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Use your black pencil to write your answer.
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Do NOT open this booklet until the start instruction is given.

Your answer must be written on your answer sheet.
Write your applicant number in the cover pages of this booklet and answer sheets.
This booklet contains one mathematics part and ten specialized subject parts (two

each from the five fields of structural engineering, hydraulic engineering,

geotechnical engineering, infrastructure planning and concrete engineering).
6. Answer the questions in mathematics part. And choose four from specialized subject

parts and answer the questions,

7. Youcan ask the instructor to exchange this booklet in case of sheet missing, disorderly

binding or unclearly printing.

8. Use the blank sheet of this booklet for draft writings.
9. Youmay NOT take home this booklet and answer sheets.
10. You will NOT be allowed to leave the room until 70 minutes have passed from the

beginning of the examination.
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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
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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.



K2 (HEILF)

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



K3 (HBEIZH)

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



K4 (KIZF)

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
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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.



KM 5 (KIZ)

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.



K6 (HATE)

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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K1 (&)

Part 1 (Mathematics)

WORE[LL[2] 2T~ THE R EW,
Answer the following questions [1] and [2].
[1]

d 2 2
WIS =2 =

w

D— Ry () %KD XK.

. . . . _dy _ x*+y?
Find the general solution y(x) for the differential equation, Tx = o

Q)P FHRA ¥y — 5y + 6y = siny O—iFEy(x)&RD L.
Find the general solution y(x) for the differential equation,
¥ — 5y’ + 6y = sinx.

2]

(D LT DATFIANIERIA &5 Hagi~, IERIR & X#ITHI 2 R X
Examine whether the following matrix Ais regular or not. If it is regular, then
calculate the inverse matrix.

3 0 2

-1 2 -1

-4 1 -3

A=

(LT OIFTFIAT DO THALB AHED TS, FHER OPIAP = DL 72 HIEA
THIP L XAITHIDERD L.
Examine a possibility of diagonalization of the following matrix 4. If possible,
find an regular matrix P and a diagonal matrix D such thatP~*4P = D.
3 -1 2
A=[ 1 1 2]

-1 1 0



HFRE

Specialized subjects

100 EoKMOTNL dEZRIRUEETDZ L,

K2,

RE 6,

3 :
KR4, 5 :
T

KE8, 9:

KR 10, 11

.

HET

AT

Hiig T2
AREIE S
ayy Y— I

AR VERICER SR TS,

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

Part 2, 3:
Part 4, 5
Part 6, 7:
Part 8, 9:
Part 10, 11:

Structural engineering
Hydraulics

Geotechnical engineering
Infrastructure planning

Concrete engineering

Questions of each part are written in the following pages.



1.

X2 (BFEF#EEB)
Part 2 (Specialized subject)

KM AB LB TENHIEL T 5 A3 2L DT Y AC O bH wh) 2R k.
B S-LIRT LI, 119 ACOBIFHMEIXEI THY, FROEABICEVUER
L, BAARBCEDATRTOALDETS, Tk, wix QAL AXIINS1
DIEY L9 5.

Calculate the deflection, w(x), of a beam AC with the span, 2L, subjected to a uniformly

distributed load on the section AB. The beam AC has a bending rigidity, £/, a hinge at the
center point B, and is embéadded to a wall at the edge point A, as shown in Fig 8-1. The origin

and direction of w and x are defined in Fig. S-1.

pix) = const. -

EI(x) = const.

X S-1
Fig. S-1

2. FIEIZVERICBIT 2 EERRE - BEARBOREDTTHEI ZLDOTERWTIYDOE

WE, BS20Fho T ~UGRURSTEALL L, BS2 TlIMiNERNFRL
THPNTEY, REWBERZECSETWDHANE2RLTND.

Chose all beam deformations which dor’t satisfy the assumption in Euler-Bernoulli beam theory
in Fig. $-2, and answer by symbols. Infinitesimal deformations are drawn with exaggeration and

arrows show the external forces causing the deformations in Fig. 8-2.



v

Ty

;,//// Y

. . —

7 Z

(c) (d)
———————— MO —— EBROTBH
Original geometry . Deformed geometry
B S-2
Fig. 5-2

3. HIREEHEIICB AATHIGH ERBIGNT2VWT, 50~100 FRE CHlE X.

Explain the nominal stress and the true stress in finite deformation theory in 25 — 50 words.

4. Y £ 5RIT DI NA— T ABROME ) FEVRE#E 50~100 FRE THAY
&
Explain characteristics of the cantilever truss type in bridges from a viewpoint of structural

mechanics in 25 — 50 words.



K3 (FM#HE)

Part 3 (Specialized subject)

. BS-3&BML, WRa/b=3/20 4UEMIHRICIIT 2 1 k®— FOERHREE,

DEZE X L.

Answer the buckling coefficient &, of the first mode of 4-sided simply supported plate with the

aspect ratio a/b = 3/2 referring to Fig. S-3. l

n=1

-
.

g "‘\":'*‘?’ »
= R AN
6 Lo\
k, 4 | .
2 &
0 i

X S-3
Fig. 5-3

. XS4 ERHTIC BT AARIT v TERLTWS,. AL Ty 7 ERITHERAE 50~100

FREE TR L.

Fig. S-4 shows a scallop in steel girder. Explain the reason of making scallops in 25 — 50 words.

B S-4
Fig. S-4

. HRREIT ST BEEHRECER & EIZ oW T 50~100 FIRE THRAAE L.

Explain causes and countermeasures of the fatigue damage in structural steel

bridges in 25 — 50 words.



4. B S5I07T 2 HHEZDEHT— FCELT, EER:FDEEEZ RO EDE
FIHTTEZ L.
Caleulate the modal mass and effective modal mass of the vibration mode of a 2 DOF

system illustrated in Fig. S-5 and answer with 2 significant digits.

S-5
Fig. S-5

5. EEIOE— FIEFTIEIC2VWT 50~100 FRE THHE L.

Explain the modal analysis of vibration in 25 — 50 words.

6. SHIEHEEICSOVT 50~100 SRIRE THEAY L.

Explain the seismic base isolation structures in 25 — 50 words.



K4 (FMRHE)

Part 4 (Specialized subject)

UTFOBRB1I~3 OWTHICLBEETIZ L. LERESEREELTAVD L.
Answer the following questions 1, 2, and 3. Necessary symbols etc, should be defined before

using them.

1. KBBR8 om DREDIEMRIC, Z/ADBEY [T b, WE 4 em (ZHE/D
ENTWVD., ZD/ ANHhHKE 20 mis DFEETHEELTNS L&, J ANHE
CBIETHFERDE. EEL, BEREXEERL, KOBEL 1.0gom’ LT3,
A nozzle is attached to the end of a horizontally placed circular tube with an inner diameter of
8 cm, and the tube is reduced to an inner diameter of 4 cm. When water is discharged with a

‘ velopity of 20 m/s, calculate the force F exerted by the nozzie on the flow. Suppose the density

of the water is 1.0 g/cm® and ignore friction losses.

i

[~

Dy=4cm

2. RERFARIARED=05m OMEPTRIOL S TnD. 2oL E, Bl
TOBWIZEZ L. Acircular pipe with a pipe diameter of D = 0.5 m connected to a large

reservoir is shown in the figure below. Answer the following questions.

H=10m

EEH

" Reference level

(1) BB OREBERIRES f= 001, ALOBRESGEE K, = 0.5, —»Fbic ) OEHR
OREREE Ke=03 £ T2 & %, BEROTGE v, 3L UWEE 0 #3KD L. Ifthe friction



loss coefficient of the pipe is f= 0.01, the loss coefficient at the inlet is XK. = 0.5, and the loss

coefficient of refraction per location is Ky = 0.3, find the velocity v and the flow rate £ in the

pipe.

!

() EEAMRIC ERERHE, &L RF—RL BERKOERZHT. Draw the same
figure above in an answer sheet and add an energy line and a hydraulic conductivity gradient

line in the figure.

3. BEOTINE - IEEBHO2RICIAL, EOREEECH [gh TREND EF

5, Lok, BENEEP DBV KIKICEET DIt THENER T L %,
BREAVTHAE L. 2L, gbIthERENINEE, KETHD. Assume

that the energy of a tsunami is proportional to the square of the wave height /7 and that Jg_h

expresses its transmission velocity Cy. Explain, using the equation, how the wave height
increases as the tsunami propagates from deep water to shallow water. Here, g and # are the

acceleration of gravity and water depth, respectively.



K5 (FMFE)

Part 5 (Specia]ized subject)

UFO®BE1~3 DWTFRICHLET I L, MVERESERERFELTHNWDZ L.
Answer the following questions 1, 2, and 3. Necessary symbols etc. should be defined before

using them.

. ¥R a D 4450 1 AOTPTAY— b5, 05— MERAT 5 2KEERKE
HE (Py) ELEFE (P 125 TR, ThEhOEBADHE (2 x) ZRD
L. &bic, &KEE 1 D0 (&7 P) TRULHEOHBRATL R4 0 2k k.

L, A—FOBRITEIX 1 LT 5. There is a radial gate with a quarter circle of radius a.
Find the total water pressure acting on this gate in the horizontal (P#) and vertical (Py) directions,
and the position of each point of action (z., x.). Moreover, find the angle 6 between the total water
pressure and the horizontal when the total water pressure is expressed as a single force (combined

force P). Here, the width of the gate is assumed to be 1.

IT77 77 T

2. BEEILANEBKKIZELTIHAICBWWTEL D 2KEREHIT. =KL, %
NENDKEIC DWW THEE 2B ZMA S Z &, Draw the water surface profile that
can occur when changing from a mild slope to a steep slope channel. Moreover, include a brief

description of cach water surface profile.

ERE
Mild slope

S#HE
Steep slope



3. BEOREERIZOWTHEAY L., MAT, BPWELERT-DICERRTE
% 2 DLl SR L72 Zv . Explain the mechanism of storm surge. In addition, describe at least

two effective countermeasures to reduce the damage due to storm surges.



K6 (FEFFHE)

Part 6 (Specialized subject)

T RCOFFMICE X L. Attempt all questions.
VIS U CET R RE 2 5% 1T K. Make suitable assumptions wherever necessary.

(1]

UTICATAEESHAT L. DEREFEIERT I L. LELSTTH - 3z R

AL T% LV, Explain the following terms. Define the necessary symbols. You can use illustrations

and/or equations if necessary.
() T 7 —FOIFIAK Terzaghi's bearing capacity formula

@
3
4

[2]
M

@

€))

Py Rany g A VT Sand compaction pile method
TIEFREAEH Soil water index
& A LA # i — Dilatancy

TRROERMIZE X L. Answer the following questions.

BHEARROESAZENEE—A 0 —rOREEREREFRL, Fr¥ ok
BT AEGRE - B TEREL BT, BEREFEIERTIIE.

Show the Mohr-Coulomb’s failure criterion equation using the principal stresses in the effective
stress representation. Derive the coefficients of Rankine’s active and passive earth pressure.

Define the necessary symbols.

HUARARATAE 2> & B O RENE R 2 HEE T D 5 EEA L, MR OB T %
DEVHBERBE IR/ RIFTREBIC OV TIRA L. SHELRRBRESETIZ L.
Explain how to estimate the ultimate vertical bearing capacity of a single pile from the results '
of geotechnical investigation. Discuss the effect of different methods of pile foundation

construction on the ultimate vertical bearing capacity. Define the necessary symbols.

BE [° JOERMEADHD. HRHOTRYVEECORSIIRE (EH) FMIZ H
[M]T, TV EOR/ERIHMEAEIZE L. HTAMITTROEL VRY. SEEiE.
et B HIEE T, WA ERE R yN/m®), ST o[kN/m?), W ABTIEETA
A ITHD. OMNECEEEEELAXEMT. LEREFIEETILL,
There is an infinite slope with angle i[> ]. The depth from the ground surface to the slip plane
is Hfm] in the vertical (gravity) direction, and the angle of the slip plane is equal to the slope

angle. The groundwater table is deeper than the slip plane. The soil constituting the slope is

" homogeneous, and the wet unit volume weight is #[kN/m?], the cohesion is c[kN/m?], and the

angle of shear resistance is ¢[° ]. Derive an equation giving the factor of safety for this slope.

Define the hecessary symbols.



K7 (FMFE)

Part 7 (Specialized subject)

TARTORMNCEZ L. Attempt all questions.
WAEIZ IS U2 {RE 8% T & . Make suitable assumptions wherever necessary.

[1] UTFSRTRAFELHAT L. DERRFRERTIZ L. LECHCTH - 27
B LT%H LV, Explain the following terms, Define the necessary symbols. You can use illustrations
and/or equations if necessary.

(1) 1BREE Relative density

(2) A V7 Boiling

(3) ZRJE#E Secondary consolidation

(&) /S—F B FL— T Vertical drain method

[2] TFTEEDOFRMICE X K. Answer the following questions.
(1) FABRLL e, BATORE S, Skt w, LRTOHE GIZOWT, eSewG:BRALTHZ L%
Y. RBERREFTERTLL.
Show that eS=wG; for the void ratio e, saturation degree S:, water content w, and specific

gravity of soil particles. Define the necessary symbols.

(2) BriKERERIC OV TR E AV CHEAE L. ¥ o ZRRiRihRE R 520 0R
L RRTZ L. MEREBIERTLIIL. ‘ '
Explain the zero air voids curve using a diagram. Show the equation by which the zero air voids

curve is obtained. Define the necessary symbols.

(3) TREEAMER AR IRBERIcHE, TOoOREFH L CEMZEMBELHBAE L.
VERESELERTHI L.
Illustrate a diagram of the failure criterion line and the effective stress path. Use the diagram
to explain the short-term stability problem. Define the necessary symbols.



KRS (BPIRLE)

Part 8 (Specialized subject)

PLFD 30T 2MREY . Answer all the questions from 1 to 3.

L UFORICRTES R, BRX &Y TRESRE SHEOF—F08H5B. Y & X TR
TElF Li-Rl, EURRORERE MURUITE 2 (IET) &R 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 1 2 3 4 5
Y 3 4 6 8 9

2. UTOREFEIC2OWT, T CaHARE K. Explain the following words.

(1) ZEEERREEGE O EROFEMIC 1T B Do-nothingZE & V352  Do-nothing and alternative

plans in transportation project evaluvation

(2) WEHSHZBRE Desi(gn Hourly Volume

3. BATORIVMIZ £ L. Answer the following questions.

EVEE Lo T & ROCERRITHEE 40[km/h], EE 30[SAm] TRAEN—HRILET LTS,
ZZC, BEZ) 7:00 WSERE 30[km/h] D RELED | fh&EENDAL, FORRRBEICEK
AIZITRAEIGERET 2 BE 60[E/km]DIEE RS E I, KBEX 3km]ETL
Th&BEICHt Uicizy, EHORMEIIEENOIEK, #EEE 60km/h], FE 40[E/km]T
ETTB LR, BRGICERRERIMESL. Zod &, MERERIE LR
ol ORI L, EHONCERENEN URZZRD XK.

Passenger cars were running uniformly at speed of 40 [km/h] and density of 30 [veh/km] on a highway
where overtaking is not allowed. A large truck traveling at 30 [km/h] entered on this highway at 7.00
am, then a slow-moving platoon of passenger cars whose density is 60 [veh/km] is formed behind the
truck. The truck traveled for 3 [km] and exited from the highway, then the following passenger cars
were able to run at speed of 60[km/h] and density of 40 [veh/km], and the slow—rﬁoving platoont was
resolved finally. Answer the longest length of the slow-moving platoon during the above-mentioned

process and the time when the platoon was resolved finally.



K9 (FM#FHE)

Part 9 (Specialized subject)
PAFD 2 BT 38w K. Answer all the questions from 1 to 2.

1. LFORFEIZ-2WT, AT TREPAE X. Explain the following words,

(1) HE#ET Garden City
(2) ZBEEFEE<HRY AL M Travel Demand Management

(3) Mobility as a Service (MaaS)

2. BUFOBIWCZ % L. Answer the following questions.
(1) WEHERBREEE LTHRKEEREEOFTERIGER LHEREZ B~ L.
Describe the main differences and common points between the land readjustment project and the

urban redevelopment project.

@) BHRECTOT 7 EACBNT, SEASHE TR FREO P L REOREE
WIRT AITENCR LCHEAL 5 5EFAVEET, TOETAVERAY L. O, 77
EATEPEEL LT, 3OULOREOFREYMEL, FFROFRICHEEEZ DD
EREEOER GAZE ZEREX.

Describe a model that can be used to explain the choice of a mode to access a rail station among
different available modes. Assume three or more specific access modes, and define the specific

factors (explanatory variables) that may affect the choice of each access mode.



Afi10 (FEMAR)

Part 10 (Specialized subject) .

ARERBHEIEER S 2 S TR BT LEaITiE, ZO0oMEMsEEEER L
b g AT LV, Attempt all questions. Answer the following questions. If you cannot find

any required characteristic vatues of materials, you may solve the problems by defining them.

1.

AT D~Q)D RO FHERIZDNT, ELWVWHE I DERIEE L. o THWAEE

IIREEETR & & BICIEE % /RT 2 &. Examine the underlined value or terms for (1) ~ (3). If it is

wrong, show the correct value or term.

(M

@)

3)

20 EVIRER T HBESTR FENIE T, MOofEE —EEETITSEE D25 25

D19 iEHET 5 &, WEBRLHE T EMREEICEITT 5. There is a beam which is

designed with balanced reinforcement ratio with bar diameter 25mm. If you change only the
diameter from 25mm to 19mm, it fail in flexural compression failure mode,

R H—F v FORBEMFEE 400mm A5 200mm KEE T2 L, AF—F v FOEES

2{EWT B0 LREICEHRENEOND.  The change of stirrup spacing from 400mm to m,

is equivalent to the change of stirrup diameter double in terms of shear capacity of reinforced

concrete beam.

BH(a)(b)I 2R3 L B OB OBm O 2B TH 5. #HAALE e=2.0m 127
B P=300 kN #&fr L7255, $18ME#E 4 5. The N-M interaction diagram of column
displayed by figure (a) and (b) is shown as figure (c). I the force P=300kN is applied, the colﬁmn

fail in balanced failure.

— b=400 mm
;E’ e=20m 1000 A(O,IOO(?)
; T oo 800 frmmmmeeee e e L
i HIE ' 2 i
BRI D i § g 2 P 600 |o-mmnmmenmeed Rt e (50961()
Cross section at / LY y ' = 5
bottom of column . LR ST o 400 [remmmmmesees { """ '6(609‘4009 """"
M:;Le i , Bl i 200 fmomemoeeeees """""" ” * """
i |f 4 o :
! E(0,200) . D(B50,0)
i ‘ _200 H : 1
I L 0 200 400 600
; Bending Moment M (kNm)
(=) 1ZI(c)
2. (& b=450 [mm], & h=850[mm], HZ&E d=750 [ mm]DEFH =2 U — FE’H

. aryl— h OEMEIRE I fac=30 N/mm?), &kl SD345 (MRREEEE



. fy=345N/mm?) @ D25 (1 AR 7= OAFMIER 506.7mm?) % 3 ABELTW

3. HITEIRMET S LEEL T, STOREAVTIOEMAERA LN SRR
(F) #fE—A b (B Mo kNm] 2R &, SEHO¥ 2 74353 Es

=200 [kN/mm*| & T 5. Calculate ultimate bending moment M, [KNm] with the condition

b =450 [mm], h=850[mm], d =750 [mm], f« =30 [N/mm?], fy=345N/mm?>, 3 of D25

reinforcing bar (As=3*506.7 mm?) and Es = 200 [kN/mm?].



K11 (EMER)

Part 11 (Specialized subject)

1. 27 Y— MEEWDOMAM  durability of concrete structure

FOE & BRI ORERH, GBBEENERA M7y a v THBORRTHS.
OOHEETIHBIRSEHICERBRARLN, QOERTIIRF—7 v 7OEEIFFERB SN,
Table, drawing and photo below are the information of a part of post tension prestressed concrete T-
shape girder bridge located in the costal line road. which is already replaced by new bridge. Serious

corrosions of tensile reinforcing bar and stirrup can be observed in O and @ region respectively.

e

IORIRFELHKBERPECIFHE L TEADNSZ L%, a. $H, b
c. L © 3 SOEAEMNLR~RL.

corrosion in terms of a. material, b. design and c

11

items Type/Value I 45 . ,
Bridge system Single span e : __ﬁ,‘%
Length of beam 17.62 m m%—_i?_'ie o ___;wz__’"___i_ — __!_mlj -+
Completion 1972 . l A e
Removal 1997 C E S
Concrete strength | 400 kgf/cm? 4 Y - rs__"cﬂ.w_
PC strand 1247mm X 5 Wi . \”—';
Reinforcing bars SD30 (D13) - ies “% — L
Pre—stressing Freyssinet E’ﬁ_‘ E’:jm
method {b) i oW {oyiniamai

P ' )
s , )
o T .l_, v L o,

construction.

ETLE

Xal,

Determine the possible reasons of serious

1-2 b LIOBEREETICH L 1 BRETHER LRTHIRRLR2VWES, S0X 5726

EZHTOR IV, Bil-0Zir L.

year, what kind of repairment is needed? Explain what you know.

1.3 H LTFEBBELRTHTO»DNESL bh—F LMIETE 2WiEE, HRlidl

Lo OERARRT 20 BRTIEME ZOEHITOVWT, HATXL.

If you must use this bridge one more

Which region

(D or @) should be firstly repaired if your budget is limited? Explain your

decision of priority and its reason.

2. TlyiaargY—rbkars Y- hOiEIL fresh concrete and construction
2-1 2= RFPaAfrhean TvAZ R LWSEERFHVWTHREAR L.

Explain



“cold joint” by using the term “laitance”.

22 MEGEEE 7V —F 4 T OEREWE, RERWTHBAT X, Explainthe difference
of “segregation” and “breeding” by using drawing.
23AEﬂﬁ?V/Vnﬂ/ﬁj_bwU*ﬂb)T%k%t%?ﬁ%k%@%ﬁ PN
DWW L. Explainthe effect of air entraining agent to the workability of fresh concrete and

its mechanism.

3. BEAMERA~OEE  Mitigation of environmental load
ay 7 Y — FOBLEIZER L TIThh T S BRARNER DB OWT, (1)yEA b,
QYBMIZET 2 b0 EFTNEFNIAE L. List up and explain any activities for mitigation of

environmental load relating to (1) cement, (2) aggregate, on the process of making concrete.
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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
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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
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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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‘ Cautionary Notice
Do NOT open this booklet until the start instruction is given.

Use your black pencil to write your answer. _

Your answer must be written on your answer sheet.

Write your applicant number in the cover pages of this booklet and answer sheets.
This booklet contains one mathematics part and ten siaecia]ized subject parts (two
each from the five fields of structural engineering, hydraulic- engineering,

- geotechnical engineering, infrastructure planning and concrete engineering).

Answer the questions in mathematics part. And choose four from spemahzed subject
parts and answer the guestions.
You can ask the instructor to exchange this booklet in case of sheet missing,
disorderly binding or unclearly printing.
Use the blank sheet of this booklet for draft writings.
You may NOT take home this booklet and answer sheets,

You will NOT be allowed to leave the room until 70 minutes have passed from
the beginning of the examination.




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,
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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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Cautionary Notice
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Write youf applicant number in the cover pages of this booklet and answer sheets.
This booklet contains mathematics questions and questions of five specialized’
subjects (structural engineering, hydraulic engineeriﬁg, geotechnical engineering,
infrastructure planning, and concrete engineering). -
Answer mathematics questions. And choose 1 out of 5 specialized subjects and
answer the questions. i ‘
You can ask the instructor to exchange this booklet in case of sheet missing,
disorderly binding or unclearly printing.
Use the blank sheet of this booklet for draft writings.
You may NOT take home this booklet and answer sheets.

You will NOT be allowed to leave the room until 70 minutes have passed from

the beginning of the examination.
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Mathematics

WO [2] % TR THEE 2 &,

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

[1] | |
(1) y" +4y' + 4y =0, y(0) = 10, y'(0) = 10& 7= T By (x) &R L.
‘Find the function y(x) such that y” + 4y’ + 4y =0, y(0) = 10, and
y'(0) = 10, ' '
()W TRy + 2y = cosxD— iy (x) KD L.
Find the general solution y(x) for the differential equation, y’ + 2y = cosx.

