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Geotechnical engineering

BT R TIZZE A L. Answer all questions.
BTG U TR RE Z&IT L. Make reasonable assumptions wherever necessary.

[1] AT ORRAZHHEEL. SEIGUTH - HXE2FHELTHL N,

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

(a) BIEAREK
Uniformity coefficient
(b) FEEIDE
Degree of compaction
(¢) EIREERL
Normally consolidated clay
(@) fFTBAHBITIE
Driving pile method
() N{E
Nvalue
@ 7zl ZIR (RAvz—T2) &
Fellenius (Sweden) method
(g Y ERL—2I
Sand drain method
(h) %BH%X
Plastic chart
@) _AVT
Boiling
() EHERE

Coefficient of consolidation

[2] £EFRL, EARREREELZER, ROBRESGEL.

Soil samples were collected and laboratory tests were conducted to obtain the following information.

RIEE : R L5 35%, IV b4 35%, WHOY 25%, HE 5%
MERHE © BRE KL wee87.0%, TR FOBMEEER=263NmM, TOBMEMEHEER
#=14.2kN/m?, MR R wi=71.0%, #MEE =34

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

Physical properties: Natural water content wy = 87.0%, Unit weight of soil part1c1e ¥ = 26.3kN/m3,
Wet unit weight of soil %= 14.2kN/m?, Liquid limit wy, = 71.0%, Plasticity index 4 =

THEOEMIZELL, 777 LKDOKLES = 100Nm &35, -

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

() TOLTOMMTIENS B,
Obtain the soil’s fines content.
) TOLE+STHDIBRT S VAR DIREBITRSH. BlERUTELL.
If the soil is mixed thoroughly, what kind of state can be expected? Explain the reason.
() TOLDMIREL S BRFIE 5. &2 RD L.
Obtain the soil’s void ratio e and saturation degree Sy
(@) ZOTEBIMBPELTHWS DI, RAERIETEKILE w=600%FTFIFlk. &
V=1.00m> B 7z 0 T OEEN WS S Uik, BRILEELLANSDET 5.

In order to use this soil as an embankment material, the water content w was reduced to 60.0% by

exposing the soil to the sun. Obtain the weight of soil reduced for the volume ¥=1.00m?. The void ratio
shall remain unchanged.
(e) B w M 60.0%IZ7x ozt %, EKEEE—EIRo L EERHED THME S =90.0%& 1
fo. MEDTOWBRBMNERR TN SR> TWBEH.
The soil having water content w = 60.0% was compacted without change of the water content and the
saturation degree Sy became 90.0%. Obtain the compacted soil’s dry unit weight 7.



[3] KFICHERR L /2 LEES i S D W E R T HUB M S, B0 28U T—8EH
PHEEBELZ. DTOMWIZEAL

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

() ELNDDZNEBIOFEAEELLTEDLIBRFENEZASNDZIN? FEEVLDHEIT L,
e, ZOWLOFFEKRTABRSE aa %, —HERES (. ZAVTHET L.

What methods can be used to collect undisturbed samples? Name one method. Additionally, estimate the
undrained shear strength ¢, of this clay using the unconfined compressive strength 4.

() LEDEEZRNTICIOM IR EZEEICHERL 2. I ROBMBMEEER 2 &7
5. 22F L OTEEBEANVTEHLENT ORI MEBEE NS DES 4.2, cnEnEHN
TRDO K.

We plan to excavate this clay soil vertically without using earth retaining walls. The wet unit weight of
the clay is 4. Using Rankine's earth pressure theory, determine the depth from the ground surface where
the active earth pressure is zero, de, using the ¢, and x.

(©) EMLEOEHNEOICRZEE b %, cabnZANWTRYE. ELEBLT A ETIEDEE
ERWTICHEITESD &I 5, EBRIIIHBN b ETHITSZERBEHETE RN,
FOEHEBRARE. ' .

Express the depth k., at which the resultant force of the active earth pressures becomes zero, using ¢, and
#. Theoretically, it is possible to excavate up o A, without using earth retaining walls. However, in
practice, the ground is not expected to be self-supporting up to 4. Provide reasons for this.

4] FRICRT, EHLAKTHEO®ESH 2 WL TEICOWT, E0¥AILFOREME
WEEINED, ETOEHEHRBAYX. 36, ZOREEOFHM DD IC AE = E i
ABAE, SOINAVNIREREFICOVWTHARL. LEIEUTH - B2 ALTHEX
2%
For the following embankment or excavation work in saturated clay soil, explain when stability should
be considered and why. Describe the triaxial compression test method and the strength constants that should
be used to evaluate stability. You can use illustrations and/or equations if necessary.

(a) EAEFERTHBIINTZ2ETTEORS
Embankment work on normally consolidated clay ground
(b) BEFH T MBI T W TEORE

Excavation work in overconsolidated clay ground

[5] ZEFEBEBREZ HWTHARE O T TEHEHEESN T OSRRAFENS 5. ML EaKIRE
HEFEDORRBIZH 5. FEHFAREETEAMICDORIE 4o B MAZRHC AP T ANREEL,
FZOROBEERAKER A TH o, BLTFOMNWIKELEL. ZEL, BTodAlERAZs &
T 5., KHEEN =0 &7 5.

There was a clay specimen isotropically consolidated under a confining pressure o’ using a triaxial test
apparatus. The clay specimen was in a normally consclidated state. It showed shear failure when the stress
Aoy was added only in the axial direction under undrained condition. The excessive pore water pressure
observed at the failure was Aus. Answer the following questions. The angle of shear resistance of the clay
was ¢ . The cohesion ¢’ was zero.

(@) FEFREAWBS su 2RHFTHAERD L.

Find the formula that represents the wndrained shear strength s,.
(b) WEROHEBERK 4 2FRTHIHERD L.

Find the formula that represents the pore pressure coefficient As at the failure.
(c) sing DEZERAT HAZERD L.

Find the formula that represents the value of sing’.



(6] TRClE, HBOZR Q ZEET A0 O Terzaghi OXZHFANNTH 5.
Below is Terzaghi's bearing capacity formula used to calculate the ground's bearing capacity, denoted as

0.
%=a-c'-Nc+ﬂ-y1-B-N},+p/2-Df-Nq

Z TR BEBERUROLOEMAEER, p 3ERETROLOBMNERERTHS. 41
HFOMMRE, B IXEHE DIMBANEITHS. HTFAMEREVWDDETS. LTOBWIE
AL
Here, y represents the unit weight of the s0il below the foundation base, and 7 represents the unit weight of
the soil above the foundation base. 4 denotes the area of the foundation, B the width of the foundation, and
Dy the depth of the foundation. The groundwater table is assumed to be deep. Please answer the following
questions.

(A N:, Ny, NldEEDTHELENDREKT, ESNINTA—F—DOBEKTHAMhEHBEE
&.
Explain what the coefficients N, Ny, and Ny are collectively called and what parameters the function
depends on.
) R fIMEBBTIEODONTA—F—MEHAT X,
Explain what parameters « and £ are and why they need to be considered. .
() CEIEN, FEFANERALTEE, R tang % 23 FICTH T ENHNHEEORICL
WLETHhE. MEERT DN ERHATEL. ‘
If ¢’ is the cohesion and ¢ is the shear resistance angle, multiplying ¢ or tang’ by 2/3 is often used to
calculate the bearing capacity. Explain what this adjustment accounts for.

[7] BERFELE T - BRBRIIDOVWTROBWICIEA L.

Answer the following questions regarding construction surplus soil and construction sludge.

() BEREETOBEERNAZHLZDCELZEBEN SBHASN TSR AEEOHEL N -
"L
Explain the outline of the usage criteria notified by the Ministry of Land, Infrastructure, Transport, and
Tourism to ensure the proper use of construction surplus soil. .

() BRFEOURAHEE ZDETL. EAFAHAOBRICEOL S BRICERTRENRRE.
List two methods that can improve construction sludge. Describe the points that should be considered
when using the improved construction sludge.

[8] BiiRFZHSEIMICIAT - i T2 D EMRIC D WTEAH 2 D8P THH B &,
Explain the contribution of geotechnical engineering to the realization of a decarbonized society,
providing two specific examples.
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Geotechnical engineering

R[]~ [613 ~TIZ& X L. Answer all questions [1] to [6].
MBS U TEYZRIRE 25T &. Make reasonable assumptions wherever necessary.

