= N[:x TRJ_FU/GE)

pi.u GEOTECHNICAL
PHYSICAL MODELING

National Central University

FRIEHE

ujJ%L;"'MﬁE

BEIOVRE

BUPRAR LATERRR

FU =

Pay —

b"b&é




m EEOVEE

m P oK

m EEOVEE

m EEOVEE
m FIFREECVEEY

NBENTRlFuja
A oz TR

SRS

nit% E’J M\
B IO R

& RIRHE

1

RENSRYITAE

a1\ 52 B9 FE Bel 5= 1

AR EE K it T2 AV IE R
A, o 5 15k L 2 T P8 Y 85 )




NBENTR&FUE?
A oz TR

A TiEaRatRYFIE

n BB E A
s DEEREOERAR  —
n YBEREER L=
a SRR ENEEEIT

m MR =B 5t B AEY ( ERETIRERVIRF)
(BRGNS - _EFAYEER)




NEENTRiFUG
""UEEE’FEQH NNN
An e’ PHYSICA \[*MODELING

FIEEE 7L

m ZEVIE e m ESEGH o] Eg 7 Hr
ZE4 vl x EREHEREE
Hit ﬂ-;‘-\ E\ I\ M I
- '.‘L‘ESE"M (DEMERS) n EEEE TR
m EERE o
A 18 PR 181 22

m EEE » REETSEHOI

n JEIEUREIRE a EEEN
AN\ ——

n {BIZEESIERIEEY N
EEM m _LFEHIE R
EXFE - TEEE 1212 Rt 40 A K2RV ZG

(RERE - BEZK )

\
!

Al
1




NBENT@

TARIEERZ
#@E’f nﬁ%ﬂ

n K TR ER
m [ [ 5l B | ‘
n S S (IS BT 4 RO A Y 55 B e
m 1gtE B 5E
m BOEBIELEE (Centrifuge Modeling)

I:IIIl'




N BE NTRIFUG
- UE!EX@HMCAL
Am ! PHYSIC AR:MODELING

V) PR B2 B A5 A5 15
2 ENEAMBEYS SR ERALERE

A B BRI .
m IR EIEHE

o HRERBZAMME (LEARR - BAKD......)

» ARG

n 1giEE(FEDEEELL)
n BOVERY(FE N T IR



8

8

8

Deviator stress 0,-0; (kPa)

N Cent eruj?
U PHYE Y. DDELlNE

W E Rk DAL T

n P EEERERTREERBRAX/)EE
m i EFRANEE B BV A& EnE
HMITHINBTRS ‘.‘%1’1‘:191‘%2‘“’%"%&1‘ 2 13

[ Y DRAINED TRIAXIAL COMPRESSION TEST
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SATURATED TOYOURA SAND, AIR-PLUVIATED
Undrained triaxial tests
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Geotechnical Beam
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Platform (during test)
Drive Motors
Counterweights
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HO5ERfE (acceleration) m/sec? N
RE (linear dimension) m 1/N
FE) (stress kPa 1
fESEE (strain) ] 1
ZRE (densit kg/cm? 1
& E ) #8F&(Mass or volume) kg or m? 1/N?
8NIE&E (unit weight) N/m?3 N
77 (force) N 1/N2
45 (Bending moment) Nm 1/N?3
Bending moment/unit width Nm/m 1/N?
Flexural stiffness/unit width (E1/m) Nm2/m 1/N3
BRER 0% S (time: diffuse sec
RS (time: dynamic) sec
$83R (frequency) 1/sec
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Data logger
(128 channels)

2 PCs on
board 4

1-D shaking table

EENT{@;

Method

Servo-hydraulic

single acting system

Shaking type

Periodic or random

determined type

Shaking direction

One direction

Nominal shaking [%53.4 kN
force

Max. shaking *1m/s
velocity

Max. table 6.4 mm
displacement

Max. payload 1mx0.5mx0.5m
dimensions (LxWxH)
Max. payload 400 kg
weight

Nominal shaking | 0-250 Hz
frequency range

Max. centrifuge 8049

acceleration
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Model Containers

Laminar container Rigid container Fault simulation
for dynamic tests

711 mm x 356 mm_x 358 mm

container

711 mm x 356 mm x 353 mm 711 mm x 528 mm x 675 mm

2-D and 3-D rigid containers for static tests

El
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Preparation methods of Model Ground
Consolidometer Pluviator Compacted soil

(saturated clay) (Dry sand)

Hydraulic consolidation
is available
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Techniques of /n-flight Subsurface
Exploration for Model Ground

T80gHIENIEET - BRSO LUETIH FIREREENEN
MM REBRED - Halie TR/
YN RBEETTIEIRIEE 458l (non-destructive test) BIE iF