Y

[2] | |
(1) LAF OATFIAIER A E D g, ERIR G IX#ETHZRD K.
Examine whether each of the following matrices is regular. If it is regular, then
calculate the inverse matrix. ‘ '

[z 4 -s 2 2 41
@f2 -3 1 (b)_[S 0. 8]

-3 1 2 2 3 3
: 2 0 2 _
(2) A=| 1 -1 =2[ic2WT, PAP = DA A IERIITFIP & Xt ATTHIDE K
k=1 3 5 :
H&.
2 0 2 :
Forthe matrix A=|1 —1. —2},find aregular matrix P and a diagonal
-1 3 5 ' ‘ .

matrix D such that P"1AP = D.
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Specialized subjects

P96 5% (METE, KTE, #ETE, LAMESE, a7 Y- bIF) OFHL10FE
BN L EOMBEEMEST D Ly

Choose 1 out of 5 specialized subjects (structural engineering, hydraulic engineering,
. geotechnical engineering, infrastructure planning and concrete engineering) and answer the:

questions.



WETE

Structural engineering

B R 2 ERERR O AB BICESTHE w SER LT D, XARNE, V=

Zwl. Vg =2wl, Vo= -2 THEAbRB. ROMHRIES B & LT, ROMEE

BLpEW,

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, shpport reaction

1)

2)

forces are given V, = Zwl, Vg =2wl, V, = -2 Note that bending rigidity of the beam
16 B—g™h YC 16

is EI.

EI

e T
Va Vg e

B 1 23RS

Fig.1 2-span continuous beam -

B AB B OWAM A5, i E— AV AT ERD, RIFALRSV,
Calculate shear force distribution and bending moment distribution for the section A-B of the =
beam, and draw the diagrams. o ‘
bbb fAEEMNEZ & T, XARAVABERRERDZ &R LR E,

Using a slope-deflection method, prove ¥4 as shown above.

A S
B ABICHT HLLRARE, R (1), Q) oLiHicErbhb,

LN p id » |
/RB)MM ’CAH %}j I ll % Cﬂf

B

M4z

_ CAye/

Myp = Zlﬂ(ng + 65) + Cap (1

Mgy == (8, + 265) + Ca @




wi?

DT T M, Mpal ijn%%-f 2 N\ Cas, Con FEB S TATERIC iéﬁﬁfﬁf Cap =~

12
TH D,

Note that the slope-deflection equations for a beam A-B are givén by Egs. (1) and (2) where

M,z and Mg, are member end moments, C4z and Cp, are fixed end moments, and Cyp =

wi?

12"

RtHE DRI OV T, THBREE), TtkeEL) . TIEMED, TRED). DT, SRl T
PRI OELRA G, 200~300 FTRA LA EW,
Explain characteristics of steel structures in terms of strength-to- we1ght ratio, supply, ductlhty,

quality, workability, corrosion and thin wall structure by 50-150 words.




2. iREN ’@Téﬁ?@ﬁﬁb\i:ﬂifi by,
. Answer following questlons of vibration.
1) B2 R TRuANBERT S | ERFR @;ﬁ@]jﬁsﬁ T, KQB)TREND., ZOERE
FOEFIREBAEL, X @) BEV (5) Tﬂ‘él}’béo :m: &, UTOO~@DRVZ
IR E N,
An equation of motion of a 1-DOF oscillator subjected to a harmonic external force shown i in Fig,
2 is given by Eqg. (3). A stationary vibration response of this system is given by Eqs. (4) and (5).
Answer following questions @ - @.

m¥ + ¢cx + kx = Fysinwt | 3)
‘ k ¢
X = (F"/zk) sin(wt — @) 4 , LIJ
@ 2 2 .
[t e | —
2n ’ - ;
¢ = tan~? ( o ) ©) Fosinof
| () o "2 1 EARERE

Fig. 2 1 DOF oscillator

© @, ) BT, [E TERONER, DT LEMLE S B, T 20
oUW THRIZEB Lz av,
w1 in Egs. (4) and (5) is given by \/g . What is w called? In addition, explain o, briéﬂy. ‘

@.3X (@) BT D k(= cl2mo) IMBEREBELRTH, h=1 OREIM LIRS0 EE
ZIRE N, e, TOREBREOL S LREPEZHBEICHALAR S,
h (= c/2mwy) in Eq. (4) is damping ratio. What is the state at # =1 called? Explain brleﬂy what
that state is.

@ AHEEKeEELS Y L & ORBIGERE X LHIEM X = FRE) Ol (BIRGE

E2) BLUMIBAeR, ThEnE3IBIVOM4OL3ICRS, Z0LE K3IBLIW

2 4 EahDBEMNRERSEE 35T, ZORBITONVTERL L LIZ, FAER
S0 FIRETRBALREY,
A dynamic amplification factor, the ratio between vibration amplitude X and the static deflection
Xo (= Fo/k) with changing the frequency @ of the external force, and phase angle ¢ are shown in

* Figs. 3 and 4. Explain three characteristic phenomena found in Figs. 3 and 4 together with their



TEasons.

2

Kb%fy¢%3

3 DR TEORBERB LRI,

@ [93 1B T, BRI ERE (5 = L) BEAE R DD REE KD,

Obtain a condition of “w" that the dynamic amplification factor ( Xig =

maximized in Fig. 3. Explain its characteristics related to Fig. 3.

6 r 180
. I
g 1
=5 “
* o
2 8 -
g’ %
i B3 £ S0
T 2z
g, 47
2 m
e
-
&, 0
0 1 2 3 4 o - 1 2 3 4
w|Ext ol ] IRENELLE - wlw,
(Frequency ratio} {Frequency ratio)
B3 BRI ®4 (s
Fig. 3 Dynamic amplification factor . Fig. 4 Phase angle

2) B5 ZRT2@7—AV0KREFROE BRSEETES RN, KO0 L ZE
END, ZIT m mBEC k., hit, TREN1EE, 2BRAOEER LUHHESE
KDL, BEIZVWHDET S, m=m. h=h®DL &, ZO2B7— A OEFIRE
. BERBE— FekniEwn, 28, BARET— FREFLT5 L,
Equations of motion of a 2-story rigid frame structure shown in Fig. 5 are given by Eq. (6). m; and
ma, and k1 and k2 are mass and stiffness of the 1st énd 2nd floors, respectively. Damping of the
| structure is assumed zero. Assuming that m1 = mz and k1 = k2, calculate ‘natural frequencies and

vibration modes, and show the vibration mode shapes.

(3 m) )+ ("7 6= 0 ©



k

m X1
IR ———
k1

Hs 2@7—Av,
‘ Fig.-5 2-story rigid frame

3) IRENCBET A BUTF OAREIZ OV T, BREH 50~ 100 FERE TR Lz,
Explain technical terms below related to vibration by 30 ~ 50 words.
DB HhiRE) & SRk HRE
Free vibratioﬁ and forced vibration

@ik

Resonance

BRiR

Base isolation
@ B RS
Self-excited vibration
®F— FIETIE
Modal analysis’
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Hydraulic engineering

UT OB 1~7 OVPRICORET 52 &, LERRSSILEELTAVNS I L.
Answer the following questions 1 to 7. Necessary symbols etc. should be defined before using

them.

1L O LSz, WEdom O XAdBKE 10 m/s QFEL TR Sh, Tk FisE
PN HIREIZ S D, 1200 MFsTnd. ZokE, UTORMWZERI L. £
2L, BEEAEZERL, KOBEL 1.0g/em® &7 5. 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
‘ discharged flow hits the surface of a curved plate that pI'aced horizontally and is bent 120

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

(1) TOREXZRDOILERND x FHAMS Fr Z3R¥H L. Calculate the x-direction
component of force acting on the curved plate. |

(2) ZOWELIBDICKERAD y FIERS F, %KD K. Calculate the y-direction
component of force acting on the curved plate. .

(3) (1), 2) TRDPE=AOEHOMME (6) #RKH L. Consider the direction (8 ) of the
total force that calculated in (1) and (2). | |

' 4em
i .“.i.}_} _________________ Y
" 10 m/s

X

: | | y .
2. WHRFWE z=x+iy IBOT, WREERT L L v WHRW=UZ TRDEND 2K
FTERTF e MENEE LS. ZOMNBORBRORERDRZES V. Ehiz, fhgE
OBTERFR LRSS, 1R, x yidER, (MEREN, URER (ROER

T# 5. In the complex plane z = x + iy, derive the e;:luation of the streamline of the flow

described by the following coinplex velocity potential. Also, sketch the flow field. W= Uz,

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



3. BAOLEREEZS. BLAELEY b HEHBAE, HOOMBC LY 2
DEREOLEEESRET S, 20L&, HLOMEORDFEXETHRAT S & &I,
FHREET S LE&0EL, B, HOOEREHAR L. Consider the stability of the
floating body. If the center of gravity is above the center of buoyancy, the stability of the
floating body depends on the position of the metacenter. Explain how to find the metacenter in
sentences. Moreover, when the floating body stabilizes in the above sitﬁation, explain the
relationship between the center of gravity, the center of buoyancy, and the position of the

metacenter.

4, RO XD ICHIEH A4, D2 SOKWIHE Z (BED, RS L, BERES) T
FEENTHD. THOKIEFLHTHY, FAAEOKRMRELL RDZETOREE 6
ETB, ZotE, UToMMIEZ L. 2EL, TFoBEEMSO=2LF—HRE
WETEBLD LTS, As shown in the figure, two water tanks with cross-sectional areas
A and A4; are connected by a pipé Z (diameter D, length L, friction coefficient ). The initial
water level difference is 7, and the time until the water levels in both tanks become equal is f.

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

(1) % ZAOFHE v 2% OBEBRIKIE Ay 2 FVVTHRE. Consider a flow in a straight
pipe Z. Show the flow velocity v using the pipe friction loss head Ay
(2) IE ZOBRED % 45 LIcBE, AMEBEL 2D E TORRIT o DMTEFICIRD
%23k ¥ &, When the diameter of pipe Z is four times larger, consider the time until the water
levels become equal. Answer the tirﬁe using fo. '
(3) WHADKEE HE 20T &, KIS L < 223 E TORMIE 6 ORIfEHR S
73R ¥ . When the initial water level difference  is doubled, consider the time until the

water levels become equal. Answer the time using f.

A,

Ikl

1[I

o




5. KEHKGE 1 (—&) O—HZR LB FHBTEIARICI TAROR T H Iz ks
WA L W RENBWEREEZ XS, EEL, x R THAEE, hITkE hid%
FOKEE, b ZRRARETHS. i 2 ZOKBORRAELL, i<, ThHLE, UT
DT E % 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 depth, 4, is the normal depth and A, is the critical depth. When 7 is smaller
than the critical slope i, of this channel, answer the following questions (1) and (2).

dh_ 1= (/)

& 1=(h /)

(1) K h DHEIC &> TEROLF, FBOHE, SO ddOFFREDLI I
Bp%#EEZEMRL THE. Create a table to show how the sign of numerator,:
denominator, and dh/d.f of the above equation change depending on the range of water
depth. _ _

Q) ZOWEROM) B 5KEHOHRERFEL, LEL, ThEADKEMICIL
LHEOTTRARE L. Fh, ZhbORTPICRAKRE, SHAE BIURRAKA
VRE R EHE FNEREM L CHX 72 &1, Sketch the possible water surface curves
With their names. Moreover, draw the straight lines that represent the channel bed, the norme‘ll

depth, and the critical water depth separately.

6. WMOWHFEAD. MARMM TRAKTIRE D &5 ICBET 50, HERTE i,
Z DR E AT X, Consider waves in thq ocean. How do water particles move in the

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

7. FTROL S CABOKMRKRCRESNTOS. Z0LE, KMEEATELK
E, BLXUZOERAEDOME () 2RO L. 2721, BEAMEEE 98 m/sh, Ko
EEH 10gm® £33, A circular gate was installed in the water as the diagram below.
Consider the total pressure acting on the gate, and decide the point of application of force (y.).

Here, the acceleration gravity is 9.8 m/s? and the density of the water is 1.0 g/cm”®.






{1l
(1)
(2)
®
(4)

()

[2]
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Hisg T %

Geotechnical engineering

UTOFEAZRAE L, Z\E#JGL’CI BHEEFALTH L,

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

LRSI

Coefficient of passive earth pressure.

Tla—F 4Lk
Preloading method.

7A 77—
Quick clay

#ai%ﬁ

Allowable bearing capacity

F—R_—m I 5
Overcompaction

EHRERH L & BEERS LT EhIcx LT, CDRER
LOURBZ =T 5, BAMEROERBOREL, | ¢ 9

HTIT . 728, &ldWOTH, e iEEERTHD, &
o, P RFHEICH, X RESHTHY . FRME

. &,
LEERB, MTFORNCES L, e ¢ P

CD and CU tests are carried out on normally consolldated o
and overconsolidated clay samples. The state of each sample
before shearing is indicated by circular and square symbols,’ _
. . m]
respectively, in the figure. The samples are sheared under [IJ
constant cell pressure condition. & is the axial strain, and e is e 7
'd

1 (Figure 1)

! !
the void ratio. p’ (= %%ﬂ;) is the mean effective stress and

q(= o — oy) is the deviator stress, where o’s and o are the
effective axial and radial stress, respectively. Answer the following questions.

CORBRIC I A EREER T L IBEEH O FTAWEOIEEIZ 2N, B IEFRTEIRS ST
MW CTEMSICEIE L, ‘

Hlustrate the shearmg behavior of normally consolidated and over-consolidated clay samples in the CD test
qualitatively using the graphs as Figure 1.

CURBRIC BT EREER L L BEERELORAMRBOEE I SNT, B1ICTRTEI Ry 57
R CEMR IR L,

~ Tllustrate the shearing behavior of normally consolldated and over—consolldated clay samples in the CU test

(3

qualltatlvely using the graphs as Figure 1.

SR EME & B L. £io. CDRERETURED 2: 5 eI EREORIHI L VIE
LTnah, BELEDTEALL

Explain the short-term stability problem. Answer which of CD test or CU test is suitable for lnvestlgatlng
short-term stability problems. '



31 £MHA bS]+ 258 L Ot b2 0 (68 30,000 m?, £ LAV EE 40 m DELFERL, EE
PEREIZ K 0 BT B, BHILITEKEL w=12.0 %, BB = 1,900 kg/m’ TH Y | #HEHDHBK T
BB KL wop = 18.0 %, B REURTE pumax = 1,800 kg/m? 70, Hio, BE S/ THIE O IR
Hl LB AR A ¢ =30°, $55FH '=0kNm? Th-ote, 28, KOEE =1,000kg/m’, EH
IEE g=98m/s2 Th D, LITORWIZEZ L,

An embankment with a final volume of 30,000 m? and a height of 4.0 m is constructed using 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 Wy and the maximum
dry density pumax 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?2. The density of the water is 1,000 kg/m® and the gravntattonal acceleration gis 9.8 m/s%.
Answer the following questions.

u)@iu%ﬁﬁmwuaéx5&&*L&ﬁ67»k—ﬁ—m;n%@bf‘%ﬁﬁﬁm=nmo
kg/m® 24872, UG DIEMRT <EWHI L L BAKT I KOEEEZEN TR L,
The embankment was compacted using bulldozers with sprinkling water to have an optimum water content,

and a drying density py 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) Wi OEIZ g= w4mmﬁ®%ﬁﬁﬁﬁﬁ¢%fék% %%Lﬁmfézmimmk%é
LR R OREET UG b DIERER RO X, 2k, SAKLITAEDE, BELTHR2aVnsLD LT 5,
When a uniform load ¢ of 29.4 kIN/m? acts on the backfill surface, find the active earth pressure and its distance
from the base of the retaining wall. The water content of the backfill is assumed to remain constant after the
compaction,
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Infrastructure planning

LT3 F'EJGOé'C R L. Answer the all questmns from 1to 3.

1. UFORICTRTES%R, BEX LY THRRSND 55’-&@7‘—5’ B d. Y &X THREER
Lze, X &Y ORERE UMERLUTEZAET) 2RDRSW,
About the data shown in the table, calculate the linear regression equation of Y explained
by X. Then, calculate the coefﬁclent of the determination of X and Y (to the second decimal
place).

X -2 -1 -0 1
Y 1 1 2 5

2. LFORAREICHDWT, #IT TR L. Explain the following words.

(1) BefH mﬁhﬁg L EMPHEE  Time-mean Speed and Space-mean Speed
(2) EEEREHIBIT D ﬁ%ﬂl Hif Transition Curve in Road Design

3 FFrR II\’—'?"“; 3 ¥+ v 7 Transportation Gap

(4) zZZilENHE Traffic Cell System

6)) ﬁl@%‘%%’*’% DAk ’i‘ransportation Demand Management

6) BIETER AL MIEICBITE3Aa—E 4 Scoping Process in Environment Impact

Assessment

3. LATORWZZE X LK. Answer the following questidns.
() EEHIEIC LS BENHFHOERERRAL, EFOVAIARPELTILEM 1 HEEHO
| PERRBNEERIL & 5 BT S e e L, MENZIE CTRIEZSER LT K\, Explain the
definition of delay in traffic éignal _control. Then, explain how the average delay per vehicle changes

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

Q) THFx by LR MIBWT, RICETT 5 ABELSICHT SE T RIS L LT,
EDE S EARREEN O LA &V, Explain countermeasures in urban planning

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



C@) TR & THRSL OBOEBE L BT, RAAAESOERFBICRNTIAL 00
AFBEDLIIEDNHTbN, 4 DEXFICESETEFNICEDL ) RMKPEDIAE
N DD % B L, Explain the differences between ‘disaster prevention’ and ‘disaster risk
reduction.”. And ’explalin for what purpose each idea is used and concrete countermeasures based on

each idea in the reconstruction plans of the Great East Japan Earthquake and Tsunaml.

4 O—RFFSA L BV TERA2HTRBLBREHRAL, BRI H>NTESL,
Explain the features of Road Pricing measure, mentioning applied cases. And discuss the effects of this

measure.

(5) j:ili’.ﬁ@%ﬂ%%&:ib‘ﬁlé 2 DO OV THFAE K, Explain two mechanisms of land

readjustment scheme.
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Concrete Engineering

ELFO2RIZ 3 _THREYE XL,  Answer all the questions.

1. Fig. [ iR ENDEDHITE-A L M2 T HEBEHEFEHEDOIL Y IOV TROMWIZE
% &, 22 Y — NOFEFEREL £=24N/mm?, =27 Y — FD ¥ Z R E~25kN/mm?,
BRAH DMEARBRER X £, = 350N/mm?, Sk O ¥ o Z R80T o= 200kN/mm? TH B, b = 300mm,
d=600mm, d’=50mm ,h=650mm, =27 VU — NOEHFEEOTHIL00035 LT3, FOfth
OFEFRLESUTHEEERE L TAVWDZ L, 4

Concerning the doubly reinforced rectangular beam subjected to positive bending moment shown in
Fig.1, answer the following questions. Compressive strength of concrete f;’ =24N/mm?*, Young’s
modulus of concrete E=25kN/mm?, Yielding strength of re-bar 5= 350N/mm?, Young’s modulus of
re-bar £,= 200kN/mm?, 5=300mm, &=600mm, &=50mm,/=650mm, and the failure strain of
concrete in compression is 0.0035. Other necessary symbols can be used with appropriate definition.

b .

M e e

EEL
h

Fig.1

(1) JEHESED As'=0mm?2 T, 3|IREkF 4=2000mm? &+ 5, ZD & &, ZOWED5IEHKHH
BIRT DROE— Ay bERD L, FETIBRORE LT TRYE,
Assume that compressive rebar As"=0mm? and tensile re-bar 4,=2000mm?. Then, obtain the
- moment of this section when tensile re-bar is yielded. All the assumptions for the calculation should be
explained. - -

(2) EMEEES As'=0mm?2 T, BI3REM 4=2000mm* &35, ZD L&, ZOREIMET SR
DE—AY FEROD L, HFEIIROEELTATTE,
Assume that compressive re-bar As’=0mm?2 and tensile re-bar 4,=2000mm?. Then, obtain the
moment when this section shows failure. All the assumptions for the calculation should be explained.

(3) [ FRE8EME As’=Omm?2 &35, 2L E, ZONBEIASHEL ARO[ BN 4, 2RD
£ }
Assume that compressive re-bar As"=0mm?2. Then, obtain tensile re-bar 4, when this section
shows balanced failure. : ’

(4) FEHESLI A'=T000mm?2 T, 3|RELAH 4=7000mm? &5, 2D L%, ZOWEIKESTS
BoE—2A» FERD L, _ A
Assume that compressive re-bar A4:’=7000mm? and tensile re-bar 4,=7000mm?, Then, obtain
the moment when this section-shows failure.



2. WOEMZOVTHAE L, BE, HACTLDIERHEZAN L.
Explain the following words. You can use appropriate figures for explanation if necessary.
(1) 7LFria B PC Pretensioned prestressed concrete
(2) dhi)EREREEE Flexural compression failure

(3) f£IE F 7 A&  Modified truss theory

(4) #v ilb{’ﬁﬂé | Dowel action

(5) MMZELHMIK Member safety factor
( 6 2R 7‘ vl Consistency

(7) =ik Honeycomb

(8) ASR DEIEXEE  Control measures for ASR
(9) HOWHE Autogenous shrinkage

(10) =X BFREMMT Epoxy-coated reinforcing bar
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Cautionary Notice

Do NOT open this booklet until the start instruction is given.
Use your black pencil to write your answer.
Your answer must be written on your answer sheet.
Write your applicant number in the cover pages of this booklet and answer sheets.
This booklet contains mathematics questions and questions of five specialized
subjects (structural engineering, hydraulic engineering, geotechnical engineering,
infrastructure planning and concrete engineering).
Answer mathematics questions. And choose 1 out of 5 specialized subjects and
answer the questions. '
You can ask the instructor to exchange this booklet in case of sheet missing, disorderly
binding or unclearly printing.
Use the blank sheet of this booklet for draft writings.
You may NOT take home this booklet and answer sheets.

You will NOT be allowed to leave the room until 70 minutes have passed from the
beginning of the examination.
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Mathematics v

HOBEL R /RS R IV,
Answer the following questions {1} and [2].

(1]

(DB C=0CLt2-200 0t DT> THE f=xy+y+ 2o LR EWN.
Evaluate the integral of the function f = xy + y 4+ z along the line segment € =
(2e,t,2-20)(0=st=<1).

(2) I D = (x,y,2) (1 <x=30<y< n,%s z< ZE)COF*J%IS’GE%#Q =xsinycoszZFfEm L
RE,

Evaluate the integral of the function g = xsinycosz intheregion D = (x,y,2) (1 <x<

30<ysmZ<z<om)

(3) f"=2f' +5f=0, f(0) =2, f'(0) =8%&Wi B (D ERDLRIV.
Find the function f(x) suchthat f" —2f'+5f =0, f(0) =2,and f'(0) =8.

101
[2] 1751A=(0 1 O]ECOb\’C\ AT DRWIZE 272 S0,
101
1 01
Answer the following questions regarding the matrix A=|0 1 0|

1 01

(1) PEAP =D L7 5 ERITFIP L HAITFIDERDR SV,
Find an orthogonal matrix P and a diagonal matrix D such that P*AP = D,

(2) B> =A L725175IBERDRE V.
Find the matrix B such that B? = A.



HMFE

Specialized subjects

S5 5 OFF (G, ALTE, MBI LAHEZRE =7 V- FIE) OoFhd 15HE
B LFOREREET LI L,

Choose 1 out of 5 specialized subjects (structural engineering, hydraulic engineering,
geotechnical engineering, infrastructure planning and concrete engineering) and answer the -
questions,



WE T

Structural Engmeermg

DIFORL & 2ICMETAI L. LNERESIHRLORERLTHNDI L.
Answer the following questions 1 and 2. Necessary symbols should be defined before using
them.

1. Fig. S-1 RRTEAMAMHEEZ T 2 BMIEE Co0T, ROFW D~cE % k.
L, 2Ok OEITRIET EITH2 LT D, '
Answer the following questions 1) to 4) about a simply supported beam subjected to

triangle distributed load shown in Fig. S-1. The bending stiffness of this beam is £T.

