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Geotechnical engineering

X I[1]~[6]F X TIZZ& 2 L. Answer all questions [1] to [6].
B U CiEb) 70 E 2 7% 1 F &. Make reasonable assumptions wherever necessary.

[1] TREDOBICE X L.
Answer the following questions.

(1) ST B TLIE ST HIABRML TIEO Z N EN O THEZ RIS~ K. F 7ol TiE 4 g
LTENEND TIEOKRAT, HEErailfiE 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) HRGIRENE L B LA T o2 & &, RO UU 3R & CURBRORERIZTZNENLED &
PRAS " RE M oY W AR/EY i1 = Rl SN NeB i e
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 A NE L TRIBIKMPME T LIEGAE IS 2ARBCEFE ORI L TH 2 2 22O
TEOHH &L & BRI 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.

(4) O~V MR TIEEZ “SORE T, TN ORBICES R TIEO &2l ~
X.
Classify countermeasures against embankment slope failure into two principles, and describe examples
of countermeasure methods based on each principle.

[2] FLAEHUR 2 WSR3 2 KE T 0~ D ERER L7 kh 3k 2 vy, =il EAEelBR 4 JEhi 9~ 5 72 012 2
HORHHEMEZ OV LTz, 2o 2 oML, F—ofitehhdnTxd. UTD
RIVMZE 2 L.

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.

(1) £7, —Fofalkzfaffb L, HEZIEFIC, WiEo Ob & TEHEEZITY, E

BUEEIRRE L LTz, 2D, WHFo #—EICRoToE F, Pk =il EiEattz 5 L 7-.
Z ORI LIZIEREER OGS T 2 MEERZ ca=0, gs £ T 5 & &, PKk=HhE
MR DG LN DHKEAWIRES s¢ &2, oo B LWy N TRE. 22k, HAWIRS L1,
R (1T D e R AT S & 5.
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
oo constant, a drained triaxial compression test was performed. Let the effective-stress strength
parameters of this saturated normally consolidated clay be cq = 0 and ¢@q. Express the drained shear
strength s4 obtained from the drained triaxial compression test using oy and ¢q. Here, the shear strength
means the maximum shear stress at failure.

() Wi, b —FHofalkztafifb L, FEZMMESIS, (1) LFRCHRE Db & TEHEHE
Britole. £0%, WfEo 24— EIRoTEE, K =MEMEABR AL ERm L. 20
FEHEK ZBUERERER (C 3T, SREIS 123 Aoy HUN L 7R sl CHER AR L 72 b D & 975
Z ORI LIZ IERERER EOFNENICBET 2 mEE T ¢ =0, ¢ LT 5 &, FEHK =1
JEMERER DGO N DIHKREAWIRES su %, o, ¢, BIORBERE 4 2V TEE.
2285, A IEEREOWBBIMBKEA & Aoy DHETH Y, 4=M/Ac, LEFTSND.

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 Aoy. 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
Au to Aoy, that is, A = Au/Aoy.

(3) ZOfEf L7z EREEREIC O Tda=¢=30" , 2>24=05ThHhd L&, “OOFAWIHR
S D sulsa DEZ KD L.
For this saturated normally consolidated clay, when ¢q = ¢ = 30° and 4 = 0.5, determine the value of
the ratio of the two shear strengths, su/sq.

[3] FTREDMNIEZ L.
Answer the following questions.

(1) LO=ZMET MIESE, MR E e, TR FILES G, KOBNKHEERZ R £ 75 & X,
T DO FAFN BN AR B o 3 L OVK P HNLATREE 2 T G, e, s THRE.
Based on the three-phase model of soil, express the saturated unit weight j, 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 y.

() LofEEDIBIIIESE, KOOI D SRS L OEKBREOE Lz =L, &R
WO, Bl E KL, 3 KO/ NG AR D BRI DV T~ I
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) EBEMBEHANT, T u—F 4 7 THEOFERMZ I L.

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

(4) 7/ 7 X% (Terzaghi) D3FFIIAKITHOW TR L.
Explain Terzaghi's bearing capacity equation.

