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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 strike-slip faults is chosen as the main study subject during the third
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, Milun Fault in Taiwan and Hayward
Fault in San Francisco 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.
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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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(intraplate)

% 5 #7 & (Transform faults) : A
fﬁ\ﬁ*ﬁiﬁ’@. U F G ERT S H
AR 0 EE -

¥ #%r B J& ( Transcurrent faults) : B
B R i 7*5'{ °

bR HBE R A,

®Displace segments of oceanic crust similar spreading
vectors

® Present example: Owen, Romanche and Charlie Gibbs
fracture zones

R B g

@ Join unlike plates which move parallel to the boundary
between the plates

® Present examples: San Andreas fault(California),
Chanman fault(Pakistnan), Alpine fault (New Zealand)

S AR B A R A

® Accommodate horizonatal component of oblique
subduction; cut and may localize arc intrusions and
volcanic; located about 100 km inboard of trench

®Present examples: Semanko fault (Burma), Atacama fault
(Chile), Median Tectonic line (Japan)

e Bk AR B B AR A BT R . B,

® Separate continent-continent blocks which move with
respect to one another because of plate convergence

® Present examples: North Anatolian fault (Turkey);
Karakorum, Altyn tagh and Kunlun fault (Tibet)

i R 87 & (Tear faults): B,

® Accommodate differential displacement within a given
allochthon(#% & % #%) or between the allochthon and
adjacent structural units

® Present examples: northwest- and northeast-striking fault
in Asiak fold-thrust belt (Canada)

¥ % ¥ J& (Transfer faults): B,

® Transfer horizontal slip from one se,(,ment of a major
strike-slip fault to its overstepping or en echelon neighbor
® Present examples: Lower Hope Valley and Upper Hurunui
Valley faults between the Hope and Kakapo faults (New
Zealand), Southern and Northern Diagonal faults
(eastern Sinai)

R b 3% 9 Y B T R
(Intracontinental transform fault) :

® Separate allochthons of different tectonic styles
® Present example: Garlock fault (California)

B.

3] B Sylvester,A.G.(GSAB 1988)
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| g B = 7
= =10 = % 9o —
\% = g E Al QDO o [s] Oo E
] £ - o 0 o.X B
o ) - a £90 Fog ]
E ] o oo ool &
E ,_tS - oo 5: o D o o —
) | & L ° o og P i
1 E o e} o O 3
= a = o oy . E
- — o o [=] (9 o .
- 1 &g [ A ]
5] g _ oo ]
g | = ~ A M@ o, 00 E
o]
= S e O sikesip §1Nr s 0 o © -
5 5 - S ]
Strike-slip [~ A
L o - _- Nermal 4 ' o A 7
— . — Reverse — A O 7
4 1 1 |||\|\‘ 1 1 ||||||‘ . . 10—2 o L1 1 \||| 1 IIII\I‘ I
1 10 100 1000 1 10 100 1000
Surface Rupture Length (km) Surface Rupture Length (km)

B S RUTA M LR LR 2 S RER)
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212Fp B FHUT

BIp b g B UTE ¢ 1953 T a9rad AR 4 SR A 4 A
Fendrh 3 1 - e 3 grie g~ LETR  ATIVETE 2 B e BT > AL
whEA S AL BB N TR TR - R WA A E A
wAEAS NG X L LETR  VETR S SR RETR 2 5 ETR > B 33 i e B U

P2 LR AP BB BB E kAN SRR 2 2k B B R

AT RET TR

ﬁ?\t
K:-
Nl
Fi
i\
N
“J

= ARl EPETR F o 7t A fR 2EE R
A B o R I B ensl £ g (suture) 0 & 1395 Sylvester(1988) 4 #7 0 & BT

FHE R @A ETR > B ab R PSR P 5 5 SR8 A i B ¥ 4 (simple
shear) i * 5 fie B & (convergence):h»c Jig ™ 47 = s 04 4z #F AEFeP R a2 (palm
tree structure » L [B] 1.1.2) o & R ezt $7& 1345 Sylvester(1988) 4 #8 - o fotx
o rETR o R E L et T YRS 1 LETR ATV TR 2 S ch s YT
R B A 27 % B 4 enRf o 4R 4F 02 5 Sylvester(1988)#& 1 e 3§ 4 (pure shear)

ER T T A e R 2 B9 - & o phfce £ (2007)45 0 0 45 LR B

e

T AAETBEYRAF > B AR B & ERET 13km L8 =43 i
170~330m » #+ % T et A F TR T i 450m e ¥ oeh o i ek £ A 5 6km

2T W 4 0 ZAPR(2000)F B efEY o NIMAR G B BA

N

[ 4
5 Ek

B lAkm o o 2 ohp IRl % o R VETE ¥ R OB &% > BRIk -

ot
K¢
=

%
5

%

T 0L F Pl TR AR (] 2.1.3) o hEcy % (2008)4; 1 0 3 Ak &

kERAOFEPN PARETE o LA B U RO R B B TR
AT RAAERF VLD > 1951 oiviEk R G g A B R AR AURE
-

9 TE L - A kit 2 i -

iy

[ERER W)

ﬂbm)i’ﬁf"”*%%*}é] o F\ {pe

QI3 EBEEP T R
# 13 (physical model) © 4k F & & R £ * 3 FHpg 25 7 o f]

VRS TR R AR F T A R R LR AR H ST RN G O

TS e BTE R R IR RPIE A R G
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RpEH AR HRFREE > LPRBREF RS Hs AR5 (en
echelon array) ey £ gL B ~ A7 ~ T 9Tk ap sk > 8 9 AR5 g L Ly
7 45 7 < 3 4 (Riedel shears) - Naylor et al(1986) t#) 48385 » #7314 ic#) X #
#% Tk & & i it (] 2.1.4) 11 2 Dooley and Schreurs(2012) & 72 &2 7+ (] 2.1.5) »
oA A EHY AT B E I e o T BB e & B

R U 2o 2 RIARLE Y TR 5 SRS ETA 0L & iR 0 ok 212
AT LI R RO BANIREE RE DR PR AR
AR E P LD ETE AR T TR TR E T AR s AN
Guerroué and Cobbold(2006) 4 3= sk =32 Ft ¢ » 7 G RIARBIP A5 01 K %7
By cigig (B 2.1.6) - B¢ #2530 4 5 & 15k 438 (positive flower structure)
4ol 2.1.5(a.b) w #2345 f 75k H3 (negative flower structure) 4 2.1.6(c)
® 2.1.6(d) -

BERARLE RARRIT T {400 BRBEE G FRAF Lz RS
TR F(1994) R B A 27 £ P IACAIA T TR A TFAREF LG AT
Hez Rz B Ey iz BwalR(Bl 21.7) § 28 A 3 4 & 3£ 7
PF o RIARB T F L fSak Hig 0 2t h 4245 Christie-Blick and Biddle(1985) > # #5 7
Kasd B R Kl o AREREILY 5o T

1. ifcﬁ« 23w a0 A Rs R BTV R L ETA R e

(normal or reverse separation) -
2. Hk- ARER I RFER FFET LU LA GET NER L E -
3. HE-%Eka 2 WA DEA S 2 2 BIe VA ® P RR K
REEH D v HEERES 7 2 AP (R 2.1.8) -
FlPt AR B A TR B faiEsk RS E AL B 2 TR Y 2 RIARBIERE

TRREFH e FHEEFERT > A B ARAE L
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Bl 2.1.3 A7 40K % E B R 20 5 (Fecs % > 2007)

10 cm
- "\\
\\\-\;\-ﬁ.\ T~ R =
~ ~
Displ. 21 ¢m Riedel shears
3 S S 3
&X\\& _-___._
S S s S
Displ 28 cm Riedel shears and first sptays {S)
'\\“\ L hS “\
W\\% =
\\\ ~ \\\\ \"'-.___ -
Displ 35 ¢cm Lower angle shears/first P shears (P}

1

Dispt 70 em Throughgoing fault zone with sheor lenseﬂ

.
/ Active faults /" inactive/partially active faults

B 214 mifadsk® 500 X B8 %k 48 % i i (Naylor et al, 1986)
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SwW NE

Eastern  gan Gabriel Fault

B 2.1.6 AR B 7 BL% e K %) 4% #x(Guerroué and Cobbold, 2006)
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Overburden

/

Basement ”

1

N - NORMAL
R - REVERSE

Tt
74 \_/\ -
IEAVIN
NN P
~ \_/_
AR
N
s
[XEN
N
Ir
N
o
Ve

A
XL\
{:Q/(
I 7
NRGS
TS
\ \
SO

\
AU
\
~

i
N —
\_/\
IREN
Pl

S~ ~
\ \

A

N

17

S

~

A AT

\
S
/\"
A
N
PN

-\
<
N

CRYSTALLINE BASEMENT

- 7

W gk 2. & = 4 (Naylor et al., 1986)

MAJOR CHARACTERISTICS

e BASEMENT - INVOLVED

e PDZ SUB-VERTICAL AT DEPTH

e UPWARD DIVERGING & REJOINING
SPLAYS

JUXTAPOSED ROCKS

* CONTRASTING BASEMENT TYPE

« ABRUPT VARIATIONS IN THICKNESS
& FACIES IN A SINGLE STRATI-
GRAPHIC UNIT

SEPARATION IN ONE PROFILE

* NORMAL- & REVERSE-SEPARATION
FAULTS IN SAME PROFILE

e VARIABLE MAGNITUDE & SENSE OF
SEPARATION FOR DIFFERENT
HORIZONS OFFSET BY THE SAME
FAULT

SUCCESSIVE PROFILES

¢ INCONSISTENT DIP DIRECTION ON
A SINGLE FAULT

¢ VARIABLE MAGNITUDE & SENSE OF
SEPARATION FOR A GIVEN HORIZON
ON A SINGLE FAULT

* VARIABLE PROPORTIONS OF NORMAL-
& REVERSE-SEPARATION FAULTS

TIME-STRATIGRAPHIC UNIT WITH
VARIABLE SEDIMENTARY FACIES

B 2.1.8 §# 8k & %t ff 25 T i ic(Christie-Blick, N., K. T. Biddle, 1985)
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214 # # ¥k B R
B AR BE IR 2 ST WA B et miE A g fpEat

MFWA T 2R FWA T2 T {5 B F P RRETA T T R A S g
Bodoo AU SRR A B HE ) T AGTR R SRR R 2 (Fr 4 0 T2 g
SR HHEIAFE AGR RS T T ORI R B SRR
o itk T2 Y R o 2 RE - iR Bl B ROMRE
AP R 2P EEFE R RS R PR S THREE NS W L RE
FRACH AL R F AT PR R - o AT Y AR F 3
PlcE LA RSAE REERA I F NG R0 T AL X
Al AT SRR Y 25 SR AT -

APy 2R e 472 > 2 A £ R ltasca o @ #7474 2. Particle Flow
Code (PFC)#z.5% » st 425 4 = = s (2D)% = w(BD)2 i< A » 4 7 FIH A 41k
Pl RIFRSRM S AL EREEHEY PFC3D 5 A 451 B o

® = M 37313 0 Place and Mora(2000) % 1 * » 3~ 3 2 23 67k T & pF >
Sp BB R A BT g I NP A (R 219 2 B 2110) > 2
Morgan(2004)% 8 Bt 7 e =~ 3 Hokl R Br g 5% T fs il g A 4 14 BT AP
ey A BEAEH A L E 357 5 3 (B 2.111) > ¥ 7 R P LETE F Y iR
B ARAFZ T UAGFL RGPS i Tl AT B 4
BAZZEFRBEEEE DEFRY 2 ar il dwm= A Y

chiv g 81 ) o
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Elastic block

Gouge layer

256 particles

Elastic block

- :
64 particles

B 2.1.9 » 3~ 225 ¥k T # (Place and Mora, 2000)

Tt l
e

B 2.1.10 A 3~ % 32 6k

0 5 0 5 (mm) o 5 0 5 (mm)
" i 1

! A —
Particle configuration

Bl 2.1.11 Apfe i B RSS2 P 4L H %2517 5 7 F (Morgan, 2004)
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ZLSﬁﬁ%ﬁﬁﬁﬁ%ﬁﬂﬁ%

Gk TEr IR BRI FEAL AT RN T E T P AL
THIRG c FAABARAH TS IREFF OB FIRELAA LY L2 H
g FRIMCER A H R AR P AHE AL T g 3
RiE R R AR T IR R ARV E LS AEAS B LFY
#-p BN M APM ATy 0 BB Aed 213 #1 o

FHETAERIRT BRI ERE L HE TRERFELFAL P B EP
iR 2T B Ao i 214 T o

#  Anastasopoulos(2010) ™ $icid & 47 > FHifR 2 A &3 L B 2 3 4117 5
RGP L h AR BRSR L R R s B AR L RS g (4
B 20 3R A BB B o ghpEd) H S A2 KB R B
BABHP TR QAL EEE 0 B 5 L B4R 21120 d 2B
FEFVURISHEF O HREF AL A SR Bl 1113 #r7 0 s/B
0l Pr(efpy mERAITTE) EFEH S FEAARRRY AR
Bz 2 Bt d 0 02B i FlALG o Aok A8 R F AR - R 24
EHpoay e kicS £3E hH S 10%pF 5 B fﬁ#f'“r;: | g % T 4 L A dpen
454 4B 549 B 3s/B A 0.9 PR(ETE B AT P ) LU s
FEARRARE Y AR ? B OB Fs 4ok £ ¢ B 2 HE -
B4 e 74402 B EIE WH 3 10%0 S 4E 4 o0 Bl chdo X B4 5 A4

AR AL A9 B o
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#0213 K Er IR B3R R L HE RSB PSS § 0 2007)
B A IF T E
> kA | T ﬁ;ﬂ BHAS|F2 R/ BHES
&
REAE
Sherard et al. (1974) | = /if %7k B ¥R -
Lazarte et al. (1994) | # # %7k B 4 R A#H -
Lettis et al. (2000) A5 w7k 23 P
Murbach et al. (1999) |  # %74 L AEL, BERTE -
5 b« LERY -
Bray (2001) B3 A s " *’% ;"E b i
;;2 5 Ee N i%ﬁ .
Ulusay etal. (2001) | # # 4 1 ’ﬁzﬁ # i
Kelson et al. (2001) i R A ER: 4 i B -
Kung et al. (2001) i ET R E: 4 F -
Dong et al. (2003) i T ER: 4 EH -
Ponmez ndPuiel [ sk | aw | wak -
Konagai (2005) | # #% /1 %7k LR A -
Anas(?(s)g;s);)ulos ek 1 SR ]
Bray and Kelson s e R 1 Lo L
(2006) %ﬁ. %? L’*ﬁ'}é] i/% iz ’Fl‘*ﬂ M= 'J‘:i -
P EHAR &
Bray (1990) i TR b2 EE 3 -
Lazarte (1996) A5 w7k k4 EN 3 -
Nahaset al. (2006) ok IE: A ]
KEA I
DU taggy | AR | AR | PR | Rmpmp
Bray (1990) Ry 4k % 4 I3EI3E 5
R
Lazarte (1996) B A ek k2 B & f /ﬁa}f‘/ﬁ +
Kawashima (2002) i ¥ Ry L HtRAA | AR
| 2w s ER | R
Yllmaz(ggg;)aolucm BLEEE |7 ok A 3 35 [/
|. Anast | - . e e a1
rasgsopoulos | ek | 2 R |F g pE




2204wk fer s B R RELHE T REF BT RESET

2007)
32 I 4 ) 1
+ 32 R B R oo gy | 2 BE ST
e 3 HH I RIEHEE
:
%7
Bonilla, 1982) | ; Tloaw |mram| - ]
Prentice and Ponti | & /if %t . v .y
(1997) & g owg | we -
A T s s ,
Ulusay et al. (2001) | " }; ER g i o _
T i o | sy | TR ETS
akada et al. (2001) | i %7 & S R A -
o
L 19 Lfé
Cluff et al. (2003) *“Z R I P Fal o i
Sorensenand BBE | lua sa| wo
Meyer(2003) R K REERR A )
Kontogianni and | 1 #/i% 5 - e
stiros (2003) | #ig | ¢ | ®E | A2 -
& gy 1
Honegger et al. (2004) ;fﬁ‘g T oaw |as F@| s i
. :27/1 Y 3EF . H
Konagai (2005) ;fﬁ;:é;_ EE: ¢ %i{ & e %o -
IR %
Burridge et al. (1989) | i %74 w2 "R K -
Trautmann and A #7 .
O'Rourke (1985) | k& 4 A - -
Trautmann et al. A T ,
(1985) ’ ); IE iRy - -
HKEA
Newmark and Hall | ®# 7 | . oo |0 | v o e e
£y 1%
Kennedy et al. (1977) *“‘Z T REY M2 S| G F AR
A% g1 . ,
Wang and Yeh (1985) % RBY (w2 P W F AR
, i | s o | TP ETE
Takada etal. (2001) | %k | F-y |4 g *";@; F SR
Kawashima (2002) | i ¥tk | %-H% |iGieihd| %o | §/BBELE
Karamitrosetal. | WA % | . o |0 wan | s .
(2007) & RoBY (M2 P K L Sk X el
Burridge et al., (1989)| @ %% | #)2 R e -
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Footwall H

Base Rock

Bl 2.1.12 ik 45851 R B2 K2 B T ]2 B i L

(Anastasopoulos, 2010)

s/B=0.5
9/pgB = 0.1

s/B=0.9
q/pgB =0.1

plq

B 2.1.13 ﬁﬁ# 22 A AR ek 2 Ap B 2 B 5 (Anastasopoulos,

H
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2.1.6 ¥ i MBI A 5 S L
%%ﬁWﬁéﬁﬁilﬁﬁﬁﬁﬁ’%¥%ﬁzﬁé#@ﬁﬁﬂ%ﬂza’
A7 A& w o 1972 &8 APACt 122 Bray(2012)& 4% o
N AEREE T VL EF A RE G MFA AR T BH AT
o

LF L LS R e AR 2 AR L F Y L e A
kgl

T%J‘—#?’ v A B 2 % 0 PV T F TR HITZ 1 AREE 0 ¥t AP act
wEDE LA S > A&

Bray(2012)*t# 12 L& m 5 > FIS ¥ A DA A FER2Z RE G 4 K4
Fol AR 2 Rea 3 2GS R R AR CE LY ETELR R

B % )AL AP act TR RER L B o d W Eder F o LB InE S 4 A

BOEAERNAL 307 0% 1420 N Rk Aok 215 S 0 oty 2k A #

-

REVRPHEAS T FFL EREORD EERIRT 2 F3FE A Bray(2012)
AT R BERIRE T R AR E AL Rtk b I R2ZZEH

#/be\c_jg ¥ ,SF‘FIE‘ ]p- 4 E‘V‘j(lo /4}’47\)’ m Pf'“']‘ﬂtl]j—r—l—‘;gfp#’](l]’:%%ié