1. Undrained shear strength profiles

2. Shear wave velocity profile along depths
(dynamic soil properties)

3. System identification on the soil bed and
structures
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In-flight mini-cone penetrometer” "\

— (6]
LVDT2 ——_ | | _/—’rﬁibi%@ﬁl | X
o Double acting ]
air cylinder %
i A\
10 — gi
B §
\’:I;L‘—l_LTJJ [T ‘c" T
: C 1T 1 r I C 11 : § T
= 15 —
LVDT1 :
s @a‘j = / ] Mini-cone penetrometer
. H ] rested on the top of containe

GWT——\ = 25—
1 0 10 20 30 40 50 60
Undrained shear strength (kPa)
Measured from CPT , site2 (in1G)
Measured form CPT , site3 (in 1G)
Measured from CPT , site1 (in 100G)

W —

Measured from UC test
mFT

Predicted from vertical effective stress

Clay bed

Predicted from Po'

Foliuet

Measured from CPT , hydraulic consolidation , site 1,2,3 [31]
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In-flight shear wave velocity measurements

Use of Bender Elements (Z o)
{80g

127 (10.16) | 127 (10.16)
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Shear wave velocity (m/sec)

= = 0 100 200 300 400
= LVDT? Vi e 0EA) = - 0 T ey b T T T T T T T T T T T 11
= 60 (4.8) i: = B @
= ¥ Azmops e BEI = @ Testl - BE test
= 60 (4.8) =N ® i ®
= X AGEOP6 emm BE2 = |2S o
§ 60 (4.8) § § ﬁ i :D
E —'r A3mOP7 e BE3 E a - [5)
= 60 (4.8) = a 100 [}
§ X Almops === BE4 § < o
— 60 (4.8) — oy L
- ASgp P8 - v —_ @
PP TIIIIIIIIIIIIIIIrIIIIIIIIIIIIIIIIIIIIE 3 | )
le ()]
N 355 (28.4) | 355 (28.4) B N
711 (56.8) a ©
+ : 5 oo | :
80Hz (1 H .
= Accelerometer z (1Hz) Unit: mm (m) o 200 e g
o Pore water pressure transducer Model Prototype _g - o 10g @
§ Linear variable differential transformer ’5 B ® 20g
e== Pair of bender elements S © 309 ®
B O 40g
7 . ()
Input one cycle signal *10V, 5kHz ; sampling rate = 120 k samples/sec > . e 50g
12 : : : . 0.0015 ® 3004 © 609 °
10 + ﬁ% . . Test2-80g F = ® 70g
S st 'llpea to pea BE1 1 0.0010 S L o ® 80g
g 2 : | “ ——— Trigger signal -f 0.0005 % -
g 2k ! | Receiver signal E =
S I TN VN _0.0000 8 -
2‘;’, 2r ‘| 'I ".0.0005 3 L -
D -4r \ | o 8
E 6t ] "-0.0010 @ V —_ — 400
8+ [ r S
10 L L L "-0.0015 At
0.0000 0.0005 0.0010 0.0015 0.0020
nme sec)  FirSt peak to first peak criterion
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Comparison of shear wave velocity profile

obtained from Bender elements and Pre-shaking
{80g

_ 127 (10.16) |, 127 (10.16) . 0.05 T
E FLVDTZ ELVDTI E 1 L —_— A8 Test3-E1
= AT =5 -
= . i‘ 300 (24) = 3 004 e
= Y Armops e BEI = . L
= 60 (48) =5 22 G i
= X A6mOPG wmm BE2 = (e[S s 003+
= 60 (4.8) = § £ i
= X AImOP7 emm BE3 = ks
= 60 (4.8) = T 002 -
= X Almopy === BE4 = &
= 60 (4.8) =
As_H ASgan P8 H v v 0.01
U T TTITI T I T I T T T I T I I T I I I I I IIIIIIIIIIIIIE|
€ > ¢ >
) 355 (28.4) ) 355 (28.4) r
711 (56.8) 0.00
+ ey — 0.6 0.7 0.8 0.9 10
= Accelerometer S0 Hz (1Hz) Unit: mm (m) Time (sec)
o Pore water pressure transducer Model Prototype Shear wave velocity (m/sec) Shear wave velocity (m/sec)
$ Linear variable differential transformer 0 50 100 150 200 250 300 0 0 50 100 150 200 250 300
«== Pair of bender elements 0 K T T T T T L ' ' ' ' '
[ Test2 ° [ Test3 °
Input 2 Hz & 1 cycle small 5] I 5 { S
amplitude sine wave; i . .
5 T » - I 29
sampling rate 30k samples/sec gw{ T
==/ ML, N =] 425 < r ° < [}
U2l = RN ﬁ Eﬁz =4 s o C
BREAGHNBEENE § . |5, .
Al S RVEE ER AL PR K BEEE D IR : :
o, -
Al 2 RYEE R L PR IK BEEE MR : . : .
B RE AL /N EA i se [ -
1 54 / \)‘j (o) _
0.05 - BUfEE:/1EL0.001% 20 { 20
iﬁ - I L@  (V.)braion - Preskaking @ - ®  (Volipraion - Preshaking @
3EE& 2< ERI \J [A V. -BEtestsat80g | A V,-BEtestsat80g
25 25
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Centrifuge modeling on
seismic responses of pile in liquefiable soll