N

L

v

Fig. S-1 A simply supported beam subjeébed to triangle distributed load

1)‘ KERHR,, RpERD L.

Solve the reaction forces, Ry and Rp.

2) A-BRIO#EITE—AY MadiEBEEMx) & LTRE.
Answer the bending moment distribution from A to B by a function, M(x).

3) AR ROERERD L.
Solve the deflection at the center of span.

4) I BRI IBWNT, B 2 kB — A Y METIEED D ICTHET 5 2 L OFAE 108
AR L. .
Explain one advantage of evaluating the second moment of aria, I, around the neutral axis
in Euler-Bernoulli beam theory.



2 ES2IRTERFEESZITS M ABEIL SV TROHW D~ &L L. 2EL, &5
MoiFRERE ET Thd L5 5. ‘
Answer the following questions 1) to 4) about a truss structure subjected to concentrated
loads shown in Fig. S-2. The bending stiffness of each member is £1.

P
P
Ngg  F
Q ”~
Ny
Ngrp
Npc B

5m

D BEM O ERD &

Solve the axial forces in each member.

2) WP O IZIEVT b Euler EEMEZBR LRWIEHDOPOSRENE Y.
Derive conditional equation of P so that the axial forces don’t exceed the Euler’s buckling
load in any member.

3) SEMREMICISIT B EMT L AN MEFELEL, BEMTFORI PEATVIRE 3
2, BHFNL MEEOIE S BERL TN RE 3 2EIT L.
Compare the weld joints and the pretensioned bolt joints in steel structures and point out
three advantages of weld joints and three advantages of pretensioned bolt joints.

4) FEMBEERRIIONT, FhICL-TRETE 2HELBHRELZHAT L.
Explain detectable damages by the magnetic particle testing, and detection principle of it.
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Hydraulic Engineering

UT OB 1~3 OWFRICLMET S 2 & LEANSRERELTANDZ L.
Answer the following questions 1, 2, and 3. Necessary symbols should be defined before using them.

1. kol (1) 5 (6) &2 E V. Answer the following questions (1) to (6).

(1)

(2)

3)

4)

(5)

(6)

AR —A DEBEEER L, TAPNOEOECS ETE. £, OV —A( DEE
AR Y SEOBROE G TR

Describe Bernoulli's theorem and give the names of each term. Also, show the conditions under
which this Bernoulli's theorem holds.

SEE 2 KT (FAN EERE (0, ) T D) KBWT, FENT My, IR TERS
NABNBEOFRONERD, BIBEOHRTERT LR SV,

Determine and sketch the flow ficld described by the below cquation in two-dimensional Cartesian
coordinates (x, y) where A is a real constant.

u 0 -Aix ;
[VHA O}[JJ (40T D)

Fa MNEERICBITAFET A b7 AOFEREZEE LI x FRAIZDWDTOH
TEW. BEL, ANERSRET_TEETHIIL). £k, TET c A =7 ADFE
K& A ) NVAFERNOEVEHAT L,

Write down the Navier-Stokes equation in a Cartesian coordinate system (answer only for the x
component, and define all the symbols in the equation). Also, explain different points between the
Navier-Stokes equations and the Reynolds equations.

R 1100 DO F AOBEREER L, EROMER 0.5 mis OWEBF LRI, RE TN
LOFHEEZ LTI VB X

A model of a dam was created with a scale of 1/100, and in the experiment, 0.5 m/s of flow velocity
was measured. Consider how much flow velocity should be observed in the prototype.

BABOEREHREITETAENEDL S b OPRAT L.
Explain the meaning of the subcritical flow and the supercritical flow in open channels are,
respectively.

RIS, B EOEERMEESI SR TERESE 1 0B, TORKEMR
TR L. ¥, TRIECEBHELRRT 2 EOCEDRTRERERE. )
Answer one natural phenomenon that brings severe problems from the perspective of disaster
prevention in a coastal area. Also, explain the phenomena, and deéscribe your ideas for reducing
the damage due to the phenomena.



2.

(1)

2)

3)

(4)

3.

(D

(2)

(3)

TRICFRT L) RES H=04m, EB=10m, B&L=20m, HEp,=06gem’ THHHE
FEOEES, BL BEERE LTKPIENATHS. UTOR (1) 25 (5) &AL,
FIEL, BEAMEES g=98m/s%, KOEEL p =1.0glm® & L, FEEITEMETRE.

A cuboid element is floating in the water with the area of BL as the bottom surface. The height, 4, is
0.4 m, the width, B, is 1.0 m, the length, L, is 2.0 m, and the density of the element is 0.6 g/cm3_. Answer
the following questions (1) to (5). Suppose the acceleration of gravity is 9.8 m/s?, and the density of the
water is 1.0 g/cm®. Answer the values using numerals.

FhFE AT 2AORAEFAY L. Explain the Archimedean principle.
& 5K d #RD X, Consider a draft water depth, 4.

Ehr DEED Rl 2B D G ONIE de RO L.
Consider the position of the center of gravity, dg, from the botfom surface,

A OERD S FL C ONE deE2RD L.

Consider the position of the center of the buoyancy, dc, from the bottom surface.

B G EHELMOERYRD, BHOREHEEZ L.
Consider the distance between the center of the gravity, G, and metacenter, M, and answer the
stability of the element.

FKE
Water surface
Bs = y

CIOWNICET A LUTFTOR (1) »5 3 REAX.
Answer the following questions (1) to (3) about pipe flows.

EHRD DF-T<ES LOAFEHREy TARKEL T\ E L&, BRIZLS=ENF
—BEKFEEZEDLIILRENDIDERLL.

Consider a flow in a straight pipe with the diameter of D. When the velocity is v, show an expression
for the pipe friction loss head.

TERBERORGEHE 4 05T, TRENORTEZERE L,

[temize four possible form losses and sketch each appearance.

2 ODRERFKMESELHER KR 1 FOER TRHES L &, ZOFRLIN D
RO DHIEEZVAE L.
Consider a uniform pipe connecting two large reservoirs. Explain a method to obtain the velocity in
the pipe. '



HART S

Geotechnical engineering

AT OBRRINCE % L. Attempt all questions.
MBS U COBERRERRIT L. Make reasonable assumptions wherever necessary.

[1] UFIRTHEZHASL. LEIEUTHE - HREFIALTE L

Explain the following terms. You can use illustrations and/or equations if necessary.
(1) BFIFEAE Excess pore water pressure
" (2) EEREIRIES  Consolidation yielding stress
(3) tHGTEEE  Relative density
(4) FESRENKAES Critical hydraulic gradient

(5) $RELtL  Sensitivity ratio

[2] TREOBREIZEX K. Answer the following questions.

() FURVOBTHEE S5, ThehoHikL R HBCHAL L.
List three types of tunneling methods, and then briefly explain each method including the advantage.

Q) BIEHE, EEEE L BEMEECONT, ThbORNEELEHTHREY L.
Explain carth pressure at rest, active earth pressure and passive earth pressure, including their
magnitude relations.

(3) BWEBORKRESILTEL#ET Db, EERBREREOBRFIEE 3 2B L..
Describe three application methods of consolidation test results to estimate a shallow foundatron's
final consolidation settlement.

@) FORICRHEDRIE — 2%, TRENOFREBEICE S METEOS & — 2% F THAYE
J: . .
Answer two principles of the liquefaction countermeasures. For each principle, give one example of
the liquefaction countermeasures and explain it.

G) HBILTICL Y bbb END, EEREBIEEREOFAZZNEEL.

Describe examples of direct damage and potential damage brought by ground settlement.



[3] FROHE@~OO—KTEEREI SN TELRE V. 7L, BEEREKBIZESL
RObLOEL, BB TRBREBAKENRBELRNDOLE TS, £k, HREALDBICRE
LI AH v RS TS L T5. KOBMEEERIZnKNm?) L L, BB, BiEk
L UOREBKRBOMIBEMERHERITT N TyNM)EE LWL T3, BB OBKERT £
(m/day), BFEEREAEE 7 ¥KN)TH . FBERIIEPIFTRY THm)ZAWLHDOT
b5 "
Answer the following questions regarding one-dimensional consolidation phenomena of grounds (a)
through (d) shown in the figures below, provided that sand and imbenneable layers are not consolidated,
and the excess pore water pressure is not generated in each sand layer. Drained condition is imposed at
the ground surface and the standpipe-installed sand layers. The unit weight of the water is %, (kN/m?),
and the saturated unit weight of the sand, clay and impermeable layers are all equal to y(kN/m?). The
- clay layers® permeability coefficient is ¥ (m/day) and the volume compressibility cerﬁc‘;ient is My
(m*/kN). The thickness of each layer is given in the figures with using H (m) .

(1) #HABGQ@)~DIZEBIES p NMDEIER S EAB L O oRRHEARIR L HelconT,

FFZ ook IBIBT AMEAUSH L EKAKE, SHEFMSIDEE FWODME R
L. BBO L FIRICERT AHRELIRS, FMBKELREFSIEAIC VT, BEslkE
EEREPICHET I L. B, #HdICBWT, EBGNEER SELENC, REABI
HEENRTHS FTHHELBCER LT3 H#EIAER, ¢ kKNm)TH 5.
Draw distributions of vertical total stress, vertical.effective stress, and pore water pressure along the
depth of the two clay layers of the grounds (a) through (d) for the following two stages. The first stage
is immediately after the loading and the second stage is a long time after the loading. Clearly show the
specific values of vertical total stress, vertical effective stress, and pore water pressure acting on the
upper and lower boundary of each clay layer. Before loading, the initial water pressure mobilized in the
lower clay layer sandwiched by the impermeable layers of ground (d) was g (kKN/m?).

Q) HAR@Q~(DIZEEIRS p KNmDYEIER S HEORBRILTE ST ENERRD L.
Obtain the final settlements Syfor grounds () through (d) generated under the consolidation pressure of
p (KN/m?),

(3) WOBEBICHITT 5 FEBMAURIE Ty L T5. HR@~ADOLE, TEH G0%EHTET
DEEIL TN ENE S RO EZ L. :
The time factor for 90 percent consolidation is denoted by 7.z Answer the times required for 90 pereent
consolidation for upper and lower clay layers of the grounds (a) through (d), respectively.

p kN/m* p kNt p kN/m® p kKN/m?
f
i 44 el L ] I T A
Fi1 Clay ¥54: Clay Fhid Clay 1 Clay
(it &, 3) 4t {(ma kP 4H (. &, 9 4H (mw b, P 4H
sl - - —¥- Tj‘"}j(}'" ( ) E
# Sand H L~ ik Sand H Lo 1i¥Sand H R A/ H
i » 4 % Sand () A4 - N o4 Impermeable f;) el |
#ik Clay #ik Clay " ¥4k Clay 9 #i-t: Clay ”
(it £, 7) H (72, K, ) 24 (s b, ) 2H (1 by 11 N 2H
— A — AN AEARN FREARN AT
(Permeable layer) (Permeable layer) Impermeable layer| Impermeable layer| [nitial water
- pressure
(a) {b) (c) (@ g kN/m®
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Infrastructure planning

CUToSRoeTERET L. Answer the all questions from 1 to 3.

1. UTFORCRTLS %2 FREX 2 Y CERSNDSEOT-FBH5. ¥ & X CREER
Listis S UK & Y OREREERDRE, |
About the data shown in the table, calculate the linear regression e@luation of Y explained
by X. Then calculate the coefficient of the determination of X and Y.

X
Y Co-2 Co-2 0 2

2. LTFTORAECOWT, BT THAL L. Explain the following words.

1 Elﬁ]dﬁ%ﬁ:}ﬁ F@%E#ﬁ‘ﬁﬁ%ﬁﬁ Multi-co-linearity in Multiple Regression Analysis
| (2) r’@?ﬂ;?%“ EHBIC BT A AT » 7754  Slack variables in Linear Programming

(3) Aa—¥Er Y (BETEAAL ) Scoping (Environmental impact assessment)

(4) ¥ & Ville Radieuse (Radiant City)

(5) EHROFBEFEE  Design Speed of Highway

() faAFIAEIRE Saturation Flow Rate



3. LLTFORWCE X L. Answer the following questions.

(1) ZBEETFHO 4 B ECOSHRBEETEICAVWONE 7 L—F - L BEHETNE
OE FRFDFE ﬁ,m: DUWTCELE] L 72 & v, Explain the application difference between Fratar method
and the gravity model method at trip distribution estimation stage in 4-step urban transportation demand

prediction,

() Eb3LK D ERELIZ, 3 OOBHEATIRED L I 2T T o —F THROTHHIOTE~%
LIS ELELDESTONEFHW X, Explain how each of the three town development faws

tried to revitalize city centers,

G) BFRFTRELIZEOL >R b ORI EZHEHWTHAYE L, Explain what a disaster prevention

urban structure is, by drawing a diagram.

(¢4) 5 HBEFRRERICTEHEE 75kn/h], ZBRE 1500[veh/h] D—#RZIZBFRBTNAL TN D,
I OEMTHFE 7 BRI RESARA LEEREAICHE LD, TRl 8§ BiliIEaEoR
A 1Skm]iciE L, ZOEE, ZOMBIPIEETSEAOEKERO L, Thereis a
motorway that has uniform traffic flow whose average speed is 75 [km/h] and flow rate is 1500 [veh/h].
As an accident occurred at 7:00 am and the carriageway is completely closed, the queune length grew up

to 15 [km] at 8:00 am. Obtain the number of vehicles in the queue at this time.

(B) REAXBIIAREERREL LTREBRADL Y MEETTD Z IR VRSN DR
ZELAAE X,  Explain expecied effects by downsizing the area of an intersection as a countermeasure

to prevent traffic accidents around intersections.
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Concrete Engineering

FTRCORMICE 2 &, BERMBRMER 52 SR TORN HEF LISBEITIE, £ oiEs.
MEZEE L ETRETEDTLV. ,

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. s

1. &F=o U— k®J1% Mechanics of Reinforced Concrete

1-1  Eim A

& b = 450 [mm], & & h=850[mm], BHEE d =750 mm]|DEHETEEHFT28HE=27 V— MR
Bhd. 2y U—hOEMBEL fa=30 N/mm?], #fi%SD345 (BRBE fy=345N/mm?) @
D25 (1 Ad i) OAHEIERE 506.7mm?) % 3 KEEL TW5.

There is a rectangular reinforced concrete beam with width b = 450 [mm], height h=850[mm], effective
depth d = 750 [mm], compressive strength of concrete fox = 30 N/mm?], with 3 reinforcing bars. YieI&ing
strength of reinforcing bar fy=343N/mm?, area of reinforcing bar 506.7mm? per one bar.

(1) BIFBIREET A LEELT, UTOREFANTZORMBML O dmK (BE) il
— A b () My [kNm] %2RH X, SF0 Y/ 5REIE Es =200 (kKN/mm?] &£ § 5.

Assuming tension dominant bending failure, then calculate ultimate bending capacity of this beam.

e =hts(4-3)

B=052+80X ¢, x=5%ﬁﬁ kﬁgh=m35ebfxw.
155 —f',, oL . .
o = —Zgaag - 1L, BHEMEN 0.0035 ZEX DAL, =0.0035 LT 5
2) ZDEEOUTHBBROTHEUETHAEZ EE2RL, HMIFSIREHETS LW O REEZRIE
®&.
Verify the assumption above using strain of rebar and yield strength.

1-2 AW

EHUGEPBHEOS&T 27 V- RSB, av 7 Y — FOBRE {=24[Nnm’], HH
d=900[mm], ¥ =7E by=B—bw’, B=1500[mm], bw’=1000[mm], #fH#E D=29[mm] (AFEEH
As=642.4[mm?]) 8 AEBIRVEAH &L LTEETSHI LD E LT, UTOMWIEZX. -
There is a concrete box shape beam with £’:=24[N/mm?], d=900[mm], bw=B—bw’, B=1500[mm],
bw’=1000[mm], § reinforcing bars. The area of reinforcing bar 642.4mm? per one bar.

bw’




(1) EABERGZBROEa Y 2 U — MFESRET 2 E AR VN[ZRD &, FiLF
OFBITEET 5.
Estimate shear capacity by using below formula.
VC=Bd'ﬁp “Brnfoc bwd

By =41000/d, B,=3T00-p<135 fu=10, for =020,

(2) & AW X HRRE £,=345N/mm?] D&AS D16 CRIDIE v MEED PR & SMAlT, IR
s=150[mm] CEEB L Th 5. zHANMRGHEETLZLOTES VN E w:ﬂ%ﬁ
BERAWCRD &, EFEN LBIEANOIERMBDERE z=d/1.15[mm] & LT,

Estimate the shear carrying capacity by stirrups as Vs by using given formula.

(3) = OEWPEDIEMEEE AR T AEEMED b B RIER K. ROEMRRHET /i Vi kN %
Ve = Fwe byw'd TRODHZENTED.
Investigate the possibility of shear compressive failure by using given formula.

2. =¥ J— L DFFE Properties of concrete
WOERMIELTE L L,
Answer the following questions.

2-1 B, WA

(D AR FI L BAFNCOWT, ERBROBREL A= XA OWTRBAE L.
Explain both function and mechanism of air entraining agent as well as water reducer,

@ AL PDO—EETIAT v allBB L7 V- FPORETEETNCOWTREAE L.
Explain advantage and disadvaniage of fly ash mixed cement concrete. .

22 ZVwirazZ U—  Fresh Concrete
# 1 OEEHJ/ENT TR LEY #4T7 o7z, Trial mixing based on table 1 was conducted.

#1 zarZU— oS3 Table 1. Mix proportion of fresh concrete
Gmax | AT7¥ 7/ | KA M | =EE s/a BINZ & unit content (kg/m?)
(mm) | slump | waterto cement | aircontent | (%) A | AV | HEH | HBEM | EFH
(cm) ratio (%) (%) water | cement sand gravel | admixture
20 12 50 5 4475 178 356 773 972 0

) EiERA M T AV MER ordinary Portland cement used

sfa: FAEH 2 sand/aggregates volume ratio,

Gmax : HHEHOREKTHE Maximum size of coarse aggregate

Q) #1 OESTERMBIESECTLE L. EOX)TRHERTIERVOHAT L.
Separation was observed. Explain how you can improve the mix proportion in Table 1. ‘

@) a—A FTa4 sk ERAPBEAL, ZhEb <k do B ErRn L5 L.

Explain “cold joint” and list up its measures.

23 BIEARNEE~OIA Mitigation of environmental load
oy V— hOEHIZE L TBEAREEAORBEIZONWTH - TWA I L2 TELEITEE
.

List up the activities for mitigation of environmental load relating to aggregate in concrete
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Mathematies

KORIBELL 2381 R M R A,
Answer the following questions [1], [2] and [3].

[1]
My =1, y' (0= 003%14103’%; &ET, WasERX vy - 2y — By 0 GD—I#%“%%
RO L.

For the differential equation, y" — 2y’ — By =0, fmd a particular solution
sansfymg the condltlons, y(O) =1 and y'(0) = 0." '

()W HBR v —y = 3sinx D— ﬁxﬁ@’&‘ﬁ&’)l

For the differential equation, y' —y = 3 sinx, find a general solution. .

(2] BLFOFFAENDE > pE- ERRHIDETFIERD &,
Examine whether each of the following matrices is regular. If it is regular, then,
calculate the inverse matrix.

1 2 3
1)[234]
3 4 5

(3] AR L &+ 5 MR ORET, BSGy) = 2% + y R X,

Integrate the function, f(x,y) = x% + ¥%, in a unit circle centered at the origin.



. PR E

Specialized subjects

TEY B SR (RETH, AT, AT, HARES a7 U— D) Ohhd 1S5
BRLEZOMBERETIZ L, '

Choose 1 out of .5 specialized subjeécts (structural engineering, hydraulic engineering,
geotechnical engineering, infrastructure planning and concrete engineering) and answer the
questions.



T

Structural Engiﬁeering

PTOM1 &2 IMETas . NERARBREMCERLTRVSLL, _
Answer the following questions 1 and 2, Necessary sxmbols should be defined before using
them.

1.

D

2)

2

HOM D~ E LIRS,
Answer the followmg questions 1) to 3).

A& B lokifémﬁﬁé%wﬁﬁkﬁﬁﬁcﬁ@*fﬁm L.Ob VOB R X, _
Explain the plane sections remain plane assumption and the perpendicular sections
remain perpendicular assumption in Euler-Bernoulli beam theory. '

B S-1 Rk 5 I BT D AB ARV R EPFEPEERAS TR L&, AR,
ROME TEICRETSEIREIEZRD L. Eﬁﬁﬁﬂﬁf D OMHE E:J!‘a“’ﬁii-“ﬁ'f, il p e
Ea, B2a008EH, YV 7HRBEELTS.

Calculate the tensile stress at the bottom surface at center of the simply supported beam .
AB when the beam is subjected to a concentrated load P at the center as shown in Fig. S-
1. Assuming the cross section {rectangular, height' a, width: 2a) and Young's modulus E
are uniform across the span. '

o — A
A - B

Cross section shape

- B8l WEEZTLHHEMIRILY AB
Fig.S-1 Simply supported beam AB subjected to a.load

HAZRITY AB IC(E & R FHEPER D RE, DR/ PRTEDS & 5 ICHA
FRHFITY AB ZHEMTITY CD I K- CHERRE L. BHENTY CD Oltm L #E i

T, WERESa, BaDEW, YV OREIREL TS, VE, BS2RFTRIRAAY

PRICEUEPREP REASED L E, BHEHITY AB DE K e d & BT v CD
7b=6’“‘&7‘6EjJ%‘S;‘€H)J: )

After removyal of the concentrated load P on the simply supported beam AB, the simply
supported beam AB was elastically supported by the simply supported beam CD so that,
both beams cross at the center of each beam! Assuming the dross section (rectangular,
height' a, width: a) and Young’s modulus E are uniform across the span of the simply’
supported beam CD. Calculate the maximum deflection of the simply supported beam AB
and the reaction force from the simply supported beam CD when the concentrated load P

. is given at the center of the simply supported beam AB agam as shown in F1g S5-2,



]
<—>

Cross section shape

B S-2 FEERMIGEEIT S EMXEITY AR
Fig. S-2 Simply supported beam AB supposed to a load and supported by beam CD

-



2,

1)

2)

3)

4)

B S8 1RT 2 @7 — A VIDWTROM D~NIEZAR S\, KL, ETEALET
HBETH, FTih, BVIIAERE, BIHEEL LY, SROKEERERE2RET 2.
Answer the following questions 1) to 4) about a two-story frame shown. in Fig. S-8. The
frame ends ave rigidly embedded in the ground. The beams and columns can be assumed ,
to be rigid bars and elastic bars respectively and the lateral stiffness of each story is k2k.

m B
. > Uy
k 2m

—@— > Uy

. 2k |
Vi T

MS3 2BI—AV
Fig. S-3 - Two-story frame

Mﬁvb)&zx&ﬁﬁvh}&zm%&oxouifa%dam w*M] = 02BN CEF
et b L. _ _ '
Solve detfK — w?M] =0 and determine the natyral frequenpies w of the system, where

LA B S e

[K— sz]qb 0 Eplﬁ?&ﬁﬁlﬁ:h_#ﬂti‘?"é BE~NZ MgERO L, EFL, lﬁf‘-')’ kv
R RS LRBH KD CHRER X,

Solve [K— w?M]¢ =0 and determine the eigen vectors ¢ so that the normalxzed mass
becomes one.

EEE%L%?%1&%—#&2&%—F®%—Fﬁ%@rﬁ; B5h 2 45 R DK SR
uy, U ZMERANTEHELZ L. '

Draw the shape of the first mode and second mode of natural vibration. Wnte the lateral
" displacement, u,, u, in the figure using m.

B TERLE 1 RE— FE 2RT— RAEZL TS Z L #EHEL. ,
Prove orthogonality of the firet mode and second mode you drew in the question 3).



ARIEHE
Hydraulic Engineering

UTORM 1~3 OVWTHICbHEFS L. RERESRERLTANS L,
Answer the following questions 1, 2, and 3. Necessary symbols should be defined before using them.

