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ABSTRACT

According to the investigations of well-known disastrous earthquakes in recent years,
ground deformation induced by faulting is one of the causes for engineering structure
damages in addition to strong ground motion. Taking the 1999 Chi-Chi earthquake as an
example, most of the engineering structures within the earthquake-induced deformation
zone were severely damaged. However, a few buildings in the zone retained intact although
those buildings had been displaced and rotated. Therefore, mechanisms of near ground
deformation due to faulting, and its effect on engineering structures within the influenced

zone are worthy of further study.

The type of normal faults is chosen as the main study subject during the second year in
this project. To understand the deformation charateristics (including development and
propagation of shear zone, possible parameters influencing the mechanisms) along the two
sides of the fault, Sanchiao Fault in Taiwan and Shionohira Fault in Japan are selected as the
verification cases for laboratory and numerical simulations. Simplified stratum with soil or
rock parameters is proposed based on geotechnical boring logs or trench profiles. About
laboratory testing, simulations of normal faults in a sand box configuration under 1-g or
centrifuge conditions are conducted and analyzed. Furthermore, the laboratory test results
were also employed to verify the numerical models, including continumm models and
discrete element models. Once the numerical models are examined, different scenarios are
designed and analyzed in the models in order to propose a possible approach to evaluate the

extensions of the influenced zones, and the safety of nearby engineering structures.

The above approaches benefit us in enhancing our understanding on how propagation
of fault-tip affects the width of deformation zone near the ground of the soil/rock mass, the
spatial distribution of strain and stress within the influenced zone, and the responses of
engineering foundations, which are crucial in evaluating theoretical setback widths. In
addition, modification of the design codes of the foundations by studying the soil-structure

interactions is also an alternative approach to hazard mitigation strategy.

KEYWORDS: active faults, near-ground deformation, centrifuge testing, soil structure

interaction, setback width, hazard mitigation strategy
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FHA RE R A ERFERSE AR AR R L s Lyt
R T R L T TNy L R I NI SO T

(] 2-1-4) > izt i f 4 (T2 & 2 poh b B 045 (R T E > 2007)% # & § 4G
HE R IO £ ISR JRGNIR . F I S o B e s S R O P al A

Wi E R (4 2110 2T T i A CREER o e PER AP e B(fR

< > 2008) o
% 2-1-1 £ 4 28 2 éﬁbf RERBINFRTH
S %ok M 4 % #2(m) *ERARE K4 & (m)
HCP-1 WAL B — 3 420 77.0 478.80
KT-1 I — S H 3.97 4 3B A% (BR 3 L 0 2008) 499.00
KT-2 4] B — %k 3 2.00 JH) B RS (X ol > 2008) 193.60
KT-3 MR =% H 3.50 ) B A& (B 3 ol » 2008) 302.00
LC- & — 1.01 111.7 S k4
PC-1 WA — 3k 10.84 27.0 58.80
PC-2 W AS =33 f6.22 55.0 204.00
SC-1 =& —5%H 3.83 56.8 244.90
SC-2 =& 3 # 3.50 68.0 228.28
SCE-01 L BpEfifg — 3% (WK-02) 6.07 36.0 45.10
SCF-02 LBl =%k #F (WK-03) 6.36 59.9 163.97
SCF-03 L BT = 5k 4.80 58.8 P 3%
SCF-04 oL RS w9 S 4.50 39.9 40.42
SCF-05 BT B S 0.94 62.1 122.00
SCF-06 L BT RS oS S 0.66 72.5 222.00
SCF-10 L BT A + SR 3.32 43.4 78.00
SCF-11 L RPET A+ — S 0.28 97.5 P .7 % ]
SCF-14 oL BT RS+ ve Sk 7.84 41.5 157.60
SCF-15 L BT -+ B B 8.48 40.3 52.00
SCF-16 L BT RS S 7.38 39.8 136.52
SCF-17 L BPET A+ A 7.43 37.8 214.35
SS-1 b — 23 6.11 50.3 57.30
SS-2 b =3 H 7.21 49.0 90.00
TU-1 4 X — % 8.61 40.8 112.00
TA-1 A %=k 5.30 483 157.50
WK-1E IR — Ao R 3.97 110.8 679.00
YH-1 Ko — 3 3 4.50 39.0 174.20
1Z-1 SLF Bk H# 6.081 53.0 124.40
SH-1 7K X 6.007 66.9 EX ELPIS
WGZ-1 #ir Rk 0.15 65.2 95.1
HPP-1 o ANBIAXH# 4.983 46.8 198
SSP-1 RN PSS & 4.10 65.1 88.00
TC-2 5o =5k 5.458 101.8 Foaam kA
RC-1 — Uk — 1.427 108.0 Kot k4
RC-2 —E Bt =% 1.832 76.0 S kA
FIU-1 A — 3 3.152 63.4 PV 2P %
YH-2 Ko =3 # 6.463 30.3 P %
NH-1 7 — 53 5.876 46.5 Py 0.8
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Bl 2-1-4 1+ B E_Loyrerk 115+ 4o 208~212 2 < B TRIAM A LY A

272~276 2 % fuo A K W i b o AT S go ¥ FRRT

B 2-1-5 + R E.228 2 kv # g 112-120 2 ¢ f > TRHRE LR L Ho
272~276 = & £o & & A|shik TR A TR FAA SRR L KA F R LR
H %18 16 § & W ik AR o AR R B ocfi g R d 0 3 B e
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TREDRELM 2B T RS BOTELIFER B AR R K

ki (BURS % 5 2004)
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iv.  # 2 % (2006)— X LifimE 2
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BoA1gLs S MR LS - ME25Y  FHcd o T UB I ARl L ok
Bk E Al L B R E RS B R T R (2007) (T ede g RE E R AR o s 3F
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WREAER FRPE R Lk o 0 22 (1912) ~ 2 42 14 (1939) % A $H 4 A 2 il
P FRTRTRAR IR B 2 e TR TP L BIRARY BT o dew i
ShEAM M ZH AT MO FABE L c pEEBEAEY - 2 HFHR O BE

BG R T AL AT FE N R G R AN B A d B R

R B RIFILMARERE S AL W SRR 0 2 R A 2 - 1990 & 2 4

FEAERUE RS N RAS PP R R E SR KRB LN 2 R

$OF] o AR H o TR KR 0 B AR TR TR R BRI L

‘m\\

N N TRy

’a“ﬂ

SEIEE SIS TR S SR T
WHl > T ED AP AREFE N F A R A A2 E T 21 0 B
R %ﬁfé MAEAR AT E F VR R RE A 2R MU SR TR
ZEIFL AR o B PG A 2 VAL Ed A A XL (ST A el LR 2
oot 2B AN Ap it 0 lpl g d T ARG M IVRAE L B Sl
LT o FMAPREE R E TR A VL FIEE AT VA RET - A
IR =toeh SRR P o S _@]ﬁr’%f‘v? RN b5k S RNIVIE S R S

FEE P A 0 APEIRL IG R TR BES frd dd gl gk A7
BAPRERIAEZF TR EE > TERIRIMAN 2P PP AR
Fig- H L IFE X3 0 4o P Huang et al(2007) ~ < 10(2008) ~ Fit 52 F (2012) 5 @ BE 3T

MO E RS Kt BER)VFF L ABOLIE -

2.1.3. B % Shionohira %74
#2011 & 3 7 11 pp AW o vhja R 9 sdh Tohoku ~ 3 & - p & 4§
Ibaraki-Fukushima 3 % #iz + 3= B fseh- B2 MM - 45|72 F 4 ol 90k (7% o K
Hamadori 3 & % 7] > 2 ¢ S+ e ZRFE 7 %> HEZ L =% AH 2-16° % F ¥ 2 At
W BINLE R ORRRAY BRES R 0 2 £ 3 H L RIERITE A A g
2 B TN IR E ST (T R K RAP Y F # o Imanishi £ (2012) 4%t F IR % fF
TARET RS 2 R ERIFER 6 ohd s (Hashimoto and Matsu’ura -

2006) ~ F R4 B et o s (Turcotte & Schubet » 2002) ~ *2 2 4 4 97 & ek #p ¥ 3R 2
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452 se s (Reyners and McGinty » 1999 ; von Huene % > 1999)% R BB 8. o 4 <51 %
¥ 3& g % (Loveless % - 2010)% o & ™ 2% {9 -4 e 44 A 2- 4 #4p B 3% > 0 ¥+ Hamadori #
& Fukushima 3+ % #7315 e £ 8252 (%4 chpe A R TR EP o
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®] 2-1-6 Hamadori # R iz § 2 7k ¥ 41f2(F 4 kR : ERI)
i P & Fukushima #» % e # & 7K
2011 # 4 * 11 p ¢ Hamadori ¥ Z:i¢ = 7 Fukushima ¥ % = if %7k £ 58 > & 4%
Yunotake %% - Itozawa K %7k % ltozawa & %74 > H =% L [§ 2-1-7> # ¢ ltozawa & %7k
X F Shionohira %74 » & T 2 i gt LHRL2 0 02> I 32 ltozawa K %7k T %] - Shionohira
%7k & ltozawa % %7k BT‘;EK A HOR 23 L T EalAe o AEHA BT S
A

& % %74 Yunotake ¥7k 2

#®
55\‘;
==
?'\'-m.
~
v
e

Faddsde - HatE ltozawa
AEThE &8 ST LA R0 FERTELAEET VR E T a? FFEmfEsa e
A BTk e3> % £ A Hamadori 3+ Bz 7o @ 4k p kB ¥k A7 1 # (Research Group for Active
Faults of Japan, 1991) % p # R 74 # AIST(Advanced Industrial Science and Technology)z
e mEETR o TG & T 3 %) 5 (deformation rate) 2 F 14 0 F] gt TR R B
€2 456 8 700§ g § 48 ¥ 4o Shionohira $7 4 A foenis 85 B AR L C & (T $5m
# %35 B 5 0.01~0.1mm/yr: f>w [ 1975) » T iLER R o
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itozawa & 7 &
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B 7 =enks
[ EEEL Y
CE YRS S T £
e h b s;.)‘ [ PEXV VY ST E

Bl 2-1-7 Fukushima ¥ % chia #: %74 % 3 F Bl o i d chaE 5 p & AIST #12 F i d 87k
TALZ p A E %A A7 7 ¥ (Research Group for Active Faults of Japan, 1991)w 5 % I+ (Bl 3 *
o AIST)

i, kR L%

BT eed i Ry p A B 7 A7(ERI) ~ Kelson & 4 (2011)% 1 i+ % 4 (2012)
3¢ % o Hamadori 3+ & #7i¢ = e £ g4 & J° Yunotake %7/ -~ Itozawa 4 %7k %2 ltozawa
FOUTE A 0 R R A BRI g B R P AT AT BRI 2 R B T (G
POoALE SR )b A AT 2 o dol] 2-1-8 ¢ B R T L S B ETR B A B A A
¢ BB 4 L A (2012)3F Fehe RopH =B > 5 %R ¥ » E Shionohira #7 i sk
BREEAE P HARLT Y AP SRR BRI EBEE B R AR R
B3 dy i 5 ltozawa R 474 B 55 Sk BOR AU % 0 B 2-1-9 4 A SRE B ETR

b e R ER A SR T ORGSR ShRE T £ S i g R4 B B AR RO (0

"
a\
E
|
<

£7 a0 L ke A) 5 I Yunotake & F BT R chi BB A BUE B TR B e B
Hx IR ARG I~ o B %‘\»Iz’ifisi-ﬁ?‘]i‘ PEFETR BT A RIE A R i o gt g
K ipEET B S ik o ot b o e £ BURAZ ) Yunotake BB ¥k B en K B s R G
36223 B 2-1-10° e PG P uE N B BRIV A EE B L E RS

DA BEEABEAET L Aok T T RS LY it 24 o 12 Yunotake %
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Shionohira # # ki m 2 » B L fly Zp¥4e= il d RIZApHET F i o

Hamadori 3 2 14 % A s 4 82547 4 > % 280> 55 2 ¢+ 4 Shionohira 74 /- sty 4 %
250 RFIE AP RAPRE v A T T A F Bl 2-1-11 2 §] 2-1-12 T L E B D
PR BERRA L NARY U GEEP R LR AR R
Pl e BTk AB N A led e &g A2 i E - ol A47E (monocline)
o] 2-1-12 iR Y cHFEY WA PR REESF IR~ E 21 2% 0 F 2-1-13 3
bl % A (2012) 4 B Rl R A ehd B 2 R TR R B S EA B A A &
AR B Er R E 2R T TR T L Lt R LE 2-1-8 2 F
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IR R R e R SRR R E(B e 4 LD % 2012)
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B 2-1-9 Yunotake %7k = 2t e %&« FoRH o Him % B TR 2-1-80 2B EF L5925
SR F LWL BEFE LR BRI EAFREE A RFE A LETLH50 2
> o A 20 o 4 et # E (F R %k ¢ Japanese Public Works Research Institute)

1 E 2 ItE1 [

B] 2-1-10 ltozawa &

4 B B Shia

B 2-1-11 Shionohira %74 # fip 4t v ¢ b Bl RBRETA & o ¥ =3 270 F 2-1-8 >
EAawd > LR+ Y3 d FE TSR IBEEEa] 0 B B AE B0 a0 0 &
BHETR Y6 24 o (T %k 1 ERI)
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) 2-1-14 Shionohira %7/ & # F chk & FHfc2 1 R4 {2 6727 4 - Shionohira 7 s 7
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214, $ M7 @ B ¥ Pajarito ¥k
IPRT LA 28 G el BrETR o B AE 0 3 4Rd A 2 1 & oh Pajarito 1k
F]0 ke < EER ATRESTH kb Binfpesafp R E o R AR et o F oEw
BE R AR FEERGEDREZ- AT R > d B EROFFRET 0 F L LR
BETonLyrdrk > FIPEEE- HauE Y %ﬁu 2L HrT R cndh it o BT dhfy i 0
AATA SRR B RHRFS D) RO ET ZHRR G 0 DL AT ORGP ¥
B

SEV=D ol e

. ¥FTR

Pajarito #7 /& i & % W#7% & B ¥ Rio Grande %74 # (rift valley):ha % - #8:iT/kt % B
728 Los Alamos € « #7 3 # 4 - Flt H & 2 % £ 4R - Pajarito ¥7& & - & LMD #f
koo ex Bt Zoed M B dr(half graben)z & % 3 & fgid 2 - (Kelly, 1978;
Aldrich and Dethier, 1990) » 4eB] 2-1-15 #7757 o %74 L & @9 237583 5w % > F 2 9
3 100 3] 150 == 3 ~ o K e A5 # > AR @ R Jemez L% 2 L )< Pajarito 3 & 0 @
Rio Grande %74 # | = Espanola 2 = i+ L B E o Jemez L% enfr e S d B % = & 3| %
Friht LEFfrEE LETHL LG ERZ R AL Pl LARR
(caldera-derived tephra) *7 e = o HiT- e F 5 12 Bp g £ » 2= 71V
alles-Toledo &\ v 2 & ¥ A § e i & i of & e & 4 (ash-flow tuff) - &7 i 100 2
© » Smith & Bailley(1966)#-v 5 Bandelier 524 # - &2 1.2 7 § # = Espanola 2
# s ne Rio Grande /7 > @ ¥ Bandelier 24 #97h 3 g k2 L plat W aRip A7 &
&7 % 160 = = jE> @ @ on o iplaPajarito  k FlE R £ B e gk > 4o 2-1-15 AT o
Los Alamos 55 28057 § 84 i = GAp R 2 ER B g Ra 0 0 B R AR ER T8
AP EFE S R e L R ko R AR L T 2 R RAR ) iE A =~ Rio Grande @ >

% R [§) 2-1-16 o
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Rio Grande i AR EE

EspanolaZ it

107°
36°30" |—

35°30" |—

Miocene to Quaternary

Wi MBAAL
Volcanic rocks <15 Ma
& Slm‘ﬂ‘!l.;l.al‘(;i;!;l;n'ti‘"-l.llty
Mississippian to early Miocene
Y rocks, i and ic rocks

A

50 km

—_—

High angle fault
dumbbell on downthrown side

f§§‘\ \ _L, | 3000’

35000'1})-;) 106° 105°30’

] 2-1-15 Rio Grande %74] & e1Jemez ., *% 2 Espanola 2 # 2_ = ¥ B](i2 #x p Aldrich and

Dethier, 1990)
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Approximate scale

boundary of 10 km

Valles caldera

] 2-1-16 Pajarito % J #8517 Los Alamos # R s 207 1 % 4 e =0 A5 B (2 22 p McCalpin,

2005)

ii.  Pajarito %74 % 3t

Pajarito %74 i Pajarito 74 « 5i? % &£ -2 & &+ iz # £ %74 0¥ £ Bandelier
BACEATig e A5 > 7 iE 180 & * B o #73) i Pajarito #74 kAL ‘,% Pajarito %7 % *t >
¢ 3% Rendija Canyon %7 & (RCF)%# Guaje Mountain %7 & (GMF) > ¥ 41 22 £ » % s 4 4_»
(Oligetal., 1996 ) R R 2-1-17 - = #£ ¥7k >t & ¥ 250 5 - iF1d 7 0¥k 5~ > Pajarito %7
Boiim 2 ptat i f o 5 2o Prul R e g b G dude s ehE A4 (anticulated
monocline ) » Rendija Canyon 7% {- Guaje Mountain %74 (GMF)R| 4 | d % i@ 3 b 7
o AEK ¥ e 0 M2 Pajarito ¥TEARF 0 T R RARE B F 5 FRUAIR L R