[4] HEIEHAE ) & VR U 72 BARIRE L0 Z K LI, HERVEIRF we (%) D 2 (5 TH -T2, ZORitZE
BRIIANTE ZA, AR DESIT Hy k72 o7z. D%, ETmmd bHKT 2 &4 THER
ST p IMA TR LToRE R, IR EBE DS T L T2 R TRl £ O KT wi (%) 72 o 72,
DT, A TROR RO G AR, S HMIC R THD LT D, 7, ZoORho b
TEEZp, WKOEEZpy &L, EEREZ ¢, WEFEZ T L35, ZoLx, DTOMW
WZ&EZ L.

A saturated clay dredged from the seabed had a water content equal to twice the liquid limit, 2wy (%). 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 ps, the density of seawater be pw, the coefficient of consolidation be ¢y, and
the time factor be 7. Answer the following questions.

(1) EERICANTZEZ O ORI e B8 X, EEMKE T L2 & EOR OB e %,
TNEI we, ps, pw & N TFHRAE.
Express the initial void ratio ep immediately after placing the clay in the consolidation ring and the final
void ratio er at the end of consolidation in terms of wr, ps, and pu.

Q) EEPET L 2O HIEIRDE S He &, Ho, w, ps, pw & VTR
Express the final height of the clay specimen Hr at the end of consolidation in terms of Ho, wi, ps, and
P

(3) A EAERIR D GRS, WPEIRIR D 1.5 fE DM E TR T 2 DI DM ¢ &2, HoBE D ey
ARWTEE. 2770, EBEUS06DE X, U=2JT, /a3 koD LT 5.
Express the time ¢ required for the water content of the clay specimen to decrease to 1.5 times the liquid
limit in terms of Hy and ¢,. Assume that, for the degree of consolidation U = 0.6, the following relation

holds: U=2,/T, /.



[5] TRIOBRMIZE x L.

Answer the following questions.

(1) ﬁ’ﬂ%uLt*ﬁﬁif@ﬁ&%%mLT@Jiﬂﬁ%ﬂbﬁkﬁ“é AIZOWT, MR EERIRIEICH D
B LIEREEREBICHLHE LT, HEDOL @’E*ﬂéﬁﬁ“éﬁf‘i@frﬁ@ﬁ%nﬁﬁﬁﬁi.

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.

Q) BEEZERFTOA T 2 —F 0 (72 =0 R) EL BT a v FEOENEZHRAE L.
Explain the differences between the Swedish (Fellenius) method and the Bishop method for slope
stability analysis.

@B) T—ADIEHIM eV 7= COBBRBEZ AN T, 7 OE@ LR KB LT
S8 T EARE Ke 2 I &
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] TRLOBMNIE Z L.
Answer the following questions.

(1) HBFPEIOMEE L, BfORGH L & BICEBILT 25808305, TO L5 RIEEEAEREL S
BRZ =2ZF 5 & & big, REMREETHET 5 2 & OEEMICHO W THRBIE 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) ‘RGBS L TR 2 58I ETNERITOWT, 51 - BRI L OB
BRLEMEOBLEN ORI L, TN iﬁ“é%ﬁﬁ’]&pﬂﬂﬁiﬁ A L&Al D# 2 )7 2w B L.
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.



(1]

(1) B : ST Bt AL, AR REI L CHLE R L, S ZadiAAR, a7 U — N &Ik
L THAEER T2 TIETH Y, KRS - KIEEh CREMAFRETH 543, i TEENH L < WE
DIELOENECLT V. —FF, FIHIALMTIEDT, THREEL R EZ o~ —2% Tl
WCHBHIADLTIETH Y, PVUWENZE UG LARE CTH 25 K, BE-CESNAKE <, BURE
ROHAR AR LA HRZZ TR0,

) B - EREFREME L B AT O 5A, B LA S S W TE%ZO X O IR IE &
A EE T IWEIZERBE T, Bt to UU BB RNV SN S, Zhik, 2ulERIRET
IR AKERTEECET, AR INZL Lz, RIS EES < FEPKIRE T2 @M % 2
TOUENHLINOGTHD. —J, BIFENE, o7kl U CIERNET LI RMZE
M T, CURBFS RO VOIS, ZAUE, HEKRSEET CHRUGIREN BRI & 720, E5
% DX AWIERE 2 G IS TEHMET 5 Z LN ThH L5720 TH 5.