(1] UTFOBAEHATL. LB CE - HRPRA LTS I,

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

(1) EEDIZ L DHEDHAR

Test method for soil compaction using a rammer

Q) v Farya A ANTHE
Sand compaction pile method

@) 2 ART Y —
Consistency

@) F % DLEER
Rankine’s earth pressure theory

(5) 1EMBEE

Relative density

[2] BEHARES =90 kPa, I u=0kPa THHEE L5 L IchtE L O ERUEITY ULT=8

JEfERER (CU) 21To%. ZTORR, BEET ¢=60kPa, JBHMIMUKEdur=60kPa TR L
fo. BAER—EEL TR, £, ZOLORENTER (0=0kPa) LEETDH. T, LT
DRV IZE L L.
A triaxial compression test (CU) was conducted on a specimen of saturated clayey soil that had been
isotropically consolidated under an effective confining pressure (&} of 90 kPa and back pressure (u) of
0 kPa. The results showed failure at deviatoric stress (g5) of 60 kPa and an excess pore water pressure
(Aug) of 60 kPa, with the cell pressure remaining constant. Cohesion of the soil is assumed to be zero (¢’
= ) kPa). Answer the following questions based on this scenario.

(1) CUDFEREZRBE L.
Explain the meaning of CU.

() MEROE-ADIEAMERISART (R LEDEHETR @D TR L.

Illustrate Mohr's stress circles at failure using total stress (solid line) and effective stress {dashed line).

3) WABTHRTIA S 2RO L.

Calculate the angle of shear resistance (4).

(4) FCHREL R UARETES Lk, EVE—ETIHERERR (CD) 2fTofk. W
BERFOWZER T gr ZRD K.
Calculate the deviatoric stress ¢r at the point of failure when conducting friaxial compression tests (CD)
with cell pressure maintained constant at the same effective confining pressure for the same specimen,



(3] UTFORRIAER L. BECHUTHE - EREAFLTY X0

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

(1) BT HBROEFEL T OREZ NI HBWRTIESY 2 2BEL, TR ThOLEDAR,
THEOBEIZ OV TR L. |
Select two ground improvement methods aimed at accelerating the consolidation settlement of soft clay
soils. Describe the name of each method and an overview of how they work.

(2) EHIR B W TR BN IETK R TR AMT E L3 B F 2R, ERBE A VIREDE
&, EDLIREEPBESDH.
Provide a typical example of sand layers being sheared under undrained conditions in real soil conditions.
Also, describe the phenomena that can be expected when the sand is in a loose state.

[4] LTFORWIZEZ L. BHECGEUTH - #XEFHALTH Jv,

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

(1) FALERRIC L - THROERAREE RO RE - BRBREL 2 >80T, TOFEEHAYE
X.

List two methods for determining the deformation modulus of soil using in-situ tests, and explain each
method. '

(2) WA Y HFFELIECBITAMEI T L LT OENT OO THET L. #f T2 THEENR
RAHRFMORTEY 25357, 2OEERH~X.
Explain the differences between mitigation and prevention methods in landslide countermeasure
engineering. Identify two representative methods of mitigation with differing functions and describe their

outlines.

[5] UFOMWEZ L., SHECECTE - FAEFB LTS Lv.

Answer the foliowing questions. You can use illustrations and/or equations if necessary.

() FER BT BRI SR B TROBEA] 1o TR L.

Explain the 'negative skin friction' which is often a concern in pile foundation.

Q) TBRWEBOIRAAR] T >\ TEHAT L.

Explain the “bearing capacity formula for shallow foundations”.

[6] HIERIRIB(LIC L AKBEEDBREL MBS LD Z LR EIN TS, HBTZOB AN
AR INBHREE 255, ThENZ OV TKREEDFINESE5BBZHAT L. Tk,
FN O - BEMEEITD bz, SHED T _REREALEBRAL.

There is a growing concern that climate change due to global warming is accelerating certain types of
disasters. From the perspective of geotechnical engineering, identify two disasters of concern and explain
why climate change is believed to be accelerating them, Furthermore, discuss the initiatives that should
be advanced for disaster prevention and mitigation of these specific disasters.
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HETLY¥

Structural Engineering

1. 1R RE L IR EI OR AB icREBE ¢ OEOHREMEALTw3, ok
%, UToRwIREL R IV,

Abeam AB with the length / and its bending stiffness of £/ is subjected to a uniformly dlstrlbuted load
of the intensity of ¢ as shown in Fig. 1.

x%]
H\LJ,HHC%} L )
' \4 122 >\|ch mn )TV

R1 FHHEELRTR
: Fig. 1 Beam under uniformly distributed loading

1) RBORABALH SE)BLTHMTE-2 Y MIF MO)%Z Vet g ZHVWTERLARI W,

Show the shear force distribution S(x) and the bending moment distribution M{(x) of the beam by using
Vg and g.

2) XARN VR I v,
Calculate the reaction force Vg of the support B.
3) BohEm C COMEAMD b vekRKDAR T,

Calculate the deflection vc at the center point C of the beam.

¥, 2). 3) ODRRBREBL T, UToERBEZHAVTHRL
nTRELTH 5,

The following theorems etc. can be used for answers 0f2) and 3). Formulae are shown in a general form

+ {58 {128 o JFEE (Principle of virtual work) : v = [ M x

o 2L, WY —fRHY

0 EI
- - I MM
« ART 4 VT ) DFEE(Castigliano's theorem) : fo Ea_Pd
Y . . . d%w M
- AR SRR (Elastic curve equation) : ==

. S OEBIc oW, THIREE ], [HHGE ). MEX]. THRE) M), Rel, ERE
& OBAE» D, 200~300 ETRHHL L X W,

Explain advantages and disadvantages of steel structures from viewpoints of strength-to-weight
ratio, supply, ductility, quality, workability, corrosion and thin-wall structure.



3. H2 KR 2B — A VvicBEALCUTOBWREZ R IV, 22T mmBIUL k. kT,
FhFh 1 GH, 2 BEOEESLUHIER2ROLL, i 2 BHORER2XRT, £/ AL B2
X, FRFNn1EH. 2BEIEAT 3N N2ERT,

Answer the following questions about a 2-story rigid frame shown in Fig. 2. m; and my, and k; and k; are
mass and stiffness of the 1st and 2nd floors, respectively. ¢; is damping of the 2nd floor. 7, and F> are
external forces to the 1st and 2nd floors, respectively.

X2
F2© M3 .
C2
| k,
X1
F|©_ nt
k,y

2 2@O—-Av
Fig. 2 2-story rigid frame

L) KFEHEO BRI 2R TEDAFERER0) 0 & 5 AIFARRTRL AT v, 22T (),
(") FERFNRREICBET 5 1 . 2B ERT.
Show equations of motion in the horizontal direction of the 2-story rigid frame in a matrix form of Eq.
(1). Note that ( ), () are the 1st and 2nd derivatives with respect to time.

O 1:1{,-51}+ 0 O i O O ) O

0 ol g o Dm[xzzm | @

2) 25— A voBIARRAE, R Q) DkdicErbnriteds (R20IKELIZTRAR3),
ok ¥ EERDEK BEIRE—- P2k 2L Lbic, BERE - FBEERLA X WL,
BE. x. 2 Fn TR 1EE. 2RO L T3,

Equations of motion of a 2-story rigid frame are given in Eq. (2) (It is different from the conditions in
Fig. 2.). Calculate the natural frequencies and vibration modes, and show the vibration mode shapes.
Note that x1 and x2 denote the displacement of the 1st and 2nd floor, respectively.

X

2m.7'51 + 3kx1 - ka =0
mi, — kxy + kx, =0 (2)



4. BHBRRDZITIEENOREENMAE 3 DIIITRoTz, LT ORIVIZEZ 2&0,
Vibration response of a structure under damped free vibration is shown in Fig. 3. Answer the following
questions.

25

20
I

™ I

5

: |
1

I

=5

- \
S [
—ZOUV

05 b e
0 10 20 30 40

Time: ¢ (sec)
3 BEREE

Fig. 3 Damped vibration response

\
VIVAVAVAVAY
fVvvvvyv

Vibration response: x

1) BEBBRIEBHEN x 23, x = Ae ™ot coswy it TRENDLEE, ZORDEF KRB, BERELK
(B2DVTR BB E) ZRDRE, FRIZER | O BRSEOEEZSBITLTLV, 22T, 4
TERIE, A 1TBERELK. ¢ 1T/ 0o, 04 1TTNENIERRIRDET . BRRDHFOEFH
RBETHD,

When damped vibration response x is expressed by x = A e™"@ot coswyt, calculate the natural
frequency and the damping ratio (or logarithmic decrement). Natural logarithm values in the Table
1 can be used for the calculation. Note that 4 is the initial amplitude, % is the damping ration, ¢ is the
time, mo and w. are natural circular frequencies under undamped and damped vibration, respectively.
2)HEEM DR, 1) TROAEIVBREVEE, K 3 IR TIREIORIE, B ITE DIIITEL
THMEERTILE,
Answer how the vibration amplitude and the vibration period shown in Fig. 3 change if the damping
of the system becomes larger than that of 1).