Pajarito %7 & o~ #f &1 & (antithetic fault) -
53T e UT Ak SuE Los Alamos B 2R § ﬁ‘—ﬁ#fﬁ? i $2 0 1£.1990 3] 2005 £ E B 7 - %
7I# F & (Gardner, 1990; Wong, et al., 1995; Kolb et al., 1994, 1995 unpublished report;
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W 'W. Antithetic Fault #:BAMBS R AR AN M A9Bandelierft X & E
Trenches 97-7, 97-7A Crestal Tension Fissure
Trench 97-6
Monocline E. Antithetic Fault
: T" I‘I S'g,/ 32“:‘ Step Faults
AS Basal Fault Zone TENCES 2425 Trerich97-2
B4 B4 Trench 97-5 T'rench 97-1
J S}, 50 m Horst J
J \ Graben 3 —
B4 B4
e B4

]
Not to scale locks ,l\i}}/ J] » »

B.1&)897-3m & & HE

II"IIIIIII!IIIlll!-------lnn-----n--.““.“.
14Btb1

A Symbols ;1‘ — b13 3Btb2
= A aBtl
\‘Fracture \

-3 1\|, Fault

®Fault or Fracture
_'4 Zone Described inText

2 Btb1 I Graben fill sand with uppermost buried soil

Age 13Bth2 I Graben fill sand with middle buried soil
| (ia) 12Btb3 I Graben fill sand with lower buried soil
L 171 11 [ Fissure fill of PE

Btob BL2b1 10 2 Fissure fill of APE
s e Ll 20 9] wash facies colluvium
8a =] Fissure fill of AAPE
38-43 7a I wash facies colluviumm

6 [ pumice-rich sand and gravel

5 [ Graben fill sand

4[] Graben fill sand and gravel layers
31 Pumice-rich gravel

2] Pumice-rich sand

117-126 1] Bandelier Tuff (1.2 Ma)

Bandelier
Tuff

] 2-1-18 Pajarito %74 # g B % (8 #z p McCalpin, 2005)
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B¢ Sidic 0 Ohya #% 41 2 SPT-N (38 i3 Ab4% 4 3 2 S8 fldicde ™ 4 977 o
E =1955(N)°** (kPa)

B. JAMIEA T

7 SPT-N #efo 2 AL A PHBER 7 534 221 a4 d 7 k2 v f0 i
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F ook B(N) - B30 250 5 AR S 2 A4 & (y) 0§ 2-2-2 407 Schmertmann # ) 2 5.5

NEa % g5 4eT 45 (Pa=101.3 kPa)

N ]0.34
(12.2+20.39%)

a

tang ~ [

F22-1 HBF rFRELAHETR - BELHRL

N Value Relative fpproximate ¢ (degrees)

(blows/ft or 305 mm) Density (a) (b)
0 to 4 very loose < 28 < 30
4 to 10 loose 28 to 30 30 to 35
10 to 30 medium 30 to 36 35 to 40
30 to 50 dense 36 to 41 40 to 45
> 30 very dense > 41 > 45

SPT N Value, Blows/ft or 305mm
0 20 40 60
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n
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3 1 1 1 1 1
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Fohodg it 2 %52 ¥ - BE 8 S¥ch Aot (Poisson’s Ratio) » gt ¥ 2 3@ 2 o
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2223 7 42 b

Soil Drained Poisson’s Ratio, vg
Clay 0.2 to 0.4
Dense sand 0.3 to 0.4
Loose sand 0.1 to 0.3
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EEEARYd ~17

Vb F BB IRl Sz BB G 0 d TS BR2 JEA(T) 4 & PF
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i 8 # ¥ (AH/H) % ]

% 2-3-1 % JiF 2 1 $5k 3Rsk (3 2 2 > 2006)

I ETR AR | AR

¥lx TR 1 4 60° F HE 2 K L 20cm
$2n gk P8 430°> + Be 4 K 5 20cm
3 gk 460° F Rrid A 5 30cm
¥4 ¥k T £60° F {E/ 2 A 5 40cm
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HE || sand \
WL 2N\
Nl N

B 2-3-11g & %7K 7) 4

AH/H =0.5% AH/H =2.8%

AH/H =5.8% AH/H =28.9%

Bl 2-3-2 7k tE 4 60° > + HF 2 K 5 20cm 2 it ¥R ¥ %k %
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AH/H = 1.85% AH/H = 4.8%

AH/H = 6.3% AH/H = 25.85%
Bl 2-3-3 7/ 04 30°0 F BR/ 2 A 5 20cm 2 I ETK B %

AH/H =4.53% AH/H =5.57%

AH/H = 8.10% AH/H = 18.7%
B 2-3-4 ik 8 4 60° > F BA 2 K G 30cm 2 It ¥k F sk %
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AH/H =3.04%

AH/H = 5.43% AH/H = 14.73%
Bl 2-3-5 8§k i 4 60°0 F HF/ 2 A 5 40cm z I ETK B %

(@) AH/H=8%% - i % *» % % B 3 ¥ % (b) AH/H=20%

4 + 2 & K (d) AH/H=1.8%% - £ % > & % E 3 »

+
=~
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(b) AH/H=20%

4+ 2 £ K (d) AH/H=2%% - i % > ¥ 4 B 2 ¥ %
B 2-3-7 - B2 £ k2 P87k F kS5 (L4 LT %)

%+ 2 &k (d) AH/H=1%% - ix ¥ = % # B 2 ¥ 4
B 2-3-8 - k2 £ k2t 47k R (EHILT %)
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232 BBk & EHIR %
FI¥ Ap iR kAT L LR G o FE Rl R A R R R A A Y SRR
it * ¢1 3] (prototype) 48 f et ® &2 A (prototype)te fe s 4 2 8 R i 2 T i (7 0
PR AV UERNRAGS BEL oa €4 A2 1 BHEXWEL & DX A4 A BURT]
% o T 1N % ﬁ WA E N BEIREA R ROBEY > B HAHEE NS R
FOOREA Y B £ RBINE R A REZ RS R F ”"‘lq*? 4
RN RAZ LA FL(R2-3-9) A fr g Wl E- B Fifgpflatig e
PE e EREARES HER {2 ATV AOKE c £ FFEERR% (10
Bl s #03]) P o A A dlangkiE T (e HI BT F R FEE R 24 05 E)
Fd R R Ey A e 0 Tk R T BB RS A T E
T o B HCARESKRh S ko T oAt o {0 R L FARGHE & 4 F S pUR s
(failure mechanism) » & @ $#% D FTenet sTiB e 473 N HEA o F R T U Rk k&
BEA TSR EEF R RRED 7 HE A TR $327 L B HT * (R 2-3-10) -
Aol @R SR BUAESR RCAR I 2 RE 0 5 A7 g anERiEET 0 I

S 1R B ETR A B R DS % Rk BBl WO (PFCTD) & % eh s T o

L RO BRI LT

Bl 2-3-11 5 - % HE R A8 - Bate 3 H TS T ARt o 0 2-3-1
LERAIN T Aghend TEFS AR
aao'x N (%Xy -0
X oy (2-3-1)
or, 0o, 0
+ —_— =
ox oy s
30232 5 UN SR o3l & Ng s 4 BpF 0 2 RAEHH s A Bhind T f2
P
oo, or,,
+ =
8(X/N) 6(y/N) (2_3_2)

ﬁz'xy o,
6(X/N) o(y/N)

—-pNg =0
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B RRfs 0 5N 2-3-1 8350 2-3-2 2 2p ke o FE R AL KRS Ak HOR TS >
FHE AR 0 RIS PG AP EATE

P oo e o BAlER - #  RA P o RITHCA T N R A A R AR >
s BB R A et EE TR TR SR e o

o

o =" (2-3-3)

L=—== (2-3-4)

AEE ATy REOT R 2 p AR EARLE RAA A TR Y RIREATRR
e < ot (scale factor) » 7 & LN S ¢ Pl BT 0 8 7 HF RS RS A ATE R  0

R Bk SRS R S AR RIS B

O_*:o-m:pmgmhm:p*g*h*: (2_3_5)
o-p pPgPhP
HY v o=3%RhI R4 I p=2 EBAR h=RIFR  g=F4 g R -mh=h/lh ;

9 =0,/9,: p=p,/p,°F&* kiR E%PF > R

p=tro1 (2-3-6)
P,

Fle UNHge cadps 03] b =L > #0258 2357 B ¢
o’ 1

— = =N 2-3-7
— (2-3-7)

9 =
2,
FICE A e R BN R ARR AN R E S HP R FR% o YT IR

2 UN 5 3 B AT 1 AR R Sl 4 B e £ 232 5 g BT R Al 2 Ap i

r\

R o b g BEAGESR RB REIE R E S i R D NG o T 515
Qﬁywa—%ﬁ@4ﬁ&y%@%@4wkﬁ&%ﬁﬁ%wugﬂ@yﬁﬁ Ko
Rk Y AP I eniE o Tl AR R E T RO T AL R E R SnEka B 1T i
AR T RO 2 BB & 80Q P deiE R 0 A3 E A 1Y B2

DM

B3I (T 1080 H5 % cn $7k 2 3UTA A B A BEAISRS 0 kAR RO 48 60 P

2R ETR R B i I % o
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i, oYU BRRHABRRRRTZ BHALY

it E P HCA % e (container) E A o WAl E &R A H B E AL & PiE it o &

*

g ¥tk 4 B BOER :E % 44 (fault simulation container)shk 3+ 2 17 » 2 e 4 #
PEEEPFRE DTG > 2 b1 ¢ 4 A Fhe g £ (capacity) 4 2
PR U SR BB HRERR G G R PR IR T A
80g chd s A T B0 RUK HEE AR LD 4B R DD SR S G
g AR o WA R B PIRE E 5B > 27 = 4 (displacement
control)shigsk o it FHT R BB A R DEHRE > 0 (DR K AR

Q)7 FHF BRI A(GRAHRTRAE I AT BT S 5 RSP E); (3)

P

PR QgETREFARFRIEEREDER S ()P AR Z A E D
- 3

-3,

e VR fghrk g BEAERT I B AR EFa s R pH

g\;\:
e

!

—

\4

G s B R A

AE TR R B RS T 1 £ TR A B S 2 (R XX
B)EH 5B L (400kg) L] o Fl b BT R 4 B0 BOHR R SR 48 B & vh g e
4 0 2 L L XTxE =100 & A x528 2 A x67.5 & A o 5k 4P R R K A
FETAK TR ABRBEE D TEB BB BT AR ¢ f K
AR T SRR I FREE L A mE AR FRRE

M ERE TR L 60 R e P TR o Y bRk R > B H AC PR

el

BiEi Fhpds o LEABR SR Koo KA LS EE B L
BR(60 R)MiF & 2 FMEEHE > FH 4L EXTxE= 74 24~ %x30 24
X325 &4 o SO RERRBL F T SRR 2R Ep £ R IE
féﬁ%%%é‘ff_iéﬁ%ﬁﬁ_ﬁ"gé&ﬁ/}“v?%éﬁ*?é_ 400kg- 220V 7 AC ® IR 5 iF >
B4 200W - e & 1/200 & i 5 fc L/30 Mm@ i - ¥ A FEE & &2 5 14
* 0-2.5mm/min B > } T L E & ST ED 6 L o FTEHREPEER -
B £ xF=6024x2815 2 NIRRT T EERELLETERRR -

R4 A 80ghEB&kER T M A R 4 ExExE=59.2 2 8 x24 2 ¢
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X22 X R et R ¥R S B R T 60 AR e 0 RA R LE 4B ERT
F 48 2% o ATV AEFAYHXEEERPF R LG hfFe o @
(surface profile scanner) « #F p o & %% - £ 7 L R K TR X)P T H =B
o - AT UERE AN FRDDTHEBAF g FHFRT
WEHREAAY 0 TR T UEEFE AFIAEDFR > KEELT R DT S
MUK R R PR A 5 R o F] 2-3-12() 5 W7 K & B HOHLE SR 40 W) 2-3-12(D)

|29r 8 B 22 G Har oD @ o B 2-3-13@)% B 2-3-13(b) % 1 * ¥ £ 2| &
Fl o2 Bk R b Ao nE%RERB B 2-3-14(a) 2
2-3-14(b) s o ¢ 2 AU WE A WA BERERFE Jd TRAUETRETE

AR BRI R TREM R M A B ARSNGB o

i, HEET RS
AR W R R A L ARD 0 BT ETR AR & B s BRI RS o Rk
G 2 EREE LS FEFPETH X o AT TR N EF S G d 0 Al
I AN EFCARME 24 P PEF O R REGYEIIR P c R A REFEH AT~ Rt
B iR AR E I ARSI TG GLAITRET R L L ERELPLAS
5 * & spe(poorly graded) » i€ ¥ 200 556 55 %) 0.2% > fmpdl 7 B RS o x4 SEIA

T3 100 5LéF 1 2 L4056 ¢+ > Fidpktmim Y 355 o k- 2 A2 5 SPo

pihud

FEFPFBAE B FEE > d p A JSF T26-81T 2 3%k > 2 £17 > HE A 508 =

F 5 16.27(kN/m3) » &) 558 =& 5 13.52(KN/m3) o 488 T2 A A > d 2B Eo)
FHEEPE RE - A% p A B E TR 40%60%70% 2 5o/ F R 7 E 4%
T4 R RREEAAH TR A0% Fer2 p BEE L 35 R o 4 2-33 LRE&RM SR
AP IR B 2-3-15 SRSk R & AT AL

AEEG LR R LR S BRI ERE B 0 LB 2-3-16 ron 2 A BN F R R 0 e & B R
R VIUEF A RAPE BRI AES c NN FER WITEHRLEMAEZ 22
2 ﬁ.ﬂ?&r'f:

(D) %= Frfs F2 R 2k #)2 (7 ¥ 08)) > L8 16 BiFEHE > 44
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RFEE LR FE LG RIS TG R R SR
2 e St ¥ b L

(2) #lp s AR R R T A e b BE N T S o A T
DM A G PRERE I SR TR R -

@) Bpcsd d e g Fuarickr U Qe B @ 242 1 45w
TR T EBEERTERRAE - T RN A FER AR ZAPHB A -
® o

W) 5K THPA2BR 5 H bs Ll s 2/ M hnd- AUAHAS ™
HiasmdEr 17 JBLEFRAYOS DA ES R FJlr sl d E AT
G E LI XATENTEF R -

(5) 7l

WA E O EI AR RS

AR AR PpA R DR Tl HE AR o £AFH I 3245 E 7

(6) # % 4wy 2 > éf wolzis o d BAE EREERAPN LR E o A RERAE
Mz ApfH A -
(7) o b TP S > QECTER > BFEFHRCHE -
AR TIE o JI R R IRCH S B IENTRARE LARERED
Har ALk s SEBFL2RPE TR B FEE & e 507
W o AW o JIF B A G FR P > AT A dFR 0 S F IE 109 &7 -

TAFR ITE 0 B3R5 g #(40g & 80g) & ok o S PR ECEPE R & EE P 1g T 80g #) K

hikng o Pld %k g (409 & 80g)fs - MR iad kR s b ng E (FE @S
2.0mm/min.) - & E e P TR R TGRS E R SRR TER > B R T 3

BARRTSR 0 RFA SR AR R R L35 £ o RS % Ao Bl 2-3-14(a) %7 o 4o
S BEF G e T TR BB TR TR S0 R P RE IR AT o B AT 4

TG FE B 0 BFE LTRSS R L2 B Fa S K 4o 2-3-14(b) 1w o

iv. A1 R

A7 E* 2 21 (bentonite) 2 §z i (glycerin) @l iT 4 1 Fk 3 o pt A 13
50

Db
7=
14
|
~=i
Ny
5
[
>
IRy



R ERPED LR RER R L EFFERARE S VLT g#b](g—ﬁ#g-g‘_h? DR =1
PR ETREEAA PEEN IR LRI TR R Ry TR a4y

MEfeR A TR RERERES T FER B 2317 ZAIFI DT R RE LT

g R Tk o AEBHR A IZEI Y TR 5 40% 0 JUF 4 R ERS N RBERHIED F
R o A 142 AT B FeeT D (D)F ARkl A R r R A2 A 140D
(2% & F B4 AT o u g Rd (52 FOARD LR Q) RAES K1Y HRERT
FEAFR @O ETRERFLE DTS %R O)RSHETREZMAEL S o B 2-3-18
IALARS HERzZ B EEARY c Bt Az A 1AL EMER Y 22cm Hi-E 5 167
KN/m® > T 3aL 3 244 5 B & 40g P59 37 kPa » % 80g F¥ 4 46 kPa o

A EA AR B AT BB R IACH S B BT IRAR LSRR
BOFMRI FTHRLE AN TV RGO B FEE SRl fAR% B
Fl* g 23 e Fwd > LEFE A0 TR > TR 100EF- ZfF@ T > 2 1
S  #c(40g & 80g) 5 i o st FEE R P)A & R P 1g F) 80g A2 K Pt g o £ 2-3-4
Am SRR R AT o RH 7 P3R5 g @(40g & 80Q) 14 o B B4 b #7456
B E (B EELEF 20mm/min.) 0 B E e TR pES e (7 E BT B i BT R 48 B iR o