12 v (30 p)c 2 AP A4 L B2 RFIN S » FI8TR Ed A 24 20k,

HiHe - FH AL 2 ML P EEAP T U FZMKERE N L B iwka
RIZFF™ L3 RAR R 2 1 AR R & SN TR 2 ¥ @ 2 U e FR R

B2 TR
2215 2R 5 EREHARAR (N FE 2 F AAEIRFRE)

£ 4% e /I I )

1/600 B MRegZHZER

1/500 HAMAAFHARELNZR2RE (EL2HRE)
1/300 B B ot Bl 4 % 42 SRR (N 37 BRI

1/250 | WM i e 58 B 45 A ) HE 0 B

1/150 B F] oS B TR 7 A FH % S e

1/150 AR L R (EZR2RE)

1/150 SR A A RS A 1
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1 - R e I SR R LTS S ALt R RV - 4 T T i 4
REZHV w282 23 E 07 142 Vg B BHS N e
Bl 2114 9757 > FARM 2 Z AP fRaT o w2 SR o R F A S H 5 R2 8
PAHFA =8 BV AT R R T UM EEE N R M E A 1R
i DR AR R R R HRARTA 2 AR HENA S

FHoa FRNRCNREELR TR REAFTAF AL 2L R R EKF

X

E:

BE Ay 2 RNAS 2 Benif i T adE LA o

® ® © I,
® ® ® ©® © © AT O
FLEXIBLE FLEXIBLE BAY FLEXIBLE| |
BAY BAY | BAY t :
| |
Vo |
Roof =t b= —:
|
Fourth =~ —~—=\0"rT
T |
Third ~y 4 e _:.
[ |
Second —- £—--NJ-+-
/ ‘p, : !
—T— 4 Ground Z -‘""r-'\—l
ZA BRI BT
7 [ i W b IS
L. open * Bosement |- L open T | B B | o e
,//,'r/////// Voo /.'-'//.'////['.f/'/_/. 7 /.m'.’»,'.r % = \7§70-
' |

. [l ﬁ— flo
(@)% 2) & 3t R AR 1B (D)% 25 F 358 % 8
B 2114 B4 2 AA#GK & U0k ST %2 45 12 (Bray et al. 2012)

Foho 18 2777 acd AAH NI ELT NG et gmy 2P

FPHERFTUFRAE ARV EERRFRRELENE & LR
7

BEFHERPN T F RN PRI R A AR FETIE A
BN E LRI EE R E G BFI M B RE s FL s )

PARUF L PEERA S o RV UFILE S5 o ¥ b Bray(2012) 77 s R A
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AAOT N R LAY P L BRI J L AA N vFy R
287 B @ ARY R/AH U AE BT 2R ERAHAE L PR 2
Ao AR S A A AHRP A B LA Bk R

RESULTS OF NUMERICAL ANALYSIS (Bray 2001)

CASE 1/280
Unacceptable
A Rupture to Surface
Excessive Differential
Settlement
1/360
£ 77— Acceptable
B 7m | Soilwith T No Surface Rupture
Geogrids \ T o
— 77 \ gg‘fzzre-;;tl;:l:; Settlement
Rock \s. 3cm P
Bl 2115 1 % ¥ 1 i (T BT 1 fRAE SN
g STETR AT IR S Y R 2R TR Y AR E T g R

BT T RHEE MRS pEEE AP > 4 Oettle and Bray(2013)7 4 113 B

Sl A A P2 AL B s S AL AR Rl

BAIRGEMAL BB En 7 A2 BipEho-d A f2hd & kg
LEZILEAE N E I

1. ﬂ&—%%%%%ﬁd T AR N BERIR A PR - KAk T REREL

Bk o RpRERI2ZAEEL R LA uctle 7 TE R R

RO REPEHE B N H R BRR) PR B B 2

B2 BBz B MRV AR A RUREERERY > 2 4

HepL BT E ﬁéﬁ%ﬂ%N%%ﬁLJ%Qﬁﬁiq’%QZLM

SRR L T B A2 BAFTHERFA AL R ER 2 -

i .
I
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2. EAHA AR LSRR RN AR T AR HR
BN R AR PEBE b Ar R F R E AR
R R g 0 R E R BUR T RS A s PR R R
2 4 S5R GRS AR > Pld Oettle 5 2 2 73 7n P H ¥ A A 2
Z B RN LI FAARERA02 2R3 2B

R T UERD HAL B SR o AREL R A

et

AR B2 AT (2 R
kR A RIRT R ROTA 2 B 2 O defl 2.1.17(a) 2
()57 -
3. BRATH 22 BB B R 5 T @ SR A e 0
LEERBEF VIR Y ApM 2 2 e 1R SR AHT S
B RS R S B R) T ER B A 0 B
BB R FREGOR 2118 4R o R - 12 R
PODETR) KRB BB LR T R R B L S SRS A S
2 AL I AR (L SR B R AN~ $ A
2 B B8 g 2 - i B2 B (seismic gap) 0 ¥ ¢ » Bray 7
TEET RS S R L S PR P
[T

2,500 -

Stiff Previously Ruptured
Native Sail

B \\

Z 2,000 1 1

X

'_g Yielding

w i Less Ductile

E 1,500 Engineered Fill

£

5

g 1000 1 7\

= More Ductile
Engineered Fill

500

0.3 0.6 0.9
Vertical Fault Displacement (m)

(=]

$12116 2 P R & 72 L2 8 T 2 # K5 EE A F Bl (Oettle and Bray, 2013)

27



Vertical Fault Displacement:

.............. Om cmmmm== 0.05m ———e= 01m
——-—02m @ == 03m 0.6m
2,500 ~
E S _
< 2,000 -
S
ie)
[
- 1,500
C
N
£
5 1,000 4 N
£ B o ol = MY
o
=
500 T r .
0 1 2 3
Reverse Fault Mat Thickness (m)
(@)1 &7
Vertical Fault Displacement:
-------------- 0m =======005m - === 01m
2,500_ —_——-02m W === 0.3 m 0.6 m
E _
£ 2,000 -
S
i}
o
- 1,500 -
c
(o}
£
£ 1,000 -
E
[e]
=
500 T . )
0 1 2 3
Normal Fault Mat Thickness (m)

OEEE

B 2117 BN AHER B 82 £ 37 % =M % B (Oettle and Bray, 2013)
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2,200 -

)

a . .
. <— Without Diaphragm Wall Yielding
= 1,800 -

o

Re}

(T

©

c

(o]

£ 1,400 -

c

[4}]

£

(@]

=

With Diaphragm Wall

1,000 —_—

T T T T T T T 1

00 03 06 09 1.2 15 1.8 21 2.4

Vertical Fault Displacement (m)

B 2.1.18 & A S E B 2 L8 % 2 32280 % B (Oettle and Bray, 2013)

2.2 %t w éﬁ‘

BN AT IR A B gl g R T ’ifbf*?ﬂ%ﬂﬁﬂ?
PR T2 fdiedm 3 00T I S 2 e T0E HRRE U2 R Gk
FhEEAFEE2 S8 FEREKESN S M T I F LB IR R S
(Probability Density Function, PDF » 4o 5 4 fF & ¥ #c¥ i~ F )RR IF F
o I ERA AT T AT R IR T S EZ R - 2
AR PSS LA AP T BRSFEA T AN ES T o
221 #r7r  AARETT O~ RER BT LYrETR ISR RAT R R T ArEE A 0t
P EETOREREA E 0 d B 221 F g R O FREA TR S
~HEF AT AFT AT ES G HEY S TR A ETHEL G

AaBo FHAEAGEHERTEA GBI RR SE FIPT 3 ki

1 (X—1)°, . .. < Vo 4 s T e en b aw o
f(x):a@em[_ 2572 I(¥rm B9 u2oithdl TOEEEREL)
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1

f(x)= ——
) XA 2702

o2 ToEEERER)

_ 2
ool Ty ek 4550 8¢ % 0 5 A 2
o

Fohod e R A FRMR B2 AR TRGETHE ) I F AT

b s > o) 221 2 FORLA ok T s )R
I REc BB Gt 221577 ) A0 MG TG A 1T Sl TiE
«12’3

¥R BB E R AREL o - B B AT SEs (e iE 2 F
B4 A HEK BAF) R T AR A AR+ RARE) B S
BEEFRTHES TR 2R (¥R b it 2 802 PEFER) -

P AR AR a b S Hch T RR AL 6 o d 2N pTRA B2 gEAE(T)
AR BB AR g gL Tl o I - S T ARG TR
BEZERRER2Z o470 a2 FRE M2 7 1% p 4p B #c(autocorrelation
function) ¢ §_ X % £ ¥ I #(semivariogram) % #y it B % it {* pAPRE S¥cA 3 o
¥ Lz andcy H dpdcd ge(single exponential) ~ F = 3 $cd #ic(squared exponential)
Foom dlic? 2 RHcg ML & (scale of fluctuation)s B > § & 4pTRF R EE
IPFEAT @R B K R T BRR B ARR I ¥ L p AP Sidicz 25N U ]
2,7 L [F 2.2.2

IR ) R R § Sl ’WLL“*W«%&@%LE -3 S
PR R TR ERBREEEFARTHR MEFE AR AR A
ot R ST Rl P FRALTIE] poApM Sl gy i B R
7P R BT RERE SRR ARER

B4r
&

*"-“}&

o

W

LARERC Y SRR AT AW A TR L G T
AL

BER 0 RIT Y RECEA R AR RRER GG 4 222700

1h

/

B 87§ 2 P TALCET £ R~ # RABRHC2 i {78 % (Cheng, et al., 2007) - %

3&‘

hoMEG o BT OR-H Y ETR 2 3 RAEREZ EﬁﬁPP”A\*‘r’Tv@“’?b

WL A e $PTETR S8 RTRIT L T R PR AR Y R REARICH
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R T BAPR o L ETR 2 BRI VR I b H g R
Tt F R LETE B BRI G AR BRI T  BRE SHEYEA T
TR SR R G R A R U RE BEE A R R T AR
PAviplice LETA Y RERE? Uy BN (¥ BT - 8Th F 8L 2 87K

BoAFZ SB)E A Bod e BAERHCE5 b i 2 T Bt pE L LD

Flpt LTk 2 BB T OUARASS HR L BRI AR LR E R B
B(ERBE54p) > By BaE(E ko £ 0 MO)E ¥ R (MW)2 2 N 4o
2 (M +107)]
2
M, =10 (Eq.2.2.1)
TSR R e 2RV R 2 P RERT S SRR R R 1R

(Eq.2.2.2)
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FTRS

H 0Tk e R - RBo T TR 2 BAERACR R LR R
o Gt T BER S HEY AT -

FMUIHEZAY S FREAH AT P FTE 2D R (S )~ LYrET
Bores of BETR R AT g 0 d N TRITETA 4R R RS 2 R P R
FEoA T EL A E RRS BN A Tt AP R TR A B
ER(TAZE 2 ppMER)S 5002 @ $1k A Rl B85 A £ EX 5 100

2R 500 %t ETh A RIZEETREAFTT Y BT EF b L2 L EFR

o

AR AR AR R LUK 2 BIE R RN Rt A
AT BT VEI L BEFFL AT AL 223 77 o
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PETEN , R — .
# 222 o #EEETR AP M TR - 5T 4 (Cheng et al., 2007)
_ — £ =
2 ,,E., = D:pth £ E g oo |co | }t?ecurlrence
® g = 2 = | ( m) s = g <~ &E & ggg nterval (year)
= > . = = .
No. Fault Name = ;) o _‘g £ s |8 s E 3 Ec, giE“ % 3? Zgg §£ do
o 2 SIRE | 2 o o £ |=8 £go| B3 32
o - © @ [=} @ 28 | =S
01492+ | Huangehis Hoiaoyukeng + | \NE | 60SE | Norma & Sinistral [ 36 | 0 [15 | 17 | 18 | 824 | 20+10 70s02 543 748 568
04 Nankan NNW | 80NW | Normal& Dextral | 22 | 0 | 10 10 0.7 223 04+0.2] 6.520.2] 1352 1896] 1492
05 Shuanglienpo ENE | 50SE Reverse 12 1 2 |10 10 0.4 125 0.5+£0.25 6.2+0.2 567 1036] 831
06 Yangmei ENE_| 50NW Reverse: 20 | 2 [10 | 10 08 261 | 05+025 66+02] 1082] 1704/ 1334
07 Hukou ENE | 45SE Thrust 3210 |12 17 1.5 543 1.0+0.5 6.9+0.2 733] 1362 1041
08 Hsinchu E-W | 458 Thrust 28 | 0 |12 17 14 475 1.5+0.75| 6.8+0.2 395 832 639
09 Tapingti NNE | 45SE Thrust 15 | 0 |12 17 0.8 255 0.6+0.3] 6510.2 653| 1378/ 1080
10 Chutung NE | 50SE Reverse 14 1 0 | 12 16 0.7 219 06+0.3 65+0.2 760 1249 983
11 Hsincheng N40E | 458E Thrust 22 | 0 | 12 17 1.1 373 2.0+1.00 6.720. 267 532 412
12 Touhuanping E-W | 80S Dextral 27 [0 [12 | 12 1.0 329 | 25+125 67+02] 242 392 304
13 Seztan N10E | 75W Reverse 3B |0 |12 12 13 435 | 25+125( 68+02 258 471 362
14 Shinchoshan N10E | BOE Reverse. 16 | 0 |12 | 14 07 222 | 25+125 6502 180 302 238
14BT Miaoli blind thrust N10E | 30E |[Reverse & Dexiral | 37 | 2 | 15 26 2.6 962 5.0£2.5 7.2+0.2 223 397 298
15 Tuntzechiao N60E 90 Dextral 20| 0 |15 15 09 300 25+125 66+02 226 368 287
16 Sanyi NNE | 40E Thrust 22 | 0 | 15 23 1.5 513 1.0£0.5] 6.9+0.2 940[ 1313 1005
17 Chelungpu N-S 40E Thrust 90 | 0 |20 31 6.8 2800 | 15.0+7.5( 7.710.2 182 268 194
18 Changhua NNS | 30E Thrust 85 | 2 | 15 28 54 2354 | 15.0+7.5 7.6+0.2 153 226/ 165
19 Tamopu-Hsuangtung N-S | 45E Thrust 701 0 |15 21 38 1485 08104 74202 2282 3306|2444
20 Shuilikeng N-S 50E Thrust 32 1 0 |15 20 1.8 627 0.6+0.3 7.0£0.2] 1810] 2495 1898
21 Chenyulanchi N-S | 50E Thrust 36 | 0 |15 | 20 20 705 08+04 7002 1207 2023[1533
22 Chiuchiungkeng NNE | 35E Thrust 24 | 0 [15 | 26 1.8 628 | 10.0+50 7.0+0.2 109] 150 114
23 Kukeng NW 90 Sinistral 10 [ 0 [15 [ 15 05 161 30+15 63102 136] 204 162
24 Meishan N75E| 90 Dextrtal 14 [ 0 |15 15 0.7 216 6.0+30[ 65+02 94 124 98
24BT Chaiyi blind thrust N10E | 30E Thrust 36 | 2 | 15 26 25 936 12.0£6.00 7.210.2 122 163 122
25 Chukou NE 40E Thrust 70 | 0 | 15 25 45 1745 | 100450 75102 221 298] 219
26 + 27 Muchiliao + Liuchia NNE | 35SE Thrust 30| 0 |15 26 2.2 785 8.0+4.0] 7.120.2 155 217 164
28 Tsochen NW 90 Sinistral 12 1 0 | 15 15 0.6 180 25+1.25 64402 192 263 209
29 Hsinhua N70E 90 Dextrtal 12 | 0 | 15 15 0.6 180 5.0+2.5| 6.410.2 96 132 104
30 Houchiali NNE | 60w Thrust 120 [15] 17 07 208 50425 64202 83 145 114
30BT Tainan blind thrust N10E | 30E Thrust 36 | 2 |15 26 25 936 10.0£5.00 7.2+0.2] 146 195 146
31 Hsiaokangshan NNE | 50SE Reverse 12 [0 [15 [ 20 07 235 | 15+075 65202 347 523 411
32 Chishan NE 45E Thrust 60 | 0 | 15 21 33 1273 3.0+1.5] 7.320.2 507 796 592
33 Yuchang NE | 50E Reverse 12 [0 [12 [ 186 06 195 10405 64202 437 694] 548
34+35 Yenwu + Fenshan NW 50E Reverse 2191 0 |12 16 1.0 329 1.5+0.75] 6.7+0.2 487] 653 507
36 Liukuei NE | 50E Reverse 20 [0 [15] 20 12 392 | 05+025 67+02] 1229 2196|1697
37a Chaochou(north) N-S 50E Reverse 55 | 0 |20 26 37 1436 40+20] 74202 471 647 479
37b Chaochou(south) N-S 50E Reverse 40 | 0 |20 26 2.8 1044 3.0+1.5| 7.210.2 433 699 523
38 Hengchun NNW | 50E Reverse 40 [ 0 |20 [ 28 28 | 1044 20+1.0] 72402 650 1048 784
39 llan NE | 60SE Normal 30| 0 | 15 17 1.5 520 1.5+0.75 6.910.2 623 882 675
40 Chiaochi NE [ 60SE Normal 25 | 0 [15 [ 17 13 433 20+10 68+02[ 397 587 452
41a Lishan (a) NNE | 60E Normal 30| 0 [ 15| 17 15 520 | 15+075 69+02 623 882 675
41b Lishan (b) NNE | 60E Normal 25 | 0 |15 [ 17 13 433 12406 68:02 666 978 753
41c Lishan (c) NNE | 60E Normal 30 | 0 | 15 17 1.5 520 1.0£0.5 6.910.2 940[ 1323/ 1013
41d Lishan (d) NNE | 60E Normal 300 [15 ] 17 15 520 10405 69+02 940 1323[1013
42 Meilun N30E | 50E |Reverse & Sinistral| 30 | 0 | 30 39 31 1175 [ 200+10.0, 7.3+0.2 83 113 84
43 Ueimei N30E | 50E_|Reverse & Sinistral| 45 | 0 | 30 | 39 45 | 1762 | 20.0+10.0] 7.5+02 111]  148] 109
44 Yuli N30E | 50E |[Reverse & Sinistral| 48 | 0 | 30 39 4.7 1880 | 16.0+8.0] 7.510.2] 130 193] 142
45 Chihshang N25E | 50E |Reverse & Sinistral| 30 | 0 | 30 39 3.1 1175 | 20.0+10.0] 7.3x0 83 113 4
46 Yuli West NNE | 50W |Reverse & Sinistral| 40 | 0 | 25 33 34 1305 | 10.0+£5.0[ 7.3x0 150] 243 180
47 Luyeh N-S | 50E Reverse 18 0 [25 | 33 17 587 80+4 0 6910 105 179 137
48 Lichi N-S 50E |Reverse & Sinistral| 24 | 0 | 25 33 22 783 16.0£8.00 7.120.2 78 108 82
49 Chimei N40E [ 50E |Reverse & Sinistral| 25 | 0 | 30 39 2.6 979 4020 72202 354| 502 377
50 Yueikangshan N70E | 80S [Reverse & Sinistral| 12 [ 0 | 10 12 05 139 1005 62+02 312 554] 443

