEM#HE

Specialized subjects

IO BEOKBOTE 2P BIRUEETDIZ &,

j(ﬁ:ﬁz, 3 *%%I%
K4, 5 KIE .
K6, 7 Mg TS
KR8, 9: EAREES

ART10, 11: =y 2 U—hRI%
FMBEE R A VEHURICRE STV D,

Choose two out of ten parts and answer questions in the parts.

Part 2, 3: Structural engineering
Part 4, 5: Hydraulics

Part 6, 7: Geotechnical engineering
Part 8, 9: Infrastructure planning
Part 10, 11: Concrete engineering

Questions of each part are written in the following pages.
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Part 2 (Structural Engineering)

1. IR 77—y ZRACEHLCROBIGICERA X, BENEFREILE TS,

Answer the following questions about a Warren truss shown in Fig.1. For the sectional force of each
member, tenston is considered as positive.

|le= Jf?" | I | 1
b| ¢ d
112
\\\\////\\\\ , STEN
‘ X
A z ¢V W
A c A
RN R 4/ ] B2 SHHHE
M1 7—LvFIx Fig. 2 Uniform load

Fig.1 Warren truss

1) B3 b-d DM U B K UTEM ce 0D L OREREAB L KD, HFRLEZT W,
Calculate an influence line function of the sectional force of the upper chord b-d (U/) and the lower chord
c-e (L), and draw those influence kine functions.

2) B2 IR RE 12, WHGRE ¢ OFHMEND A DL G IICRd o THEIL 22 b MERE
ELCTHMIERT 2L 2, SHA L OB RKELZRD R I W,
When a uniform load with the mtensity of ¢ and its length of /2 shown in Fig 2 moves from point A to

point G and acts on the lower chords through the truss joiats, calculate the maxinmuim sectional force of
the lower chord (L}.

2. ROFHILOWT, FHEFN100-200 FRECHA LRI W,
Give explanations with 50-100 words each for the following items.
1) #ttobigEk (228E)
Corrosion protection methods of steel members (more than 2 1tems)
2) EhEAr EERES
High-tension bolt friction joint
3) 5 & EAAMTIE
Principal stress and principal shearing stress
1) #EWOFH (RAT LEA)

Strong points and weak points of steel structures
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Part 3 (Structural Enginecering)

[. B e R T 0l i E s B A R o R feate, BUF OB B 2 20E0,

Wibration response of a stiictwre under dampad free vibration ts shown m Fig. 1. Answer the following
guastions.

1

5 ‘ l
RN

J

Yibratin response; v

4] 1 jiL# o 40
Time: r (sec)

21 Ser{REhisiy

Tig. 1 Damped vibration response

TIRE E B ¢ A%, 4 = A e conayr TRISNDEE, DOEGHETIENT. BT
(@B LA ) Adeh ey, SREIAE | O BN OEASEZIL TR, 227, 4
FERMIRER ., b AREER. ¢ (RN, o, oy IR R ISR ERTNN, BRHETERO BT W
EhR T s,

When damped vibration response x is expressed by x = A'e¢™"0* coseo,r, calculate the natural
frequency and the damping ratio {or loganithmic decrement). Natural loganthm values in the Table
1 can be used for the calculation. Note that 4 is the initial amplitude, h is the damping ration, 7 is the
time, oy and @y are natural circular fraquencies mder undamped and damped vibration, Tespeciively.
2)HLER ORI, 1 TROITELIL KEOEE @ LR TIRIORE. B O L3481
Fj‘"i:)ﬁ K ‘i’:jg A ?1&' &k *a

Answer how the vibration amplitude and the vibration period shown inFig. 1 change if tb+3 damping

of the system becomes larger than that of 1).

#1 BXEHEOE
Table 1 Valnes of naturad log

x n (x) x k@) x  In@x) x o)
= 0 1.7 0531 24 - 0.875 3.1 ¢ L.131
1.1 0.093 1.8 0.388 2.5 0.916 3.0 1.163
1.2 0.182 19 0.642 2.6 0.9354 5.3 1194
1.3 0.262 2 0.693 27 0.993 3.4 1.324
14 0.336 2.1 0.742 2.8 1.030 a3 1.233
1.5 0.403 23 0.75% 2.8 1.063 3.6 1.281
1.6 0.470 23 0.833 3 1.099 3.7 1.308



2. WS I Pycosoot &E1TS 1 BAMHFHRMORBILEN © (1, RADLICEEND, 20k

T, IRBREEL Po IZ L MRS E L LD CHORIASE (590 Mo &, WA LA & D
R 2 OESICEEND, 22T, oo (EEATREBDE. » (IS OH M, b EEERTHD,
SNEOE NG T EE 43T T EICBIR LR,
Vibration displacement x of a one-degree-of-fteedom forced vibration system subjected to a harmonic
external force (FPy-coswf]) 1s expressed below. The dynamic amplification factor 3, which is the ratio
between the vibration amplitude and the static displacement by Fo, and the phase difference o between
the vibrafion displacement and the external force are shown i Figures 2 (1) and {2), respactively. ex
is the natural circular frequency, m is the mass and h is the damping ratio. Explain four distinctive
points that can be understood from these figures.

Py 1

" T sy

x = coelat — o)

10 , 180 -
8 454
& 120
=] - .
E W 90
4 =
60
2 30
4] i}
a 1 2 a 1 2
@fa, 2/,
(1R Ect oo B FIEEES My (2) IR¥ ¥ Kaln L Ee
Frequency ratio m/mg and dynanic Frequency ratio ofmo and
araplification factor My Phase difference o

M2 SEHRE B AR CE RS
Fig. 2 Dymamic amplification factor and phase difference in forced vibration

3. DERC T L MBiIcow T, TR0~ FRECRHAL LT v,
G-ive explanations with about 30-50words each for the following items related to vibraton theory.

(1)e—FREHT L
Modal analysis method

(2) e
Seismic isolation (base isolated) struchure

(3) B FHEW
Self-excited vibration
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Part 4 (Hydraulics)

LTFO®RE 1~3 DWFRICLEETE D L. NERTSEIEELTANS D L.

Answer the following questions 1, 2, and 3. Necessary symbols etc. should be defined before

using them.

1.

BN AE KRS RRRE TR TS, EEREEZEZ 2, WTHAK
hE, BEORLHOYEEFMCrEE 5. B-1 0L 5 REROMERSICHNDES
p & EABNISATDADE Y Vb, =o— FREICBIT S 1= pdu/drDEH 2 F)
B2 exQOMBE Y IoZ & &R, 7o U, uldx FRFE, widiiE R T 5. Water
is flowing in a laminar flow in a thin circular pipe placed horizontally. Considering steady-state
conditions, the x-axis is taken in the direction of flow and the r-axis in the radial direction from
the center of the pipe. From the force balance between the:" pressure p and the shear stress T
applied to the annular fluid portion as shown in the figure 1, show that equation (1) holds when
the property 7 = pdu/dr ina Newtonian fluid is used. where u is the flow velocity in the x-
direction and g is the viscosity coefficient.

dp+ d(du)_o 1
r ‘udr 1|Pdr - M

&%

-
P -

[}
)
i
i
]
T
¥
]

[}

[}




2. 2ok iz, v =20 [m/s]T, FEQ = 0.4 [m3/s], BEp = 1000 [kg/m?*| D&
A, FHRICEEREEL, KE2FRICAEELTIRATWS, HFHRIZEEEh TS S
DEL, TRAX—HERE L OERLEOEES 2, BEFA—AKEELcHd 0L
LTLTFORWIZE 2 K. Asshown in Figure 2, a jet with velocity v = 20 [m/s], flow rate
Q = 0.4 [m3/s], and density p = 1000 [kg/m?)] is impacting a flat plate vertically and is
branching in two horizontal directions. If the flat plate is fixed, there is no energy loss and no

friction on the plate, and the jets are on the same horizontal plane, answer the following questions.
(1) FKRESAERICEIFTHIRERH X, Find the force R exerted by the water flow on the flat plate.

(2) Rz, B2 OFEHRORENSFEROAEEZE3 OLHIERE L. ZTT, 0=60°T
hBLE, ARPERICRIETHRE, EFHFRICHND ZRENOWEQ, Q2RD
X. Next, the angle of the flat plate is changed from the jet flow condition shown in Figure 2 to
that shown in Figure 3. Find the force R exerted by the water flow on the flat pfate and the
respective discharge @4 and @, in the vertical direction when 6 = 60°.