(3) Bl : 7 4 N HF DZBWTHPARMDNBRIIK T 5 &, EfiflRm CIEoKEIC K 2 KRN
2k bn b —J7, SRENEOBBKTIZE BIZEEE L. TR, A2 1MMETF L
THAWTREN/ NS 720, ERABHO TR SCHRENAE T 25, £, ABOREIC
BNTH, HITFKMOZM K TICE D RImPEIC @\ R BKER T L, ZEENMETT 5.
IO, BOEBRKNAR FIE 7 4 NV AAKRE L OEIREORZEb g & 24 HEHK L7 5.
@) B B OHT <V ik AL, ik T EME Lo SOOI 6 sd. kT, 3
O THOBENIRPIT 2 WA EEMNT AR TH Y, L, To— 1, HERET ERRER
Thd. ZNHIFHEEMIC L > TTRVIZHT 2| 2RI, REOLEREEZHRT 5.
—J7, MHITIE, Hd R EECSE2ERNZOLDO KRBT ORETHY, BT (EAH,
FEAR—Y > 7)), IEAELORERM, BEEOBREL2 ENRETEND. D T T RN CHBRAKE,
HEZKTEIESZ LT, 70 0RELZIETS.

(2]

(1) sa= oo sin ¢a / (1-sin ¢q)

(2) su=op sin ¢’/ {1+(24-1)sin ¢’}
3)0.5



(3]

(1) pa = (Gste)/(1 +e) ., 7= (Gs- /(1 + e) piv

(2) B - fE D HFRIZ IV T, BKEL O R GZIEE BEII3E I U, Fai 3 /K BRI B W TR
VLIERREIZET D, — 7, —MRICEAKRREI IR & 7K b L0 ool B A Tl IME A R T 2 & 23VA
HILTWD. ZDOTd, EKEBERE NS LD E K & B/ NEKRENE LD EKIESNT
Lb—& LW ENEu.

3) #l: Fvue—7F ¢ 7 TEE, KTk EOREE A BICER S5 2 &1LV, FERIEH
TORFMELD BRERADNEZHLN O 2, EBEEZFANEITSIETETHD. B
B BT, R E ORI LY, B OIS RIS T ERE N A B A TH T~ BE L,
JEBR T AT T 5. 0%, IEMEZBRET D &, TR 228, JEE R i
ITREERE L 70D, ZOREE, HBZICREHTESERA L TH, EOIRINEBRICRRER L7 1T
JEBENUTICE EE 57720, EEMRETIINSARER LVELT, L FEBLIO TEE%
KIBIAKKTE 5.

fFro—7swsr
—r&TF
)
N ETHIZEITE
£~ Imml_;xait‘r-'
=

Flo=3y » FEHR

EEEHN

4) Bl . 7Y 7 XOIFJARAL, ROEERED Ll & VW IC 10 SCREBRFUCIET D BR
DR FFH %2, HORAET, EAWHEGA, 3 L OUEMSRMA» MG 2 BamAAThH 5. il
B N ZIIAFE OB DN S LD EUE L, WIRSFFIE, KA DI K DGy, MRANME
IZK DSy, BROMBAEICL 2 poMmE LTERIND.