1 BAXMEOE

Table 1 Values of natural log

% In (x) X In (x) g In (x) X In (x)
1 0 1.7 0.531 2.4 0.875 3.1 1.131
1.1 0.095 1.8 0.588 2.5 0.916 3:2 1.163
1.2 0.182 1.9 0.642 2.6 0.956 33 1.194
1.3 0.262 2 0.693 2.7 0.993 3.4 1.224

1.4 0.336 2.1 0.742 2.8 1.030 35 1.253
1.5 0.405 2.2 0.788 2.9 1.065 3.6 1.281
1.6 0.470 2.3 0.833 3 1.099 3.7 1.308

5. UTO#HEEFICOWT, 2NZN 50~100 FRECHAL 2 3w,
Explain items below by 30 — 50 words each.
1) EiREBE
Resonance and seismic base isolation
2) BhbRH
Self-excited vibration
3) =— F#rik
Modal analysis method



K5 (FMFE)

Part 5 (Specialized subject)

LT ORE 1~3 OWTIIZHRET D2 L. LERTSFIERBLTHANDIZ L.
Answer the following questions 1, 2, and 3. Necessary symbols etc. should be defined before

using them.

1.

H-LZRT X D22 oDipkib RS A 74 (HEXKKE) BdH5. BROR
BQnax B/ D IWTIIKMZEAH E VL bIZENIE R WA, Fe, FD L EDORKRDOTE
QmaxZRD L. TNZNFYEF 28X L. L, WRD =30[cm], ABEI®
§ERE Lyp = 15 [m], BCRIDEEREL = 35 [m], B OEEEEAMRES =0.026, AQE
RAREK, = 0.2, B1HS Y DIBEMEHK, = 0.3, HOBRREEK, = 1.1, =FALX—HE
Ffa = 1.1, BNDENKED/pGmin = —9 [m], ESIMEEg = 9.8 [m/s?] & T
5. 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 discharge Qpax?
Answer each to two significant digits. Also, find the maximum discharge Qpax at that time.
The following values are given: inner diameter D = 30 [cm], distance between AB Iz =

15 [m], distance between BC lg; = 35 [m], friction loss coefficient of pipeline f = 0.026,
entrance loss coefficient K, = 0.2, bent loss coefficient K, = 0.3, outlet loss coefficient

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

®/PFmin = —9 [m].

.
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Geotechnical engineering

[1] UFoFEmzHmATy, SECSCTHE - ERXEFBLTH I,

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

(1) BLERY S -
Coefficient of passive earth pressure.

@) Fvu—FT 4P LE

Preloading method.

(3) 24wy lb—
Quick clay

4) FEXE
Allowable bearing capacity
(5) A—r—a i gy
Overcompaction 7
6 Y IH—AYrTV S
Thin-walled tube sampling
(7) ERE
Upper bound method
(8) HZATFI B
Cast-in-place pile
(9) HRILES
Liquefaction

(10Y i %8

Stress relaxation



[2] IEMREERE - S EEEH R Fnicxd LT, CDREE -

(1)

@)

©)

CURBRZ M T2, EABER OEFEOREL, HFic
Q&LOTTEENTED, CAMTEALE—ERETITI,
TRE. & TN A, e AR TH D, Eio, pIETEY
BREH, qiAFRESATHY . BRWIE 1 0h. FRME
Eho ERNTp = %2 g =g ol 2k END, BT
@Fﬂﬁl’“:gi;u

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 strain, and ¢ is the
a{,+20’{-)

3

void ratio. .p’(= is the mean effective stress and

q(= o} — g/} is the deviator stress, where o, and & are the

effective axial and radial stress, respectively. Answer the following questions.

.E‘

& Iz

Ea . P
1 (Figure 1)

CORBIZBITAEHRESG L L BEER LOBTAMFEOEREIZ2WT, BMI1ICRT L2877 7

VT EERMIICER IS X,

Illustrate the shearing behavior of normally consolidated and over-consolidated clay samples in 'th—e CD test

qualitatively using the graphs as Figure 1. -

TORBRIC BT 5 AT L BEER £ OE AT OISEIc >, B 1 IGRT L3RS T 7

VT ERERICHIE L,

Ilustrate the shearing behavior of normally consolidated and over-consolidated clay samples in the CU test

qualitatively using the graphs as Figure 1.

ST TERRRE & AR L, $7-. CDRABR L CORBMO &' b & SISl R OB & 03

LTWah, BlREbLEHTELL,

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

short-term stability problems.



[3] LI LI LA L T B 0 (A58 30,000 m’, £ LAV EE 40 m OB EEERL, BE

(0

@

HEEEIZ L 0 KBTS, MEILIEEAEE w=12.0%, BEEEL=1900kgym® THY | HEDRET
BB E A Wop = 18.0%, BKELBREE pimax = 1,800 kg/m® 21572, Tz, BB SR TREWD 1B
B 1 A MR FLA ¢ = 30°, $58 5 o'=0kN/m2 Thot, 2B, KOEEL = 1,000 kg/m®, ESH
TEE g=9.8m/s> Th D, BLTFORWIZE X X,

An embankment with a final volume of 30,000 m? and a height of 4.0 m is constmcted 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 wop and the maximum
dry density gym.x 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

coheston ¢’ of 0 kN/m? The density of the water is 1 000 kg/m? and the gravitational acceleration g is 9.8 m/s%
Answer the following questions.

%iﬂ%ﬁﬁ*%ﬂméi5Kﬁmbﬁﬁ67wP—f—MIU%@bT\%ﬁ%ﬁm=hwo7-

kg/m® 21§70z, TG OERT AL L BATRKOEREZENETNRD L.

The embankment was compacted using bulldozers with sprinkling water to have an optimum water content,
and a drying density oy 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.

%EﬂﬁWﬂ%Kq%ﬂA@Wﬁ@gﬁﬁﬁﬁmﬁ%fé&%‘%@K#%Téi@i&@k%é
LAEM R OBEET A G OEREZ RO L, 2B, EKEERFERDEK, BELTHRVWbDET S,
When a uniform load g 0f 29.4 kN/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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Structural Engineering

PTOR1 & 2i0ETAIL. NERTERIILDREELTRAVSZ L.

Answer the following questions 1 and 2. Necessary symbols should be defined before using
them.

1. Fig. S-1 KFT= AT EE T 5 BRI oW, Df(CDF'pﬁb\ 1)~4)GJ&KJ:

il OO Z Y OHEITHIEL B THhB LT B,

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 £1.

1)

2)

3)

4)

L

I/ oy
e

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

XRKIIR,, RgZR® L.

Solve the reaction forces, R, and Rg.

A-BEoiTE— Ay bOMEREEME) E LTTE.

Answer the bending moment distribution from A to B by a function, M(x).

AR BT hRERD L.
Solve the deflection at the center of span.

FEZ D ERICBWT, M@ 2WE—2A 2 MERULEL D ICFHMET 5 Z k OF|R%E 1 28
B 4. .

Explain one advantage of evaluating the second moment of aria, J, around the neutral axis
in Euler-Bernoulli beam theory.



2.

1)

2)

3)

4)

»

X S-2 Euﬂ“?‘%q]ﬁﬁ%%.ﬁé b5 AEEICHSOVTROBWD D~DICEZ L. L, &%
MomiFEEL EITHB LT 5.

Answer the following questions 1) to 4) about a truss structure subjected to concentrated
loads shown in Fig. 5-2. The bending stiffness of each member is EI.

P
4 Negg  F o Jj
ﬁ ”~
Npg
Ny
Npe B
O %
b7
5m
Fig. S-2

E-EiH DU S7 & R K.

Solve the axial forces in each member.

WL OERIZB W T b2 Euler FEEHE 2 LWz DPOLFERERE.
Derive conditional equation of P so that the axial forces don’t exceed the Euler’s buckling
load in any member. : .