%223 B

~

100 2 500 = =

..vb%‘l'c\;p A A g ﬁi

BiE=E : 100/

BlEsEE : 500K

EIEE

— R AT & B
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—R#T AT & B

AOE

EEEHA(E PR M)

8

2694

12

3556

B EEHB(FIIR P ER T 4T)

8

1188

10

1630

Rs(cEM )

11

3006

29

7751

LLI B0 CGfr A6 T HrAE P 2T)
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26426
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49078
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% 2.2.4 BElE 4§ 100 2 500 = = T2 A v dkiE

FEADBR((EERER  EREEREEY BESE))

Bl Rt

BliEBE 100K BlEESLES00A R

B EEHA(E P XM

EBEE IR B(RI IR P B M 4T)

Res(EEDEL)

LI B R AE TH R AE P 2T)

12806
4379 6177
7646
5667 10250

Count(s)

T
Frequency

0 4

I L L B L O B O
8 12 16 20 24 28 32 36 40 44 48
SPT-N

B221 #BF » 2% ED > REA G5 R

0.8 A

p(T)
=

Single exponential
......... Binary noise
= = = Cosine exponential

=+ = Second-order Markov

— — Squared exponential

0.4 - ‘\\"-._‘\
0.2 -
0

B222 pAph S Bogd
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237 R %

2318 uh L
% AP 02 R P 4TI o B TR R AT R R AT AR

s R0 i % 22 3 (prototype) 4p e sk 2 2 R A (prototype)4p e i 4 % iR R
BEET AR (TR RS B L oa £ B2 1 gk
A& e 4 A s pEFF o Fpt - 1/N i HATE A N B E e B
B R A AE N B RIF R R gahp £ R ISR
¢ AP R AR IR %**'qu? AR RAZ %4 75 (B23.1)
Al e g e A - BT F Al g 4 B e B
FEAFE G 2 RETT LY o TR (1g B A A H07))

P A drdlanaskiE 2T (eI EET CFRER 2 XA AER) Y =
Fad Py RF T RADERBH > D20 FE AR RERS A1 2
T ft o Pt HCRRSR S Ko T I a4 0 fRE & 0 B S pUR s
(failure mechanism) » & @ 3% 11 ec:B e 457 2 o F 2R ¥ U ¥ FES 2 S B e
ATl kB F R RRE D THE A TR ST ¥ 1 (F] 23.2) -

% 2.3.1 & #0322 Rl (prototype) 4p i dh et e d B OB A5 R I
Ed B BRKFESOES 4eE R T Ng - ?@@J;@g.uf_{ﬁ KA E - L 4

A e R AR i ’Lz'ﬁzru? R R RIS A Mg R WA TR
FARIAE R F P AT P AR IO ITL AT RE R aE%R L
FI* B AR T MHEORS Y L BEE & 80g sl deid BB 0 AR
AU TR AR R 17 UUB0 SF ¢ S BT £ i BT 4 0 g BoAR S
RF e E > PRI K T FE R R o

AT ATEF 2. ¢ 4 1 3 5 (NCU Geotechnical Centrifuge) i d 2 |«
Acutronic 2 @ #7322 gl 2. 665 3] 0 4o 2.3.3 T 0 BERAE T A

1. #5483 88 (Centrifuge Mechanical Assembly) -

2. T REE % X (Power Supply System) -
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3. HIFHR™ 2 Lo Al % %i(Operator Desk Controller) -

5

A g ey oo 2 e 3me i F £ 5 100g-ton T
TR R MR GAC P S R 100g(g 2 E Y fed R) o ATEE KL
Hphejrd ot o> AP iFd <4 & 5 800 &+ * £ 7] 5 400kg -

i T i) A% 4 (container) A3 o AR 2 # B E R E B iE i o A

1 %7k 48 B B 3 5% 4a (fault simulation container) sk 3+ 2 # i®> 2 v & £ B2 ¥

Rprg Ben®lZ b s fe b1 P L X Fapoany § (capacity) MR B S 3
R e U] i 2 o WA 45 B0 BB EER 6 2 06 4 A SR B R0 T Y A BOQ
HEFP BT 60 REAMAEZ 2 pdE sd &l 74 5 UTR o B -

TR ehsE E 0 RPR G i SR 0 3 {7 8 d2 4] (displacement control) siiE E o i
FoR & e iRIER B e (D F R ER Q7 kAL
B2 ECGFAHBREIFI A AR TS BREPEI) QA R gET &FHF
B EERTER (AP P RARETRERREZ AL DA - Fhafger kb g &

BEFRT 1% 3 2 R0 o2 R 2K D6 g B2 R FA) o

/A

WHC L2 (R XEX
B)EH 5 FF L (A00Kg) S LF] o T ET A 45 B HORR IR SR 48 0B < R IR o

AT R R BB RO ¢ 0 TR

WS EXTxB =100 2 4 x528 2 AX67.5 D4 o TR M EHREKR A S T
AR T R R IREETE P TS RBRT R W s R RS AT 4
B R AR E A BERIFHRFER T SRR S
60 &> o FTHA oV BB DRIE S G hH AC PIRE 2 FRRE
LETR gt et 4 kiR L R IVA & S IUFIETR B B & R (60 B )i B SR 2 3R
ROGRER T o M o A EXEXBT4 2 A%x30 24 X325 24 o L7 R TRk
Eor T B A RN AL AU BB EE BHES FRE )0
H 5 Bo* £ 400kg o 220V AC PR S i o d14 200W 0 fie & 1/200 # i
fe 1/30 i dhir s 5 0 7 3 ATET R 45§ s 5 4 0-2.5mm/min B T B 45 8

FHTED 6 A o BB PIEFER T - BExXF=60 4 x2815 o & R4
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ARE T R ERIEAE THEPBR - P R 4 A 80g dnFiEE T o R R

Al % B xEX5=59.2 2 % x24 2 v x22 o R ihd RE o ¥R 45 00K 260 &

AEEG T Y £ § g R £ 206 ¥R o 2 (surface profile
scanner) o ¥ py o @ k- AT U ERRTFEREX) T H B U E - LT
BRI A 3w BARN)DT M - g g REFDERT > BRELEY 3 F
B TR AR AGER S REIELET B LUK NGRS R e A3
B o B 2.3.4(a) 5 ¥k B kR 0 B 2.34(0)R) 5 R 2 A 3G 4
B @ chpe oo [ 2.35()% B 2.35(b) 5 I #2205 o B el ¥k 2
YTk B bRk o B A3 AR K ML R R B o B 2.3.6(2)% B 2.3.6(b) 5 4
Boo B Ripdrk 0 BT AR ERd T AR TR T BT BB KT
FEALE B A BARGR G Bl AL B A e gy o B - BRI ER P B
EREar A3 R AT ELEEE R B L3 DR AL

%231 s A8 R 2 Ap i

LELS A Hi Fl=ov (s 1030 R A)
4v 3 A& (acceleration) m/sec? N
£ & (linear dimension) m 1/N
&+ (stress) kPa 1
&% (strain) - 1
% & (density) kglem® 1
78 2 48 4% (Mass or volume) kg or m® 1IN
¥ = # (unit weight) N/m? N
4 (force) N 1/N?
44 45(Bending moment) Nm 1/N3
Bending moment/unit width Nm/m 1/N?
Flexural stiffness/unit width 2 3
Nm</m 1/N
(El/m)
R % P& Y (time: diffuse) S 1/N?
P R (time: dynamic) S 1/N
#g = (frequency) 1/s N
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B R R ER R 3R

IR
KEJIAAIE]

NyH/N=pNgH/N=pgH
R231 RA -1 HAIERCHA 7 PIFR i BER 2 B4 2

Full-Scale
Monitoring

Investigation &
Verification

Evaluation &
calibration

A new

theory
or

a design

problem

Evaluation &
calibration

Investigation &

B Investigation &
Verificatio

Verificagion

Numerical
Modeling

Centrifuge
Modeling

<& >

Evaluation &
calibration

232 Bofq) ~ #cE S AR 2 RS2 % Rk MG
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(@) (b)
B 2.3.4 ()47 A 4 B Wt % 40 5 (D) £ 3o #Fp o 2
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26.30 1 70.70 |
e % |‘—
o 1)
Fh LDT27 [ i
------------ 67.80 - 8.70
¢ o o o ©
N -
I”
I’ I
7k ¥ S
73 e
=5 1]- &7
r, 8 &‘
zZ I o
II - o
-3
= —15.50
- L Tnit: cm
() %7K
-14.5 0 5?.3
B E AR 45 J\ | 3.00
23.00 74.00 )
k g —

(b): 7

B 2.35 4o 8 Erk 4 05 sksk 2 LR 2 SRSk
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> saadiest 2012041 Blaul
[

Bl GO Yo Dot Oper
7] (S]] @[] [0k dskcmon Fore

a5 =

(2): 7

e Yow bome (5

_"I_fil ) 1 At B e E | E

B 2.3.6 #Fp o 2 &0 i 87k 45 RSB ALY (TR S 425

232 B fARBRR HHEILT 2 B T
2321 8% PEFHE B K

S I AR T2 S L7 P BN I
R 23U s A WA R Rk 2 R R FER R R PR A
Hoo AL AHEY NEREFRES G F 0 R I B kicAl 24
DB R EGNHBRE Y oA WREFHEAI B B IR A RRE S

BAINFEP TR G785 7 B R Y 2 FER RIS T 5 LR
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(poorly graded) - i i 200 3L éF 5 £ 0.2% > fmkifl 2 4" o A A GHR T
3+ 100 56+ 12 %2 140 BLE b o R tR M T 195 0 Rk du— 1 A %2 BT SP o
FEFEERAZ B IEE F o d p oA JSFT26-81T 2 385 = 2 £ » H &
L §rH i F L 16.27(KN/M%) > &) 358 = F 5 13.52(kN/m’) - z=Ru 4 (2 p 44 2
Bod PEABIERENE LT AERY pa B HEH T R 40%-60% -
70% 2 e T E BT 4 2% F%R S HDRDNA%IcF) 2 f Bk
5 3504 232 A RBRA A NMFIIM T B 237 5% B G AT R o
AEFUFEEUTRME LR U 238 T L BB FHER LT
TR T OUGELE R AR R R PR 2 A o U BE S F R ko BT
2R EE BT
1 T iz FARL > Y RBHYHI(FEFR) 5iE 16 56HE
R o I R Rl e S R e L
FEBR D RAE AR A EL
2. R FOPARERFACEN T AEL 8D L B RN E T S M
g e IRMA G TR UL ERIFERR -
3. BEMEECRFTE THBEREY U AlvEREE > # L2 2
BEAGHIHE L FEEEFTEIRAE - 2 REFREPN 7 FIRAE A
Rl 2 ApEg A - R
4 FRFTEHELER A A ACEHF LD T A A - R4
Ao THOMFEC 1T LIBELHFRARNO0S 20 hEIBE 0 T
A EATAS S DI RITITE R A AT R R R
LR eniEd B R o FTEt E IR T ETR B eny B

5. EAHIIATFHERL K o LT GENFR L L -

(o))

A
a

N

E LRV ESR RN SR TS ST 3
G2 EREE LY

7. MRS ARG S 0 BBEER BER AR BA
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Wik Sangf o {1 hapIdgpe S B BEPTRAZ LL R
BOERI TR LA SERALX2RTE TV RS B TEE
Foendp e AR e EFE Do B A e HRd oL TE L35 R
"o F Mg 109 27 - R ITE 0 B I % g #(40g 2 80Q) 5 ik 0 gt FFE R

2 & § 8P 19 3 80g #) R e KaE o FliE sk g (409 & 80g)is o B #e 4
Btk R RS E (BEEL @ F 20mm/min.) o B bR R (T e
Rasdofig FIEATER BHEEEHIGHE -0 > EF 2 P8k &
R A2 5 BB o RS R AcB 2.3.6()4T o 4ok B EF BHFE TG

EREOREELETEE R IR FRFRFAER BB SRS &3 R o

a8

VBT PR ETE A B A 35 BB o R k4ol 23.6(b)0rw o F I

B R (L2 a4 EG25mm (A4 ) ) - BB G HFE o

a8

R RETR SR R L3]G BRleb 808 X 5 50mm(HA < )
FlpbE PR R B R 5 S1-S20 0 A E 20 FE B A3 BB o mER RS 0 B
STA G B ER A PR B S od BRI AT EFHBE EREAE P A
R i o FEH ARG 2 T g

2322 A 13k3 2 WAL K

ARG 2 3 (bentonite) 2 gz (glycerin) | iT A 1T 4R3 o gt A 1 FRL B 5
FHEF EFERTED SR ROEE A EEFFENIRR VA€
PR EET R BPE BT B AL 0 2 BT AR X P R o 27
Fenyg i FE - M8t By dfed L 1 4pd > REEFRETFESR B
239 ZAFLALIZI AT FARE S FETIRRAE G L FRT L BA
EF A EARS AR o A KSR EY S AT F £ (40%2 34%) g4
14kd 0 REEAR LS F P TS R R AL K -

AT A K FRES N R EMARS K o A 1 EMARS BT S 2
b4 H}%ar—f :
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2. FRARILAART e g RSB FE AT TR AP R
WL EE LA s 3h2 & o F0 LI TR B E B T o

3. KARL B BEERIGELAFR  FUEIFLLLERA -

4 LT REREASEDT A BR -

5. BiSET AL H

B 2310 5 A 1 2HAE2 K (700 £ 40%) 2 B 5 iEAem s - ®iTz 2 4
1 ALY EMER Y 22cm s H =& 5 16.7KN/m3 5 Lol 3 244 55 B 46kPa =
Lo V2311 5 A1FIFEM (20 F34%) 2 BEEERY BT A2
A1FRAEMERY 22cm o H = F L 16.6KN/M3 > 3ot 3 ¢ § 4 iR ERE 4
110kPa % +

2323 m3k2 3 k#FH

AT E A 1AL EITT R Llom st 1A K (20 B 34% 0 Tio
L3 BE 4R 110 kPa 24 ) > RUEE I Bo st enF F 2L W IT K
1lem svz#48 %) 2 & (Dr=70%)

AR B A T RGBT B AR IR SR
BEDTRAE LARREDERT THRAE LR TP B RGBT EE
B e BRI B B E W I B A0 HE P o REFE A e D
Be > Mg F IR 10g 27— S HFm ¥ 0 B 3 3E% g #k(40g & 80Q) & iF o pLFEE
sIE plA & F F P 19 3] 809 A2 K e RaE o FliE @5k g 2 (409 & 809)is o
Redad sk sdngd (FEE2EF 20mm/min.) » Sdw FFpF, it
FeTh SR AR PR E R F R (L E 45 E 9 2.5mm(#E = )
E-FEROBREBEEIGHFE S BT REESRERF TR 230 28] &
< a5E B 95 50mm (HA1 2 ) o FltEpFE R A Ris 5 S1-S20 0 £ 20 FF
e 23 o ER o dH 2208 BT SR IORAR AP R PBHE - 4 R
LAMTEFRR T RAEAF AR T R GR O FEHABAG 2 T

¥ e -
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232483 P TS R A PR ATER BT 05K 1

% 233 GBI P ¢ R T HEKEFBRIFRMIE FRIFE o

SRMFEA LS AER RS IRR R RS .

%232 B%d 2 AApRPF

i FEFR)
wE G 2.65

T $ak jT Dso(mm) 0.193

F 2 Dig(mm) 0.147

R L @ (Dr=40%) 35°

B A $E® A 0 amax(glom?) 1.66

B 5% R 0 amin(g/em’) 1.38

Fo— 3 AN SP

%233 pIEF - E ke TR ML Rk IE

R B2 &A% A (Dn% Bl & B R *(cm) 354 % & "(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 (0.50m)
10gRtest7 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) 3.0 (24m)
1gRtest14 70 20 5.0
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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-A 70 20 (16 m) 1.75 (1.4m)
50gNtest36-C Clay 22 (7.6 m) 50 (25m)
80gNtest37-C Clay 22 (17.6 m) 50 (4.0m)
80gRtest38-C Clay 22 (7.6 m) 50 (4.0m)
80gRtest39-F-B 70 20 (16 m) 50 (4.0m)
80gRtest41-F-B 70 20 (16 m) 50 (4.0m)
80gRtest43 70 10  (8m) 50 (4.0m)
80gNtest44-C-H Clay 22 (17.6m) 50 (4.0m)
80gRtest46-C-H Clay 22 (17.6m) 50 (4.0m)
80gRtest47-F-C 70 20  (16m) 50 (4.0m)
80gRtest50 50 20 (26m) 50 (4.0m)
80gRtest52-F-B 70 20  (16m) 50 (4.0m)

46




# 233 Pw e m ARk mELE F5k ()

40gRtest57-F-D 70 20 (8m) 50 (2.0m)
80gNtest58-F-B 70 20  (16m) 50 (4.0m)
80gNtest59-S/C 70-Clay 21 (16.2m) 50 (4.0m)
70gRtest60-S/C 70-Clay 21 (14.7m) 50 (3.5m)
70gRtest61-F-D 70 20 (14m) 50 (3.5m)
70gNtest62-F-B 70 20 (14m) 50 (3.5m)
70gNtest63-F-B 70 20 (14 m) 50 (3.5m)
70gNtest64-F-B 70 20 (14m) 50 (3.5m)
70gNtest65-F-C 70 20 (14 m) 50 (3.5m)
70gNtest66-F-D 70 20 (14 m) 50 (3.5m)
70gNtest67-F-A 70 20 (14m) 50 (3.5m)
1gNtest68 70 20 (0.2m) 50 (0.05m)
70gNtest69 70 20 (14 m) 5.0 (3.5m)
70gNtest70-F-B 70 20 (14 m) 50 (3.5m)
70gNtest71-F-B 70 20 (14 m) 50 (3.5m)
70gNtest72-growth(l) 70 18 (12.6 m) 2.5 (1.75m)
70gNtest72-growth(ll) 70 20 (14 m) 50 (1.75m)

RAN T A AR E PR G Hix i o wg
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B 238 LB RHM 2B NF R R

Vane Shear Strength , ¢ (kPa)

Bulk Density (kg/m®)

A compaction curve

® Vane Shear

B/ 2.3.9 #

35

Glycerin Content , g/c (%)
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AL+ EBRREBRRE(2/c=40%)

4 MNBEASs BN HRE S5 BVIBRRE 6. ¥+ IR eSS
B 2.3.10 % 1 :R484E4 & (0/c=40%)2. & # G A%

AT SRRREBRE (2/c=34%)