80¢g

: LVDT45 4?450 u

— Al8 LVDT4 =
15}

; _‘% A23 ! LVDT4
A (]

A22

LVDT,
LVDT
<E v ‘ P17 @
g
3
7 P16 @
3
s
Lam .na 3 6 ' ®
container E
] 5 5 P7 @
X 8 3
ol = > <
5| 8 4 Ps @
™ <
3] 8
P 3 Pue
3
~ 2 PI5 @
g
= 1 P18 @
{ E hinge

» Al2——) acc+
B All

B A6
> A4
B Al6
B> A13

B> A26

B Al

=3
6

1

kI}gnding pile

™
LVDT50
@
LVDT51
Saturated o
sand bed
LVDT41

15

} A25

10.50

71.00
shaking Unit: cm
> Accelerometer
—E= LVDT
- Strain gauge
° PPT
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Computing FFT of the part of free Vibration to
determine the fundamental frequencies of pile

Fourier amplitude

0.005

Fourier amplitude

0.015 T
0.010

0.005 4

0.000 ¥

P-D-3-S1 (D,=60%)
(3.2 Hz)
(0.95 Hz) —— A18 (B-Pile)
\l, (1.7 Ho) —— A24 (S-Pile)
| T T/I\/m‘l — T S T ! !
1 B 3 a 5 6 7 8 9 10

Frequency (Hz)

0.004 -
0.003 A
0.002 A
0.001 A

0.000 £

2 3 4
Frequency (Hz)

5

P-D-3-S1 (D,=60%)

—— A23 (B-Pile)
—— A22 (S-Pile)

6 7 8 9 10

Fourier amplitude

Fourier amplitude

0.0012

0.0010 -+
0.0008 -
0.0006 -
0.0004
0.0002

0.0000

0.005

0.004 -+
0.003 A
0.002
0.001 A
0.000 -

Two fundamental frequencies are observed :

1. Fundamental frequency of sand bed

2. Fundamental frequency of pile

Acceleration (g)

(1.5 Hz)
(1.0H P-W-8-S1 (2HZ)
1.5H —— A18 (B-Pile top)
Ltz o) —— A23 (B-Pile Bottom)
0 2 3 4 5 6 7 8 9 10
Frequency (Hz) AlS
= [Aw
\11(3-1 Hz) P-W-8-S1 (2Hz)
‘ —— A24 (S-Pile top)
\ll(l 5 Hz) —— A22 (S-Pile bottom)
. 4
v ‘.

0.06 ¢

004

P-W-9 (D,=60%)
002 f B-Pile
0.00
002

0.04 F —— A18 (top)

0o S T T T R O S WA
. T T T T T T T T T

Elapsed time (sec)
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Elevation, (m)
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Elevation, (m)
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-30

Horizontal distance from tunnel center, (m)
-20 -10 0 10 20

L e e e e e e e e e e e e 5 s e e e e e e e e e e

T

L e i

(@) C/D=1

TR B A

Horizontal distance from tunnel center, (m)
-20 -10 0 10 20
L L

L n

Horizontal distance from tunnel center (m)

B)CID=2 :

T T

Horizontal distance from tunnel center, (m)
-10 0 10 20
L L

NEENTR]’FUG

gn

A5}
PHY!

ECHN
SICAE

37

ICAL
ODELING



NEENTRiFUG

- UEEME;;HNIGAL
A PHYSICAE MODELING

Distance from center line (cm)

20

0

1

0

1

20

-30

D=3
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V44
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144> A4 20 VVA YUq (I 4V PPPY Y YY
LA I a2 d d d d 2 d d 2 Jd 3 2 4 4 44 4423
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IE]
o3
i

A=K R i

i
“

g
I A7 = T . E
6(4.8) E
I Adms PS ! =
6(48) | A2™% p3 8
1 Abm o P6 E
30(24) &
6(48) = T LvoT
{A3me p7 =
648 E - AcC.
1 Almo P4 g WAtV
. = Silt
6(4.8) =
v ASw s PB . =
- .
35.5(28.4) 35.5(28.4)
80 Hz (1 Hz) Unit: cm (m)
0.2 sec. (16 sec.)
o
E 10
£
53
Q -15-

