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Abstract

Soil mechanics is one of the professional fundamental courses for geotechnical engineering. The
soil classification, permeability, compressibility and shear strength of soil are introduced and used to
assess and to design the foundations, retaining system, tunnel, slope stability and to evaluate the
potential of soil liquefaction et al. Taiwan locates at the boundary of Eurasia and Philippine Sea plats
and the climate changes in recent years, geotechnical and compound disasters occur frequently, such
as soil liquefaction, slope failure, erosion of slope surface and damage of geo-structure under seismic
loading. Teaching and implement classes will be combined including soil mechanics, fundamental
experiments and centrifuge modeling test outside the classroom. Teaching properties and videos will
be made for students in this project to enhance their interesting and teaching quality for the goal of
disaster prevention education by technology.

# < B 4£37 ¢ Soil mechanics, Compound Disasters, Fundamental experiments, Implementation,
Centrifuge modeling test



B b I
ABSTRACT ...ttt e e et e e e b e e e e R b e et e e e Rt e e e E e e e et e e e e e e n b e e e e e nrrraeeaas I
oS TPRSPPR TSR II
R T 1 TR 1

L T T B9 457 B 0o 1

2 "?}};"%«f%; .............................................................................................................................. 1

KT o OO 4
= I SO 4

S T T o kbt 9

6. B BR T 8 Rl e e b et et b et eebe e be et e abeeareenre e 10
S v[ﬁ% ............................................................................................................................ 10
S N e 12



1.

BERHA G F A1 RARD LT

Combination of experiments and self-learning for the education of disaster prevention by

technology in geotechnical engineering
2P
FrEPap o

(1) RKEFBFALFHH

LIS FIEL T o EEAEHE AL s R A AR REARREEL > b
DR ERT A MEAEEET AFARELER ) HEANTE L BT
SRR S FH R A RE P AIFEIF IR RARE 12T
w2 5?‘? o fkm o BERIH {Z&%%ﬁi‘ .ﬁgv%ﬁiéjﬁEvﬁ‘ﬁi (a ; U £
AR S B2 S %5 B2 B3 ¥ # T Seeing is believing 5
Wi Fidgd 23 E T PRy I}Li%-“"’ B2 BB o fe l gRapE e iE s K S
IR B R E R iffl rpsba‘%rsﬁ AL b%:,k e EE A A WE ERRA Lt
P E o RIEE A MR R R E A AR {ﬁrﬁﬁifp’t]’f CHET P

PA AR IO s 2 ovE- 2B el AP F RS EATORE HAE
BRAFKEET % emi s FAAGF AR 4 FRTR&K G upn
PR R 7 %‘i"*v:“%%ﬁ PREAEFRE DI ERCF R R LI ER GRS
SIRAGPM AR TS > B2 F A H IR MR R > R A AR
B2 HT RE YL RARNE N o BB E A F Y sF e L.

(Q ®EFBFIFELNEFATI D
Bl S AR 2> 80 5 I %aaaﬁa\%ﬂﬁﬁ%mﬁﬁmﬁﬁ’%{# 4
o Bap RUTAFERLLT ) ARFFHBEREFRFAI S BEFE LY
RETWHEEFL PR E R TR KL PR REIEARF R4 ERT
FohRD SR HREPCHATHRE R AL BV AR EFIPHP U
TP

* e

1964 £ p AR T2 F BIrF P LA 4 RH 022+ B> 284 7
%ﬁﬁiﬁﬁﬂ%%’ﬁgﬂﬂgwmgiwﬁﬁigﬁﬂmmg¢ggm@ﬁoﬂm
S Eﬂ%ﬁﬁﬂﬁ‘ﬂffﬂQﬁ*ﬁ?Wéﬁﬁiﬂmf** AR R A
WP H (TR 0 B 1980 & 15>k B HBEING B RSIRI MR PR A B F A
F et LT o 31994 # % W4 LomaPrieta 3+ B2 1995 &# p A &= 2 > F 4
TRERIERCLTEE AL S >0

A=

1999 & 4 # B f 3 Rovig S Ap 4 AR end R L F (B L S 420k > 2000 [1]
@ﬁ%i&’mm[y%ﬁﬁﬁk’mmpyﬁ%%ia’mmmygﬁ@\i@u’

2000[5] 5 % & & > 2001[6] 43 %4 2003[7] 5 H¥d 0 2003[8]) o & 2011 # s
W%E‘%hﬁ ‘LFL%s_ﬁ'62’ Y LEC IR BN t"f”l"t%@4i§;;‘§fh s st