Q4

I

¢v —> R

3. HRBO LD RERBELULREER BT 2ARMRAKEE(CRSRIZ, 7, ABF
KRBOTRL, ERBZBTOND. T EREDOL I RBRTH 302 MRICHATL L
CHhT, ENOBEWCEELTWS Z EZRAR X, &7, ZOX 3 RERELAKL
LTHREE 2 25T K.
The red tide, oxygen depletion, and the blue tide formation are the typical examples of water
deterioration phenomena that are often observed in eutrophic coastal waters such as Tokyo Bay.
Explain characteristics of each phenomenon briefly and show that these are interrelated with each

other. Additionally, explain two representative countermeasures for the phenomena.
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Part 5 (Hydraulics)

PTFORM I~ OVFRICHRET S L. VERRESRERLTAVEZ L.
Answer the following questions 1, 2, and 3. Necessary symbols etc. should be defined before

using them.

1. E-1RT X DR 2 2O EREST A 74 (ABKE) BHD5. BROW
B ZEBITIIAMBAHE W BIZERIT IV, Fh, 2DOLEDOEROHRE
Qumax T RO L. TNENEPETF 24 CE L L. 7L, WED =30[cm], ABH®
BEEE Lip = 15 [m], BCRADEERE, = 35 [m], EEROMEEIRRIRES = 0.026, AN
AR, = 0.2, I3V DRRBEK, = 03, HOBRBREK, = 1.1, = RAF—HTE
fFZ#a= 11, BPOEAKED/ 0D min = —9 [m], EAMEEg = 9.8 [m/s?] &

% . There is a siphon (circular tube channel) connecting two reservoirs as shown in Figure-1,
What difference in water level AH should be taken to obtain the maximum dischérge Qmax?
Answer each to two significant digits. Also, find the maximum discharge Qp,ax at that time.
The following values are given: inner diameter D =30 [em], distance between AB l,p =
15 [m], distance between BC g, = 35 [m], friction loss coefficient of pipeline f = 0.026,
entrance loss coefficient K, = 0.2, bent loss coefﬁcient Ky = 0.3, outlet loss coefficient

K, = 1.1, energy correction coefficient & = 1.1, and the minimum pressure head

(p/Pg)min = -9 [m]




2. B2 DX, BFTKERAERL P OLICELT 5 HHICRVWIEER SN E DK
HrHD., ZOKBICHAEREqOKEZRT L E, BV ELARKEROBRELTOFE
IET# % %. Asshown in Figure 2, there is a sufficiently long wide rectangular cross-sectional
channel with a channel bed slope that changes from i; to i, along the way. When the water of
unit discharge ¢ flows through this channel, the possible shapes of the water surface are
considered in the following manner.

(D

@)

()

BRI EZRDD, BRAKECIZTIN—FEE =122 L2FBTHE, B
RARTEMBRREqERAWVWTED L IICHT I ENTELINE R L.

Find the critical depth h.. Using the fact that the Froude number F. = 1 at the critical”
depth, answer how the critical depth can be expressed using the unit discharge q.

RIZ, FRENOKRBIZ DWW TETRKRR,ZRDD. ABREARNR, v=2FD
HEREMANTHS L&, FHRAKERIEDLICRT I ENRTELINELL.

Then, for each channel, find the normal depth h,. If the channel bed slope is i and
Manning's roughness coefficient is n, how can the normal depth be expressed?

()R> TRFAR L BHAEL EZNENRD B &, KERARIET
% EFRITlEh, > ke, THANTIXh, < h kipofc &3, Rl - THARAIOKE
FRENENEDL S ITFEINZNEZ L. B, TNHOEMB TR NT, ¥ —F
1, Y= h2BE2DEICREENTVD L&, KEMOEEEH#IT. ik, K
EFDAHT (MR05,72 ) LARETENRE DR & ZRAOTRYE. BT CRAKERZ
LBHEER, BbKkERBESDBHNIE, 2OBLEOAMER T, Suppose that,
following (1) and (2), the critical depth and the normal depth, respectively, are found to be
h,>h; upstream and h,<h. downstream, where the channel bed gradient changes. What
are the upstream and downstream channels called, respectively? Furthermore, under these
conditions, when Gate 1 and Gate 2 are installed as shown in Figure 2, draw a rough sketch
of the water surface shape. Also, indicate the name of the water surface shape (M;, S,, etc.)
and the direction in which the water surface shape is determined by the arrows. Indicate the
approximate location of the critical depth or hydraulic jump, if any.

X 2



3. AT ORWZEXZ2EW . Answer the following questions.

(1) ZREDOMIACENT, IMEEIXED X S KRR TE 57, BEREERDHFESIC
DNTERRIWV. L, X7 PAREIEIHVRNbD LT3,
Explain the acceleration of flow toward x direction in a Cartesian coordinate system in the three-

dimensional flow, Vector notation should not be used.

Q) AAF—OFEEF IV 20FEORBVERAYT L.
Explain the difference between Euler's method antsi Lagrange's method.
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Part 6 (Geotechnical engineering)

(1] LAFoigaI &R Bie L, SIS L TR - BRAEFALTL LW,

Explain the following terms. You can use illustrations andfor equations if necessary.

(1) e HRE
Short-term stability problem.

(2} 7% hER
Rankine’s earth pressurc theory,

Rl BEOLIE, a=30° EHLEWEROLCESH=5n®

BB RIS TS, HTREIZMEN LIRS B =
4m DOMBITH O, BTRKELURORNE TITEEI L1ITRF
FHCER RRBEREE LTS, E£7o, MTREL RO
H—Z 5,=55%ToH o7, 28, RO LA FOHE G =280,
FIBEEL ea=0.80 TH D . KOFEHEp =1.00m’. HIMEE =028
m2 ThB, SHEIZINTTVZ =141, V3=173E BT LW,
LIF O L L,
As illustrated in the diagram, & weathered layer with a depth of =5
m uniformly overlies a steep, rigid bedrock inclined at & = 30°. The
groundwater table is situated at a depth of H) =4 m from the ground
surface, and within the saturated zone below the groundwater table, a
steady-state seepage flow is established along the slope. Moreover, the saturation above the groundwater
table is uniformly at 5. = 55 %. The specific gravity of soil particles in the weathered layer is G: = 2.80,
with a void ratio of gy = 0.80. Water has a density of o, = 1.00 t/m?, and the acceleration of gravity isg =
9.8 m/s2. If needed, v2 = 1.41 and V3 = 1.73 may be employed. Answer the following questions.

(1) BB LRBE R L TRIE—EO&MCHAZHERRB LT, €4 E0 =200

KN/m?, &I u = 100 kKN/m® OB CIIMEc, =460 kKN/m? D & E [ZHREFSHE L., BV Eae
=300 kN/m?, I u = 100 kN/m® DB TIIBE oz = 760 kN/m® 00 & & [CEERIEASRER L7,
E—AOFYMEAMAEHEE, BIEBOREN e TABERHAsERD L,
Drained triaxial compression tests were conducted under constant radial pressure on soil samples derived
from the weathered layer. In a test with a cell pressure g, of 200 kN/m? and a back pressure 1 of 100
kN/u?, the specimen failed at an axial stress o, of 460 kN/m?. In another test with a cell pressure g, of
300 ¥N/m? and a back pressure 1 of 100 kN/m?, the specimen failed at an axial stress o, of 760 kN/m?2,
Draw Mohr's effective stress circle and determine the cohesion (¢ and the angle of shear resistance (69
of the weathered layer.

@ Bie# L EMOBERECERT BB Ho EMBAE « 2RO &, £, BiLEOT~
DTk 2R L EFHET L,
Determine the vertical total stress {v) and pore water pressure (1) acting on the boundary between the
weathered zone and the bedrock. Additionally, calculate the safety factor (F) against slip for the
weathered layer.
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K7 (HiAgTH)

Part 7 (Geotechnical engineering)

LLT @ik e i L, SRS CCHE - Sl R L Th £y,
Explain the following terms. You can usc illustrations and/or cquations if nccessary.
B

Scnsitivity ratio.

Ve ety ik
Fellenius method.