FHED TR DB EME LB RN MEF R L, BEMFEOZI MENTVWLIRE 3
2, BARN MEFOIZIPMENTWERE 3 SHIT 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.

R BRERIRIC DV T, BT &> TRINTE HHRG L RIS R & _
‘Explain detectable damages by the magnetic particle testing, and detection principle of it.



KL

Hydraulic Engineering

PUITORM1I~3 OWTFNICbEET 2 L. BERESRERLTRVWD ..
Answer the following questions 1, 2, and 3. Necessary symbols should be defined before using them.

1. koM (1) 25 (6) IT& %7 Evy. Answer the following questions (1) to (6).

(D

(2)

(4)

(5)

(6)

AL R —A DFEHERFEIRL, %h%i’LCDIE@ﬂ?‘U% P £, TONAX—A DOER
DB D SLOMEDGMERYE. |
Describe Bemoulli's theorem and give the names of each term. Also, show the conditions under
which this Bernoulli's theorem holds. '

SER 2 Wkt (FAv NEERE (x,)) T B) IZBWT, FERY f‘ﬂ/(u VIBRATHE X
nAMNBOFBRONERD, WHEOBRTERRLRSW.

Determine and sketch the flow field described by the below equation in two-dimensional Cartesian
coordinates (x, 1) where 4 is a real constant, )

w) (0 -A)(x o e
[J:{A . J[JJ (A0 TRRVFEEOER)

FhN MNEERIZBIT BT ET « A =7 A0OFRREFE LI FAICDOVTODR
T EEL, AVERFRITATERTLHIE). Ek, TEZ « A~ ADHRE
R LA S N XHBROENZRAT 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-Siokes equations and the Reynolds equations.

HER 1/100 O & LOBEEER L, i&@#%ﬂSmmwmﬁ#%6ﬂt RGN <
HOFEEZBZNIZXOIEZ K.

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

BAABROFER L HIMLITENENLED K 272 DHEHAE L.
Explain the meaning of the subcritical flow and the supercritical flow in open channels are,

respectively.

BRI T, B EOEELRMELS SR T aRREE 1 2FT, 20HAF LMY
CHAR L. T, BRI AEEEZRET I OICHAWRITRLEHTE

Answer one natural phenomenon that brings severe problems from the perspective of disaster
prevention in a coastal area. Also, explain the phenomena, and describe your ideas for reducing
the glamage due to the phenomena,



2.

(1)

(2)

(3)

(4)

(5)

3.

(1)

(3)

FTHRICFRT LD EEH=04m, [§EB=10m, BEEL=20m, BEp=06gem®* THDE
FIEQEMD, BLEEZERE UTKPIREBENATHA. BLTOH (1) b (5) KEXL.
EEL, BIMEEY g=98m/s%, KOBER p =1.0gm?® & L, FHEIIEETRE.

A cuboid element is floating in the water with the area of BL as the bottom surface. The height, H, is
0.4 m, the width, B, is 1.0 m, the length, L, is 2.0 m, and thé density of the element is 0.6 g/om®. 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.

FIF AT AORBEHIAE L. Explain the Archimedean principle.
& oKIE d &R X, Consider a draft water depth, 4.

B OEENSR->ELGOME dZRD L.
Consider the position of the center of gravity, ds, from the bottom surface.

AT DD B Hl o {4 C DEE de KD &

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

BEL G MEL MOEREE R, B OREEEER L.
Consider the distance between the center of the gravity, G, and metacenter, M, and answer the
stability of the element.

7k
Water surface

EROTNICETALUTOM 1) »6 3) &AL,
Answer the following questions (1) to (3) about pipe flows.

EED OEoF<CRES [ OREICHE v TARRh TS & %, BEBIZLSoRLX
—HERKEIZ DL I RSN DINEZ L,

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.

TR D RIS 4 o2, TNENORT Y TR,

Itemize four possible form losses and sketch each appearance.

2 SOKE BRI BRCHER S | KOEBRTREL %, ZOERE RN 5iE
FRHDHEEZRAE L. |
Consider a uniform pipe connecting two large reservoirs. Explain a method to obtain the velocity in

the pipe.



HE T

Geotechnical engineering

FTRTOBRMICE L K. Attempt all questions.
MEIE L CEEREE 25T &, Make reasonable assumptions wherever necessary.

1] UTRTABEEAY L. LFEIEUTR - FREFALTH L.

Explain the following terms. You can use illustrations and/or equations if necessary.
(1) BRIFEIBEKE Excess pore water pressure
(2) FEBRERISS  Consolidation yielding stress
(3) FANEE Relative density

(4) FRABIKAEL  Critical hydraulic gradient

(5) St Sensitivity ratio

2] TFRoORMIZE X L. Answer the following questions.

(1) RrRAOBETHEE=25, ThENOHELRFTZMREICEAT L.

List three types of tunneling methods, and then briefly explaiﬁ gach method including the advantage.

Q) B+E, FHHEELZHEECONT, TRBOKNEELED THEAT L. ;
Explain carth pressure at rest, active carth pressure and passive earth pressure, including ‘Ehcir
magnitude relations,

(B) BVEBOREEBL FTREEHET 2, EERPREECHAFIES 3 D@~ L.
. Describe three application methods of consolidation test resulis to estimate a shallow foundation's
final consolidation settlement.

@) BWRERFEORESY — 5%, ThPhORBIESHEDEROH 22— 2T THAE
. . o |
Answer two principles of the liquefaction countermeasures. For each principle, give one example of
the liguefaction countermeasures and explain it.

(5) HBILTFIZED b badhd, HEFESIUEBEEEOHE T TR~ L.

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



(3]

ey

)

©))

TROHEE~AD—RTEFREICONTE LRIV, EEL, BELAREKBIIESL
MObOE L, BETIHBREEAESBELEZNLOLTD. Tk, HREEDBICRE
LA Z Y B Tkt L35, AOBMBRERIL) NM)E L, BB, BLEB
K OREKRBOATEBMGEEERRTT Ty ANm)ZELWET 5. MR OBEKRET £
(m/day), EHEERREIT n @7AN)THD. %Erm@$kr¢ﬁbrﬂ@ﬁﬁmt%@r
»HD.
Answer the following questions regarding one-dimensional consolidation phenomena of grounds (a)
through (d) shown in the figures below, provided that sand and impermeable 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/n?),
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 coefficient is m,
(m?/kN). The thickness of each layer is given in the figures with using 7 (m) .

HAZ () ~(DIZERIEH p (N2 /ER S ERB I UOREFER L Icmaic 2T,
LT oo BB AAELINA & BBUKE, SHEFNGHOES FBOSH R
L. B#BOETHICERT AHMERSS, BBAELHEREPISACOWTI, BdmakE
EREPICHARET A L. 2B, #HBAIBWT, EBRSAEERSELENC, REKEIC
WENRTHWD FERELBICER LT 2MEKER, ¢ M) TH5S,

Draw distributions of vertical total siress, 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 ¢ (kKN/m?).

HAR (@)~ EB RS p RNmHZ ER ST B e ORMBIE TR SEERELRD L.
Obtain the final settlements Syfor grounds (a) through (d) generated under the consolidation pressure of
p (KN/m?).

90% EBICRIIST D EBEEHREE Ty L35, HB@~@PLEE, TER® O%EEICET
HEMEENENE S M EL L.

The time factor for 90 percent consolidation is denoted by 7.z Answer the times required for 90 percent
consolidation for upper and lower clay layers of the grounds (a) through (d), respectively. )

p kN/m* pENm® | p KN/m? p kN/m®
T
T gl | | N e ) A A
$i:£ Clay $it: Clay $5:E Clay | Kt Clay
(ke 5) 4 (i k. 7 4 i | | tmakp |
i Sand () n I smdn || H LS i sand( T h ik Al ( H
' ” e ] d 7 N - o e 7 Impurmeable tayey |
{4k Clay bk Clay 1%+ Clay -tz Clay
(i k, 9 2H (my, k. H (Mg, K, ) 2H : (m b, P 2H
3Bk — AR ARk ST E A
(Permeable tayer) I(Permeable layer) Impermeable layer inpermeable layer| ynitiaf water

pressure

(2) (b) (c) . (d) g kN/m®
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Infrastructure planning

LLTFD AR DL TREET X, Answer the all questions from 1 to 4.