TR TR G "Lrali( i) e ,ﬁﬂﬁ%gﬁﬁ;i& CER P E RN ‘J’ﬁ&_,\;}ﬁ” }a dE T E A
Faedrf B g2 o 2 @ £ 3 B » 2T 20 ToReiF KT R kALY R IIBRE
B g e BT ig_‘;’@ﬁ?ﬁrﬁ P G RCEAVR TR R Y 0 R E B AR



Bt oA m1ﬂ3”11BmiBi CE R R BB 00 %0 F 152 Lk
L R mfa}%'+Jg/€%«% R b A A EE NIRRT LT o LR TR R
FlimE 7 A nispz d ‘*““’Kﬁ‘?’?%?v”r‘?v“mui XD B ek o TR R Bl T
iighi’“*%‘y)ﬂ FoEs /”:‘% #Eéﬁﬁ‘«‘ﬁ *#—E@ "“‘@&5\4@%%_@&’ ?”u‘f\!\’ﬁ
g KRB S REFE NI R LT L g i%ni’ L5130 1 s H B chp i
# 7 (Brandenberg % % > 2005 [9] ; Gonzalez % ’\ » 2008 [10] ; Haskell & 4 »2011[11];
Adalier % 4 ’2004 [12] ; Okamura & % > 2011 [13]); 4t ¢ » £ & 2018 & # a3 1 E7 R
AR A& %ﬁ_é&i,ﬁ'fn\ FHERIC LT 4B 2.1 A7T o

pac
W

i@w%&«‘@%ﬁ% PR L R EER A A R R # A B RS
fpgiosiz b R L DRI NP5 % TR D 3SR G ISR 4 O A
DETOREGRE 0 F S F RKRER o P2 g/ﬁ'Lmﬁﬁixgﬁpﬁ?%?"g#goi
ERERBABMEF AR ETL 1999 Enf E AR R S - F TP kR
ﬂ,yiéiiimﬁﬁ&2§§°miﬂﬁﬁ9mﬂ*ﬂi%&“ﬁéﬁ’ﬁ%i#
FEAoB 2.2 #757) 5 2010 £ 7 Wi BRF > f e AT FEILSAHIT R L IR R G

(4] 2.3 #77) o

Ppt AR AT FETRIBEEREN X FACRRIFEE > 8
BORAERIER BT 2 TE N A REA BTG R R IR
AP ERP AR BRI R EA AN EERE L 2 201 Eed RS
RS LR VSRR ¥ S ERI NS 1Y ¢ AR i E & ST § 2
FEEAMIERC L NIRRT FE o

e

RE7BADEERT
ARG LN |

€

TR
=

= N R I 2

B 2.1 A4~ 25l e 4 (#FB"E’ +E%s ﬂ%-ﬂﬁléﬁg)

““l\‘r.\m“ A

Bl 22 4 -+ RE2 BRI EH W23 "B dafrite wlER
FRH(RFFHRFATRE R1IRAT Y (ATFHRFATRFREIBFLY w0 F 5
R8s MpsE 0 2014) FiE L)



WATER TABLE TO >omxt

COVER THE SAND
m RIGID CONTAINER DURING SPINNING w_ UJAW, Avz
Zrof
,4 xL* | | | 35mxL* APPROX. CIRCULAR SHAPE SO THAT
SOIL SURFACE HAS CONSTANT RADIUS]
"_": —— ] | ON EACH CROSS SECTION
| |
| T
|
‘ H/2 e’ ="y | 6 k0| | 1
o 7 AH4, AHB, AH10
x Eg AHE — &P4 = AHT P4, P5, PED T
E —=bP5 AH3 H/2 P8 AH3, AHS, AHZ
I = AHS — P3 EF AHS P3,P7T & H
: H=dmxL* PgH'? = P7 . AH2, AH8
B aHE pyg AH1
B Pg [} g AHT Xref Yref P9, P10 N
E—8mxi" —=&
AH11, | E——) AH H12
AH12 | 20mxL* | SECTION A-A
APPROX. LOG SPIRAL . .
SHAPE SO THAT WATER TABLE TO o >gmxL* -l
AVI SURFACE HAS COVERTHE SAND  Avz | I
R PINNII
AN ANGLE Zref DURING SPINNING | AV1, AV2 |
35mxL* OF 5 FROM * a6mxL
THE NORMAL

TO THE G-FIELD

Zref
1.5mxL* ’
—-! -
RIGID \ | :
CONTAINER |
(L g AH7

PG $ AH4, AH6, AH10
P4, P5, P8
B AH3, AH5, AH9

3 = P3,PT & H
o 1 AHZ, AH8
P2 P2 AH1 |
ppo { pyAHT xref Piog Yol  pr1g é.ng. P10
= [ — e pu—
AMTT, | —a | AHTT AHTZ
AH12 ™ 20mxL" =1 SECTION A-A