EIF AT BHEE SR HRE D 0 T R AR EER £ 25 B o

V. BRRAF RS RRMEE BRFE
20234 3 AP EI IV AL NEE BB RRABUE BHRIEL o BH PR
HRFHNGE-RIALER -2 pERADN) ~ 7 2R AR R ALD )L BT

RABRE o £ 36 LA @R D BTK 2 G UK B 5 Rk o & ¢ FEIPN BT

=
5

fr

\»u

LR R PRAC AR E R AR 4 B ot o B G 2 A1 in

It

R 4 & 3 B (40gNtest32-C ~  50gNtest36-C 2 80gNtest37-C) 2 - ‘e i %7 & 32 %%
(B0gRtest38-C) e :2% P e1i & ZBf33L B K A P LI &HFE T B A2 B TH G
2Ry i ¥ sk % #8iF 5 PRC™ i ik (numerical modeling) g 4+ 32 o4
(physical modeling) 2 +* $H&2 fe b 2. * » Flpt i@ % = g i Az =+ 109§l & § f2cng it

OB fRRL K krng o 2 PFC?® chis %1 4 o @ F|iE 40g ~50g & 80g p¥ » 47k &
bl



LTEHE25mme T FR s 2 FRE A BRI R LT ESE R AR TR

CEIE s o

Vii BEEBRS R R gEEBER AL O R
Fl*r Fpm o8 EEEEINeFR TG REELTRPWAERE T
LG o AEBEIE 25 MM aErk L BB R B S A2 - % o
B 2-3-19 % [B] 2-3-20 % % 80Q ek 5% if = T i ¥ K 4 B 3 % (80gRtest23) »
AR LE AR E Tk AR AR P R TR 0 A SR R T R
BB MAEF LD B 6 R s o S S5 T d il b R B H G

LI ET LAY L E TR KA T

=t
e
%
9
_A‘-l
g&
aRf
W
“
=
=

T EA AL R KRR AT AN KA AT A B R R

b=E)

4 K B R ¢ 25% o @ B 2-3-20 PV BT 7 g7 K 4

1‘5??,

AR Z R B AR

hoZ ¥R R o B 2-3-21 F &7 B o2

A
&
kS
ek

T B LA R o F

94

2-3-21 ¥ R MR EEHE LR XK R IERE LR K B R

Al E BRI G R AP AR R SR L B RS R

Mo hL BB RAE L B2 A LR D BT5%E o BT R B A G b
BT - R o WY BT A 600 M ETR 4D 0 B A B EERY LR

KB R oo

Bl 2-3-22 2 B 2-3-23 5 2 40Q e ok iF T o35 ¥7 A 45 # 3 % (40gRtest21)
A LI TR TR AR M B 2-83-24 05 A RLEHEFET D
LA A A4 R o B 2-3-25 2 B 2-3-26 2 A 1g hid s E 2 T 0 i ¥
4 6 32 % (LgRtest20) &7 3 & & B 7 chp £ $ 50 & o B 2-3-27 B 3 &
PR LB BB R TR R E AR M B RN A R g
BRIERT > ¥k R e AR A R &R e A lg sk iE e
T AR EI e R R TR B 2-3-28 Z WA S FER 0 BT FF
% gET A BAELEEHE (125%25%) i 2 F =26 o B¢ T

FOSERG RTE MR B b 10 RS R R B G R
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Bl > 2% ¥ AL AR 2 Moo ehex 4 (suction)frig & e

Bl 2-3-29~ ] 2-3-30 % B 2-3-3L G K B kR A b g EREBF LT
LB 4 5 FE 4 (50mm; 25%) h it & RIAL 2] G o BE AR D B oG s S % R o #
ARG 5 AEERK g EPI R oA F LA AR LEYET AR g

EXFBRIBEA DFF o AR LGFEET AEH B OFKIEET T
BEAY v FEEE
Z 2-3-2 Hoo H50A1 8 R Al 2 4 it i)
ELELE S H o Fl=tovt (Fes 5031 R AL
4v i A& (acceleration) m/sec? N
£ & (linear dimension) m 1/N
&+ (stress) kPa 1
&% (strain) - 1
2 & (density) kglem® 1
78 & 48 4 (Mass or volume) kg or m® 1/N3
H = £ (unit weight) N/m® N
4 (force) N 1/N?
%4 45(Bending moment) Nm 1/N3
Bending moment/unit width Nm/m 1/N?
Flexural stiffness/unit width (EI/m) Nm%/m 1/N3
& % pE P (time: diffuse) s 1/N?
P R (time: dynamic) S 1/N
#g = (frequency) 1/s N
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%233 @B 2 AAHEPT

P FEWF)
£ G 2.65
I $o j5 Dso(mm) 0.193
7 #f i Dio(mm) 0.147
p A4 @ (Dr=40%) 35°
B §C %A panadglem’) 1.66
B[ §2 % B pamin(glem®) 1.38
ERE S P23 SP

% 2-3-4 v EHEd B A AP

THAE B (2pX3otz iy | k2T 0% | REAREHER
B %5 gk . .
(mm) (t/m~3) + 5 & (kPa) 4 3 & (kPa) (kPa)
40gNtest32 40 3.9 1.646 37.12 X X
50gNtest36 50 6.77 1.668 38.27 X 22
80gNtest37 80 9.05 1.675 46.24 35.76 X
80gRtest38 80 10.86 1.665 46.12 39.71 X

o4




£ 235 P e A AR B R R

R B2 AAH%ADN)% B2 AR (cm) 4 3 R"(cm)
1gRtestl 40 20 5.0
1gRtest2 40 10 5.0
1gRtest3 70 10 5.0
1gRtest4 70 20 5.0
10gRtest5 70 20 (2m) 3.8 (0.38m)
10gRtest6 70 20 (2m) 50 (0.50 m)
10gRtest? 70 20 (2m) 1.30  (0.13m)
10gRtest8 70 20 (2m) 35 (0.35m)
40gRtest9 70 20  (8m) 50 (2.0m)
80gRtest10 70 20 (16m) 50 (4.0m)
40gRtest11 70 20 (8m) 50 (2.0m)
80gRtest12 70 20 (16m) 50 (4.0m)
80gRtest13 70 20 (16m) 3 (24m)
1gRtest14 70 20 5.0
80gRtest15 70 20 (16 m) 50 (4.0m)
1gRest16 70 20 3.5
40gRtest17 70 20 (8m) 50 (2.0m)
1gNtest18 85 20 5.0
1gRtest20 70 20 5.0
40gRtest21 70 20 (8m) 50 (2.0m)
80gRtest22 70 20 (16 m) 50 (4.0m)
80gRtest23 70 20 (16 m) 50 (4.0m)
80gNtest24 70 20 (16 m) 50 (4.0m)
80gNtest25 70 20 (16 m) 50 (4.0m)
40gNtest26 70 20 (8 m) 50 (2.0m)
80gNtest27 50 20 (16 m) 50 (4.0m)
80gNtest28 70 20 (16 m) 50 (4.0m)
80gNtest29 70 20 (16 m) 50 (4.0m)
40gNtest30 70 20 (8 m) 50 (2.0m)
1gNtest31 70 20 5
40gNtest32-C Clay 22 (8.8 m) 50 (2.0m)
1gNtest33 70 20 5.0
1gNtest34 70 20 5.0
80gNtest35-F 70 20 (16 m) 1.75 (1.4m)
50gNtest36-C Clay 22 (17.6 m) 50 (25m)
80gNtest37 Clay 22 (17.6 m) 50 (4.0m)
80gRtest38 Clay 22 (17.6 m) 50 (4.0m)

AN EF A AR BRI A B e e
RN T A AR R ORI G B .



IR
PALIE|E

B2-3-9 B3~ 1g WAl E R HA 7 B IFRR R EERD B4 2 R

Full-Scale
Monitoring

Investigation &
Verification

Evaluation &

A new

Evaluation &

calibration th eory calibration
or
o a design
Investigation & problem Investigation &

Verificatio

Wriﬁca jon

Numerical
Modeling

Centrifuge
Modeling

=

A

Evaluation &
calibration

B 2-3-10 Zrs oA ~ SE & AT B % IS % RSk T B
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YA ‘ Ng

L/N >
7 T
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A >
-
NI D DOonoan

Bl 2-3-11 2 3 3l e 1N &5 ° g 2 33

g sl

3
A _ - — S
o000 0000000000000 00000e @

(a) (b)
B 2-3-12 (a) %7k 45 B+ g d sk fa (D) £ 26 Fpy o 2
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L, 26.30 g 70.70

i

I‘I b i 1

ST LDT27 I

1

............ 67.80 -E{ 8.70
-
- 7
ll‘
’I
i |
7 - S -
7 s ST o
I'. o lo
| e
o
15507
Unit: cm
(a)
N . 145 0 53.3
S E EEIRE 2 4% ; |

L 23.00 74.00

(b)
B 2-3-13 (a) & %A 43 Bk 2 B4R % 3ok e B (D)3 85K 48 05 s 2 B fE 2 R B ]
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# sandtest2012041Bfault.vi Front Panel *

Be Edt Wew Projct

7] (ol o] [

o
G e e

onw»
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+H@w | Tine
127
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(o727 (rered) A |
<
2
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@ | Tie

[ swateczoizoniata., [ W0 LaviEwoata

2 1

on e

(2)F P o W wh & &
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SRk EARY TRIPIZ B £
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10 1 0.1
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B 2-3-15 2 2 52 s A
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100

80 -

60 1

40 +

Uplift height (mm)

20 A

I 80gRtest23

S1 (2.5 mm; 1.25%)

S2 (5 mm; 2.5%)

S3 (7.5 mm; 3.75%)

S4 (10 mm; 5%)

S5 (12.5 mm; 6.25%)
S6 (15 mm; 7.5%)

S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)

S9 (22.5 mm; 11.25%)
S10 (25 mm; 12.5%)
S11 (27.5 mm; 13.75%)
S12 (30 mm; 15%)

S13 (32,5 mm; 16.25%)
S14 (35 mm; 17.5%)
S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)

S17 (42.5 mm; 21.25%)
S18 (45 mm; 22.5%)
S19 (47.5 mm; 23.75%)
S20 (50 mm; 25%)

B 2-3-19 i3 %7K 48 65 355 (B0gRtest23) » t7 s F 48§ £ T e

200
- 80gRtest23
100 -
’g L
é L
E L
9 O ‘—
Q
- L
%- L
=) L
-100 A
-200 1 1 1 1 { 1 1 1
-100 0 100

100 200

Horizontal distance (mm)

S1(2.5mm; 1.25%)

S2 (5 mm; 2.5%)

S3 (7.5 mm; 3.75%)

S4 (10 mm; 5%)

S5 (12.5 mm; 6.25%)
S6 (15 mm; 7.5%)

S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)

S9 (22.5 mm; 11.25%)
S10 (25 mm; 12.5%)
S11 (27.5 mm; 13.75%)
S12 (30 mm; 15%)
S13(32.5 mm; 16.25%)
S14 (35 mm; 17.5%)
S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)

S17 (42.5 mm; 21.25%)
S18 (45 mm; 22.5%)

S19 (47.5 mm; 23.75%)
S20 (50 mm; 25%)

200 300

Horizontal distance (mm)

B 2-3-20 i 8R4 B sksk > hh LB B R e A % 35 SEK 8 2 ¥k £ B M 5 (B0gRtest23)
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normalized uplift height

& 2-3-21

15

1.0 4

0.5 A

0.0

80gRtest23

-0.5 A

-1.0

i 7k 45 65 325 (B0gRtest23) » % - E

0.5 1.0

Normalized horizontal distance

2.

o

é‘:' '

£

3

et ARt

S1 (2.5 mm; 1.25%)

S2 (5 mm; 2.5%)

S3 (7.5 mm; 3.75%)

S4 (10 mm; 5%)

S5 (12.5 mm; 6.25%)
S6 (15 mm; 7.5%)

S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)

S9 (22.5 mm; 11.25%)
S10 (25 mm; 12.5%)
S11 (27.5 mm; 13.75%)
S12 (30 mm; 15%)

S13 (32.5 mm; 16.25%)
S14 (35 mm; 17.5%)
S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)

S17 (42.5 mm; 21.25%)
S18 (45 mm; 22.5)

S19 (47.5 mm; 23.75%)
$20 (50 mm; 25%)

100
i 40gRtest21

80 -

60 -

40 A

Uplift height (mm)

S1 (2.5 mm; 1.25%)
S2 (5 mm; 2.5%)

—— S3(7.5mm; 3.75%)

S4 (10 mm; 5%)

S5 (12.5 mm; 6.25%)
S6 (15 mm; 7.5%)
S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)

S9 (22.5 mm; 11.25%)

S10 (25 mm; 12.5%)

S11 (27.5 mm; 13.75%)

S12 (30 mm; 15%)

S13 (32.5 mm; 16.25%)

S14 (35 mm; 17.5%)
S15 (37.5 mm)
S16 (40 mm; 20%)

S17 (42.5 mm; 21.25%)

S18 (45 mm; 22.5%)

S19 (47.5 mm; 23.75%)

S20 (50 mm; 25%)

100

Horizontal distance (mm)

300

~

>

2
v

Bl 2-3-22 if %7k 4% 5 2% (40gRtest21) » A7 B 4 & ik £ B 236
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200

—— S1(2.5mm; 1.25%)
- 40gRtest21 — s2(5mm; 25%)
——— S3 (7.5 mm; 3.75%)
B S4 (10 mm; 5%)
—— S5 (12.5 mm; 6.25%)
—— S6 (15 mm; 7.5%)
L S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)
100 - —— 59 (22.5 mm; 11.25%)
—— 510 (25 mm; 12.5%)
—— S11(27.5 mm; 13.75%)
—— S12 (30 mm; 15%)
—— 513 (32.5 mm; 16.25%)
m— 514 (35 mm; 17.5%)
= S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)
T=cemeem S17 (42.5 mm; 21.25%)
m— 518 (45 mm; 22.5%)
S19 (47.5 mm; 23.75%)
520 (50 mm; 25%)

Uplift height (mm)
o

-100 A

-100 0 100 200 300

Horizontal distance (mm)

~

B 2-3-23 i3 %7 48 65 355 (A0gRtest2]) » £7 3B 46 £ e 4 %

=3 o

2.0

S1 (2.5 mm; 1.25%)

S2 (5 mm; 2.5%)

S3 (7.5 mm; 3.75%)

S4 (10 mm; 5%)

S5 (12.5 mm; 6.25%)
S6 (15 mm; 7.5%)

S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)

S9 (22.5 mm; 11.25%)
S10 (25 mm; 12.5%)
S11 (27.5 mm; 13.75%)
S12 (30 mm; 15%)

S13 (32.5 mm; 16.25%)

\ 1l S14 (35 mm; 17.5%)
00 ] ||-| ‘|‘|'|‘ ' Wi‘i'v"v“"vi‘;"-‘s““’w'?‘l‘f““‘,“i‘“-‘h- S15 (37.5 mm; 18.75%)

40gRtest21

S16 (40 mm; 20%)

S17 (42.5 mm; 21.25%)
S18 (45 mm; 22.5%)
-0.5 A S19 (47.5 mm; 23.75%)
S20 (50 mm; 25%)

normalized uplift height

104

-0.5 0.0 0.5 1.0 15 2.0

Normalized horizontal distance

Bl 2-3-24 5 %7k 4 5 32 5% (40gRtest21) » 7 B g H i it A R 25
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100

S1 (2.5 mm; 1.25%)

I 1gRtest20 52 (5 mm; 2.5%)

r —— S3 (7.5 mm; 3.75%)

S4 (10 mm; 5%)

S5 (12.5 mm; 6.25%)
S6 (15 mm; 7.5%)

80 A S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)

S9 (22.5 mm; 11.25%)
S10 (25 mm; 12.5%)
S11 (27.5 mm; 13.75%)
$12 (30 mm; 15%)

S13 (32.5 mm; 16.25%)
S14 (35 mm; 17.5%)
S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)

I S17 (42.5 mm; 21.25%)
5 S18 (45 mm; 22.5%)
S19 (47.5 mm; 23.75%)
S$20 (50 mm; 25%)

40 A

Uplift height (mm)
|

VYTV VY

LAAMAS MALALALAMAAS
1 1 1

-100 0 100 200 300

Horizontal distance (mm)

~

Bl 2-3-25 if 974 4 5 355% (1gRtest20) » &7 33 48 B b £ % 2] 6

200

—— S1(25mm; 1.25%)
1gRtest20 — S2(5mm; 25%)
—— S3(7.5mm; 3.75%)
S4 (10 mm; 5%)
—— S5 (12.5 mm; 6.25%)
—— S6 (15 mm; 7.5%)
S7(17.5 mm; 8.75%)
S8 (20 mm; 10%)
100 4 —— S9(22.5 mm; 11.25%)
—— S10 (25 mm; 12.5%)
—— S11(27.5 mm; 13.75%)
—— S12 (30 mm; 15%)
—— S13(32.5 mm; 16.25%)
—— S14/(35 mm; 17.5%)
—— S15(37.5 mm; 18.75%)
S16 (40 mm; 20%)
S17 (42,5 mm; 21.25%)
—— S18 (45 mm; 22.5%)
519 (47.5 mm; 23.75%)
520 (50 mm; 25%)

Uplift height (mm)
o

-100 A

200 +——1—1 1 — e
-100 0 100 200 300

Horizontal distance (mm)

Bl 2-3-26 5 %7/ 4 325 (10Rest20) » &7 7 4 8 B i £ % =21 5
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15

1.0 &

0.5 1

0.0

Normalized uplift height

-0.5 4

Q04—

—— S1(2.5mm; 1.25%)
—— S2 (5 mm; 2.5%)

S3 (7.5 mm; 3.75%)
S4 (10 mm; 5%)

—— S5(12.5 mm; 6.25%)
—— S6 (15 mm; 7.5%)

S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)
—— S9 (22.5 mm; 11.25%)
—— S10 (25 mm; 12.5%)
S11 (27.5 mm; 13.75%)
| —— s12 (30 mm; 15%)
—— S13(32.5 mm; 16.25%)
—— S14 (35 mm; 17.5%)
S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)
— S17 (42.5 mm; 21.25%)
—— S18 (45 mm; 22.5%)
S19 (47.5 mm; 23.75%)

1gRtest20

0.5 1.0

T $20 (50 mm; 25%)
2.0

Normalized horizontal distance

[3Ye

Bl 2-3-27 i &7/ 4% B 3% (1gRtest20) »

60

P 45 & el

Rty L grile

Reverse fault

50 4 b’“"m‘h‘.h’\d‘"zm’l

Uplift height (mm)

N ———- S20-80g (50mm; 25%)
S === S20-40g (50mm; 25%)
40 1 ‘3‘3 ———- 520-1g (50 mm; 25%)

S10-80g (25 mm; 12.5%)
S10-40g (25mm; 12.5%)
S10-1g (25mm; 12.5%)

300

B 2-3-28 15 $7 K 45 B5 k5%

o —

ER

Horizontal distance (mm)

WHROET > P PLE SR

T AT e ik

50 mm

B 2-3-29 i B7 K 45 B3k &

80g =% if i

.