1. KEFTAEERIZBO TR SERONRAEFRRIGEZHA LT SO, &
ASEBE AT & VR RET A HEITOVT, BUTOMWIEZREW,

Suppose that we are planning the research project with covariance structure analysis to

identify the characteristics of feeder mode choice at a suburban residential district in a

metropolitan area. Then answer the following questions regarding this project.

(1

2

@

FEHEE T T L AR BEEEIRETFNEELE L SRRSO & aBEs
B W RRRIUSEEST &, YOLSICERIDRBLAaE,

Explain the difference of mode-choice characteristics analysis between with
disaggregate modeling and with covariance structure analysis.
ESUHESITOBEREIHRL LT, MREBMBEERICT V/r— MREEZER TS5
A, MEBORFCENT, FOXHIRACEETEMLHBELRSY, ,
Explain what we should be careful in case of questionnaire sheet designing to be
distributed to the target residents. Suppose we are going to apply covariance
structure analysié. :

ARSI R B LSRN T, BEEROBROBIZERE T & REH
BLasn, - '

Explain what we should be careful of interpretation of latent variables in case of the

results by covariance structure analysis apphication.



9, AIEBTEEABEBICOVTUTOEWCEZRZEW,

Answer the following questions regarding Transit Oriented Development.

(1)

@

G)

WFAEL L TOAREEEEERRIL, KETORRICERT 5, T—F Vs
UARKEBEL. BREAEL bR BAET, BEAKIEERLEEOBRAT
CEokon, BRZERERALRE,

The technical term “Transit Oriented Development” comes from USA, where motorization has
been greatly explored and viewed as “Great Motorization Nation.” Explain the historical

background why the discussion on Transit Oriented Development started in USA.

KHER L L T AALTWEMEEEOEZE X F L., BEO KRN OFEEEE KRR
BTL LN D RATHEOESER L OEBALEERET LREL, ‘

Explain the common points and different ones between the concept of Tramsit Oriented
Development coming from USA and residential d'evelopmen{ cases observed around commuter

railway stations in metropolitan arcas in Japan. -~

AFZORIE TR B A VT ENICERT RN, WM ADEREIRETAGTHH
M. W3, 7T OAERST TN U FATEOR AN, #R)IRSHETTLE
®$%Eﬁﬂﬁﬁ%ﬁ?ﬁ%éhfwéoEﬁ%uew;iwﬁﬁiﬁ%ﬁ%Mwa'
B0 FOLE DRI LREEHREITRINA TALRSV,

There are some references mentioning the increase of car traffic demand around the Transit
Oriented Development areas or quasi-TOD areas, such as in Development axes in Curitiba, Parana,
Brazil and areas along Den-en-toshi railway line, the north part of Yokohama, Kanagawa, Japan.

Explain how car traffic demand increased and why this phenomenon has happened.

3. ZREETNO 4 BESHEBICBIT RAHAC OV TUTOMWIEA L.
Answer the following questions regarding trip assignment estimation in 4-step travel

demand prediction.
(1) BPR BIEIZ >\ THIEA L7 &y, Explain BPR function.

@)
(3)

)

U— Ry P OE—RBIZ-OVTHEA L2z VY, Explain Wardrop’s first principle.
B 2 iR % b & CH AESERSICOVWTRALZS W,
Explain the user equilibrium assignment, by using the answers at questions (1) and ).

AREIFN & HFIELS S EF BRI L o Thb bbb & S Ikk-7Teik, HFE
SBEOFDMESKERLEPN TS, YO&) RHBERPHRA LS,
Recently the capacity constraint incremental assignment methods have been replaced by the user

equilibrium assignment methods because there might have been one serious probjem in the

capacity constraint incremental assignment methods. What is that-problem?



4. BRT (BusRapid Transit) ORIESEAEIETZUTORVIEZRE W,
Answer the following questions regarding BRT (Bus Rapid Transit) capacity calculation.

(7) BRT D EFH & R~ &1, State the definition of BRT.

(A0) Jil L RO AABERERIZ LA BRT VAT AT, ER 150 AOEHEREZAND &
&, AR TOBHEFTERRNN 0B LT HHE. ROLBENEEILHEO, 2OV
AT LD 1R 1 FEHY OREENTIB LT Y OREIC2DD, LERFEELRE
LTRELAREY,

Calculate the capacity of the system per hour per direction in case of one-lane exclusive busway
with articulate bus of 150 passenger per vehicle, along with 50 second dwelling time at bus station
per each bus. You may add any additional assumptions for your calculation.

(7) KERAABRTE, 1 BOARNBBNE LI 150 ABBRELT, Z0OH% 150 ABTRET
AT LBAMEESND, ZOHET, HMOMBENLZERTDDIZ, RICEDED
RRTRVMEILRDD, BRLRIV,

In case of large stations, we should assume at maximum 150 passenger alighting and 150 passenger
boarding sequentiaily. In this condition, what kinds of ideas are needed in order to keep, the
capacity c_alculated at the previous quesﬁon? '

() NABEFEEE A 2 ERIC UEBAITE, NS S50, ROBEEZEE L
TERLREW,

In case two exclusive lanes per direction at the busways, how would the capacity become? Discuss

the feasible capacity considering the function of bus stations on busways.



a2 V—1rILE

Concrete Engineering

TRTUOBFICEL L. VERMBSEHEERSEL DR TRV S MY LEBEITE, TOMESE
PEEERE L ETHRELZEDTLW.

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. ##i= o U — b DF% Mechanics of Reinforced Concrete
-1 df i |
& b =450 [mm], X h=850[mm], AEIE d =750 mm]|DEHEE 2T T 28EH2 7V —
Bhd, arsV—hOEREBET fa=30 [Nmm?)], #fHiESD345 (BRIEE fy=345N/mm?)
D25 (1 Z&dH7 b OAFREEAE 506.7mm?) % 3 AEELTWS,
“There is a rectangular reinforced concrete beam with width b = 450 [mm], height b=850[mm], effective
depth d = 750 [mm], compressive strength of concrete f'u = 30 [N/mm?], with 3 reinforcing bars. Yielding
strength of reinforcing bar fy=345N/mm?, area of reinforcing bar 506.7mm? per one bar.

(1) ERTEIEREET S LREELT, UTOXEZANTZOMARML b ik (KE) thifz
— Ay b R My kNm] 2R L. $50¥ 7 HRE0T Bs = 200 [(kN/mm?] & F 5.

Assuming tension dominant bending failure, then calculate ultimate bending capacity of this beam.
' Bx
= fas(d-7)
— 7 ' _ __Jyds e 2 —
B=052+80x¢q, x= 2=t el lk, =085 & LTEW.

155 = f/
ey = W{{(']CE 7L, BHEMER 0.0035 2B X AHATEe, =0.0035 £ T3
(2) ZDEEQUTEBBEROPHIULTHEZ LETRL, HMIFSIRMET 2 LW REELBRIT
&
Verify the assmmption above using strain of rebar and yield strength.

1-2 B ABTTE

HEGEMSEOKG 27V — MERP S, 2v s U — FORE £=04Nnmn’), T
d=900[mm], 7= 7E by=B—bw’, B=1500[mm], bw’=1000[mm], #&#H%E D=29[mm] (AFRMEFH
As=642 4[mm?]) 8 AEBIRVEKH L LTERBRTH 0L LT, UTORMWCELX.

There is a concrete box shape beam with £:=24[N/mm?], d=900[mm], bw=B—bw’, B=1500[mm],
bw’=1000[mm], 8 reinforcing bars. The area of reinforcing bar 642.4mm?per one bar. )

4

bw'




(1) ARG 2 R e 8k = /& J— FEESAET A E AN VKNI E RO &, £EF
OHAEBET S,
Estimate shear capacity by using below formula,
V(f = B4 ﬁpﬁn “foc by d

B, = /100074, =100 p<15, B, =

0, foo= 02037,

(2) AR #i[i%ﬁt%ﬁﬁ £,=345[N/mm?] D&% D16 TR D ¥ [IBE 0 Pl & SR R
=150[um| CEE L TH 5. » EAMRBHIAETH L OTES VkNE Vs =2uiw?

ERVTRD L. EHED LFIBREANOIERMLEDRER z=d/1.15[mm]& LTI,
Estimate the shear carrying capacity by stirrups as Vs by using given formula.

(3) ZORPHOIEMHHEASR S THEERHIMHET L. ROEMMET /11T Vi kN]Z
Ve = fuwc byd TRODDHZLENTED.
Investigate the possibility of shear compressive failure by using given formula.