.20

NEENTRIFUGE ) Lenglh(m)

LI EARTHQUAKE SIMULATING
&GEOTECHICAL MODELING

bbbttt
lq'L'|||ll‘rlln~rerL.

i 1] Ii ( \~
Y

r . depth=4.8m

Acceleration (g), depth=24m

10 y L 20 0 2 4 6 8 10 12 14 6 18
Elapsed time (sec) Elapsed time (sec)

Time = 0.128 (sec)
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iR 2 £5 EN1E IRt ol B AR RV ER BT S RAF

s iR EnE B BR AR FR S
: .:?E:I:JEETE: 20 cm (16 m)

a RAEIBER
b RFH 2 5.5cm (4.4 m)

EHIEF
Y REREE: 0.1 ~ 2 mm/min.

H| BxamoE: 809
SR 60/
HREEEE:  CEHESEEE
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Surface profile scanner

ing velocity 9 cm/sec

Normal fault test
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Soil bed preparation
1. Characteristic of tested sand
Gs D50 DlO pmax pmin
(mm) | (mm) | (g/cm3) | (g/cm3)
Quartz sand 2.65 0.193 0.147 1.66 1.44

2. Characteristic of tested sand bed

Use of air pluviation method to prepare the
sample having relative density of around 75%
and 50%. The sand bed has a height of 20 cm In
model scale
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AR NRER L E S IEEE R EE AR 2 LEE

80gNtest44-C s.=116kPa | 80gNtest37-C Su= 46 kPa

.............'"“ ....“.ﬁ‘.;"i........q
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G
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Falling height (mm)
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A 23y 7753 [E 5 BS LE R 12 F FR I 3t 3R S8 i2 2 EE R

-20 77,

—— S1(25mm; 1.18%) s 7z C I aC k

—— S2 (5 mm; 2.37%)
—— S3(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%)
k —— 510 (25 mm; 11.85%)
-60 d r aC —— S11 (27.5 mm; 13.03%)
—— 512 (30 mm; 14.22%)
—— S13(32.5 mm; 15.40%) S13 (32.5 mm; 15.40%)
3 e 514 (35 mm; 16.59%) F e S14 (35 mm; 16.59%)
L —_ e S15 (37.5 mm; 17.77%) L — e 515 (37.5 mm; 17.77%)
SU - 115 kPa S16 (40 mm; 18.96%) Su _ 46 kPa S16 (40 mm; 18.96%)
e 518 (45 mm; 21.33%) = S18 (45 mm; 21.33%)
-80 S20 (50 mm; 23.70%) -80 $20 (50 mm; 23.70%)

S1 (2.5 mm; 1.18%)
S2 (5 mm; 2.37%)

S3 (7.5 mm; 3.55%)
S4 (10 mm; 4.74%)
S5 (12.5 mm; 5.92%)
S6 (15 mm; 7.11%)
S7 (17.5 mm; 8.29%)
S8 (20 mm; 9.48%)
S9 (22.5 mm; 10.66%)
S10 (25 mm; 11.85%)
S11 (27.5 mm; 13.03%)
S12 (30 mm; 14.22%)

o
o
T

Falling height (mm)

80gNtest44-C 80gNtest37-C

_100IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII _100||||||||||||||||||||||II|IIII|II

-100 0 100 200 300 400 500 -100 0 100 200 300 400 500

Horizontal distance (mm) Horizontal distance (mm)
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Elevation (mm)
R
3

-150

-200

—— 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%)
=SS, 7T
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%)
—— S13 (32.5 mm; 15.54%)
— S14 (35 mm; 16.74%)
e S15 (37.5 mm; 17.93%)
S16 (40 mm; 19.13%)
— 517 (42.5 mm; 20.32%)
e S18 (45 mMm; 21.52%)
S19 (47.5 mm; 22.71%)
$20 (50 mm; 23.91%)

s, =46 kPa

Hangingwall Footwall

Horizontal distance (mm)

':E E}J Eit %M nE % Z I:I._) Eﬁ

50

o
S o

Elevation (mm)
5
o

KR
1
o

-200

—— S1(2.5 mm; 1.20%)
—— S2(5mm; 2.39%)
——— S3(7.5 mm; 3.59%)

S4 (10 mm; 4.78%)
—— S5(12.5 mm; 5.98%)
———— s6¢ 7. ~
S7 (17.5 mm; 8.37%)
S8 (20 mm; 9.56%)
—— S9(22.5 mm; 10.76%)
—— 510 (25 mm; 11.95%)
—— S11 (27.5 mm; 13.15%)
—— 512 (30 mm; 14.34%)
—— S13(32.5 mm; 15.54%)
— S14 (35 mm; 16.74%)
e S15 (37.5 mm; 17.93%)
S16 (40 mm; 19.13%)
e S17 (42.5 mm; 20.32%)
o= S18 (45 mm; 21.52%)
S19 (47.5 mm; 22.71%)
S$20 (50 mm; 23.91%)