65

E 4 # e (50mm; 25%) Tk 7] 3

60 1% ¥
§0g

% (80gRtest23)



T ¢ R a4 T
P © © © © © © & © © @ ® @ @ @ ¢

W 2-3-30 15 A 45 5 3kok & 40 3R 1% 2T+ £ F 4% 8 FERL(50mM; 25%) A 13 % (40gRtest2l)
[ BN BN BN BN BN BN BN BN BN BN BN BN B B W

HHHH

Bl 2-3-31 9Tk 45 % o 1985k 5 27 > B 4 # FEHL(50mm;25%) %7 & ]3] & (1gRtest20)
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2.4, BiEA ¥
AR AR A RS 2 51 B A A e A
LRED o P RERA A ST RS EF R A0 02 BRA RS2

Sl i (7 2 48 4 4702 (Discrete Element Method, DEM)z_ & 47 o« B 4 24T o
24.1. s ¥ xpL it

Fl* = q5 UL A2 4258 FLAC (Fast Lagrangian Analysis of. Continua) » ™ #3%§
BTk 2 AEHERE o H WA 2 P R R DER T AT b AE
B EARY o U wospEk(fault tip) e o v R B2 A H R
2% 2 40 ] o N ECE A ATERY 0 2 BERIL TSR0
RS L2 E S A TR TR R FEX S

PTRR TENZ A A B IE R o 4T A i
1. % - M= 4 %4 (dip slip fault)
2. B R 5 - 2% (homogenous)® 2w (isotropic)iit 3 -

3 ARE¥ES-FTHEE-

5, TEHAY RIRTLRAREEEL ATV EE -
6. tEEHIETEPHFFLIRE -
BBE A TR E 2 AR A e T

L Ak AR RHRD K2 AE R B

4. #Rhoe ~FZ % NIRRT ERA SR ARG H I R T2 BERGE G
5. R F TSR 2 BB R A 2

6. P Sdcs SAh LK Rl SR R AT
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o A
BoE A HERS K 2 e s 100720 pefedc o 2 - EAMH)E 10 2~ %5 100
SRz BEEAPTHA A B R K2 95 L0m BF05m E o BoiE i e
Bl 2-4-1 750 » At T G s % (plane strain)ik /& o 5 R A S (%) B2 k(E¢ )P i
JPREES AR 2B FR AR AEE L R AR PR G 2 F 5 4 (glue)
Ui B AR B AR LA - BFHM TR RS ART AL IR T AL A
WS BRI R R F L 2R VR ERRT S 9 N 4
PR AR R L TR T ER LS ART s EE e F A A Bs o bR
Pla-pd @R

TR i RAR S S
AAECE® 2 Sl W2 UG 2 M A Slic(ded 2-4-1~ £ 2-4-2 A1or ) 0 A w4kt

Yo T

Hgd kg mAR B 2 > Hle S 2450 5 Mohr-Coulomb Plastic

Model (3 -R i 3B 5 2 0050) » § 3 & AL F)% R 4 - G SR 7 5

TR 0§ IHENF M S o d A Bt EVWEE > H 2 A R
x"w\% = 3y qeni# % P (associated flow rule) -

(1) 2 3% ¥ = ¢ (density) : 1740 kN/m®

(2) % fcHc: 2 EHY “HBE S 144MPa> # 4 vt (Poissonratio)v 5 0.4 # FLAC
Ao NP o Z ok T R A 5 Sei 8k K (bulk modulus) ~ 3 4 558Kk G (shear
modulus) » ¥ $45 5% 2-4-1~ 58 2-4-2 WA B (B R T B AR K=24GPa~ ¥

4 ##k G=5.14 GPa -

E

T 3(1-2v) (&-4-1)
E

B 2(1+v) (2-4-2)
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# % 4 c (cohesion)=65 kPa ~ #L3& 35 & t (tensile strength) =0 kPa

(3) " k#Ep:
B E AR &
TR w2 VA S
B im A

% %43 B & y(frictional angle)=0°~ %% & y (dilation angle)=0° »

P2 R B &S iRl -

3@{56 » & /p’*“ﬁ'% W \.—-Lﬁﬁ‘ w./ﬁ'{‘;’

rvt- 02 Q\f‘j’_ °

o WL

IR EE

PR AR 6IY 0 5 EGRETE G 2 F1 4 5 45° 60° 75 o ik

Bl 2-4-1 3 B A4 47 103

#2-4-1 W¥ R AT Rl (P aiesk SRR % § 0 2007)
R RA¥T| Eix
4 il
2 %
¥ <k, E 144 MPa
NI 0.4
Sl i K 24 GPa
P4 #,G 5.14 GPa
éi%xf\’} , C 65 kPa
Bk, 0 degree
WOE & 0 degree
PlicE g,y 17.4 kN/m®
(b fo 8 = £)
% 2-4-2 Fydh % R S BRI 2 A 47 Sl
¥ F
BTk Pt | bt | R4 | BEd | BEL
A ¥ P e ) E(MPa) v c(kPa) ©) )
BTk M E 2 B 452 . 50° ~ 75° 14.4 0.4 65 0 0
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242, 23 AL F7E
AEST R FA$E o 2R T RS FTE AR AR 2 (ER 4 5 R T g2 4
SR WEARF AR RS TR T R R L RS SR i
stz ? 3R G2 RE xRS R B PRI R 2B EE T

[
B2 AR SRR PR S REE R A 0 R KRR A A e B T
BT PR R - B o AT EAREIR O R EE T R R R R EGR

AP A e R T AAIFL S ARSI EERAR Y > BT SR A T

Ay 2 b A T2 2 L3 £ | Itasca 2 @ “7#7 % 2 Particle Flow Code (PFC)

A2 o AR e S - (2D)2 = m(BD)z kA 0 57

TR AT AL A A e
PFC2D % i & A 451 & o

L EEATHECE
BT 2 s PR g SRR Y 2 g TR

FT
'—\
N
s

A BE S 0228 0 #k
A R SRARA] S 30~T5 B B2 L ETK L T HaE A5 5 0.08 2 ¢ (AH/H = 0.4) -
B AR AN - R R AL R ERE S S 2 LA £ A

Bl BN TERETT AR PR A S R LT 2 MR S A

Joo EMRI AR B AT L AT LT TR AR o H BT

©

=y

BFTARAT2ZETE A e b e TR E B A A o] 2-4-2 P77 o FRCA 2

FRATTR R TR

E

?,‘3

IR AT BEES S I3 AL L Rt £2
RRFEATE B DA TR SRR R R

im

0.2m

0°~75°
B 2-4-2 #cio A 47 ¢ 4 (B E N 7 %)
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i, E&EA ¥ F&

d 3t zbd MY OB SRS B R Sl B v R AdE 2 o5t B AR AT
2 LA F Sl r SRk s L (2010)2 k2 HciE o 4o L 2430 AT REI AL G BAR
40 Ttz 3 R 4ER 4 (Unbonded Model) » @ B4 cnifin £ K 5 30 & » 2 EQGER)E

FE RS LOKN/M® 2 OER)E R4 R e (R ot £)BsGap 5 043¢
% 2-4-3 HciE A 4797 S8Rk 5 L 0 2010)

Z}ﬁt E"/
SR R Kn(N/m) 5.16x10°
Ks(N/m) 5.16x10°
Bt (R) 30
2 ROGER)E = y(kN/m’) 16
FHEOER)E AL 5 Bk 0.43
iii. ‘gﬁ }%%Lgl

W A F IEFLRAEY KA TS BRI I Ly By FR AT - B
ST R T AT R BT YERFREASD e A e TR G B AT
FPREE AFLHEY T AR E FEY TR A TR E N BRSO 4 BT

Ramsay £ Huber & 1987 4 )4 2 Strain Analysis — & ¢ 4531 > - i = ) cpiad
POl BRR AT AR BRARG - BRI RS F UL ALD - BE T ST
2 (50 ¢ BT ¢ %N - BT 0 4o Bl 2-4-3 91 7  2F FL S 5 %4 ) (Finite

strain ellipse) - FERBFIFFE > APV DR Kahd » 3L DT 4 BEF 40T

a N
R=— e ellipticit
b PHETY r A4 LT
A, e volumn strain at RIS
A)efore b . K&%*ﬁrﬁ]’@" ’f:'::-
. aer DR A2 B A
E:R(1+AA) ......... max elongation Aar e JetL B A
r Avetore © T 8% 14 T (7w 8352 5 F4
tan 26’ =—g .......... the axes of the finite strain ellipse
Y
HP o 45 F) F (ellipticity) 2 B #1FFleni ghr bt &> T BHIET L * k47
BRI AT REE 0 FEML I DT AL BEHER ﬂ/j* € A (7 AX R R
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‘gﬁa
>‘
=

Feg AL o A MRS T ERMOG A R De 0 d 2T CRRRRAEE £ e
Ay e ¥ RA W AR L BRITFIZ & 28 R4 FAj2 Hnamt B0 A - B
UESUEG ecd ik AR 5 Al WY X i IR UGE R S WAl s
TR A EBERWALI Gy Mo ] AP TSRS e R L D] 5 &
AP o BB REV U RE O PN T T S R, L EH P
FHEGOFRF vy BRI RMEE B REE BNV E T2 Bl ek 2-4-4 4757 o
AFTAIERY AFFI GBI PES RO ke B RARR 0 BRI 38
$3 NERN K A R RAF R EHBI G RO > doB 2-3-4 477 o

Fp o b #4354 ¥z £ Ramsay & Huber #4a 7 n aTq BT F P %
Biddde 2 P4 REHF DN 0 doB] 245 17 0 F - B ARMERTRGE T- BE
Beged (x, VERE (, yIFET d - BRAELRET o 4ot (2-4-3) 0 AR B
ET R BEY T E=ZBEH - B2 AHL ¥FaBAEAN243)f0 e - %

FAENETTEIabrcrdPE o AN ESN 0 AP AR FEMY XY T REEs

HA FHETE2 §54eE > %L % * Ramsay £ Huber ## A 1) &k chd X 7 7

RY S RE DL BREE S PR AE  WERR RV RRE y st (2:44) ¢
a b][* x!
: aBl=[ (243)
[ o =
. z 42
R = a"+b"+c"+d"+[|__a"+b"‘+c"+d"] —4(:::1—1::}‘]"
a"+b"+c"‘+d"—[(a"+b"+c‘"+d"}"‘—4(ad—bc}"]§
\A,= ad — be (2-4-4)
[}
; = R(l + ﬂAj
P _2eabe) _ 2
,\tanzﬁ' =S .

1204 HAZ 2T R%  BRHERNAE BARRZ BV EE2HG

iam | OO O O SO S
strain ellipse

ellipticity & color | 1.00 1.05 1.10 1.15 1.20 1.25 1.30

Y 0 0.049 0.095 0.140 0.182 0.224 0.263
o' none | -44.3° -43.6° -43- -42.4° -41.8° -41.3°

Volume change | none 1 1 1 1 | 1

Max elongation | 1.00 1.05 1.10 1.15 1.20 1.25 1.30




@243'1’h]}ﬂ—fﬁd A5

legend :

R=1.05~1.10

R=1.15~1.20
R=1.20~1.25
R=1.25~1.30

B 2-4-4 % FHFFRISF 2 BN LA S 2 B

V. B ARIEETFLpES R

Wi

A FHo T BB AT Y 2 P MY FWER] S AiE 1.056 2
PRETF > T AR RAEF LG AR 1052 SRR R L EI N9 § 0 ¥ RF
P A2iE 1.05 2 4 5 R ¥~iod > & Bggd 2 Fen@ 5 0.05() 2-4-5) » 4ot — & -
A e g e 3T ¥ 2 8 B § (W) 2-4-6) -
PEWMRSIELTERS BT R EBER R T 2 g R
ST BT E B Aol 2-4-7 P1or G Z AERIFE T 2 B % £ (Total strain)
AT R R BT R & A E R T ot i 3 8 B % £ (Incremental strain) i £
E-PRZSEEEE - BRFEZRESRCR ABEGARRES IR AT ALK
o R A E- R REEEE A R R RE Y ABE DT R R B2 7 b guE
BRI NENROTREF E€F AR B 2485272 222 b o

A FHMA Y HET A DL GERE S FAL TS [RE PRS2
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W AR T AL TR TP XA FRBAVH/M) P F T HEFRBZETAY
(We/Hy) ~ ¥ % P 85 B2 TR W (WalH) 2 7 v 874 3 8 Jedpt (Wa/Ho) 2 48 48
4oB 2-4-9 frr > HY T AR EFRMH)A 2T o Fd L4 Fods el T3 »
TEFEZETREW)R AT F o THEERA R AR B kTR T F
IHFEZTRMWRRET A et B ES R AR A w2 R TR Ko ¥
o B EEH (WA & F w8k 2 173 ) BB R B L sl kTR

FohorsgFA LRI R K2 BARS €24 0 B 249 ¢ 2 Hi AT a2 8
B2 ER Hy RA M2 8K ER e T d BB E R (H/H) T
Ao TEHERL TRV WHH) TR AT 3 # B G R H) T % » 7 85 B2 5 R (W)
HIE2L R A BAMH)RE LN 5 Tod e 2 85 B L TR (WilH) ~ F o 874 %
B REHL (WalHo) s 2§27 3w b A2 B 2 B & (Wh) ~ F o 74 3 B IEL(Wa) ¥ &

Bt A5 R (Hy)fdr i o

&1, y1)

4



B 2-4-6 g R Ad7i2P T AZT > F 2 %0

% % %
# *H 1% %
— 4= = 4
% % % #
e A5k 458 4

R34

Incremental strain © 237 — 18 3245 26 Lk #5 A7 B 2k 64 37 8 4

Level total strain  : 24420 5% sk 5 69 04k B cb A7 B o SR e 3 4

Total strain D — REEED R AR e e AR Bh e B AT R BT R

B 2-4-7 3 FE&PEE2 S 2

(a)F# £~ Total strain (b)Incremental strain (c)Total strain

Bl 2-4-8 7 b EFFE P 2 @2 WORE R (- KA EH K 5 6))

Ib)



r N

7T

2 2 g5 i

\

bl
2

9

-4

® 2
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V. R
AR L2 2 A T R HORD R U R RO G R PR Y

FPEZPE A PRFAERE T A ERS BT BV G 2 LR iR 5 T

%,»E @«L‘J-gux,,:% mﬁ_gg j\l‘fniig—f:f”l3']“‘45“‘60“*?5“1“,3_5’_5.—‘%%;)‘ L7 L i—i%}%_

W

RETFoF o E 23 EET B2 & 20cm~30cm ~40cm = EfcEE oA A &

g

2 BF R R ST A 45 2 AH/HIE 20%(4Ccm) B - % F T en AR ATOW) 2 R R ATR)
F R AT A B R BT A ki E_2em e b R _6eme 4ot E R ss e L 4
BEF T - B2 ERE -2 EEZ2 k2 LR B AT TR Y 2 Sl -
S BB hod 2-4-5 o

243, MR EE LRSIk

A E 3t do v JE LS H(E > G o v)¥r PFC2D McBL 5-8c(K, > K, > ) B eha e B 7% > {1

* o B EE R B % 0 k% (calibration)PFC2D #ic (8 fift e S8 0 14 I A R

GOk N 1 g o S8t 7 PRC2D shfic (B iR sk 0 kAT Ao R 5
LV REHRA 2 GF EF L R A Rk g

oA p ERHERK

oo B ESE_1g K72 80g ehiEARY o WU FE MBI LR F g EREEE S
g R LKae B 2-4-10 G e BAIRR B TR R e R AR F5% A (10cm R )
PR A PR (A AR RAPE TR Dr=70%) o REF K 7 g B e 0 G TR
FRAFEFEA S e B o R AAKGE 2 M b o AETR 4B ROERGE%R
WP R AR S DIEET o RIAR B R F R T RARE R F A2 - 0 T
I ES Bl 2 RS ORE AREFHE O RHAPRFE K- R YRR
FI* G5 23K, =0, /o, = 1—sin@" > ¥ 1 REF G sk T iple 2 RS L5 F 1A ant

B Y g=p)d P Bk

T



ii. PFC2D p £ /R 2 BciE335%
K 3R AT AR A AR 0 PRC2D i 7 4 47 K 48 B il > £ 21 s B0 S ik

AR S I AR R BIFEREE k F L PFC2D s 48 - PFC

r 1 %] = % ;* (Distinct Element Method, DEM) 5 323 2k # > B2 f R84 4772 - PFC £
ANEBEIX ~Fd EEFEY L ifdeT