2. =z Y— Ok Properties of concrete
ROFNZELTEL L,

Answer the following questions. .

2-1 AR, A
(1) AEH & BOKANC2WT, ERENOEEESE A V=X A2 CEAR L.
Explain both function and mechanism of air entraining agent as well as water reducer.
D BEAVIO—EETIIAT vi2ilBR L2 Y — FORETEERTIZOWTERFR L.

Explain advantage and disadvantage of fly ash mixed cement concrete.

22 Zlyisazy Y-} Fresh Concrete
# 1 OREGREHCTH LY 21707,

Trial mixing based on table 1 was conducted.

#1 =227 Y—bOEEFE Table 1. Mix proportion of fresh concrete
Gmax | RZ7»7 | KEAV I ERE sfa B4E R unit content_(kg/m?)
(mm) | slump | watertocement | aircontent | (%) kof AR | MEH | BEE | BRI
(cm) ratio (%) (%) water | cement sand gravel | admixture
20 12 50 5 44,75 178 356 773 972 0

¥E) EERN ST P A MER ordinary Portland cement used

sla: #BEHR sand/aggregates volume ratio, Gmax: REH OB K~HEA Maximum size of coarse agpregate

(1) # 1 OEETIIMESERELTLE k. YOI ICERHEETIIERVPHEAT L.
Separation was observed. Explain how you can improve the mix proportion in Table 1.

(2) =N FPaA 2 bERMRHHREAL, Z2hEN DO RMERRRRE2ET L.

Explain “cold joint” and list up its measures.

2-3 BEATEE~DEHL Mitigation of environmental load
27 U— MOBMIZE L TEEAFER~OBIIZ DV THM>TWAEZ LETEEXETE < %
y

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

MFOR L & 2 1CET B2 L. MERESHEMCERLTAVS T L, :
Answer the following questions 1 and 2. Necessary symhols should be defined before using
them,

1.

D

2)

3

RO D~BNTEZ IR &,
Answer the following questions 1 to 3).

MEIE Y BRI 3 TEREORE L EARBOREC SV THREE L.
Explain the plane sections remain plane assumption and the perpendicular sections
remain perpendicular assumption in Euler-Bernoulli beam theory.

B S-1ICARd & DICHMAXFITY AB DARVPRICEPHEPZIEAESELLE, RV H
ROMFE FTECREATHBEGAERD L. BMTREIT OlfE LM EIZ—#T, T V7
Eaq, tB2a0ER, Yo I REREETS. .

Caleulate 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 {(rectangulay, height: a, width: 2a) and Young’s modulus £

are uniform across the span.

- p | 2a

i( 2L | \@\L 2L | -;I | _ o~ | ’
A é av
A B

Cross sectlon shape

l S-1 ﬁﬁ%"ﬂb‘éﬁfﬁﬂiﬁﬁ N AB
Fig. S-1 Simply supported beam AB subjected to a load

BT AB ICEREEETHEPEZIY RE, EVOANRNCRRTEDS K5 1B
XEED AB RHEMREHNID CD S & - THMESTIR L 7s. BISKRRIE Y CD OB & S8
—#R T, BTEES Sa, BaDER, Y 7BEREE TS, VWE, BIS2IRT L 3icAasy
FRICBEVEPTEPEZERA YL L &, %%i#ﬂf 0 AB ODFERELA L EMXEIZY CD
NORITHRNZERD L.

After removal 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 cross section (rectangular,
height: a, width: d_z) 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 again as shown in Fig. $-2.



A
Y

AN

a

Cross section shape

R S-2 FELBMRRETT 5 EMEFITEY AB :
Fig. 5-2  Simply supported beam AB supposed to a load and supported by beam CD



2.

1)

2)

B SBIRT 27— A VOO TROM D~DIZBE LIRSV, 2L, EWRIECEAZRKRT
bolTs. Ef, 30EFEERE, BEIEEEL LY, FBOKFERIELL2EET D,

Answer the following questions 1) to 4) about a two-story frame shown in Fig. S-3. The
frame ends are 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 k,2k.

m
. > Uz
k 2m

b
by
iy

2k

RS-3 2B —A
Fig. S-3 Two-story frame

Wit~ b U 7 RREBEES b ) 7 AMERO L D IZRT L &, det[K— ?M] = 0BV TEE
RENE KD &, C
Solve det[K — w?M] = 0 and determine the natural frequencies w of the system, where

. _[3k —k] . _[2m O

K_[—k k]’ M_[ ] m]
[K ~ w?M]¢p = 05 b BEHREFUCHIET 2@HS Mg RO L. XL, BFERY bg
E—MEEEN 1 Ls LS CREY L. : . '
Solve [K— w?M]¢ = 0 and determine the eigen vectors ¢ so that the normalized mass

- becomes one.

3)

4)

1

B BIRENZBT 3 1 KE— F& 2RE— FOE- FERRTRE L. EFCREBOKEEL
Uy, UpEmERANTEL L, -

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

I CHERLE 1IRE—F& 2IRE—FRER LTS Z L 2R X,
Prove orthogonality of the first mode and second mode you drew in the question 3).

-



AT

Hydraulic Engineering

DITFTORM 1~3 DWTRICHAEETIZ &, REREBFREELTAVSZ &,
Answer the following questions 1, 2, and 3. Necessary symbols should be defined before using them.

1. . ,
WO (1) 28 (6) IKEZ SV . Answer the following questions (1) to (6).

D) 220K CKEDORSOELRH &7 %) 2EEDOE T CRMAETHERTD.
DEEAERNORBOIIEDOLSICLTRODZI LN TEINUPALT L, EbiIl=FAF—
K AEHERTRE L. BRCY s TR BELRHEELRPICHAEICETZ &,

Two large reservoirs are connected with a straight circular pipe with the diameter of '
D. The difference in height of the water surface levels in the reservoirsis H . Explain a
method to obtain the water discharge ¢ in the pipe. Then, draw a hydraulic gradient
diagram and an energy diagram with the information about necessary properties in the
diagrains.

(2) Tin'%ﬂ_l://com\mtmﬁ'c Eliz i—&.ﬁp;@{)’"ﬁié’ﬁ 2h FTAR, A
IS p, DIEEKELETANTZLZ A, EKRITEESMTEELTHELLE. 20
LE, p,EpBRANWTRELAZY. L, EEL0HMELFILELTNDILDET S,

The water tank was separated into two parts by a board with a hinge attached to the bottom. The
left side (water depth 2/) and right side (water depth /) were filled with the liquid of density o, and
P, , respectively. Describe o, using p, when the board was standing as a strait upward. Here,
both side of the water was not moving. T

(3) #ER 1/100@5A@$;€ﬂ‘é%1’ﬁﬁibﬁﬁ& ToTofE R, HRHIZR T 0.5 m/s OFEEH
B, BERTHWC ewmiﬁa%sznm%z;.

A 17100 scale of the dam model 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. - ~

) ERO XS BELHEEKEC, HE 15 mYs O -

KBFRT NS, KEL=08m DBEADLTRLF— ! L5m
E, 7 — FEF %2R0, §RIPHTEILEHE L. &
L, =REL, ENMEEITg=98m/s &T5.

|4

0.8m

Consider a uniform and steady water flow with a
constant dlscharge @ = 1.5 m*/s. When the water depth was
setas 0.8 m, suppose the specific energy, E, and the Froude number, 7, and judge whether supercrmcal
flow or subcritical flow. Suppose the acceleration of gravity is 9.8 m/s”.



(5) KETOEBENERLGE LAV D &, KEFEE LEERT Uy D biBORDOHE
FRETOABBGRALEHRTX S,

o® = gktanh kh _ ‘ '
TIT, oldAEEE (o=2x/T), kidiEk (k=22/L ), TIHEORASL, LI¥E, hiTK
E, g EANMEETHD. ZOXN»LEERENOKE L LEE C OEE#EET. ‘

The dispersion equation was derived by equations of the water surface shape and the velocity
potentiél using kinematic boundary conditions on the water surface.
: @ = gktanhkh
Here, @ is the angular frequency (@ = 2x/T), k is the-wave number (=2#/L), T'is the wave period,
L is the wave length, g is the gravity acceleration and / is the water depth. From the above equation,
derive the approximate solutions of wave length and wave celerity, C, in the shallow water region.