Bl 2.4 LEAP-GWU-2015 < #-3]fed| s ¥ Bl (Ueda ¥ + - 2016)

g T T T g 100 T T T T T

g atx=B2 ] = at x=B/2

-9 ] -9

& 4

[=] 149 a 0 WV

= ——Measured 1 3

5 —— Computed 7 ;g_

A - e [ L e e e T ———
30 4 S0 & 0 0 20 30 4 50 60
Time (s) Time (s)

(a)

@ 1 T T ] 1 T T

2 ] 2 mm

Z 0 g vy T

B r 1 g

2 ar — Measured =2 .11 4

2 L —— Computed ] 2

< 3 | L < 3 1

= 1 T 5 1 T

5;3 3 | AH3 A -? . . AH4

£ 0y ﬁm' g oy i

E -1k - E -1 N

< 3 1 . L < 3 . L 1 .

0 10 20 30 a 10 20 0

Time (s) Time (5)

(b)

- SD_ T T T T T -

S —tomt ] §

= r T g

& r L4

(- = =

5 Z sofP4 1

- —- -

jord = M =

(- - 3

= z 0f ]

= Ly e T

- - 50

£ £ wf

=) = [

& g 0r

= z 20

a e 10k

= EE

[} 10 20 30 40 50 L] o 10 20 30 40 50 60

Time (s) Time (8)

(c)

Fig. 25. Computed time higory of ((Qas B pradiction for RPI): () Relative di {b) Hort 1 (€) Exeess pore waler pressure,

Bl 2.5 LEAP GWU 2015 &t #5720 fic i@ 7] 2 % 2ot 32 ] (Ueda % 4 » 2016)



)

+ %= -+ & = > Verification of Liquefaction Analysis using Centrifuge Studies (VELACS)
FEY T EEEER S e 2 Ao IR RS R R e 5 R i
ME R A 20 A M P e T T O
% 11 4p 3 %7 (Popescu & 4 1995 [14]) o e B pt3+F & 72 ik » 4 & § 8K
LA LR S EBEE: SURETIE sPAN S WﬂMB&Exwwfkﬁﬁﬁgﬁpiﬂ‘ﬁ
A 2 A HEA vt i o (Rl kM enEE IR (Yang ¥ 4 0 2013 [15] 5 Popescu % 4
2012 [16] ; Marasini & 4 > 2012 [17]) o F]* % 2014 & 3 3t F el gPRE N - BRE
& TSk 7 3+ % Liquefaction Experiments and Analysis PI‘O_]eCtS (LEAP) » H p e L fvt
wA K2 AT E AT (T 4P R A (Prototype) shdi e oA iR S R 0 £ IR Y E R
i itz Hip %mf” 0 P RECE A B T R o

LEAP 3% ¢ » LEAP-GWU-2015 d % i R #ondp< 37 7 B¢ 7 2 ® The
George Washington University (GWU ) ~ University of California at Davis (UC-Davis) ¥
Rensselaer Polytechnic Institute ( RPI) ~ #& K] Cambridge University ~ p # Kyoto University
ARl EAF A8 4520 ﬁi#st ~ & ~;# B IFSTTAR ~ % §& KAIST and K-
Water 12 2 o8¢ & < § o S8t Fehg R 7 B =2 g {5004 B eh R 3 (Aol
24 #53 ) o FHH A %ﬁrj LA B B R - R A ﬂifﬂfﬁ KR AR el T S|
Wk kgL % (Kulter % 4 > 2014 [18] ; Srikenth % % > 2015[19] ; Ueda % + -
2016[20] > 4r® 2.5) °

Fi‘ﬁ:u{z

Pt E W g R A a2 R 1964 £ B AnEPOR EAR 0 B2 L
B A IR G EFPHOE R ARRE R ST T
FPRTEG  RATN S AR SRE T e FRE ] el 2P st eh)
PR AN R 0 R F D @B A $ IR MR JRIER 0 RE R
L EE R AL S A T SRR VRS % FE SR s PR
BEA R T EEE § A P o

Py

$

FLRiRs

(1) =g EFEp

_féxﬁﬁa%@%ﬁﬁﬁi£4%(*%i%%wﬁﬂ%%ﬁﬁﬁ?ﬂﬁ
¥ (FA) B d Ay dam 80 2 RET ML KD 0 AR K
PRI OB RRRT R PR ART TR Y A R F 4 n@iE 2
2R A M RAE T R0 RF A W R AR AL N F o TEE A RRE
B g A AR 2 F TR RE A0 32 RE IR
B BRI BRI AIIE B A E - I AR TP - HREIERY
IHER BB R I RGP RS B LIPS LML TR e
I HEE URKT PR