-f,

1?\

;é#%u

K?E‘JAI%&‘.ij:ﬁ/\?rtﬁﬁ
BEZEE

A FERENERE 5 SEAEE

B 2.3.11 * 1 ERE3RY & (0/c=34%)2 & & 4%
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233 BRI R %HRE
4233 i Ehe B daighHhiit B2 o S ERI REBFEAS

F)2 B4R 3R FEME D Fond HUTE B EK ¥ cha BT RE AT AP ET
BiEH e B chl A HETR LA R B AR B e £ 234 5 4 ER
I PR R T iRk £ R IR AR F LR A A T W

b T 1% BRI AHREE AR 0 2 B TR

% 234 5 F 2 anihiE A%k ik

5 Y Bt R Ap$t® A (D% Bt k5 R *(Cm) 12 % &7 (em)
80gNtest35-F-A 70 20 (16m) | 1.75 (L4m)
50gNtest36-C Clay 22 (17.6 m) 50 (25m)
80gNtest37-C Clay 22  (17.6 m) 50 (4.0m)
80gRtest38-C Clay 22  (17.6 m) 50 (4.0m)
80gRtest39-F-B 70 20 (16 m) 50 (4.0m)
80gRtest41-F-B 70 20 (16m) | 50 (4.0m)
80gRtest43 70 10 (8m) | 5.0 (4.0m)
80gNtest44-C-H Clay 22 (17.6m) 50 (4.0m)
80gRtest46-C-H Clay 22 (17.6m) 50 (4.0m)
80gRtest47-F-C 70 20 (16m) 50 (4.0m)
80gRtest50 50 20 (16m) 50 (4.0m)
80gRtest52-F-B 70 20  (16m) 50 (4.0m)
40gRtest57-F-D 70 20 (8m) 50 (2.0m)
80gNtest58-F-B 70 20 (16m) 50 (4.0m)
80gNtest59-S/C 70-Clay 21  (16.2m) 50 (4.0m)
70gRtest60-S/C 70-Clay 21 (14.7m) 50 (3.5m)
70gRtest61-F-D 70 20 (14 m) 50 (3.5m)
70gNtest62-F-B 70 20 (14 m) 50 (3.5m)
70gNtest63-F-B 70 20 (14 m) 50 (3.5m)
70gNtest64-F-B 70 20 (14 m) 50 (3.5m)
70gNtest65-F-C 70 20 (14 m) 50 (3.5m)
70gNtest66-F-D 70 20 (14 m) 50 (3.5m)
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70gNtest67-F-A 70 20 (14 m) 50 (3.5m)
1gNtest68 70 20 (0.2m) 50 (0.05m)
70gNtest69 70 20 (14 m) 50 (3.5m)
70gNtest70-F-B 70 20 (14 m) 50 (3.5m)
70gNtest71-F-B 70 20 (14 m) 50 (3.5m)
70gNtest72-growth(l) 70
70gNtest72-growth(I1) 70
RAPMEKRT ARG AR BErioo g

2 R
LN T A LR &R DR

3l e
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234 BUK )
234184 ¢

AR AT Y 2 FHETE R4 ¢ T 5 33em(£ )x22em(E)x10em(% )0 B A R
AT R B R M T 4o] 2312 #ror o WA M AKX TS 90 B 0 )i BTk
BRALHEZABEANG AP E AT AL 2 AT HER o F £ d 1T
FAPKTHE o d F R THE > TH A2 IGEER ST BBIERY S
3cmed # £ 2 I I L B A LB A BRI BETE S B U T 55 o
d# g2 A FEFR 8T R L RRIRGETE AT ETR T (75 0 523 R
2IERE g FHET 05~1em BB FHE -

FiiaiiBe ALY A 5 BIA A B I TR (FEZ RBRiEMm v B IFES 3
B ARG PR R HERE R ES LR P DRI IR T &

A EFL R B RS HRER P A DRBEHEFY PRI K A
2B BEARE (T o TN FHRBEEY L 2 FERTE AR IR D KRk
R A T Xt

Fyfaiesepe ¥ 0 4oB] 2.3.13(@)1m o R R 18 0 d LRI B £ Ap $HE
B = BeTh S a2 % A& RlefHE 5 5cme b pr ] i 30044
RELWEHHR G IM g VHTEIED BT hE SEALFSERY
AR TR RXEIRE CHERIEE R r AR 2R

I G AR RIEE A BRRR 2 A A REEELE S BT
BFF R R 0 4oB 2.3.13(0)FTF o pt A RE G = > SHFR S TR e
B R (F 2.3.14) 0 AP R AeT

L #HRBEi-EBho CoRFERTERYZTFPH X2 Y

Fh2 KT Fhil R 5 PRIRIRE R Z fh2 T E MR F T G E
# o
2. kRFEHPz KT R AT gt nFE SR Y T XY B

Wb =B AR E 0 AR S lum -
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3. FHEHIIBALT R LR Rt VT i Ry
BN RRT A G EMA G a8 § A p W KEYENCE
% LC-2320 3 > kiR i LEMT M FHEFH AWML FALF
+8mm - £ {247 A 5 0.5um -
4, Follissr kB R T R TR BdpEiE RS-232C 4 5
BT R ke
FifaidsRiEARY EF AV RS EARY k2 A B 2 4 4oF] 2.3.15
“ram ool ARG SEARY FI IR AL IF|T R ¢ 2 2 R F AT
T2 MG LFky Ed pk ¥ 0 kAR Tl Ak 473 5 LR
BT ARKBETTINA R R T Rsk o d s B A 20 AT
B2 MG PR R R G CFREIGI AR RS TR DR G

B2 HF7)5 80 5 845 17 5 o

<

220mm g3gmm
T\__330mm__—

530mm

300mm

160mm

(a) (b)

B 2.3.12 §# %k #ids 0] o () RIAR Bl (D) P47 R
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CAUTION

H G A3t

=

A # Ocm A # 0.5cm 7 A #% lem i

B 2.3.15 &) 44 g = 5 97 &
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23429 %HFBF
554 % 5 Q0077 TR S St B2 K 2 Wk Sl Tt iE R Ake

FRER LR 2 I F ek 31970 o8y 2 B G #A0~#140 d 2 593 B o

3

AP e 09% A FE B VR ELE SRR L o R Bk T 30

\

bl

0.84mm » T 32imifd 5 B () *+#200 #) 5 0.2% > Fjz 7 B 5 99.3% o 3 vkt
D10=0.17mm> D30=0.33mm>D60=0.35mm> ¥ i {#r) * 2. 53 % # Cu=2.08 »
e B Ce=0.90 < 145 bu— 2 A KTE S B h AF) SPod R ATEE) I hT
It Gs=2.650 B X iC R AR ~ Bl Rc R A A B 5 1.67 2 1.47(g/cm3) - Fpt w4
Z_E* ~ EBo 3V emax ~ emin 4 %] 5 0.83 2 0.59 -

R* A FEA LT R AT RS B v H F(1998) §
P g AR e FREAEF T - Jend Bk - H95%e 7 1 (g &ET A
F& ;o (2)H T sk (simple sheartest) 5 (3) % FLit = Pt KB Z% & o d 2 B igsk T
Wz pd T4 5 R AR 4oF] 2316 #r7 o HESET o ER I ARHR A
55%3 v 100% > ¥ & d 3573 4 417 cBEARNEF KRS 2 F B o T £ 975 05-1
T s e H PRS2 P AR o

% 5(2007) AT E* 283 BFE RN F (1998) A4pin o Flpt &
Hy et A AP R TE 4 FEFEERRE T EEH T (1998) 2 F %%
Ot CURGRATR Y BE R R 4 F T R 2 M 4 B
U IR T SN -PAR L S A
EPFERHR DG RFEAVERK  REA T RER BRI RRAERS B
TIBRAFRER AP RRE o ArPEREHRSS B H F (1998) 444
FEERT 2 B SE5 - R 4ok 2359757 o

bt BRI EFENERT I BROMREYL 2T 4
P X 2R R B (1998) TR ER AR IT- 1t o d A RAAFBRERT £ 2

Mo R@H2 a3 RAARBART 2T L el 2317 4 -
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235 e BN R FKTHRESE
PSS d ¥ ¥ £-(1998) & % 3 (2007)
#r 7 (%) 0 0
A iz £ (%) 99.3 99.8
i 5 £ (%) 0.7 0.2
i F G 2.65 2.65
S ALK SP SP
X iEmA glom® 1.66 1.67
5l iz® A glem® 1.44 1.47
B IUHY emax 0.84 0.80
BL IV B emin 0.60 0.59
Bt ¢ 35°~41° 34°~38°
“ DR 3=
A |mivEss
® = BhiESk
Or  |laEtam
E 38 A
ik AC))]

E TR AP HE % R 55% ~ 75% ~ 90% ~ 100%
B YRR L Rk H % & 55% - 100%

B 2.3.16 43 7 # )2 ApH %A fofd & bl (4% 5 0 2007)

44 | [ewn gz vis-
R S
A2 T e oz it '
Tag |7 PR
o A #3Es B H) X
S
$38 2
= 36
Bx .
2 4 &
34 |
32
30 :
0 20 60 100 120
10 ¥ % & (%)

Bl 2.3.17 483 7 B2 Ap 4 % A fodd & chBl 245 5 0 2007)
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24 FEHR

TR P IRACANE R 2 b A RBIER R N R e

w

i 17 2R 48 & 702 (Discrete Element Method, DEM) 2. #c (8 fir#% o 22 4 48 & 7
E IR R B SER 2 TER 4 U T Gy 2 AR R BRI R E A N %)
b e T O RERER R S AR M G AEtkahe TR Y o 3R
FE R RS R Bt FROTHORECAY R 2P AR Rk
SRR RIS TRGEE L4 o 2 B AR At AT 2 R Fp AT
THAERER- B AP RN RS R R
B AT @ g e 22 X ATFA S HA AR ERAL B S
FOR A AT o
ARy oz s 42 0 2 B3R £ | ltasca » & #7472 2. Particle Flow
Code (PFC)#z.5% » st 4258 A % - @ (2D)% = &(BD)2 %4 » % 1 ¥ B A 50
Mo A3 2 PFC2D 5 1 ~ 5%k L & A451 % > 502 PFC3D 5 4 # %7k 2 &
1k o
2.4.1 s 47) fa W3
* 37 PRFC2D #iciE g o7 * Spkcnis 2 70 B EH% T B P R Né 2 17
WA R) 241 Ao o d RN Z T EE R U AT EY AT
AT TR N AR RER R <1 X 20 B e spk L A B 5 1.49mm ~ 1.05mm
2 0.74mm > H @ 3p L e 1.49mm > 8 £ § 90.2% ~ $g L 2 1.05mm ik > 4
£ % 55% ~ 32 T 0.74mm i 2R E F 4.3% o I = fAF RS TR K
S fhEAE 0 815 PFC2D eiicie ik o 2 HenBic EHCE] i ik 2 e @) 2.4.2(a)
2§ 2.42(0) 47 o @ fpen ¥ B 0] o R IE 2 4w 2.4.2(C) 9T o By fhin
R kA ExF=100 2 &~ x35 o4 o A Y 4 5 Wall 1I~Wall 4 > £ 3R = +

4o T
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i+

JEN
E_

EAE

- &
12

Wall 1 : :# % 48 » & 35cm > 45+ ;- fault dip direction # #°

Wall 2 © i %7k & 25cm 5 %7k & 50cm - 4%+ ;- fault dip direction #% # -

Wall 3 © 5 %7k & 75cm ; &+ %7k £ 50cm -

Wall 4 : £ % 4 > £ 35cm -

Wall 5 : %7k & 4 o

FUw Beid 2 2 ki 2 e apd Ky o B SdeT

Lo KES RIARER 2 R B3 Imo 3 RIS hiede Im o 0 JEdR R g
B ek BEERE(74cm) & cE R EcE A G RE R B 0 A kA
B H A WA b ochErk 4 b & & (dip angle) 0 2 g 1 B Rk
(boundary effect) o # T 3 %7k 45 > & B 7 & & 0 IS A cpESE >
B3 X O T B 0 g EERT BT 4 d R -

2. 3B A 50Kk F K LR 20mmo 3t A A KRB N5 0% ] R i
& erafl 42 (circular disk) o & 4 & 3~ LT 1.49mm 0[] & £ 1200 % > &
2 1.05mm eh[Rl 4 £ 147 %p 0 272 0.74mm P[] 4 £ 232 5 o

3. WirmehRléafp eFp £L4§ 23273 TF4 30014 %2t -

4. 3t fF R S DR AF AR E PR IN 20em (T A A 4T R 0 R R A T
HEHREI A PRE AT EREES K25 L 1.49mm el

+ 21831 #f > L /= 1.05mm )4 £ 2684 3 0 L /= 0.74mm 0[] 4

4244 3F o 3EIuAF EERE & 5 [F14F 28759 %f > 4RIV 4 & 0.156 ©

BTA BCE R R ER G 20em(B A2 2 BB REARR) > & = 10
oom-FRhBR2ZM 5 F KT YRR RS HKBE DR (K, Bk

TR A e B 4e) 0 T AT E Y Sl iR S likdr £ 241 ¢
2.4.2 1 # 7Rk ) 48 -3

AFTE TR Y 2R U A BB RO HCE] < 4 5 33ecmx22emx10cm o B < o]
LRI TR Y 2R B 243 LA A B Sk AKX s 0/ L

TR 2 2 AR B RCRE ALY 2 e A i TR B B s e A
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R Yo T FERATRERGE e LI P e A XA P EF RO @

PlE &5 Zeo % 242 Pl 5 TP figR? o7 % 2 el Sdice A0 3 1% §F 2

kaE: B R : bom chficEdpkd Koestft o B G LA Ak HiskA £

PEREFETE O FEERAL  RE RAZE Som 2 FRpf > X E K E I TG

TR AR EE R o 50 2 QRBET Y R 2 R UMD

ARFTE AR 2om e K- & lom F ¢ B K dol 244 91 o
2.4.3 Ligreg R R B

HRE TR R AL AR 2 BERA T s 2D T00 2% 3

>
M

%(LinCZ,2005) %4 4 B354 0 2 ¢ 2 =¥ > pliwfid 2 5 A& { flict

PRIV IE S S D T VEN N S SRR T R NN

~)
~
=

oGRS B R o T MR- A I HLE o
AT 2L RETR R B R R SR o A 2 2483 e (B 245)¢ T %
2% o

4ef@ 2.4.6 17 5 7 %3 e > SCF-2 &2 WK-1E 2_ -k T3 2 650 = = »
SCF-22 4 /A& % 157.64m> 7 WK-1E sk 4 /F & i ] 675m- 12 4% %45 % (2000)

§FE 4 47 41 o SCF-2 #00¥ 7 024 5| 137m 3 156.3m £ K Hhid &R 5 ¢

*mlL

A2 L ETR G g 0 B G DA d R A R BB R - T A

S

Logrse R bRk BRI S 0 £ B TR RS R (E g A o k)

(
4
F“'
_%gt
e
=N

(2001)Rl45 3+ d SCF-2 # T g v P20 2k ERIPN L2 R

x

ER)FR R TIETR EE ORI AR 2P L T
BRI T BREERR

1 JhdEF g6 2.5m o 7Ttk b AR E T 160 St 4 B 1]

2. P} TR SR RSB fE e A, 160 & 4 K koo

3. 2P H(WK-IE)A % 675m e g » F & =04 £ dm o

4, LE T A (SCF-2)ehjh4 157Tm chB B » 4 e S04 & Ime e d 527§

2R T A AT b A 4 E 1Bm o - R ki



W OE T Y Y R o
169 & # £ %7k Hic (e Wkt B A24c B 2.4.7 #rm 0 2475 @ % PFC2D ¥ e
(Wally~ 2 % (TR ~ A4¢ chirk 5 2 228 % » 2 48R b sk B AR
250m > A AFELA AP B (125m)eninE o @ AF B 4 K ETR ASF 169 Sent A
BB e A R R ot 2 E R htsApiE 500m > R ER
2535m - TEH K 4 E R 676m o
PR BHRD ] 6 BB R T Y 2 Mol S liche £ 243 407 0 S R R
o ? WK BE BB 5 169 & 4 E & TR Y 2Ky 5 Kng > Kpo2o B2 3 8 7)
HHRTR Y 2 Kpodp e 0 @ % 1% 168 B chd £ K& - K Arie t dpkchK, ¢
R B IERL - 1 Al B AN B BRI EETA TR Y 2 2N

B o

k2

W

% 2.4.1 PFC2D ikt < ¥ 7) 48 ¥ crici % ¥

Parameters Values

Normal stiffness, K, (N/m) K, = K,w( )04 Kno=0.5 X 107 N/m
Shear stiffness, Ks (N/m) 1/3K,

Normal & shear stiffness of walls 6.0 X 102 N/m

Friction coefficient of between disks 0.73 (@ = 36°)

Friction coefficient of between disks and wall | 0.0

Density of disks (kg/m?) 1850

Local damping coefficient 0.7 (default)

% 2.4.2 PFC2D H#t 1 # 47 & #) 48 -7 erici 3

Parameters Values

Normal stiffness, K, (N/m) Kn= 0.5Xx 10" N/m
Shear stiffness, Ks (N/m) 1/3K,

Normal stiffness of walls 6.0 X 1012 N/m
Shear stiffness of walls 6.0 X 102 N/m
Friction coefficient of between disks 0.73 (¢ = 36°)
Friction coefficient of between disks and wall 0.0

Density of disks (kg/m®) 2600
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4 2.4.3 PFC2D Ho4 L et T3 03] s 28k

Parameters Values

Ball radius/percentage of weight (m/%) | 1.0m/(25%)~0.9 m/(25%)~0.8 m/(25%)~0.7 m/(25%)

Normal stiffness of ball, K, (N/m) K, =K., (%’;)0'4 ; Kno=4.08 X 10° N/m
Shear stiffness of ball, Ks (N/m) 1/3K,

Normal stiffness of wall 6.0 x 1012 N/m

Shear stiffness of wall 6.0 X 1012 N/m

Friction coefficient of between ball 0.577 (@ = 30°)

Friction coefficient of 0.0

between ball and side wall

Friction coefficient of 0.364

between ball and base wall

Density of ball (kg/m°) 2600
Local damping coefficient 0.7 (default)
100 >
D70 \
@60 \EHE AR AR
8| 2 | Ps0=2/98 mm || Dsg3.149 mm
2| 3 \ \
J
S| 20 \ \
|-
|10 !7\
o .
10 1 0.1 0.01
particle diameter D (mm)

B 241 BoE g 7@ * iR B Rk B R DA T A2 R
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]

