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Geotechnical engineering

RBI[]~[6]F R TIZ& %2 L. Answer all questions [1] to [6].
MBS U TEY A KE T &, Make reasonable assumptions wherever necessary.

[1] TREDOBRMICER L.
Answer the following questions.

() BT M IEL HHIALMTIEOENETNOM LA EE MBS~ L, $mlks b
LTENENDLEORR, et L.
Briefly describe the construction methods of cast-in-place pile foundations and driven pile foundations.
Then, compare the two methods and explain the advantages and disadvantages of each,

(2) EREREME LR RIZEE L E 1T o7 & &, ML O UU BB L CURBRDFERITETLEN ED X
SRREEIELN SN EEB E & bzl L.
When an embankment is constructed on soft clayey soil ground, explain in which situations the results
of the UU test and the CU test are respectively used for clayey soils, together with the reasons.

() 7 A4 NF LATREICAKMBIET LGS0 F LA ERLEBEORmICHE LTE L 5REBIZon
TEOHMB & & HICHAE L.
Explain the effects on the dam body and the surrounding slopes when the water level in a fill dam is
rapidly lowered, together with the reasons for these effects,

@) BLOHT <YW ILELZ ZO>OFRETHT, ENETHORBICE- I HARIIEDH &k~
L.

Classify countermeasures against embankment slope failure into two principles, and describe examples
of countermeasure methods based on each principle.

[2] E:RiHAR 28Rk 4 D45 LA LRI Lo a2 vy, ZEERERRE Ei+ 5720 2
fd s el E 2D Bz, Z02 BOEREE, R—0fteLR2TERTED. UTD
RIVVCEZ X

A clay sample taken from the clay layer constituting the foundation ground was used to prepare two clay
specimens for triaxial compression tests. These two specimens can be regarded as being made of the same
clay. Answer the following questions.

() £9, —FHofiEFrfafbl, FEEZANEFR, BREa @b & TEFEEZITY, E

BULERE L Uiz, Z0%, WHTEe 2 —EIRo7i g E, Yok ZHITHER % J2h L.
O L EREER T OFDISINIEAT O METEE =0, g & T5H L&, HKk=HE
TR 513 DN DBERKEARTTRS sa &, oo BL Uy ZIHWTERE. d, FAMRE &1,
TRIETR 2 380F DR KE AW I &R HET.
First, one specimen was saturated and, without applying back pressure, isotropically consolidated under
a confining pressure oy to bring it to a normally consolidated state. Then, keeping the confining pressure
ob constant, a drained triaxial compression test was performed. Let the effective-stress strength
parameters of this saturated normally consolidated clay be ¢4 = 0 and ¢a. Express the drained shear
strength s obtained from the drained triaxial compression test using op and ¢u. Here, the shear strength
means the maximum shear stress at failure.

(2) KT, b H>—FHofEEi kL, FEEMNEFIE, (1) ERCHEREag0L & TEHE
BxEAT-~Tc. X%, MR Eo 2 —EilthkoloE X, FFHEACZHMERRBREE R L. 20
FEHEK ZHEMERBRIZ BV T, BB Ac BN U RS CTHEEBPREL b0 L +5.
DM LEEREEN TOFRCHICET 2HMEELE L =0, &9 5L &, FEHK=H
EHABRP LR ON DR EARES s, o, ¢, BRUERERK 4 2HVTEY.
728, AISEEROBRIERBKE A & Ac DHTHY, A= Ado L EBEEND.

Next, the other specimen was saturated and, without applying back pressure, isotropically consolidated
under the same confining pressure oy as in (1). Then, keeping the confining pressure oy constant, an
undrained triaxial compression test was conducted. In this undrained triaxial compression test, it is
assumed that the specimen failed at the point when the vertical stress increased by Ag.. Let the effective
stress strength parameters of this saturated normally consolidated clay be ¢’ = 0 and ¢'. Express the
undrained shear strength s, obtained from the undrained triaxial compression test using o, ¢’, and the



pore pressure coefficient 4. Here, 4 is defined as the ratio of the excess pore water pressure at failure
Auto Aoy, that is, A = Au/Acy,.