80gRtest46-C
s, = 108 kPa

Hangi all
anging w Foot wall

Horizontal distance (mm)
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100 200
— 51 RSmm; L23%)
80gRtest23 — nEemm 1209 : 80gRtest23 — =2 S 23%
— R(Emm;26% — 3 (TS mm; 1TIN)
— B ([T6mm 3TN r =4 (W mn; %)
:g:,s":‘?xu I — 53 (2. Imnag 823%)
| E E — mm; — 28 (13 mm; T.9%
80 _ % % — 38 (16 mm; 7.6% L =T :H‘ S m l};’ﬂr
& (176 mm; 5. 7%% =4 (2 wwn; WX
88 (20 mm; 10% 100 4 —_— 0 2. Sme 1L29%)
— B8 (226 mm;1126% — SN0 @Imax 123%)
— HO(26mm; 12604 [t —_— @r. ;32
g. — 811 (27.6mm; 1376% -§~ —_— ::;;u:-::“t:: =
— 012 (20 mm; 16% — 3130323 mm; W2I%)
E 60 - — ::g:m‘;gn é —14 33 mar 1T.3%)
—_— mm; 17. —_ T. :
E — G (3T Emm: 12T6% b= :::::::ﬁz:;’“,
#8 (40 mm; 20% [=] 0 S1T (423 mn; 21 23%)
r7) — mv«u-.n;nuu 'a — 510 (4 mer 223%)
~— — 18 (46 mm; 22604 - S19(4T.9 mn; 23TI%)
= = . ::(::imz:‘z;ﬂn = 220 (30 max 29%)
= = S, (60 rren; —
o } =
e \ -100 A
AT
————
0 1 1 1 1 T 1 L 1 ' - ﬁ—jififm' -0 & _mo 1 1 1 1 t .Fau lt tl D' 1 Il 1 1 T A 1 1 i
-100 0 100 200 300 -100 0 100 200 300
Horizontal distance (mm) Horizontal distance (mm)

MR EHENR LB LTERIEE (20 cm)
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80gRtest23

50 |
40 |
30 |

20

Falling height (mm)

10

_10 L1 11 | L1 11 1 1 11 /- | - 11 | 11 11 1 1 11 1

-50 0 50 100 150 200 250

Horizontal distance (mm)
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Uplift height (mm)

500

2 [

I

500

3T I B RY R

400 -

300 4

200 4

Uplift height (mm)

100 4

(a) 80gRtest23

Layer 0;

Layer 1; ion=20mm
Layer 2; 0
Layer 3; elevation=60mm
Layer 4; 0

Layer 5; elevation=100mm
Layer 6; elevation=120mm
Layer 7; elevation=140mm
Layer 8; elevation=160mm
Layer 9; elevation=180mm

Layer 10;

Shear band ( lower bound)
Shear band (upper bound)
Fault slip plane

400 A

300 -

200 A

100 A

(b) 40gRtest21

Layer 0;

Layer 1;

Layer 2;
Layer 3;

omm
elevation=60mm

omm

Layer 4;
Layer 5;
Layer 6;
Layer 7;
Layer 8;
Layer 9;

elevation=100mm
elevation=120mm
elevation=140mm
elevation=160mm
elevation=180mm

Liayer 10; omm
Shear band (lower bound)
Shear band (upper bound)
Fault slip plane

Horizontal distance (mm)

Horizontal distance (mm)

500

{E(II)

NC:nT %'rfu//sa
g U’Eﬁg TEAL MODELING

(c) 1gRtest20

400 -

300 -

200 A

Uplift height (mm)

100 A

Layer 0; omm

Layer 1;

Layer 2;
Layer 3; elevation=60mm

Layer 4;

Layer 5; elevation=100mm
Layer 6; elevation=120mm
Layer 7; elevation=140mm
Layer 8; elevation=160mm
Layer 9; elevation=180mm
Layer 10; elevation=200mm
Shear band (lower bound)
Shear band (upper bound)
Fault slip plane

Horizontal distance (mm)
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80gNtest24

—_— ¥ (26mm;1.26%
— 82(6mm;26%
— R FT.Emm;iTEN
(10 mm; 6%
— B6(12.6mm;8.26%
— B8 (16 mm ;7 6%

L T (17.6mm 876N
82 (20 men ; 109
— S840T vs 8-LOT27

-60 - — B10(26mm;126%
— 1276 mm 1376
— 230 mm;16%
— 513 (326 mm 18.26%
— R4 (26 1769
w— G116 (37.6 mm | 18.769

— 18 (46 mm 22 6%

Falling helght (mm)

He 476 mm;23.76%
820 (60 mm ; 26%

100 0 100 200 300
Horizontal distance (mm)

NBENTR‘IJ@?