1. : )
ol (1) it (6) K& 7‘;2 é V>, Answer the following questions (1) to (6).

n Z’DUJE"?Mf_’. (KEDOHEDEEH £15) %EéD@io’é’(’&F?”’*T%ﬁ‘*Té
DEEMEROHRQREDE HILLTRDZZ LB TEBPRARL. &5 Q—T-%Jl/lﬂ?—-
HEBAARRERTE L. BRCYE - THRLERBEEERTICHRICETI L.

Two large reservoirs are connected with a straight circular pipe with the diameter of
D . The difference in height of the water surface levéls in the reservoirsis H. Explam a
method to obtain the water dischiarge Q in the pipe. Then, draw a hydraulic gradient
‘diagram and an energy diagram with the information about necessary properties in the
'dlagra:ms

2) Figze omwt_ﬂ:;r}dﬁ'e BRI B p, DA% 7K 2k i'c-‘)\:n ZE{RJ iz
BB p, DUREE KB FTANEL A, ERRZBESATRELTHELL O
e, 2 EpEAVTRLAZY. EEL, ES5LOMALHLLTNELOLTD.

The water tank was separated into two parts by a board with 2 hinge attached to the bottom. The
left side (water depth 24) and right side (water depth /) were filled with the liquid of density p, and
Pas respcctwely Describe. p, using p, whenthe boa:d was standmg as a strait upward Here, both
side of the water was not moving.

(3) mﬁumdoﬁﬁwﬁ@%ﬁmbﬁﬁéﬁotﬁ%,@W%mxrmnjmkmmﬁﬁ
CBbn. FETIENS bOTREEBXNEIVHER L.

A 1/100 scale of the dam mode! was created, and overflow experiments were conducted, In the
experiments, the overflow velocity of 0.5 m/s was measured. Consider the overflow velocity in the
prototype of the dam. g '

(4) BHEO XS 2RGTFEAREIC, Jk 1S ms O ' : R
BTN TCOD. KR =08 m DFA DT HNF— ! LEm
. B, 70— FEFE2RD, BEVHEIZHMITL.
L, BEEL, BAMEEZg=98mis® &5,

I

0.8 m

Consider a uniform and steady water flow with a '

: constant discharge @ = 1.5 m*/s. When the water depth was

setas 0.8 m, suppose the specific energy, E, and the Froude number, F., and judge whether supercritical
flow or subcritical flow. Suppose the acceleration of gravity is 9.8 m/s”.



(5) ﬂ(ﬁ'&@ﬁ@l-‘f-%ﬁﬁﬁe#%mwé &, KEER & RERT //ww» E?&"@i&@{ﬁﬁ
%%ﬂﬁ:ﬂ‘é%ﬁﬁﬂﬂﬁ‘t%ﬁﬂj’@%é
. ° = gktanh &k \
T, wldfEEE (o=27/T), kit (k=22/L ), Trii&coj%wi LR, b ok
ﬁ gf;tﬁjsﬂuﬁﬁ'c&;é _o-tmwﬁr%?ﬁi&mﬁﬁjz &R C DITEAREHT.

The dlspersmn equation was derived by equations,of the water surface shape and the veIoclty
potential using kmematlc boundary conditions on the water surface.
o° = ghktanhkh
Here, o isthe angular frequency (@ =2x/T), k is the wave number (=27z/L), T'is the wave pexiod,
L is the wave length, g is the gravity acceleration and % is the water depth. From the above eéuaﬁon,
derive the approximate solutions of wave length and wave celerity, C, in the shallow water region,

6) MAEICH I BB L HHHROERAITONT, FMHEOBMICER LTHAL,

What are the points to keep in mind when considering disaster prevention against tsunamis and
storm surges in Tokyo Bay? Answer this question considering the difference between tsunamis and
storm surges in the bay. ' ' o

2.

m¥$twﬂﬁm%%05ﬁﬁﬁﬁm%hkﬁé R ER D, L, BEOERMOK
EE h=h, TEE v, 0), BROKESE h=h (<h), HEE, GO &T5. 0Lk
WA LD BROGEEE c ko WTEL D, BEOR#SEERLT 2 P oA Y a—
AIEB L, (CBEE c TBETAEEE»LRAL I OBKIIMIELTRABDZ LEFIA
LT, BN ~ @) KExE kEL, Ko#ER), BEOMEErgLTs.

Consider a bore in a horizontal and straight open channel with a uniform rectangular section, The
left-hand side of the water depth and the, velocity are # = #; and v, (> 0), respectively, and the water .
depth and the velocity at the right-hand side are 2= by (<h) and vz (> 0), respectively. In this condition,
consider the propagation velocity of the bore, c. Set the control volume from upstream and downstream
of the bore, and focus on the control volume, The bore seems to be stopped, when we looked the bore
from the moving coordinate system that moved with the propagation velocity, c. By using this moving
coordinate system, answer the following questions (1) to (4). Stilpposc the density of the fluid is p, and
the acceleration of the veloeity is g.

(1) 2 Fr—AR D2 sOEKE 2/
" Draw a control volume of this situation.
(2) EERERD K,
" Derive the continuous aquatlon
(3) HEIERNE KD L.
Derive the momentum equatibn‘
(@) BEOGEEEE c #kD L. L, wESLBETHIL.

Consider the propagation velocity, ¢, of the bore using vi.



3. o . .
THEOXSR#ES 4m, B3m, £33 7Tm, BEOEI03ImOar 7 Y— MloRE,—Y
Vil B., KITBNRERSOREMIZOVWTRIT S, APT 3 Hie LT (). ~

(4) Iz k. mEL, BAMEEXg=980m/s &L, &, =¥ V—rOEEEENE
11000 kg/m®, 2300 kg/m® &§ 5.

A hollowness box caisson is floating in the water, as shown in the below figure, The height is 4.0
m, the width is 3.0 m the length is 7.0 m, and the thickness of the caisson is 0.3 m Answer the following
questions (1) to (4). Suppose the acceleration of gravity is 9.80 m/s?, and the density water and concrete
are 1000 kg/m® and 2300 kg/m®, respectively. Answer the values with three significant digits..

AT 3 T
] 1 | ;
— 1 | I |
—; [ | 1 ¥ j ]
= 103m* 03m gy 10.3m 0.3m)y
- < S - |
40m
I | | | d
I | | |
I [ | [
boles 03my _ 1 L 0.3my_ _ ___ i
Yo N Yoo 220
Lo 5k i
[ 3.0m ! : 7.0m :

(1) &okERd ZRD K. ]
' Consider a draft water depth, d. ‘
2) $Er—Y YOER (=0 »bH-kELG OB dee RO L.
Consider the posmon of the center of the gravity, de, from the bottom surface of the calsson {z= 0)
(3) MZEr— Y OER (2=0) PHR-EL C OB deZRD L.
Consider the position of the center of the buoyancy, de, from the bottom surface the caisson (z=0).
@ BELG c‘:‘fﬁﬂuM OEKE R R, Pler— Y o DOREREEZELE.
Cons:der the distance between the center of the gravity, G, and metaccnter, M, and answer the*
stability of the caisson.



HRETR
(Geotechnical engineering -
?"’*T@ﬁ Atz 2 L. Attempt all questions. .
MBS U TEPRMREER T £ Make suitable assumptions wherever necessary.
[1] UTFERTAEZRPETS. LECRCTE - HFREFHLTH I,
Explain the following terms. You can use illustrations and/or equations if necessary.

(1) 2 AF i —BR Consistency limit

(2) EEBRRISA Consolidation yielding stress

(3) ®BEEALL Optimum water content

(4) RFAEIKAE Critical hydraulic gradient

(5) BEMEIR  Grouppile effect'

[2] TRORMIZEZ L. Answer the following questions.

(1) EAITBIT B L DR AR T OB, FRENOFEEHEEL. :
List two types of laboratoty shear testing methods for soil, then briefly explain those testing methbds._

@) BOBBORKITRERET 2H0, EERREROEANEE 3 DB~L.
Describe three application methods of consolidation test results to estimate the final consolidation
settlement of a shallow foundation.

(3) LRFABREKERD LRDIERRRTEE 2%, ThEAOFEEBREEL.
List two laboratory testing methods that can estimate permeability coefficients of soils and explain
each method. - -



B] TEROLS AR TSR LTV BHREERSH D, HFAAHRE»S 10m ©
HEEIhd. UTOMWE 2 L, 28, KOBASHERy 1T 10KkNm? & LTLW

As shown in the figure below, a uniform sand layer is deposited on hard bedrock. And the depth of the
groundwater is 10 m from the ground surface. Answer the following questlons The unit weight of the water

g 15 10 KN/m3,

) BB B ANV L S IR RER L, ﬁ@%ﬂ#&’ﬁ';ﬁl?ﬂﬁ& 150kPa © BHEEZIT,

DRIEHK R CTRAMEIT o7, TORER, BEIEH 200kPa T ﬁ‘ﬁ%#ﬂ:ﬁﬁﬁkict
I, MEEHT ORI R AR L= RN EE S 50kPa THh o7, ¢'=0kPa LRREL,
p' DEERDE.
A consolidated undrained triaxial compression test was conducted for the undisturbed specimen which
sampled from the above sand layer. After saturation, the isotropic consolidation with an effective
confining pressure of 150 kPa was performed. After that, the shearing was conducted under the
undrained condition. As a result, the spécimen was failed with deviator stress of 200 kPa, and the
excessive pore water pressure generated in the specimen at failure was. 50 kPa. Assummg ¢ '=0 kPa,
find the value of ¢ '. : -

2 TROL S E:EHEZDRETHE CREL, M2% 10m B Ly, THOEOHEEH

CLEEENTRICND S EEOREFROSGHE LT, Fi, BRI & FEELTHhO
BT BT 5 LESARHERE. LKL, 7% 0LERRICHE > THER L
As shown in the following figure, it is planned to install the retaining wall il the bottom of the sand
layer and excavate the ground to the'depth of 10 m, Draw the distributions of the earth pressure along
with the depth, which acting on the retaining wall from the excavation side and backside separately.

_Then calculate the resultant force acting on the retaining wall for the unit length of the excavation.
51de and backside individually. :

O QORRCESE, THPBOREICHT 5REEETELE.
Evaluate the stabilify of the retaining wall for rotation, based on the calculated result of (2).

mmj'ﬁm fﬁﬁﬁmwmgﬁn=mmwﬁa
{Excavation) ':ﬂ@ B AREE ¥sur =20.0 KN/m
- “Total unit weight y =16.0 kKN/m?
T aturated unit weight ysa¢ =20.0 KN/m®
5 [m]




[4] TERTEIE, ETREMLEDRICEERLRE 20m OEHEBEIERHS, =

DHEITFHFEHE D THOBE»bKERRI L H LT R, THOREOHBAES—

BRIC 50KPa (IR T L. MBIRIBAMNTRICHL, TORBRIBRTERbOLLT, UTO

DR & B, BEBICOWT, TRTFOE G=238, MM =10, ERHEEEC =05, -
RS Co=0.1, #TAL ZETITHEREGRETh . %k, BRBICOVT, THFOL
HG =26 MRLe=06275% AROFEMERERD . = 10KNm® & TIV (logmB =0.477,
log,,4=0.602, log ,7=0.845 ) ,

"A20 m-deep clay layer lies in between two water-saturated sand layers, asg shown in the following figure, A
well is embedded upright into the bottom sand layer, and the pore water pressure of the bottom sand layer is .
uniformly decreased to 50 kPa quickly.- Answer the following questions, provided that: the sand layer has
substantially high permeability, and deformation of the sand layers can be ignored. Specific gravities G of
clay and sand are 2.8 and 2.6, respectively; void ratios e of the clay and sand are 1.0 and 0.6, respectively;
compression and swelling indices of clay C, and C; are respectively 0.5 and 0.1. Assume that the clay layer

. had been nonnally consolidated before pumping up groundwater. The unit weight of the water #»is 10 kN/m>.

(log,(3=0.477, log 14=0.602, log,,7=0.845 )

(1) #TREBEIL Z LT EEROHELRSS, HEFDE, MBEKEOSHR X ERE L,
Assuming the water level in the well has been lowered quickly, draw the distributions along the depth
of vertical tofal stress vertical effective stress, and pore water pressure mmedlately after the pumping
up of water.

@) #TKE < % ki T TFHBBOMMAENR 50 kPa (L TR o7c % £ BHMES SN HAOR
HARMESIEH, SEAIES, MBMXEOSFHE2RTE L. F, 20 L EHBREOEHN
BEFHES L. MBEEEMRORLTEL TSR RS @Ui‘&ﬂﬁl‘ﬁi@—ﬁﬁ RETTY
BEHRLUTIN. :

_ Assuming the pore water pressure in the bottom sandy layer is kept 50 kPa for a substantially long period,
draw the final distribution curves of vertical total stress, vertical effective stress, and pore water pressure.
Calculate the ground surface settlement. When calculating the amount of ground surface settlemenit, it
can be considered that the strain in the middle of the clay layer occurs uniformly in the clay layer.

@) HMTFADL Z LT 22D = L I2 & » T FHOMDBOMBAEX 2 LiFFiORES TEK

oL, T0%, BHIRRBLE L SMBELETIIOBERET IMHER L. XL, FR
B EER R B EE LWL LT 5, EEEORHICEL TiXfs B PROVFTLR
HEB—RICELTHHERRLTRN.

" The- -pore water pressure in the bottom sand layer is recovered to the state before pumping by stopping
pumping, Calculate how much the ground surface can rebound, Assume the void ratio is not changed
from the initial condition. When calculating the amount of rebound, it can be considered that the strain
in the middle of the clay lsyer occurs uniformly in the clay layer.

HA Well
N
T~ . g.‘-*. R NS RN WMQ
smo TR T e T
20m . #5k Clay
'5"\ SRS R PSR N e I S D F SN DR LS
il s 7 }:Sand:v:-:-::



ToAMEF

Infrastruchue planping

U\'Fd) SMLTEESE L. Answer the all questmns from 1 to 8.

1 UTFORICFT &7, ZREX EY 'C*zscfﬂéﬂ'bé BIDF—~FBH B, ’ﬂiﬂi@%?ﬁb‘?"t
T, YREREHETOX DARFEE]. ﬁr"‘t’%:ﬁ'&bf: a2,
About the data shown in the table, draw the distribution of the data on a scatter gram.
‘Then calculate the linear regression equation of Y explained by X.
X 2 | a2 | o | 1
Y -3 0 0 0

2. LTFOAEISWT, ¥ITCREAE L. Explain the following words.
(1) HYSTOKLEIEA Interaction Effect in ANOVA

@ U .‘/fbk?rﬁ% Ribbon de?relopment.:

(8) AR=rD/YHE Hagssmann's I;e'novation of Paris

@ 7% -’s."J“t/ Lit— b DR Ellllviroﬁmental Areasin Buchapan Report
- (5) ®EIEHERFER Standard design volume'

(6). {E%ﬁ%}ﬁh’:‘% T BB Starti.ng sho;:kwave at a signalized intersefztion

3. -U-_F@ﬁﬁb ez k. Answer the following questions. .
a)ﬁﬁ@z#u—Wk;Dﬂ%ﬂhénbﬁﬁ%ﬁﬁbﬂéw AT eV EBIET BRI,
4¥Jz®uxﬁyrﬂﬁén\%@&ﬁ@@ﬁ%ﬁléhkﬁmﬁ%mﬂhm%@x&é
¥, . Explain the problems caused by urban sprawl. Then identify measures applied in London; UK,

and other countries to prevent urban sprawl. ’

(2) EBERIRO 6 DOFRAERT L, EWHERHN AFOHHRRC LD k5 KBRS hic o
P& MR~/ &V, Explain the core six principles of the neighborhood unit concept, Then explam how
. the neighborhood unit concepthas been applied to urban development projects in Japan,

(3) BEBERUA L FOBETIE., =7 F 4 Y 7RATORVBLLHREETTOER
REBRLTORTV S, REREFUAL FOERERAL, BERRHERE LT
NBER—F TV RTH FROVT, TOAFEHRMALL LT, w774 Y TRITORY
AR L CERBEENOEROTREMZFAIRL th &V, Explain the definition of TDM (Travel
-Demand Management). Then explain what is Park & Ride as an example of TDM and discuss the
possibility to apply marketing aspects and utilization of information and communication technology to
Park & Ride. '



@ » 6%%&:55@@&7}* 200 B/ DE MRy 2 Kb
B, TORIMRYD m@i{]ﬁ&‘i@%gﬁ;ﬁ-@@l 54z 2 demonnd

BENTNSG, 0L ERET DWWIRIET DL 20— -
L. BB L BRI R KD &, / |
"Thete is a bottleneck (capacity: 2000 [veh/h]) on 2 highway = '**

- and the arriving traffic demand was observed as shown in the f

’ . 4 . . ) ] 1 1 ) I
. figure. Obtain the time when the congestion vanishes and the fHIH 0 VN RBNBE D

Tty

* amount of the total delay by this congestion.
!

(5) T YUY R7AY MIOWT, EOEHBEEEETERADNSE &5 KT, Ei—RMeEs
RERLUBLIHEDT U K7 AT FOFIR%E 3 fGBAE L, Draw a rough skeich of a
roundabout intersection by clarifying rght-of-way inside it. Then, enumerate and explain three

advantages of roundabouts compared with ordinary signalized intersections.



a2 )—rIEE

Concrete Engineering

FARTOBMICEL L. BERMBHEEBS X DR TR LT LRSI, TRk

L EERES L L TRERE)D T IV, 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,

1. $kf#F= J— b D7 Mechanics of Reinforced Concrete .

1 %m‘éhé%@%‘?ﬁﬁﬁ&ﬁﬂ%%?@ LBORELE (GBS LTTRIC D22 %3 AR
E+DI0 D UHAF—F 7). D2 DAFMFERE 387.1(mm?], D10 OAFHYTER: 71.33 [mm?]
“G#%.. Cross section dimension and bottom feinforcement and stirrups are designed shown in Fig.1. The area

of D22 and D10 are 387.1[mm?] and 71.33[mm?] , respectively.

. b .
P P |
. o i : r : & | 300[mm)
7 .E B ¢ ! ' / h 550[unnt]
hl_ A ; i b . d 500(mm]
. . : A hid e " 30[MN.mr]
U3 o U3 i i3 __, : As }h 7:3:;(\?22.
y e BN 295N/ |
¢ - g > * .a x D10 (Ushapel
, 3 :

Pig. 1 Side view and section view of reinforced concrete beam

M) 739 V= NERBT BEAME WRERDE. [ 2 e for 74

fr=10 & LTV :

Calculate shear capacity owing to concrete, Fe[kN], with | foe = 0.20YF;
. assumnption of Bn=1.0. B, = 31000/d
@) . OB, AF—F vy & LTHS DI0 BMKE | e ! 4
L 200mm] CERELTH S, AF—FyIBEETHIE | B= V1008 =gy

?E%éﬁﬂm%ﬁbi.ﬁ%@ﬁﬁ%ﬁﬁtﬁ@ﬁk b = (4 2)/s
The stirmup is made by D10, and spacing is s=200{mm]. Calculate + oz ='df115
shear capacity owing 1o stirrap, FS[kN]. The yielding strength of A A A
reinforeing baris fi

() =45[m], P=150NIDIS, OREL2W, ®®w‘m§f
3, @FAMREET S, OWTAMEY, COBRZHHETLS.
Assuming /=4.5[tm] and P=150[KN], chose the bearn state from @ to @ (Omo fallure, @bending failure @
shear failure) ; then explain the reason of your choice.

@ Riz& L3 LE2bRBVUEINERY —F vy T ORERREE, %@ﬁ]ﬁlﬂl%ﬁb\frﬁ'
Draw the predicted crack pattern of this beam and the optimurn arrangement of stirrup on the side view.

¢) TOBRTTRENIWE—bLBROY T 7 2HE, TR LAVCEIS O RE LizDh
2757 ERFE. ' ' _
Drawa graph ofload versus deflection of the above bearn, showing the point when the ofacks thatyou draw happen,

onyour graph,




2. awZ U— hORHE Properties of concrete . :
woEBVIZBALTE X J:° Answer the following questions.

2-1 AbMEERIIT (E—1 O%ED) 'Cﬁ’iﬁ%»‘-‘ v ) —OEREEREICT B icipnte. tharethe
des:guer of reinforced concrete bridge at Asahikawa-city, Hokkaido (marked % in Fig.2-1)

(1) TAMOETE XL bhIHER LW EORH Y |#E X,
Explain possible concrete problems and their reasons in terms of durability.
@(U?&Htm&ﬁwﬁﬁéﬂ&?étboﬁﬁ% OHFRRE, ®EA&ﬁ,®ﬁﬁ%ﬂ
DEERTENENMRITES L.
Explain your solutions against abovernentioned problems from the view of Dmaterial selection, @mix
proportion, @maintenance in service time : .
*Lawy Yo b IES (avy Yo ML %A M 19 BRI 2 IS RIBEBNTET %R b

22 ZLyYazmyY—h FreshConerete .
# | OEARIC TR LMY £17o7, Trial mixing based on table 1 was conducted.
‘F1 =y ) —hOEARE. Table 1. Mix proportion of fresh concrete

Gmax | A5¥7 | KA =R sh Wi{ir$ unitcontent (kg/m®)
fom) | slump waterfocement | aircontent | (%) K| EAXN | AEEH | EEH | B
(em) ratio (%) (%) water | cement | sand pravel | admixture
20 | 12 50 5 4475 | 178 356 ™ o2 | o

) FEAN S A MER ondinary Portland ceraent used
sfo: HERHHE sand/aggregates volume ratio, Ciax ! MAEH OB Maximum size of coarse agsregate

() 1 ORETRHAHESHENE LT LE L. P0OLD RBEHEETZROMEE L.
Separation was observed. Explain how do you improve the mix proportion in Table 1. )
) BTHHRRN 30°COMBTaL 7 U — MESHRITRT B A U DM R Y, Lo xy -
#EER~Y. You are going to cast concrete at the area where the day-average temperature is 30°C., Point
 out the predicted problem, then‘explain your solution, . '

2-3 ﬁﬁﬁﬁﬁ%’\@m Mitigation of environmental load

vy Y— b@&ﬁuﬁLrﬁbﬂrwéﬁﬁﬁﬁﬁﬁ«@ﬂﬁkomrﬁorw5 LETED
7EirE < #if L. Listup the activities for mmgatton of environmental load relating to mak'mg concrefe as

- much as possible, :
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(3)47F A = [i

% %

" Mathematics

W DORIRE[L] & [2] 2 A& 2R SV,

Answer the following guestions [1} and [2].

[1]

) HWHHEERX Py -2y +y 0 0)10@ﬁ¥-75>y x ThHaaZ &%ﬁﬂo

T, WaFHBR x*y" —xy' +y = x2
—xy +y=x2

Find a general solution for x%y"

—Eﬁ%ﬂbl .
It is noted that one of the

solutions for a differential equation x%y” —xy'+y =0 is y=x.

(2) x KOWTHEHSTE L. Show the partial derivative of z with respéct to x.

) z=(L+ay)

2] | |
(1) EAES LOEESS MERD L.

3- -1 1
a) [3’ -1 3]
: -1 1 1
37 '
o) B55.

3) fFFIARRALE Y,

Diagonalize matrix. A.

Matrix A = [z

b) z =sin(x? + y?)

Find eigenvalues and eigenvectors.

—1 2 -2
b |2 2 2
3 —6 —6

3-
gl

is given.

by ABR SR L.
Calculate AS.
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Structural Engineering

1, E-1RF L5 RS | OUMBROPRicRERE P R LT3, MREONE R —

C, B2 e RTREAHHEE 5, £/, ROYEMRBEE LT3, UToMviE LRI v,
A simple beam with the length of ! is subject to a point load, P at the center as shown in Fig. 1. Cross
section of the beam, is uniform along the axis and has a rectangular shape as shown in Fig, 2. Elastic
- . modulus of the beam is E, Answer the followmg questions,

1) ZoRoBAMNaf., Efe—AY W EHEL, ERAEw,

- Calculate shear forde distribution and bending moment distribution, and draw the diagram. ,

2) REEOPIGICTME 2 KE—2 YV FERDL IV, _

Calculate the second moment of area of the cross section about the neutral axis,
R 3) MPHEP KL S, CORDELIEMy)ERDET W,
() Calculate the deflection curve of the beam, y(x) caused by the point load, P.
4) C Rick I 2 RmIcERT 2 ﬁ[ﬁ;ﬁo@ﬁk‘fﬁcmm APt O B A Bt KD X

ipds, BTEPIOE WIS, 'z'—— CgRIND, ZCC, SEEALWH, GIIEEBRP

BAMlIc B 2 B4 DT 1 Ke— X b D BHFE O, 7 ikMHE 2 Ke—-2vith3,
Calculate the maximum normal stress, Guax and maximum shear stress, Tma: on the cross section at

56
point C. Shear stress on a cross section is given by 7= I where § is shear force, G is the

geometrical moment of area of the cross section outsuie the viewpoint, D is width and I is the second
moment of area of the eross section.