(1) 3pd s BIRE > 3k A £ 2 7 %2 o SR T 30 6 £ )

(2) #EAFE IR PR B 5> B 2 o D REF N o fp AT RO B
PEAL LR LR A R R

@) Apasp £ R > ¥ g 4 e B M RN RF

(4) i3 pIa s [17) 0 424 5 AR 2 B -

PFC2D p £ = f& 41§ & %2 = = (contact constitutive models) > & 3% : (1) & #-5¢ (stiffness
model) ; (2)7F & i3 (slip model) ; (3)4 .5+ #5-5" (bonding model) - *# 7 7)) 2 ch% ) 5
RO FLE Y REM RS RN R e R K 2 EET R K (linear
contact-stiffness model, normal stiffness and shear stiffness) & fi## 3k ff 4 L Ap ¥ w» 2
1 *7 =4 (normal displacement and shear displacement) i8¢ 7% o i & -3¢ (slip model) &_2_& 4%
JRRERF gk MEF o AR R S TR A R R R R R RS o 2

BB SR Gl L JOTHBRIPERL 5 4 BT B A

PR v SR K BB T B Ko R B B B e il p 0+ PFC?P
L Sl e B T AR BT S R E s ok KT o Fpdoe fI 0 E B
& (trial and error) » 3 % 312 3 »xf 22 2 PFC2D enpigille & 2 (Ky ~Ks 2 p)&d @i~ 4
FER T R EE RS R (A N el s T4 IR fa bt ) Rk 0 2 PFC® O
A EAERSE - H o TEFAHG L RRERT MRS 2 FEE RS e

e FAl S gL Ul Y e

B 2-4-11 5 AR N fod X BN o R R o0 B A BB
R R RN - PR S L WA A R > Yimsiri & Soga ¥ g * R 2 ‘e 4 (fabric)
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T A A e B BiE 2T o 2 oLl (K Kg 2 )8 B oLE S R S G k(E,

)

2 Ep)~ 34 BB(Gun 2 Gpr)dp vt (v ~ v, Bovyy) oBE T

&N 21 (5+a) K, K,

E, = [ (5+a) KnK; ] (2-4-5)
W (3—a) L(70—10a)k, +(105 +45a)K;
art N 21(5-3a) K, K,

En = s [ e — | (2-4-6)
I (3—a) L{70-30a) K, +(105-75a) &,

&N 21(5+a)2(5—3a) K, K,
Gyh = GI'EL‘ = - |:, - L 070 - )] f.'l =z . (2_4_7)
3V (3—a) L(50-10a][{105 —46a—23a® 8, + (70— 24a +2a®)K;]

ar* N 21(5-3a) K, K
Gon = |- ) Bk ] (2-4-8)
3V (3—a) LI(210-110a) K, +{140—-100c J K]

Vor = :.:5-aag?[;;}-{:;;iﬁfia}xg] (2-4-9)
Ol = rrersraerre el (2-4-10)
Van = _[-:14—I:E.?u_jljfi}iin1_f3a}Ks]] (2-4-11)
#d  a=ki R w42k (degree of fabric anisotropy) ;
N =3g £ ¥ & B #ic(coordinate numbers) ;
r=1xE;
V =3& fi 48 <88 £ (volume of assembly) ;
K, & K, =1 v 2 5 * @ & (normal and shear stiffness) -
PR T pmng e F B L1 A4 BRI = fle) =1 Bl

v v

B 2-4-12 2 §] 2-4-13 &~ %] 5 &

] |_j1

=372 K HRERE S & Sy < G#(E 2 Ep)-

o}

T4 HH(Gun B Gu) LA I (Ve 0 Vo B Vi) AR o AT R SOM A o WY BTA &
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\\\Xr

EREELIE RN WA B REEN IR0 AN CENHE ER:= (VIR CcE

e SR (Vi Vn B Vi) T F § FIEPK el be 0 0 A 2o e ¥ tta = 0 A G R T D
RE R AR Y Bhen @ (contact normal)if e 3t d-E 3 e > Fpt g s E 2 Gy fr Gy o 2 AL
F # I ER 3 Gupe ma< 0R £ F % sk 4% 2heh » (contact normal) i e -k T =
w0 FPF Ol B 2 Gy o Gy o 2 BF ik hEp & Gy o

B 2-4-14 ~ ) 2-4-15 % [ 2-4-16 %| 5 ¥ %_7K_ = 8000000N/m > 7 pa—.g HEER
A EEEY S GIKE E E) s it (v o v 2 v )R T 4 (G~ Gy 2 Gpn) 12 & 4R
PO (Vg 0 v R v ) B R e AR M TR o B Y BT AF XK 0 B 4 K—"Egzﬁ“""
B ided off < Rd(B 2 Bn) > ¥ 4 (G 2 Gm) 2 Attt (viy) 3 2 30t
(v % vy,) ° fra < OFF > ":iﬁf}c—‘ﬁmi‘a bem B4e ;e Ha> 0pF “xs‘.ﬁz‘?‘ BB A S

fe £ 7 % cPFC2D & BB 427 ¥ 0 p 75 F e fhan® it (@) Flt L BT 0k
FLABH B R ABT chip 3 M 4 0 § 2450 ¥ 35 PFC2D 7§ s S8 o
5 R R AR KA 5 F @ (isotropic granular assembly > a=0) - B¢ 2-4-5

8 2-4-11 F R B A T SRS (5Y 2-4-12 X 5 2-4-15)

. _ _artn [ 15E. K, ] AL
E=E =E =7 [zfr:nﬂ;r:s (2-4-12)
_ . _artN 15;{,1;(5] A
G=0Gupn=GCr =, |:E.Kn+4K_5 (2-4-13)

LU
_ — _ Hpn-K, _  Hg -4-
VI Ve T Ve T o G T Riag (2-4-14)
Ky
=17 e (2-4-15)

Fod4ge T

4?" N

He = fle)=3' B+ ehdn ik

d b B2 AR T A BB Sdicntp bt e /K A B Moo A 1 X ik

294 HRR) e FEIK, 2 KT B AR R (e FN 5N 2-4-12 1 SN 2-4-15 R B e E
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-1 . ariN 15K o o
B8R B BT adp 3 B G oo 3 B e pv=t =g E=E00 g G g
E, 2e+3 S5V 342c

Wb B RAK, K A 0 pl4p P B R E B S ek, M
PFC2D g 2 it T o B3 » 2T o B4 R4 o T A8 A% 0

> o m ple BEOFIERE Y B AT e g4 (in-plane stress) > @ &2 T & + (out

of plane)enjs # R % = 3 g » T LB /¥ > 5, °

— % _ ., %h _A-
£, =4 TV (2-4-16)
T g = % —vz—” =0 (2-4-17-a)
g, =va, (2-4-17-b)
g, =4 —V o (2-4-18)

Hoe g =Rk E=ff X i v=fp vt o, o =d-% 2 KT R4 o

He & B P e & ] i (constrained modulus),Mprc, e 2 & 40T -

_ O _ 1 1 4r®N1SE, A
Mppe = P E= 1-a%) ov 3+zc f(e)AK, (2-4-19)
He A K

TR AR 0§ RS gERY  FHARKREE ML B 2R R

o
v R T Kotk i 0 Tt

=2 -2 (2-4-20)
=2 —vE_vE=0p (2-4-21-a)

Lo, =0, (2-4-21-b)
K, = 1:} = 1— sing' (2-4-21-c)

A= NS S SRS S TR B A R
A g P e R o8 Meentrifuge (COnstrained modulus) e % & 4o
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2 (1-w (1- vt N
M =2= UM _p_ (20 ¥ UK _ ro)pK, (2-4-22)

centrifugs 5p (1+v)(1-2v) (1+d)(1-2d) 9V 3+Zc

e B = ’#‘ﬁﬁ: o Fp 7 gﬁiMcentrifuge g Mprc ’F’K&E‘I Kn T e BT g "E_'Ti"i‘ﬁ" >
Meentrituge ¥ 14 o & -3 385 RfF o T f1* PFC2D i {7:2% % & p £ /& % F¢ £ (19-809)
SRR 0 T T e O S BGE T BB RS 0 BT 8 T )40 Merc = Meentrifuge 1 % b o

Flotdpos o AR R 2 PRC2D BB 2@ v MARY AR = 0 AP 3 L ©

BRI M 2 RS R F e E R bt (o) s Tl T

FAI O A
M = Ng™ (2-4-23)
Ho NZ¥#,myaEskia - m2 A3 04~05f o Flpt Al iald v LA

Bk A iR R K, T F ot e e o AT BB FREFE O BB AT
T S B = tand, = tan25” = 0.466 °
AFE 3 PFC2D B HFR AT ¥ 3Tk end o 470 R B T B F)enli A 478 RA4cH
2-4-17 #7577 o @ MR G ZH A EEEF U] AFETEY G441 RT FH H e
F oA RS T 520 B o R A 5 1.49mm ~ 1.05mm % 0.74mm > H ¢ gpge L e
1.49mm ik > #8 € & 90.2% > 3p4 L /F 1.05mm iF > 48 € £ 5.5% ~ 3pp L 4T 0.74mm b > &8
L8 43% JI* 2= A7 BRI IRER KIEHFEHRF) K 0 217 PFC2D chiffcE fibfg - 7 4
FU Boild > 2 KA G g o B 2 e !
D) xESRUAEERZ RF B3 1Imo S RUEF RS 1m o i fdg .o 173] ahk
WHEAE(T4Acm) £ o EE BCEHR] F A R G T A R SERRHER B
%7k 45 & & (dip angle) » 7 ¢ F ¥ & > & (boundary effect) o $i-T & ch¥7 § 45 & &
BZERE O RIS T R > B0 B R A 2 B o] 0 02 BRRT ¥ o
TR 4pd & R o
(2) #4584 50 & > & & LA 20mme 3t & A K HE A5 RfeA ] A e RS ] 4

(circular disk) o & & A& 3 » X% 1.49mm n[f]4 £ 1200 %¢ > £ /= 1.05mm h[f] 4% =
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147 3 > 22 0.74mm n[f] 4 & 232 % o
@) WirzFchflfEsasf - &iFp L6 2173 FHrs 1t 300014 B2 o
(4) -3tk = & O] HAFE B A0 200m 17 R AT H o RN A S UK 46 R 2
Bk cnB e R T B R R R £ 3 LS 1.49mm cnffl4F £ 21831 3F 0 LT
1.05mm n[fl4 & 2684 3f > L < 0.74mm ] 4 & 4244 3%F o G F ML 3 FE
28759 3g > 4RI M4 & 0.156 -
& endic i H07) e B 6F & 4o ] 2-4-18(a) 2 ] 2-4-18(b)#Tm > @ 2 Hhen ST A Bl B
A i B % o B 2-4-18(C)#Tom o W ETA B E R EM A B B 5 20em(e I B0 2 Y
h®RARR) AR 10 BFR oA - FEFR2M F-FEFT UL RRL R D]
95 5 2-4-23 g B 3 A BB~ SER B H| b A B 4o SR S8 Koo 287§ £ 17 20em
A 0 d 1g 2 3 809 it {FHECERE P R % #ciE # % (self-weight consolidation

numerical test) - B HcE R R AAKGE o d 3V 2-4-21-c W DA ) B

¥ 38, Flpt k2 R4 fHKe=032 > Fltv =024 T hd 24147 0 FFTE =33

4

A H AE LFARAR =3 2 EH A A BEL > u = tan(25°) =0.466 » T ¥ 7

MN ,'.'lN

FehK, B2 3 dm B2 (7 PFC2D ehp £R % enlic Bk - BB R% M HEam @
R AFSK, BT 5 PFC2D h = BB S8 > K3 B & s gilfeY REHK, B 47
e 2AKE - 2R gERET A ERGOENR > BRY SHEHLFMERZAE S
B blhe ikt 109 ER T Op ER R E A% FIE KA RIS > 100005 FIESRA -

Bl 2-4-19 5 5% B2 4 %2 0.155KN/m? & > K, = 0.58 x%@ E I N

Bk ek £ AR PRFC2D #iciei@sk (m 4 %52 020040°05) ¥ LAzt o Bl P &

TR FR, (M) B AR ERBE S > F m=04 7 MR EDREMRR - T

K—"—E’ip =0.466 ° | * iz = BB S8 M E AT

T oHE S AT 0 kBRI AR S SR 4B A e S & o

Bl 2-4-20(a) 5 PFC2D #icid :#%p = tan25° = 0,466 80g % 2 4] ;%% (80gRtest23)
83



2 A Rt o]t Dade g () 15%eht B2 R B A ) & 80g H AR
(80gRtest23)2. & & v M E FAn ¥ - RihE % > 7 ALt 268 5 pligs PFC2D
Gt B ARG RTE SR > F (SRt #E Y @ 809 £ ILHCT RS S R R R
e o AP L R PR F]F 8 AT 7 Bk PFC2D hicR S Bn 0t T B A A B
4 =250 F K AT IR o AFT Y AL BOA RS AT R sk t By SUE - lmF) (crushed sand) 0 #)
oA w ek EREIMELEE AN BEELE RS o B 2-4-2000) B & * MR F &
u=tan30° = 0.577 » £ 80g %~ I #7425 (80gRtest23) 2 & % 1t 2 » Bl ¥ 7 2o L
B4 3% 5% (80gRtest23) 2 ¥+ £ 2526 7 11 T 40§ - RORHE S % o B 2-4-20(C) R * p
L% #icp=tan36°=0.726 > ¥ 80g i~ I #i-7 ;2% (B0gRtest23) 2. = % +- i > Bl ¥ B & dr fe
72 17 ;2 % (B0gRtest23) 2 b+ £ H 252G » ¥ L E IR E - RIS K o AT ] BB E T

1PFC2D i %85 K, =05 X2 » T2 =3 2 § = tan36 = 0.726 * #5 % % PFC2D

U 3 5 PR 0
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% 2-4-5 S

S 47k 7 & B2 AR 4ER K
K 0 &
30° ~ 45° ~ 60° ~ 75° | 20cm 0 &
E 1R E }i
w5
§ 75° 20cm ~ 30cm ~ 40cm | 0 %
2} E ! : R RN RN RN
LEEARE 75¢ 20cm OHLE 2
3% ~10 &
0.0 o
£ 7 & Centrifuge modelling
E 021
= 0.3 1 o
é 0.4 % -
@ fn “ o
= 051 O 80gRtestl2 (LDT27) 2% o
® 064{ ® B80gRtest12(LDT26) A 0§°
Q 57 A 80gRtestl5 (LDT27) A,
8 = A 40gRtest17 (LDT27) o
L 0817 A 40gRtestl7 (LDT26) o
" 09 A 40gRtestl7 (LDT24)
1.0 . - .
1 10 100 1000

Bl 2-4-10 & B4 25 # T IE ey L

Average effective overburden stress at depth of 10 cm (kPa)

Macroscopic scale

Microscopic scale

Inter-particle contact
force

f]

Stress-strain
relation

IEIER %

enff % (Dr=70% )

Gij _ Sij
Macroscopic ﬁ Macroscopic
stress strain
Static hypothesis Energy

convervation

Contact law

B 2-4-11 ALt o %

Inter-particle contact
displacement

d;

2

EBEf e
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le+8

—~ =
< £

= C =

£ - K, /K.=3

<

- L

=) L

=

3

+7

= le+7

.

I

)

L

" ——

2 —

5 £ -

= ~

4 — E, (K,=B000000 Nim)~ ~—— ___ S
S le+6 1 ———- E, (K,=8000000 N/m) - - =
3 s — G, 0r Gy, (K,=800000 N/m) T~
IS L ———- Gy, (K,=8000000 N/m) -
g i ———— E, (K,=16000000 N/m)

c — — = E, (K,=160000000 N/m)

é’ —— G, 0r G,, (K,=16000000 N/m)

— — = G, (K,=16000000 N/m
le+s T m s T ) T
-1.0 -0.5 0.0 0.5 1.0

) 2-4-12 Kﬁ =3 3 K, o 2R AR(E 2 E)E T4 HH(Guy 2 Gy B o {LALR b

4

0.5

Degree of anisotropy, a

Poisson ratio

-0.1 A

K, /K =3

Vhy

Vhn

® 2-4-13 Kﬁ =35 A K, B ER (v, 0 v R vy, B AR R R T

-0.5 0.0 0.5

Degree of anisotropy, a
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le+9

E, (K/K.=3)
e B (K/KS3)
—_— E, (KK
——— E, (KIK22)
E, (K,/K,=15)
____________ - B (K/KA15)
- E, (K,/K,=1)
——— E (KK
———. E/KJK=05
L ——— E, K JK,=05
E, (K,/K,=5)
E, (K,/K,=5)

K,=8000000 N/m

le+8

Young's modulus (N/m?)