2LJ.

IFETEARERRE=
iR E S mAIEEER (80gNtest24)

200

GEOTECHNICAL
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el

Elevation (mm)
o

8

Toplayer deposit

Fault tip,

80gNtest24 — 12(6mm; 26%
— BFTEmm 376N
24 (10 mm ; 6%
— 36 (126 mm ;826
— WB(16mm ;TN
T (176 mm 876N
22 (20 mm; 10%
1m 7 — 8L 0T vs 88.L0T27
—— $10(26 mm ;1269
— 1276 mm 13.76%
— §12 (30 mm  16%
— §13(32.6 mm ; 18.26%
— §14 (36 M 17.6%
w— 316 (37.6 mm 18769
818 (40 mm ; 20%
w— 17 (42 .6 men ; 2126
— §18 (46 M 2269
H8 476 mm ;2376
820 (60 mm ; 26%

26 mm; 1.26%

]
-100 0 100 200
Horizontal distance (mm)

R EHENA LBLIEEERNO.8fF(16cm)
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80gNtest24
0
E 20}
£ 20
=
(=]
v
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o))
=
w© 40
L
-60 |
1 | 1 1 | 1 1 1 1 | 1 1 | | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-100 -50 0 50 100 150 200

Horizontal distance (mm)
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Fallingt height (mm)

Z PPRYE{C(II)

500 500
layer 0 elevation=0mm ——— layer 0 elevation=0mm
(a) 80gNtest24 Jayer 1 alovation=20mm (b) 40gNtest26 layer 1 elevation=20mm
layer 2 elevation=40mm ~—————layer 2 elevation=40mm
layer 3 elevation=60mm layer 3 elevation=60mm
——— layer 4 elevation=80mm i layer 4 elevation=80mm
400 1 ———— layer 5 elevation=100mm 400 layer 5 elevation=100mm
layer 6 elevation=120mm layer 6 elevation=120mm
layer 7 elevation=140mm layer 7 elevation=140mm
layer 8 elevation=160mm — — layer 8 elevation=160mm
layer 9 elevation=180mm S — layer 9 elevation=180mm
300 A1 layer 10 { £ 300 A1 layer 10 i
——— shear zone - lower bound ~ ——— shear zone - lower bound
——— shear zone - upper bound E ——— shear zone - upper bound
——— graben-fault rupture > ——— graben-fault rupture
— — —  projection of fault slip plane D — — —  projection of fault slip plane
=
200 - — 200 -
jo2]
£
’ 5
/ &
100 - 100
0 0
F— T——— ! L Lo !
T T T T
-100 0 100 200
Horizontal distance (mm) Horizontal distance (mm)
500
——— layer 0 elevation=0mm
(c) 1gNtest31 —— layer 1 elevation=20mm
—————— layer 2 elevation=40mm
layer 3 elevation=60mm
| ———— layer 4 elevation=80mm
400 ———— layer 5 elevation=100mm
layer 6 elevation=120mm
layer 7 elevation=140mm
— ——— layer 8 elevation=160mm
£ ———— layer 9 elevation=180mm
£ 300 4 ————— layer 10 elevation=200mm
~ ——— shear zone - lower bound
= ———— shear zone - upper bound
S ——— projection of fault slip plane
E
— 200
[=2}
£
K
L
100 A
L \U
oA ~J
Lo L
T
200

Horizontal distance (mm)
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Falling height (mm)

- BT E (F

%

(Wt

ik

u\ﬂn\ 1

—— S1(2.5mm; 1.22%)
—— S2(5.0mm; 2.44%)
—— S3(7.5mm; 3.66%)

S4(10.0mm; 4.88%)
—— S5(12.5mm; 6.10%)
—— S6(15.0mm; 7.32%)

S7(17.5mm; 8.54%)
$8(20.0mm; 9.76%)
—— S9(22.5mm; 10.98%)
—— 510(25.0mm; 12.20%)
—— S11(27.5mm; 13.41%)
—— S12(30.0mm; 14.63%)
— S13(32.5mm; 15.85%)
= S14(35.0mm; 17.07%)
——— S15(37.5mm; 18.29%)
S16(40.0mm; 19.51%)
— S17(42.5mm; 20.73%)
—— 518(45.0mm; 21.95%)
S19(47.5mm; 23.17%)
S20(50.0mm); 24.39%)

80gNtest59-S/C

100 200 300

Horizontal distance (mm)

Falling height (mm)

