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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. Previous studies which related to the
deformation behavior of overburden soil induced by faulting and its impact on structures
often simplify the overburden soil as spherical particles like sandy soil or clay, the
complex fabric of gravel layer haven’t been fully considered. However, among the 33
active faults in Taiwan, there are 29 active faults with gravel layer distributed near the
ground surface. Moreover, based on the trench excavation results in the fault zone,
nonhomogeneous composite strata with gravel deposits in different arrangement, shapes
and sizes overlay on the basement fault are common.

A small-scale physical sandbox experiment and discrete element method numerical
analysis(PFC®P) are conducted to figure out the basic behavior and do the quantitative
analysis. Results from sandbox experiment are also used to calibrate microscopic
parameters in numerical analysis. The deformation results of the composite strata show
that the fault sliding surface in the gravel layer has a smaller dip angle and a slower
development. The triangular shear zone in gravel layer is bigger that extends upward to
the hanging wall. The fabric of the gravel layer are controlled by ellipsoidal gravel
particles with different volume contents, arrangement and aspect ratios. Higher gravel
volumetric content and the larger aspect ratio of gravels make the gravel layer more
difficult to deform that developing a shorter fault sliding surface. The volumetric content
and the arrangement of gravel mainly affect the range of the triangular shear zone, and
the arrangement of gravel also affects the final deposition direction of the gravel. In
addition, the rotation characteristics of the gravel indicate the range of the triangular shear
zone, and the gravel with an aspect ratio can be used as an indicator the coseismic
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deformation behavior of the gravel layer. As the uplift ratio increasing, the rotation region
of gravel expands into the footwall, and the rotation angle continues to increase.

After obtaining the fabric properties of the gravel layer from the stripping of first
excavation result of Chushan trench, a full scaled numerical simulation is conducted to
identify the evolution of the north wall of the Chushan trench under repeated thrust
faulting. The development sequence of fault sliding surface, the evolution of geological
structure, the gravel rotation characteristics at the front of the gravel layer deformation,

the growth strata and erosion can be appropriately replicated.

Keywords: thrust faulting, gravel layer, composite strata, sandbox experiments, discrete
element method (PFC3P) | inversion of active faulting of Chushan trench
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R (Ball radius)
Kn
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a2

#7448 3o § vertical displacement of bedrock
¥ & B R thickness of strata
%7 R 4% 2 sE3L fault extension distance

1  #i-#c Young's modulus
ip ¥t Poisson's ratio
#F 4 cohesion

B4 friction angle
"%k & angle of dilatancy
LM & porosity

i

i » @ & normal stiffness (PFC3P)

R #E 42 4= numerical ball size (PFC3P)

&

“» o S & shear stiffness (PFC®P)

+ »cfic#c effective modulus (PFCP)

% & v normal-to-shear stiffness ratio (PFCP)
B %% friction coefficient (PFC3P)

& 5 Ep %#%Eﬁrn"\ %

(xx * = ) strain tensor component
Engineering Strain

=7t d o f# /88 4% gravel area/volume content

A7k m /M8 4 total area/volume
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gl A TR BRI R Sl R R R £
PE T AT BB RER DS SR EEA T SR S RE
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1;%12.11?&% ER

F2% v
2.1 WA HHIRS £ R

E S A R

Eh AL AR o BB T A
"}‘]L

el =R T
TR 4 i B g ERApH I KA
Ay ¥tk 4 (faultzone) o f T (7% T o F A A B 5 A M 2K A
2. % s # (Bedrock) - @ % % 2

Fz2 et Bz L B4 K (overburden soil) o
Bray et al. (1994) #2:F3 & } 2

SERRFRBBIIRARE
%7

TR
IR R RS IS T LNy

At & FlE G EA G

HF“J 2 E) x?)%g;qﬁ,ﬁmg;u/a

SR EEA R R
TR SRS E 2 R KT (B 2.1)
LB EE RS 1

Y e o R o

G
o

~

_M\

R LR R R

|-
Y
?m
FIRS

&

li

LESS OFFSET AT GROUND SURFACE
LESS OFFSET AT GROUND SURFACE

T

Y 1959 Hebgen EQ il SECONDARY RUPTURES
1964 Alaska EQ . ; 1983 Borah Peak EQ 1
Basement Faulting Wyoming ! MOST LIKELY i
1945 Miawa EG RUPTURE PATH i
MAIN RUPTURE ——=1
/— SLIGHT REFRACTION
S
° i
LESS OFFSET AT GROUND SURFACE
1915 Pleasant Valley EQ
M— 1954 Dixie Valley
1971 San Fernando EQ e - Fairview Peak EQ
1980 Algeria EQ 1959 Hebgen EQ
Arroyo Fault, L 1983 Borah Peak EQ
Point Conception, CA 3 Wasatch Fault Zone y
MAIN RUPTURE ——=%
\ MUCH REFRACTION
(b) / S '

(b)

w&»\\s

WARPING OF SURFACE
TENSION CRACK——=#~——

WARPING OF SURFACE
TENSION CRACK—
1964 Alaska EQ e
1971 San Fernando EQ ‘.sséa&?wv:::i EQ
1983 Borah Peak EQ
.""'

y

© % —sTm ;

© W\\Vw-

B~ B ETE B IR L R T LR (Q)E 1 R ¥
= (b)it 2 %]ﬁ‘f” ~#7R M &) (C)ip it K L (Brayetal, 1994)
8

doi:10.6342/NTU202001796



Kelsonetal. (2001) #7® 7 & & <

S BT e
#
§ &L Tl AR R
SEE S L T S
LRGEY Ly
HH LAY 3

\—r\

f(a) 5

TR AL

Variable Moderate Variable

Severe
b to slight damage form
damage from strong  building nu.m?n
4 a strong ground
ground motion damage damage mul?on
1 1 |
< |

_____ «—— Original
surface

Footwall

run-out \

a) Uplift, folding and bulldozing at
fault scarp from reverse fault with
constant dip.

Severe Moderate Moderate 1
Variable building building 1o slight 10 severe V?j’a%?gs?:?mm g
damage from strong  damage building b“"d'"g strong ground
ground motion | damage dam motion
pe—>| —i-'-—*l

Original
surface
Footwall
run-out
Hinge-line
fractures
c) Uplift, folding bulldozing and tilting
from reverse fault that shallows dip
as it approaches the surface.