Degree of anisotropy, a

B 2-4-14 K,, = 8000000N /m - 7 F m%@t » 2P X A H(E, 2 Ep) 2 B o AR Al T4

05 T
- K,=8000000 N/m v, (KnKe=3)
044 ——= Vp, (K /Kg=3)
- Vi (Kp/K=3)
034 TTe=o

— vy (Ky/Kg=2)
——= vy, Kp/Kg=2)

0.2 Vhn (Kn/Ks=2)

B ——— Vy (Kp/Kg=1)

e vy (KK =1)
Vi (K /K =1)
Vyp (Kp/Kg=0.5)

L L B S B

Poisson ratio

Vi (K /Kg=0.5)
Vi (K/K =0.5)

Degree of anisotropy, a

M 24-15 K,, = B000000N/m » 7 5o 58 » #4g rit (Vi > Vo % Vi) 2 B o HLAL R c90M) 14
5
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Shear modulus (N/m?)

le+8

- — —~ ~— —
K,,=8000000 N/m
le+7 4
= 6,016, (KK ~——— = T
let64 = ————- G (K/K=3) T~ ~ o~ -~
; ———— 6,0 G, (K/K=2) N
. T Gy (KK =2) h
L — G, 0r G, (K/K;=1)
_____ Gy (K/K =1)
— G, 0rG,, (K/K.=05)
—— — G,, (K /K. =0.5
1e+5 . hh ( n' S T ) .
-1.0 05 0.0 0.5 1.0

Degree of anisotropy, a

#l 2-4-16 K,, = 8000000N/m + }Féﬁ%tﬁ_ s BT 4 K B(Gy 0 G 2 G B b BATR M 4
o}

(2)F P o W\ & B

100
90
80
70
60
50
40
30
20
10

0

10

1 0.1 0.01

K 4% D (mm)

Bl 2-4-17 BB BB TR * IERDE A 4T RBER T B P F) DG A T B2 R
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VI

35cm

[~

25 ecm - 75 cm ik

Bl 2-4-18(a) = H% & {5 el i 32.% 403

100cm

A

25cm |

Bl 2-4-18(b) =45 % & 16 chliciE R A 2 A & 7 LB

B 2-4-18(C)& H- = = (& chl ¥k B @ F A 2 A 4 7 LR
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0.0

kn/ks=3 m=0.4 friction angle=36
-0.2 4

=3
=
1

Settlement (mm)
(=]
[=2]
1

®  Test12LDT27
A Test12LDT28
-0.8 4 B Test15LDT24
g $ Test15LDT27
®  Test22 LDT27
Kn=0.7e7
Kn=0.6e7
1.0 1 Kn=0.5e7
Kn=0.4=7
—— kn=0.8e7
‘1-2 T T T T T T T T
0 10 20 30 40 50 60 70 80 90
Gravity (g)
0.0
kn=0.5e kn/ks=3 friction angle=36
0.2 4
04 4
— 0.6
£
E
= -0.8 4
@
£ 40
@ % & Test12LDT27
2 A Test12LDT26
0 42| m Test15LDT24
$ Test15LDT27
& Test22LDT27
14 4] — kn0.567 m=0.3
— KN=0.5e7 m=0.4
16 4| — Kn=0.5¢7m=0.5
— kn=0.5e7 m=0.45
'18 T T T T T T T T

0 10 20 30 40 50 60 70 80 90
Gravity (g)

B 2-4-19 o 4] 285k e 4 L Fagr PRC?P ot 2853k 1 4 L et
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Uplift height (mm) Uplift height (mm)

deformation height (mm)

Bl 2-4-20 # 458§ T 0 B W iRsk ke & L RRE? PFC2D kR E £ %2

100

® PFC (50 mm; 25%)
—— Model (50mm; 25%)
Kn/Ks=3, ®,=25°
80 s [ O PFC (40 mm; 20%)
Model (40 mm; 20%)
= PFC (30 mm; 15%)
Model (30 mm; 15%)
60 1 4 PFC (20 mm; 10%)
Model (20 mm; 10%)
A PFC(10 mm; 5%)
40 Model (10 mm; 5%)
|
204 4,
Aa
01 A
S S S S
-100 0 100 200 300
Horizontal distance (mm)
_250
(@)=
100
t ® PFC (50 mm; 25%)
[ = Model (50mm; 25%)
t Kp/Kg= =30°
80 n/Ks=3, ®,=30 O PFC (40 mm; 20%)
r Model (40 mm; 20%)
[ = PFC (30 mm; 15%)
r Model (30 mm; 15%)
601 A PFC (20 mm; 10%)
L Model (20 mm; 10%)
r PFC(10 mm; 5%)
a0 4 Model (10 mm; 5%)
[ =
20 4 a,u
[aa
01 A
L 1 1 1 T 1 1 1 1 T 1 1 1 1 T 1 1 1 1
-100 0 100 200 300
Horizontal distance (mm)
— (o]
(b)¢,=30
60
50 | _smmmn ey, kn=0.5e7 Kn/Ks=3 friction angle=36
(]
40 4 —— 0.0cm
—— 1.0cm
2.0cm
—— 3.0cm
30 7 —— 4.0cm
5.0cm
® PFC0.0cm
20 4 ©  PFC1.0cm
PFC 2.0cm
© PFC 3.0cm
10 Hoeee A  PFC4.0cm
PFC 5.0cm
0 4eeee
-0 +——/—————7— 77777 T—T7—T— 7T
-100 0 100 200 300 400

horizontal disrance (mm)

(c),=36°
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25. #h T ¢ BBE F ek

Erslev(1991) & 3 1 = & ¥ > ¥ 2% » kP ok A L aF@Eilx §2
Beon®pran R R A AhBERI Eoat o d L4 R T RR
fr%@fstéud;i%ﬁﬂa‘— Bz &25n P& F (B 2-5-1) Ka > KIREDBE~F

FHREFEHROR LY APV RRINEHEEFF L T2 F 20 T
%miﬁj&%&ﬁa’ﬁﬁﬁﬁ T O AR
%{g%m,ﬂw%pzé*ﬁié@%%ﬂ%’ﬁ@%&ﬁ%%%myi
o RGNS TR LD ek BREY FEINRARS DR
Wh @ 370§ RESHES -T2 P HIRRETFLRP T DF
BA- By £ R DAL -

ﬁ

e

=N

EEE T

§

BRFD LD AP RS IBREY 0 2L R T REL S
Hoo# ko A T E 4R (1998) 4 I f s FHEY SCF-2 ¢ W v g Bl R L wr T K
FaEr A HAZ PR DRGE o o 25297 0 A BERP D K RAE
RBE R TFRRLERES A

B REHRY W REREREY EFAGL B E RS WK F B 2
Yol 2-5-3 %07 o d A G B BAY B2 AL LT BB £ A 2R
FREMPBIASTH 2R Tl T REMRY 4 XL A LTI HER
Bod REAF LR AT HLRE AN S FRIF - mE 2 FR
ELTRE DA SR A BB T RA - TN AR

M4 TR T REEREY ORE > RZETNEFRZ AT 2 o

ERENRY RET2F 2 EREY D2 X536 % - BEOHRT HRD

PFC2D thfic @ & 32 b ehgp d A2 2 ¢ 7k > £ F 2
FREF AV AT R R R TR EREY T LR 2 PR Ao B 2-5-4 47
Too ¥ AR I EEFTLERTRERE T MNARES AT ART R K
R AR 25557 0 2 RhgEd R A RRZTRSLI L NP R
1 g NEEE B o d BT A T AL 2R A
RFRFIHEERBOE S TR EREREY PR 2 FER AR 2-5-5 ¢
L2d RETILTREEEY R E

s



Zone of deformation (W)

Building

~
3 < z
Overburden N ’
= ~. \ ‘Shearzone ,7,’
= N VRN 707
3 N\ (Emax) 2y
H Iy
= Material (¢c.¢) SOy Vi 4
\\ 7

N TER \\\ AN R RANRR R RNR NN s

Footing wall (Lf)
Fault dip angle ()
LEGEND Bedrock
- ==~ Faultslip surface \'langlng wall (Lh)

B Triangular shear zone

=
)
=

Wl 2-5-1 @k (e% IR B2 KK BB 2 BB BT

(¥ 2327 5 1998)
B 2-5-2 462 SCF-2 Bim L%rdihy 135 22 2 4 % w e iufh 4 4 AL 2 4R 80 1F3)

Bl 253 ifad sk REE? T2 BHA - § 7 88 287k w23

Bl 2-5-4 Bciht? B 0 4 2% B

legend :

R=1.15~1.20

R=120~1.25
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F=2% #*HE %
3.1 me A

i TR A A T s
¢k T 4 r(2010) 1 T 2 2 DEM ¥ L SRETR b & b A B HGE (7 A o 2 S
BHEFIBRILAR %> 7 AP B 8 > 5w A F ot FHRMAT £

B PTG T o R R T SR B e L SR RRIF R L

AN

BB ERp AR 0 P RBIIG 4 BT HRE cH AT WSS 3R A
BB T B R BT o 5T (2001)F] % b Hou B T FREBEL L 2 B A
BT RNIT O M BA A RES AR SR A - R 2 4] R A2 1R
BT W T o JRETR AT R 422 2 (193935 SN a B B A 20 2 e
2R ARG A5 TP OETR B 0 s A AR S TS T m G T L 5w
ERFREDECHTE o RAEI NP BRI FHDERRL 0 R LB I TR R
T 8P 3 - PREE Eg 0 fTarg e

R EE R TR

-)&

ol M e B Sk T B4R et st LYk - £ LT A
L

GRS BRAERE P R L LHEE e B DI EI B AR 0

FFNG TR H R ARG 0 BRI GRG0 4oB] 311 4m 0 EI R T i eh
AR gl T \_L.%Pw m B ’}ﬁ{q}s‘i; S FAEES AT F TR EHEDG 0 ¥ AT
TR B BEFZ L RAFEEHRFR LD L3 RRAFFRAEEUS 113

o Bl4cE 3-1-2 #1770 > FiE3e Faeo d f 3
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/’ 80gNtest24

-20 -

/ —— S1 (2.5 mm; 1.25%)
[ —— S2 (5 mm; 2.5%)

-40 S3 (7.5 mm; 3.75%)
8 S4 (10 mm; 5%)

—— S5(12.5 mm; 6.25%)
—— S6 (15 mm; 7.5%)
S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)
—— S9-LDT vs S9-LDT27
-60 A —— 510 (25 mm; 12.5%)
—— S11(27.5 mm; 13.75%)
—— S12 (30 mm; 15%)
—— S13(32.5 mm; 16.25%)
— 514 (35 mm; 17.5%)
S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)
-80 1 — 517 (42.5 mm; 21.25%)
= S18 (45 mm; 22.5%)
$19 (47.5 mm; 23.75%)
520 (50 mm; 25%)

Falling height (mm)

-100 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-100 0 100 200 300

Horizontal distance (mm)

B13-2-1 I 87k &8 doikmh > A kX I £ 7 o 4 % =2 & (80gNtest24)
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200

100 -~

- 80gNtest24

—— S1(2.5 mm; 1.25%)
—— S2 (5 mm; 2.5%)

S3 (7.5 mm; 3.75%)
S4 (10 mm; 5%)

S5 (12.5 mm; 6.25%)
S6 (

S7(

15 mm; 7.5%)

17.5 mm; 8.75%)
S8 (20 mm; 10%)
S9-LDT vs S9-LDT27
S10 (25 mm; 12.5%)
S11 (27.5 mm; 13.75%)
S12 (30 mm; 15%)
S$13 (32.5 mm; 16.25%)
S14 (35 mm; 17.5%)
S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)
m— S17 (42.5 mm; 21.25%)

— 518 (45 mm; 22.5%)

S19 (47.5 mm; 23.75%)

Elevation (mm)

-100 A

S20 (50 mm; 25%)

Top layer deposit

-200 N T

-100

200 300

—— S1(2.5mm; 1.25%)
—— S2 (5 mm; 2.5%)
—— S3(7.5mm; 3.75%)
S4 (10 mm; 5%)
—— S5 (12.5 mm; 6.25%)
—— S6 (15 mm; 7.5%)
S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)
—— S9(22.5 mm; 11.25%)
—— 510 (25 mm; 12.5%)
—— S11(27.5 mm; 13.75%)
—— S12 (30 mm; 15%)
—— 513 (32.5 mm; 16.25%)
— 514 (35 mm; 17.5%)
e S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)
— S17 (42.5 mm; 21.25%)
— 518 (45 Mm; 22.5%)
S19 (47.5 mm; 23.75%)
$20 (50 mm; 25%)

0
-20 A
€ C
é -40 1
<
2 g
@ L
=
o L
£ -60 1
= L
LL L
-80 1
-100 I T R B
-100

Bl 3-2-3 1 7k 4% B 3% (40gNtest26 » Dr=70%) >

0 100 200 300
Horizontal distance (mm)
IR A
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B 3-2-4 1 %7K 4 65325 (A0gNtest30 » Dr=70%) » t7 s % [

Bl 3-2-5 ¢

f‘i:

49

Falling height (mm)

-,

40gNtest30
D,=70%

—— S1(2.5mm; 1.25%)
—— S2(5 mm; 2.5%)
—— S3(7.5 mm; 3.75%)
S4 (10 mm; 5%)
—— S5(12.5 mm; 6.25%)
—— S6 (15 mm; 7.5%)
S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)
——— S9-LDTvs S9-LDT27
—— 510 (25 mm; 12.5%)
——— S11 (27.5 mm; 13.75%)
—— 512/(30 mm; 15%)
—— 513 (32.5 mm; 16.25%)
= 514 (35 mm; 17.5%)
—— S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)
— 517 (42.5 mm; 21.25%)
— S18 (45 mm; 22.5%)
S19 (47.5 mm; 23.75%)
520 (50 mm; 25%)
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-100
2100

200
Horizontal distance (mm)

K E R U &R M G

200

100 A

—— S1 (2.5 mm; 1.25%)
—— S2 (5 mm; 2.5%)
—— S3 (7.5 mm; 3.75%)
S4 (10 mm; 5%)
—— S5 (12.5 mm; 6.25%)
—— S6 (15 mm; 7.5%)
S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)
—— 59 (22.5 mm; 11.25%)
—— S10 (25 mm; 12.5%)
—— S11(27.5 mm; 13.75%)
—— 512 (30 mm; 15%)
— S13(32.5 mm; 16.25%)
— 514 (35 mm; 17.5%)
= S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)
— S17 (42.5 mm; 21.25%)

40gNtest26

— 518 (45 mm; 22.5%)

-100 A

-200 :

S19 (47.5 mm; 23.75%)
$20 (50 mm; 25%)

-100

Horizontal distance (mm)

iR 5 (40gNtest26 » Dr=70%) » &% £33 K55 £

SR B ZETE &AM &
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Elevation (mm)

200

100

40gNtest30
D,=70%

—— S1(2.5mm; 1.25%)
—— S2 (5 mm; 2.5%)
——— S3 (7.5 mm; 3.75%)
S4 (10 mm; 5%)
—— S5 (12.5 mm; 6.25%)
—— 6 (15 mm; 7.5%)
S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)
—— S9-LDT vs S9-LDT27
—— 10 (25 mm; 12.5%)
—— S11(27.5 mm; 13.75%)
—— S12 (30 mm; 15%)
— S13 (32.5 mm; 16.25%)
—— S14/(35 mm; 17.5%)
e S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)
m— S17 (42.5 mm; 21.25%)
e S18 (45 mm; 22.5%)
S19 (47.5 mm; 23.75%)
$20 (50 mm; 25%)

200 300

Horizontal distance (mm)

B 3-2-6 & %7 4% 65 325 (40gNtest30 » Dr=70%) > &7 L% [ £ 7 0 + 4

Falling height (mm)

B2 OEK AR MG

1gNtest3l
D,=70%

—— S1(2.5mm; 1.25%)
—— S2(5 mm; 2.5%)
~——— S3(7.5mm; 3.75%)
S4 (10 mm; 5%)
—— S5 (12,5 mm; 6.25%)
—— S6 (15 mm; 7.5%)
S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)
—— SO-LDTvs S9-LDT27
—— S10 (25 mm; 12.5%)
—— S11(27.5 mm; 13.75%)
—— S12/(30 mm; 15%)
—— 513(32.5 mm; 16.25%)
—— 514 (35 mm; 17.5%)
—— S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)
—S17 (42,5 mm; 21.25%)
— S18 (45 mm; 22.5%)
S19 (47.5 mm; 23.75%)
$20 (50 mm; 25%)

-100
-100

200
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200

Elevation (mm)

1gNtest31
D,=70%

—— S1(2.5 mm; 1.25%)
—— s2(5mm; 2.5%)
——— S3(7.5mm; 3.75%)
S4 (10 mm; 5%)
—— S5 (12.5 mm; 6.25%)
—— S6 (15 mm; 7.5%)
S7(17.5 mm; 8.75%)
S8 (20 mm; 10%)
—— S9-LDTvs S9-LDT27
—— S10(25 mm; 12.5%)
—— S11(27.5 mm; 13.75%)
—— S12 (30 mm; 15%)
—— 513 (32.5 mm; 16.25%)
—— 514 /(35 mm; 17.5%)
~—— S15(37.5 mm; 18.75%)
S16 (40 mm; 20%)

— S17(42.5 mm; 21.25%)

— S18 (45 mm; 22.5%)
S19 (47.5 mm; 23.75%)
$20 (50 mm; 25%)

-100

— st@smm; 125%)

80gNtest24

100

200

) 2 -
s LS % Sk 1 e
— X ¥ N 1= vl B =
, s ow % R ’3‘- 2z
BB 2 Tk [
200 — s1(25mm; 1.25%) 200 —— S1(25mm; 1.25%)
40gNtest30 — s2mm: 25%) 1gNtest31 — s2amm; 25%)
B =700 T Sasmm D =70% seasmmorn
= S4omm: 599 = S4Gomm: )
v 0 —— $5(12.5 mm; 6.25%) ’ —— S5(12.5 mm; 6.25%)
— Sesmm 59  Secsmmrm
S8 8755 7 s mm; 7500
sa @omm 10%) 53,60 mm: 1009
100 — ssloTws satorr 100 — Salorus seLorar

Elevation (mm)
o

-100

Top layer deposit

16 (40 mm; 20%)

Elevation (mm)
°

-100

-200
-100

B 3-2-9 r¥rk & E% w7 kg

Horizontal distance (mm)