= S/C)
A=l

H ZEEER

3] 41

s S5In

NEENTRU_F@

EEI:ITEBHNICAL
PHYSICAL MODELING

80gNtest44-C-H

S1(2.5mm; 1.18%)
S2(5.0mm; 2.36%)
S3(7.5mm; 3.54%)
S4(10.0mm; 4.72%)
S5(12.5mm; 5.90%)
S6(15.0mm; 7.08%)
S7(17.5mm; 8.25%)
S8(20.0mm; 9.43%)
S9(22.5mm; 10.61%)
$10(25.0mm; 11.79%)
S11(27.5mm; 12.97%)
S12(30.0mm; 14.15%)
= S513(32.5mm; 15.33%)
= S14(35.0mm; 16.51%)
=== $15(37.5mm; 17.69%)
S16(40.0mm; 18.87%)
= S17(42.5mm; 20.05%)
= S518(45.0mm; 21.23%)
S19(47.5mm; 22.41%)
S20(50.0mm; 23.58%)

-100 0 100

200 300 400

Horizontal distance (mm)
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Elevation (mm)

-60

100
120
140
160

-180 L

IEERIZ {F R
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rBEh TS

:h‘j:I:J:'IE“Brﬁ Sl E HYEEER

- 80gNtest59-S/C
80 -

—_— e — = front2
—————— front1
—— center
——————— back1
—e—ea—.e back2

|
-100

| 1 1 1 1 | 1 1 1 1
0 100 200

Horizontal distance (mm)
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100 100
—— S1(2.5mm; 1.22%) | 80gRtest46-C-H —— S1(2.5mm; 1.19%)
—— S2(5.0mm; 2.44% I — $2(5.0mm; 2.38%)
| 709 RteSt60'S/C _— S3E7.5mm; 3.66%; r —— S3(7.5mm; 3.57%)
S4(10.0mm; 4.88%) - S4(10.0mm; 4.76%)
801 —— S5(12.5mm; 6.10%) 80 —— S5(12.5mm; 5.95%)
I —— S6(15.0mm; 7.32%) 1 —— S6(15.0mm; 7.14%)
S7(17.5mm; 8.54%) I S7(17.5mm; 8.33%)
—_ $8(20.0mm; 9.76%) I $8(20.0mm; 9.52%)
£ — —— $9(22.5mm; 10.98%) = —— S9(22.5mm; 10.71%)
E 60t —— 510(25.0mm; 12.20%) £ &0 | —— S10(25.0mm; 11.90%)
= I —— S11(27.5mm; 13.41%) S i —— S11(27.5mm); 13.10%)
< —— S12(30.0mm; 14.63%) = I —— S12(30.0mm; 14.29%)
‘D — S13(32.5mm; 15.85%) o) = S13(32.5mm); 15.48%)
= —— S14(35.0mm; 17.07%) ‘© — 514(35.0mm; 16.67%)
E 4 — S15(37.5mm; 18.29%) < - —— S15(37.5mm; 17.86%)
= or $16(40.0mm; 19.51%) E 40}t S16(40.0mm; 19.05%)
) I = S17(42.5mm; 20.73%) a i —— S17(42.5mm; 20.24%)
— S18(45.0mm; 21.95%) - I —— 518(45.0mm; 21.43%)
S19(47.5mm; 23.17%) S19(47.5mm; 22.62%)
L S20(50.0mm; 24.39%) i S20(50.0mm; 23.81%)
20 + i
L 20 -
P —— \ i N
0 T P — =% SR ST F N
-100 0 100 200 300 0 S === L
-100 0 100 200 300
Horizontal distance (mm) )
Horizontal distance (mm)
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Elevation (mm)

-100 -
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70gRtest60-S/C —_———

front2
front1
center
back1

Horizontal distance (mm)
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100

E
E O
- L
N -
c) -
‘o -50 -
< i
c’ -
C -
=-100 -
@© B
LL L
O —— 80gRtest23-sand (50 mm)
-150 - — 80gRtest38-clay (Su=46kPa)
= —— 80gRtest46-clay (Su=108kPa)
_200 C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

200 300 400 500

Horizontal distance (mm)
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100
(a) ground surface deformation
—— 1gRtest20 h=10mm ,r=5%
— 40gRtest21 h=10mm,r=5%
—— 80gRtest23 h=10mm ,r=5%
80 4
3
E 604
=
=
5
K=
E 40 4 — 0
5 = o
20 4
041 P == B
-100 0 100 200 300 400
Horizontal distance (mm)
100 -
(d) ground surface deformation
—— 1gRtest20 h=40mm ,r=20%
—— 40gRtest21 h=40mm ,r=20%
80 —— 80gRtest23 h=40mm ,r=20%
£
E 60
£ o
(= —
K=
£ 40
Qo
=)
20 4
0 T T T sl

Horizontal distance (mm)