BREGDE S ETABMOENT-EBEERTEHS, HMiTE
HF O B G, =2.70, BIPELL co=0.70 ¢, W8 PRSI A E I f k8
OFE EEAT. TSR TCE RS EN LD LTS, B
(LA RF L E Go=2.70, BRI c0 =240, EFRI G =56.7 m¥HE,
ERHEE C. =10 ThH %, i, BMTXEIREDS s morEIzh
B AREHELEOBRFME S = 51 %, T ARBLAELNILE S = 100 %
b, KO = 1.00tm', HAINEE g=98 mis? TH S, [LFER
MIGHLEEEOMREIRESET L L, £/, S¥gizmeT
logie2 =030, logw3 =048 AT L, HMTFoMuicE s b,

A normally consolidated clay layer is sandwiched betwecen the upper and lower

sand layers, as shown in the figure. The sand layers have a specific gravity of

{7:=2.70 and a void ratio of eq = 0.70. The porc water pressure within the sand
layers remains at hydrostatic conditions, and scttlement is negligible. The clay
layer has a specific gravity of G, = 2.70, a void ratio of ey = 2.40, a coefficient
of consolidation (C,) o1 56.7 m*ycar, and a compression index { () of 1.0. The
groundwater lable is Jocated at 5 meters below the ground surface, with a

¥ (Sand) T

S,=51% ™
3
¥ (Sand) -
S=100% o™
- - — .}

L (Clay) BEEER

& (Sand)

saturation degree (57 of 51 % in the unsaturated zone above the water table and 100 % below it. The water
density is g = 100 /m®, and the gravitational acceleration is g = 9.8 nv's®. Refer to the table for the relationship
between the consolidation time factor (T.) and the degree of consolidation {L7). If nccessary. you may usc

logiu? = 0.30 and log1n3 = 0.48, Answer the following questions.

FEEE U s iR

Degree of consolidation (U/) and consolidation time factor (7)

Uyt 10 20 30 40 a0 60 70

an

90

T 6.008 | 0.031 | 0.071 .[}.12? 0.197 | 0.287 | 0.403

0,567

0.848

(1) HRASIESE 20m ZTOHBIZ SO TRE 2N a3 KURBARE o0& 2 & X, ok,

BRI TR SR AT o,

Draw the distribution of vertical total stress () and porc watcr pressure (u) for the ground up to a depth of
20 meters from the ground surface. Pore water pressure distribution is only required for depths below the

groundwater table.

(2) Bl A, 825 tim BRI BRI ER L, S48 THL I L AR

DEHE LTRSS 2RO 20,

After the placement’of the embankment, a uniform surface load of 8.25 tim? is applicd to the ground surface.
Calculate the degree of consolidation ({7} and scttlement (S} three months afier the placcment of the

embankment.



K8 (LAFHEZ)

Part 8 (Infrastructure planning)

LLFD 3T EMERE X, Answer all the questions from 1 to 3.

1. UFORICTTLIR, BEX &Y TRASRD SHOT—¥BH5B. Y X TH
s Lie e, BERORERE (MORUTE2 (IET) 2RD L.
Given the data shown in the table, find the linear regression equation of Y explained by X. Then,
calculate the coefficient of determination of the regression equation (to the second decimal place).
X -3 S 0 1 3
Y 0 1 2 1 6

2. LTFORABIZOWT, AT THAE XK. Explain the following words in a few lines.

(1 MM (CVM)  Contingent Valuation Method

(2) ZBEFHEICETD THEFERR] “effective green time” in traffic signal control

3. LATORWMZE X L. Answer the following questions.
HABERICZBEREN 1,600[&B/ME]DOE hLRy b
IRBY . TOR MRy I SO ERBEER ﬂx traffic demand |
ERO LS IZRENTVS, 600 DREZEESY 160 —4——r——— _ Lraffic capacity
0 & LT, MBAEDLERMEE COREEE .
fhig - BREHEREBRERHT, ShookEic ks
MRIENEFR] & R X,

i [

There is a bottleneck (capacity: 1,600 [veh/h]) on a 800 700 800 900 1000 11:00 1200

1,000

highway and the arriving traffic demand was observed . e

as shown in the figure. Draw cumulative arrival curve and cumulative departure curve on a graph
until the queue dissapears by setting the cumulative volume as 0 at 6:00am. Also, obtain the amount

of the total delay by this queue.



K9 (LARHEZFE)

Part 9 (Infrastructure planning)
UF o 2 D2 TEMEY L. Answer all the questions from 1 to 2.

1. L TFORAZEIZ2OWT, #EiTTHBEE L. Explai.n the following words in a few lines.

(1) ZV—2A7F GreenInfrastructure

(2) FEME|&#FTH Non-divided City Planning Area

(3) HMZTHRBOHEFITRBITSH ST YT 47N Gravity model in trip distribution modeling

2. LITORIWZE X L. Answer the following questions.

(1) TELEOZI2FFFALL 2050 RN TaVRZ ks FPTR Ry hT—s L1
FHPRENI, COFHPRENTEER (Fk~DFE) &L bit, 2oz 3y -
TR Xy FI—Z LR EDLIRLONERAT R, &b, a7 b-FT R
Xy NUV—7 DFRICR VTSI PDREHT L
In the " Grand Design of National S‘patial Development towards 2050, Japan", a policy called
"Compact-plus-Network" was proposed. Explain the background of this policy (concerns for the
future) and what Compact-plus-Network is. In additién, explain the expected effects of the

implementation of the Compact-pius-Network.

FEFBEPREOBIEO T2 LIFEORK ZRIRT A1THICHLT, v¥y bEFIVE
BAL, RETNMCEBWCRE | 2 BRT 2580 AOMEE Vi BRATRENE LT
5.

Suppose that a logit model is applied to rail users’ behavior of choosing a route among multiple

routes and its observed term of utility of choosing route i, ¥, is expressed as follows;
Vi = BioeXpive + BerXitr + BeostXicost

I, BEiizonT, xi,m%iﬁﬁﬁ#ﬁﬁ (4, xi,tﬂi%mﬁ#fﬁ (43, xi‘cost}i%m
(F). Bivts Bifs Bost MABA TR T B BFERTRIA—FTHY, ZZTIHETADE
LD,



where x;;,; is the in-vehicle time (in min), x;¢r is the transfer time (in min), and x[-.mst' is the
cost (in JPY) for route i. Biyr, Ber, Beost are preference parameters for each variable and all

negative,

2) ﬁt%ﬁﬁ%@ﬁﬁﬁﬁé%ﬁ%%ﬁﬁ%®%ﬁﬁﬁ%%ﬁ%#%k%,ﬁﬂ%

d d

RTT A —FZOHEATEREREELZ R,

icost Xicost

If the value of in-vehicle time is defined as 2= and the value of transfer time as d—,
dxpive axier

express each value of time using only the preference parameters.

b) FEHNER & FAARERI OB RMEIIC VT, 400 S5 KA & 2 DEH 2R
X.
Explain the expected relationship (relative size) between the values of in-vehicle time and

transfer time and why it is.



K10 (2r7 Y—pI%)
Part 10 (Concrete engineering)

Fig.] \ZR ENDEDQMITE— A 2 M 22T AESHRFEMEOIX D T2V TROM
WIZER X, av s ) — NOERREL £ =30N/mm?, =227 Y— DY SR
E~28KN/mm?, kFh DFERBELIL £ = 400N/mm?, k0¥ - 7 REIT E,= 200kN/mm?
THBH. b=500mm, d=700mm, d’=50mm,h=750mm, =227 J— FDOIEHEHEOT
4 0.0035 & 95, ZTOMOLFRLESLTEHEEE L TAVWSZ &,
Concerning the doubly reinforced rectangular beam subjected to positive bending moment shown
in Fig.1, answer the following questions. Compressive strength of concrete £2' =30N/mm?,
Young’s modulus of concrete E.~28kN/mm?, Yielding strength of re-bar £, = 400N/mm?, Young’s
modulus of re-bar E;= 200kN/mm?, b= 500mm, d=700mm, J=50mm,%=750mm, and
the failure strain of concrete in compression is 0.0035. Other necessary symbols can be used with

appropriate definition.

b

e

Fig.1

(1) EAEERRS 4,'=7000mm> T, 53RN 4=7000mm? & 32, ZDL &, ZOBEN T
EF—AV MOBEZTTRETIHOT— AL MR L, #HETIEOEEL TS
T,

Assume that compressive re-bar 45 "=7000mm? and tensile re-bar 4,=7000mm?. Then, obtain the
moment when this section subjected to only moment shows failure. All the assumptions for the

calculation should be explained.

(2) MEORLAG e IETBEN AL BICROEN 7] D352 b & T eTE M
HELET 5, BIEBRIIEINT 2R 0ERE e 23R X,
When compressive axial force N’ with eccentricity e; was applied to this section, the section

showed balanced failure. Obtain e; corresponding to this balanced failure.



K11 (2>27Y— I
Part 11 (Concrete engineering)

WOFHIZOWTHAY X, HE, MHOEDICEKERWE,

Explain the following words. You can use appropriate figures for explanation if necessary.