Variable damage from  Severe building

strong ground motion

%7k & (faultscarp) fot 4 7
R 2 F PR R LT 3 =
SR BT 6y 7 %

5% (B2 2)e
o2
b R AL

B SRR P EU R R T

o T3 ¢}

—1\
A
4
B

LY

SRS U
7 ﬁ_‘l,iqu z\?%ﬁ}/g‘.,‘%’;‘g]ﬁ
7 A2 F ek *

ol
)

Moderate Moderate : -
Severe toslight  Severe to slight Severe V%r:l‘;bg; gqiuldlng
Variable building buildng  building building building ¢trong ground
damage damage damage damage damage damage ~ metion

& é} %
_______________ Original
P surface
~
Footwall i
run-out -~
P
-~ Original position
of back thrust

b) Example of reverse fault with X
forethrust (50% of slip) and
backthrust (50% of slip).

Variable building
damage from strong
ground motion

Variable building
Severe building  damage from strong
damage ground motion
-

o2 8

— — — — «— Original
surface

run-out

d) Uplift, compact folding at
fault scarp from reverse
fault that steepens dip as it
approaches the surface.

Variable damage from

damage strong ground motion

e) Collapsed fault scarp from
reverse fault with constant

dip.

W22 ¢ B3R Sgsrk i

Original
—
surface

A5 8 (Kelson et al., 2001 )
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BRI G AR ER R LB BN o Yk R A%
ety e = & 94 F & F {058 (Trishear model ) k2§ + % 3 & chg A
(Erslev, 1991; Zehnder & Allmendinger, 2000; Lin et al., 2006 ) > = & % *» % ¢
FEF RN - B 5 0 AR YT ¥ E AT (fault-propagation fold ) 935 > %] 5
E47H EH F 50 (Kink-band model) & 2 3ip? 20% bR ¥ - DIETE 51 R o
FEARVE-d eI R IR AR RS F (Ersley,1991)  ptiEH H
BN BRETEAE - s 2T NPT R TR AR £
Mo R e P B £ - BREREY AR LZZ ENT RS
(Allmendinger, 1998 ) o ¥y 4] = & § > & 2 B o078 8 5 %74 £ 4 « =8 (fault tip) >
EEFETR R MR AL R b PR FR Z AT R FUTE
867 W o] 2.3 BRI T 0 GRS o B g5 - h

Rd RS F et HAG R RE T L AR BAE S D R B f

D
e
fﬂ
1
ﬁv
)
N
Einy
3
=
b
F_&
?\_
el
&+
pr

"B Z AT A SRR S R R

BlRRImZSE
(fault tip propagation)

B 2.3 = &4 P F:F6EH5 (2:2p Allmendinger, 1998 )

b R R 2LE B0 AT AR ETE o Bldok YR H R

T

Y

=1

~=ie

ﬁ“ k2
EL

B 2
hipden )= £ 923 > RIFRE =50 § 3 5URE Y RRgEs
A (FRTEL2018)e FETE MRS IR A gAT e 70 TR

By Taess Bk ) %) A Al Tk (strata) seffz o
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2IIEF RARER Se R 2 %06

AR DA Al ARA DR SR R RARL B AR Ra
B ek it LH - Hla 2 d ¥ g4 7 AT K 5o 2
el < [T RASHEEE R RO B K KRR BT
BRI R Bl ey g i Bo¥ AR £ R Ak K AT GURH
S 3N B R G TR Ak K g BT B R R R B ETR cnT
B I R F WA BT IR YR SV BT E Dt
TR R LR BRI T R R AR
PSR ENER  SF 7L RRPEDRAFL ATBEEE YR L

SR AT AT WA oL { AT e i tp AR 2 b o 2 BB ehie

i\4
=

ek e i e - AT FRBIE 2 r dfe b YooY
AT KRG (B2 4) 2 L% 4 (2003) FE2HE 5 7 LW
Yo 2.5 HERZFEFRN 2 TEREV VRS X BT ¥ OAE
bl 2 THp e R AR LB L SN G F R R Y gy

IR FENE-L ST R

Bl2.4 388k § A4 % LR (E4oinik)
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Y Y feeon [l xerax Il x4 . Al4TH
EE LR weReod B maess i sa - A2AcHE

— ) .." :&, ;Ma'
F2.5 § @8 % LRmarmale (e L% 4 2003)
= TR T R

FLBEEV BRI

|72+ B4 FHRBH
A L STR B A

ZRER

FEr e 2 A2 d 2K (F2.6 F27) B
BBR B R A SETZ BT A X Bt a8 50em B H R e W Ak
BT R A U R 4R A4S 2 B TR

mELZE S RAE R

L > 2016)

B 2.6 aﬁ%ﬁ@ﬂ%x&@ (

B 2.7 + 7 i raschk Boppe s (E2%ze . 2 2016)
R I TR T PR S e R Y e s
LT S N s T blde RFIH R P T ETE 2 B
B> FRE- FEEE IR G BB R T K 2 L A BT R
PV AP T R IR A B mb o
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Ttk S EETE (B 2.8) Ra s F S| F2) rk g hin B B RE A
A %8 3% o Kubler et al. (2018) **4¢ ® Schafberg fault i i i@ Fé = B & >
Schafberg fault = —if g G S frdp » RenF & R F %4 - A R b
FyR ~my R e g @ L kB TR AN G PSS E 5 A s
WP 2R REPAR R P o H Y R DR PBR T 1 & R
FYPOORLZ B e g RATRE AR PR AR IREF LE BT
LM B P RUR B HNFTH (B2 9) AL RAT v RD
Rhot@ B A B e i R O RE TR s B

FE PR B B R M o

B2.8 @rérkGepmp s (Fauve  2012)
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surface trace

-4m
80m 60m 40m 20m om
1718 fluvial channel lfault - |
‘ i ~ unitD -
16
(o)1) fine sand, silt and clay / Transgranular fracture extent of c)
@ sandy, fine to medium gravel /; Diffuse shear zone of clast fr;
= i 50 35
Coarse gravel, sandy matrix, c=s  Liquefaction g
boulder size up to 30 cm %  Fractured clast 7 (R
A 14 PR f /Mault zone' \
G R — L] ‘Csample  ® Detrital “C sample, N0, [ pebbles 0
oarse gravel, clay-rich matrix, Sxeliided fom msdel 90 x® }
boulder size up to 60 cm \ /
7 b )
A clay-rich paleosoil U
——" Equal area projection,|
surface scarp with lower
western damage zone central damage zone eastern damage zone
3 950420 1200465 1957- i
E2  (1100+10) 905 {fGsas 110 0
@ TTGIADNT | 862:67
4m

top of Devonian sandstone

Schafberg fault zone

40m 30m 20m 10m

fluvial zone W damage zone central damage zone E damage zone

Long-axis orientation — < 60°
of clasts \ > 60°

Fractured clast #

) 2. 9 Schafberg fault # & p 78 7 & e@ 7 2 #5122 gL 4 -2, (Kubler, S. etal.,
2018)