FOES R R RE R D R T R R LR P e L e
J}};]% o %\»%‘%‘F‘u IF'%‘;L;E?:}'EHJ 'J‘iw; f:‘» a o f%%ﬁ']%‘ki’%&a 3 Fﬁ:ﬁ_ﬁ_ﬂi‘xﬂ‘.ﬁ mj’;i’lfﬂ NN
”’7/47\_—5;_0 %@7 ?E?/]“V"\!—’f%?*% %au?gaj’ f%:é;“ﬂ?{ﬁﬂ;ﬁlf&xﬁﬁﬁp‘f’

TR RS AV A L P fRRGES > TN E Y w L IRA 2
ﬁﬁ%’F—*mﬁéﬁiﬁiéwﬁﬁﬂW% F2 5 DAY kL e Iy
BERIFE FFR BT HG > VRE L LR o FIRE 4 2 ¥ FE AR



BAFARL AF LIPS N2 o

AR B > B AL TR T BBk L Y T BRI R A T
§g¢%$?’z@ﬁrwﬁ?o§imﬁp%%ﬂ;uF%&ﬂwfiﬁi&a—°
BB LAY EREICL 4] 0 AR A AFHIES SR RS HRE kA
THEBEMRGHE TS RRITFRE SR AT TR A R B RACA 4297
T AR L IR L A A RIT R PoiEandcdR o (8 X INE Bk SS L BdpagRE A
Yrengde > L300 BFFEF Ve witF 4 Hza imlﬁ°§ﬂ$ﬁ4¢w’
FIFFLERY LA FREFEFERL v T2 A FFRCF v m R
TR A 2 FY e

41 1334 Fodrie R &g

&= FAELA LRI R (L54)
1 *%lﬁ\ﬂ\i)ﬁ‘4t§ﬁk’%%

2 | EREMAEM G PP gLy

3 23 ug (AASHTO) (9 ¥ 3%)

4 2 3~ ug (USCS)

5 IEEF PR RS

6 |2EFF I FRERY (RV )

7 FRokzgnd B ERE (FY )
8 ES AN EEnS SR oy

9 ey

10 K

11| ekt BE SR

YEERE SRR AES i

13 |27 R4 it F i ke REET (V)
14 4%4@‘%]&

15 | 22 Bl (37 3%)

16 | 23294 5 R

17 | 2294 %R (FV %)

18 R

% 4.2 TL;‘}H"“ ’kaj Féﬁg,ﬁ:,{h‘l}’ A'f L ‘H P%fi*g\-rﬁ el J'E-»:i'J

F=x PRAR AL B ARR RS TR A ()

1 Unit 1: Concept and principle of centrifuge modeling : 3t~ H-3| #3452 R IT

2 Unit 2: Centrifuge modeling technique and model design : &< -3 43K 2+

3 Practice 1: Tool operation training: monitory and unbalance systems
FHHRIFFER AANE AT THRLE (0

4 | Unit 3: Model preparation : % i & %8

5 Practice 2: Tool operation training: Pluviation and consolidation
FYFH2: M F 7R AR FY

6 Unit 4: Operation of monitor and data acquisition systems : % }° % N 5L30 8~ & Ydk
it

7 Practice 3: Tool operation training: Saturation system
= W3k IFFé‘«%ﬁ/&?'fr,, 5

8 Unit5: Operation of monitor and data acquisition systems : & #3772 30 BLFEP~ & SLdf iF




Practice 4: Tool operation training: DAQ system

P ey 4w R

10 | Unit 6: Data processing- dynamic test : # f& 385 #cdy

LA 7

1 Practice 5: Data analysis training: Visual Signal
F % 5t 14 Visual Signal i {7 #cdg A 47

12 | Unit 7: Data processing-pile behavior : 2+ 3% it 32 3

R o Y

13 | 7 # ! Centrifuge modeling % # #.< #7338 % @ 2 t%:”@ %
14 | 9 # : Centrifuge modeling # # 3w f3]:25% © 2 - 9 %
15 F 4 Model analysis #5 % % 4 47

16 | § it Centrifuge modeling # {7 .« #-73] 8%

17 | & # : Model analysis #Z % % & 47

18 Project presentation = % 3 # 22 .o {4 %

Q)Piﬁ%ﬁw
A i Ei

4e@] 4.1 27 "’”f# E A ey R

i f;:l’if?f":?/ PEREF R KE ﬁobthﬁqﬁlfnfﬁ_ﬁi .
P@’ﬁ%%*ﬁ”k**¢x’ﬁ4§4m@%uﬁﬁ4%&rw%&{m
TR ALY S RF REFTIRY > R REENFT R RS FAE

2R T RO RO
’ %;Lé— } l_;,'—,;mez\ = &Fk_&g

BHAFLE CELZ AT Y FFRELR > v EIPHEPF LRT 2

Pk

IR A B RIZ B

EEHL (KREA)
T WA RN R R

' R E-Te

B Y R AN R

3R RACAR B BT

¥

E e N Y E R
LN Y S T ‘ !