(1) 794 TFvvadiZbyzarsV—rEibay s ) — M RIETEE

Effects of fly ash on the properties of fresh concrete and hardened concrete

(2) BERFHIBT SMEHROEERE

Importance of sand/aggregate ratio in mix proportion

(3) AERAERIC L AREVTCEN O A

Mechanism of thermal cracking due to external restraint

(4) RC ROMHUTEINRAMEICK T 5 THERER
Size effect in diagonal cracking strength of RC beam

(5) RC 2T OUEINEERDE 25

Theory of equation for calculation of flexural crack width of RC beams

(8) thtyREBEE A BORE =2 ) — b EEAT LB

Needs to utilize self—comp'acting concrete considering social situations
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KA1 (%)

Part 1 (Mathematics)

WO RIRE[L],[2] % 5~ TARE 72 &1,
Answer the following questions [1] and [2].

[1] kOFEHSFRRA (K1-1) %2, £EB0-2)E0-3)DH & THEIT,
Solve the partial differential equation (1-1) under the condition {1-2) and (1-3).

Ay

9%u 8%u
u(0,t) =u(l,t) =0 (1-2)
(1-3)

7
u(x,0) = sin (%x), a—t(x, 0)=0

s—v—if

I, u=u(x,)THY, kI ITEQCEETH B,

Here, u = u(x,t),and k [ are positive constants.

2 0 0
[2] 1T51A=[0 4 s]b:ou\'c, PLTFORINZE Z e &y,
0 4 3
. 2 0 0
Answer the following questions about amatrix A=1{0 4 5
. 0.4 3

(V) 1TTFIAIZ 2T, PTIAP =D& 72 AIERIITHIP & it AITFID A KD 72 SV,
For the matrix A, find a regular matrix P and a diagonal matrix D such that

P'AP =D,

(2) 1THIADRFE (ANER LRIV,

Show matrix A to the pth power (matrix A"



EMHE

Specialized subjects

10 EDO KB DR 7L 4 BERRLMET D Z L,

X2, 3: HiETE
K4, 5: KIEF

KR6, 7 HhAg T &
KRG8, 9: ARE

KR 10, 11: avy —I%
EREILRAS-VHURICREfSA TN S,

Choose four out of ten parts and answer questions in the parts.

Part 2, 3 Structural engineering
Part 4, 5: Hydraulies

Part 6, 7: Geotechnical engineering
Part 8, 9: Infrastructure planning
Part 10, 11: Conerete engineering

Questions of each part are written in the following pages.



K2 (HMHRE)

Part 2 (Specialized subject)

L B LZRT RS, REIDRFFFHE AC DN C ARE [ OBHMKE BD OFE M C THAL
T3, BHHE P AREFHR AC L0 A DS I3 OEIZHHLE, C KiLBiTF57h T8
EROT, ZORMBEEZ LT OFIETHZLEE R D, LLTOBBEICE I, 28, Ebb
DEOMITEIED EI &5 D,

A cantilever beam A-C is supported by a simple beam B-D at the center point C as shown in Fig, 1.
Both beams have the length of /. When a concentrated lead P is located at //3 distance from A on

the cantilever beam A-C, deflection & at the point C is obtained by the following steps. Answer the
following questions. Note that the both beams have bendirig stiffness of EL

DB 2-1 R4 &E | OBMBRO PRQUICE TR E X MER T 5L &0 FRRDIDH8%K
WIREV, ZTTROBITRAINER EI &2,

Calculate deflection & at the center point of the simple beam with the length / and the bending

stiffhess of £J, which is subjected to the concentrated load X at the center point as shown in Fig,
2-1.

2YH 22 IR TEESR AND I3 OEEETEPNE P LARBKERPRE X2SII2RX /D
FRBZEO RO AT ROEE, 2 TROM TR B/ &5 5,

Calculate deflection & at the free end of the cantilever beam with the length of / and bending
stiffness £/, which is subjected to the concentrated load P at //3 distance from the fixed end A
and the concentrated load X at the free end as shown in Fig. 2-2.

3)1) TR T=FobIn ) TR T T N E L DR, B HTRTIEEIBVTC A
TDFbh TR DHIREN,

Equating the deflections obtained by the steps 1) and 2), calculate the deflection 8 for the
structure as shown in Fig. 1.

B EY

AN
P ’ A
I3 gl 12 3 D

12

N

B 1 ARLRO SRS EMBE T ME
Fig. 1 Cantilever beam supported by simple beam



. X Q 3 ¢ p
1 N b
T 2 \ 1
|
| n \ !
12 5 - | % 5 *
& 2-1 $ERWELFETHHMSGE 2-2 EPFEEZZITDIAFLR
Fig. 2-1 Simple beam subjected to concentrated Fig. 2-2 Cantilever beam subjected to
load concentrated loads

2. & 3 1%, 88400 A2 X OEERO B | BREREIT oI B LN AR o — O AsD R ERLT
WA, ZOEH T, OB Iz W TR IR 3 B BT FRER
100-200 FCRRBALAZE,

Fig. 3 shows the relation between stress‘(cr) and strain {e) of mild steel such as SS400 obtained
from a tensile test. Referring to the figure, give explanations of three mechanical characteristics of
mild steel with 50-100 words.

[ P

¥

Ep

X 3 DI Fr il i

Fig. 3 Stress (o) - strain (g) relation of mild steel



KR3 (HMHE)

Part 3 (Specialized subject)

L H 1Y | HRERBRZE XD, HEm OENERE A BIREZ L RORELE 2 IR

. LT ORCE X RS,

Consider a 1DOF oscillator as shown in Fig. 1. Free vibration
response of the mass is shown in Fig. 2. Answer the following ///
questions.

1) E 2 DR R BIREERY L OREIR OB REEL,
FREEERDEE, k
Calculate natural frequency and logarithmic decrement of the
oscillator from Fig. 2.

2) ZOFZORENDHEFEL /=L | B5Z] 10 B COZENL x 23R4 m S
B, 238, K Z 0 TIRBY IR KIEDLIEEDLDET D, T, ix
SHEICEEL T UFO@EERAWTHL, 22T, In*id, *0 A
Atk RT, 1 | BRERER

When the vibration continues, calculate the response of the Fig.1 1DOF oscillator
mass at time of 10 second. Assuming that the vibration starts

from the maximum displacement at time zero. The following

values of natural logarithm can be used.

In9 = 2.20, In10 =230, Inll1=240, In12 =248
In13 = 2,56, Inl14 = 2.64, In15=2.71, Inl6 = 2.77
In17 = 2.83, In18 = 2.89, In19 = 2.94, In20 = 3.00

TR
dgg é? ﬂ” Iﬂ_n; ﬂn SR IR L
f
A TTTLY

2 % BRI

Fig. 2 Free vibration response

2. B 3 IR T BB Z T A EMOREIL, LT OESH FERN (L) TRED,
Equation of motion of a structure subjected to earthquake ground vibration shown in Fig. 3 is
given by Eq. (1).



2 a2
md—f+c@+ku=—m—u2g 1)
dt dt dt
ZIZT m e  KITTNENEEMOE &, WEREL SAEE. wl 3RO, u 1348
EHOZ RO DEREN, 1IXREETHD, 20L&, BEHOENEMIDIRIE B LXEE

(L DIRIE U, DT, LT OR(2) TREDET D,

where m, ¢, k are mass, damping coefficient and spring constant of the structure, respectively, u,
is absolute displacement of the support, u is relative displacement of the structure, and ¢ is time.
Ratio between the amplitude (B) of the absolute displacement (w) of the structure and the
amplitude of the support displacement (Uy) is given by Eq. (2).

B \/ 1+ 2halo,) -

M, =—-=
U (1= (@/®g)* )’ +(2hao/w, )’

g

TIZT, by o RENENEENOBREY, BARRDE, ol ZXAELOIEH#THD,
Fio, Q) TRENDIEGEAISERHER Mr 2 IREM U Lo/oo & ORIR TR Lic b OBE 4

TH D,

where h and wo are damping ratio and circular natural frequency of the structure, respectively, ®
is circular frequency of the support displacement. An amplification factor of the absolute

_displacement (M7) given by Eq. (2) is given as a function of the frequency ratio (®w/cq) as shown
in Fig. 4. ‘

PlEoz i Lz, #HEHOMBHEELEMS A2FEL LTOHE, £EIZBEL T,
2IEB L EFAEN 100~200 FREE THA L2 &0,

Based on above, give explanations about seismic vibration control and seismic base isolation in
order to reduce earthquake damages of structures. More than two items with 50-100 words each
should be answered.

10
i o 9
=
- m - 7
L -
! F] § 6
' 4 §
I f
&k ] 4
! !
] H 3
it
' 2
u,=U, cosm? 1
s Z
M 0
> 0 0.5 1 1.5 2
ly /g )
3 HEEICLAEBEDOED B 4 HSHEAIGE SR

Fig. 3 Vibration by earthquake ground motion Fig. 4 Amplification factor of absolute displacement



K4 (FM#AE)

Part 4 (Specialized subject)

UTOBRML~3OWTIICLMBETHZ L. NERERENIEREL LTAVWSZ L.
Answer the following questions 1, 2, and 3. Necessary symbols etc. should be defined before

using them.