212 4L #ZEA B

PR LA LR E R B RS RT LR A 0 22002 &£ Y - =
MBRAT kARG (F210-F211) v L ERRDS 5 5 At —a

B AF o SE N B O ETR A B PR R R R 0 D T gt T e

—n

SR FIRE L F B AL R (B 2.12) -
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Bl2.11 = it (Fhés n 3t 2002 &)
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Choshui River

N

150m <)
®021218-1
Terrace

M Shiuchuan Pospital -~ 250m

Borehold A

Chushan

& Chushantrenchsite ® Borchole @ Sample location —=—_ tributary strecam
L1t Terrace scarp Chichi earthquake rupture Q Terrace Q Pliocene strata

B 212 =LA % B (Chenetal, 2007 )

Bl RS FHE b B8 B HEFEEE SRt b aah e
* EEH 1Am 2 e Ak THEFET AR o 7 LR RS BIERER LT B AT —
W beRT A AT i B A b 00t 8K 9% B A7 (fault-propagation fold) > =
Rk w4Tar i (fault-bend fold) (1§ 2. 13) -

Huang et al. (2016) #-= LifE @i lm 2 mFE 2 5 9K (B 2. 14)>
d Bt RIETREAEAT UN0 5 A TESE S UNtl X FIEEERORA
SRRTAI R B TRRLAZELUNR F A TR TRI K S8
ABTR S UNIB 24 BHFEA TRk R3 75 i BFATEN TR
PR en AT S EIR T D TR g D G R A K Bt - Unitd
R B DR TEET R SUNS St d R TER TR A3 A KT

GAL2 R S UNIG S AR B FRBTELE > 2 A B BE T
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[ Agricultural mold (S)
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colluvial and alluvial deposits (A) =] Mud with thin sand (E)
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UnitE
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3155-3360calyrBp— 25136
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1660-1690 cal yr BP

1380-1550 cal yr BP—

1 1 |
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3 Siltlayer (B)
[ Silty mud (C)
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alluvial deposits (F)
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i Sandy di
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® 2. 14

Unit Depth Thickness

Man-made-fill (0) 30
0 —

Farming Soil (1 30
rming Soil (1) PR

Yellowish brown, 150
clayey, sandy silt (2)

210—
Layers of brown,
sandy, clayey silt
with dark violet 15

clayey, sandy silt (3)

360 —
Bluish, clayey,
sandy silt (4) 100
460 —
Brown, sandy,
clayey silt with 90
thin beds of gray,
silty clay (5)
y 550 —

Light gray, clayey,

sandy silt with thin

beds of olive silty 200
sand(6)

%0 -

Brown, sandy,
clayey silt with 150
lenses of gravel (7)

200

Brown bouldery,
cobbly gravel (8)

(cm)

Dating Description

Frag of

or quartzite
Human disturbance
Light gray siity clay
Angular unconformity

phic graywacke

910-890 cal yr BP

®no2
670-540calyr8p  Yellowish brown fine sand silt with
lenticular gravelly sand
1550-710 cal yr BP
®noda 1700-1550 calyr BP ajarnation of brown silt and dark violet
organic layers. Mottled strips prevail in the
brown silt. Four organic layers are
i, 1710-1800 cal yr O countable. The thickness of organic layers
are 10~15¢cm
ons I 2320-1740 cal yr BP
2790-2740 cal yr BP
ono 4
Bluish gray silty mud. This unit becomes very
sticky while wet.
e
Brown silt with two bluish gray muddy
layers. Mottled strips prevail in the brown silt.
The two muddy layers are 10~15 cm thick.
3360-3155 cal yr BP
Light gray mud with some layers of olive
sand. Some burrows are observable
ono b
ono7
S 3250.2980 cal yr BP

Brown Sand with gravels. The gravels are
posed of sandy pebbl

3375-3210 cal yr BP

The gravel is composed of quartzite grains
* The size of grains ranges from pebble size
3473 cal yr BP
HE0-MTIeelyr e to boulder size. The lower boundary of the
unit was not exposed at the trench
According to a log nearby, the thickness of
the unitis 8 m,

*Note: the sample collected from fluvial terrace deposits near the trench
site and interpreted to be correlative with unit 8.

Atz efEE (B p Huangetal, 2016) - 3 & + fhiiehi

¥ %t & Chenetal. (2007) &z # %36 & LB -
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North wall South wall

B12.15 02 18k 5 Bl %2 o L4 (#2019 &)

@216@ﬁ%ﬁﬁ,%%%ﬁ@ﬁiﬁﬁ“ @%%“9

213 p d FP2pfaidk

oyt By Xk T SR FLRAVIEERFAAS T B K

B P AR B R DR E R RS 2 frd R R A R
AE RGP FEAPLL PR TER T DT T REASDE SRS

Cole & Lade (1984) 41* 1g & # ##) % B2 8 AR 2 $p)jer Bs’f‘l//é 7 %7
KR & enl e ST LA B R R R B R BT B R E R TR &
2OuTR i & ¢ B B e g B o Brayetal (1993) 1% 1g £ 4 3% fa3F
BRBLEE G ORR Lok g E L AFE AT oY R g A
R LNy
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d 3T p ARIBE P HAF S (0 9 E 5w o i Talietal (2019) #
AR R B2 R S HERL TR o RE-FE A
FTRAITHOE (BRLDB2FOE RO (BR L1 2H - 32 T8
Roeg 22 87K FEa B REZ 4T R R o * ) (Firoozkuh
sand N0.161) # 5 #ik » @ &2 FRR R * Zp B g i nE R 3:11RE -5
TR THE- R DU R G S F RIS A LA (AHH)
% 5.6% T ETRFEG FRITE A DMERY o ¥R R R ST
Bog T d et B R g ek Y T R G A g v Bt (B 2.17(a) )
Fobo B - pk ZUTR TE Sane A4 A B RS 8TE B ST R G et

ERG OB R EEFE o & A RBERR] (F2.170) -

i ’
e —

An/11=5.6% Side view Bifurcation

/H=6.8%
—SMR"‘;\

Il

Side view

L s
e
g =

R twall

A
Bedrock

Faulting trace

AWH=5.3%
Sand ”L

=

W |

7
g A

Clayey-sand

Bedrock

13?]217’4}\-‘"

d [ d
B K2 %757 5 ()% - ik 8 5 5 B A5 (0)4 2 vt 0.14 B
T

A FRER AN F R (Talietal, 2019)
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214 64 3] ¢ REELA