*Zsem 1 Tom

(@) i 87 A e @ ke 2 0] <

Wall 1
35cm

Wall |1 ‘

Wall 4 35cm Wall 4
20cm Al

Wall 2 /| Wall 3
| Wall 2 Wall 3 T I

25cm 75¢cm Wall 5
Wall 5

—_—

(b)Etp= = DU ETR REHI X 2 KT LR | (SR % i SR FEHI 2 247 L

W 2.4.2 #0380 o B 2 03] < o 2 A

e

0.22.m
e

Fl 2.4.4 4 ¥ ¥ BReP) 12 2 & 7 L WAL )
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@ bolehole location

“l—— inferred fault trace

‘-SCF-1(39.03) "SCF-2(157.64) WK-1E(675)
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A 4R R 250m |

||
ORI ] potRE |
) N ey ey ey S ey
\<{tﬁﬁ%60° \X}L%%ﬁiﬁ:ﬁ%iujm Y
(@A 474> ® (b) ¥ 45 45 & 1
AR 7% 643m
PROWRE.
| TR T.%.’?:/_\_J_Liﬁ_l_irjj _______ E ﬁ%ﬁ?ﬁ‘fﬂ. ______ .
\:

\ 5169237 fH676m

HAT16973E5£EH422.5m

(€)% £ & it (B3l B 15 <

Bl 247 Logrdrh My ¢ B HEUAAEE © o

244 P 3B TR B
&2t dhAc P K E BRAE(E » G v)¥r PFC2D pcit % #k(K, » K, » u) 32

W bE o AU B HOREER LR R R aRRR S % 0 ok & 2 (calibration)PFC2D
BB HCER AT O Sl IR P T Gk Bieh 5 U b pm e gk
i {7 PFC2D rdic @ ficst » K48 3w 0313805 > X "N R% A E 2 57 0 £2
BEAZRCHI R

PFC2D p 2= = fé 4 f§ 8 % = = (contact constitutive models) > & 3% : (1) & i
5- (stiffness model) 5 (2) 7 & #-5* (slip model) ; (3)4 % 3" (bonding model) - * #=
TR AR 0T 5 FLEY SR RS RS s R e PR

Ky % 2ff 27 > 2 B K (linear contact-stiffness model, normal stiffness and shear
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stiffness) &k ficf s 2 4 2 4p ¥ » 2 > =4 (normal displacement and shear
displacement) sif# % o i & #-5¢ (slip model) Sz Z 4 fH B ch A AL 0 iR
FRELA 21 T b g FH R R R KL RS o P U B R A BRI
Bopo RUFERfPEL w4 BT 4 Bt @ oo

PR e PR K EIRT PR K2 B GRS
Fo>t PFC2D srjicl Sodic - &P i indogdo KT o @iz % B A& kR E o
Flpt 4o e 4] % F 2245 3802 (trial and error) > % 52 § s e i = PRC2D enjicil
B EK K2 ped B E R REE B R A K Gl T4
BE gt )B b % 0 £ PFC2D Brctiwe)d F A £ R eh% - o B 248 :
BN N e FO PR X EF b G BRIERE A BREFRT IR
FRF BRI R e eyt X 4 HR T Yimsini & Soga(2000) g Ry 2 ety
(fabric)™ » A » B benif 27 > s = peple & (K, Ko 2 W& E R
fea A TR E(Ey 2 En) T 4 HB(Gun 2 Gun)ta i (Vo ~ Viy % Vin) SRR T e

TR AT BRIEA S e 0 P EM G

472N [ 15KnKs
E=E=E == [ZKn+3KS] (Eq.2.4.1)
412N [ 15K, Ks
G = Gon = Gnw = =5 [6Kn+4KS] (Eq.2.4.2)
= Von = iy = 5 = %%4 Eq.2.4.3
V= VYon = Ve = 2Kn+3Ks - (ZK_+3) ( g.2.4. )
1-2
5= o K (Eq.2.4.4)

_‘FI_FJL}TN

= f(e)=a" M+t e e
flv 2w B AR TR E RS i WK, /K B M

A5 R B R BERTK, 2 Ko P 3 M 5 o B EQ241 1 Eq24.4

PO S A5 . 2 4, 2 4, 'z 22 o 2 K
HETEvAFUE RS KR SEF D3 MG KRR Z=c R

S

c—1 . 4—r2N15Kn & o _ o ’
V= 2c+3 = d ’ E = 9V 3+2c ° E; av Frl Ff ’ é’—r—‘;] TiKn/KSl’L I'E’_‘_Eﬂ']%"lﬁ,'f ) EIVJ*F]




Pt A E oK, G M
PFC2D % & i Hd & S chh 3L > 4 B2 W T 6 b4 PR AL - F A
Bk a i e AR BEOFEF > T4 g &% 6 k4 (in-plane

stress) » @ 3% T & + (outof plane)s s # R # 3 g o #r EB BE 0 g, o

g =2 —v2t (Eq.2.4.5)
Coey = % — v% =0 (Eq.2.4.5-3)
. Oop = V0, (Eq.2.4.5-b)

g=2 —y2 2 (Eq.2.4.6)

Hog =kT % E= = hik;v=tpt 0, o,==%3F % KT+ -
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3121 B AMA L PELELH R

25 %7k (Hayward Fault)£ 6 119 22 » & pte A v R EhEE LEFF
LU HEE A S PRk 2 - > doB] 31350 B 3 BT 4 o 31K 1868
Eehp B A BRGS0 b ik < 8 (UC Berkeley) « & ¢ guE fe chpldg o
2 FlRZ bR wo Bl A AR 0 BUL TR G X b 7 27T A % 4i(San Andreas fault
system)eii= B 2 - o HApg =¥ > RF 3.1.36 0 U kA & S T E R s £
FHAGRE A 0 B X e SRR L A BT > RH U kY R L
R RE R A > PR T o 2Rk TR H -

F395 Graymer R. W. etal(2005) » 2 c %7k HF 5 - 9 1-5 22 ¥4 ¢ w4
EREIR o EETA Y A MR B LB T R T4 d B A5 o Franciscan je (%
GREiv FR): BELESHEE T3 d 8RR AL 5Coast Range bt A(¢ 3
* R )2 Great Valley Sequence i £ (iF Rele 2 v F k) LE 3137 i %7k F &
12Ma % 2 % » %4 1 ~100 2 2 4 45 4 5 £ (SAF j&_15~20Ma % 4% 7 560 2 2) o 42
#% Lienkaemper J. J. et al(2001, 2012)«#F % > % w & 10 ki doid F 2 ~9mmlyr > 9

A A HL T 304 $HF B0 (9 33~3T mmiyr) s A 2 - S ETE RIS T 2 £ F
A DI G 0 ~3.5-6mmlyr > i =2 e L F Frte Y G50 3% < 5 (UC Berkeley) < Bl 3F

@t k0 4oF] 3138 T L 2 EER A B R T Heni B 2 BRI

R v # RO g B BT - in Utk ik R 51868 £ o R
H68e P wmAPYET T BERAREFI NG A o A5 5 ﬁx Z8% (Tyson’s Lagoon)
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1999) - ] 3.1.40(a) » # - 2 15 &3 HiFw B 42 20 B HE - SER D 12 5 ihg R
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ERP HRLNBEGSEPHL(EAD AR FE A 2013) 4 AL EEGLE ¢
(San Francisco Public Utilities Commission, SFPUC)#7i# =7 Hetch Hetchy Regional
Water System » #% &% & L% % 250 4 ¢ & p % 100 g et -k 3 F o 2B -k %
hEZig st KRETPE P EREFRFN AR X 20 Fd gk 2 £ RS
pEAER R RTFRDEE T o
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4 % Hetch Hetchy Reservoir ¢& & {4 » £ 5d 167 &2 RN FA RETEELER
-k RPN (4oF) 3.1.41) -

PUiRCR R ALER R AR T PRI £ 0 L LA E R A EH T CSan
Andreas, Hayward,f- Calaveras %74 % R B 4714 2008 # % # hA {7305 0 &
A K30 E P IHZ EEFETRE €51 IR S RACE R i 5 5] 63% (2007 Working Group
on California Earthquake Probabilities, 2008) - #]}* SFPUC #2002 & 4= o ¥ £ 37 &k
g kuecd 2t 4 (Water System Improvement Program, WSIP) » # 3 & % chik-k k 5Lt
L PP A REFEF DR A2 ) FPRBAIMMEETARLE - WSIPHE e 2
BlBF3F " H{TH RIBART B FRIFEprEI46E~ st ) FilE -
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L R Y R Sl A=Y Sa - s 0 A

d Hayward $74 chffF ¢ & REe &2 b R 2 L Rehad7dpdi o pH 87K £ 4 & 1 51
B RAA VA G 534 17 BDPLs 11w G 975 # fhi R < 3 & e A 1,059
KT 6.5 RIS EIARE fﬁ% kg @erk a2 & & TraceA ~ B~ C i) & 45-50
B p R R R B ko4 315

d BDPLs ## 4 FavZdrh & £ Lo omm 2 & 7 2+ AL+ 579
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WEHARPETR 2 R H S KT ENRRD fae &%?ﬁ%lyjcfgﬂ (B 3.1.43) &4

HRR N0 0 AR RFEE A £ ¢ (National Science Foundation, NSF) g B4 & 4 & 2
BAF AP 0 170 450 110 hA A3 P s k%R ERE T A2 (F
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3123 # W4y T A ormd 0k i3 W
BT HRILERETR S0 AL ERTE T RaE i Sk S T BR T 5d VR
g~ P F P nE o TR ETR DETR IEF BT At Y r ik v $%(Department of
Conservation) s =k b % {8 > eyt 5 http://www.quake.ca.gov/gmaps/WH/regulatorymaps.htm > [§]
3151 3 # 3 kLo 37 i be 2 googleearth BE & > Flpt 4 ¢ B RO Lo BREE
PETR R BfS 0 BT T N2 A5 R Hohp 32 BI(Regulatory Maps) 0 B 3.1.52 5 2%
% > A)(Hayward Quadrangle) ¢ 323~ Blhb|+ > Bl @ *f § 7 ¥ RUTA 1%+ (Earthquake
Fault Zones) » » % & 2 3% i* % 4 (Liquefaction Zones) 2 L # % & (Landslide Zones) -
{6338 5 1990 & Ty B ¢ TR %34 2 % | (Seismic Hazards Mapping Act)=g # 1 4c
o 2R AR TEE ATRE R o R Avhrit o RETR E S chd] TR E 5 1972 & 1 B 0P £ AT
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RS A SR kb T A ETE TR A A o i xR RE VB By
BB ETR ik L RIRCREE R Tt RETE RS S LA RETE S > XA g E
L ey BIE A R Y o HRBPETK EF PR Ep BenitE o @ A Al
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F e oo iR R gL W LI RO TRE 0 % RSB RT R GE A 5 A 1 24000
EF AR BTEIEF DT ARRLF - R TN e A2 - 2 57(400
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B 4 #7(http://pubs.usgs.gov/ds/2006/177/ )#7i& = crsT R A R o A R P A H g
WenSTh pr- 3% o PR > FRE A AR RIGOITRET - A HRT R
FHBRWMEZ 2 LS Iady 0 A LLBIRS o BRG INRL RnET R A

ool BETR R BT 0 B BT B P FN

&
F_k

% 3.1.5 BDPLs 4p B % 3+ % 3 -3 (WLA, 2008)

Design Horizontal Design Vertical Width of
Displacement Displacement Width of Primary Secondary Zone
Trace (feet) (feet) Zone (feet) (feet)
Trace A 1 0.7 213 213
Trace B (main trace) 6.5 0 75 196
Trace C 0.5 0.5 33 134

' ' Berkeley
w‘q’rr,\w, \~Sesmological

I Laboratory %‘.Q‘,‘.

L&*moiiii&

B 3.1.35 2 €87k b 4 % m g Bl o AL968 & B Bk ds i 4 %o BUETE A Rl Ao (3

4= p : Berkeley seismological lab Outreach Presentation)
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A. B.
z \\ o N \ D Cenozoic fill of Great Valley peed :iiﬁ};‘;i
(R e 3 - Ki  EABEWE - BAROBRWE
% W) ‘ ﬁ;; Great Valley Sequence gvl
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B13.1.38 2 sk AP @i TS FMTH A Vi KA FenZ it ¥k # 4
FroB i A FMT H R Uk e A o CAL Y Fenss 75 o (445 p - Berkeley

seismological lab Outreach Presentation)

kilometers

B 3.1.39 2 x 7k -5t AR 42 = ¥ (Lienkaemper et al., 2010)
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A. Mira Vistagy 1% &

Mira Vista trench 1

DETAIL

i &6000#—*_':95&3%'%&%

Log of south wall

k B AL # 38 it He 4

TRENCH 00A NORTH WALL

B 3.1.40 2% 7R s MBI ELE 305 B(H A& USGS, Open - File

Report 99-318 ; [ B 4§ 4 p :Lienkaemper et al., 2010)
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State of California
GOV Department of Conservation
Home | Information Warehouse | Regulatory Maps | Landslide Maps | Tsunami Maps | SMARA Maps

~ Search for Regulatory Maps

Navigate to your area of interest by entering in an
address, selecting an affected city or county or
using the navigation tools on the map. Then click
on any of the quadrangles (boxes) to find out
what maps/data is available. See legend below for
descriptions.

Affected Counties | Select a County  [¥|
Affactad Cities Select a City B2

Search
( Search by address, county, city & state or zipcode )
Legend
Earthquake Fault Zones

Landslide and Liquefaction Zones

AN Fault zones, Landslide and Liquefaction Zones

| » Map results

| » Learn more about the maps. J Cle) g)iglv

http://www.quake.ca.gov/gmaps/WH/regulatorymaps.htm

STATE OF CALIFORNIA

Hayward Quadrangle
2012

California Geological Survey
Earthquake Zones of Required Investigation

Reloased: Septomber 21,2012

Tt

7.

/ STATE GEOLOGIST
—

SEISMIC HAZARD ZONES
e e

S
HAYWARD QUADRANGLE
OFFICIAL MAP

STATE GEOLOGIST

®l 3.1.52 2;* % * 2)(Hayward Quadrangle) ¢ = B - s B¢ 2

BB EF

(Earthquake Fault Zones) » & ¢ ik ~ 4 3% i % & (Liquefaction Zones) » o 4 ¢

¥ % L # % ¥ (Landslide Zones) » TR 4 H o I3 d B R
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http://www.quake.ca.gov/gmaps/WH/regulatorymaps.htm

—~C— TG ERERNMBEASL HEUFAHARLHUBFR CHESR -
e e i - MERREERIFME AL -
------ Peec BRAEBHMBERIGH  WRRARELHES -

WEBRGTER
O——0) auAHAOBRTRAL AATRELHER -

—_—— ) Mo AHRGBITRTEGER 0 0 A E G

B 3.1.53 = RUTk EF £ B2 WP o £5p 22 % 245§ LH)(H 3.1.38)

H15 3o
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Kilometers
0.8

B 3.1.54 4e ¥ 4p i < B % L CETR STR B o (A)te YV FCRRSEE e BETR GE B
Bols44 M 3153 (B)% M T Araf# ik b > i d F 5 2R ¥r ki F

FOAEE L HRETR P e E 0 %0 BB SR R A RS R B
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3274 %

32138 ~ & WA Ho HEAEAR S %
3211l4rr &b ~ EHAMBRRY TRT ¥ 2 18 H6
o UK bR B (- E 4 Ed Som KAl 4 ) d B4 ART A
s B A Ak T R DA GRS BRI 2T DR - B
321 54k B AR (Dr=70%)5%) 4 > 7 b g EHFIRT R FHETE B (L1 4
BEAE 50mm (HEA) < <)) BB T 2 K eh® R o L ERR T (S 0 R K
A Rk iR, 0 T ok e R 3R g A G 2§ 27 A (shear band) s B B el )
[hall- R

Wi d BAMT IR o I e FH R EHS B (Eit) F- %
BAd Bk enS e v I RESFRBIEE L o oB 32297 o d BT A

(layer 0)m % = # (layer 10) » s 5 & = g o F X jT o] chBE > ¥ 10 P T 3 i 3 gl

GooWY ARG ZMKAT A TABHR R R RKE T o SEAH G T
BAEE S E RIS AL B B AR G i LSRR

Ay ® B T LR G T F & T H A (shear band)ige B o #TR 45 s o 3t g
G T L L I E T o BIS23 R D ETA R TR B R e & TR
Frerv B R R o

3212%p) 2 HOTh R AHA WA RBHS %

B 3.2.4 %40k a4 % A (Dr=70%) %) + 248 > 4.7 F g & &% (80gRtest23
40gRtest21 ~ 1gRtest20) » & {7 i %74 48 #3225 (£ E 45 # R4 > throw=5 cm #-3] =
) PRy o I it kg (Bt ) F - KR HEDREALE T Y
FRAcE 325 7T 2 Bl B¢ BRBRFS FABAG 2 T o ¥ R EF R R
PRMNAS EIREG o a AMRP AL 60 &k d s (Dip plane) - B¢ B & 1g
WHRIEETIFEF QRBHREET > AA FIBAG ) R keda o2 3
FEDTPHF o0 2800 TEkiFRET > ARG A EFAT A TR A A

A0g B ERT R AA KW oA L FR AR R TS ARFRT (AR
112



g ERHEET) > FEMLT 7 R TEEL > ¥ A 1g HRRIER T 5 By
RO > 7 i i dt feen® IR % (capillary force) o Bl ¥ 7 AEon 1 ETA A5 B PF 0 4Bt
Hoe TESFAFEFRRYETH o w TEFRDERS ] TR FRAF
DT o PTEE BSOS 1 AT R NI HERTOOR S A A lgh
RS E P A PR o

Bl 326 5 % 1g STk B EE > &% b LB 46 edE(throw) & £ 3 4 #1b
( throw/thickness of overburden ) » %7 & &L 4§ % B c535(r=0 3| r=25%) - % — 15 a4
PrpAdd AT e TR o S ) r=20%F 0 it R o EFLE 4
Fort R b 0 B EETAR (TABHG ) BT FEE AR 0 4w T REA
Fdoo A A r=75%F > uf W T A > WEF R ILF 60 R P4 5 ik
YR TR R T AR BB LA E 0 T AP EATIE 7.5%15 0 ¥ Z iE gk
(ARG ) B A S A A r=15%PF W T A o LB A BAY
W 15%% > AT MR PR BIEY c TARHe FEE (PF ) o gF LI H
Bovt (e e b (GBS LEHFE 25% ) - ¥R B alicd » B4 (3R R E
2012) -

B 3.2.7 t 80g i #7 k& 2S5 > A B2 & B A (16M 2 8m) > A3 4 REaE
(r=25%) > %7k Ao # B2 v i o B2 kAR 16m Sp MG BRE TS F 5 @
B A5 A8M e EM G T o 2 b i R o ] 3.2.8 1 80g i ¥ A 3
Beif 0 AR ARE R RA) L EA 0 G 4B SRR Am (r=25%) 0 #TR ALH 6 A R 2
Wi o 60 R G ETE S F R e VKT BB E e b B o PR R RN DE)
FH o TEFSRARARK TARHAG VRIS TESE > Fla g R GT
F(ErEE o 2012)