1. TEDQ L SICEAFBOKEPAKFIZREEN TS, 0L, BUTOMWIEL
L. L, BEAMNEES 98 mis?, KOBEE 1.0 g/om® L5 5. A square gate was
installed in the water, as the diagram below. Answer the following questions. Note that the
acceleration gravity is 9.8 m/s?, and the density of the water is 1.0 g/cm®.

(1) AMIZIERT 2 2KkEZEHKD L. Consider the total water pressure acting on the gate.

(2) EXKEDERADONME () ZRK¥H . Consider the point of action of the total water
pressure ().

2. THNVMNEBERIBITLI VT - A -7 2A0FRAD 5L, $hiE FHEpks &S
FRIAELHRL, G, EHOENENDEMTZERL TWSOMGHEAE L. £k,
FExT « A =7 ZADFERIE LA AXFERAOEWVEHIAY X, Show the vertical
component of the Navier-Stokes equation in the Cartesian coordinate system and explain the
name and physical meaning of each term in the equation. Moreover, explain different points

between the Navier-Stokes equations and the Reynolds equations.



3. BBRICB W TA L SHEOERAEREELRAT L. £, BBV TRE 2m,
AR 8 BTHLERITH LT, SHEMRR 125 T TEARRZAT I HE, HE LAY
WL Bz T T LV sk K. Explain the mechanism of wave shoaling that occur in
shallow water region, Moreover, a laboratory experiment is conducted on a dimensional scale
of 1/25. Consider the wave height and wave period in the laboratory experiment when those

in the field are 2 m and 8 s, respectively.



KR35 (BMFLE)

Part 5 (Specialized subject)

UTOBRML~30WTFNICOMETHZ L. NERTESIIFEREE L THNLZ L.
Answer the following questions 1, 2, and 3. Necessary symbols etc. should be defined before

using them.

1. TRO LS ICEAKMNDAKZ, @& H BiTE () 0¥ LAZERLTNS. &
DB, LFTOMWZELZ K, 2EL, Mo F—0EERmE 5 LAORELL, F
7z, TARNF—RKITMEET S L &9 5. Water in a reservoir is flowing over a dam of
height A and width b, as shown in the below figure. Answer the following questions. Note

that the reference level for potential energy is the top of the dam, and energy loss is neglected.

(1) Bk OKE EDORA (F2X0 b+ eR) OaT R NF—KEE &K
® &. Find the total energy head E; at point A on the water surface in the reservoir (the

point is far enough from the dam).

(2) FADFEICEBNTHAIZRAIME 2D, MR LI LD L D 2pih i HAE

&. At the top of the dam, the stream is critical flow, Explain what the critical flow is.

(3) B TOWE (RAFE) ve & B4 DHEZELE AT A—F LT BHIETRE. Express
the flow velocity (critical velocity) vg at the point B with the only E4 as a_variable

parameter.

(4) HE¥iE Q & E, & A THRE. Show the overflow rate Q by using Ea,

A
F—==
HMEE - X

Reference level

Brakit

Reservoir

Ha
S S S



2. BROBNCETHLUTORIVICE 2 K. Answer the following questions about pipe

flows.

(1) WD, £ LOZ>TRABICHE v TP TS L E, BRICLST
ANF-BERAKETEOL S IR I B0E % L. Consider a flow in a straight pipe
with the inner diameter of D and the length of L. when the velocity is v, show an expression

for the pipe friction loss head.

(2) FERIR e BARBIE 4 220T, T Fh O+ 2 BRE X, Itemize four possible form

-losses and sketch each appearance.

3. Bk Lz BGHMAISIC 3813 BRI, FMORAE AN = X AL BB L. Explain
the mechanisms of the occurrence of red tides (abnormal phytoplankton blooming} and blue
tides in a eutrophic semi-enclosed coastal sea.



A6 (FfFE)

Part 6 (Specialized subject)

[1] LFOsEEZ#FAE &, HESUCTHE - HRXEFHALTH L,

Explain the following terms. You can use illustrations and/or equations if necessary.

(1) ik +FERK

Coefficient of earth pressure at rest

) A—sr—arR gy

Over compaction

By FALAFi—
Dilatancy

2] LTEWEIESENCEE 10 m OERESE TR bR £ 5 U CREREEERR
EERH U, & 58T ERETHRERZIE gy = 100 kNm? > 5 EEE MG &
100kNm? 527 & 25, 54T 1.0 mm OEERT&24E Ulkcth, BRALTRIL 20 mm
WIE Lo, WIMRTORL e=2.00, A ERES H=200mm ThHot, EBE L EERT
BRI OBMRIL T OROBY TH D, AROBEMFHERL 9.8 KNm? L5, LB
LT logio2=0.30 #HWT LV, TioOMWZE L L,

An oedometer test was conducted on a sample taken from a normally consolidated clay layer
with a thickness of 10 m located between sand layers. When total vertical stress g, was
increased by 100 kPa from a vertical effective stress ¢, of 100 kPa at a loading stage, a
settlement was reached 1.0 mm at 5 minutes and the final seftlement was 2.0 mm. The initial
void ratio of the specimen e; was 2.00, and the initial height of the specimen f was 20.0 mm.
Degrees of consolidation and corresponding time factors are given in the table below. Unit

weight of water is 9.8 kN/m®. Use logi02 = 0.30 if necessary. Answer the following questions.

FE BE & FE e Rk

Degree of consolidation and time factor

U.(%)- 10 20 30 40 50 60 70 80 20
T 0.008 | 0.031 | 0.071 | 0.127 | 0.197 | 0.287 | 0.403 | 0.567 | 0.848

(1) ZOEOEFBZE C [em¥53]1%ERD L,

Determine the coefficient of consolidation C, [cmzfmin] of the clay.



(2) ZoRLtoERRE C.ERD I,

Determine the compression index C. of the clay.

(3) TORLBPEEEEFRRLELSAEFUTERIND L X, 0 %NEEPEITT DI
EHY A0 [FlEFDEEDEFLTE [em]Z2 R X, ‘
Assuming the same stress condition as the oedometer test is applied to the clay layer, calculate

the time [year] required to be 90 % consolidated and the corresponding settlement [em].



A7 (FFMRE)

Part 7 (Specialized subject)

[1] UFOmAEEEE L, HECHLTHE - ERAFELTD L,

Explain the following terms. You can use illustrations and/or equations if necessary.

(1) BEIFRKE

Excess pore water pressure

(2) ZHT4T70V0vav

Negative friction

(3) koarvARFL—

Consistency of soils

[2] ¥EFEHDORVERFIR & L 150 KN/m? D b & THERIE o.'= 200 kN/m? & TEFIEE
L7-%%, EEIEHK (CU) ZfERERR 21T o7 & 2 5, SR TIARIBIRRAE ue=-100
KN/m?, BH3E5R S oy (= oy- on) = 300 KN/m2 D348 Hivte. BT ORWIZE X X.

A consolidated undrained (CU) triaxial compression test was carried out on cohesionless,
saturated sand at an effective confining pressure o.'= 200 kN/m? under a back pressure of 150
kN/m2. As a result, the excess pore water pressure #rand the axial stress difference g/(= o17- 63)

reached 100 kN/m? and 300kN/m? at failure, respectively. Answer the following questions.

(1) BEED T —AOIAMERT. BHSHR LCLEHOEAAE TN ENES, M
BRTHS Z &
Draw Mohr’s circles of the effective and total stress at failure with a solid line and a broken

line, respectively.

(2) ZOWDFAEERAS LT DL E singZRD L.

Find sine of the angle of shear resistance ¢' of the sand.

(3) B AR LT, FEmEE, % 200kN/m2 iI2{E - 72 £ £ EEHK (CD) =#i/F
MRBREITo, MEROERAE 2RO L.
Find the principal stress difference grat failure when the same specimen is subjected to
consolidated drained (CD) triaxial compression test at the effective confining pressure o=
200kN/m?2.



K38 (HF%ER)

Part 8 (Specialized subject)

AT @ 3N TH#MERE L. Answer all the questions from 1 to 3.