B e A4 LA IR Rk A R o R TR R R RS A K
RREREL AT - HEF SRR R TR AR
IR PAL AT PR REREEE ST 2 TR 6

SlIenis o i K cnR AR BTR B e g 03 IR T IR P ¢ 7 7 oandr

o

LR k2 R S s
WAt Basr g As ) > 4% 5 (2007) & * ABAQUSP 3534 ¥ —
PR K2R S T R A ot 3 Slice 2 S (ED) vt (V)
FRA (C) Bt (¢) &W%E () IPF FLHERTEA ML =
Wz WOE A B B e 87 E (B 2.18)0 i 715 @ F A 47 &0 HIR T A 4
Be5lRehd A A R RS RETA 0 I E R AT R R BB R
SR (2016) F T BETH I KRR R L K2 R E 5 R B AL EKR
LR e Y Ak Ko 1Y AT A B2 PFCO R BRES T AR L FA
A5 B AR o Lietal (2019) 27 3884 mi 2 2 S 9T F) a8 %
FI* i~ £ 2 PRC® Reyridsk & % 0] ¥ B s 2 MoB Sdc 0 17 5 AT TR
BHEAAT FlhR AL E (F12.19)-

W=1.63H
W=1.54H
P Plastic strain
('?r 1.800e+00
1 e +00
11:2800+
= e
— (X—_M | 400e-01
R I— 15858
.. 30 degree
(a) (®)

B 2. 18 i %7/ #) 4 385% &2 ABAQUS2D i it A 45 Hift (Q)7) 1 ik B & 2 5 )
(D)ficie &~ 472 PR %22 B R%F (L5 % > 2007)
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Numerical Simulation without Piles

Fault rupture surface (FRS).

L i

"\_‘.'_"563 h'= 2 cm'

Distance (FED) N
28.2cm
« 344cm

Scarp —__
“ S -
et P
-

ﬂ\_
v—_
g

ol
%Y h

300

H

i

\

\

Scm

(a) (b)

F) 48385 22 PFC3D #icie » 73 ()7) fa 2% (b)#ic @ » 17 (Liel
at., 2019)

W 2.19 i 97k

Garcia & Bray (2018) I * 34t~ %2 PFCP I3kl s T 2% 7 » 1
RuTR T TA L T T B R RIS 2 e b £(B 2,20 )
PR AT PRRY R ARIRIIRIRGBETRGE S A R
BTSRRI EORE B TR U RRE AN T

FHPBRDER LRI A STHF (F2.20)0

100 - -
’
’
80" = — ¢
~8—DEM Sphere Clusters (Sizes Scaled x 4.5) 1
8’ |~ = Fontainebleu Sand (Delfosse-Ribay etal. 2004) | l'
‘» 60 1
12} ]
© 1
& 40 ‘. ... !
2 :
’
o @ ele f
.
0 v i 1
102 107 10° 10°

Equivalent Diameter (mm)

B 2. 20 #ciE & 477 it mIpk Ak gk s~ F (Garcia & Bray, 2018 )
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Magnitude of Particle Frictional Dissipation

Rotations about at Contacts In-Plane Shear Volumetric
Principal Axis (N-m x 104) Strains Strains
? ) . m2 W02 mo0s
h/H=0.05 \ )\ \ \ I 1 N A .0 \ .0
) i fl) . r S
(a) (b) (c) (d) (e)
\ m? - » Wo2 : .m0
WH=0.10 \ \ N :I1 \ t.o . :.o
LA ), i,
0] (2 (h) (i) )

B2.21 B kT AF g EHFA, (Garcia & Bray, 2018)
TR R E - AR R He kI R PR R
Mortazavi Zanjani & Soroush (2019) 4] #* 7 A~ 2 24533 & R, 2 7k LA P &
AR IR RARLE LK R R 2 R Fa 0 R RE R 7
PhRfeB BEE a2 (B 2.22) B% 8T i fr/é,:fg.ﬁvawp.—% " BT

S

Boh A B RGE 2R R TR R R

/

FyE 2.0 @ B B che K 5
)k 5 E‘M*:‘%PDE%‘P)&F@‘ o

Reverse Faults

—DS
0.03 = =DS-MSLS

yH

----- LS MS.DS -
= (b1)
-
o] e 0.02
001 ooid = -DSG.AmMLSGImYDIG. sm\r\
----- DS(1.5m)-LS(7m)-DS(1.5m A
—LS
0 )
004 [T
0.03
s
ES (c1)
092 1 — —psEmMLSIm)
= - +DS(9m)-L S(1m)-DS(4.$m) h\
0.01

----- LS(1m)-DS(9m)

Normalized Horizontal Distance xH

B 222 %% i BR 2 A KR 2 K £ %2 (Mortazavi Zanjani & Soroush,
2019)
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215 i % vldg & A 45

A F R L BT E AR i B G 0T B8 R A R
FAA BB THEFEE SR A e KT AR B kX4
Ak EE s RESRESM AT ILE R E oo Yangetal (2014) 1% - it
A%z (PFCP) fF2d Ha i st 21772 2 b RETE BB (B 2. 23) -
PAGEEES 2E2 e E BT 4 B% MDA R E Y R S
TARAERAE S A B R R R DE T (L o Y A R D R BRI TS AR
45544 (contact bond model ) » = # fckt 1 % L 0 7 ¥R 45
BApEApis 3 K BB %10 A R entT R B g B R T B K w R %
A (B12.24) -

Tensils cracks and fissures.

units meters.
2m

y 0.3~0.5m
Pre-1999 ground surface
plastic fol 1

meters units

e
= 11 secondary  back-thrust fault i
- SN thrust fault

0

main thrustfault A

,/f\}*—f

2m

. P . -f:::-w. -v:t’*“"mm -EWWM ﬂg;;“;m."ms a:::r
B 2. 23 %Jéﬁ;,i w7k BB s B =% (Yang etal., 2014)

}-pop-up—| =
tensilefissurj(ba‘\'k'thrUSt mw

=1 secondary

- slipping 6m

sllpplng 3m ‘Iayer thicrkeniﬁg

Bl2.24 FahE=p %k b2 ficie i3] (Yangetal, 2014)
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% RSE (2016) 4% - dadgpica k2 (PFCP) w3 v Lot i o A b e ffid
Fend B oo B AT R RRILE R0 BT L KA e Tk