400

=

2 fiff |2 &

) A

Uplift height (mm)

uboasl

NEENTRiFUG

R2E(1)

1|
L

100

100
(b) ground surface deformation 100 -
(c) ground surface deformation
—— 1gRtest20 h=20mm ,r=10%
—_— gggg:esl% nimmm ,r=10:/a —— 1gRtest20 h=30mm ,r=15%
50 1 — 80gRtest23 h=20mm ,r=10% —— 40gRtest21 h=30mm r=15%
80 4 —— 80gRtest23 h=30mm ,r=15%
60 1 £
—1NO° £ =
r 0 £ — 0
= 0
E=
40 4 =
=40
o
=)
foe skt i
300 400 200 200

Horizontal distance (mm) Horizontal distance (mm)

80 4

60 -

40

Uplift height (mm)

20 1

(e) ground surface deformation

—— 1gRtest20 h=50mm ,r=25%
— 40gRtest21 h=10mm ,r=25%
—— 80gRtest23 h=50mm ,r=25%

r=25%

Horizontal distance (mm)
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(a) 1gRtest20
—— s0 (0mm h/H=0%)
-20 1 —— s1(2.5mm h/H=1.25%)
m —— s2 (5mm h/H=2.5%)
L] 3 (7.5mm h/H=3.75%)
o —— s4 (10mm h/H=5%)
. —— s5 (12.5mm h/H=6.25%)
< -30 A 6 (15mm h/H-7.5%)
~ 7 (17.5mm h/H=8.75%)
g —— 8 (20mm h/H=10%)
o —— s9 (22.5mm h/H=11.25%)
7, —— 10 (25mm h/H=12.5%)
-40 4 — s11(27.5mm h/H=13.75%)
—— 512 (30mm h/H=15%)
— 513 (32.5mm h/H=16.25%)
$14 (35mm h/H=17.5%)
$15 (37.5mm h/H=18.75%)
50 { = s16 (40mm h/H=20%)
—— 517 (42.5mm h/H=21.25%)
$18 (45mm h/H=22.5%)
$19 (47.5mm h/H=23.75%)
—— 520 (50mm h/H=25%)
Y I S S T S S N S SN S S
-100 0 100 200 300 400
Horizontal distance (mm) 0 1 > s
_10 4
(b) 40gRtest21 () 80gRtest23
[ — s0 (Omm h/H=0%
50 (Omm h/H=0%) 20 4 — st Ez smm hiH=1 )zs%)
-20 1 —— s1(2.5mm h/H=1.25%) — . o o
I 2 (5mm h/H=2.5%) 0 [ — s2(5mm WH=2.5%)
] 3 (7.5mm h/H=3.75%) g F $3 (7.5mm h/H=3.75%)
e —— 4 (10mm h/H=5%) L L —— s4 (10mm h/H=5%)
2 —— 5 (12.5mm h/H=6.25%) 2 F — s5(12.5mm h/H=6.25%)
S -30 A 6 (15mm h/H-7.5%) < -30 6 (15mm h/H-7.5%)
~ 7 (17.5mm h/H=8.75%) ~ L 7 (17.5mm h/H=8.75%)
g —— 8 (20mm h/H=10%) g L —— s8 (20mm h/H=10%)
o —— 59 (22.5mm h/H=11.25%) ° b —— s9 (22.5mm h/H=11.25%)
> —— 510 (25mm h/H=12.5%) > L —— 10 (25mm h/H=12.5%)
40 { s o0 a0 = oo m
=15% | —— 12 (30mm h/H=15%
—— 513 (32.5mm h/H=16.25%) 512 (30mm - ) o
= 514 (35mm h/H=17.5%) L 513 (32.5mm h/H=16.25%)
515 (37.5mm h/H=18.75%) 3 514 (35mm h/H=17.5%)
50 | — 516 (4omm hiH-20%) $15 (37.5mm h/H=18.75%)
B —— 17 (42.5mm h/H=21.25%) .50 4 — s16 (40mm h/H=20%)
$18 (45mm h/H=22.5%) | —— s17 (42.5mm h/H=21.25%)
$19 (47.5mm h/H=23.75%) L 518 (45mm h/H=22.5%)
—— 520 (50mm h/H=25%) | $19 (47.5mm h/H=23.75%)
60 4——t 11 L L L L | — s20 (50mm h/H=25%)
T T T T
_60 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-100 0 100 200 300 400 T T T T
-100 0 100 200 300

Horizontal distance (mm)
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regression slope curve (h/H=15%)
regression slope curve (h/H=20%)
$20 (h/H=25%) v
4+ S4 (10mm h/H=5%)
-0.6 - A S8 (20mm h/H=10%)
S12 (30mm h/H=15%)
*  S16 (40mm h/H=20%)
v S20 (50mm h/H=25%)
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