(3) ZOEMLUEERESERLIC OV Th=¢=30" , 2 4=05ThdL &, Zo0NTANE
S DI sufsa DIEERD L.
For this saturated normally consolidated clay, when ga = ¢° = 30° and 4 = 0.5, determine the value of
the ratio of the two shear strengths, s./54.

3] FROBEIZEL L.

Answer the following questions.

() EOZWMETNMCETE, FMELE ¢, LRFHES G, KORMEHEREZR LTHEE,
L DEFI BN (AR B e 36 T UK P B (ARE R y 2 EN LI Gs, e, o THRE.
Based on the three-phase model of soil, express the saturated unit weight .. and the submerged unit
weight y” of soil in terms of the void ratio e, the specific gravity of soil particles Gs, and the unit weight

of water #v.

(2) LomEDMEIZESE, SRIEOECH D EREERL LUEKFEROELETRL, &KX
WLMRARIE, IS K, B X UBMEAKBREROBRIZ VTR L,
Based on the soil compaction curve, illustrate how the dry density and permeability coefficient change
with variations in water content, and discuss the relationship among the maximum dry density, the
optimum water content, and the minimum permeability coefficient.

(3) EEMBERNT, e —F 4 S THRORME AT L.

Using the consolidation curve, explain the principle of the preloading method.

@) TNAY 7 F (Terzaghi) DEFFHAKIZONTEHRFRE L.
Explain Terzaghi's bearing capacity equation.

[4] HEEEHUEE S b P Lo fafmit o AT, TR we (%)D 2 fEThot. ZOft+%E
FBRBIIANIZL 25, HREDRESII Ho & Rodc. £ D%, LMREDOHEKT D44 TEE
57 , BN TR LI B, SO BT Lo TOR DK I we (o) 12 o 7.

, FEERTEROREOSKIKEL, BEFME—HTHDLTH. £, ZOfLoLh
%EW%Q.@mmﬁﬁ%mkb F&W&%a,%%ﬁﬁ%ﬂ&¢6 TDEE, UTOMN

IEZ L.

A saturated clay dredged from the seabed had a water content equal to twice the liquid limit, 2wr (%). This
clay was placed in a consolidation ring, and the specimen thickness immediately after placement was Ho.
Thereafter, the clay was consolidated under a consolidation pressure p with drainage allowed from both the
top and bottom surfaces. When consolidation was completed, the water content of the clay specimen became
wr, (%). Assume that, at the end of consolidation, the water content of the clay is uniform over the depth. Let
the density of soil particles be p, the density of seawater be py, the coefficient of consolidation be ¢y, and
the time factor be 7. Answer the following questions.

(1) EBRBIANTZEHEOKEOMBBE o s KT8, EBEMBKRT Lz 2O LOMRLE e %,
%ﬂ%i’b WL, Os, Pw %Fﬁb‘fi@‘@.‘
Express the initial void ratio eo immediately after placing the clay in the consolidation ring and the final
void ratio erat the end of consolidation in terms of wi, o5, and py.

@ EESET LIk S ORHEREDE S Bk, Ho,wi, p, py BV TRE,
Express the final height of the clay specimen Hr at the end of consolidation in terms of Hy, wi, o, and
Pw.

(3) FELHERO SR, FEHERR O L5 {EOESE TR T HIDICETLHE 1 %, FiB L Ue
FRVWTEY. EFL, EBEUS06DLE, U=2/T/aBR0 o0 L 55,

Express the time ¢ required for the water content of the clay specimen to decrease to 1.5 times the liquid
fimit in terms of Ho and ¢,. Assume that, for the degree of consolidation U = 0.6, the following relation

holds: U=2/T,/x.



[5] T"EGD RRAICE R L.
Answer the following questions.

(1) faFn U 7kb i - Mg 2 dmEl U T ERE 2 BT 2561820 T, il BESERECH D
BaEEEREFREBIOHDHEL T, fEOREELRITT 2BOMERZHAT L.
When forming a cut slope by excavating a saturated clayey ground, explain the differences in slope
stability considerations between an overconsolidated ground condition and a normally consolidated
ground condition.

2) BEEEMIOAT2—T v (Zx2l=UR) LY g v FEOEVERAT L.
Explain the differences between the Swedish (Fellenlus) method and the Bishop method for slope
stability analysis.