1. UTORICTTEOIR, BEX LY TRAENDSHMOT—F55H5. Y% X THIE
BHEL7=RE, X & Y DRERK (MERUTHE2MAET) ZROBEV.
About the data shown in the table, calculate the linear regression equation of Y
explained by X. Then, calculate the coefficient of the determination of X and Y (to
the second decimal place).
X 1
Y 2 2 4 2 0

2. LT OB 2T, T CHAYE L. Bxplain the following terms in a few lines.

() v—Z7F%E  Peak Hourly Factor
(2) ERRELROFEER TFlow Ratio of a Signalized Intersection

3. LUFORWZE 2 L. Answer the following question.
HOBEREEITT DEMOFE v & BEREERE s ORICER O X s[m]“
5 72BRRH 5. SR 1000[venh] D BRARFBENTEN TS &

T, BHICLVERPESICHAELL. FHRLE | BFED 2B
BHORSERD L.

The relationship of speed and headway spacing on a certain highway

0 >
is shown in the right figure. Suppose uniform traffic flowing in 1000 40 ]

[vel/h], the highway was blocked completely by an accident. Obtain the length of the queue in 1

hour formed by this.accident.



K9 (FMFLE)

Part 9 (Specialized subject)

LT 2 B DE TERES L. Answer all of the following two questions.

1. L TOHECSWT, HITT#HEA® L. Explain the following terms in a few lines.

1) VT4« wRxY AL N Mobility Management
(2 72 F¥ w2 cul-desac
2. LATORIWZZE 2 &. Answer the following questions.

() BRERSITEISMPAZHBAL, RHICELZ Y MBWTEO LS ICERAER
b R BB Oy, TR L 72 & 0, Explain what ‘cost-benefit analysis’ is and write down

formulas to calculate cost-benefit ratio for a long-term project.

(2) Sherry R. Amstein IZ X2 THIRSMOIEIL T @ 8 BRITOWTHAE L.
Explain the eight rungs of Sherry R. Arnstein’s ‘a ladder of citizen participation.”



A1 0 (FMFE)

Part 10 (Specialized subject)

RIZRT, R/ RRERSICHE 2 AEPFHELZIT A RCIIY 2E 25, MEHRERIC
RTEY TH DB, BRFOBKRKE £=350N/mm?, 5D Z1EE E~200kN/mm?,
A:=2000mm?, j;’=3QN/mm2, =227 U — bOBBEOT A ,,=0.0035 T 5,

Concerning the singly reinforced rectangular beam subjected to positive bending moment shown in
the following figure, answer the following questions. Yielding strength of re-bar £y = 350N/mm?,

Young’s modulus of re-bar E;= 200kN/mm?, 4~2000mm?, Compressive strength of concrete f.’
=30N/mm?, the failure strain of concrete in compression is 0.0035. Other necessary symbols can be

used with appropriate definition.

P2 P2
3200mm 200mm 3200mm 400mm

800mm [700mm
d

=

-

() WFESRET AROWELRD L, HET 5 BOEE b~ TR, BB HhED
OF B4 & 55 %t k.

Obtain the load P when this section shows failure. All the assumptions for the calculation

should be explained. Show the strain distribution and the stress distribution in the section at the

failure.

(@) As732000mm? D HREBIZHMT D LTRET— FRELT 5, HIEWEL DL ZD 4
R L,

When 4; is increased from 2000mm?, the failure mode of the section is changed. Obtain A

when the section shows the balanced failure.

(3) A VX BIZHAL T 20000mm? &/eof b &, ZORIETERREZALS, =
DL EOWERELRD L, BESTAIHEOOTLLMEENFHZRRE L,



When A4, is further increased to 20000mm?, this beam shows bending compression failure.
Obtain the load P at this failure. Show the strain distribution and the stress distribution in the

section at the failure.



A1 1 (MFR)

Part 11 (Specialized subject)

WOBEFHCOHNTHAYE L, #E, FROCLEDHIIKERWE,

Explain the following matters. You can use appropriate figures for explanation if necessary.

(1) 94T vaZ2BIMELTHNARZ L7 Ly Y aary—hEi{bary
J— b~DRE

Effects of fly ash used as additive on fresh concrete and on hardened concrete

(2) BAbFv ey FOKIREG

Hydration of Portland cement

(3) avs V—rOEE

Frost damage of concrete

(4) BiABEEZIV/NELTHILDER

Significance of setting smaller unit water content

(5) AT BT 5

Size effect in shear failure

(6) HEDAH=X

Mechanism of chloride induced corrosion
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KR1 (EEF)

Part 1 (Mathematics)

WORRE1][2] % TR THEX 72 &1,

Answer the following questions [1] and [2].

[1]

(1) y" +4y'+4y =0, y(0) = 10, y'(0) = 10Z /=T By (x) &R &.
Find the function y(x} such that y” + 4y + 4y = Q, y(O) = 10, and
y'(0) = 10.

@QWAHTRRY +2y = cosx®~ﬁxﬁ¥y(x)%::k&b X. _
Find the general solution y{x) for the differential equation, y’ + 2y = cosx,

[2]
(D EATFOITFIAIERMNE 2 38~ EBIRS ;’cﬁﬁﬁﬂ%ik&b X£.
- Examine whether the following matrices is regular. If it is regular, then
calculate the inverse matrix.

2 2 4
3 0 8
2 3 3

2 0 2
(2) A= -1 2]c_owc PIAP = Dr‘:éEﬂu»’ﬁﬁUPaﬁﬁa THID% 3K
-1 3 5
HL.
2 0 2
Forthe matrix A=|1 -1 —2], find a regular matrix P and a diagonal
-1 3 5 ‘

matrix D such that P"1AP = D,



ERE

Specialized subjects

10 EORFIOHENE 4 EHBIRUMET S5 &,

KRz, 3: HiE ¥
KR4, 5: i

KRG, 7 g T
KRS, 9:  LABEE

K10, 11: =vrsU—hI%
%Fﬂﬁ%ﬁ#iﬁ(&—{)uﬁétgﬂﬁé;n,(.b\éu |

Choose four out of ten parts and answer questions in the parts.

Part 2, 3: Structural engintlaering
- Part 4, 5: Hydraulics engineering
‘Part 6, 7: Geptechnical engineering
Part 8, 9 Infrastructure planning
Part 10, 11: Concrete engineering

Questions of each part are written in the following pages.



KR 2 (EMEE)

Part 2 (Specialized subject)

L. 1R 2 EEERERO AB B S AR w MER LT\ 5, TARAR. V, =

1)

2)

Zwl, Vg = 2wl Ve = - THEXLND, ROMPEIEE £ & LT, KOS

BXIRE,
Answer the following questions about a 2-span continuous beam subjected to a uniformly

distributed load w for the section A-B, as shown in Fig.1. Under this condition, support reaction
forces are given V; = %WL Vg = gwl\ Ve =-— \:’—61. Note that bending rigidity of the beam ‘

is EL. -

Br

I | } l T
V4 Vg Ve

1 2R

Fig.1 2-span contmuous beam

B0 AB B AN HAH. MIFE—> bR ERYD, BR LS,

Calculate shear force distribution and bending moment distribution for the section A-B of the
beam, and draw the diagrams.

bR AEEAVEI LT, XARN VB ERERBZ L ERLESY,

Using a slope-deflection method, prove V4 as shown above.

[ “
T AB T A bA AN, X (1), @) okiricsgishd,
M 4p . "/ id o
(e /A) co O ITT LT ) cu
Y M gy o 4|A B%

2E1
Myp = ~(2914 + 85} + Cyp (D

2E!
Mg, = i(eA + 293) + Cpy’ )




[

. : 12
T T Mppg, Mg ddin®— A2 b Cap  Coa 1 TB D AMEIC L DMEE T, Cap = —WT2~
ThD, ' ' ,_
Note that the slope-deflection equations for a beam A-B are given by Eqgs. (1) and (2) where

M,p and Mg, are member end moments, Cyz and Cgy4 are fixed end moments, and Cyp =

wi?

127




K3 (FMFLE)

* Part 3 (Specialized subject)

1. EBICET 5 UTOMWCEZL RS,

Ansv\;er following questions of vibration. .

1) B R THAAASERTS | RAROEYLRRL, RO)THREND, Z0ES

FROEFRBMFE, X Q) BLY 3) TREND, Z0LE, UTOO~@DMWIZ
JRATREN,

An equation of motion of a 1-DOF oscillator subjected to a harmonic external force shown in Fig,

1 is given by Eq. (1).- A stationary vibration response of this system is given by Eqgs. (2) and (3).

~ Answer following questions @O - @.

mi+ cx + kx = Fysinwt (D ‘
- k c
X = (Fo/k) sin(wt - @) 2) o . L‘J
e ) ——
| I 1
o = tan-! ( 2k 2) o ‘ 3. ' Fg sinot
, 1-(w“’—1) 1 1 ERRIEBE

Fig. 1 I'DOF oscillator

O % Q). 6) KBt s, [L TEABREM, a0 LEAEE )P, Eh, IO
o1 DV THEIZ I L A2 &, |
w1 in Egs. (2) and (3) is given by ﬁ . What is ® called? In addition, explain o, briefly.