P
i s34 M BOE S AT BRI ok

Bl 4.1 £ 3 % - F]

B. % Bk

WP AR LR AR RRE T AP

%
2HARBRF AN AFIE L LA O HARRRPRE T A 7R

fﬂ? A% * Das #7% Principles of Geotechnical Engineering ( < # 1

5 #ft % > e & Taylor #7% Geotechnical centrifuge technology » 1% & &t #2
P 2

»

PR RKRE CRBRTRTLE R KM
SfpiEg ER R T s R AR S B AR BS AW 4 o

R C LT IV PS

GEUEE S ESZE

[[ESg

RIBenF B ki A A k¥ A EE TR e RBFTEE0]
SRR NP G YL Bk

A2 R

AR



iz S rﬁ}ﬁ'uﬁ‘f PSP B 2 %%\Efi s B A TR A AR o F B Ak

g4 1 T ERFF ‘\"ﬁ* 1 425 i’?fh“‘ B AR B

AFs e & 47' TH AR Mo zﬁﬁsfl'? if\p%:ﬁimf%v:% *’J'”ﬁi ¥ ¥l

m%%ﬁﬁw BB b F PR e S HA SR LS
v e A9 L BB T o

ok

B EARPET RS BP T % o ki ASTM & (7 6 A 45~ 1L €350
ok A itE e s TKFRHRCERT A % NEIEER AR
PR ¢ papc AR S R% S LR E AT o

1. REL 177
(DFEB% P e AT o e > VEIFELFE B 12
Tt EIg Gl F o
Q) h 1L
A& & ¥7 (Sieve Analysis )
G e (4200 144 ) 7%—,w7ﬁm’#4gﬁﬁﬁ e
i FEREPAVE ARUGFBELZ P A o REFF A A2 A FUE
TEER A ”“if‘%g‘ T LR ER Y o T RS G E'r' & o
B.tt £ 3+ 4 47 (Hydrometer Analysis )
WEE AT o TR A TR o Rl B P 2 27K 5L w2 (Stoke’s
Law ) > FU% fm3fkd e fok @ Suik 2. ¥ aid & 2ok 3 2 B e o2 ks
e

2. W EEE

HEERE VLT LI E IS4 CHREREZ R
3. &= ﬁs]#cﬁl*" FEL

(D)E= P b

FrEBAB)GEE F g Sl S R% S A Gk g
M e ‘“Miniﬁﬁﬁs HEIE- P FLIMARY 23 2 0%

% o
(2)iFo o 12
L¥: &4 %;L}f}!%;‘r %Ltg K& wo 3LF/':LL NETN R %TV&S‘ﬂL;}""FLé‘_
G rHEEy o7 JMERH? 2 €8 (W) 245 (V) B2 M ia
{a‘/ bz i§,@;4;{£%fd§ __!%;‘r

4,  TOREFEHRHR
(1)ide p h
Brda gt e dE2 RS Gl
(2)#% h 2

~ﬂ4£;ﬁ2ﬁ&$$E4’¢J“4£ﬂm?mé%ﬁoﬁ?ﬂﬂg
OO ERBY 2 R Gl
5. _E_Jf& T4 RE%
DF %P
Al 23 PRBRNIE2Z TS B R SHGERRTA Z P BEL S TL
BAPS SRR E RIS ER R
(2):25% 2
RHEDEGARER - d BT R%HTHENT 4 -BF > £d 28012