5) HRAE P i T, lahrf_ﬁﬁﬁﬁﬁﬁﬁﬁﬁbtﬁ®¢§ﬁckﬂﬁ%th&

¥, 3) ORBERALTRDEIV, by, HEORKEY L33,

The simple beam is subject to a ma.ugula: distributed load instead of the point load as shown in Fig.
3. Calculate the deflection at Point C by using the deﬂectlon curve obfamed in 3). The maximum value
of the triangular distributed load is 4.

_ o
. - . l c : 3
o2 | 7
‘ . ‘ - Neutral axis
Ay x ,lc B - H s
AN JAN z z
L ir d n N
Yy B = o
Bl SRR B AR = . -2 HMRoWE

(N

(Fig.1 Simple beam with a point load) " (Fig.2 Cross section of simple'bcam) '



oV
Fadl Y

E-3 SARAEREY Y 5 EH0R
(Fig.3 Simple beam with trianguler distributed load)

2. ROBHICOWTC, %HEN 200-300 FRETHE L 31,
Write explanations with 200-300 words each for the following items.

1) $esobigis (3280L1)

Corrosion protection methods of steel members (more than 3 items)
2) @FORFIC Y B EERM L BRROREFE

Welding defects and nondestructive inspection methods in welding of steel membcrs
3) SRR (RPFL5ER) .

Strong points and weak pomts of steel structures

4) WEEHEH e s ReROWROH B S ~
Design approaches for ensuring structural safety ‘ _
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ETEFNE B2 | KLF ZRER
Specialized subject | Selected subject name | Hydraulies Applicant Number

ST OB 1~3 OWPIIC bIEET 52 &, BERESREELTHOS L L.

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

1. kOB (1) 26 (5) kELRSW.
Answer the following questions (1) to (5).

(1) BEEHOTROFEIC, A4 F—DFELI T PVa0FERDD. MEOENY
p»d LS CFNENOFEOFEERPAE L.
_For specification of the flow field, two distinct alternative kinds of the speclﬁcatlon are possible:
The Euler type and the Lagrangian type Explam the two kinds of speclﬁcatlon methods in flnid analysis.

Q)f%%iuﬁ%ﬁkomf %h%ﬂ@mﬁ%r% é%L,ﬁ%mﬁﬁfémmg
LS RBerERETk.
Show the definition of the streamline and the streak line. Explain when these lines coincide with -
each other.

(3) LA 2 NAOEBFERINC OV THRY X,

Explain the Reynold’s equation of motion,

(4) ZHSTOTNBITBINT, xhinﬁﬁmﬁﬁ%%n%hm,va¢5&% ﬁﬁ%ﬁ
D [EEE, k&Uﬁhﬁ?%ﬂ&wiokiéném%T%

Show rotation and shear strain of a fluid element of a two- dlmenswnal flow, in terms of w and v,
which are; defined as velocity components of x and y directions, 1espectwely

(ﬂﬁ%%ﬁéhéﬁﬁ%ﬁk%b4%4@#1%%%13%&%16%6%&%1O§H
FOEERELIH LRIV

" Show a typical phenomenon that is significant in the field of coastal engineering associated with
expected climate change. Explain adaptation methods against the phenomenon




EMAE ' RIR W4 , . 7J<I—:'- | BBmEE
Specialized subject | Selected subject name ° Hydrauhcs

Applicant Number

2. KECEINIHE a @ﬁﬁb\ﬁ%kz&#@ﬁ«ﬂtﬁﬁfﬁh‘ﬂ\é “&’mb‘tﬁ’i’%& 1
EENZET AL T ORIVICE R &. :

Consider a steady, larinar flow in a small plpe whose inner radius is a. Answer the following
questions.

) HTHFHICxEnZ, TORLMLEERTMC#EE LS. ROL 572, ﬁE‘SSx, YelZr,
RUr + SrO B OBIR O EEEH D BENp & ¥ AMISATOADEY) Ehb, U\-FCD
HBRY O EETE, 775 L, wixHATE, WIfEERRTHS: :

Define x and » axes as in flow-wise and the radius directions, respectively. Sfiow how the below

equation works, considering a balance of the pressure and shear forces acting in a thin circular fluid
element whose thickness is & and the length of & % Note u is the x-directional velocity of the flow
and p is the viscosity. :

' dp  d g du

T ThE (- a;)=°\ )

4 8z
al+
67: L B A I, Y T R LY
—— T x
. p T
' M)

..........................

@) a\:m%%ﬁmmm n‘ﬁ’g’ur‘:ﬁﬁﬁew%ﬁ%u% LIz & > TRBENBROTES

ﬁc%ﬁﬁ?fﬁfﬁé MBI LERE B ORIMTLE RIS D, FDEHERE.
_Show the velocity distribution of laminar flow in a pipe has a parabolic form, by integrating the
equatlon (1) in radms direction with smtable boundary conditions. Show also.the name of the flow,

(3) & wﬁiﬁiﬁé&mﬁhy i, JJ."F IRENBFir— - v A RISy f\w‘tfﬁé nas.
L REL, dIEOES, LIERORS, UBFERSE, gIENmEETHS. FENE
BOBAWE, EERERERE VA SNVAEDRTERT DI LT
The ﬁictlonai energy head loss, A of a pipe flow is expressed as the equation below named the
Darcy-Welsbach equation, where d is the diameter of the pipe, L is the length, U is the cross-
. sectional averaged velocity, g is the acceleration of gravity, Show the friction coefficient, £ is solely

expressed as a function of the Reynolds number for a Jaminar plpe flow.
L2

deg L : a

RC) F':]‘g%‘ﬁﬁ’béﬁ'*i%&%ldﬁ%"bt&% ﬁ)bﬂiﬁ??ﬁﬁ&ﬁ*ﬂ’b?ﬁhﬂﬁu.ﬁﬁb# FE
LRIV T, FRUTEORIS TRILT 5 MEI T2 AL ATTL, | RO
& LB L TEOREOB BT L. RELEFIRETHIHNLTD.

O

Flow in a pipe becomes transient from laminar to turbulent flow, when the flow rate exceedsa -

critical level. Show the name and the formula.of the velocity distribution of a fully developed turbulent
flow in a pipe when the surface of the wall is smooth. Explain the dlﬁ‘elent charactex 1st1cs of flow
distributions between the turbulent flow and the laminat flow.




HFIAE ERA A TATE | zmae
Specialized subjeét | Selected subject name . Hydraulics Applicant Number :

v ;
p—

3. KMIEHOZSOKEREAMOMEZ TRO X 5 ICHETER L. BEL, &P TF
BRD P ODICAICHR L, TORMBOEDREY &, £ BEERERES, LTH. &
D, FEA - BHIBRER, , BLUAERREELZAVWTUTOMWIEA K.

A pipe is connected between two large reservoirs whose water level difference is H.
Suppose the diameter of the pipe is suddenly enlaxged from D, to D,, and each part has
length £7, - and £z and the friction coefficients f;, and fz Answer the following problems,
by using the entrance and outlet loss coefﬁments, Zer o, and the coefficient of sudden |

- enlargement, g’ sa-

(1) WA LOREHE, &bz I F—REH,

Draw the same figure above in an answer sheet and add an energy line in the figure.

(2) Fﬁiﬁ%ﬁﬁ%?kﬁhp BN « FEHIRRAKT,, hos %ﬂ?ﬁ%?ﬁ'ﬁhu@)jc% & 2 EFITRA

Draw magnitudes of the friction head hf, entrance and outlet head losses, he, hy,and
the head loss of sudden enlargement, R, in the ﬁgure

(8) BEARMEROSKTTERE NS OKMTHE - EEFIFAL, éﬁﬁ%%%)i LTHREhE
5»R~4®EE%_0®hmm@kEﬁLt%%rﬁ

Considering the total head in a reservoir is a distancé from a datum line to the water g

level, show an equation of the extended Bernoulli's theorem applied to a flow between the

*

two reservoirs.

(4) AEAOTEY, BLUTRQERD L.
Obtain the velocity v,, and the flow-rate @ in the pipe.

(5) BIEHOTARBRIRIL D, ﬁ‘?&wﬁ"g@&rﬁfﬁﬂsfﬂ H’Jl\_iéd’bé e _
Show the coefficient of suddeq enlargement, .., 1s expressed theoretically as a-
function of a ratio of the cross-sectional area of a pipe, just before and after the

enlargement. .



HRR T2

Geotechnical engineering

TARTORMICER K. Attemnpt all qucstlons :
‘ M\¥ WIS U IMREZBRIT L. Make suitable assumptions wherever necessary

3y “Fﬁaomﬁﬁiuou\rﬁm_ﬁﬂﬁﬂ-tt; %@Jﬁ; br&*ﬁ@@&ﬁmf bbbV, BEEA
' WHRSNERTII L.
Briefly explain the following terms. You can use mathematical formulas and figures as needed. I®
symbols are used, define them

(1) Terzaghi O3RESARN

' Terzaghi's equation of the bearing capacity

(2) TAXEE
Relafive density

() ZRES

" Secondary consolidation

(4) Gl

. Sensitivity ratio

(5) HER{bIC BT B 7L

Liquefaction indicator Ft.

6) RAALAF tm—Pay
Bioremediation

7 EDRBHLIE
Bored piling method. -

(8) BER
Plastic chart

[2] 'F%‘B@Ei"ﬁﬂ L.%K. &. Answer the following questlons

) j:a)ﬁﬂlﬁ!:h%: e, ITHFOLEE G, m@m&ﬁsﬁmim a% Lo & EoAKHRE
A RE Ry 2R TRERE. 3 A
Let the void ratio of soil be e, the speciﬁc gravity of soil particles be G, and the unit volume weight
of water be #v. Then, show the equation that exbresses the submerged unit weight of soil, 7’

() BFE L OEHREE AN ERRBRERE L L5, —HEMRIHE ¢ ThHoR.
rork, TOKEORANHETAG LHEIKEABIRS ot thBhTE,
An unconfined compression tést was conducted on a saturated clay specimen. The unconfined
compressive strength obtained was gu. Then, show the shear rcs1stance angle ¢ and the undramcd
- shear strength ey of the clay, respectively.



3] TROBRMIZELZL. Answerthe following questions.

(1) FBREDFHFIEVDEO LICES 5.0m DR LB, #E:I:Jﬁﬁﬁiﬂiﬁmﬂi HE
ELS., BEEREBTAILICLY, HREIC 0Nm ORFENERTS. oL &
ONEEHRETTT DL CORMEL, TOLEDMRELTELRD L, LKL, ZOKLO
EEAREIE 0.015m¥Yday, ARRERFRRGT 0.0050m2AN ThY, BEFEIKLWORREIC
— R AORRICEL DD b D LT B, 2B, Eﬁ}ir}u 8% L 7% & & @H#I%Wwi 0.60
LTD. : :
There is a 5.0m thick saturated clay la.yer on a high penneable sand layer Drainage occurs freely on.

- the surface of the clay layer. When the embankment is constructed, a load of ?:()lcN/’m2 acfs on the

ground surface, Calculate the time required for 80% consolidation to complete and the amount of

ground surface settlemerit for the embankment construction. The consolidation coefficient of this clay

is 0.015m%day, the coefficient of volume compressibility is 0,0050m%kN, and the applied load is

' umformly and instantaneously transmitted to each depth of the clay la.yer The hme factor when the
degree of consolidation becomes 80% is 0.60.

@) TH i».a-'a’, wﬁfsmﬂ*ﬁmlﬁﬂﬁomim%%é 8.0m @ﬁmi_:ﬁh‘ HARFEEA OKFES
FDOEEH) oI BH. 2L, ﬂ?ﬁ{iiiﬁﬂﬁﬁma 2.0m DX IARL, ThE
D B\ % DRI BAL R ey 1 17kNlm3 T K (L LAYR D B Fn BT AT e 13
.. 20KN®, AR FREATEKER T 100N/m 5. 2, M HERY Kotk 050 TH Y,
RN ICEERIERVbO LTS,
Obtain the horizontal stress (total stress in the honzonta] d:rectlon) o at a depth of 8.0 m from the
* ground surface of the' homogeneous horizontally-stratified ground shown in the figure below. The
groundwater level is located at a depth of 2.0m from the ground surface, and the wet unit volume
weight above the groundwater level x is 17kN/m?, the saturated unit volume ‘weight bc]ow the
groundwater level yu is 20kN/m?, and the submerged unit volume weight ¥’ is 10kN/m?. The earth
_pressure coefficient at rest Ky is 0.50 and there is no seepage flow in the ground. -

2.0m| RBECADEE (Wet unit volume weight): s=17kN/m?

|

PATNHAT A E R (Saturated unit volume weight): #=20KN/m?
60m|  ielEfikKER (Submerged unit volume weight): =10kN/m’
Wik iﬂiﬁ'&_j#: (Baxth pressure coefficient at rest): Ko=0.50

' ._1'_...._.._...........,._ Oh



O

[4] JEBEFIBRAICHER Uik RS, _ooﬂﬁwfﬁhﬁﬁﬁ GD%H%:@J PHLE. Zhbo
itk WAL’ FEZMTTIC, EHEBADERESN po & 0+ E RARE
a®b & TEFERRTY, ERESRBE L. TO%, WREaE—ERELELEE, #
REICEMFERMNITOE, JRTHERRR S SRR SRHEMRRE ThThRELE. 3
Bk ST T, SHESAMR do, TN LI & 2 CHEILE ok, TDLE, KORM

iR K KL, \.mﬂ?nL#Eﬁﬁi%‘%:t@ﬁ%ﬁﬁhﬂﬁ"%%ﬁﬁﬁ&li Heak « FEPRAk SR

it b, =0, L35,
Two samples for the triaxial compression test were retrieved from the clay sample ‘prepared in the
consolidation apparatus. After the specimens were saturated with water, they were subjected to isotropic

consolidation under a confining pressure oy, which was sufficiently higher than the, consolidation pressure - '

Do in the consolidation apparatus, without back pressure. At this time, the specimens became normally '
consolidated state. Then, while maintaining the confining pressure ov constant, & compressive load was

" applied to the specimen, and a drained triaxial compression test and an undrained triaxial compression test

were performed respectively. In the undrained triaxial compression test, failure occurred when the vextical
stress increased by Acw. Then, answer the following questions, The sirength constants for the effective stress
of this saturated normaily consolldated clay is assumed tobe ¢'=0, and ¢#' regardless of drained / undrained
conditions. *

(1) ﬁkﬂc_ﬁﬁEﬁﬁﬁ# BALIBHAEANRE Sk, o, ¢’ ZHv \'Ci“& 2T AKTE
& &1, BRROBRREAMIGATSHS.
Express the drained shear strength Sa obtained from the drained triaxial compression test using on and
#. Here, the shear strength is the maximum shear stress at the time of failure,

@) FEHEK SHUEMRRD B SN AHEEARANIRS S &, o, 4y FERNTRE, ZC
T, TR O MBUKERIL Aci, BRIRBUKE due wmm%m Dk, Ar=duldo, T
5B, :

Express the undrained shear strength S, obtained from the undrained iriaxial comprassmn test using

ov, Asand ¢'. Here, the pore water pressure coefficient 4r at the time of failure is the ratio of the

- excess pore water pressure Aus to the.vertical stress increment A, that is, A=Auf Aoy,

Q) SRERMEm %, 4, FERVTEYE, I 2 CHRENNSE m RIEHREABRE S, 2 EH
HTROEER o O, m=8S/oThHa. '
Express the shear strength ratio'm using 4¢ and ¢, Here, the shear strength ratio m is the ratio of the
undrained shear étrength Sutothe consolidgtion stress o at the end of consolidation, that is, = Sy/an. -
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TAEHEZE
Infrastructure planning

1

U\T"U) 3 F'ﬁ@é‘(‘ %ﬁ?m*’é‘.]: ' Answer the all questmns from 1 to 3,

1. U-"Flbﬁh_z"é'l 57, Tk Xty Tﬁﬁéi’bé SMOTF—FRbHA. ﬁ?ﬁ@%ﬁb‘fﬂ:
T, X b Y OREREERDREWN, :
About the data shown in the table, draw the distribution of the data on a scatter gram., '
Then calculate the coefficient of the determination of X and Y.
' X -2 -1 0 1 2
Y 2 - 2 ' 2 1

2 lJfFfDﬁ ConT, FATTHHE L. Explam the following words
) BEEMAFTCTORESYT  Residual Analysis in Multiple Regression Analysis

(2) Kuhn-Tucker#kft Kuhn-Tucker Conditions
®) FFYVy hE—sl Transit Mall,

@ VR =aybo—nAD4>08E  Four sirategies for risk control

(5) TMEASEAE Possible Capacity ‘

(6) %H{FEH Coordinated Signal Control -

3. LTOMWEEZ XK. Answer the following questions. -
(1) AT LT y'-—.-:.:/'ay‘q),-l H=ZXLETAVWTHEREALREY,  Explain the mechanism of

Incentive Zoning,

@) ZSBATRIAATICH i B BERCEIRE 7 U AV S0 F K COBREEAERIC >V T E A
WCREIRBIEA L2 &4 Explain the role of alternative-specific variables in the.utility fimctions
used in Discrete Choice model in travel behavior analysis, with using an example.

_(3) BEIEOEMIZ L SERREOKR, HHNOBR S ABERNBRERICHE TN AD=X

| AERBHL, ZOBREREHLNI LD OXMRROLRFR LRI, Explalnthe mechanism of
vicious cycle about urban s servmes caused by the road congastlon due to the increase of vehicles and:

demonstrate an idea to stop this vicious cycle.



() _}%*ﬂlf 2 EHEETIOENE 10 XREM LA L 5, £ 1 HRCHEE 40[kn/h]OEFH 100
. 852 BHCCHEE 60[ka/h]DEFEA 150 BRBShk, oL &, 0EHE Q EHE
K. R TEAEE Vt, %ﬁﬂiﬁﬂﬁﬁ Vs 2R X, fm‘a FRUCDEMILEEHTE TV,
ERFTHTONARND D LRETS, ' L
From 4 field survey at 2-lane highway during 10 minutes,'loo vehicles traveling at 40 (km/h] onlane 1"
and 150 vehicles traveling at 60 [kin/h] on lane 2 were observed. Obtain the traffic flow Q, the traffic
density K, the time-mean speed Vi, the space-mean speed Vs, assuiing that all vehicles were traveling
at constant speed and no lane change occurred. ' _
(5) TR E RRTER LSS DE B R T S B ER T R AL R OEEERE |
&, * Explain important point to be considered and its reason when designing highway geometry by
combining horizontal curve and veitical curve, \ '
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aysY—pLE
Concrete Engineering

. FTRTOBENL L L. Attempt all questions,

1. §fp=2 Y— NEREARTETOD 732 Mechanics of Reinforced Concreté Section

. ROFRNEZ L BT ﬁﬁﬁﬁ?ﬁ*#x BITVRN LM LREITIE, £OMEARIEAE

%’:71':’% bfhif*ﬁiﬁ%f’éaﬁ&b“ﬁl:b\

Answer the following questlons. If you cannot find any required characteristic values of

' inat'erials_, you may solve the problems by defining them.

1) EREROEE RBEL,

Explain the assumption that Plane section remains plane”

(@ BLiTRTgEE = Jhl\ﬁﬁﬁ@fﬂ%ﬁiﬁﬂﬁ Mu (BA7)E e ”é'SkHbJ:

Compute the ultimate flexural capacity of the reinforced concrete section as shown in
Fig.1 (assuming that the axial force is zero).: -
&)@1@%@@?77//hﬁiénéﬁﬁmwmﬂAs%ﬁ%?a ﬁﬁmﬁﬁtakﬂﬁht
77‘/?’@3/?.J %ﬁxﬁﬁmgﬂbfﬁ@%%ﬂzbo DL & OGHWTEHERD X,
When the cross—sectional area éf reinforcement (As) is inc;‘éased, concrete of the ﬁpper
flange finally fails in compression at the same time as the reinforcement yields in the
ultimate state. Find this cross-sectlonal area of. reinforcement at that time,
4)=1 DUFEI fiFE—A Y PR SR THITEREIE L L 25, MR 600 T, B
BHOWE M 0. 20 Thole, TDLEDEHFOVT HERHER L,
When we apply the bendlng moment to the cross seection of Fig. 1, it exhibits 60m of the’
radius of curvature and 0. 2m of the depth of the neutral axis. In this situation,

f
compute the stram of relnforcement

6 B1OF2S v%hﬁiénrmaﬁﬁaﬂLi@ﬁ%%h77xvﬁk%ﬁﬁ?é& ﬁ%
BRI BRI 2 U — Pzﬁflﬁlﬁ’EﬁE'C‘ﬁh&b‘-J: 2 #u'ﬂ‘% &:Z»'C‘%% EOERE IIFEH
BAPLHRAT X, . , . '
If the same amount of reinforcement as thg ohe arranged ol the lower ftange in Fig. 1 is
also arranged on the upper flange, ‘the bending compression failure does not occur before
the 'vield of tension reinforcement. Prove the reason from a mect_tanical point pf view.

(6) B 1 OBFICEETS DSOS E— A b ERY B LA S L 25, BHETHGIE

FRET LT, B L, WEMAO8RDT—A Y MEBYELEREEE L 5, =T
EhBTHLEI DT . : '
When a flexural moment half of the sectional capaclty was repeatedly applled
to the section of F1g 1, the relnforcement was ruptured by fatlgue in 1
million times. If the moment of 80% of the sectional capacity is repeatedly
applied, how many cycles will it fail?



;[_,J;U_Fa)[{ﬁggg 2=35MPa MHHL'.L.)‘..:IJUU D EERER 1 U?‘ﬁ{s’)ﬁﬂ{f-

compressive strength of concrete SImp'Ilfled compressive stress-strain{e’} -

, relation of concrete
SR KA y=a00mPa fe :
Yield strength of reinforcement . . !
A5 DA (R F5=200,000MPa: : Lo
Elasticity of relnforcement | ' E
EEEERRTER As=100 cm?! _ . g
total cross sectional area of relnforcement 0.0007 0.0035
1.0m [
E7FwY upperflange 0.15m
0.15m 0.15m

1.0m

CEPS5N lowsrflange |

- \ « |1__0.075m |
o000 000 o T

1 7. ]
LI LR reinfc:rcement
1 gkfF= 7 Y — RBA &R AAFHEE

Fig. 1 Reinforcgd concrete section and material properties .

2. avyyy— I‘UJEEA‘EQE{'&UU@J:I’L Mix proportion of conerete, and crackmg
EQCD%FEJI/ ‘k]%ﬁ L"C%ZJ: Answer the following questlons

1) 7Ly vamis Ve hOAT Y TRIIN TR D IR R, :

Explain what we can know from the slump test of fresh concrete.

@) RLERTTLyvaiyy I — hORAIRYT, BATKE L MBHE (s/a) ORELEZL

TEAy MEEEMER L &, M) BEEEDT Lyvaayy— PORT A ME LG 28 B

DEMRERED L > B T5 7b>%:ﬁ¥ﬁ-&=): 7235, (LR, unﬁoﬁﬁ LicEdt
EBERTRLOLTS,

Explain how the slump value of fresh concrete just after miz-ting and the compressive strength

of concrete at 28 days vary wﬁen just cement content is increased under the fixed unit

water content and the sand/aggregates volume ratio (s/a) for the fresh concrete (Table 1.

(3) FMLBROBRIGERNS ?Fﬂfﬁll‘é'émi #1 fu_ﬂ“ﬁfﬁﬁi’a{-é: RaEY rDJ: V. Lf&IETZWD?bS :

s, HEE X,

Explain how the constituent materials and mix propoijtion can be modified so as to reduce

the drying shrinkage of hardened concrete.

e



O

@) B LICFRTBAE AL MED 20%%, 747 v alcBELTIL 2 ) — hERE LR S,

z7/7ﬁ 2 8 BEHETREE, 915&%%&@5@&9L£&?5# AR &,
Explaln how slump value,

when concrete is manufactured by replacing 20% of the cement with fly ash.