-

Lk od F 4 MR8 7 PSR e o B 2 R R KR 5 - KD
BRA LR LS 4R FE R LRI B R REPALL R0
PR FIE S BB T K LR TS R AR BT e
o AR 2B p e LD e 0 PO e Bl i (B 2. 250 &

RGETRFT VoA B adkd ) o

o 48 B R )
BMEHR

WA AR 24K WK o328

Bl 2.25 #clg» 47 H s L iE e M2 g £ & (% 745> 2016)
SRR G b E AT 2R K LS PFC 2174 F sk R
ANRE I RS BPTEEIREIRAZ2REAITY RIS AT 2
2 R ad B - QA K R e % SR8 dp K & A e B i AR
WA RERT R L e o T W L OB B ET - e 1 )
AR LR AL CSE AR AT R G- AR
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22 BERLEWAFHIEFE

ST NPT R AR AT AR R SR 2 F R B HT
SEAA5 0 B TR 3 ek Tk (Wooetal, 1982 5 #% Wm ms » 1982) o 35 i Ky 438 it
BB P EPT R RTnEE s A B2 FIEETL N KERTHE N

R AR oA RmE (1996) s PR LG AROH RS B K i
BOFREG p B REAR IRPTEFLF RN RS AR A
LR B R ST K LAZE 30-40m enp AF i B & aiEg E 700
b(FEPREA1995) BT R E MR ALE S e L T R RRE
B BRRHTRERT G T4 BRI LRETEBLHPEE G Bl Mo

BT ERNI AT ) R B e F s 22 4 (1999) e T i
BT ARG BT RRERTERIEF Y T 7D
B % 5 Chang & Cheng (2014) 1% sy P F k2 H BB R F = H T 4 5 & >
FAdWARRZATHRE HERFBLABPEFRG AT TR E 2
ﬁﬁﬁﬁiﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁ’éiwﬁ%%1£$ﬁﬁ2%ﬁo

P T K g BT E B EIRE N R P3RS k3T o Linetal. (1998) i * s
THEP LR PRI K g AF 4 5 Linetal. (2000) & @4 L iEs R T A
S 4 HBcE TR % chBE 5 Chuetal. (2010) 1% #4-k = dhifsedF st b § 4 T
SR F 3 R 17 5 5 Changetal. (2015) 41 Rk b P~(F 5424 & 4p bl S
TR FEZBREHRFF B R 2T R

BR3P 7 R g R A HR AN AN D L P ERERET
CREVERS LR B A (s A Rl AR AR 3-8 TR L R R Y
MNF R e §IRB RS ] AR BT E BEEAT IR AT e
AFTPRETE > AT ERBT 2R PIFZ LR THHA T ETLHTA
AR ] o
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23 WBEEZEPI TR

A BB AT R S R PE S YR 2 AR R YR R Rk
oML R SRR AR R e e F R R < A
AT AL A P R B P RS AR A B R A RO T MR
I a1 Rz - BLRRTHRRT P32 .

Fig (1995) #8724 172 (DDA) it r - P & FRF L &
RE B T BT ARG TR AR 5 K R R T
S R T A B R IR R s e R KT IR PR TR
ARRRRE DR Y R BRGSO Rl RE > SRR (B 2
26) - Chang et al. (2003) | * ¥z~ % 24 B 114F & FA48 8 4°5% (Multi-Circle
Granule Model, MCGM ) 453t = a7 Pk “re@ p3afi A 2 4 247 £ p o
Ve b N e

PRBE LA R B 5 PP B

18

i

AOMNARAKRFER §RFTREMFUWL L L2 SR ART HPF 2 Rty
SRR 2 fef sl AR ERE R AT T A2 MeEF R (227
B 2.28)0 k7 % % (2014) f1* PFCPPiEera Fend B (75 - F L7
R MO Sl | T AT R A AT 2 SR S MR Sl o AR R
el B o HFAy S5 T PREPEARAE AR S > P4 558 B
Fhy g

Bt s BERE L AR S RERAGETE (B 2.29)-

3. TS ERPMERT LR W4, APTAEES] s PERER 3
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7. 20005814 - FEVCREET G0 2P

8. 20000 » 7k S HLHREES RN 2 S0

B2.26 £5 gk Timfpeslo @z kBRss (i3> 1995)

Angle of repose: 4.75°
Average contact No.: 4.64 O

Angle of repose: 24.25°
Average contact No.: 5.60

I Tri-circle |

Circle
Angle of repose: 19.5°
Average contact No.: 5.27

Ellipse

Angle of repose: 25.5°
Average contact No.: 5.78 6:3)

l Molecule

)
S

X =i v S g 0 S5t 34 S
ST
»'1 x:}ii)ci' ":::(zr fg;?,

(¢) Tri-circle particles of random packing (e=0.2)

o X o
S
S *‘ﬁég
iz e
%0 VAY_JL ‘:“‘ir’
ot AL
o
SR
R ’0“% 3
""mﬁ‘uqn‘

() Tri-circle particles (horizontal deposit, e=0.2)

B 2.28 2 P17 E-RT RS2 = & FIRERGE P #% (Chang et al., 2003 )
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1.2 112

-4 07 So*
® 1 . ® E :m R¥=0.8689 > 4
2
) 3 it b ® ); 4 e
A . R? = 0.8616 A 097 e
09 0 0"
0 100 200 300 60 100
BAFRAE (mm) W*E%i (%
(@ [}
450 ; 400
14 400 <% H# 350 _."'
B 350 it # 300 S
# 300 e e = # ;'ﬁ() % R1=09431
3 250 4¢ R?=0.893 > :;)O
" :(m > -
100 200 300 = 20 40 80 100
0,
:&xann& (mm) JP*E%! (%)
( [C)]
03 03
PLas 4 "
. 2 .
4 028 S 0.28 =
N o Lt B 020 o’
0.26 p-—z-zF , .- * R*=09114
29 o RI=0.8464 o024 «
024 022
0 100 200 300 20 40 60 _ 80 1
RAGRAE (mm) s E (%)
(c) )