FHARE L TR 2 e A AT AL RE T BR S
e
L
(1)@ p e
‘]b'\E"‘li%f_" 3;;;\:% BB F i\'ﬁémﬁx"‘gzﬁ [y Y (d,max) &3 ﬁxd‘».é"l\
(Optimum Moisture Content) 2 ¥ Bf % > FE I35 F 7 £ 3| 3 3T 4
BRFR B IRIEE 2 BEE2 320 T LR 2 %1 BT 53
(2):Ezk L
Bt 4§ i (Compaction) 3L A Ed e b4 R L Pt S LR 2
éﬁéil?%#@m— A1z ot kA IRERTRA I PFFLELES
SRR 150 &= i Zﬁ—kriﬁf‘/‘f‘f‘ﬂl G ¥ *f,ﬁ“w‘rv‘! = }I’]—ﬁ i o R
AR BTG - RO FR A RE RIS - FREFFF 2 1‘“31« i
BAFCHE R ER A FIORER S ARES - RV FRAE S 0 RE A
bR APDTIR  FaRgEEERD A - R “%ﬂ@vd—wb’%t‘
ZHE R "R gETESE R LE o
Yoo AR BB AR LR
DF % p e

Bt FEAE RN 2 1 AR RPREPE 0 i #’ I ARET € KR RE A I
NEEHA AN FEHA AT FR 0 T B *wlﬁﬁ_{_“’t’ ERR Y B =S N
BB A P R G| R AR AT o R R K TET 0 €
i 5’»&1“ BT > 2R AN A1 LT B PR ERI AL P
Plel@ T A R F AR FPEFINEHERL L LR T
CA) VR T L 2ok 8 4] (failure mechanism) o 2 = z;itz%(scale effect) £_
Halgh o BE HEAIBEART NERPIRIARY > T3 R FERAF A
s {ed 3 32 (constitutive Iaw)w‘i%a B vy H U] o FEE
4 *’#7’5“’%31' |5 AR el B> 2428 A RS 1482 Ry
—m)J— }’ AN L_’I’JEJJ& o
(2)“?,‘5&&12

AFEF R Lo AR TR e 4 B B AR HARE
bR E’“}?”—ﬂli’”f"ﬁpk%)’ﬁii"l"ﬁiafﬁ ‘J% PRiF5E o d
R rr:,{ﬂ’{ S5V ufrlg JEVE: AN bR AT S 1 o i&";}:pi"l’i%/p?ll‘7
ROAE o 2 R B D RAZIEI MUK R AR AL iR A 2 | B FS
(scalingfactor)¥ rarig » A2 B2 PFRF2Z R R F)F355 11N FIp £ &
B R Ao BAvid RFP Ao A8 B4R 2 S s N B>
PV R EIF AAER S 2T R d AR B AR e R A
Floh L L TR R R BB Gl Mo AR Y ERF R
Z AL R 0 € A P IV R B AR R 0 KRB RRF R %Mﬁr‘ A o
Pk BREF TR A BT A pk s Ra R frz FME X R
R IVHOKRAL A SRR > A R A o B IR
AT f% SRE SRV RPBEFEIERMBIVH AR %9:?? ESRIL P
L_/FH 3t M J\@/ﬁ FT R REPF Jj-lj-g @ B AR IR KRB RA R o
s BOA R R R R AR 7 e aifﬂ,] ¢ ] (Methocel cellulose ether »
MCE)+: -k L 1% % e 2% A (viscosity) e7i% it » B~ ik -k 1% 5 H03) ehbe i
R oMCE 372 R RAFA s BB LTI 4pk o § 8 % MCE 3 RiE
Prdo g pE > T 7 £ R L T 4 i

’ﬁ-';’éj
IR S Tk 0 TP EREE R

N \F‘b

»
o

?%Mﬁw

BT RE®ALE 1x107 > plak
s o

)

&

‘m



oo HRR R TR AL 1B B 260 Ao dek R BV B THE o # F ol
A % B~ Zx)(Ottawa F-65sand) » B 7) B {& 2~ 3k it 5 323 » 4 k2
#gﬁ?%&+%ﬁwg;ﬂ%kww‘&1Lﬁbgpmmkmﬁiw
£ 52673 %— LML H L (SP) o %ﬁd Lo rde S RBRiE (T
LAEG o e 260 AR 4 B G BRE TR AL GG ok G ARS R R
227 e engh 45 B+ 4oif & (peak base acceleration, PBA) ™ - X iS4 R
FmT I RPIFLRF5 > TRIKEEFRY > BEIEI FY 2 g
AEESBREME S oot 2 2P A anprg o gt Wik BRI KB
REEAKIPTUGLIFEB B P Gm s BB » TR R
e 4 g zéwg

5. REEFI~E

(1)

()

3)

LR T

FIA TR R Rk AR RFAHFLF T aRBEFIRKED Y 2
%*o#i%ﬁﬂ%w’%4ﬁm%ﬁ?%%ﬂﬁﬁmWAFwH%’iw%ﬁ%
REE o AF R E BT o RS L BEIRE PRk A 0 &
U N IR P N e
ikt 2 WA b RRIEE RS LR GRS 2
B B HeEY T RAE LARR - DURARR B HA AT G 6 HIlna ‘ié
AR o R F 2 F ’ﬁﬂ‘?ﬁ T i ‘i?’; CHREERY A BRER S
I'E‘,a.‘?"f%’lllﬁ* 4?; 13‘\'9:0