28-day compressive strength and 91-day compress:we strength change

(5) &1 L?J‘TEEAG».ial: VO, AT /7"[E<‘: Y - NHREE &Hﬂﬂ*ﬁ}ﬁﬁ'ﬁﬁ]ﬁ}i\ iR )

Explam how the slump value, concrete strength and the segregation resistance change with

increasing amount of super plasticizer added.

#£1 Tlyvaarsl—boRe
Table 1. Mix proportiori of fresh concrete

Gmax | A7V | AEx bl | Z2Elkadr | sa . BirEk unitcontent (kg/m’}
(mm) slump water to cement content | & AN | HEH | WER BT
(cm) ratio (%) (%) water | cement sand gravel | admixture
20 10 55 2 44 180 360 800 1050 0

¥

. ) AR RF B AL MER ordinary Porfland cement used
s/ $EEHE sand/aggregates volume ratio, Gmax: #ﬁ*ﬁ'ﬂ‘@ﬁd{:#% Maximum size of coarse,aggxl'e'gate '
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Mathematics

IROFERE[1] & [2] AR Z 2 &V,
Answer the following questions {1] and [2].

[1] BDBAFBREHET.

Solve the following differential equations,
1) 2°y+y*=0
(2) y"+3y' +2y=e" (—RAEEFYE Find a general solution)
2] - - - :
(1) EZRMOEERINCEMLCx+3y—224+1=0 ThobbLINHFELDHS.

There is a plane w described by x 4+ 3y —2z+ 1 =0 in coordinate system I

BESASHAT » T'ORB U T Obd & &, TEnr OMclTsHERERD L.

Describe the plane 1 in coordinate system I' by using following transformati
on matrix.

X 1 2 3)[x 1

Bl-f ¢ ol

z 3 5 61l 3

(2) ST OMTFIR ALY, TRTHIIETALE L.

.Examine a possibility of diagonalization of matrix. Ifitis possible, then, diagonalize.

4, 0 -1 -1 1
1)[2 3 .z] 2)[ - 3]
o -2 o



PR

Specm]:zed subjecta '

PR 5B (HEETAE, KI%, HMTE, LARES =2 ) - bI ) DM D IHFE
BRUCOMEERET S L, .

Choose 1 out of 5 specialized subjects (structural engineering, hydraulic engineering,
geotechmca.l engineering, infrastructure planning and concrete engineering) and answer the
questions. ’



O

Mt T4

Structural Engineering -

1. B RSB RICHLT, ROMEIEL RS v, R4 21, Kl | OEMO

Bl iR AS 267, R D @ | 0 ERo T EHELSS B & T 3,
Answer the following questions about a cantilever beam as shown in Flg 1. Note that the beam !ength

" is 21, and its bending rigidity 2E7 and Ef for the left and right half sections, respectively.

1) BAYE, OFMFHAE T L E, 2HE ) OME 2E—A ¥ P ERDZI W,

Calculate the second-moment of area of the circular cross section of the beam with its radius of »
about z axis,

2) B FavE IC A T 1 ¥ 1SRRI P ASEAT B, ROJRKEA. :&bﬁﬁﬁ%’&.tﬁﬂb‘%—.
AV TR RDEE Y,

The heam is subjected fo a vertical concentrated load Pat the tip. Calculate reaction forces at the fix
-end, shear force and bending moment distribution.

3)2)@&Eukwrﬁ%@%%@ibaatbéﬁ%ﬁbtsw
Caldulate the deflection and angle of deflection at the beam tip in the condition of 2).

 4) B2icEE LD Lﬁ@faﬂﬁﬁiufﬁ-ﬁﬁk DAFE DR EROEREE P i X 3 ROLM

OhbaiRDEEN, b, F RITE P BEE T 3 RTICHERORETSH 3,

The beam tip is connected with a spring with its spring constant of k as shownrin Fig.2. The spnng
_hasfree Jength before the loading. Calculate the deflection at the beam tip by the concentratcd load P.

r,

%

A 24

E-2 4ific Sh T3 HiE 5 (Fig.2 Cantilever beam with spring connected)



2. S R B R M’ﬁ?‘éj;@ﬂﬁata»ﬂwwﬁumf FhEh 100 +E§E'G‘HBEL
HE W, '

Write explanations w1th 50-100 words each for the fol!owmg items related o des:gn and fabncatlon of
steel structures.

1) OB 3ERAM L EEHORERE
+ Welding defects and nondestruchve inspection methods in welding of steel mermbers
2) BAFEN T ERES , '
High strength bolted friction joint
- 3) WA OREN L t ONEK .
Fatigue of stee] members and its prevention measures
4) WA OBRTE (328L) :
. Corrosion protection methods of steel mcnibers-(more than 3 .itexis)
5) A4 F—KEHEE £ OIER

Euler buckling and its prevention measures . -



ARLE
Hydraulics -

PR OB 1~3 OWFRICbRET 52 L. RERESREELTCAND L,
Answer the following questions 1, 2, and 3. Necessary symbols should be defined before using them,

1. kOB (1) 25 (5) IELREN.
Answer the following questions (1) to (5).

(1) ﬂ)lliffﬁk.:‘ob\'( WIESERIE v &, BEE R, TAAY—HEE ] v-/?’ﬂ)*ﬁ&#i‘i‘
fn blinkE, ==L OERRARETE, ¥, HUBEE RV CHIIEOR®REITD &
%, MIKOEEDAAL LTEAREECHSZ L0, BB _EHLUAIMMHERE. &
biZ, HEEn ORBLPE L O, RSOWR VAL ED LS RBARIHAIPETE.

Show the Manmng s formula for the cross-sectional averaged velacity of a river, in terms of the hydraulic
radius, R, the energy gradient, [, and the manning’s roughness, #. Explain a suitable similarity law for the
scale modeliné smdy of a river flow, considering the chief extemal force is the gravity force. Show also the
scale ratio of the manning’s roughness, # for the model and the prototype, in terms of the scale ratio of .1/
A. )

@) BERKITBENTHE L &, BHHESERLUCRKOERICE LY. Z QORI L R
nNAMPETRE. ¥, TOREZAVTHEOLBEERD S FEE, REAWTHAT L.
Show the name of the principle that the buoyancy acting on a floating body in a water is equal to the
displacement weight of the water. Explain a method to obtain density of the body by using this principle.

(@) FET - R 7 AOEBFERL, A T OEHFEADBNCOVTHAE L.

Explain the difference of the Navier-Stokes equation and the Eulerian equation of motion.

(4) FHOBKERHPLE LD OV THAY L.

Explain the mechanism of wave shoaling.

O (5) RO & 5 R E ikl L MBERICE T A RRMDAREBEERRI, K, REHRASR
OFR, WERFETEND, TRNENREDO L) RRARTHIPEMPCRA TS L&z, £hd

AENCEGELTWAZ & 2T L, ¥k, O J: > R BARRERR L b’(‘?ﬁﬁﬂ‘&ﬁﬁ% 2

By L,

" The red tide, oxygen depletion, and the blue tide fonnatlon 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.



2. EOLO, KEREI, Abdik LkleReh SEAREL TS, Bl = 00k .
WONEICHERD MR ERIT e L &, DROBEOEHLEL 5. KWOMEMA, Ao
PIHMESS & OB lE OB T Bk, A, INROANERE D B OW S £k, BIMREEC,

BELAMORREM (2R UKOERERL) , KOBEZp LT LE, UTOMVIEL

L. REL, KE ““ﬁ@!ﬁ#ﬁﬁ:ﬁ’i‘ﬂ'@% BEL mmzt—ﬁse LTEET2b0E L, K&EIR

0645, ,

A truck with 2 tank filled with water is at rest in a horizontal ﬂoor as shown in below ﬁgure Supposea

small hole, whose cross-sectional area of a, is opened in a side wall of the tank at time ¢ = 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 Ay, ko, and Aft), respectively, and

the contraction coefficient is C, the mass of the truck and the tank is M, and the density of water is p. Note

that friction between the floor and the truck can be negligible and the truck and the tank moves in a unified

fashion. Consider the atmospheric pressure is equal to zero,

- X)) ()
/7/////7{71f////f/////;*
(1) KHOBER A RINROBER 2 k0 bHARE VL LT, K [ EHKOKIRS—i

&%ﬁﬁCa%kéﬁﬁHk@ﬁkaR“4®EE%ﬁﬁL RTRE. TOREEHBLTK
WOREA h 0D & & DWHAROHE v 2RO 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 stream line from the surface of the water-in a tank I'to the cross |
section II, where the flow streain is uniform. By using the equation, show also the velogity v in.the cross

~ section IL. .

() AMDRELN b & & OFHITBADOHEQ ERDE,
Show the flow rate, O, when the water level of the tank is A. '

(6) EEIMOEBERA, AMOKEN b D& 2 AHREF5H F iR k.
_ Show the force, 7, acting to a water tank when the water level of the tank is A. ‘

@ R EE i@&ﬁ&xa?aa%-Aaumfaﬁmﬁﬁﬁ%rbtan\sek,
2O FRIERVCEREORZEICBITSE ﬁw{iﬁ xEZRD L,
. Show the equation of motlon of the truck when tank position is x at time ¢, Obtain the posmon of the truck’

x in terms of 2,



3. TE®MXLIE, 320kKMA, B, COMEERT M - SHREIHMRDICREEL TN
3. BHEADBBOENENOBRORS®L, L)y Ls, BOHEELL, diy d;, BBRBRREEES,
fu [rET B FRBBOKAUMEEE RS H0 & &, ZOFKL~KAMT SHER0L 2ot
IQEE, UFOMWZISXE. REL, Hp H> HThY, HABLUHHAKRKIIK,,
K2 L, BWEEBD TORRIEHTEILOL TS, .

A diverging and converging pipes are connected at apoint D between the three reservoirs, A, B, and C as
shown in a figure below. The lengths, dlameters, and their friction coefficients of the pipes are (Lsy L2, Ls),
(di, d2, d3),and 0"}, f2, f3), respectively. Suppose the flow rate from or to the reservoir B is zero when its
water level is /. Note that water levels satisfy a condition of H,> H»> H3, the entrance and outlet Joss
head are expressed as K., and X, respectively, and the enexgy loss at point D is' neghglble Answer thc
followmg questions.

0 ﬁ?gmﬁi* 3 oUJR’iﬁk?ﬂJ & %n%n%@#—m ’ﬂ‘%%:?ﬁ% :E*llf%—ﬁ !’Dk@ﬁﬂﬁ’i"#
EANREW.

* Draw three reservoirs and the connecting pipes in an answer sheet and add the energy line and the

hydrauhc grade line. . o

Q@) AHBFERTY \b_,ooﬁ‘iﬁkﬁ LThl% L:n:?<1w$—£%a‘“ﬂil%a§m L %;n%nm:!: Q1 Qs
ERWTHRIALREWN,
Show the results of the energy conservation law i in terms of the flow rate, Oy, or O3, when applied it to two.
pipes separately. : :

3) (2) THRPI=2 DORICHNTHEQHELVZ L %*Ifﬁ LT, g8y & &R
»X.

Show the necessary condition of QQ, cons1dcnng the above flow rates, ;, and ()3, are the same.

.-?

i




MR T2
Geotechnical engineering
FATORRRIITE X L. Attempt all questions’
W U TETIMEEZ R K. Make suitable assumptions wherever necessary.

[1] TRORMIZEX X, Answerthe follbwmg questions,

(D f&ﬁ@ﬂﬁ;ﬁ#%ﬂ?&b Bﬂéﬁ{iﬁﬁ&fﬁ?&_oaﬁ'}, %ﬂ%%@ﬁﬁi%iﬁﬁﬁﬁa‘:
- List three field testing methods which can estimate ground stiffness, and explain each method_

Q) TEDIEIIBI -2 eRL Y 220 T, TREFhOREREELTHAT L.
Explain the generation mechanism of heaving and that of boiling in earth retaining works.

() LOBKREERD DI BENRBTEE "o, ThEhOKEERALL,
" List two laboratory testing methods which can estimate permeability coefficients of soils, and explain
" each method.

[21 TRRORMICE XX, Answer the following questions.

(1) ERBERIRRASFOWEE Z 0%, LhELOWEDHBEBIE L.
" Listthree types of final disposal site for industrial waste and explain the charactersitics of the structure
for each type.

(2) JEIE 20m DEKE f&#ﬁﬁ:tiﬂﬁ.thfﬁﬂﬁﬁ:t (Bt H & 5m) %ﬂﬁ‘d‘é’ﬂ*@ﬁ » D A%

OUTREFERENICHLLY, THREL T3 ORBARELONEEBLTHE
OEPBFEORR B LS 2 FEET, ThPhOoIREREALT L, .
There is a plan to construct a road embankment (5 m high embankment) on a soft clayey ground
having a layer thickness of 20 m,; and we would like to keep the amount of settlement after the road
operation within an allowable limit. Among the consolidation settlement countermeasures which can
shorten the construction period, list ‘two methods based on different principles, and explain each
method. ‘

(3) ERFRTEEHOTRLHE L LT, HTAMUET I B TFREFEIESST N
5. FRENOTHIZDWWTHHERE PR L.
As countermeasures against'liquefaction for existing detached housing area, groundwater level
lowering method and. létﬁcc-shapcd underground wall method can be mentioned.: Explain the
principle of countermeasures for, each method.

1



(3] #afn L ERESRLE VT SHERRBRET o2, UTFOMVIZEX L.
Triaxial compression tests were conducted using saturated normaily consolidated clay. Answer the
following questions. '

(1) FHMKIE 50kPa THFEBRITohth; PRRETEAMET o7, TOBR, HER
7 100kPa THELOMREFIIEICE o7, =0 LEELT, aOEEZRD L.
" After perforing isotropic consolidation with an effective confining preséure of 50 kPa, shearing was .
conducted under the drained condition. As a result; the clay specunen was failed with an dewator
stress of 100 kPa. Assummg ¢g=0, find the value of ¢d

@ D L i“l bﬁ%ﬁ?‘ﬂ?ﬁE‘C%ﬁEﬁ EiT o7, Alﬁﬁi?‘ﬁ#ﬁiﬁﬁ?@’@:blﬁ&" 17T TR,

R fs LR Iz R4 LIcBOKE DS 25kPa T =Tz, b&ﬁﬂ#mﬂ%ﬁsﬁ%ﬂt&bx. o

2L, cle, =g EARLUT I

After performing isotropic consplidation under the same effective confining pressure as in (1),
sheating was conducted under the undrained condition this time. At that time, the pore water pressure
generated in the clay specinien at failure was 25 kPa. Find the deviator stress at the failure. It can be
assumed as ¢ '=¢q and ¢ = ¢d ' -

(3) (2)@#%4: D aﬁﬁis;bu&tl culp RO I,
" Find the ration of strength increase c /p from thé result of (2)

@4z @IEﬁE@*;‘i:tﬂtﬁﬁF EIRER Lfcﬁiﬂﬁitﬁb)t, P& 10m ONCE CHLRE R

L Lk ZORERBIO—SERES oA 100kPa THok. TO LIRS 15m OAE TR

R LT REO—MERR S 2Q)ORREAVTHRER L. 2 LETRILEER D
{rRicH Y, RO ERERIZ K AREL DD LT D, T

A clay sample was collected at a depth of 10 ml in the clay ground from which this normally

consolidation clay specimen was collected. Unconfined compressive strength of the clay sample gy

was 100 kPa. Then, estimate the unconfined compressive strength of the clay sample retrieved at a

~* depth of 15 m using the result of (3). It can be assumed that the groundwater level is located at the

" ground surface, and the unit weight of the clay is uniform in the ground.



4] Bk D7, DHEE XA TOIREIKTREMRME itk d L&, EORYPELRE. 15
LBl HECKEEB 2V bizThilkvd, £RL, BEEANZES WA
GrorHERERAT A LERETS, £, DOWANHERAE 30° |, Z0EHE L BEEE ORI
¥% 0.6, WREOBAFRERY 24.0kN/m?, BHOBEMAKERE 20.00Nm? &3 5. '
" Assshown in the figure, when the retaining wall that supports the sand ground is on a horizontal foundation
ground, how much the bottom width B of the retaining wall should be to make the sliding safety factor 1.5? -
It is assumed that Rankine earth pressure acts on the vertical plane passing through the right side of the
bottom of the wall, In addition, the shear resistance angle of sand is 30 °, the friction coefficient between the
foundation and the retaining wall is 0.6, the unit volume weight of the retaining wall is 24,0 KN/m?3, #nd the
unit volume weight of the sand is 20.0 kN/m®., :

1.0m
> ' .
4 . » _ " NN
HEERE
. Plane on which sarth pressure is acting
6.0m ] .
I LOm
. ZEZR;,& —
AR EEB0HE Bottom width, B
Foundation ground



[5] < iEHERS (FH r=800m®) ZEHREL L THBICT 2 I LikRok. TORDITADRL
iabr,ﬁ<oi&b%%5ﬁmbtm@&ﬁmfacaumot.uTcmwugix,&
, RO T BT AR E R 1 27.0kN/md, BAREKE wi il 12.0%'65:5. ik, KOHAL
ﬁiﬂﬁﬁw 10, OkN/m® &35
It was decided to backfill and flatten a depressed area (the area volume 7= 800 m?). For that purpose, we
decided. to use a mountainous sand collected from a nearby borrow-pit as a backfill soil. Answer the
following questions. The unit volume weight of a soil particle of the mountainous sand is 27.0 KN/m?, and
the natural water content wx is 12.0 %. The unit weight of water % is 10.0 KN/m®, '

() WUROFHELHRET>L LIS, %:ﬁé‘?kkb Wopr=18.0%I 3% U TR AR BT R E B
Famme B3 16.5KN/m? Lirot. ThHE EORMBEKER,, MBitke, RMESERD L.
When compaction tests were conducted on the sand, the maximum dry unit weight #imax became 16.5
kN/m? at the optimum water content wope = 18.0%. Calculate the wet unit volume weight ys, the void
. ratic e, and the degree of saturatlon Sx at this state.

Q) (DTHALRERRED LITHEEAL o, BB AHER i CERODRLETI Z
gL, ZO%Re, HHELICKER LY c‘: L‘C:I:E'SL '9 Bhs 6%‘%&?‘“%5!: W, BT
C Ik A Wy %*&b .
Based on the results obtained in (1), it was declded to backfill at the optunum water content Wapt and the
maximum dry unit volume weight yamex. In this ¢ case, determine, the weight W of the mountainous sand
to be collected from the plt and the weight AWw of water to be added, whlch are necessary for backfilling,

@) EHILRULBEIShH, KORBLLY BHR L%‘Bﬁ?ﬁ‘ﬁﬁi;ﬂfﬂ L. = ) & %ﬁ&bﬁ
L4 DHAK 7V BB LAV E LT, AMBAEKE R, SR w 28R ELRD L.
After the backfill was compelted, the backfill was fully saturated due to the infiltration of water. At this
time, assuming that the volume ¥of the backfill portion does not,change, find the saturated unit volume
weight ;V;.{ and the water content w, respectively.



= = Sy T
Infrastructure planning

HUTos RID2T #AFEY L. Answer the all questions from 1 to 3.

1. JA"Fﬂ)ﬁh_'zTTJZ ) it TEX b Y CRAREND SHADOF—FNHB, BAEEHE AL
X &Y DREREERDRE, k

About the data shown in the table, draw the dis'tribution of the data on a scatter grdm.

Then caloulate the coefficient of the determination of X and Y.

X 2 | 1 0 L1
vy | 1| o 0 0

2. BLTOAFIZ-WT, ¥ITCHRAR L. Explain the following words.
(1) =HIE dﬁﬁﬂ?wé’»ﬁ#ﬂwj Multicollinearity in Multiple Regression Analysis

@) Fadzs b?Fﬁﬂ] Wt BiITI AT Travel Cost Method used in Project Evaluation
(8) AT RFFA K Kiss and Ride

@) RETERAV P TCODRI V-2 T eRa—Cry
Screening and scoping processes in Environmental Assessment

" (5) $IMhiSikiHEE  Stopping Sight Distance

® 79y 7,5yt Roundabout

3. DToOMWICEX X, Answer the following questions. ) -

(1) HHRERERERO A =X ACSNCTEEAVTHRALREY,  Explain the mechanism of
Land Readjustment Projects by drawihg a diagram.

(2) FATZSEDOBRRKEE % E TR L, Vi D LRT (Light Rail Transit) DR 517 2 B FICHR L.
FORBIZWHA LREVS,  Draw the domain of each mode in urban transportation, Then identify
the position ¢f LRT on that drawiilg and explain the' role of LRT.

I . ' ' . .

@) .o— k754 SUPRAONT, YU H BTy FUCOTRERA L LT, B&RA
AN T D EOBRORE %R ~2/2 &\, Explain how the road pricing project cases have been
applied in Singapore and London. Then explain the double effects of road pricing regarding charged
revenue,



@) & BEBE EITT 5 EMOME v & HEHEM s OMCARDE S
REERSHD, FHE 1000[veh]O—ERRTBERTNL TN D & &
o, B & ) BRSNS L, BB | RRoRE P25
 DESEFRDE, The relationship of speed and headway spacing on 8
a certain highway is shown in the right graph. Suppoese uniform traffic- 0

' flowing in 1000 [veh/h], the highway was blocked completely by an_

L

40 viknv/h

' accident. Obtain the length of the queue in 1 hour formed by this accident.

(5) SHBEBREICIY S (AHHRM] & EHEBII L, BRI 5 RERANRE A
W _I';;}’L%ER HBHHHEEBAR K, Explain “effective green time* in traffic signal control and
illustrate how to obtain it using a cumulative diagram at a stop line. ' :



2y Y —pILE

Concrete Engineering
FRUORPNTE LK. Attempt all questions. -

1. =y Y — MEHBRE /% Mechanics of Reinforced Conerete Section

ROBRNNTE L L, BB RSEER S 2 BTV RV L3 b?L*ﬁAGu.li, OGS
EREHR L ETHEREDTIN,

Answer the following questions. i you cannot find any required characteristic values of ‘materials, you may solve
the problems by defining them. ‘

() B 1LCRTSF= 2 ) — MNEEOKB IS Mo (MY ak) 2R X,
Compute the ultimate flexural capacity ‘Mu” of the cross-section (see Fig. 1) under no axial force.
@) E 1 ORmEc—EOMA 2 IER S iz —2 0 b EERSEDHA, REHITHA
S CTRET B, RLREAREMTRAEEX MO ERD &,
The ultimate flexural capacity varies according to the axial force, which is first applied to the cross-section as
shown in Fig. 1 and afterwards, the flexural moment is applied. Compute the axial force which leads to the

maximum ultimate ﬂcxural capacity.

ALY~ D ERIMRE fc'=35MPa
compressive strength.of concrate
£ 4% (O M £ 3% B fy=400MPa ; Yield strength of rebars .
455 0D S 1% ¥ Es=200,000MPa ; Elasticity of rebars
#8315 B As=40cm?: total cross sectional area of .

. ‘rébars

L DO OERER-UT A M

Compressivestrass-stmn £:Y] ralation of concrete

1.0m

H=

$%85 < rebars ;
200 0 — 3
S=1 :
. ek :8
b=0.3m T ) 0.0035

1 k=7 U — M & A RMRR

Fig. 1 Reinforced concrete section and material properties

2. a7 V— bOREHRE & OUH Mix proportion of concrete and cracking
ROFMCHELTEL L, ' Answer the following questions.