Bl 2. 29 PFCPP g se i3] w R Bl i s % (3R %

ih}

4 52014)
24 &t
B3 PRI B DR L R LY 2 2 ET e FREAE
PRP MRS REES T o RP U TR ES¥ 2N Y AR A
SRR R A X SVt A Sl b R A R S
FARLEENRRREEKESITER T P R e arR T ol 1 o
Avar & Hudyma (2019) #& 417 B8 8 1 423 B erpLBsdhy 2 LA A &
FREARR AR RS AR R 2T N F RS E ) BERE S8
FHRAFABAIE L DER AP FEREY IR E - G RRT o REF
3B R A o
AETREEIEZVEEY  BEF RN RARE R 2 ES 1T
HEFRTAR AL RS GER T hRAF L THIREF S R SR 2
Bl E DR F T
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£33 By

AEFZ G EEE 3 BN BERE B AL FREEE 2

EHPPIE R IR AR BEF I RBREFRA AT R ORBEAH T

Ik

AT B TR L1 A 4T OB S Bt b A S B B B E 4 17 (PRCPP)
BEFEARE R AN NI AR TR DGR R A LR R R M AT
B g P AR F ch 2 2 A o

31 R¥FH LA

APFTHRRE N A2 pER T S E Fiji Bikp Byl @ ¢ g
T R AT UEBREART R Y 5 B A AcGIS Bt B
e KB RRE IR LR -

AL W AATHSETR T R R AR R LR RE&RY D
FoflritmdemE lemzZ Ry &g (TP T ARGEEF Lok E (B3 1) w
FFHRFE BREEDRENLI P o ok P 0 ¥ A B E T gk fih(a)
# [ ph(b)frmdh(C) o MRS S R v § oY HA T R AL HY > i
QT o p S5 o B2 ¥ Bl s R 2 pdRRE Y 0 R Fiji B p Bt

BEHARPFDEFP AR OR AR T s RS B REA T S R
322 &« HX BRI L Rqp e VRS ARY d A1 NERI AER
KPP ARt TRk (B3 2)e ¥ LG E R E fpirt 2 Rl T R R
HEREALBPGIESS 2 A %D 4138 o

ArcGIS #ici* # 2% & R cn® it B * WATBEERARE e - Z Rk &
B MR A LR ESN RN BdpdER T =~ ArcGIS ¢ B F R T £ philic
* A E > f1* TCOGO (Coordinate geometry ) | 1 £ 483 5 M gieh= = k@ 5| 7
Eghin? 5o R REL AL G o MH TR AT LB B R Rk Y T

iR o
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B 3.1 7

B 3.2 f1* Fifep &y o R TR T 2 A MR
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32 PRR) PR
321K A

MAF T 1g P IR f % 0 FifaR 110 cmx 5720 cm x B 60 em o #7k
Lrh R EEA EE R 35eme ¥ K B AR (H)ARY R HRG 20 A8 94 3% 20cm
Bz g R oo i K ER S ) &I =~ en 1/100 0 By faiRskpe ¥ Bl4c® 3. 30 %)
R LS S EETEA BINL > T EHIONRE P FESRE S g T

@R P F RS MY 2R fad S s i — 30° Wk 0 SRde B 2
122.8x10*mis g Boe b fade ok L8 352 F(AH) S Seme A4 v (AHMH)
Bt 3 025 TR € AR RIm B —ER O RdpERIARZ 2 R R
RRGUTE AR BRI ERY PDRAPE R TR EEE ¥ ST

FENE = B2 B AR AF TR TAAEMN AR DT b 2 R g A
# e Nikon D700 B pdici>4p 48 > j_t 3p 3= BIF o 2 8P 0L %
~ Agisoft Photoscan ¥ s 47848 22 § = @ endicid & A543 (DTM, Digital Terrain

Model) > 2 22 0.3 mm > & * ArcGIS iz~ 4522 B+ (B 3.4)-

B13.3 #)fimpe b M (4% 5 0 2007)
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Control pomt / Control panel

[EED) o/ (EmEi)
Width =20 cm I N
L .V. L
®
(XXX

Hanging-wall

H=20cm | ‘) /

= / \
~L - . /I
Foot-wall(fix) Fault dip angle / .\\\
[/ \
/ .' l\ \\
/ / \
N dé:/, ‘\,\
. / (===]
Driving motor (55 53) I /// \\
./( \\l\'\
u |8

B 3.4 mifaidskict L EFP B (2:=p Lietal, 2019)

322 B s H R g R

MG AW Rk FHE R RRBRMEFEE EP AR H- Bk
FifadREX RE TR T B AR IZE T ol 31048 £ 3 B F) 8%
FERBEEE YR LRI A HBERIZREEEHE DI K LR
WP RS AR A A R A B AT TR TR SRR R SRR
FER o - SRR T R e N Mg R T L@ e LT R B
RIS FES AT T AT A R P aRRY R PR ORI R Y P AEE T
AR AP DRTEHAR YRR 2R L HF AP TH T Y RAT D
FERA e

BEZAMPETEE Fijil Fp yralsirorif &S B gs
WOARAeB 3.5 B 3.6 & 32957 > TIBE S 173 P HR AT Y REE

PR LS AERE 2 RIS AT O AR X R o
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231 BB ER2ZAFFREF (Becp if-v iy 2018)

BE REREY
EEE G, 2.65
Ba%REC, 1.64
HREZE C, 1.01
FHIHIE Dy (mm) 0.98
EBAIZENE v ne KN/m?) 16.26
B/ \EZE I E v 4 min (KN/m?) 13.45
m—IIENER SP

3.0

2.5 A

tE (a/c)

1.5 A

,_
A
—
<
1

0.5 A

. FHE =173

0.0

100
90
80
70
60
50
40
30
20
10

BIBBE DL (%)

1000

150 200

A HEFE (cm?)

R f 2. £ jEt

——ETERLGES
——fhiatEA
—o— A R

1 0.1 0.01

SRR 2 T A W AR
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L322 HRBTAEEFRRELELNR

R mEst mEEE
s ngess 0
(EE!; ) ,zjar“ R) L73 Flfgjf\;ﬂ% 289
323 fiiAS # AER
Fifaidoe ez s Zom } (FEAUTR IR B R ITEe 7 AR A ERE

VAR E RS R R R AR B8 P A R A
LS RREED S ML TR R LA R R
P T apg (B )ﬁ;‘,{—- 24 IR 'fﬁ:%;ﬂfﬁﬁéwé‘@ﬁ-ﬁm*#é ’
B RERS A R ML SRR A AR o] R EATR AR P G REET
ERRE & nE AT 1Y FRAYR BRI L E B RE R A