G E a*Axﬁﬁﬁﬂﬁﬁﬁ%1¥Lﬁﬁﬁ$%\“i$$\W%

Bk BB E TR TR I RT 4 R R P

?2@%F$%)5 E)»ﬁf IHeBRsk B F (e B0A1R 1 325 - B B T3k~ g
Prde o 2R RER AL BHRAAERARR) KEP YT IFL A FA 2 AT 4
Y EAHFY AP E > PR EEE 8 R £ -

KREFREF X
ﬁ?ﬁ%ﬁ?%%z*ﬁméﬁﬁpé’ PHILT AR LT
il %mMJ’a%;&ﬁﬁﬁﬁﬁﬁiiﬁ’%wﬁﬁiﬂ%
iﬂﬁ%ﬁ%%éﬁ T o bk SMILF A F Y A £ L RS
B0 0T fRE L g KRR B2 Ear g L R
F B EY L E HF R EHRAE RS E L P

?ﬁﬁﬁgzzﬁ%‘#xsf'iﬁ YV oFj Ao s viEFric F FRg
34

B I A heE 7 R R

(m ::s.‘“
f\.,g‘r «rk— W

#

At

x
o

T

—g’- 3

% 4 R

e+ ) A P RRE g T £ L
CFEREPET LKA S G F D DL R )
Zi?”\zﬁc‘*éiéfﬁﬁi%ﬁ!ﬂ’* SR REE- SR R VER Rarof LI UEL RS

%@’ ’**”’“r%‘i‘ é"f*ﬁilﬁf‘zﬁ%ﬁi%?&“?% -SRI CRR S
#AKT &R IR



6. EHAYL

XM PEROET SRR A gt 22 - BEY > FIL R gARE AT AP
@ TR R T o RA LRI FRFNLS R TN ERE L WS
) 2 R* (Fsk) A d o kil - SR EY@BFA Lhy R oo i
£ RERAFEFFE > F OB RER TV BE o R RPN F RN RER
Pt ViR /‘_F HEABEF AT RARFET ORI T SRS L HIEG A § o

AT H e AT ARAPRE LT 0 2R 1964 E B AR EARL 0 2 L g
AFEsIER r’v’ﬂifﬁfaé KT OFFRBEAFE o AVKRE R TR T LT A R
T FHREPS AR TRFATUNEAHREFTEY c o EFERDR TR
EREAERT CRIFAH AL I ENEAE BRI Eﬁﬂblﬁ«péﬂ\m
B BREFEWAGRRL P DR FFV RV EE LN RF L TR
B THiTy o 318 T3 LT B30

3%k
[1] B2% L 2R T4 - - BEAE RUEFEPFAT-021# 231K 7 BT 1B LT
ZHhE L&]?\bﬁlﬁﬁﬂit‘ o a A (2000) o
[2] SRT Fhegf HRF T o - BER RO EPF LR R R R

FHEE 0 RRE RIAFE Y s S (2000)

[B] $ M M2 - PI~> HI3 TEEFRIER2AGELHT o1 HgF 5 77

# % 51-46 T (2000) -

[4] A AmE~ R E TR R 3T - R4544 > TR F BHY% - F T %RV 2 TRV AL

70 B B % 778 > % 1928 F (2000) -

[5] #hd 48 ~ 3 &4 > T |+ &%?&ﬂ«}?‘*tﬁ,.znh IR R GIES 0 B LB F 81 H s
% 57-68 F (2000)

[6] % & THER HFIERCBFEFTT O RALHY R EAFI AR o 50
(2001 )

[7] 332 ~BRE - E% TRERARSEFRCAFEIRENLZFT 07 WL Akla

BEI > 5LT X S % 851-858 F (2003)

[8] H kbt T921 3 RFG%E ~ Rk~ H ‘ﬁiﬁﬁf« Tt RFEREDLLFAY AL EY
v L <B4 A48 % 9?3 (2004)-

[9] Brandenberg, S.J., Boulanger, R.W., Kutter, B.L. and Chang D., “Behavior of Pile Foundations in

Laterally Spreading Ground during Centrifuge Tests,” Journal of Geotechnical and Geoenvironmental

Engineering, Vol. 131, No. 11, pp. 1378-1391 (2005).