(6) HURBIZII DEEK & B KOBRERITOWVWT, MEOEBNCER LTHR~AL,

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

2. :
AR ED— R H > EFENEARICBITDEREER2EZ25. L, BREOERMODK
Bh h=h, WEEv; 0, BROKEE h=h (<h), HKEEv, >0 &£T5. ZDLZE
WA U B BRIEOEIEEE c oW TELS., BEOREEER T a2 a—ARY a—
MIEE L, BEEE c TBETABERNLRS L T OBRIEIHIE L TRXS T & EFH
LT, B (1) ~ @) 82X, 2L, KOBESp, EAMEER g & T.5.

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 / = h; (<f) and v; (> 0), respectively. In this condition,
consider the propagation velocity of the bore, ¢. 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, ¢. By using this moving
coordinate systern, answer the follbwing questions (1) to (4). Suppose the density of the fluid is p, and
the ‘acceleration of the veloeity is g.

(1) 2o ha—nARY 22— AOEAR 2T
Draw a control volume of this situation.
Q) EFERERD L.
Derive the continuous equation,
(3) EBEXNEZRD X.
Derive the momentum equation.
(4) BRIEDEIBHEE c 23k L. 7L, wEELhELETRI L.

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



3. .
TROX>R#ES4m, E3m BE7Tm, BEOEX3mOary Y— MloHhE,s—Y
VBB, KICEPREHEOEEEC SO TRIT 2. AT 3 #f& LTy (1)~
(@) WEZ L EEL, BEAMEEEg=980m/is7E L, K, 27 V- bFOBEIXENE
#U 1000 kg/m®, 2300 kg/m® L33, | |

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.

1 L] ) T
| I [ I
- [ | 1 |
(Y8 3
- 1 1 1 1
— 10.3m 03m 4 10.3m 0.3my
- < = je - 1< > &
4.0 m
I { | ) d
| i I [
I 1 i l
L_%8my Lo 03my_ _ ___ |
S AN S Iy I N A z=0
3 T : T :
3 ) ~1
' 30m - : : 7.0m !

(1) &o/KEd ZRD I,

Consider a draft water depth, d.
@) PEr—Y L OER (z=0) »bElorEL G OME ds 2R K. _
~ Consider the position of the center of the gravity, do, from the bottom surface of the caisson (z = 0).
(3) HZEr— Y Y DEER (z=0) »HE-REL C OE do 2R L. |

Consider the position of the center of the buoyancy, dec, from the bottom surface the caisson (z = 0).
@) BEL G EBOMOEREEZRD, WEF—Y OREREELL.

Consider the distance between the center of the gravity, G, and metacenter, M, and answer the

stability of the caisson.



HutE T

Geotechnical engineering
TR OBMIZE L L - Attempt all questions.
MBS U CEED AR E Z# 5% 1T &, Make suitable assumptions wherever necessary.
[1] u?mﬁﬁﬁ% ﬁ%ﬁi.ﬁ%mmufﬁeﬁﬂ%ﬂﬁbf%iw
Explain the following terms. You can use illustrations and/or equations if necessary.

() =2y AF P —[RBAR  Consistency limit

(2) EBRIRIES  Consolidation yielding stress |

(3) mEE 7KJ:[: Optimum water content

(4) [RRBUKAEL Critical hydraulio gradiont

(5) BEHISIE  Group pile effect

[2] TREOEMICEZ L. Answer the following questions. -

(1) ERICBT 5 LOEABRBRE Z 2%, ThThoFEREBAY L.
List two types of laboratory shear testing methods for soil, then briefly explain those testing methods.
At .

Q) BOEBORKIETREELHET 200, EERBEROBRATEY 3 2B~ &,
Describe three application methods of consolidation test results to estimate the final consolidation
settlement of a shallow foundation.

(3) EOBABEERD bNDERRRGEE Z 0%, FRENOFEEHALE X,
List two laboratory testing methods that can estlmate penneablhty coefficients of soils and explain

each method



(3] TEROL D ITEEEICH—CHER L CO 2R EBRS S Y, #ITKALIZHRES 10m D
HEZHD., UTORWIEL L. 2B, KOBULFEEER) T 10KNm® & LTHw.

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 questions. The unit weight of the water
yw is 10 KN/m?3,

(1) DENLENRNE 5 (CHBRAR R L, ATERE IR 150kPa TEFEB LT,
DERIEHRGMETRAMEITT o/, FOFBE, @5 200kPa T ﬁ?ﬁﬁnﬂ&ﬁhﬁot.
Cipds, TRERRHCHAATICRAE LORRIMBKES 50 kPa TH o7, c’'=0kPa LIREL,

b DERRD &

A consolidated undrained mamal 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 specimen was failed with deviator stress of 200 kPa, and the
excessive pore water pressure generated in the specimen at failure was 50 kPa, Assuming ¢ ‘=0 kPa,
find the value of ¢ .

2 TRIDOL S IZLHE b?bi.;%:@l%‘l“i%i TERE L Hif#g % 10m ?Eﬁﬂ LW, HEHEEOIREMA
CEBENTNZMb S LEOREFROFAREHT. £, BRI ETEEN TN O
B BFIIBIT A TESNEFHER Y. HEL, SrErvollEERICEoTHER L.
As shown in the following figure, it is planned to install the retammg wall till 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
side and backside individually.

8 @QfERICESE, TEOEORECHT 2 EEME MY L.
Evaluate the stability of the retaining wall for rotation, based on the calculated result of (2).

10 [m] el

- (Excavation)




[4] TERIZFRT L5, EF2AMULERDBICIRENRZBE 20m O EREERTE N HD. =
OHBITH T ZIR Y FEHOBB» BAKEREIZ A LRI CER, THROWEBOERAKER—
BEIZ 50kPa lIE T L. DBIXEAERTIIHEL, TOEMRERTEZH0LLT, UTD
RVMZEZ L. 2B, BEBICONWT, LRFOIE G=28, Mt e=10, EMEH C.=05,
PR C=0.1, TFAKL A LT ERESRETH o, i, BEIZOWT, TRFO
'EGﬁdﬁ,Eﬁke=a6k?6.mwémﬁﬁﬁﬁm%ﬁﬂomwfaf;wﬁmagwﬁn
log,,4=0.602, log,,7=0.845 )
A 20 m-deep clay layer lies in between two water-saturated sand layers, as 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 normally consolidated before pumping up groundwater. The unit weight of the water 3,is 10 kN/m?,
(log,,3=0.477, log,,4=0.602, log,,7=0.845 )

(D) #TFRERE L HEFEEROSRESSS, SMERZLS, MEXKEDSZNZRKTE X,
Assuming the water level in the well has been lowered quickly, draw the distributions along the depth
of vertical total stress, vertical effective stress, and pore water pressure immediately after the pumping
up of water. ‘

(2) HF7k%E < BB TTERRBOMBE/AKES 50 kPa IZ T~ -  RHIMMER SN RGO

WERINE RIS S, MBS, MEKEOST&RE L. $h, TOL SHREORM
EXHER L. HEEEMEOEHIZEB LTI LB RROUVT AP LB —HRICET T
CBERRLTEW. :
Assﬁming the pore water pressure in the bottom sandy layeris 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 settlement, it
can be considered that the strain in the middle of the ¢lay layer oconrs uniformly in the clay layer. -

(3) tTFADL HETERH B LIZ X > TTEHORBOMEAKER < & LFRTOREE CEE
L. 20%, BEHEEARB L S MEEmATIREOBERETIMHEL X, KL, R
Wi B ERAT 2 B ENM LBV 0 &5, EEEORHICE L TP ROVT 4
FEEB—RRICAE L TNB LR LTI, . -
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 layer occurs uniformly in the clay layer.

HF Well
~t~
O g RENRRERE IR L5 L%
jfl i RS
21“1 ¥+ Clay
T Delnlelelelelnly R I e R
5\11,11 f:f:}:}:}:E:E:LE,;T;,;,:f:';:f:{:f:f:f:@’}?’?‘.f}a ________
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Infrastructure planning

T 3foeTeE2Zd L, Answer the all questions from 1 to 3.

1.