3213 %4 Uk SRR AR NI DR YRR &

PN AR ¥ R o3 4] P14 (Gazetas et al. 2008) > ¢ 1E A #H R NT R (K2
AAPRAHA) ETRB) AHAF L () AAFTE LS FEEEP RS A

BAOMpH R (S/B) e B¢ =R AA ISR J Fu Tk N B & cnpEg ;B A
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F ANART R o £ 321 5 AT BN AR B TER LR EkRIE L AT
THER* e AR EREERDAHRA -B-C2 D) A H it 47 ik gt
23 chh# B R 4ok 322 2 [ 3.2.9 chPR B 4T o i35k %o 5h B0gRtest#-F-% i £ i
U 45 22 WY AT Lo BT3RS 0 20 % A R R AR R (&
Fi£#*% AB-C2 Defi? b A#K) - B 321005 72 ki 7 FRIER
ARAFEFEEP DB APHEEM GOT LW o B 3211 2 B 3.2.12 5 i ¥k
BHERIFLESHTFE OB A#HIKETR S/IB i T oo ARG 2Rl

(2)s/B=0 ; (b)s/B=0.69 ; (C)s/B=L1; (d)fi & 3 - ] 3.2.13 ¥ PIBE fk f 5+ 48 crl 4233
4

AA#(/B=0)> kT izf L3 A2 L LRI ERTF LA
HER2 b oo R AT AR | A A (s/B=1) o vk T iz ~ L5 FHE 2 g
ﬁ,_,l’g_—].j;’é_ g Eﬁkﬁﬁ’ Fooo@m S )‘z—s’\l——fﬁ Y b (8 A #H

(s/B=0.69)" fh A AR e T gy B H A R 2 gk & 405 & 2 B (s/B=02 S/IB=1 )

BAARZ b oo B 3214 5 921 B R R AP X D TR &

3
! -
s

3
(.
%
¥
J‘.WV
m;
N~

oo 2 AT LD D R A ROk T T R ARG ARSI RT]
BT TRRMA TR AR L B2 g RENRAR - (Fr 0
Fend R4 gt 3RS KL o

B 3.2.15 2 B 3.2.16 % ¥k &b ¥k > 7 b /B iR T B AARH
Rprdi g &g 2 A FRP Lo Bl Bor A & (s/B=0)2 A
T A (S/B=0.69) k| N AH § ERTABHAG F I e T HEPAGE > Tt
TARH G e R o m BE T AR A #H(S/B=1) 0 d A #H R hEE

PRI RARAT AR S @GR T AN A 3R T ESGE S P T A
BAG P RAPRAHET L EFLS L A1 Rpd F2 AN RG] -

B 3217 2§ 3218 Z 3% RkFrRIPLELHHE > 7 Fﬁi‘ﬁ_%@hﬁ&#ﬁ}‘ﬁ
S/IB=0.69 i ™ s £ %53 @ 2t 1l (a)B A #(q=52.9kPa); (b)C £ #(g=86.0kPa) ;
(C)f & o B 321987 AF W TEFORIMERAH > § AAL LR AH KD

KT A 2 R A e & ] o B] 3.2.20 ~ ] 3.2.21 2 B 3.2.22 Bpor N AAH AT
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-

R %?@gi\:mk (0=86.0kPa) e 2k A %

PEFNBEEATHIRF 4 A FENEF L o FI3228 HEAEET R b

ERRTABHAG A F LI TEHEFE

t ke S/B=0 hfinT o B R RN AAGCHEE AP EE AR 2 ABRH G R
2 vt it (2)8.06cm ;5 (b)4.03cm s (C) p d o B 3.2.2-24 P 5 %7K 5% 0 4p e s/B=0
SFRT A R RRON AF R E KT B VR B P B R AH A S
WRRA S FAH AR T e s R E AR g & - §] 3.2.25 U & B R R
60 ARl S/B=0 2 Ap e P EHEITT 0 2 RR PR AAHRER Y £ 5 B P
B bt o s § 3226 5 KK AApk o/B=0 2 pk PEDERT 5 2
RN AHIFEHRLEZ P F e TEHEPDNER b o %A ST R
A#EFE F2BAP N R ARBRERA R A+ R R REAHKRL -
3214 B7)3 I ¥k & AHRC R BES

] 3.2.27 5 1gNtest34 (a3 & Dr=70%) né %4 » 2 F L2 KaE £ 7 > 4

* R ok R TR B B BT o B D UK 4R > F L9 80k 4 s (fault tip) &
FEREFENE - ERTLE AR (2 BR) > X2 Ar=25% L DdEr 4 e
SRk 5 600 chL ¥TR A H Y C BR B R ALE S e RORT 3 G Rk s E
B P EOREE 0 TR A BERITLE S AP o RiEd KT 2 gt g
oA (od FR) X g h r=3.75%F > K AEd P LT HEE > AT 4

MId T AR A ek w TR (R FA) o Mz FEAA A B ATk
R (trap door)#rig = & 331 I % (soil arching) » & EAEF LB Fmf% £ e 4o > 3 4
PR e bR i R R o f % R PRI R AN o SRS I U R e
SpaE (49 r=8.75%) @ d S EAAFAY - 2 o BAPRE 0 d T E b

wmE A% = gL

o

Pl @I ko rt g 15%pF e EBHP TR E DR A o

Sk SF I B2 ERAPd NE P TR L I R E bR 4 B R =
EALB PR PSR A AR R R AP BBy - EE R
RN R o B 3228 SRS E R AT FLEHFET 0 B LRI G 2 &

TR R R R o
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3215573 2 ¥k 2R AAR NS JP R KA RE% S %

PR AH R 1 ¥k onT 4] 7% (Gazetas et al. 2008; Bray, 2001) » &2 35 %74 48 e
EAAHROT R (RS A RAH) B TRB) AHL L <] (Q) AAREZE &
LR B A p R (S/B) B 3229 5 AT AW KR AT kR
BN RARE LS R > DB A AP B o LB o B 3.2.30 5 I ¥k 45 B3R
S%H it d o pdH(0gx 80gFiRT)E BAFHKASB=L G RT » 1 4 8
A5G 2 g o ] 3.2.31 L b #TA 4P R%(T0g) A FLE A ELEHBET
B A AR & %3 s/B=0 thin T o3 £ A5 5 2 vt o [ 3.2.32- ] 3.2.33 % ] 3.2.34
A w] L %7k (80g 2 70g)E-E 4 F & 5em (8 0 B A AR %3 s/B=0 > s/B=1 >
TRLA At o ] 3.2.35 5 it WA (700)Z-E 45 # & Sem (s 0 B A #K A T s/B=0

2 /Bl s B TRLA AL R A b G SRR R R A A b AT

EREREr L de 2 TER P OFE o B 3.2.36 5 1 %7k (700) 7 LB 4
#ET B AHIKAEES/B=0 2 5/B=1 pr A#HIRGEREE KT R LT 2 H

2 Vb o [ 3237 I ETA A2 RLEMHE 0 pd HE B AH A E S/B=1 e
A0 R AFKEAE BB DR TR R LB TP EE AR
RANG b § BAR TR OE B R B ARG o RARIEE L KT

# 2

0
e

A ehA [ B sB i B oo

B]3.238 5 K L ¥r A wrzb LT pLAlprz v 0 BIY L ¥R B - e H s
I EIEE AR B RS, RS BT RGP R o

3216 %43 ¥ ~ WA KA R%HS %

AT ET AR A PRT 4 35 B (s,2116KkPa 2 5,-46kPa) 4 1 Fk2 E &
BT TR AP ESk o 8] 3239 B 3240~ B 3241 A B 5 A 4 R BARD F
MRS & aR 430 ~» A AME P THAPF R SR 20 o BREL 7 3
k4 55 R S,=116kPa cizERE vt s 12 (brittle) > Fpt F P AR B BLA G 0 1R BUR
2R R BB R 0 TR RPR R R B A

chip < ek AR F o BARD BREA kT4 5% R s,m46kPa chEERE G uf B
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(ductile) » F]pt -3 BLA G 7 P AF > 3+ TRLAIFR S BF 0 B & G DB MIRR G > 2
PP L b A B ARG PERY BRTR -

B13.242% F3.2434 % 5 2 b1 4 55 B WALY BB ETRE #6325 ¥ £ 25
PARME W TR SRR R o BAkd 2 RRT 4 B s,c116KkPa e
PR G PR PR o BARL R PR T 4 5 R s,-46kPa SR MG B
tt(ductile) » ¥ % 253 gy BRER -

Bl 3244 52 ¥4 55 RAALY B2 PEMI ST 4 H 3% 0 ¥ &35 K2
FRGR2Z v BRI B R FORFER 0 L R - R LW ERED R
WorEFT 4w R4 > B A RAUOPER R o R HIFER PR 4 o B 3.245 5
PR AR BARS R R RE R SR Rk H AR B e B

FERFORAEE o e Rl R o R E AR B EFT 4 BRI A B

3. 82 e )

sy o

A

32217 RiAR2 3 K wwih ~ B WA BT R%H S %
AT RS P RARD K0T KA REBEF A MR EE o RFEH &
Zp T RA G s b TETR P B 0 TR T dRo e [ 3.2.46 2 [§] 3.247 L BARY R
W2 ALY 20 RN DA ER P A SR R BT T BRPA
2 A2 AN 3248 5 BRI FME AL 22 T R L ETE &
BoiEsk o B TRLH P2 BY BT RO LR Y kY LB &
PRyt 2 B EE o) 3.249 2 B 3.250 Z3kRY 2 Bt 3 KR & WTE 4B R5%
EARA e 25306 BlY o e 2 BARE R AR A
Bl 3.251 5 #AR3 A2 A 27 KRN BETES TR > 2 A 35 B2t
oo BPRT RHA 2N €A B LAY A0 AE Y REIDE R o B
3252 H AR BRI A Tk FEM o HETE A ® R 0 » THREHAPZ R B
3253 % [ 3254 232 P2 T KM S A SRR HE ALY B 2 82535 o
Be AT rd EARY hoo AN PR ) o [§] 3255 H R 2 ALY m 3 T K ERE o T

Rapdos TR B WY BT A AR TR Bk TS e g T g A
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(a) 80g & 3 1% i+ (80gRtest23)

2 2012/5/3
YRGS
¢ S0mm
60 1
40g

(b) 40g :#5% % * (40gRtest21)

(c)1g 5k i% i (1gRtest20)

B1321 &7 biRsh g BHRT o 87 S0k B0 T 2 A 3525 - (2)80g R iE

@ (B)A0g S i & (O)1g sk ik ¢ -

118



B13.2.2 5%tk 2 T 4 J B % 2] 6 e i+ (B0gRtest23)

(b) 409

B132.3 B4k B T4 Bk B e 2 B B s B 2
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30320 WA A AR R R S SR R 1

TR B 0 #ic| Dr(%) | hosedrk 250 | A#AI | ERAHMEE R | 9/B
80gNtest35-F-A 80 70 I E’i”r/%i A 3 0.5
80gRtest39-F-B 80 70 i Lﬁ”r%i B 5 0.69
80gRtest41-F-B | 80 | 70 i TR B 5 0
80gRtest47-F-C 80 70 ko] E’i”r/%i C 9 0.69
80gRtest52-F-B 80 70 i Li«*’réi B 5 1
40gRtest57-F-D | 40 | 70 i #7 A D 5 0
80gNtest58-F-B 80 70 i #% K B 5 1
70gRtest1-F-D | 70 | 70 i ET R D 5 0
70gNtest62-F-B | 70 70 g o B 5 1.17
70gNtest63-F-B 70 70 I #% K B 5 0.17
70gNtest64-F-B | 70 70 g - B 5 0.86
70gNtest65-F-C 70 70 I ETR C 9 0.86
70gNtest66-F-D 70 70 I % % D 5 1.02
70gNtest67-F-A | 70 [ 70 ok A 3 0.8
70gNtest70-F-B 70 70 TR B 5 0
70gNtest71-F-B 70 70 I % % B 5 1

% 3.2.2 A KR A KR < 2 ;‘;‘gi
A A mHET A#HF B* | A#HE* | HARAHL EZRRA q
! (cm) (cm) (cm) (N) (kPa)

12.5 0.5cm

A F-A 30(24m 14.7 N 31.4 kPa
P AR A (24 m) (10 m) 0.4m)
8.06 0.89 cm

B -4 30(24 m 16 N 52.9 kPa
L S (24m) (6.5 m) (0.7 m)
8.06 cm 1.44 cm

C #7| & 30(24 m 26.2 N 86.0 kPa
LEE S (24m) (6.5 m) (1.1 m)
4.03cm 0.89 cm

D 3] 30(24 m 8N 52.9 kPa
A (24m) (3.25m) (0.7 m)

e SRS S SUERR R R
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B 324 23 g EEFHFRNEUTE S RERICZBMET 2 VR

500 500
Layer —————  Layer 0 slovation=0mm
A4 t23 ——  Layer 1; slovation=20mm 409Rte5t21 ——————  Layer 1; elevation=20mm
© Layer 2: elevations40mm  Layer 2; slevation=40mm
Layer 3: elevation=60mm Layer 3: elevation=60mm
—————— Layer 4; slevation=80mm ———————  Layer 4; slevation=80mm
400 —————— Layer 5: slevation=100mm 400 — Layers; 100mm
Layer 6; elevation=120mm Layer 6; elevation=120mm
Layer 7; elevation=140mm Layer 7: elevation=140mm
——————  Layer & elevation=160mm ——————  Layer §; elevation=160mm
p— e Layer 9: elevation=180mm -~ e Layer 9; slevation=180mm
E —————— Layer 10; elevation=200mm E ———— Ulayer 10; elevation=200mm
E 300 e Shear band ( lower bound) E 300 e Shear band ( lower bound)
-~ = Shear band ( upper bound) -~ e Shear band ( upper bound)
= = Faultslip plane = — ——  Faultslip plans
- 3 J
[ ©
= =
E E
o &
=) =7
P EEPPEEPP S o v s i T T 0 y — ; A
100 0 100 200 300 400 -100 0 100 200 300 400
Horizontal distance (mm) Horizontal distance (mm)

(a)tested at 80g (b)tested at 409

1gRtest20

Uplift height (mm)

T VLt i VR O
T T

s L
T
-100 0 100 200 300 400

Horizontal distance (mm)

(c)tested at 1g
B1325 7 p g B TR FAMPETE ST RR  Bi-t iy TLI IR RFEE A
B2 5 - (a)80g ; (b)40g ; (c)lg -
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(@) Throws=0cm (r=0%)

(b) Throws=0.5cm (r=2.5%)

B 3.2.6(a)-(K) 1g if $7 /& 2z 5 % » % 3 s pedp > ¥k BLA & B B 7
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(d) Throws=1.5cm (r=7.5%)

B 3.2.6(a)-(K) 10 i #7k 322k 5 1% » 7 o -8 4 & FEAE > 97K AL & 3 B F25(F)
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(e) Throws=2.0cm (r=10%)

(f) Throws=2.5cm ( r=12.5%)

B 3.2.6(a)-(K) 1g i $7 /% 2ok 15 £ » 7 o L3 s b pbdp > ¥74 BLA 6 F B F25(5)
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(h) Throws=2.5cm (r=17.5%)

) 3.2.6(a)-(k) 10 i3 47 3RS 15 % > 3 b7 4 FREdE > 80K LA 6 8 B 5 (H)
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(j) Throws=4.5cm (r=22.5%)

B 3.2.6(a)-(k) 1g i %74 FB 15 2 > 7 b - E 45 A > 7R BLA 5 B B HA5(H)
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(K) Throws=5.0cm (r=25%)

B 3.2.6(a)-(K) 10 i 47k 22k 5 1% » 7 o -8 4 6 JERAE > 97K BLA & 3 B F25(F)

500 500
layer O elevation=0mm P ion=t
809 RteStZS layer 1 elevation=20mm 809 RteSt43 _— ::z:[ 2 :::z:::g:ig‘;‘m
layer 2 elevation=40mm ————————— layer 2 elevation=40mm
layer 3 elevation=60mm layer 3 elevation=60mm
layer 4 elevation=80mm ————  layer 4 elevation=80mm
400 A layer 5 elevation=100mm 400 - ——— layer 5 elevation=100mm
layer 6 elevation=120mm ——  shear zone - lower bound
layer 7 elevation=140mm ———— shear zone - upper bound
layer 8 elevation=160mm — — —  projection of fault slip plane
—_ layer 9 elevation=180mm _ r mmm——— test23 shear zone-lower bound
1= layer 10 elevation=200mm s vt m====- test23 shear zone-upper bound
i shear zone - lower bound i
é 300 shear zone - upper bound é 300
E projection of fault slip plane E
2 >
(] (]
= <~
= =
£ 200 A = 200 4
o o
=] =)
100 - 100 4
0 TR S " 0

Horizontal distance (mm)

(@)

Horizontal distance (mm)

(b)
B 3.2.7 % 80g i 7/ 125 15 o 3 4865 BEAE AM(r=25% ) > * I % 2 & 5 /& (16m %

8m) LA H FE o (B2 K5 R 16m: ()R & & A 8m
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500

- 80gRtest50 & 80gtest23
N layer 0 elevation=0mm
layer 10 elevation=200mm (DR=50%)
i ———— shear band - lower bound (DR=50%)
400 A ————— shear ban - upper bound (DR-50%)
L _——— projection of fault slip plane
- mmm e layer 10 elevation 200mm (DR=70%)
—————— shear band - lower bound (DR=70%)
— r -  =—m——— shear band - upper bound (DR=70%)
= L
£ 300 A
N—r
— L
<
2 I
(M)
<
=
= 200 -
o
)
100 -
o T 1 1 1 1 T 1 1 1 1

-100 0 100 200 300 400
Horizontal distance (mm)

B 3.2.8 1% 80 i ¥7h &5k 1% 2 > -8 45 $ E& AM(r=25%) > 7 FARH R R )+ ERY

B m B i
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A-Footing B-Footing

: || 8.06cm
! 30cm |
30cm

8095 Z1EMEES : 31.4 kPa  80gRsZiEM&FES] : 52.9 kPa
—ERIRM R EY RIBIEZER ~ERRMEREMBRSBIEZIEK

C-Footing D-Footing

9cm

06 cm 4.03 cm

80K ZIZMEMES) : 86.0kpa OO <RI 1529 kPa

. N S EERMBREM RS ER AR
— S BRI R R R OB IR 15T HREE 3.5 m

B 3.29 W AHRAIITZ B Y
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80gRtest41-F-B

80gRtest39-F-B
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—a— motation —a— rotation * .
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36 *  vertical displacement at Right Up coner | 0 Hord *  vertical displacement at Right Up coner g * | 50
—_ = —_ i ¥
A £ @ *
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7

(b)