— 518 (45 mm; 22.5%)

520 (50 mm; 25%)

Elevation (mm)
o

-100

20 (50 mm; 25%)
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0.0

L Al e ) Al i b o |
—— s1 (2.5 mm; 1.25%)
—— s2 (5 mm; 2.5%)
——— S3 (7.5 mm; 3.75%)
S4 (10 mm; 5%)
—— S5 (12.5 mm; 6.25%)
—— S6 (15 mm; 7.5%)
S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)
—— S9(22.5 mm; 11.25%)
—— S10 (25 mm; 12.5%)
—— S11 (27.5 mm; 13.75%),
—— S12 (30 mm; 15%)
—— S13(32.5 mm; 16.25%)

80gNtest24

-0.5 4

-1.0 A S14 (35 mm; 17.5%)

S15 (37.5 mm; 18.75%)

S16 (40 mm; 20%)
— S17 (42.5 mm; 21.25%)
—— S18 (45 mm; 22.5%)

S19 (47.5 mm; 23.75%)
15 L . . L L i I520.(50 mm; 25%),

normalized falling height

-1 0 1 2 3

B13-2-10 r 87 & d % AP LEGEE T » PR AR5 &0 R KT FEYHA % (80gNtest24)

0.0 W TRV AT AT T

409 Ntest26 —— S1 (2.5 mm; 1.25%)
S2 (5 mm; 2.5%)

S3 (7.5 mm; 3.75%)
S4 (10 mm; 5%)
—— S5 (12.5 mm; 6.25%)
S6 (15 mm; 7.5%)
S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)
—— S9(22.5 mm; 11.25%)
—— S10 (25 mm; 12.5%)
—— S11 (27.5 mm; 13.75%)
—— S12 (30 mm; 15%)
—— S13(32.5 mm; 16.25%)
— S14 (35 mm; 17.5%)
——— S15 (37.5 mm; 18.75%)

S16 (40 mm; 20%)
= S17 (42.5 mm; 21.25%)
—— S18 (45 mm; 22.5)

S19 (47.5 mm; 23.75%)

S20 (50 mm; 25%)
-15 S e L —

-0.5 A1

-1.0 4

normalized falling height

-1 0 1 2 3

—— S1(1.25%)
—— S2(2.5%)
——— S3(3.75%)
S4 (5%)
—— S5 (6.25%)
—— S6 (7.5%)
S7 (8.75%)
S8 (10%)
—— S9(11.25%)
—— S10 (12.5%)
—— S11 (13.75%)
—— S12 (15%)
—— S13(16.25%)

| 40gNtest30
I D=70%

-0.5 -

0r S14 (17.5%)

S15 (18.75%)

S16 (20%)
—— S17 (21.25%)
—— S18(22.5%)
L S19 (23.75%)
520 (25%)

Normalized falling height

Normalized horizontal distance

B 3-2-12 &t %7/ 4% 6535 % (40gNtest30) » &7 b B o £ 0 BRI B A 25 H0 R 0K T GERHY %
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0.0

L 1gNtest31

—— S1 (2.5 mm; 1.25%)
—— S2 (5 mm; 2.5%)
——— S3(7.5 mm; 3.75%)

S4 (10 mm; 5%)
—— S5 (12.5 mm; 6.25%)
—— S6 (15 mm; 7.5%)
-~ S7(17.5 mm; 8.75%)

S8 (20 mm; 10%)
—— S9(22.5 mm; 11.25%)
—— S10 (25 mm; 12.5%)
—— S11(27.5 mm; 13.75%)
—— 512 (30 mm; 15%)
—— 513 (32.5 mm; 16.25%)
——— S14 (35 mm; 17.5%)

S15 (37.5 mm; 18.75%)
= 516 (40 mm; 20%)
— S17 (42.5 mm; 21.25%)
——— S18 (45 mm; 22.5%)
L S19 (47.5 mm; 23.75%)
= 520 (50 mm; 25%),

T

-0.5 A

-1.0 A

Normalized falling height

15 S S S S—
-1 0 1 2 3

Normalized horizontal distance

W 3-2-13 @t %7/ 4% B+ %% (1gNtest3l) » &7 f 2
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HEHL 201268
SERARE IR R
LR : 50 mm
WiE ey - 60/
e 40 g

B 3-2-16 1 87k 48 B85 & 40Q 385 F T 5 £ 7 1e9E BEAE(50mm; 25%) ¥ 7121 5 (40gNtest26)

C OB B
e - 2012/03/28

B EMNTE MR

Bl 3-2-17 & %7 A 45 B0 3dsk o 10 335 05 2 T » -3 FiE R (50mm; 25%) 7R 2] & (LgNtest18)
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Undrained shear strength (kPa)

00 5 10 15 20 25 30 35 40 45 50 55 60 65
T T T T 1T

10

12

Depth (cm)

14t
16
18t

20 | —4&— 40gNtest32
—&— 50gNtest36
—@— 80gNtest37

22
—&— 80gRtest38

24

B 3-2-18 L3 EH L 5 70 2 RoRT 4 5 ANEIEAE % (N40gNtest32-C ~ 50gNtest36-C -
80gNtest37 ~ 80gRtest38)

—— S1(2.5mm; 1.16%)

—— S2(5 mm; 2.31%)
—— S3(7.5mm; 3.4%)
S4 (10 mm; 4.6%)
-40 —— S5(12.5 mm; 5.79%)
—— S6 (15 mm; 6.94%)

S7(17.5 mm; 8.1%)

S8 (20 mm; 10%)
—— S9(22.5 mm; 10.42%)
—— S10 (25 mm; 11.57%)
60 F —— S11(27.5 mm; 12.73%)
—— S12/(30 mm; 13.89%)
— 513 (32.5 mm; 15.05%)
— 514 (35 mm; 16.2%)
e S15 (37.5 mm; 17.36%)

S16 (40 mm; 18.52%)
— 517 (42.5 mm; 19.68%)
.80 |+ — 518 (45 mm; 20.83%)
$19 (47.5 mm; 21.99%)
$20 (50 mm; 23.15%)

Falling height (mm)

40gNtest32-C

-100 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-100 0 100 200 300

Horizontal distance (mm)

Bl 3-2-19 It %7/ 4% §° 38 % (40gNtest32-C) » %7 % Fafs £ 7 et 4 % 23 &
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50gNtest36-C

S1(2.5 mm; 1.16%)

S2 (5 mm; 2.31%)

S3 (7.5 mm; 3.47%)

S4 (10 mm; 4.63%)

S5 (12.5 mm; 5.79%)
S6 (15 mm; 6.94%)

S7 (17.5 mm; 8.1%)

S8 (20 mm; 9.26%)

S9 (20 mm; 10.42%)
S$10 (25 mm; 11.57%)
S11(27.5 mm; 12.73%)
S$12 (30 mm; 13.89%)
$13 (32.5 mm; 15.05%)
S14 (35 mm; 16.2%)
S15 (37.5 mm; 17.36%)
S16 (40 mm; 18.52%)
S17 (42.5 mm; 19.52%)
S18 (45 mm; 20.83%)
S19 (47.5 mm; 21.99%)
$20 (50 mm; 23.15%)
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Horizontal distance (mm)

B 3-2-20 I %7k 45 # 3% (50gNtest36-C) » &7 -2 K5z £

80gNtest37-C

S1 (2.5 mm; 1.18%)

S2 (5 mm; 2.37%)

S3 (7.5 mm; 3.55%)

S4 (10 mm; 4.74%)

S5 (12.5 mm; 5.92%)
S6 (15 mm; 7.11%)

S7 (17.5 mm; 8.29%)
S8 (20 mm; 9.48%)

S9 (22.5 mm; 10.66%)
S10 (25 mm; 11.85%)
S11 (27.5 mm; 13.03%)
S12 (30 mm; 14.22%)
S13 (32.5 mm; 15.40%)
S14 (35 mm; 16.59%)
S15 (37.5 mm; 17.77%)
S16 (40 mm; 18.96%)
S18 (45 mm; 21.33%)
$20 (50 mm; 23.70%)
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Horizontal distance (mm)
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50

- 40gNtest32-C

—— S1(2.5mm; 1.16%)

&
o

Elevation (mm)
8

=52 (5 mm, 2.31%)
——— S3(7.5mm; 3.47%)

S4 (10 mm; 4.63%)
—— S5 (12.5 mm; 5.79%)
—— S6 (15 mm; 6.94%)

S7 (17.5 mm; 8.1%)

S8 (20 mm; 9.26%)
—— 59 (22.5 mm; 10.42%)
—— S10 (25 mm; 11.57%)
—— S11(27.5 mm; 12.73%)

: Hangingwall Footwall —— S12 (30 mm; 13.89%)
150 I —— S13(32.5 mm; 15.05%)
L — 514 (35 mm; 16.2%)
o e S15 (37.5 mm; 17.36%)
r S16 (40 mm; 18.52%)
R L . — S17 (42.5 mM; 19.68%)
200 L tip —— 518 (45 mm; 20.83%)
i S19 (47.5 mm; 21.99%)
N S20 (50 mm; 23.15%)
0 J S S S S S S S S S S N
-100 0 100 200 300 400
Horizontal distance (mm)
B 3-2-22 It &7 Ak 45 65385 (40gNtest32-C) » &3 LB Koff £ 0 b 2 02| 5 B8k 8 2 80k LR M %

S1 (2.5 mm; 1.16%)
S2 (5 mm; 2.3%)

Elevation (mm)
Py e
a o
o o

-200

7

S4 (10 mm; 4.63%)

S5 (12.5 mm; 5.79%)

S6 (15 mm; 6.94%)

S7 (17.5 mm; 8.1%)

S8 (20 mm; 9.26%)

S9 (22.5 mm; 10.42%)

S10 (25 mm; 11.5%)

S11 (27.5 mm; 12.73%)

S12 (30 mm; 13.89%)

S13 (32.5 mm; 15.05%)

S14 (35 mm; 16.2%)

e S15 (37.5 mm; 17.36%)
S16 (40 mm; 18.52%)

— 517 (42.5 mm; 19.68%)

= 518 (45 mm; 20.83%)
S19 (47.5 mm; 21.99%)

TSty

mo bl o

S207(50 M, 23.15%)

100

Horizontal distance (mm)

Bl 3-2-23 & B

#7 R 4% #° 32 5% (50gNtest36-C) » &% 28 Kaji £

300 400
2 ele HETE R ZER LR MG

&
<}

-150

Elevation (mm)
5
o

—— S1(2.5mm; 1.18%)
—— S2(5mm; 2.37%)
—— $3(7.5 mm; 3.55%)

S4 (10 mm; 4.74%)
—— S5(12.5 mm; 5.92%)
—— S6 (15 mm; 7.11%)

S7 (17.5 mm; 8.20%)

$8 (20 mm; 9.48%)
—— 59(22.5 mm; 10.66%)
—— 510 (25 mm; 11.85%)
—— S11(27.5 mm; 13.03%)
—— S12 (30 mm; 14.22%)
— 513(32.5 mm; 15.40%)

Hangingwall Footwall = e memm im0
-200 S16 (40 mm; 18.96%)
—— 518 (45 mm; 21.33%)
L tip $20 (50 mm; 23.70%)

-250 . . oy S R S T S

-100 0 100 200 300 400
Horizontal distance (mm)
Bl 3-2-24 1 %7/ 48 05 2k (BOONtest37-C) » &% b E Iaff £ 7 0 B 4 =35 UK =8 2 0K £ B M %



0.0

o
;]
T

Normalized falling height
-
o

40gNtest32-C

LA
“Jh b mif mvm’f
(s w1 i
L A —— S1(2.5mm; 1.16%)
] —— S2 (5 mm; 2.31%)
——— S3 (7.5 mm; 3.4%)

S4 (10 mm; 4.6%)
—— S5(12.5 mm; 5.79%)
—— S6(15 mm; 6.94%)

S7 (17.5 mm; 8.1%)

S8 (20 mm; 9.26%)
—— S9 (22.5 mm; 10.42%)
—— S10 (25 mm; 11.5%)
—— S11(27.5 mm; 12.73%)
—— S12/(30 mm; 13.89%)
—— S13(32.5 mm; 15.05%)
— 514 (35 MM; 16.2%)
e S15 (37.5 mm; 17.36%)

S16 (40 mm; 18.52%)
—S17 (42.5 mm; 19.68%)
— 518 (45 mMm; 20.83%)

S19 (47.5 mm; 21.89%)

520 (50 mm; 23.15%)

B 3-2-25 o %

0.0

0 1 2 3

FET O BRI A R e &k R RT FERR T

o
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Normalized falling height
5

-1.5

G
—— S1(2.5 mm; 1.16%)
—— S2(5mm; 2.3%)
—— S3 (7.5 mm; 3.41%)

S4 (10 mm; 4.63%)
—— S5 (12.5 mm; 5.79%)
—— S6 (15 mm; 6.94%)

S7 (17.5 mm; 8.1%)

S8 (20 mm; 9.26%)
—— 59 (22.5 mm; 10.42%)
—— 510 (25 mm; 11.5%)
—— S11 (27.5 mm; 12.73%)
—— 512 (30 mm; 13.89%)
—— 513 (32.5 mm; 15.05%)
— 514 (35 Mm; 16.2%)
s S15 (37.5 mm; 17.36%)

S16 (40 mm; 18.52%)
— 517 (42.5 mm; 19.68%)
— S18 (45 mm; 20.83%)

S19 (47.5 mm; 21.99%)

S20 (50 mm; 23.15%)

® 3-2-26 &

Normalized horizontal distance

#7 R 45 532 % (B0gNtest36-C) > 7 -2 Kafg £ 7 > RV £ R 235 B2 0 R0 -k T pEYRE %
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0.0

M 809 Ntest37-C . MIW“ V —— S1(2.5 mm; 1.16%)

L A —— S2 (5 mm; 2.31%)
——— $3- (7.5 mm; 3.4%)

S4 (10 mm; 4.6%)
—— S5 (12.5 mm; 5.79%)
—— S6 (15 mm; 6.94%)

S7 (17.5 mm; 8.1%)

S8 (20 mm; 9.26%)
—— 59 (22.5 mm; 10.42%)
—— S10 (25 mm; 11.5%)
—— S11(27.5 mm; 12.73%)
—— 512 (30 mm; 13.89%)
— 513 (32.5 mm; 15.05%)
— S14 (35 MM; 16.2%)
s S15 (37.5 mm; 17.36%)

S16 (40 mm; 18.52%)
—S17 (42.5 mm; 19.68%)
— S18 (45 mm; 20.83%)

S19 (47.5 mm; 21.89%)

$20 (50 mm; 23.15%)

o
6]
T

Normalized falling height
-
o

15 . . . . . . . . . . . . . . . . . . .

Normalized horizontal distance

] 3-2-27 I %k 48 B> 325 (BOgNtest37-C) » # b - Fanff £ 7 0 T 41 3 4 § 306 8 1 1K T g %
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Normal Fault Test
in Prototype Scale

-
~

[y
N

=
o

Elevation (m)
[ee]

— 80gNtest37-s20
—— 50gNtest26-s20
— 40gNtest32-s20
= dip angle=600

obn o . . .
-10 0 10 20 30 40

Horizontal distance (m)

Bl 3-2-28 L 8TA 4P dS%k > b X TERHEET 0 RAIF A R3]0 & RADKT RN &
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Seismic
) . Momentt Rupture ,
Location Slip Type Ms M (1026 Length Displacement(m)
(km)
dyne-cm)
Surface  |Subsurface|Maximum |Average
USA, CA RL 8.3 [ 7.85 670 297 9.4 6.4
USA, CA RL 6.8 [ 6.76 [15.6 48 0.9
Japan LL 8 [ 7.49 190 80 8 5.04
USA, CA RL 7.8 [B] |79 (790 432 6.1 3.3
China LL 8.5 [G] |8.02 [1200 220 10 7.25
Iran N-RL 7.4 [L] |7.15 |60 30 6.4 1.35
New Zealand R-RL 7.8 [G] |7.73 |440 15 110 4.6
China RL 7.9 [L] [7.92 |850 180 14.6 7.38
Japan LL 6.7 [G] |6.52 [6.8 20
USA, Nevada |RL 7.2 [G] 1[6.83 [19.7 61 80 2
China R-LL 7.7 [L] |76 |280 148 4 2
USA, CA RL 6.3 [G] [6.38 (4.1 23
Japan RL 55 [J] 5.29 ]0.095 7S
Turkey RL 6.8 [L] 14 1
Turkey RL 7.8 [L] |7.81 |[575 360 7.5 1.85
USA, CA RL 7.2 [L] 6.92 |27 60 45 5.9 15
Japan RL 7.4 L 7 36 4.7 33 1.5 0.5
Turkey RL 7.5 [L] |7.58 |260 280 1.9 0.57
Turkey RL 75 [L] [7.59 |270 180 3.6 1.8
Turkey RL 6 [G] 9 0.3
Taiwan RL 6.7 [L] 12 2.1
USA, CA RL 6.5 [G] |5.97 15
Turkey RL 6.9 [A] 38 1.6 0.9
USA, CA RL 5.6 [ML] 3 0.05
China RL 8 [G] |7.67 (365 90 200 12.0 8
USA, CA R-LL 7.7 [L] |7.38 (130 57 64 3 0.6
Turkey RL 7.2 [L] |7.22 |77 58 4.35 2.1
USA, CA RL 6.2 [D] 16.27 |(2.89 15
Turkey RL 7.0 [A] 40 1.65 0.55
Mongolia LL 7.9 [L] 8.14 |1800 236 300 9.4 6.54
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Seismic