(4]

(1) eo = 2wi(ps/ pw)/ 100, er = wi(po5/ pw)/ 100

) Hr= Hy (1+ wi- pdpu/100)/(142w1 p/pul100)
(3) 1 = (W/64)Ho /ey



[5]

(1) B - fafn U7z kM L 2 40 H1 Lol Il Rl 2 ek L7c 356, IHIE I ZIER S0
KEERY & 70 % IEHEERS T CIIIRANC X 2 I8 T UZ > TROMBEAKENE T <, FEHE
KA ABRE DS/ NS WD, BHETTREIEZ 2 DAL EIC 2 V0TV, —JF, e T3S
FIERLZ L0 ADRIBUKIEDFEA L, AT OFEPEKRE AVWHRE R EEIN$ 5 729, IR
TR E LRl S LS. UL, RefoORE & & b IZMBRKESHERT 5 & mEME T3
D7, BEER T CIIEMMN e RIm L EM ORI N EE L 5.

Q Wl : AV =z—FT (7=l =UR)EEEY g v FETOTRS IS RY 25E L 7R
BHETH LD, JTOBWMOPNEREITHERHDH. AU —TFT kL, T30 8208 L%
ATARZDNWTATA AN ZEEE L, TX0DEISH I & T X0 1 OFE DB L
BERERDLFIETHY, FHENEHCTH L KHE, BRI TSRS 5.
—J, B aviEE, AT A4 AMOREFMOTIOEENEEBE L, ERZE L TEARHK
PLaiHid 5720, AV =—7 35K 0 A TRHENREW. 72771, ZeFIFIEFHHEICK
STRODLMLENRH Y, FHRITOEMLE 0D,

() ZodrbEE, HEEERL (6=0), KEHER, #EHRL (=0 ZEL, BT
PEOISITIREZ L) 01,03 TET . ERFIIZE— A OIG AR E—/L « 7 —a VR =
otan QIZHET 5. T OERSEMX, IS OKMN D

01 — 03

= sin ¢

ThHz2bN5.
F@TIE, SREISDDERKEIST), KD EANFEIE &R DDT
0, =0, 03 =0, B<.
o, — Oy, o, 1—sin ¢

=sin¢p =>—=
o, +op ¢ o, 1+sin ¢

L7zh3>T
_op 1—sing¢
"0, 1+sin¢

Ky

MW TIE, AESHBR RTINS, REISHPERNEIS L7250 T
o, =0y, 03 =0, 8<.
Op — 0y o, 1+sin ¢

=sin ¢p > —= -
op + 0y ¢ o, 1-—sin ¢

L7zh3->T
_op 1l+sing
"0, 1-—sing

Kp

[6]

(1) B : HAEFTEIOMEE X, VB - (bl - BRI OFEZ =T, R ofE & & HIcE b
T 5. WEIERK L L CIEESY UV — I X 5B EAREOELRZET B, Ttk
D ERESCEIRHEN LT 5. ALFIER & U CIRRIBRAKRR Sy D2 b, TEfR-CibE:, B, b
72 EIE DR OPILRERN B D, £, HFERE U Ol U, HES), @i
DR LN L D EEOELICHEY N ZE T s, 2 s OZRITEBMICIZBENL LIz Wi
ERBHLHD, BEFMICITRERTOAROEITZS SR L, #HEWOREMECHERICKE i
A NIET. T, HkZTHGI 2 BICI3E CRFORES T ¢ <, gL T oEE 21k
HERE LTRSS TCORFNEETHD.

) B : ERRIBIE 2 AR U CRIAT 2B8121E, SR ORER & BREEZZ 2ME D NIIZ 1
BT AOMERDHD. JEE - BEFEOBSTIE, SKESCREMEOIZL DX NRKE WD, —
B AR AL AWTIREE, TEMENE, BAKMER AR L, B E T HRIHFREICK L THERK
FOREMEREME T 50 Ei T4 Z ENEETHDH. FrC, BEULAREZIT O HAITIE, #
AR AE O BRI 2 MR T O B2 R T I LER D L. —7F, RELEMEOH
KT, BEROAEWE OEHFRE, pH SO MR 72 25 L, JEILBREE O T K~ 2
DECRNWZ EEMERT DI ENARAIRTHD. INOEEE X, BRIGIROMMEOREEMS L
FERME A EE BB L, R ENE & REE GO MmN GG IICEHME T 5 2 & 23, Hs e
E L TORERFNERICORNS.