() RLERTIZ Ly Vol U L ORBIEVNT, Bk HEHEOmE 2EELTEA
¥ REHME T LE, WY BEEROT Ly Yaay s ) - ORI AELHR 28 RO
 ERERER YO X S WWEET D12 HEHE K, 28, (CHRIRIEREY, ARORE Lt’ﬁ‘
MHEERTILOLTS, :
Explain how the slump vatue of ﬁ'esh concrete just afier mixing and the compressive strength of concrete at
28 days vary when just cement content is increased under the fixed unit water content and the sandfaggregat&c
volume ratio {s/a) for the fresh concrete (Table 1) ' '



@) TWﬁJﬁﬁﬁm%Mﬁfakﬁ ﬁlLT?&%MH&EA%awiok@E?émm;mm

R &,
Explain how the constituent materials and mix proportlon can be modified so as to reduce the risk of alkaline
_aggregate reaction. ' '
£1 Flyiuayy - oRs
C - Table 1. Mix proportion of fresh concrete
Gmax | AZ¥7 | KeAVbE | ERKair | sa BATE unit content (kg/m?)’ ,
{mm) slump . | water to cerent content e | * AV | BRE ) BEE HFn
(cm)- ratio (%) {%) : water | cement sand | gravel | admixture

20 10 55 . 2 44 -1 180 360 800 1050° 0

%) WEAHA T REAY MER ordinary Portland cement used

-’

. sla; AIBEE sand/aggregates volume ratio, Gmax: $ABFOFK-HE  Maximum size of coarse aggregate

@)%kﬁmbr+ﬁ#ﬁﬁﬁ%ﬁtrwék@=yﬁJ MRS TD I, Fieical -y U bE

@y

PABT DL 2ELD, W2 QAR BRE, 5IH8RE v/ Y— kS A R D
RBLEbIT, EOLS 2 BT 32 BT X, ﬁﬁIGi*ﬁ?ﬁ-T%ﬁ "éi’b Frarrsy—trE
TRTHbDLTB, _ . _
Figure 2 shows the wall which is newly constructed on the massive concrete slab whdse strength has been
sufficiently developed. Illustrate how the températqre, tensile strength and the principal stress at Point A vary
according to time after casting concrete of the wall, The consin‘mtidn is conducted in Yokohama in spring

SCASOn.

2y — MERRBETDIEA %:{E:ﬁb UU%'JMEEEEB%AV‘C! < Tﬁtbd)ﬁﬁ% 3 o¥T

TR L, : l

Answer three methods how to reduce the stress and the probabﬂlty of cracking of the concrete’
wall, and explain their mechanisms. '

10m

A 15m
fr'ﬂ. I-ﬂﬂéhf.ﬂ./ﬁ'} ""l'-!

lely cast concrcto wall

. @AR

4m

E
El

RERSTEAVH ) EQITRE L, TR TEET A TLE X |
HASTOHBITROITRACILI008FRATNSLOLT D AROLR
Favs)—REORT LT 5.

Joint between the massive slab and the wall was fairly processed and constructed
according to bullding codes for practice. Age of slab concrete exceeds 100 days
when the wall was casted. Point A Is located on the surface of concrete body.

- B2 wzxRmry V- bOEHEOUER
Fig. 2 Stress of massive concrete and cracking




3. gy D — bOWAME Durability of reinforced concrete
LRI ZB L TE X &, Answer the following questions, -

Q) SENETBET HINEMES, BMEREShg RS ) — NI o LECRVEUERTS D
. OrT B 0LE, ESITTIE TR SIS Zo0fE R U — ML) OEFFGORE
L EDNTERE L, ERTEI7 Y- b DEAEH 1 CTTEY THY. tﬁﬁé@f;b’@Iﬁﬁfﬁ
K-> THELEN DS b0 ET B,

Figure 3 shows the simply supported reinforced concrete beam subjected to repeatedly travelling tiaffic loads on the
~ beam. Explam which one of the following cross sections (See Fig. 3) may bring about longer fatigue life. The
concrete used for ‘construction is shown m Table 1. Constuction is well done according to standand speciﬁcations '

. and codes for practice. :
@ Y BHic T VAR VA RIS - r&e&mm &, EFHMIAEICR DT LFHGH

T3, EOEmERATL,
O , The fatigue life of prestressed concrete bearns is much extended. Explain the reason.
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You will NOT be allowed to leave the room until 70 minutes have passed from
the beginning of the examination.
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Mathematics

W ORHEL] & 2] BB E S\,
Answer the following questions [1] and [2].

[1] |
(1) ROWHFBRIXO—BMERLREN,
Find the general solution of the following differential equation.
dy + 2x +xy?
dx = xZy+2y

. (2) RO FBRRO—BIEER LRIV,

Find the general solution of the following differential equation.

d?y
E-i- wiy =0

(3) r(t) = (tz :' 1) 0<t<1)TRENIBSECETE, ROBWMYLEHE LA
W,

) ‘
Let C be the line segment represented by r(t) = (t :’1) 0=st<1)

Calculate the following line integration.
[ 16 + )z - 26 -y
c

[2] '

(1) 3WTOEFEEMITIVVTRMAOO, 0, 0) & KA(-L, 0, 5), /AB(L 1, 3), AC
O, -1, 2)ZTER & 2 HEEOABCOBRVER DR IV,
Find the volume V of the tetrahedron OABC, whose vertices are given by t
he origin 0(0, 0, 0), point A(-1, 0, 5), point B{1, 1, 3), and point C(0, -1,
Z2) in the three-dimensional coordinate space.

1 1 31 -
(2) ﬁ'FUM=[1 5 1}%%%*“51,7281/\0
311
1 1 3
Diagonalize a matrix M = [1 5 -1].
( 311

{
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Structural Engineering

1. ROMWZEZLREWN, 2B, BrMH+ 5 EBbFio s,

Answer the following questions. Note that all calculation procedures must be shown.

1) B& f WTHMEEIFRBROESRIE, RESVERCEILIEEn 0EENRHD. EAHM
HEZgLTHLE, ZOEBICLAZBOHMTE—RA Y M3H MEERDRIWV. B,
ROBERELTEEHDETS. ‘

~ Answer the bending moment distribution M(x) of a cantilever beam (length £ bending stiffness EI)
with a mass m, which is placed at the free-end of the beam, as shown in the figure below. Note that
the gravity should be described in g, the size of mass m-can b'e ignored, and the dead load of the

beam can also be ignored.

7

I 2
z)1)@%@tbaya@w%—xer®ﬁm,%f:f%o%%ﬁaaa%_wﬁﬁ

BAEMAT DT L CROIDZEM ) ERD, RPR (c=2/2) LREH (=4)
DIcbBHERDRE,

Answer the deflection y(x) of the beam in 1 } , and also answer the deflections at TWO locations;

aly M

 x=A/2andx=1. Here, it is allowed to use the differential equation E =T

3) R, TRO XS KEERRPRR =R BB L. ZOLE, BEEx=4 TDlzb#
) ERDBIV. B, RORKIIERTELHOLTS.

Next, the mass m is moved to the location of x = £/2, as shown in the figure below. Answer the

deflection at x = £, i.e., y (£). Note that the gravity should be described in g, the size of mass m can

be ignored, and the dead load of the beam can also be ignored. :

El m
T\
./
A2
X
y

4) 1) £3) T, ZRENEFELE»DRZ 1 HHERDREEZLLZILNTES, 20
&%, 3) COEHFRIEE, 1) CORFREEROMBECRIS, BXREVL., BHER
B o®INIZiE, 1) &3) OEEAVTIY,
Both of two beamsin 1) and 3) can be treated as a SDOF system, respectively. Derive the
resonant freqﬁency of each of two SDOF system, and Answer the ratio of those two resonant
frequencies. It is allowed to use the answersin 1) and 3) to derive the resonant frequencies.



2. UTOMWZEZREW, 28, BPEHTIBRLFTIL.

Answer the following questions. Note that all calculation procedures.must be shown.

1) Fig L \CRTEL B, W& HOZED=AMKEOR.L (g 2RD2EW. 2, U
EERMBP bR SO LT 5.
Answer the centroid, i.e., the oi‘igin of the neutral axis, of the isosceles triangle cross-section with
base of B and height of A, which is shown in Fig.1. Note that the cross-section is composed of a
homogeneous material.

2) AL Figl OTE=AMIFET, 1) TROLPUECET BT 2 )ke—A b I
(TRTEAD)-EDH LRIV
Consider the same isosceles triangle cross-section in Fig.1, Calculate the second moment of area J,
which is defined as the following equation, to the neutral axis, which is derived in question 1) .

=y

3) Fig2 IKRTEIFUNEEETHIROBTE2E25.
VAW 0B o FA §BORFR) IKEATHEE, METHBETIRREANEA
B #RD L. Eihr, 0% b, ZOEFTEE DI AT EE fave ORI
20, BERREN. .

G
:@k%.%ﬁ®%b%ﬁﬁ%ﬁﬁf=ﬁ??ﬁ%hé:k%ﬁwflw.

LT G, TAMRRAE T 2% 255 B RHD RN U THMUDE D OUERD,
N ECRTT SEFE 1 ke—A LN, THE2) pPOXNERFRICE L DD Piricads
Wi 2 IRE— A M THD.

Considering a rectangular cross-section in Fig.2, Answer the maximum shear stress Zmax subjected
to a shear force ¢J in the negative y direction, i.e., —y direction.

In addition, answer the ratio of Ty to the mean shear sfress Zaye of this rectangular cross-section.

Here, it is allowed to use the shear stress distribution 7 = II?

where G is the geometrical moment of area for the outer cross-section area from the focus point
against the neutral axis, and J is the second moment of area, which is the same definitionin 2) , fo
the neutral axis.

A *
P Py
i
H H
—— x © e x
. B > B >
Fig.l Z&50 =AW Fig2 &FHMTE
Isosceles triangle cross-section Rectangular cross-section

8. SURTREL 2 BREE 1 BT, TOA X=X b LMEFERICBT 5FHEEHBE L.
Indicate ONE of significant damages occurred in stee] bridges, and explain details, including its
mechanism and maintenance strategies.



ARIE
Hydraulics

ATORM I~ 0WThitbBET L. PERESHEBLTANIZ L.
Answer the following questions 1, 2, and 3. Necessary symbols should be defined before using them.

1. ®OB (1) b (5) RERRSV.
Answer the following questions (1) to (5).

() 70— FEROEHEEZFE, TOERZERAT L. 2OER 1 LY bREVES LS
FEESNT, TREROFROLS LT O VERA X, ‘
Write the definition of the Froude number, and explain its properties. Show the names of flow when
the Froude number is larger or smaller than 1, and explain the difference of their properties.

2) BREHz=x+ iy KRBT, ERBERT V¥V R W=C TRbEND NGB
DFRONE RHREW, ébh,ﬁh%@%%%@TL&éw =L, x y 35EK,
RN, CREERERTHS.

In the complex plane z = x + iy, derive the equation of the streamline of the flow described by the
following complex velocity potential. Also, sketch the flow field.

W=_Cz ' :

Where x and y are real numbers, 1 is the imaginary unit, and C is a constant real number.

() HIBT B, VA AREHCONTHRAE L.
Explain the Reynolds stress in turbulent flows. /

(4) 2018 ST TR L AR A NERRE L. T0 OB, 7 HOWHEBARMREE T L ROF
MBI B3y 7 T4 —F —BBREHEIBOKE, T 9 ADBE 21 Fizdtd KETIRERE
BORMBIC L3RR, FRENEEICRo. KEOREE R0k Ay Uz —F—KB
BEICOWT, ZORABEMEICHAT L L L bz, TORBLBRBTIEDICEYRIH
BT, |
In 2018, severe water hazards took place successively: a flood event accompanied with the back
water in residence area in Okayama Prefecture in July; a storm surge event attacked Kansai Airport
in September, Explain the back water and storm’surge phenomena and describe your ideas how to
reduce the damages due to such phenomena.

(5) AR BUHROERBILICME D, HENRAKBLRAROFAEZRL, KENLHRE
BRI &, |
Answer typical water quality deterioration phenomena in eutrof:hic lakes and coastal waters. Also,
describe several countermeasures against the phenomena.



2. EEOL 5%, WS HOFKRE REgick
R SNTRY, FEROLMITE, MHEOBE A A
FEREE hETE LA THS. 4, BBOE y

CAREBT TSRS L 25, BRROE |
HRTRo TS bEKRED RENBHTFH - :

BEINE, BEROKMIB L ETTHRoL &, | — 3] O
UTFORWZER X, X
The figure shows a large tank with height H, in which \_ '

water is fully filled and a small open pipe is inserted 0
into the tank down to A2 from the upper lid, When a ‘ﬂ'
small hole at the bottom of the tank is opened, water is
flushed and the air is bubbled from the tube. Answer
the following questions when water level of the tank is
Ay from the lid.

0

(1) BBENOREICRTBENDAAE, h BR8N, ppg BB L > TR, BL, pik
KOWE, g REIVMBETDHY, h<m&T5.
Draw the pressure distribution at the side wall of the tank in a plane with 4 in the vertical axis and
p/pg in the horizontal axis. Where g and p are the acceleration of gravity and water density. Note that
hy < ha. '

(2) 0 <hy <hy & by > b OFERFEILOWT, BROHDEHT SKOFEEZRD L. {EL,
BBRSEEHDERIIRVWED L L, EAEKKEEZ0 LT,
Obtain the velocity of discharged flow from the bottom of the tank when 0 < 7y < 2 and ki > hp,
respectively. Assume that effects of friction and capillary force are negligible, and the atmospheric
pressure to be zero,

3. KEBEAE, (—8) O—HRRKBERICBT 5~ =y 7 OREARNKKRTEL D
haldE, UTOBMWCEZ X, REL, vidMERHIRE, nidv=r /7 ORERETH
3. ’ .
1.21
=_R3;2
v - _IO 7
The Manning’s formula for a uniform flow in an open channel with constant slope #, is expressed
as above, in which v is the velocity and » is the Manning's friction coefficient. Answer the

following questions.

) BHRORIFMTTCHINER L, Tk, —BHN2EHRO L EOERERAL,
Explain the definition of R in the equation for open channel flow with arbitral cross section.
) /BERFEMEICBO TR, R EAEL LEEDL D R2BMBILH D%

Explain the relationship between R and % in a wide rectangular cross section.

() BAEFiRk g 0XEWRT L&, BRAELEZRD L,

Show a critical depth %, by using the flow rate per unit width, g.

@ AR ERE,, HUEREq v=r S ORERE n 2BV TERE,

Develop dn expression for the normal depth kpin terms of #,, g, and ».
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Geotechnical engineering

TARTORMICE X &, Attempt all questions.

MEIIS UTEORMREERIT L. Make suitable assumptions wherever necessary.

] UFOREICE 2 X, BEIEUTH - SPFBLTS L,

Answer the following questions. You can use illustrations and equations if necessary.

(1) ORELSFFENELIVITHEDHBRIEEOX S EFEL 1 ERAL L. SHICHED
gifR & B RR RO BRI W THEE AW THART L.
Explain how compaction curves can be changed by the change of soil grain size distributions. Besides
that, illustrate the relations between compaction curves and permeability coefficients with a diagram
and explain the points,

Q) BEERMALTEOBKRERWT, YOk 3 RBESICEESEMIE, RHLE, FHIELE
ERTShEAL. ‘
Describe the situations where a wall is subjected to active earth pressure, passive earth pressure and
earth pressure at rest respectively, illustrating the relation between the wall displacement and the
mobilized earth pressure with a diagram.

(3) HRAFOIRLDIELERA U =X LERAE, BT HEE Z 2%, ThThizo
WTHRR{EZIE T 2BHEZRAT L.
Describe the mechanism how liquefaction is occurred at the time of earthquakes. Besides that, list
two countermeasures against liquefaction and explain the reasons why liquefaction can be sustained
by the countermeasures.

@ EEOETRRETZ DLEL 0BT, tOREAI=XLEHRELT L.
List a method which can accelerate consolidation process and describe the acceleration mechanism.

(5) CD REk, CURER, UURROFIE - BHIZSOWTRAYT L. SO EHERERRTHE:
DD TEHNEREHRAE L. '
Describe methods and purposes of CD, CU and UU tests. Besides that, explain the engineering
meaning to apply back pressure in {riaxial tests.



5
[2] B IR T EREBSEHROHR A GRE 14m) HBAM ABBIRRELT, SHEE
BB ETok., UTOMWCEZ k. KOBEEHEERIT p=10kNM &T5.
Triaxial compression tests were conducted on undisturbed samples taken from point A at a depth of 14m
in normally-consolidated clay ground as shown in Fig.1. Answer the following questions . Unit weight of
water %vis 10 kN/m?,

5m| B - Embankment

¥7=16 kN/m®
4m . };FIS }<N11’m3 4m 7=15 kN/m® 51:-1
Groundwater lavel
Y . %Y B 4
¥107~18 KN/m® V=18 kKN/m®
10m . I0m
vl'
A ‘+0a' e A R+0'
E-1 (Fig. 1) : -2 (Fig. 2

(1) ZOREMEHR A TR TS LT vm\ < b, Fie, BELERKK=080
¥, KEFRDEBESc ), HRD L.

Calculate the in-situ effective overburden pressure ¢’,, to which the samples were subjected at point
A. Besides that, obtain the effective horizontal stress o, when the coefficient of earth pressure at
rest Kp is 0.8.

(2) ZDRH< ELERAD B IEAR L ZEBRAEITH L, FAIHE 200kPa THFER T o 7.

BEVN ISR RG TRAM R To L 05, RUERHCRIZEE I 160kPa, TERIFRRAEIL

120kPa T =72, ZOKITORANHERASERD L. X LERES 1L 0kPa & 75,

A triaxial compression specimen was made from the undisturbed samples and it was isotropically

consolidated with an effective confining stress of 200kPa, Followingly, the specimen was sheared

under the undrained condition. At the failure, the deviator stress was 160kPa and the excessive pore
water pressure was 120kPa. Obtain the angle of shear resistance & of the clay when the cohesion ¢’
is OkPa.

() TOTHL ELERED B MER LB 0 SR EEREI R L, R A BT SR ERES 2 F

HAREL L CEFER BT ek, SEXEETRANEToI. 0L &OBBEROH
BN oo Z RO K. BEL, a=c, g=¢&TB.
Another triaxial spetimen was made from the undisturbed samples and it was isotropically
consolidated with an effective confining stress which is equal to the effective overburden stress o',
at point A. Followingly, the specimen was sheared under the drained condition. Obtain the deviator
stress oy-0y at the failure. It is assumed that ca= ¢’ and g =¢'.

(4) B-2 WRTRE AR FICBESER L. BEEERT 58, EREE, EREE
EERRRIC B 5, B ORE R, MEARIES, MBRKEDRES M EERE
L. ELFERTOHK A, B ICBIT2HMERST, MEAZNES, MRKEQEEZRD L.
P UL K RETEF SR TONA b0 LT 5. kiR B OBRERR Sm Th5.
An embankment shown in Fig. 2 was instantly constructed on the clay ground. Illustrate distributions
of total vertical stress, effectivé vertical stress and pore water pressure in the clay ground along the
depth, for the three stages which are before the embankment construction, immediately after the
construction and long time afier the construction. Besides that, obtain total vertical siress, effective
verfical stress, and pore water pressure at point A and point B mobilized at the above three stages. It
can be assumed that the clay ground was loaded under the Kj condition. Point B is located at a depth
of Sm.



TAHERE

, Infrastructure planning

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

1. UTORICFTL IR, FEX L Y CRBEShISHEOT 2855, BmEHezHE L
T, X &Y OFEBIREERDREY,
About the data shown in the table, draw the distxibution of the data on 4 scatter gram.
Then calculate the correlation coefficient of X and Y.

X 1 2 3 4

Y 3 4 5 4 3

2. LTORAREIESWT, ¥TCHAE L. Explain the following words.

(1) 75 R & —L3COBE#EE  Single Linkage Method for Cluster Analysis

(2) FEERSHTAVAHEINIESR Internal Return Rate used in Cost-Benefit Analysis
(3) ##RTH{LIAH: Phenomena of Counter-Urbanization

@ ~7EFN Huff Model

(5) 74 Fii#E Clothoid curve

(6) RIS EEIE(E Ranked Hourly Traffic Volume Diagram

3. LUTOMwWIZ X X. Answer the following questions,

(1) EBHEREROMGE LBRICOVWT, FEH (2—FvY) TOBRERZER L THEA
L7p&Vvy,  Explain the characteristics and limitation of Neighborhood Theory, referring to the
1mplementat10n cases in the new town projects.

2 SAEEOTRICRY B EAEF N OGRE FHRERIEL HESETRALRSY,
Explam the characteristics of Gravity Model used in the prcdxctlon of demand distribution, by
contrasting to average growth late methods. : '

Q) BEREIVAV MEOWT, BBVATATRVA LV P eOBEVWEFHA L, BERNRHE
AEHNELTAA—2 T P4 FEROBKEMR/R SV, Explain the difference between
Transportation Demand Management and Transportation System Management. Furthermore, discuss the
characteristics of the Park- and — Ride project as an example of TDM.

(4) ZGEEE C DR Moy 7 R BRBRE~MMORTE, ERRME L AVTHIT,
EZOBEEIZLIREBENEGHEZETIZRE, Draw a taffic congestion phenomenon at a
bottleneck (capacity: C) using a simple drawing of cumulative curves of inflow/outflow traffic volume.
And show the total delay by this congestion in that drawing.

() FEEBROVF FHER MRy 7 EFBBEIEONTELDNSNES, BBRITELES b
DEFELRVDBDE 1LS2T2HIT T, TONEZHAR X, Explain countermeasures for

meotorway congestion at a sag section, raising one measure with roadwork and another without roadwork.
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ayy Y—bIE
Concrete Engineering

1. WEEAFEMETE (5=500mm, d=550mm, 4'=50mm, #=600mm, A~=5000mm?, 4,’=2000mm?) {ZIiE
DR NBERATIHAICONWT, UTOMWIE X L, 32 ) — bOEMMRER £
=24N/mm?, =27 ¥ — b O f T OUEIRIRER £=3.8N/mm?, $555 DRRIBE L £ = £ =300N/mm?,
Sy V= bOF U VRERIX E= 25kKNmm?, $5E0 Y v S REN B~ 200kN/mm? TH D, I
2 V= h OENEREEOT A2 0.0035 £33, FOMOEERMLBIISCTHEERELTAVS S
-

Answer the following questions on a reinforced concrete beam with a doubly reinforced rectangular
cross-section  (4=500mm, £=550mm, d'=50mm, #=600mm, A4,=~5000mm?, 4;'=2000mm?) subjected to
positive bending moment. The compressive strength,of concrete fz' =24N/mm?, the bending cracking
strength of concrete fj=3.8N/mm?, the yield strength of steel £= £’ =300N/mm?, the Young’s moduius of
concrete E.= 25kN/mm?, and the Young’s modulus of stee] ;= 200kN/mm?. The strain of concrete at
compression failure is 0.0035. Other symbols may be used-by giving their definitions if necessary.

(1) KFOREPER LT, VU BhBEEROT—A v P ERD L, HETIBROEEDLT
'

Obtain the moment at the cracking of concrete of this section neglecting the effect of reinforcement. Show
all the assumptions used in the calculation.

) BhiFRgEE— A b EEER X, HETAROEEDTY,

Obtain the fajlure moment of this section. Show all the assumptions used in the calculation,

b= 500mm
) ! d’'=50mm
""" vy
e ® L ® -
A,"=2000mm?
d = 550mm A = 600mm
4, = 5000mm?
------ 1 ® & e @




2 DITFORWEEEZHE L,
Answer the following questions.

(1) ROFFIZOVWTERAR L, BE, RACKDIZREZRANTEW,

Explain the following items, You can use appropriate figures for explanation,

(a)
(b)
©
@
©
®
(2

&)

(2) RAOEFRECHR2VWREC, FLVORCEEDZERTIRREE L 2. £APMR,
M ORECIVDEY 27 V— IRHFLRVI DT Hedic, B - BT - fiFEED

Py vaasZi—bhOU—HETT 4 —
Workability of fresh concrete

EizbsTE S }

Fineness modulus

EIE 5 AER

Modified truss theory

YU he2—h

Silica fume

BB RMRE

Splitting tensile strength

BHT VAR LR

Effective presiress

HEIC L 2RI 5 5%
Measures to mitigate chloride induced steel corrosion
Eparys)—Fh

Cold weather concreting

FRETRIBIIRETNC, TOHEBL LHIHAY L,

Let us consider a situation to construct a new RC structure in an environment in Japan where chloride
induced corrosion needs not be considered. In order to prevent spalling of cover concrete due to corrosion
of steel during the service life of the structure, propose ail possible measures in the stages of design,

construction, and maintenance. Explain why your proposals are effective.