A ER (B3 7)) BEGIVASKERTAL AR I B > B TREE#RT

SV~ ¢ Ry TR M FRETR g Y R o

21
20

19
18
17
16
15
14

W3.7 ¢ o el 7 4 % 0

FiRRDIN B FTHE) - TBRTHEILE THEEBL AL 3

FUARBER S v kP (F3.8) FUHRT A [ el R BHBER §
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xR R ARE DT 5 BB ¢ 0.8em~ 4 #¢3# & 4 Scm/s £7 5% E 14em>
4 3.0 MG EAHGRE 80% B R £ KLk i E S
15.6kN/m® » #) & 34 4. 5 %) 0.4

BT AMK S NS EEI RN NE FHEBE A AT AL
R - KA AT O REFREEL - - RIAT REE®RE T £
Mo BORE B Sm M A S e B fE R B BT TR
B e hFITHELEG h@ B ¥ chRb L R T g S T hpE g > B MR
FEPRPET R A e WA ARZ S PR L T - A2 1
Plr FE B - K EE AT ERU HIEIGREE R TR R (F

3.10)-

(@) sER LR (b) 7 "% F 4 (C) AR v 4]
3872 FEAE (212 > 2019)
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100
90
80
or R?=0.99
S 60 | '
o [
gz 50 |
= I
g OF
30
H &M (B 10.2cm % By & Sen's)
20 f — s (00.6cm S B Senvs)
10 || — @t Gaciosem g sevs)
H —— 481 (59 [10.8cm,f% 3 [ 2.5cm/'s)

0 2 4 6 8 10 12 14 16 18 20

3.0 #2 FHERECE 3R F 280 s (HamE L > 2004)

o
o
a
a
H
o
H
8
|
o
o
)
B
#

Bl 3. 10 #7)fawdok i E A2
33 #EALHT

331&EAHIZHA

A3 i % PFC®P5.00 % (Particle Flow Code in 3 Dimensions ) 1% % #c & fit
A1 oo b il eriE B G2 L 3tdr <~ %% (Distinct Element Method, DEM) » 12
SR GAAE A PR A RO ARF TR L TaER R LT EE o

ABFIT - A g UG PR F R ORF AN ARMRER A S
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St

AR T OUKRE A Ao A M IR Y i d e AT e
Mgy s Bean & mfl* PR F2VHRIBE R L4
A e A G (Ffe ) 12 HR 4 Sapd 75 o
(1) 2 * B3R

aig* PFC®# > w2 L7 2R E 11T 2 A AEK

L #@3pp Yy i d g 22 EFE 2R -

Il R0 5okt T rpapge (balls); &7 % @ (clumps) 45 4

R TAR R pl hE R AR

. = B ~Z e v BE 2 g o

~,»\

IV. 3z B eni®s 4 %op gt il
V. i bdifi i 4 fop i BAp i@ d g Moo T 4 B gl e
VI, 3z AP enddfg il @2 iiFie | B £ 4 (overlap) > 5 Zh3fF o
VI SEdz B erde g B 027 4o 42 % (bond ) Heg v F1X 4 & 51K
EE R
(2) PFC? & § 348
PFC3P5.00 % s & #5-3] @ 4~ 12 (bodies ) fr#:#§ $-7] ( mechanical contacts )
A o dr it e 7 F IR IR B 2 gy (walls) s @ (FiE S S AR L R
Pt B BRI AR 22 BT T B SRS R AT AT
O R A4 o PFCP i@ B B4R A 5 - B Y e B (cycle) poig *
B E R B E R AN o ho) 3 11 MET A B R ¢ o AR DRFT 4
fAEpE, HE®RFLd IS @R ERGE O PR RS AT
ek o MR R E I AT o §ES B2 Fy B
MRt 4 B BRI E § RERAREA R R B ehe

S R EATHR] Y 24 B |- L ATIROTR Flenvh 4 R4 aE s dopt
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atticle + wall positions anqg setof,,
\wda\e % Onpac ¢

SRR B AN B U 68

Law of Motion Force-Displacement Law
(applied to each particle) (applied to each contact)
* resultant force + moment « relative motion
« constitutive law
-+ Sy
L@j pid = L Ual

FEFRR SN 5 (FERRSEEE)
s BRI tRLEE)
Contact forces ,?B W /_?t_\

W 3. 11PFC®P 2 & & § 48

t PRC oy » ch B 5 MOBL 3-8 > 3 w30 sienlicle 2 47 ol AT i
B LR 4ol Sl (E) S it () 5EER4 (o) 112 Bgd (¢) %
RER e SO D X P18 g i o PRCP ¢ chpiepl S 8w L i 8 g 2 1 o
BARAL A S P 2R f i F R FE S (e
. zREEk
& PFCP ¢ spaflil Bk 5 WM o SR~ B 2 P engh il 7 5 L
GRS TS PR TR S £ NE L S
Gk E o B FE G S RELR  AREEAELY 0 L TR ERL
% & % @A (normal stiffness, kn® & ky®)~ *» & = B (shear stiffness, ks® &
k@) @ spaEd L oW L BE hE R o
d IR AP T A A2 ] R T ARAARL -
B PR R o S R AR T U S (B) St (v)
k&7 @ f PRCP @ plf|* 4 »cficikc (effective modulus, E™) 2 3 & v
( normal-to-shear stiffness ratio, x "= kn/ks) ki z 4§ e g5 > o0
4o
k,:=AE*/L, ks:=k,/Kk" (7£3.1)
HP A %o ff > LB R LR (B 3. 12) FHwo 40T
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) 2rt, 2D (t=1) min (R, R®),  ball - ball
with A= 9 , r= 1 )
nre, 3D R, ball — facet
RV + R, ball — ball
R, ball — facet.

axial stiffness is

L
/ 2r
piece 2 \/ piece 2

(ball or pebble) (wall facet) 2

piece 1

{ball or pebble) /p® (ball or pebble) /p®

ball-ball ball-facet
B 3.12 v BRSEM 2 §AF T &R

PN RREFFEEIR R (FE L E R ) E T AR
LEAL P DREY 2 DRE X > AR MRS L EER S
TSR I o 0t AR R B PR PR (K k) # T ok
dEE B BT R o B R ol st B oo SRR IS 5 B (B
3.13)° @ A B en Bt v N FiE ST Bl (u) e

2 BAET e

11 1
A
n n
111
ke~ kD @
A 5

B 3. 13 S R B R 2 M %

B BB E A R - St B 5 ATRIA 3T (pebble)
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pLE A s B IR A S T T 2 g R P IR 0 B g
SR B SR Bk o
TR

e R ER R T R EE R RO & AU R
BB A e B o A TR S A R R A - B T LSS B PR
e S RABELE FREECZR/AE > 2 ¢ B B ECE] Tk
BLOBc e ARHEGFEMI B d R ERAR IS 4 FR B
RN RFEIRS B RS BTk o