@R ) KRB (= 2me) BEEEREET S, b= 1| OREITEIRIN S 2%
AREWV, e, TOREHRED LS KB EMHEICHEA L 23,

h (= ¢/2mw1) in Eq. (2) is damping ratio. What is the state at 4 = 1 called? Explain briefly what
that state is. ' . ‘

@ SHIEB S0 TS ¥ & & ORESERIE X L HFNEL X (=F/k) Ot (BIRRE
B BLU(EAL, T FNH2BRUK3I DL HiZied, 20L&, KM2BLY
X3 o oFENRElRE 3 25T, ZOHBZSWTHEHB E L bHIZ, FAFR
50 FARME TR L2 &0y, '

A dynamic amplification factor, the ratio between vibration amplitude X and the static deflection’



Xo (= Fo/k) with changing the frequency w of the external force, and phase angle ¢ are shown in
Figs. 2 and 3. Explain three characteristic phenomena found in Figs. 2 and 3 together with their

reasons.

@ B2 BT, BRORERE (5= 1 ) BB 7 BomREE R,

2

J (1—(w—“’1)2) +(2hm£1)2

X2 &OBEFRTETOHEEHRALZ SV,

Obtain a condition of “@" that the dynamic amplification factor ( Xio = } is

maximized in Fig. 2. Explain its characteristics related to Fig. 2.

6 180
<5
o
o & _
S =3
h% 83 £ S
n & = a2
452 :
W oe !
g, 0
0 1 2 3 4 D 1 2 3 4
Rt o, : REHL ofo,
{Frequency ratio) (Frequency ratio)
M2 R @3 s
Fig. 2 Dynamic amplification factor Fig, 3 Phase angle

2) B4 AT 2@o—Ar0OkEHREOEHBHREHZRTEGFEAL, @D XS ITE
SEnB. TTT, m. mBEGh, kit. Then 1BR, 28 EOERS X URIKE
oL, HEIXRWHDETE, m=m, h=hDL&, ZO2E7—AOEFEH
¥, EHRDET— FERHREN, 2B, BEFRBT— FEETLTII L,

-Equations of motion of a 2-story rigid frame structure shown in Fig. 4 are given by Eq. (4). m; and
ma, and &y and k2 are mass and stiffness of the 1st and 2nd floors, respectively. Damping of the
structure is assumed zero. Assuming that mi = my and k1 = ks, calculate natural frequencies and

vibration modes, and show the vibration mode shapes.

(5 (5 -0 @



ky

mi X1
. R g
ky

X4 2@7—AV
Fig. 4 2-story rigid frame



KR4 (MRLA)

Part 4 (Specialized subject)

T oM 1~3 @L\ﬁ-m_%ﬁzp%?é L. UERTESEESELTHNAI L.
Answer the following questions 1, 2, and 3. Necessary symbols etc. should be defined before

using them.

1. FD X34, B 4cm 0/ AANBAN 10m/s DHE CEH SR, ZhMKFEZE
DRI HIREIC G720, 1200 i ShTna,. ZokE, UTFOMWvCEL L. 7«
7L, BEBRFERL, KOHBES 1.0g/em® & ¥ %. Asshownin the figure, the water
was discharged with a velocity of 10 m/s from a nozzle with an inner diameter of 4 cm. The
dischafged flow hits the surface of a i:urved'platf_: that placed horizontally and is bent 120

degrees. Suppose the density of the water is 1.0 g/cm? and ignore the friction.

(n Z @ﬁ:ﬁ%iié DITHER DO x HFHAES F, &K L. Calculate the x-direction
.component of force acting on the curved plate.

() "ZOREX X BDIBERAD y Flpksr F, 23R &, Caleulate the y-direction

component of force acting on the curved plate.
3y (1), ) TROICADEHDEE (8) &R L. Consider the direction (8 ) of the
total force that calculated in (1) and (2).

2. BETHEz=x+y BT, HFFEERT Yy VLV WR W=UZTEbIh3 2%
ERFVUAATNEE R B, ZORNBOWRORERDES . Sbic, ik
DERTZBEIRLARSY. 72720, x, y 88, (LREEN, UREE (RORK
T#é 5. Inthe complex plane z = x + iy, derive the equation of the stream]me of the flow
described by the following complex veldcity potential. Also,.sketch the flow ﬁeld. W= Uz,

where x and y are real numbers, { is the imaginary unit, and U is a negative constant real number.



3. BEOBREEEEZ S, BOMELLY b ECHBEAIE, BLOMEICLY Z
| OREOREENRETS. 20L&, ALOMEBORDHE L LECHRET S & iz,
BENEET S L& OED, RO, BEOOME B K. Consider the stability of the
floating body. If the center of gravity is above the center of buoyancy, the stability of the
floating body clepends. on the position of the metacenter. Explain how to find the metacenter in
sentences. Moreover, when the floating body stabilizes in the above situation, explain the
relationship between the center of gravity, the center of buoyancy, and the ‘p'osition of the

metacenter.



KR5 (EPRE)

Part 5 (Specialized subject)

UFORM I~ OWFhIcbBETH 2 L, LERATSSTERLTHNDZ L.
Answer the following questions 1, 2, and 3. Necessary symbols ete. should be defined before

' using them.

L. FO LD ICHIEE 41, 402 >OKEARAE Z (BRD, £& L, EEERS) T
RIEINTHWD, FHOKMEILIH TH Y, PAEOKMEBEL RDETORHE #
E9A. I0&E, RTOMWCELL. L, FOEEUNO=RLXF—HERIT.
EETE B HMDET 5. Asshown in the figure, two water tanks with cross-Sectional areas
Ar and Az are connected by a pipe Z (diameter D, length L, friction coefficient #). The initial
witer level difference is H, and the time until fhé water levels in both tanks become equal is #.

Answer the following questions. Note that energy loss except the pipe friction is ignored.

(1) F% ZNOFHE v 28 OEEIBKKE hy % AV THRE. Consider a flow in a straight
pipe Z. Show.the flow velocity v using the pipe friction loss head ;. '
(2) BEZOBEED % 4 LA, AIHBEL 22T TOMRMIL o OMHFICRS
AR K. When the diameter of pipe Z is four times larger, consider the time until the water
“levels become equal. Answer the time using f.
(3) WHAOKNIE H & 21T 5 &, AMINZE L B E TOMMIL o OISR S
AR L. When the initial water Aleve[ difference H is doubled, consider the time until the

* -water levels become equal. Answer the time using Z.

4,

|

(|

o —




2. KEBRAG | (—F) O—#RZEBERFFEEEARIZEW TKREDRT FHZEbH
KAWL VRENDEEREEZE LS. 5L, x ST HRERE, hi3KE, &35
AR, A IZRRKIETHS. i EZOKBORRAB L L, i<i, ThdLZx, UT
DEVIZZ 2 L. Consider a gradually varied flow in an open channel of a constant slope i

~with the uniform and wide rectangular section. The gradient of depth along the channel
direction is given by the below equation where x is a coordinate in the downstream direction,
h is the water dépth, h, is the normal depth and 4, is the critical depth. When { is smaller

than the critical slope i, of this channel, answer the following questions (1) and (2).

dh_ 1= /h)
a  1-(h/n)

(1) KL OEFEAIZL > TERDOD T, FROFE, SI5IZdr/dc DFERED LI
RipB0REER L THRHE. Create a table to show how the sign of numerator,
denominator, and dh/dx of the above equation change depending on the range of water
depth. '

(2) ZOWMEROBMY FHKEWOHRERFE L, EL, ZAFLONKERITIL
AWEDTTERE L. £, ZHLORPITIEKEERE, SRAE IURAK
TERTEBREZ ENENER L THE 42 &V, Sketch the possible water surface curves
with their names. Moreover, draw the straight lines that represent the channel bed, the normal

depth, and the critical water dépth separately.

3. WOWEEZ B, WEERCRARTILE O X > ICEHT 57, Bimd L,
Z DY A FEAE X, Consider waves in the ocean. How do water particles move in- the

shallow water region? Sketch the particle motion and explain its characteristics.



K36 (HMHE)

Part 6 (Specialized subject)

[1] UTRBEMEHOE L, BEICE U - o 2RIA LTS LU,

Explain the following terms. You can use illustrations and/or equations if necessary.

(1) SR

Coefficient of passive earth pressure. : ,

@) Fvu—F 4T Lk
Preloading method.