Rupture
) . Momentt .
Location Slip Type Ms M (1026 Length Displacement(m)
(km)
dyne-cm)
Surface  |Subsurface|Maximum |Average
USA, Alaska |RL 7.9 [U]l |7.77 |510 200 350 6.6
Japan RL 6.5 [D] |6.28 |3 20
USA, CA RL 5.4 [U] |5.17 |0.063 7
USA, CA RL 5.1 [ML] 4
USA, CA RL 4.9 [ML] 3
USA, CA RL 6.4 [W] |6.25 (2.7 38.5 35 0.2
USA, Nevada |RL 5.8 [ML] [5.58 [0.26 11
Turkey RL 6.8 [B] |6.88 (235 30 85 0.4 0.15
USA, CA LL 5.9 [PB] [5.96 [0.97 13
Mongolia RL 7.4 [L] |7.03 |39 40 40 1.3
Turkey RL 7.4 [L] |7.34 |113 80 70 2.6 1.63
Greece RL 7.2 [B] |71 |50.8 4.4 70 0.5
USA, CA RL 6.8 [L] |6.63 |10 31 40 0.38 0.18
New Zealand R-LL 7.1 [Ul |7.07 (45 2 41 0.52
Iro LL 7.1 [L] |7.23 |78 80 110 5.2 2.3
Australia R-RL 6.9 [L] |6.61 (9.3 36 20 3.5 0.9
USA, Alaska LL 6.5 [U] |6.69 |12 30
Japan RL 6.6 [J] 6.34 (3.6 18 0.72
South Africa RL 6.3 [U] 1637 |4 20
Peru R-LL 6.2 [U] [6.63 |9.84 16 30 1.2
China RL 7.5 [L] |7.26 |87 48 75 2.7 2.1
Japan R-RL 5.8 [U] 16.13 [1.75 14
USA, CA R-LL 6.5 [L] [6.64 |10.4 16 17 2.5 1.5
Turkey LL 6.7 [U] |6.63 |10 38 0.6 0.25
USA, CA RL 51 [ML] |5.23 |0.078 6
USA, CA LL 4.7 [ML] |4.57 |0.008 3.8
USA » Alaska |RL 7.6 [U] [7.7 |400 180
USA > CA RL 4.7 [ML] |4.83 [0.02 2.6
USA > CA RL 4.8 [ML] |4.77 |0.016 4.3
Nicaragua LL 6.2 [L] [6.31 |33 59 15 0.67
China LL 7.3 [L] |7.47 (180 89 110 3.6 1.3
USA: CA RL 4.8 [ML] 3
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Seismic

Rupture
) . Momentt .
Location Slip Type Ms M (1026 Length Displacement(m)
(km)
dyne-cm)
Surface  |Subsurface|Maximum |Average
USSR R-RL 7.3 [U] |7.06 (43.8 30
USA > CA RL 4.6 [U] 10.4 9 0.2
China LL 7.4 [Ul |6.99 (345 55 60 0.55
USA - CA RL 5.2 [U] 6.8 5 0.02
USA > WY N-RL 5.9 [U] 1|5.88 |[0.75 10
USA - CA N-RL 5.6 [U] |6.01 (1.18 3.8 8 0.06
USA> CA RL 4.7 [ML] |5 0.035 2
Guaternala LL 7.5 [L] |7.63 (310 235 257 3.4 2.6
China RL 7.9 [U] [7.46 |[176 10 70 3.0
Japan RL 5.4 [J] 551 [0.21 9
Turkey RL 7.3 [L] |7.23 |79 55 90 3.5 2.05
Mexico RL 5.7 [U] [5.61 [0.29
USA - CA RL 4.8 [ML] |5.24 |0.082
Iran RL 5.8 [L] |5.89 [0.76 12 14 0.3 0.12
Japan RL 6.6 [U] |6.71 ([13.2 3.2 50 1.0
USA, WA RL 4.8 [ML] 2.5
USA, CA R-LL 5.6 [U] |5.88 [0.75 10
Gerrnany LL 5.3 [Ul |5.21 |[0.074 4.5
USA, CA RL 5.2 [ML] 1.7
USA, CA RL 5.6 [U] [5.55 |[0.241 3.9 6 0.1 0.05
USA, CA RL 5.7 [U] |5.77 |0.51 144 14 0.15
Canada R-RL 4.5 [U] 475 |0.015 2
USA. CA RL 6.7 [L] [6.53 |[7.12 30.5 51 0.8 0.18
England N-RL |48 [ML] 4
USA, CA RL 59 [Ul |5.82 0.6 6.2 115 0.03
USA, CA RL 4.7 [U] |5.04 |0.041 2.5
USA, CA LL 6.1 [Ul |5.99 [1.09 9
Mexico RL 6.4 [Ul |64 |45 28
Japan LL 6.2 [U]l |6.39 (4.3 14
USA. KY RL 4.7 [U] |5.06 |0.043 1
China LL 6.8 [U] |6.64 [10.1 44 46 1.5
USA, WA RL 4.8 [Ul |5.30 [0.1 6
Iran R-RL 6.7 [U] |6.57 (8.07 15 16 0.11 0.06
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Seismic

Rupture
) . Momentt .
Location Slip Type Ms M (1026 Length Displacement(m)
(km)
dyne-cm)
Surface  |Subsurface|Maximum |Average
Iran R-RL 7.1 [Ul |7.12 (535 65 75 0.5 1.6
USA, CA RL 4.8 [ML] |4.79 |0.017 2.5
USA, CA R-LL 5.2 [U] |5.46 |0.172 9
Columbia SS/N 4.9 [U] |5.66 [0.35 1.3 0.01
USA. CA R-LL 6.5 [U]l |6.38 4.1 27
USA, Idaho N-LL 7.3 [U] |6.93 |28 34 33 2.7 0.8
USA.CA RL 6.1 [U] [6.28 (3.0 26
USA, Alaska RL 5.2 [Ul |5.84 |0.64 8
Japan RL 6.1 [U] [6.24 2.6 12
USA, CA LL 5.7 [U] 1[5.83 |[0.62 7
New Guinea LL 7.1 [Ul |7.19 [69.3 50
Algeria LL 5.9 [U]l |6 1.11 3.8 21
USA, CA RL 5.3 [U] |5.42 |[0.15 11
USA, Ohio RL 5 [mb] |4.87 |0.023 15
Canada R-RL 5.2 [Ul |5.54 |[0.23 6
Australia R-LL 5.8 [Ul |5.79 |0.54 13 13 1.3 0.5
USA, CA RL 55 [Ul |5.64 |[0.32 55
USA, CA RL 6.2 [Ul |6.31 (3.2 15.8 20 0.11
El Salvador LL 5.4 [U] 1|5.74 |0.45 6
Mexico LL 55 [U] |5.63 [0.31 5
USA, lllinois RL 4.4 [U] |4.96 |[0.031 1.7
USA, Utah RL 4.6 [U] |5.02 |0.038 55
USA, CA LL 6.2 [U] 6.2 2.6 10 30 0.2 0.2
USA, CA RL 6.6 [U] [6.61 9.2 27 30 0.92 0.5
Australia R-LL 6.4 [U]l |6.38 (4.1 6.7 13 1.17 0.6
China RL 7.3 [U] |7.13 |[54.7 35 80 1.5 0.7
China RL 7.2 [C] |6.83 |20 12.6 6 1.1 0.6
USA, CA LL 4.2 [U] |4.96 |0.031 4.5
USSR R-RL 6.8 [U] |6.76 |[15.3 25 38 2.0
USA > Utah |LL 4.8 [U] |5.33 [0.11 5
Japan LL 6.4 [U] |6.37 [4.05 16
USA > CA LL 55 [Ul |5.59 [0.27 4
Iran R-LL 7.7 [U]l |7.41 (147 80 90 0.95
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Seismic

Rupture
) . Momentt .
Location Slip Type Ms M (1026 Length Displacement(m)
(km)
dyne-cm)
Surface  |Subsurface|Maximum |Average
Philippines LL 7.8 [Ul |7.74 |460 120 120 6.2
USA > CA RL 5.2 [Ul |5.33 [0.11 4
USA > CA R-LL 5.1 [Ul |5.62 0.3 4
USA > CA R-RL 4.5 [U] |5.10 |[0.05 1.1
Turkey RL 6.8 [U] |6.87 (22.8 30 38 0.2
USA, CA RL 6.3 [Ul |6.27 [2.9 15
USA, CA RL 7.6 [U] [7.34 (114 71 62 6 2.95
USA, CA LL 6.7 [U] 1|6.68 [11.6 20
northeastern
Venezuela RL 08 04
Turkey SS 7.4 150 5.7 3.5
Central Italy N-LL 5.7 12 0.08
Turkey RL 7.2 40 4
South Iceland |RL 6.6 20
South Iceland |RL 6.6 2.15
China SS 7.8 430 16.3
America,Alaska |[RL 7.9
USA,CA SS-R
Iran RL 6.6 10
northern
Pakistan RL 9
Iran RL 6.6 10
USA,CA 6
northern
Pakistan R-SS 7.6 70 10 2.8
USA, CA RL-N 8 [n 7.61 |292 108 11.0 6
MEXICO N 7.4 1] 7.31 |105 75 4.5 1.9
Italy N 7 [G] |6.62 (9.7 2024 2
USA, Nevada N 76 |[L] |7.18 |66 62 5.8 2
Kenya N 7 [L] 31 3.3
Bulgaria N 6.9 |[L] |7.13 |55 50 3.5
Turkey RL-N 72 |[L] |69 |25 47 2 0.66
Peru N 72 |[G] |7.28 |94 21|28S 3.5
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Seismic

Rupture
) . Momentt .

Location Slip Type Ms M (1026 Length Displacement(m)

(km)

dyne-cm)
Surface  |Subsurface|Maximum |Average
USA, CA N 56 |[G] 9.2 0.2

USA, Nevada N 6.3 |[L] [6.22 |24 11 0.31 0.25
USA, Nevada N 6.9 |[L] |6.55 [7.6 26 0.76 0.45
USA, Nevada RL-N 7.2 |[L] |7.17 |64 50 4.1 2.8
USA, Nevada RL-N 6.8 |[PS] |6.94 |29 42 3.8 2.1
USA, CA N 53 |[ML] |5.21 |[0.074 7
USA, MT N 76 |[L] |7.29 |95 26.5(45 6.1 2.14
USA, Utah N 57 |[ML] |5.78 |0.52 7
Yugoslavia LL-N 6.1 [[A] |5.99 |l 6|17 0.1
Albania RL-N 6.6 |[[A] |6.75 |15 10|62 0.5 0.2
Turkey N 6.5 |[A] |6.71 |13 32|30 0.82 0.54
USA, CA RL-N 58 [[ML] |5.69 0.38 10
China RL-N 59 |[U] |5.77 ]0.515 11
Turkey N 7.1 |[L] |7.18 |67 41|63 2.8 0.86
China N 6.9 |[U] |6.95 ([29.6 27
Japan LL-N 49 |[J] 4.97 10.032 3.5 0.09
USA > Idaho N 6 [U] |6.06 |14 15
New Zealand RL-N 54 |[ML] |5.61 |[0.29 8.5
USA - Utah N 51 [[ML] 2
Greece N 6.4 |[U] |6.43 |5.02 19.4|28 0.22 0.08
USA, CA N 51 |[U] |5.47 10.18 7
Italy RL-N 59 |[U] |5.83 |[0.63 10
France N 49 |[mb] [5.17 |0.064 3.8
Greece N 6.4 |[U] |6.59 ([8.71 5.3(36 0.2
Italy N 6.9 |[U] 691 |26 38/60 1.15 0.64
Greece N 6.7 |[U] |6.63 |10 15(30
Greece N 6.4 |[U] |6.31 (3.28 19 1.5 0.6
Greece N 6.4 |[U] |6.25 |[2.65 31|26 1.1 0.6
North Yemen N 6 [U] |6.34 [3.64 15(20 0.03
Taiwan N 54 |[U] |5.72 0.427 9
West Africa RL-N 6.2 |[U] |6.32 |3.4 9.4|27 0.45
Italy N 53 |[U] |5.65 [0.35 17
Italy N 58 |[U] |6 1.12 4.5
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Seismic

Rupture
) . Momentt .
Location Slip Type Ms M (1026 Length Displacement(m)
(km)
dyne-cm)
Surface  |Subsurface|Maximum |Average
Great Britan SS-N 4.7 |[U] [4.63 |0.01 3
USA, WY RL-N 51 |[U] |5.31 |0.102 3
Peru N 46 |[U] |[5.22 |0.077 2.5 0.1
Greece N 58 |[U] |5.93 |0.89 15|15 0.18 0.15
New Zealand N 6.6 |[[U] |65 6.3 18|32 2.9 1.7
Japan N 4.9 ([ML] 1.4
China LL-N 4.8 [ 5.01 |0.036
USA, Utah LL-N 53 |[ML]
USA, Nevada N 54 |[U] |5.69 [0.38
USA, CA N 58 |[U] |6.08 |15 4.4(16.7 0.02
Turkey N 6 10 0.05-0.25
Italy,
Apennines N > > 0.08
Italy,Apennines N 5.6
Greece N 5.9
Central Italy N 5.6(MW) 12 0.08
Japan R 7.2 |[J] 7.4 140 40 4.4 2.59
Japan LL-R 7.7 |[L] |7.08 |46 14|35 3
Japan LL-R 7.3 |[L] |6.89 |24 35(22 3.8 2.9
Taiwan RL-R 7.1 |[G] 17 2.1
Japan LL-R 7.3 |[G] |6.98 |33 30
Japan R? 6.3 |[G] 11
Taiwan LL-R 7.4 |[L] |7.08 |46 43 2.1
Mexico RL-R 6.9 |[L] |6.63 |10 22 0.9 0.5
Iran R 7.2 |[L] |7.35 |117 99 0.8
Japan R 75 |[B] |7.59 |273 40|60
Peru R 57 |[U] |6.14 |1.81 55 0.4
Iran R 6.9 |[A] |6.75 |15 20(34
Pakistan R 6.3 |[mb] [6.19 (2.2 13
USA- CA R 52 |[U] |5.72 |0.42 8
Japan RL-R 6.5 |[U] |654 |7.2 5.7|118
Japan LL-R 6.1 |[U] |6.32 |34 10
Turkey R 6.7 |[U] |6.55 |7.4 26 0.63 0.5
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Seismic

Rupture
) . Momentt .
Location Slip Type Ms M (1026 Length Displacement(m)
(km)
dyne-cm)
Surface  |Subsurface|Maximum |Average
USSR R 7 [U] 16.83 [195 30
Italy R 6.5 |[U] 1[6.49 |6 19
USSR R 7 [U] |6.84 |(20.7 48
China LL-R 69 |[U] |6.71 |13 30
China R 6.4 |[U] |6.37 |4 12
China LL-R 6.7 |[U] |6.58 [8.4 22
Ican R 6.9 |[U] |6.73 |14 32
Argentina R 74 |[U] |7.48 189 80
Iran R 75 |[U] |7.39 |137 85|74 3 15
USA, CA R 4.7 |[U] 5
Yugoslavia R 6.9 |[U] |6.98 (32.9 50
Australia R 6.1 |[U] |6.12 |1.67 15|16 1.5 0.5
Iran RL-R 6.7 |[L] |6.61 [9.1 17|28 1.1
Iran LL-R 7.1 |[L] |7.17 |63 65(75 3.9 1.2
Algeria R 7.3 |[L] |7.10 {50.8 31.2|55 6.5 1.54
Canada R 52 |[U] |5.55 |0.24 55
USA, CA R 54 |[U] |5.42 |0.15 3.3/18 0.64
USA, NY R 51 |[[ML] |4.89 |0.024 1.5
Turkey LL-R 69 |[U] |6.73 |14 12|50 1.2
Belgium RL-R 43 |[A] |4.77 |0.016 5
Argentina R 59 |[U] |5.87 |0.72 16
New Guinea R 72 |[U] |7.23 |79 48
USA, CA R 59 |[U] |6.09 (153 20
China R 7.3 |[U] |6.89 |24.6 15|12 1.55
Canada R 6.6 |[[U] |6.64 [10.2 32
Canada R 6.9 |[U] |6.75 |15 40
Taiwan R 6.4 |[U] |6.37 |4 20
USA, CA RL-R 6 [U] 1[6.13 [1.73 9|16
USA, CA R 58 |[U] |5.87 |0.73 8
Taiwan R 78 |[U] |7.33 |110 48
Japan LL-R 53 |[U] |551 |0.21
USA, CA R 57 |[U] |6.01 |1.04
Australia R 6.3 |[U] |6.26 |2.8 10.2(13 1.3 0.63
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Seismic

Rupture
) . Momentt .
Location Slip Type Ms M (1026 Length Displacement(m)
(km)
dyne-cm)
Surface  |Subsurface|Maximum |Average
Australia R 6.7 |[U] |6.58 8.2 16(19 1.9 0.93
Canada R 58 |[U] |5.84 |0.64 23
USA > CA RL-R 7.1 |[U] 16.92 |267 40
Algeria R 57 |[U] |5.98 [1.04 4.0/15 0.13
Canada R 6.3 |[U] [5.98 |[1.04 10(10 2.0 0.8
Japan R 51 |[U] |5.28 0.092 6.5
USA, Oregon R 54 |[U] |4.77 10.016 55
Taiwan R 7.6 100 11 2
southern coastal
Pery R 8.4
California SS-R 6.5
Japan R 6.8 1
China R 7.9 200 9
Chile R 7.6 130 km
China RL-R 7.3 32 5
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