(4) ¥/ #-3
BRI Y B e Rl AR Y R PRI A e T
. &M Ef 3] (linear contact model )

R SRS IRl T 5 R BT S AT
BRET TR G LE ok SPEF KRR 4 > 2 A7 T K
XA o ALY B P AR ERES w2 B aspk o
CXS MR LTS TEN N TR

. Efd4E2453] (contact bond model)

B SHAE B RBEERG IR e P BRI it iR g B
WA T REERMAR RS o e PR BT KK ES 5 B FlAL
MR TR R 0 R E R v IAMRGEA R4 BRAE
Ao mARFIFT Y o g AR PP ERPRA -

. = 742247 (parallel bond model )

TR RS R RE /R TR L P AT Fity

P}

SRS AL FL Y PR REE NI AR =

Ej
B

|

B3

2

A ‘%}Oﬁ_j\ﬁjiﬁ ’\"L#\T’é%;ﬂl}b*&ﬁa

A
“'3 \—\

L ¢

w
it

~=\
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3.3.2 g A 4713 & Sk T

AP EA AN R AR FARFESFE ERAR & A
Sl R ORBCERCE Y TR iE 2 AR Sl YR Sl R (GRS 44
G B L EAEE RN EBFI RAOBENRE GELF 5 F )
LA T B AR o

) R B OR R 4o 3. 144eH 3. 15 miad 14 BRI ES - B
RF 6 B o FlL AHESEE R ¥ ORI G B G RFG il
R BEGEHHKR 2%EIET S £ 5 8 BAEe > K T3 BERE=0.577 - i
Sk fad s S AR ETV I ACERICFE LG e BE o AP TH
2 ET KR IR K A7 5 5 - B AR (quasi-static process) o %7k 41 #-
#AETEL BT T madidaEaY iRk 2 T397 T gr4 1 (unbalanced
forceratio) -+ 0.015 P35 Kk e endedoid B . 6o

R RECERRY AR R RRAGHRERTRE A AR

TET BB T EL LS > MR LT 25mm B TR A D B LD
W T AR 2 AR e o A R A N G IR B IR BT R B 2.3cm
AF L3 2.5mm e foliie) & Srk iR o B3 15 ARk SR T R T & el

B0 kB4 93,071 B > HIFR T 97,078 B > BAFR BN 19 § B

=
T

3. 14 #) fidic 635 87 42 b ]
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Clump group 1 30
Clumps (93071) T )

I ellipsoid1 g g i SN GND o
ellipsoid2
matrix1
matrix2

Ball group 2
Balls (97078)
None

;4

x4'J\v b : otwal\

unit: cm

110

B 3.15 /| = RFjaBcE it pe & B

R P el K2 A R A FREEHS 2S o J- BIERR B
BEREZEHOERSAERREER ) ERA > PRSI HFERY DIVHF (n)
T 2 0.37~0.48 > st L RedicE AT o @ IV F=04 03 2 4 A
TR B R o TR F A2 T Trd 1L ] 30 0.005 (ARG R AT e A4 S
ok Aotk dad ouBAeY o VU EE S DRI RERCH S > B3 16 ER A
f#3le y=10cm z_ 26 ¢ & (1~4%5.) 1% 3G B Rk (5~8 %) ehit M & - T iplsk
LT % 150m & 2em e FOERBR P A AR K it B R & 0.32~042 2 F > §
Bk g e B3 S g B0 B ede b (2 SRR B e H s AR Y 4
ERIIR I R F B AR AR DT RIIR I a2 R T R e

I EFEEE SO
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i BB YA 1)

0.45 1
£
g P—
h v
=]
o
0.35
0.30

L L L L R N L WL L L
1.20 1.40 1.60 1.80 2.00 220
Step X 105

B 3.16 ifap &3 B It 43 E R

WRBE AT EHE IR - SR B RS ERR LR MM G
PEC® @ »#7ig * cficl S e 4 38 8 5% fi & L g B ok L8 I eh i
R AT P o F R PRCD B S 8ceh™ 58 5 R A IBE) H 3R sk TR R T IR
PR TR REERERON S - ROVCHIE D ¢ FUEFR R BB A BB IE
Py LR od AT THEE G A BB K DR T ARP R RE- R

BRI - 0 B e TR R

I\

2 (2019)~ #rég~ (2019) & 4] 2 RE - m A EEBORE F AR R
AT RIGRIE R & 3 P BRI~ BRI T B (K, ks) ~ IREF A E4E L 5 (lock
SWD*@WW%(M)E.ﬁ%&%iﬁwkaﬂT’ﬁ%LLu%ﬁ%t
B u)Hn g B E B A A iR & PRCO Y i B ORI M k2 7
AT SRR 31 AR Y IR SR 2 BT en B o 4 R FL T
B Bl b o F BT BT B L nskaR g 4
L BBl & ¢ BERET P R TR T

@ w
=N
%
[
a
R
L
N
g
3
A=
o
=

AAR AT SR PEFT NS AR 2 R S ldc £ 3.3
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£ 4.1 B EehS LR ESBRE < Fhdp (E5 N E G #£>150em?)

ID Mf&(cm?) Circularity Roundness £4&t5 (AR) £#h(2a) 45#0(2¢)
4 1592 0.37 0.58 1.73 59 34
23 1370 0.48 0.61 1.64 53 33
54 1364 0.38 0.54 1.85 57 3]
100 1111 0.25 0.43 2.31 57 25
137 1108 0.18 0.68 1.48 46 3]
65 623 0.38 0.57 1.77 37 21
71 462 0.39 0.46 2.20 36 16
36 325 0.31 0.81 1.23 23 18
31 275 0.29 0.75 1.34 22 16
210 242 0.34 0.45 2.21 26 12
67 232 0.38 0.73 1.37 20 15
197 225 0.27 0.60 1.66 22 13
50 223 0.26 0.59 1.69 22 13
122 221 0.35 0.48 2.07 24 12
35 213 0.35 0.64 1.58 21 13
79 185 0.27 0.49 2.06 22 11
33 178 0.34 0.39 2.57 24 9
89 167 0.38 0.47 2.14 21 10
184 163 0.44 0.67 1.49 18 12
196 162 0.16 0.48 2.07 21 10
2 161 0.39 0.94 1.06 15 14
74 160 0.28 0.44 2.26 21 10
22 152 0.36 0.48 2.08 20 10
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