(3) E—ADIGAMEE—N - 7 —a L OBRBEHREZRWT, F X OFEHHERE K BLT
S8 L ERE K BN X
Using Mohr's circle and the Mohr-Coulomb failure criterion, derive Rankine's active earth pressure
coefficient Ka and passive earth pressure coefficient Kp.

[6] TREDERMIIZE X L.
Answer the following questions.

(1) HUERATRIOME L, HHROBE L ELEELTIHEERHD. Z0L D REHEESELD
BRAZZSEITDH L LI, RERREEATHIMT S Z L OEEMIC O W THLIE L.
The properties of geomaterials may change over time. Identify three factors that cause such changes in
properties, and explain the importance of evaluating them from a long-term perspective.

(2) BiERiGIe e B ELE L TRIRT 2B GICHET & =t ZOWT, FRE - BWEER L OR
WEEMEOBRNGEA L, Zh2hioeT 2R MER &GOS 2 FERlAd k.
When construction sludge is used as a geomaterial, organize and explain the points that require attention
from the viewpoints of strength and deformation characteristics and environmental safety, and describe
the basic evaluation items and the approach to their evaluation for each viewpoint.
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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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RKE1 (T E)

Part 1 (Geotechnical engineering)

[1] AT OFEAEZHIE L, HECISCTHE - HEREFIA LTS Ly,

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

(1) NATM Tik
NATM

(2) Sk

Sensitivity ratio



[2] 50,000 m® DEFEOE 2 @EFRT D, BRI HV Do TR 7 E G, = 2.70 T
BV, LHGEICRT 2 BRIREBIIHRIL e = 085, &Ktk w = 100 % THD, ZD
toffEORBRE T o7 TAHATHORREG T, HEITEECI Y wREE =
1.60 t/m’ |ZHE O E 8 %, HRFEHIKIC X 2 R[] o o /L 28 — |3 D 3R 00 22 [ o [E1 4
100 [FI3 AR 2, £lo, KOBET 1.0¢Vm’ TH D, BLTFOMWIEZ X,

Construction of an embankment having a volume of 30,000 m® is planned. The specific gravity of
the soil to be used for the construction is G, = 2.70, and the natural states of the soil at the borrow
site are a pore ratio of e = 0.90 and a water content ratio of w = 10.0 %. The result of a compaction
test on the soil is shown in the figure below. The embankment is compacted to a dry density of pu
= 1.60 t/m*. The compaction energy by the compaction machinery is equivalent to 100 times

ramming in the compaction test. The density of water is 1.0 t/m’. Answer the following questions.

1.80 .
170|100 \ Jém%’if&iﬁﬁéﬁﬁjﬁ
— 100times Zero void curve
:E § 1.60 v ‘J,
g | B T
§ 5 140 \
i o 50 lﬁl\-
O 130 ;
50times
1.20
0.0 100 20.0 30.0 400

G w[%]
Water content w [%]

(1) LG TORBEM B ORI S, WAL ARTE Ry 2RO &,
Obtain the degree of saturation S and the dry density pu of the soil at the borrow site.

) BLODIZ BRGS0 I T m? 2,

Calculate the necessary volume [m?] of the soil for the embankment at the borrow area.

3) BLZEEOEE CERTAICIIEKLEEZ N BICHBTIMLERL DL, TDL XN
B2 KBTI t D,

To construct the embankment with the target density, calculate the target water content and obtain

the necessary amount of water in weight [t].



K2 (HggTE)

Part 2 (Geotechnical engineering)

(1] AT OFEAEHEAE X, LEIGCTHE - HE2RAL TS Ju,

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

() RAF4T7Vrvar

Negative friction

(2) Y=t TY T
Thin-walled tube sampling

(3) 7 V—TER

Creep deformation

2] ROEVIZEZ RS, HECGCTHE - EREFALTH L,

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

(1) HEZ X0 R Lo O - ORI DWW TR ISR Lz & v,

Explain the characteristics of ground susceptible to liquefaction due to earthquakes.

@) ETHOPARIEIKIT OV T, SRR 2 THE 2 23T, TNBhO LIRORKE (FEOR
WORA 2 M2 ) ZEIALEZND,
List two specific methods of liquefaction countermeasures for reclaimed ground, and explain the

characteristics of each method (e.g., principles and key points for selection).
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Hie T2

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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