[2] ERESRL L BESES T Zh2hicst LT, ok
B L CURB A ENT 5. EAMTEROXRE O RS
i, BPOLOTRENTRY . BAETELVE
—EEMTIT S, 2B, & HBOTH, e ITMBEEL ,
Thb, £ir, pREREIES. qEFESHTH Che 7
b, BEMAIS 0., BHRGE e ERWTY =

(o] o

EIJ D

Lo Ea P’

%20 g -l REND, UTOBVICER

3

CD and CU tests are carried out on normally

consolidated and overconsolidated clay samples. The state of each sample before shearing is
indicated by circular and square symbols, respectively, in the figure. The samples are sheared
under constant cell pressure condition. &, is the axial ' ‘

: fon 1 (Figure 1)

strain, and e is the void ratio. p’ (= %2@) is the mean

ef‘fec_tivé stress and q(= o, — /) is the deviator stress, where o’y and o, are the effective axial

and radial stress, respectively. Answer the following questions. '

(1) CORBRICB T S EHESHT L BEER L OTABBROREIZ >V T B LITRT LD
L BRI 7ERVCTEEMICERRAT L,
Ilustrate the shearing behavior of normally consolidated and over-consolidated clay samples in

the CD test qualitatively using the graphs as Figure 1.



(2) TURBRIZ B ZEREERLT L BEES L OTAREDIREIC YW T, B 1IZFT LD
275 7 ERGWTERMICERBEE L,

Illustrate the shearing behavior of normélly consolidated and over-consolidated clay samples in

the CU test qualitatively using the graphs as Figure 1.



X7 (HPIRA)

Part 7 (Specialized subject)

1] BT OB R L, SECS CTE. - SRR LTS Z0,

Explain the following terms. You can use illustrations and/or equations if necessary.

W 7477 1— o
Quick clay

2) FFEXFAH

Allowable bearing capacity

LTIB A B 3THI - 25T L CHE 25 0 8 30,000 m?, HEEASY B S 4.0 m DR EHER L,
MEFREEICL DV TRT 5, BElLEEKEE w =120 %, BEEEL=1,900 kgm® THO, F
B DR THIE R IR wop = 18.0 %, B R ELRT I puinax = 1,800 kg/m® 2487, F£7, HEE
KL THEE S 7o 3 LIt A A BHEST B ¢ = 30°, #5%E ¢' = 0kNim* Th oo, BB, KDE
Ep, = 1,000 kg/m®, TAMEE g=98m/s> TH 5, UTFOMOICER L,

An embankment with a final ‘volume of 30,000 m® and a height of 4.0 m is constructed using

2

—_—

excavated soil from a borrow pit and supported by a vertical retaining wall. The water content w and
the wet density o of the excavated soil were 12.0 % and 1,900 kg/m?, respectively. The optimum
water content Woy and the maximunr dry density pdm; of the soil were derived from the compaction
test as 18.0 % and 1,800 kg/m?, respectively. The excavated soil compacted at the optimum water
content had a shear resistance angle ¢’ of 30° and a cohesion ¢’ of 0 kN/m?. The density of the water is

1,000 kg/m® and the gravitational acceleration £ is 9.8 m/s%, Answer the following questions.

u)@iu%ﬁ%*wtméx5t%#btﬁ57mF—ﬁ—m;@%@bf‘%mﬁﬁm=
1,800 kg/m® 2457, +TUEN LIBHT REBHI & L KT IROEREEZETNEFRARD &,
The embankment was compacted using bulldozers with sprinkling water to have an optimum water
content, and a drying density ps of the embankment of 1,800 kg/m’ is achieved. Determine the

necessary masses of the excavated soil from the pit and water to be sprinkled.

2) HEBEOMEIT g = 294 KNm® DESTHESIEMT 5 & &, HEIERT 5 EHLED
K& S LIERAADEET IR L OEREZRD L. 2B, SAKIEHEDR, ELLTnan
bDLT B, ' ‘

When a uniform load g of 29.4 kN/m? acts on the backfill surface, ﬂn_d the active earth pressuré and
its distance from the base‘of the retaining wall. The water c;mtent of the backfil is assumed to remain

constant after the compaction.



KR8 (HPIRE)
Part 8 (Specia]i;ed subject)

AT D 3RO T2HEE L. Answer the all questions from 1 to 3.

1. UTORCFRTLIR, TEXEY THREIND BIOT B3, Y i X THE
EIfELicRE, X &Y ORTHEE (MIAUTH 202 T) #RDAREL.
About the data shown in the table, calculate the linear regres:sion equatioﬁ of Y
explained by X. Then, calculate the coefficient of the determination of X and Y (to the
second decimal place). '
X -2 -1 0 1
Y 1 1 2 B

2. LTORFEIC>WT, #ITTiHY L. Explain the following words.

(1) FRRASEEYEERE & 2 EHH#E  Time-mean Speed and Space-mean Speed

(2) FEREEREHT BT BT Transition Curve in Road Design

3. D\TUDF&E}V WZ& X &, Answer the following questions. .

EEHIEIC X2 BNBHOEREHAL, FEOVA 7AVENELTIEHA 1| Gbib
DEERBENIFRIL L S B+ 52T L, SECSCTHEHER LTS LV, Explain
the deﬁm’t?on of delay. in traffic signal control. Then, explain how the average delay per véhicle

changes depending on the change of the signal cycle length. You may use an illustration if needed.



A9 (FEMHE)

Part 9 (Specialized subject)

LT 2 FnEIf;Dé'C R4 £, Answer the all questions from 1 to 2

1. UFOREOVT, BITTHEY L. Explain the following words.

(1) FrRFE—F—a ¥+ w7 Transportation Gap

@) ZBEAFR Traffic Cell System |

2. PUFORWIZE Z & Answer the following questions.
(1) 7% % F 2 bA— MoBEW T, ABICHETT 2 BRI 2RI & L
T, FOL3 R EBIBEEINEONHP LA SV, Explain countermeasures in urban

planning against auto-dependent society in  “Traffic in Towns,” called The Buchanan Report

() TBESE) & TS OBWEBHA L LT, RAAKRBROFEAHATI BN TING
DOEZXFBED L IIENGT oI, FLDEZERXFTITEIERENIED LS 72t
DEE D IAENT- DO EFEAE L, Explain the differences between  ‘disaster prevention” and

“disaster risk reduction.” And explain for what purpose each idea is used and concrete
countermeasures based on each idea in the reconstruction plans of the Great East Japan Eaﬁhquake

and Tsunami.



K10 (BEMPEA)

Part 10 (Specialized subject)

Fig. 1 {ZRENBIEQMITE— AL b &S DEERBFRFEEIE DL D IOV TRO M
WEER R, 3V Y OEBREL £ 24Nmm, 322 U — kY SRR
E~25KN/mm?, $575 OFERIRES L £, = 350N/mm?, SR 2 Z 43300 £, = 200kN/mm?
THD, b=300mm, d=600mm, d=50mm,h=650mm, =7 Y — rDOEHFKEGT
A2 00035 L35, TOMOEFELEITISCTHEERL THNS Z E,

Concerning the doubly reinforced rectangular beam subjected to positive bending moment shown
in Fig.1, answer the following questions. Compressive strengtil of concrete f;” =24N/mm?,

Young’s modulus of concrete £=25kN/mm?, Yielding strength of re-bar £,= 350N/mm?, Young’s
modulus of re-bar £,= 200kN/mm?®, b =300mm, J=600mm, &=50mm ,A=650mm, and
the failure strain of concrete in compression is 0.0035. Other necessary symbols can be used with

appropriate definition.

T

(1) EHEERM As=0mm? T, 3|8REMH 4=2000mm? & ¥ 2, DL &, ZOWESIHET

BEOE—AY bERD X, HETIHROEELT TR,
Assume that compressive re-bar As’=0mm?2 and tensile re-bar 4,=2000mm?. Then,
obtain the moment when this section shows failure.lAll the assumptions for the calculation should

be explained.

(2) JEHEgkfs As=T7000mm2 T, JIIRELHD 4,=7000mm? & T35, D& &, Z OWFHEAM
BTamos—2r ek X,



Assume that corﬁpressive re-bar As’=7000mm? and tensile re-bar 4,=7000mm?. Then, '

obtain the moment when this section shows failure.



K11 (FMFE)

- Part 11 (Specialized subject)

WOBEFICS>VTHEAE L, BE, BHHOLDIIREAV L,

Explain the following words. You can use appropriate figures for explanation if necessary.
(1) Fvrviravkh it'. PC ' Pretensioned prestressed concrete
(2) EIEF ‘3 A %‘@ ' Modified truss theory
(3) #Fvx/{EH Dowel action
(4 ATV — Consistenby
(5) ASR O#fii%t#  Control measures for ASR

(6) =K HBHAE BT Epoxy-coated reinforcing bar
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