# 2.1 o (a)s/B=1 ; (b)s/B=0

20
: B0gNtest24

:
2 f 80gNtest25
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50

Elevation (mm)
i .
o (o1
o o

KN
(o))
o

Hangingwall
-200

Footwall

80gNtest37-C

—— S1(2.5mm; 1.18%)
—— S2(5 mm; 2.37%)
—— $3(7.5mm; 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%)
— 514 (35 Mm; 16.59%)
s 15 (37.5 mm; 17.77%)
S16 (40 mm; 18.96%)
— 518 (45 mm; 21.33%)
$20 (50 mm; 23.70%)

I, J S T T S S -

50

200 300

Horizontal distance (mm)

(a)

Elevation (mm)
5
o

R
(o)
o

-200

80gNtest44-C

s,=115 kPa

—— S1(2.5mm; 1.18%)
—— S2 (5 mm; 2.37%)
—— $3 (7.5 mm; 3.55%)
S4 (10 mm; 4.74%)
—— S5 (12.5 mm; 5.92%)
—— $6/(15 mm; 7.11%)
S7 (17.5 mm; 8.29%)
S8 (20 mm; 9.48%)
—— 59 (22.5 mm; 10.66%)
—— S10 (25 mm; 11.85%)
—— S11(27.5 mm; 13.03%)
—— $12/(30 mm; 14.22%)
—— 513(32.5 mm; 15.40%)
— S14 (35 mm; 16.59%)
e $15 (37.5 mm; 17.77%)
S16 (40 mm; 18.96%)
= S18 (45 mm; 21.33%)
$20 (50 mm; 23.70%)

50 S S S —

B 3.240 7 I 4 3% R A2

P E-KT 4 58 B su=115kPa ; (b)& %L 3348 % K5 4 35 B su=46kPa

200 300

Horizontal distance (mm)

(b)

SRR BT 4B B RSk 0 B A ] B R o (a) AR
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200 S20 (50 mm; 23.70%)
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_250 _n L L L L L L L L L L L L L L L L L L L L L L L L L L L
-100 0 100 200 300 400
Horizontal distance (mm)
@
50
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&
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S
o
T T T T T T T T T T 1T T T T T 1 T 1T 11T

-150

80gNtest44-C
200 $20 (50 mm; 23.70%)
250 b e

-100 0 100 200 300 400

Horizontal distance (mm)
(b)
B3241 2 14 s RMHA: FHMEEESEFER # £330 F5 i (QHAES #

B3 BR P4 55 B su=46kPa ;s (b)& AL EE A kT 4 35 B su=115kPa
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s.= 108 kPa su= 46 kPa
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80gRtest38-C

a
o

—— S1(25mm; 1.20%)
—— s2(5mm; 2.39%)
—— S3(7.5mm; 3.59%)
S4 (10 mm; 4.78%)
—— S5(12.5 mm; 5.98%)

o

o
o

s, =46

N
o
o

Hangingwall Footwall

Elevation (mm)

-150

-200

esauune s o)
S7(17.5 mm; 8.37%)
S8 (20 mm; 9.56%)
—— 59 (22,5 mm; 10.76%)
—— S10 (25 mm; 11.95%)
—— S11(27.5 mm; 13.15%)
—— S12/(30 mm; 14.34%)
— $13(32.5 mm; 15.54%)
—— 514 (35 mm; 16.74%)
—— 515 (37.5 mm; 17.93%)
S16 (40 mm; 19.13%)
=—— 517 (42.5 mm; 20.32%)
—— 518 (45 mm; 21.52%)
S19 (47.5 mm; 22.71%)
$20 (50 mm; 23.91%)

kPa

200

Horizontal distance (mm)

(a)

F 80gRtest46-C
s, = 108 kPa

50

—— S1(2.5mm; 1.20%)
—— s2(5mm; 2.39%)
—— S3(7.5 mm; 3.59%)
S4 (10 mm; 4.78%)
—— S5(12.5 mm; 5.98%)

o

o
<}

Hanging wall Foot wall

Elevation (mm)
N
8

-150

-200

15 M 7:479%)

S7 (17.5 mm; 8.37%)

S8 (20 mm; 9.56%)
—— 59(22.5 mm; 10.76%)
—— 510/(25 mm; 11.95%)
—— S11(27.5 mm; 13.15%)
—— 512 (30 mm; 14.34%)
—— 513 (32.5 mm; 15.54%)
—— S14/(35 mm; 16.74%)
—— S15(37.5 mm; 17.93%)

S16 (40 mm; 19.13%)
— 517 (42.5 mm; 20.32%)
=—— 518 (45 mm; 21.52%)

S19 (47.5 mm; 22.71%)

$20 (50 mm; 23.91%)

200

Horizontal distance (mm)

(b)
B3.243 7 ¥ 4 5 & A A2

R KT 4 5 B su=46kPa ; (0)% %k 2

SRR U A8 B RSk 0 B A ] SR L (a) WAk

A2 PR T 4 5 & su=108kPa
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50 [
= C
£ C
E Of-————————————————1C -
= L
- L
o~ -
(@)] -
‘S -50
< C
2 C —— 40gNtest30-sand (50 mm)
=-100 [ —— 40gNtest32-clay (S,=37kPa)
3 - —— 50gNtest36-clay (S,=38kPa)
150 r 80gNtest37-clay (S,=46kPa)
N —— 80gNtest44-clay (S,=115kPa)
-200 A L L L L L - L L L - L L L 1 P L

100
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ng height (mm)
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—— 80gRtest23-sand (50 mm)
—— 80gRtest38-clay (Su=46kPa)
—— 80gRtest46-clay (Su=108kPa)
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200 300 400 500

-200

Horizontal distance (mm)

13245 2 14 R4 FHEHFEHMEEREFRR > 2 430 R R

0
=
S125mm: 1.220) —— S1(2.5mm; 1.18%)
20 F S2(5.omm: 2.44%) —— 52(5.0mm:; 2.36%)
——— S3(7.5mm; 3.66%) — S3(7.5mm; 3.54%)
SA(L0.0mmm 4.85%) S4(10.0mm; 4.72%)
omm; 4. . 5.0
—_ —— S5(12.5mm; 6.10%) — S5(12.5mm; 5.90%)
£ —— S6(15.0mm; 7.32%) 1 zsgﬁgrm"rm" ;'2;2
E 0 gggégzz ggg:ﬁ’; £ S8(20.0mm; 9.43%)
= Seoomm: o 98Z/n) = —— 59(22.5mm; 10.61%)
=) -Smm; 10. =) —— S10(25.0mm; 11.79%)
IS $10(25.0mm; 12.20%) T —— S11(27.5mm; 12.97%)
< —— S11(27.5mm; 13.41%) 1180
o —— S12(30.0mm; 14.63%) o J— iiigg‘fm ig:;ga:;
= -60 =— S13(32.5mm; 15.85%) = —— S14(35.0mm; 16.51%)
© — S14(35.0mm; 17.07%) & —— S15(37.5mm; 17.69%)
N ~—— S15(37.5mm; 18.29%) S16(40.0mm; 18.87%)
S16(40.0mm; 19.51%) —— S17(42.5mm; 20.05%)
—— S17(42.5mm; 20.73%) —— S18(45.0mm; 21.23%)
80} = S18(45.0mm; 21.95%) -80 | S19(47.5mm; 22.41%)
S19(47.5mm; 23.17%) $20(50.0mm; 23.58%)
$20(50.0mm; 24.39%)
80gNtest59-S/C 80gNtest44-C-H
100 R N N T T S _100 U T S ST NS ST S S SN NS ST S S T ST ST SN S SN ST ST S S T S N S
- 100 o 100 200 200 200 -100 0 100 200 300 400

Horizontal distance (mm) Horizontal distance (mm)
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B13.246 22 7j2 3 K GRH 2 WMARD R D ETA R 0 B A6 B2 e

EEEFTEIE =1 N (JEDER-2
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B 3247 22 7 T RFEME S4B DETR AR RR 0 2 A3 BR 2R
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IFETR(FRA T T E@Sfh sl By 5t
i P U EaIEER
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B13249 k3 2 753 3 KM > UK BB E% 0 A S B a2 8936 & 5

-60
80gNtest59-S/C
-80
~ -100 |
E -
E
S 20}
= I
>
o [ (i~  Tmmeee frontl
W 140 s ———  center
I j| — — — —  Dackl
T 1' - back2
-160 |
-180 L 1 L L L L 1 L L L L 1 L L L L
-100 0 100 200
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Uplift height (mm)

DETEEFA T L ESH sl R HRe
ihREMSIE ZEER

100 100
—— S1(2.5mm; 1.22%) 809 Rtest46-C-H —— S1(2.5mm; 1.19%)
S2(5.0mm; 2.44% — $2(5.0mm; 2.38%)
70gRtest60-S/C — SaE7.5mm: 366%; ——— S3(7.5mm; 3.57%)
S4(10.0mm; 4.88%) S4(10.0mm; 4.76%)
80 —— S5(12.5mm; 6.10%) 80 —— S5(12.5mm; 5.95%)
—— S6(15.0mm; 7.32%) —— S6(15.0mm; 7.14%)
S7(17.5mm; 8.54%) S7(17.5mm; 8.33%)
$8(20.0mm; 9.76%) $8(20.0mm; 9.52%)
—— $9(22.5mm; 10.98%) = —— S9(22.5mm; 10.71%)
60 —— $10(25.0mm; 12.20%) E —— S10(25.0mm; 11.90%)
—— S11(27.5mm; 13.41%) £ 60 —— S11(27.5mm; 13.10%)
—— S12(30.0mm; 14.63%) = —— S12(30.0mm; 14.29%)
—— 513(32.5mm; 15.85%) > —— S13(32.5mm; 15.48%)
= S14(35.0mm; 17.07%) ‘© — 514(35.0mm; 16.67%)
~—— S15(37.5mm; 18.29%) = —— S15(37.5mm; 17.86%)
40 $16(40.0mm; 19.51%) £ 40 S16(40.0mm; 19.05%)
— S17(42.5mm; 20.73%) a — S17(42.5mm); 20.24%)
= 518(45.0mm; 21.95%) -} = S18(45.0mm; 21.43%)
$19(47.5mm; 23.17%) S19(47.5mm; 22.62%)
$20(50.0mm; 24.39%) S20(50.0mm; 23.81%)
20
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0 ——
-100 0 100 200 300 E—
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Horizontal distance (mm) Horizontal distance (mm)
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RER e VAR EEYA R E

i# & 47 ;% (Particle image velocimetry -PI1V) >
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'fF]:

2FR 4
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WA ek 6 &

e AR
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590 R BIKERE L 8
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AR E I

Fault dip

Overburden thickness
/Slip distance

Fault type

90°

8 ~ 6(cm)/ Y-2(cm) ~ Z+1.5(cm)

strike-slip fault/
Sinistral-slip fault

% 324 A WA HEK R

Direction of

Author, years Fault type Method Material Measurement Remark
movement
Find agreement between the models and both mechanical
(Naylor, Mandl, & el sandbox/ sand (0.15-0.3 . . .
Supesteijn, 1986) dextral-slip faults embankments mm),clay Horizontal(y) Depict characteristics theory and

natural examples of wrench faulting

(KR McClay & . sandbox/ level | quartz sand . Depict characteristics The three-dimensional progressive development of orthogonal
White, 1995) Extensional fault ground (275 pum) Horizontal(x) Photography and oblique rift systems
(Ken McClay & |dextral-slip faults| sandbox/ level sand Horizontal(y) Photogranh Sandbox analogue models of pull-apart basins that developed
Dooley, 1995) two segment ground (190 pm) Y graphy in sedimentary strata
Depict characteristics
(Lazarte & Bray, Sinistral-slip Sandbox/ cla Horizontal(y) Photography The effect of model geometry and base fault orientation are
1996) faults embankments Yy Y linear variable differential also in the model's response
transformer(LVDT)
(Le Guerroué & ol Sandbox/ level sand . Depict characteristics Influence of erosion and sedimentation on strike-slip fault
Cobbold, 2006) dextral-slip faults ground (0.4-0.5 mm) Horizontal(y) Photography systems
(Soto, Martinod, &|  Sinistral-slip | Sandbox/ level sand Horizontal Depict characteristics the influence of previous pure strike-slip and transpressional
Odonne, 2007) faults ground x&y) Photography structures on subsequent perpendicular compression
(Toscani et al., dextral-slip faults Sandbox/ sand Horizontal(y) Depict characteristics Investigated quantitatively the propagation of a reactivated
2009) P embankments |(100-300 pm) Y, Photography strike-slip fault through a sedimentary cover
feot ol Particle Imaging Velocimetry| Compaction may be an important factor in the development of
(SchranlefB)Cruden, Sm'fsatlrfli: :“p Sand?&f{‘ (Ijevel (Zggnd m) Horizontal(y) (PIV) topography and fault network structure along strike-slip faults
9 H CCD cameras make DTM in sedimentary basins
(Mitra & Paul, |strike-slip faults /| Sandbox/ level cla Horizontal(y) Laser scanner Geometry and evolution of structures and related secondary
2011) two segment ground Y Y faults along releasing bends and offsets and restraining bends
Depict characteristics
- . . Photography Investigated quantitatively the propagation of shear zone width
This study Slmfs;{ﬁtl_;,s“p Sandkr)gjr/‘éevel sand H{);e'fggg(lg/)' Particle Imaging Velocimetry{Width of a deformation zone is a function of all the parameters
K (PIV)(Fig.) and is limited
Laser scanner
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H(cm) Sy (cm) W(cm) Sy /H WH
6.00 1.00 4.00 0.17 0.67
6.00 1.50 4.00 0.25 0.67
6.00 2.00 4.00 0.33 0.67
3
X3cm
X +5cm
25 -
X7cm
2 % ~10em =
(Naylor, Mandl, &
Supesteijn, 1986)
s (Le Guerroué & Cobbold, _ |
-3 2006)
= (Soto et al., 2007)
* @ X
1 X + (Toscani et al., 2009) o
X B testl
o LI x t % *
. X + % X
0
0.1 1 10 100
Sy H
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000
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T O~ Kn=3.6x106, Ks=3.6x105 (unit: N/m)
A Kn=3.6x106, Ks=7.2x105 (unit: N/m)
1 - Kn=3.6x107, Ks=3.6x105 (unit: N/m)
¥~ Kn=3.6x107, Ks=7.2x106 (unit: N/m)
0
\ ‘ \ ‘ \ ‘ \

0 0.2 0.4 0.6 0.8

BRI
B1331 2 PickdcE i T ARE E AL 2 MG

%331 TR AT BREG R R S Bk 2 W

W e a b d c
(N/m) 1=0.24 1=024 1=0.24 1=0.24
o K, =3x10° K,=72 x10° K, =1.8x10’ K, =3.6x10’
.}E;:i_’{ -
(mm) K, = 3.6 x10° K, = 2.4 x10° K, = 2.0x10° K, =12 x 10’
0.3 24.16° 25.77° 27.16° 24.9°
0.5 27.67° 27.89° 29.02° 30.38°
0.74 37.3° 39.07° 37.92° 40.3°
1.5 35.44° 38.49° 38.3° 41.3°

d £ 3317 s RABEiz PREHAI2AE T - P2 AAP¥IRE
2B MBS BT A R A d AT R T A B R - R~ ST 0 S D
WHRZ BEAGIELS TR en B2 b - 2 e R(TL 3312 ak)t &2

Bt BiEE 0L 3T R 2 AR 5 0.74mm > B RS~ S80T f AT
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Foaodepimdrs Ak L3RRI ZIEAP A IFTEEY L B L2
PR OFI o A E R E BT R LR 2 MO~ Sl B LS B
o RTE L RS G ML GURS SRR o TR L 8 S
TP YR L BASAES RS T TS FEG ﬁa?] »E o ISR
BEFS T o w w2 4 B ﬂﬁ%] »EBE TR e TR Y
ot o Rt T FeES TR MBS S L ()T 4% 2 & ow PR (parallel bond
normal stiffness) ; (2)T 7 4% 2. *» » 2 & (parallel bond shear stiffness) ; (3)F 745 2
& w5 & (parallel bond normal strength) ; (4)-T {74 2.+ w 53 & (parallel bond shear
strength) ; (5)4t & £ j= v (radius multiplier) »

4L RBEMHEZE PR T A LA HER AL 3322 S0 A

R E - T 0.74mm T EF AT o AT E S S 40k 3.3.2 A9F o

% 332 FAIHHE L MR~ FHe
BIPRHCR  0

=024 =024 =024 =024

_ 6 _ 7 _ 7 _ 7
Ky =6.0x10° [ Ko =18x107 (o K =8.0x107 (oo 1K, =3.6x107 )
K, =2.0x10°(N/m) | K, =6.0x10°(N/m) |K, =1.0x10" (N/m) (K, =1.2x10" (N/m)

TR
Pb_K, =3.6x10"(N/m); Pb_K_=1.2x10"(N/m);
Pb_nstr=Pb _sstr =100 x10°(Pa)
AR (i B EES)

$=40.61° $=41.93 ° $=42.28° $=42.35°
¢=9840.1Pa c=10453Pa c=8501.6 Pa c=8338Pa

d % 3322 A58 7 N Fa § HLT FHRSH Y L FEF EFRASA

B P 20 PR SRS 0 B BEA TR FR G a0 0T TSR 2 S8
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A E B RRAR Y 2 OB RE AT R AP 2 BB A AT Sl
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Relative displacement to box (mm)

M= 11 ~12

(a)4s # lcm

B 332 AUk e es R (Y > » i)

Displacement (mm)

(b) (©) (d)
B 333 BB BERIRESZ > % 2H)
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3334rir i ~ P ¥R BENIY LRATY ¥ 2 1A

L ETR AR R R L 0 PFC AR BN 2 T AT 0 £ 117 Matlab #itidy 54
R e RALE BFRSEIRY FLEE T3 T AT TABIABHG o
kil 8

o

i

BEOLR AR N F R D e A d R A EABH G e R AR S
7+ ¥ (shear band)- [ 3.3.4 % #iciE Hrstip 97k 48 #03+ T RLA 2% 2 2 (Chang et al.
2013; z #1 % 2012) -

B EETK M ERARY o d BRI RS TR V- BRAT A FERS
SR ERA AR ER I RO ok R RR R DRI K- AR
Sk L o d PRCAR BB IR GG > % A 1 2 SEE TR

o] 3.3.5 0 H A B P 4eT

Lo BBTH ARG B PR T L B
2. MBI B ERS KPP B

&
&
i

L RN R Yk s
4, @R EIREF 2 B S Ph(DI A A T o
Bt A L HEREE T Y K2 T o B D R g BT 2 g i S

Pordon LGt RAgRIEr 2 Ta FRRAT A > T2 ART K hd

¥ Bt EEk Y BT S 2 ARl Matlab p &2a o #2084
AERHRRE S WESEET  LARETRTRROPFNRE S F 4B S
TR A g AL G @B 4o 3.3.6 41 0 B BT S BB Y S B R
TR E N SRE T RRE o RS kAT o F SRR ORI ALE - B
HoiE ehpF iz ek HEERE R PR B RS o KT RT A R
4oB] 3.3.7 #757 o RypHE 5 L (2010) 5 3k o R S P E RE & 1L5(y = 41%) 0 # iB
AL AR S P AEE R AR R AT o B A I AT R 0 p b KR