@

@

@)

(4)
6y
(6

3..
M

@) 1

®

UTORICRTED R, B8 X L Y TRASNS s MOF—FZRb5. SAEEH L
T, Y 2 BWESL T X ORGERAEZRD RS0,

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 1 0 1. 2
Y -3 0 0 0 3

2. LLTFOREBICHOWT, BT THAY L. Explain the following words.

DB O E AR Interactlon Effect in ANOVA
U A fRBE% Ribbon development
FAw D) HE  Haussmann's renovatiog of Paris
TH¥yF R — b C’J}%Eﬁfﬁiﬁiﬁz Environmental Areas in Buchanan Report
%%’I‘Ef@}éiﬁi Standard design volume
1EBRRER PC%‘ T B3 Starting shockwave at a signalized intersection

LT ORWZE %2 &, Answer the following questions.
HADAT O~V KD B ERISNBMBEEDALLZE N, A7 2N EHIET 58Iz,

AEYROBRY Ry CHASN., 2ORMOETHEASRINEH IR I EE 2 &

VN,  Explain the problems caused by urban sprawl. Then identify measures applied in London, UK,

and other countries to prevent urban sprawl.

UL B = KRR msowﬁﬂ%ﬁﬁb IBEEX RS B RO YO L 3 CHEA D
MERAR &V, Explain the core six principles of the neighborhood unit concept. Then explain how

the neighborhood unit concept has been applied to urban development‘ projects in Japan.

LREE R VALY POHEE T, = — 77 1 ¥ 7 RATORY MG O RREETORE M
REBHZLEDNTNG, TRBEEVXVA Y FOEEEHT L, B2 R e LT
NBN—F T FIA FZonWT, ZORNBFEHRALE LT, =—F T4 Z7HATORY
738 X OMESRBIE B 01E A DFHEM & BT L 72 ¥\, 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 hﬁonnation and communication technology to

Park & Ride.



4) HOIEBICZBEBFED 2000[8/MFOR MRy 78 H
D, O MRy 2 ~OBEREBEREED L S I
REINTVBD, Z0LERET BRSNS 5/
L. O X B RIENRR 2R &, |
There is a bottleneck (capacity; 2000 [veh/h]) on a highway
and the arriving traffic demand was observed as shown in the
figure. Obtain the tirﬁe when the congestion vanishes and the
amount of the total delay by this congestion.

velvly

demand

2400

2,000

capacity

1.800

1,200

/

| o !
“6°00 7 00 8 00 900 10:00 11-08 12.00

time

(5) 7 Vv K7y MZoWT, 2O EBEEITERSD L5 CH#T, E—RNRES
RERLHEBLIEBEOT VY FTAY b OFR%E 3 Al £, Draw a rough sketch of a

roundabout intersection by clatifying right-of-way inside it. Then, enumerate and explain three

advantages of roundabouts compared with ordinary signélized intersections.
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Concrete Engineering

TARTORMBICEZ &, LROESEER S Z DA TRV LIl L E810E, Z0rEMEE
EEEHELc ETHEEREDTLV . Attempt all questions. Answer the following questions. If you cannot
find any required characteristic values of materials, you may solve the problems by defining therm.

1. & s I—hroH%E .Mechanics of Reinforced Corncrete _ ‘

L ERENBRONETELEH2 TOLBORE L GRS LTFRI D2 % 3 A%
B-+DI0 D UBAF—7 v7). D22 DEFEEENT 387.1lmm3], D10 OAFHRTEHIT 71.33[mm?)
T# 5. Cross section diﬁlension and bottom reinforcement a;:d étirmps are desighed shown in Fig.l. The area

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

b
P P ‘
. ‘ B | 300[mm]
- : ¢ h 550[mm|
hl_ .IA ' i &) d 500[nun|
% : o 5 hld I 30N mint)
L I3 A . 3% b2
] c e o 7 3951N mnr|
ol D10 (U-shape
a \a-

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

) =7 )= BRETHEAMEA VINERDE. [y _peg s pod
Bn=1.0 & LT LV, ’

Calculate shear capacity owing to concrete, Pe[kN], with foc = 0.20YF";
assumption of fn=1.0. 4 = *(10007d

@ ZoOEMITIK, R¥—F v 7L LTHE DIO AR fa / )
s=200[mm] TEEE L ThB. RF—F v FRRATH L B, = 100p,, p, ==
DTED VNZRD K. SKFORMREE L RO f &
LB ANERDS P v= (a2l
The stirrup is made by D10, and spacing is s=200[mm]. Calculate z=d/115
shear capacity owing to stirrup, F5[kN]. The yielding strength of V= V+Y
reinforcing bar is £

(@) [=45[m], P=150KN]DHE, ORE L2V, QT BET
' 5, @EABTHET S, OWTHMNED, FOEHAZHAT L.
Assuming /=4.5[m] and P=150[kN], chose the beam state from D to @ (DOno failure, @bending failure @
shear failure) ,then explain the reason of your choice. ‘
@) BIZAELDEEZXONDIOVEINE R F—F v 7ORELREEYR, BOWNEREH#H TR,
‘ Draw the predicted crack pattern of this beam and the optimumn arrangement of stirrup on the side view.
(5) ZOBRTPRINAWET-LLEEOSS 72#E&, @TRLUEDUEINSINOFAE Lz
27T 7 R, '
Draw a graph of load versus deflection of the above bearn, showing the point when the cracks that you draw happen,

on your graph.



2. AV U— b OFHE Properties of concrete .
WOEMNZELTEX L,  Answer the following questions.

21 FREEBIITE (E—1 O*E) CHa 2 U — FOERBERET 5 Z LTk ofk. Yonarethe
designer of reinforced concrete bridge at Asahikawa-city, Hokkaido (merked ¥ in Fig.2-1)

(1) THAMEOE TE 2 bR ABBB I CEOBERE2FIET L.
Explain possible concrets problems and their reasons in terms of durability.
@ (DTHTHAEORREL SRR T 57 DOFERE, OEhEE, ORAHRE, CHEsER
DEBRETEN TR~ L.
Explain your solutions against abovementioned problems from the view of (Dmaterial salectlon @mix
proportion, (Dmaintenance in service time
¥l 2y V— b LG Towy V— ML 73 2 1 19 E0EE) - *2 SRS ERERILET %2 b

22 7 I//:/:L:!/ﬁ Y —} Fresh Concrete
R 1 OEGIRFHCTA LMY £97o 7. Trial mixing based on table l was conducted.

#1 =2 Y—OEEAR Table 1. Mix proportion of fresh concrete

Gmax | AF¥7 | KeAV I, | Z&& s |, BATHE unit content (kg/m?)
(mm) slump water to cement | air content (%) & AL b | ARER | EEH B
(cm) ratio (%) (%) water cement sand gravel | admixture
20 12 50 5 | 4475 ] 178 | 356 773 972 0

) HERN T P AL MER ordinary Portland cement used
sfa: FIBHIER sand/aparegates volume ratio, Gmax : HBH OFATE: Maxjmmn size of coarse aggregate

(1) F1 ORETIEHHESEIELT LE->. YOX 5 IIRHERETIIERGEEE X
Separation was observed, Explain how do you improve the mix proportion in Table 1.
(@ AEHKIENS 30COME T2 UV — MEEMEITRTABICE L HBER ST, L 5&% -
B %&b L. 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,

23 REATEREA~DF Mitigation of environmental load

Ay Y — OB E L TIFRh TV A BEATHERA~OERRAIL oW THio TV \é LETED
721746 < ZF k. List up the activities for mitigation of environmental load relating to making concrete as
tuch as possible. ’



2021E48,/202081 08 % (BEHESR)
JRIEENRFRFER A/ _X— 2 VEF AFRBREERKIEE HLEE (BH)
2021 April /2020 October Entrance Examination [Summer Admission],
Graduate School of Urban Innovation, Yokohama National University

Doctoral Program
oA /= a VER ETHERRERR . by =
R SRE S
Applicant Number
Doctoral ,
Program '

Department of Urban Innovation (Urban Infrastructure Field)

HBRE (AR
Subject, (Academic Exam)

T B F X

[

1. REBME. TREEL LORUMY SMEEMICEAT S L,

2. MBS L TEERE>TH LU,

3. © OMTCIAREFER Ak B,

Cautionary Notice

1. Write your applicant mumber in the cover page of this booklet and in each answer sheet
after the examination begins.

2. Use backside if necessary.

3. This booklet contains 4 answer sheets.

/R

Score

RR 55 BF
Selected subject

At
Total




Loaih o=
Specialized subject

EBRDE4A

Selected subject name

ZREE

| Applicant Number




| ERRE
Specialized subject

BIRGEA

Selected subject name

TERRES i
Applicant Number !




HMF A

Specialized subject.

BRI B4

Selected subject name

ZHES

Applicant Number :

1
]




BEMRLA
Specialized subject.

BRSE4

Selected subject name

XBREE

Applicant Number |