[10] Gonzalez, L., Lucas, D. and Abdoun, T., “Centrifuge modeling of pile foundations subjected to

liquefaction-induced lateral spreading in silty sand,” Proceedings of the 14th World Conference on

Earthquake Engineering, Taipei, Taiwan (2008).

[11] Haskell, J., Madabhushi, G. and Cubrinovski, M., “Effect of plie spacing on the behaviour of a

pile group in lateral spreading soil,” Proceedings of the 5th International Conference on Earthquake

Geotechnical Engineering, Taipei, Taiwan (2011).

[12] Adalier, K., Pamuk, A. and Zimmie, T.F., “Earthquake retrofit of highway/railway embankments

by sheet-pile walls,” Geotechnical & Geological Engineering, Vol. 22, Issue 1, pp. 73-88 (2004).

[13] Okamura, M., Takebayashi, M., Nishida, K., Fujii, N., Jinguji, M., Imasato, T., Yasuhara, H. and

<.

10



Nakagawa, E., “In-Situ Desaturation Test by Air Injection and Its Evaluation through Field
Monitoring and Multiphase Flow Simulation,” Journal of Geotechnical and Geoenvironmental
Engineering, Vol. 137, No. 7, pp.643-652 (2011).

[14] Popescu, R. and Prevost, J., “Comparison between VELACS numerical 'class A' predictions and
centrifuge experimental soil test results,” Journal of Soil Dynamics and Earthquake Engineering, Vol.
14, pp. 79-92 (1995).

[15] Yang, W., Hussein, M.F.M. and Marshall, A.M., “Centrifuge and numerical modelling of ground-
borne vibration from an underground tunnel,” Journal of Soil Dynamics and Earthquake Engineering,
Vol. 51, pp. 23-34 (2013).

[16] Popescu, R. and Chakrabortty, P., “Numerical simulation of centrifuge tests on homogeneous
and heterogeneous,”Journal ofComputers and Geotechnics, Vol. 41, pp. 95-105 (2012).

[17] Marasini, N.P. and Okamura, M., “Numerical simulation of centrifuge tests to evaluate the
performance of desaturation by air injection on liquefiable foundation soil of light structures,”Journal
of Soils and Foundations, No.6,Vol. 55, pp. 1388-1399(2012).

[18] Kulter, B.L., Manzari, M.T., Zeghal, M., Zhou, Y.G. and Armstrong, R.J.,“Proposed outline for
LEAP verification and validation process,” Proceeding of the Fourth International Conference on
Geotechnical Engineering for Disaster Mitigation and Rehabilitation(4thGEDMAR), Kyoto, Japan,
pp- 99-116 (2014).

[19] Madabhushi, S.S.C., Haigh, S.K.and Madabhushi, G.S.P.,“LEAP-GWU-2015: Centrifuge and
numerical modeling of slopeliquefaction at the University of Cambridge,”Soil Dynamics and
Earthquake Engineering, Vol. 113, pp. 671-681 (2016).

[20] Ueda, K.andlai, S.,“Numerical Predictions for Centrifuge Model Tests of a Liquefiable
SlopingGround Using a Strain Space Multiple Mechanism Model Based on theFinite Strain
Theory,”Soil Dynamics and Earthquake Engineering, Vol.113, pp. 771-792 (2016).

11



. i
atergndsoilslurry-may be-accomplished by
~boiling

v

Form afO0VERAhe b the too i After the last layer finish, then PEmoy ex‘rension ring
o 4P Jlilli carefully, and smooth*the sand by ﬁﬁéscmper and weigh it.

. v‘-

N — N\
Let thewater flow in through the Top valye,.and open thedowenwalye Wait until the water flows Start-$he STOPWOTCh andshedridevicelatithe same
tonstantly. Make surethe water do not flow out from 1iw?g‘a;1\\\

in, up to 24 hour(s) or O,

dropsia dppliedjmat YjorZneehanica ly aXeReizacly "'-ﬁﬁ‘. " 1/4,1/2,1,2,4, 8,15,30,60 min, and 2.8, 8; 24 hour(s)

A e \
B 7 &5 FFRET B8 Ho B RBREKRY

> p . :
Fonieachilayenyinitiafestheicor %c#ﬁﬁn process wifh WS 92 [Q‘M@ - e d | be g ence 5,1,2.25,4,6.259,

12



BYEES ‘

B0 e foalin s By
R ) s — ;.

Centrifuge SPINNING smmmrem—e— i —

=r.]

‘:‘N_,_-_‘-g*

(Energy excitation_ 2 sec )

Bl 11 Igdrds &2 R L BB R Bl 12 3ith ¥ A A plde sy

13