Bk R - AR g X T
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Deformation of particle mesh during reverse faulting  throw=4m dh/H=25%
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334 1 B ek B HIR S %
3341 /4 EUK 2%~ I ¥R

B 3.3.8 5 4]* PFC2D .7 F g 1(10,400,800) T » it {7 i 5k 4% B+ 2k 5k el (B
AR £60°) 3 P 45 F 0 (N E AT 20 230 HAC BRI RE%R S S 20t
Bl ERALPFENARERDEE m 4 F 25 (symbols) ] & £ # B ik g & -
W R R ERBRD T 2 ML Rl FERERE e A Rk S
BREHATESEARY - R oA T 0 B g AEERRE Lo A g % o
BFEwE ERRE @ HRFILR G AL aniE TR T IR 0 PR
L IR % (capillary effect) » € 33 = BEfFF crdaff 4 # =~ > @ BB P & 2 o
LR A ATl R AR o

§3.3.949]* PFC2D %7 F g i#(10,400,800) T it {7 i #5 4% B 28 5 el (B HogE
= TSP —r,gl;i“,ﬁ B bhaﬁjg_,u il pf:*:'fﬁi‘l —rg;éuﬁ,ﬁ.g:;.%i ¥t o E P ;_? ML ;gg_,g;
BB E 2 P AP 2 TR 2 ARG PFC2D R B 5 o Jﬁ" L B2
- %o “"Swa»‘f 'R oF NS \}rg U Y m%fz % > e §d PFC2D & 4 et sb
Ao oo B2 #) 3 RE (920mm- A3 49 16m) 52 5T Fx
#FH15mm(aEa < 45 12m)ed At X Bk Fl 2 & § PFC2D k& 3¢
+ o R BRI R R % 20 BT A TR g L > PO d SERY 4

ST dE BT S A R e AR s PR BRRN T U RER IR guE
P16 EdE (setback width) - 3¢ 4 2 FRFimiaR AR K ~ A#HA ~ £~
PR R EE2RRTFEA R - ML BINTAL NFFARE AR -
Flot By L R0 Al Ko By BN ST ERRE - e B I SRR SRR £
BT E P2 # 2 B ee 0 E Y i £ ha ok iR R M i 0 BT
FES A A R E E o B] 3.3.10 % 80g iS22 T 0 iB (T AL BOR 1 U A 45 B0
B A LT Rt (N2 2530 o B¢ B & %3529 £~ sigmoid
S FPLiE Y Gompertz S Bc kR BB AR (N 252 e - Gompertz
S Fee o 3N
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y(t) = aebe” (Eq.3.3.1)
3T A asbocz BRHEAEATARAGKRE X[ enS AW Mo H P gz
A U 0 aeP® T =ae®=aih,c £p B b T UAKy et ) 50T UK
WAL K oanid 5 o] 3.3.11 5 Gompertz S#c= B g Hc i g Y AR 2 L]

FET LW - Flt 1 Gompertz Sffcigd B BRET KK T AT b hdE 4

VLT H
—(x—xp)
f(x) =y, +ae™¢ ° (Eq.3.3.2)
Hpr o 3V 8
, a _o~CFY] -
f'(x) = - e e " b (Eq.3.3.3)

B 3.3.13 & f1* Gompertz & #ckfy it £ %2536 2 A5 2 7 LB H ¢ F o
= %85 X, a bt BB 3.3.11 2 § 3.3.12 7 14 A% Gompertz & e k §5 it 2 &
B35 2 HAF o 2 o £ 83,7 % 7 g Gompertz = f28 k& 0 A & - iE
Gompertz > #2:* 7 @ a~b X% yo &= B Sk

H e

f: Gompertz = 25 » % & 2 KT pEAE

R

Yo: A& TH2ZFR(RF Y BEXEO)

X:#;]%éfrﬁi KB I P A7 iE- B2 R TR

Xo ' Bt 2 RAH Y BUTE X2 KT R

b %22 3% » fEALZI AR 24 TBEALY R LA

a: REgdE 23R

Bl 3.3.14 5 i #7 A 3t L HCF 2% (F )2 Gompertz 2 ® §F = 423% (m ) > 49
B2 S BcliciEded 333 9 0 F1 L VoS00l K B A e ek £ T #ey B L 0
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HASLT L a b Xk om 2 o
AR AP A RARE 4 Fl(affecting length) itk * & 2 B2 AF R M
(4 334) $ AP L HEL U0 P2 ASBIA 24T - A PR 8T

1/150 & » EQ.3.3.2 > B 7 £17 X, 8 X, & (4c@] 3.3.14) » P| X1 & Xo F¥ 2 R4 7 & 5 &

R dp B 1o 3 4 R R T 2 P KRB ETA 2 & AR B RO A2(F) 3.3.15)
B AL Rl b T Bl FpdeT
r1 PFC2D #cid 5% % I g-level(19,100,4009,809) % 7 F %7k #E 4 (22.5°~67.5")
R3] % o RP7 U7 M £ (22.5°~67.57)% r=1.25%~25%2_ % %235 ©
#-Fi8 2 £ %358 7 Gompertz L FE 2 B 4 %3, 2. Gompertz %
#ca-x % biE

#-7 I g-level(19,109,409,80g) s %-#c a ~ Xo % b {E faw jF#-& % £ (f=1/150)% ®

\\\Xr

2 4-ca~Xo 2 b @i~ Gompertz = A2:% 0 BIF KA X0 82 X B o X B Xp 2 BEHET
S HETR e 2R R 5 A S 60T X B X iEded 3.35 2 4 3.3.6 “7F o [
33.15 & By B FH I ALH -

# 335 % 4 336 5 %7k M £ =60 i £ RAF B F 0 A e eh¥T R £ (225
~67.5°)fj.%g’ﬁ 2 La/H % LolH - #-7% | %7K 1 4 (22.5°~67.5") .4 Matlab SFtool
wEFRIT R - w e Mot 4250 EQ.3.33Eq3.3.4 #17 o Ap M fF Bl4o®] 3.3.16 2 §
3.3.17 #7177 :

% = 1.134 — 0.2015r — 0.0242a + 0.01304ar — 5.27x10™°ar? + 9.399x10~ 7 ar3 —

2.323x107*ra? + 1.414x10 °ra3 (Eq.3.3.4)

L
%1 = 1.541 — 0.03842r — 0.01841a + 1.573x10 3ar — 1.497x10 *ar? +

3.3x10%ar3 + 3.49x10""ra? — 5.135x10 %ra3 (Eq.3.3.5)
HP r=hHZAGHRAEERIBER2ZVE - gz ¥kt o
T 1% EQ3.3.4 2 EQ33.50 7 14 g3t A I 0 & cup #7456 T 0 A B A 7 2
T 4 3§3$«:F§] Bl 3.3.16 % B] 3.3.17Lx/H % Ly/H = Matlab SFtool B] -
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7 3.3.18 = PFC2D #c i@ 54 809 ™ 2 &L %7k s d-3- & B 540 2

PEER LATiIERPFER LiT=x
2Lo_ BEHE o
% Fe e PFC2D #cid 3% 809 ™ 2 It %7k k45 [infE &2

% iF Getdata #cd8 & 0|7 Eodeghz =% 2 FAirps2 $it gk

“ I—tot 7 7T

RREFR L& o7 88T X h D B4

I RERZZ R

AL ¥ 2T

% KEZPEH S Lp, EAREREZ ¥ FRUR2 PV ELZ FEHE G Ltote 7 ory(%)

ek M4 6072

Liv 2 Lot ¥ € * B 3319« %7 | 2 %5k 7 & &2 ry(1.25%,

5%,10%,15%,25%) ¥ i% i Matlab SFtool(4- ] 3.3.20)% +4 L~ Lp~Ls % Lyt 2 0 W
R E,

238 0 AP S 42N 4o 3 g N

B4r# 337 #77 » LJH B E R 4o 4 3.3.8 #77 o

o1 o d EQ.3.3.6~EQ.3.3.7 2 EQ.3.3.8 #7{F 2 Ly B FL

H

L"’ = 0.7865 + 0.01548r,, — 0.007278x — 1.408x10 *ar, — 6.82x10 %ar?  (Eq. 3.3.6)
Lp _ Lﬂ I'n
E T H + 100(tana) (Eq 3.3.7)
% =1.679 + 0.060834r, — 0.01364a — 3.785x10 *ar, — 1.894x10 %ar?  (Eq. 3.3.8)
Ls L]J Ltot
e (Eq. 3.3.9)
Be ATt ¥RIAEE ~as ¥R E o
# 3.3.3 80gRtest23Gompertz 2 ¥ jF % #c 4
r (%)
5 10 15 20 25
LS
a 0.0531 0.0995 0.1471 0.1951 0.2425
b -0.2969 -0.2111 -0.1948 -0.198 -0.2091
X0 0.684 0.7111 0.7306 0.7548 0.7774
y0 -0.0002 -0.000045 -0.0002 -0.0003 -0.0006
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% 334 & %E 2 AP R4 (Bjerrum ®)

Category of potential damage n
First cracking of panel wall 1/300
Tilting of high rigid building become visible 1/250
Considerable cracking of panel and brick walls
Danger of structural damage to general building 1/150
Safe limit for flexible brick walls, L/H> 4°
2 after Wahls (1981), ® Safe limits include a factor of safety

4 3.35 La/H(%7k 1 & =60")

fault 1/150 1/250 1/300

tip=0 (1g |10g [40g [80g |19 10g |40g 1[80g |19 10g |40g 1BOg

1.25 0.23 |0.00 |-0.18 |-0.21 [0.09 |-0.14 |-0.32 |-0.35 [0.04 [-0.19 -0.37 -0.40

2.50 0.08 |-0.10 |-0.25 [-0.27 |-0.08 |-0.27 |-0.41 |-0.44 |-0.14 |-0.33 |-0.47 -0.49

3.75 -0.02 |-0.17 |-0.27 |-0.28 [-0.18 [-0.33 |-0.43 |-0.44 |-0.24 |-0.38 |-0.49 +0.50

5.00 -0.07 |-0.16 |-0.23 |-0.25 -0.21 [-0.30 |-0.37 |-0.39 |-0.26 |-0.35 |-0.42 +0.44

6.25 -0.02 |-0.10 |-0.16 |-0.17 -0.14 -0.22 |-0.28 |-0.29 |-0.18 |-0.26 |-0.32 -0.33

7.50 -0.01 |-0.09 |-0.14 |-0.15 |-0.11 -0.19 }-0.25 |-0.26 |-0.15 |-0.23 |-0.29 +0.30

8.75 -0.04 |-0.12 |-0.19 |-0.20 [-0.15 [-0.23 |-0.30 |-0.31 |-0.19 |-0.27 |-0.34 +0.35

10.00 -0.01 -0.10 |-0.16 |-0.17 -0.12 |-0.21 |-0.26 |-0.27 |-0.15 |-0.24 |-0.30 }0.31

11.25 -0.03 -0.11 |-0.16 |-0.17 |-0.13 |-0.21 |-0.26 |-0.27 |-0.16 |-0.24 |-0.30 }0.31

1250 |-0.06 -0.14 |-0.20 |-0.21 [-0.17 |-0.25 |-0.31 |-0.32 |-0.20 |-0.28 [-0.34 +0.35

13.75 -0.09 -0.16 |-0.21 |-0.22 |-0.20 |-0.27 |-0.32 |-0.33 |-0.23 -0.30 |-0.35 }0.36

15.00 [-0.14 -0.20 |-0.25 |-0.26 |-0.25 |-0.31 |-0.36 |-0.37 |-0.29 |-0.35 |-0.40 }0.41

16.25 -0.13 |-0.20 |-0.25 |-0.25 [-0.23 |-0.30 |-0.35 |-0.35 |-0.27 -0.34 |-0.39 }0.39

1750 -0.11 -0.17 |-0.22 |-0.22 |-0.21 |-0.27 |-0.32 |-0.32 |-0.25 |-0.31 |-0.36 }0.36

18.75 -0.13 |-0.19 |-0.24 |-0.24 |-0.23 |-0.29 |-0.34 |-0.34 |-0.27 |-0.33 |-0.38 }0.38

20.00 |-0.15 |-0.21 |-0.24 |-0.24 |-0.25 |-0.31 |-0.35 |-0.35 |-0.28 |-0.34 |-0.38 +0.38

21.25 |-0.15 |-0.21 |-0.24 |-0.25 |-0.25 |-0.31 |-0.34 -0.35 |-0.29 |-0.34 -0.38 +0.39

2250 |-0.18 |-0.23 |-0.26 |-0.27 |-0.28 |-0.33 |-0.36 |-0.37 |-0.32 |-0.37 |-0.40 r0.41

23.75 |-0.24 -0.28 -0.31 [-0.32 |-0.35 |-0.39 |-0.42 |-0.43 |-0.39 |-0.43 |-0.46 -0.47

25.00 |-0.27 |-0.31 |-0.35 |-0.36 |-0.38 |-0.43 |-0.46 |-0.47 -0.43 |-0.47 |-0.50 r0.51
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2 3.3.6 Lo/H(47% ¥ 4 =60°)

() 1/150 1/250 1/300
1g (10g [40g 180g [lg (10g [40g 80g [1g |10g {40g |80g

1.25 0.23 |0.00 |-0.18}-0.21|0.09 |-0.14}-0.32}-0.35|0.04 |-0.19{-0.37{-0.40
2.50 0.08 |-0.10}-0.25}-0.27|-0.08|-0.27{-0.41{-0.44 |-0.14|-0.33}-0.47-0.49
3.75 -0.02]-0.17}-0.27}-0.28 |-0.18|-0.33|-0.43]-0.44 |-0.24|-0.38|-0.49|-0.50
5.00 -0.07}-0.16|-0.23}-0.25|-0.21}-0.30}-0.37}-0.39 |-0.26|-0.35|-0.42|-0.44
6.25 -0.02]-0.10}-0.16}-0.17 |-0.14|-0.22{-0.28{-0.29 |-0.18|-0.26 |-0.32|-0.33
7.50 -0.01}-0.09}-0.14}-0.15|-0.11}-0.19}-0.25}-0.26 |-0.15|-0.23{-0.29}-0.30
8.75 -0.04]-0.12}-0.19}-0.20 |-0.15}-0.23}-0.30}-0.31 |-0.19}-0.27{-0.34|-0.35
10.00 [-0.01}-0.10}-0.16}-0.17 |-0.12[-0.21-0.26-0.27 |-0.15[-0.24-0.30-0.31
11.25 |-0.03-0.11-0.16-0.17 [-0.13[-0.21-0.26 -0.27 |-0.16 |-0.24 |-0.30-0.31
1250 |-0.06[-0.14-0.20}-0.21 |-0.17|-0.25[-0.31|-0.32 -0.20-0.28 -0.34|-0.35
13.75 |-0.09}-0.16-0.21|-0.22|-0.20}-0.27|-0.32|-0.33 |-0.23|-0.30-0.35|-0.36
15.00 |-0.14}-0.20}-0.25|-0.26 |-0.25}-0.31}-0.36 |-0.37 |-0.29|-0.35-0.40-0.41
16.25 |-0.13}-0.20}-0.25|-0.25|-0.23}-0.30-0.35[-0.35 |-0.27|-0.34 -0.39|-0.39
1750 |-0.11}-0.17}-0.22}-0.22 |-0.21|-0.27-0.32}-0.32 |-0.25|-0.31|-0.36 -0.36
18.75  |-0.13}-0.19}-0.24-0.24 |-0.23|-0.29-0.34-0.34 |-0.27 |-0.33|-0.38|-0.38
20.00 |-0.15[-0.21}-0.24|-0.24 |-0.25}-0.31}-0.35[-0.35 |-0.28|-0.34 |-0.38|-0.38
21.25 |-0.15-0.21}-0.24}-0.25 |-0.25}-0.31}-0.34-0.35 |-0.29-0.34 |-0.38|-0.39
22.50 |-0.18}-0.23}-0.26]-0.27 |-0.28-0.33-0.36 |-0.37 [-0.32[-0.37 -0.40-0.41
23.75 |-0.24}-0.28]-0.31}-0.32 |-0.35}-0.39-0.42-0.43 |-0.39-0.43[-0.46 |-0.47
25.00 |-0.27}-0.31}-0.35[-0.36 |-0.38|-0.43]-0.46 [-0.47 |-0.43|-0.47 |-0.50 -0.51
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% 337L/H ¥

FER

r(%)
dip angle

2.5 5.0 10.0 15.0 20.0 25.0

22.5 0.729 0.833 1.035 1.230 1.417 1.597
30.0 0.659 0.748 0.918 1.077 1.227 1.366
375 0.596 0.676 0.826 0.963 1.087 1.198
45.0 0.536 0.610 0.746 0.867 0.972 1.062
52.5 0.478 0.548 0.674 0.782 0.872 0.944
60.0 0.421 0.488 0.606 0.703 0.780 0.836
67.5 0.365 0.429 0.540 0.628 0.693 0.735
75.0 0.309 0.371 0.476 0.556 0.610 0.639
82.5 0.253 0.314 0.414 0.485 0.529 0.544
90.0 0.198 0.257 0.351 0.415 0.449 0.451

4 338LJH B L B
r(%)
dip angle
2.5 5.0 10.0 15.0 20.0 25.0

22.5 -0.774 -0.800 -0.856 -0.917 -0.984 -1.057
30 -0.734 -0.768 -0.841 -0.922 -1.010 -1.105
375 -0.687 -0.723 -0.801 -0.888 -0.985 -1.091
45 -0.638 -0.672 -0.748 -0.836 -0.935 -1.045
52.5 -0.586 -0.617 -0.689 -0.773 -0.871 -0.981
60 -0.534 -0.561 -0.625 -0.704 -0.798 -0.906
67.5 -0.481 -0.502 -0.558 -0.631 -0.720 -0.825
75 -0.427 -0.444 -0.490 -0.555 -0.638 -0.740
82.5 -0.373 -0.384 -0.421 -0.477 -0.554 -0.652
90 -0.320 -0.324 -0.351 -0.399 -0.470 -0.563
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100

1gRtest20 —— Physical modeling (r = 5%)

—— Physical modeling (r = 10%)
Physical modeling (r = 15%)
—— Physical modeling (r = 20%)
—— Physical modeling (r = 25%)
® PFC modeling (r = 5%)
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http://en.wikipedia.org/wiki/File:Gompertz-a.svg
http://en.wikipedia.org/wiki/File:Gompertz-c.svg
http://en.wikipedia.org/wiki/File:Gompertz-b.svg
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