(3) g BB 5 RC B O MIFOURRUBEZFHETIHEERS, YO X 3 RELFIKESHTWY

DRI &,

Explain what kind of way of thinking the dcmgn equation is based on for caleulating bending crack width

of RC members
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F%# Mathematics

(1]

(1)

a2 d?

i S 2 A k- 8 o
ax2+kx 0 dx2+kx 0

}&3% T.%¢ Structural Engineering

2.

ROFIZDNWT, LAFORMW 1)—3)iZ
EAL. BoMTRMIE ENY—E &7
2

ROBPIZDONWT, ELFDRW 1)—3)IiZ
EZAL. RoOWIHIM ENd—E&d
5.

Answer following questions 1) — 3).
Note that the bending stiffness £7is
uniform along this beam.
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B 2%

Mathematics

RO & 212 REE R E W,
Answer the following questions [1] and [2}.

[1]
(1) ROEBGFRAO—REERLRZEV,
Find a general solution of the following ordinary differential equation,
62
Ly =
E7%) +kx=0
I, MIEEETHS,

where k is a real constant

@) Ulty) = XY@ ERELT, ROBMSHERO—REER LIRSV,

Find a general solution of the following partial differential equation assuming

that U(x,y) = X()Y ().

aU_azU
dx  dy?
5 1 =2
[2] ﬁ§UA={1 6 —1]&:0%'(&?@%‘31(\&;%%_&éb\a -
' -2 -1 5
5 1 =2
Answer the following questions aboutamatrix A=|1 6 -1/
-2 =1 5

(1) 1TFIADEEBEAL BE R MMxERDR SV, =FL, |x|=1&F3,
Find eigen value(s) A and eigen vector(s) of x assuming |x| = 1.

(2) 175(A™ (ADnFE) ERLRE,
Show matrix A" (matrix A to power n).
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Specialized subjects

HPI 5 HEF GEIETH, KT, TS, ARESR, 2ur o NI¥) Omhb 1 5B
IR L2 ORI R R B b

Choose 1 out of 5 specialized subjects (structural engineering, hydraulic engineering,
geotechnical engineering, infrastructure planning and concrete engineering) and answer the
questions.

O



WiET e
Structural Engineering

1. ¥R T HEE (Flg -)EFORE L OBME Figl)ic>onT, kOM1) —4) i«
A& BREEP BEXIRTHD.

Answer the questions 1)-4) about a simply-supported beam (Fig.1-2) with length of L and with an
inverted T-shape cross-section (Fig.1-1) with homogeneous material. Notice that the beam is located

under the right-handed coordinate,
(1‘ Sa a : -.?a

P (at x=L/2)

X

ﬁ* EL o

v

Fig. 1-1 Fig. 1-2

1) Fig 1-1&5¢, ¥ TRFEXPRPO pEich?d L&, Oz BRL,
(D SZH(Y-Z S w3 Z F i Ic T AR A v b B RD R &

Calculate (i)_the neutral axis (¥-7 axis) and (ii) tﬁe second moment of area Jv in the bending to

Z- direction against the neutral axis (¥-Z axis) of the inverted T-shape cross-section initially located in
the y-z axis in Fig.1.1.

2) Fig. 12 KRTEE I, HIFEHE Bl 0 FBLRT, BHHEP B =12 KEFTH L X,
ROWHITFE—2Y MO MEED ED L.

Calculate bending-moment " distribution M%) of the simply-supported beam (Fig.1.2) w:th a
concentrated load P applied at the mid-span of the beam, i.e., x =L/2.

3) BOBRMAAIHE—B LTS EE, WERNOEEAR ¥, 2) KBIF3, HifEBiey
TRNAE (HFIRAE) R,

M *
o= -—QZ v (Bq.1)
1

LRBIEE, MHEL,

2
Cw%fﬁ;ﬂﬁ@f&é&tbawwcwW?éuzg;-&&5 LEENTE E,
B, 757 OUINRY EObOLT .

Derive the bending stress mtens1ty (Eq.1) for an arbitrary point ms1de the beam {x, ¥, Z); i.e., the
coordinate of cross-section is the neutral axis. )

. 2
Notice that you can use that the bending strain £ can be described as #=-Z fix?’ and the

Hooke’s law is satisfied in the given beam here.

~

4) ZOROERKIGHEE, TNRENDSMUBED(®, ¥, ZEEE, BXREW,

Answer the maximum stress intensity and its location (x, ¥, Z)-coordinate in the cantilever beam.



2. KOFDNT, UTOENL) —3) ALY, BOETENE ENE—EET5.

1

8 kN
2 kN 6 KN/m

A JJ’ L] W b 4 L W b

Im # 3m 7 1m

A B C D

1) ¥AB L CTOXARAE S LHE. Calculate reactions at Points B and C.

2) WANIR L fiFE—A Y MRIPZEAY L.

Describe the share force diagram and the bending moment diagram of this beam.

3) AD (FEHAKS) ToOkbihi ¥R L. Derive deflection at Point D,

3. WEEMERIZONT, UTORMICER X, Answersthe questions below.

1) TR0 H— U7 HREEEER LR 5, RO OBHRAEEICEEY 5 ()-(iii)
DFEEEThEN 50 FRETHAE X,

Explain technical terms (i), (ii), and (iii) related to mechanical properties of steel material using the
stress-strain curve indicated below, each around 100 words.

(i) HME L EBIE elastic/plastic .
(i) DFEF & AFRUT A conventional stress/conventionat strain
(i) B|3EBABE tensile strength

(FSEHES, BH AR TEY Y — X WEELE), ZUEHE X 0 R - — S5 2 IR
2R TR L R BEY | 2B FOA N XA LREER, S#ETHICRIT AFHEE,
150 F=RRE THAY L.

Indicate ONE of significant damages occurred in steel bridges, and explain it, including its
mechanism, occurrence factors, and maintenance strategies with around 300 words.
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KIE
Hydraulics

UTORM 1~4 ONWThIcbBET D L. BREREFRBERLTANDZ L,
Answer the following questions 1, 2, 3 and 4. Necessary symbols should be defined before using
them. ' : ! '

1. ROM (1) Bb (5) KEXBEN,
Answer the following questions (1) to (5).

(1) HECEBZTRTIFEL LT, A F—OFELTI T Pa0FERDLS. WEOH
BEENETNAHEAY L.
Explain the Bulerian method and the Lagrangian method, which are different methodologies to describe
fluid motion, '

(2) BRMELIZILEDOLSREETHLIE, EETHHRGEOEHE & OB E FLITHAT L.
Explain the definition of the perfect fluid, focusing on different points from an actual fluid.

(3) 3 REERERRCBITZT U » A =27 AOFRKD 5 b, HREHRNS OEEFREN
ZREL, B, EQOTNETNOEMTEERLTWSOMRBE L. SbIL, ANEEER
EEE LTS e &, EASGARLEOL S ICEHT 02 THAT L.

Show the vertical component of the Navier-Stokes equation in the Cartesian coordinate system. Explain the
name and physical meaning of each term in the equation. Additionally, show the pressure distribution when
the water is in uniform linear motion.

(4) HBRBIRICIC X o TIEBEOKAMT 5 &, TRk Lo EERLROBNSESH S L1 5 fiss
HDH, TOUBELVMHE I PEER L & Hlol~Lk, 2EL, BEMETCKBRE—ETHE L
k. '

There exist a rumor saying that when ice on the Arctic Ocean melts as a result of the global warming, it
directly causes the sea-surface level rise. Explain whether the rumor is correct or not, and its reason. For
simplicity, temperature before and after the melting is assumed to be constant.

(5) WREEHRT 2L 2V w(@)=~imlogz & LCRSNAWNBEEL D, WOIHE

BRERY, BB BIUEERT Ly vERDREW. b, HhoBT (FE,
Fith, BLUVERF Uy #) 2RREX. 2EL, mZTEQCEHRLET5.

Consider a flow field whose complex velocity potential is given as w(z)=—imlogz . Obtain the stream
function and the velocity potential, and draw the flow field (velocity, streamlines, and iso-potential lines)
in a coordinate gystem chosen arbitral. Note that m is a positive constant.



2. THIX, AFELRRFHBEEAKKICBITBHAMETO, MAFRUHZRNVE —EEK

T’he OBFETRLTNS, EL, TEEFIRCUIELENBOKRIROBROB LT
QB 2HEEERL, UIHSE, ASBEHMEE, rEBRFARETRT. BROBERR
WHNE LT, LLTFTORWZEZR X.
The figures below show diagrams between the specific force, F, or the specific energy, E, and the flow
&p’rh h before and after the hydraulic jump in a horizontal, rectangular channel. Subscripts 1 and 2 denote
parameters at points (D and @), respectively, and U, g, and A, are the velocity, gravitational acceleration,
and the critical depth. Answer the following questions, assuming that the friction is negligible.

(1) HAHOERLEMIENE g 2 KERZANTER. Tk, kOB CLARRES
nBTLEBRATL. |
Show the definition of the specific force by using the flow rate per unit width, g, and the flow depth, A,
Explain the specific force is conserved before and after the hydraulic jump.

(2) HZRAXF—-OEHEEBEMIERE ¢ LAE R 2ROTERYE, Ei, BOKBROKER k)
%, BEKETONKE R & T7A— FE B 2 BWTERE.
Show the definition of the specific energy by using the flow rate per unit width, g, and the flow depth, .
Show also the water depth after the hydraulic jump, 42, in terms of the depth, A4, and the Froude humber,
Fry, before the hydraulic jump. (

(3) P RNR—BEANERBKETHE, IA—FEIEDL SR EE L 21ERYE. ¥
Fr, BANRBANERBARER, WEINF—RBRNERDKBEL—BTDHIE2TE.
Show the value of the Froude number when the specific energy is minimum. Show also the water depth
where the specific force is minimum coincides with the depth where the specific energy is minimum.

(4 BEARIMETOINY—HRAE %, AIEOKROZEHNTRE.
Show the energy loss, 4 E, as a function of only the water depths before and after the hydraulic jump.

hax hg

| e - wprinimringp L U2

fa) Specific Force (b) Specific Energy {c) Hydraulicjdmp



O

O

3. TEIE, ARICEINEEED, BEES-EOASEORNETR LTS, Hits
RENT25A, BEIZRWT, EESRE VR —( OFE, EHREEZEE L=V,
HEOEDHNZEETHS LTRIE, WETES LS LY —RECR Bk
ER LU, BRIV —ADER) 1%, LTOLIZWL ZENTES,

‘The figure below shows a flow in a horizontal circular tube whose diameter D and cross-sectional area 4

are uniform, Consider the application of the extended Bernoulli equation and the momentura equation to a
domain between a point A and B in the fube. For simplicity, if we assume the flow is steady, the
cross-sectional averaged conservation equation of energy (the extended Bernoulli’s equation including the
effect of the energy loss) is expressed as follows.

ai+z+i+ h, =const. - @ - Pt RS —ifir
2g Pg il {1
O LERZFAL, ZORKE OEFRKATR peeed L DR
W pi, p B RGTERR. %ﬁéﬁaﬁiw amA%
Show the frictional head loss, /; between the points AN -
apart from £ ,byusingp, andpz. - t— ey

(2) —fRic, BEERITED S LirHEH4L R

TEDRITERZSIA). Eblz, HEOBE

VIR RIEED & PO L5 RBRIZH D hETE.

Show a general relationship between the hydraulic radius R, and wetted perimeter S and cross-sectionat
area 4. Show R in term of the diameter D in case of a circular cylinder.

(3 Q@ ERAUCEHETOESREFREZE L. R LTB ARk, REOLES

ELETARIITHD L L, EBRRFRZEROMD S, BET AR « AN TERE.
Consider the application of the momentum conservation law to the same domain as above. Show the
momentum equation in terms of the wetted perimeter § and the shear stress on the wall © o, considering
the forces acting in the flow domain are total pressure and the total shear stress,

@) RMORCEORERZERY, BRERRKEE , RUBRER 2AVTRE.

Show the frictional head loss, A5 in terms of 7,, and the hydraulic radius R, by using the results of

questions (1) and (3).

(5) Bokii, TRICHELLTHEMVVEOKEORS LARY) B MERESH. i,

K BEILE OKAL L ED XD 2BRICH 2T oW TREERKE 2 RO TR &,
Answer the name of the water level such as /4 in a small vertical tube in the figure. Additionally, explain
the relationship of the hydraulic grade line and the water level, by using the head loss, /.



4. FBRO XD IHEORRDRBENKECE
PITW S, WiE 1 ISHEEY, E p CEEp D
BEEREOTL &, BRI TEDOTICEINEAR
bADK (Ep) &Hx D LRV TN
EIOBEEEL N BIETE Wi ERDE,
e, d), dy diithEnSPEIcBITHR
BEDOEETHD. 1L, plKREIZE LY
boE L, KEFERETS.
A tube of varying radivs is located horizontally as
shown is the figure. When blowing air whose
velocity vi, pressure py and densityp; at section I, water whose density is p2 in the bottle B is just lifted up
at the section IH of the tube. Consider the radius of' the tube in each section is d;, &2, d, respectively and
assume p» equal to the standard atmospheric pressure, 0. 5

(1) WFE 1, 0, MOMTRKIMET 2EERERDR I,

. Show the equation of continuum for the air flow between the section I, II, and IIL. ‘ '

(@) BrE I, 0, MOMTERICET SNV —A DXERDDEW.
Show the Bernoulli equation for the air flow between the section 1, I, and II.

(3) BOLEFECBNTAVR—A OREER L, WEIICBT DE ps ZRDARI,
Show the pressure p; by applying the Bernoulli equation for water in a small vertical tube.

(4) dilda % va, p1, p2, hs, EJTIRE g #BVTERE.

Show ds/d> in terms of v2, p1, p2, ks, and the gravitational acceleration g.



HEE T

Geotechnical engineering

TARCORMIZE X &, Attempt all questions _
HEIIS CCETREERRIT K, Make suitable assumptions wherever necessary.

[1] TFTRORMIZE X L. Answer the following questions.

() BAELAROEE S LT, AV YRATFYL—BROMELEL,
Categorize the consistency limits based on the figure showing the relation between water content and
velume.

(2) EMLE. SHELE, BLEEOENFEETMN L TEOBEREAWTHRE L,
Describe the differences among active earth pressure, positive earth pressure and edrth pressure atrest,
based on the figure showing the relation between the displacement of wall and earth pressure.

(3) MEAEORIRE Z 2%, ThEh &0 X ) R TRAET B AR~ L,
List two types of slope failure shape and describe the ground conditions which induce each slope
failure shape. :

4) ENTOLOEARTRBRONAREKN R FEE 3 DFIHE L, ToREEMEIIR2E, .
List three types of typical laboratory shear testing method for soils and briefly explain the
characteristics of each testing method.



2] AEOXSI, FS s OBROTES 20m DL T baiment
ROBHBLTOSREBEH D, BHBOTRIITEKERE 7=12.5 kNfm®
T Do HARMRT DM B OBTIL, RPILRTES ALAALIL.
O CHY, MTARUREERICH D, ZOHEE FIoEL 2iE
BTaztéhrot, BLERPDEL2EE 8 m £ THED
TERINh, HEO=LORBEMERER) ~12.5kN/m’
LRBFETHDS, ,

‘ BLERAIOBRRET, HIHa» R e 2RRL CESE
BEBREPEMR UL A, EfERE C~0.1. HiiEE =002
R, 0L & —RTEGERICHTAUTORWIE
A ke L, KOBrHEHMERILy. =10 KNm® & T3,

¥51 Clay
=15 KN/m’?

ZB = 'iTi
mpermeable rock

b ik T

As shown in the figure, a 20 m-deep clay layer lies between a sand layer and an impermeable rock. The sand
layer is 5 m in thickness. The ground water level is the same as the ground surface and the properties of the
ground are shown in the figure, An 8 m-high embankment is planned to be constructed on this ground. The
embankment will be constructed by compacting sandy soils to the unit weight of 7 =12.5kN/m?.

An oedometer test on a specimen sampled from the clay layer was conducted before embankment
construction, and the compression index C. and the swelling index C; was obtained as 0.1 and 0.02
respectively. Answer the following guestions regarding to one-dimensional consclidation phenomena of clay.
The unit weight of water s 10 kN/m’.

(1) BLEPRICER SN L EE L, BEEERT 200, BRES. ERH%RRREISFI
RS, DR EBIROMESISS, SHEFHGH, MEREDSHERTR X Eit, FE
COR TR PRIC B SRERSN. REAZS. MRKECEZRD X,

Assuming the embankment is constructed rapidly, draw the distributions of the vertical total stress,
vertical effective stress and pore water pressure along the depth of sand and clay leyers, for three
construction stages fhose are before embankment construction, 1mmed1ately after the construction and
long time afier the construction. Moreover, calculate the vertical total stress, vertical effective stress and

pore water pressure that act on the middle of the clay layer for each construction stage.
\

Q) BLOERIZL8LE CDE’E?Z"FE m)ZBEE J: Fraly cll DO e o = 1555 B L5 U & T 5
MEIE U T log1e2 =030 ZAVT LV,
Calculate the amount of consolidation settlement of clay layer caused by the embankment construction.
Assume the clay layer was normally consolidated. Use logio2 = 0.30 if necessary.

+

(3 BEE#HEL, BPMEELEL & ERMREL TR ORERET M RE L, LiEL, FR
BTSRRI 6B LRV DO LT3,
The embankment will be removed. When long time will be elapsed since the removal of the embankment,
estimate the amount of the rebound settlement of the clay layer. Assume the void ratio is not changed
from the initial condition. ‘5

(&) FRELRE ) DR ERR L TEE L SEEERR (MEPkes) T, 50 %EFSET

T % DI L 7oREl 150 12 200 sec Tho e, EHORLBSEBE 90%IR D ETRETS
S 190 (sec) %R X, BB 50%3 X TR 90%IZ A4 B R BEEIT £ £h 020 & 085 T
BB,
In the cedometer test on a specimen sampled from the clay layer, the time, 50, required for 50 %
consolidation was 200 seconds. In the test, both ends of the specimen were drained boumndaries.
Determine the time required for 90 % consolidation £ [sec] for the clay layer shown in the figure. The
time factor for the consolidation degree of 50% and 90 % are 0.20 and 0.85 respectively.



TREEZ
Infrastructure planning

LIToO3Mo£T %ﬁ?gﬂ‘ &. Answer the all questions from 1 to 3.

L UTOREFRTEIR, BERX LY TRASKD SHOT—#25H5. #AREM L
T Y& X TERLEBESO—RERIERD, TOERALBARLEICRALLZEN,
About the data shown in the table, draw the distribution of the data on a scatter gram.
Then calculate the linear regression equation of Y by X. Furthermore, draw the line of the

equation on the same scatter gram. ,
X 1 2 8 4 5
Y b 5 3 1 1

2. UTORRCOVT, FATTHBAT L. Explain the following words.

(1) BEERI COSEHSEME Multicollinearity in Multiple Regressmn Analysis

(2) HMEREYE  External diseconomies

(8) Arx=N7 Woonerf,

(4 7V s BT A2+ Public Involvement

(5) ZZEIOMRMEE Critical density in traffic flow

6) EBHIHICKIT A2 RERFEE Intersection flow ratio in traffic signa% control

3. PTORWIEZ X, Answer the following questions.

(1) 1960 %I B A CREREABE SN RER ET, 4% 0 LRT MA IS 288 %
WPITIR~<A2 & vy, Explain the issues for infroducing LRT in Japan, after referring to the background
of the abolishment of streetcars in Japan in 1960°s.

(2) AADO LR EEHEROAEALIC OV TEE AW THE LR &V,  Explain the system of -
Land Readjustment Projects in Japan, using some conceptual figures.

@) HEFHEF L TRV BNDFARKICONT, REEKOSELERBTLEDTRALY
= b“n Explain the Utility Function used in Disaggregate modeling, including the various types of the
explanatory variables.

(4) HPEPEFFERTERETIFR2T-oTEY., TORMOZHEARIX S00[A/M], BEEER
Sha] T B, & ORMIC EFiHRE 50[km/b], FHHEME So[m]0—RiR ERRTEA
F50E, 1 MFFHEO¥EREZRDREV,  There is a road work section in a motorway, where the
capacity is 500 [veh/h] and the flow speed is 5 [km/h]. When vehicles arrive uniformly from the
upstream in the speed of 50 [km/h] and the space headway of 50 [m], obtain the length of the queue in
on hour period?

(6) EAEAROMIT. ZHHEN & HEHER CRB L TRESATVS. AHIRLDLS
WD D, FIULR SR LA EY,  The value of the basic capacity of a highway section -

_in 2-lane highway and multi-lane highway are considered separately, Explain how and why they are
different,
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1. BAGEKS TIBNFE (5=800mm, ~100mmy, d=450mm, #=500mm, b»=200mm, 4;=6000mm?) {ZIED
T A v FRERT RS BEHBRAE 2BEE) onT, UTORBWIZELL, vy
U — + OEMEEER £'=24Nmm?, 227 U — b QT OCENEET £=3.5N/mm?, $&ikORR
BREENL £ = 350N/mm?, =7 U— b DY SR B = 24kNmm?, $KIFOY SR £ =
200kN/mm? TH A, 7 V— b OEFHEEOT 2L 0.0035 £93, TOMROEFILBECSL
THEEELTHNWSZ L,

Answer the following questions on a reinforced concrete beam with a singly reinforced T-shaped
cross-section  (5=800mm, #=100mm, d=450mm, »=500mm, B5,=200mm, 4~=6000mm?) subjected to
positive bending moment, where re-bars are in tension side. The compressive strength of concrete £’
=24N/mm?, the bending cracking strength of concrete fi=3.5N/mm?, the yield strength of steel f, =
350N/mm?, the Young’s modulus of concrete K= 24kN/mm?, and the Young's modulus of steel £ =

© 200kN/mm?, The strain of concrete at compression failure is 0.0035. Other symbols may be used by giving

their definitions if necessary.

() SHOXRBEFEELT, HTOUENREROE A b ERD L, HETHRORE DR
‘&Q .

Obtain the moment at the cracking of concrete of this section neglecting the effect of reinforcement. Show
all the assumptions used in the calculation.

@) BIFRRTE—~ A PR REE L, HETBEOEE bRE,

. Obitain the failure moment of this section. Show all the assumptions used in the calculation.

ol -
* >

FTTTK
| I ;

[ -_.._..




O

2 HUTORWZEEE L,

Answer the following questions.

1) WOFRIZOVWTHAR L, BE, HAOEDIEERVTIY,

Explain the following items. You can use appropriate figures for explanation.

(@ =V hlAYF=7OHR
Effects of enfrained air
() T—NBVaf Y hORFILRE
Measures to prevent cold joint
© ZvyvamayzZl—rOV—FE)TF 41—
Workability of fresh concrete
(& BB
Interfacial transition zone
(& FHEFRHzZVIV—IOEREEETIER
Factors to prevent utilization of recycled aggregate concrete
@ TABY I BRIECBT AV LABR
Pessimurn phenomenon in ASR
(g) HEFICLH>FEER
Chloride induced steel corrosion
) PIEMEIC & HIEEER

Thermal stress due to internal restraint

(2) BRAOEFBEMEEAORLVWEIRER, =7 ) — MERFEZERTIRAEZEALD, TOHE
BAROBECIIARICKBORES EAPERAA Shd. & OMEMAKICTT 5 DITRE -
T - RETHEOARMTRINEHRELTT, TORHL L BIHAR X,

Let us consider a situation to construct a conerete road bridge in very severe freezing and thawing
environment in Japan. Afier starting the service, very large amount of de-icing agent will be sprayed on the
pavement of this bridge. Propose all possible measures to meke this bridge durable in the stages of design,
construction, and maintenanee. Explain why your proposals are effective.

(3) MIBEDE S8 500mm # B2 A REDOB v 7 AHNA— b ERBTIRNEEZ LB, ERRICH
RSN TREEC R AT HREVOCEHNOREERREZHRE L, FOREOUENORLE LT
BEDIZRYBLINEEZTAT, TOBEHE & LITHAY L,

Let us consider a situation to construct a lazge box culvert structure whose side wall thickness is larger than
500mm. Draw a situation of thermal cracking in vertical side walls restrained by the bottom slab. Explain
all possible measures o control thermal cracking, and explain why they are effective.

/
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