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Actidyn System Q72-2 Earthquake Simulator

Shaking Type

Electro hydraulic servo type

Payload Dimension

0.67 m (L) x 0.67 m (W) x 0.65 m (H)

Max. Model Payload

700 kg

Centrifuge Acceleration Range 10 - 100g
Max. Shaking Acceleration (No Payload) | 40g

Max. Shaking Acceleration (Full Payload) | 20g

Max. Displacement 6.5 mm
Max. Velocity 1.0 m/s
Loading Frequency Range 40 - 300 Hz
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=" Displacement Acceleromerer

O 16 BEYE AN EAEe] dE AARFAY dv

L

il
=

2

of

1Ne olgd Aw-7)z-Px

- hES

2. 5

1980 T 1990t SHE () okl A F2 ARRHE AR-T]E2-F X5 F4 X

1A ok 2000 W S0 QIS FHIFE O wlokAd Ads I bEAHS AN
M TR aONES] HORE Qlste] I

e 1980 T 1990t i, ®HuE tHE A<l A
FAHER) T AW 2-TE2EY FE5AE S ST Boke MY B3 2 A
Az s g A gke 2 Qlste] SSI(Soil Structure Interaction) ZZ13lolgl= 5§
Zol ddgredolow WA E o] &

_15_



<+ 59 Multi Core Processor, SSD% 728 FHFEH A o] H|FHo=z s
ek, A FAERE AFA] Ao A 8] oJHT L A ARG AIZEE ol
o] 7lsl/AMEn A &4 2L DEM(Discrete Element Method)s o] AZx™S Wil
= gAY,

Aucte] EE2E dstaM= Aot Workstationd LANWS o] 83 Parallel
Computinge =35t 7]E FAfA = E7ls sttt AAAD 53 534
o (Fracture Dynamics)E DEM7|H S Al-&3te] A4atar ¢S,
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A2 A7 =3 e R 23

EEELRE

1.

ot

5

EAske] A

o]

SHolA o o+

OEER
o 719H(1g) ol A

3o

)

o 71

il

st

o

il

Ak Al Akeldl

NSRS L

A]

e

Fo A=A 3l

[

ANM= T

o]

(model)9] =Z7]E 1/N

[€]

TEE 2

s

Z8 Jl&ro NHlZ 7FEAZozZM =dke] Zlo)d

A A}

jant

BlE ¥ (prototype)oll 7+

of vH(1H 18).

St
=

Field Condition

ANY
POINTS ARE
SIMILAR

STRESS AT
CORRESPONDING

yH

Centrifuge Condition

o] 71 A,

<3
=

(Omp)
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O = pghy 21 (1)
O = pgNhy, 21 (2)

=, AAEIAH S AA @84S IUNE FA2AZ 7]8484 4 RPor Rdgstal
AA AR FARRE AEs skl f8l, Ngol da7rEAelA vdd Ads s38st
A HH, ol ASHE Ys SAHARES & 1o HAE AEES A8t 98
xE9 AFoz A "k (Schofield, 1930; Talyer, 2003).
I3 ANEIAIFY Fa A
5 23/99 29
2 o] 1/N L
& 1 LT™!
V== N LT™?
Wy E 1 ML™IT2
-9 1 ML™IT™?
3 1/N? MLT?
A 1/N? M
T EE N LT
AzE (e, ) 1/N? T
AlzE (F4) 1/N T

Ul GAEFAYE AAEE 90dd FRE olF JIPgA R e FASE =Y Al
Zpste], b, 2, AANE T2 AF, A, | T vde ANk FxEd A g Ho] gt
o} 2 Aol E KOCED At el d3toz H KAIST AL AEDFA AE o =
o] 9T YARFEH AALS o) gsdom, Ngo A4 7HEER 3 H3te ol A
2 BA7E 7bsd s dE wAl EAskal 9lo] ARk FxEo Uixlde R Bd A
TE5 74T 5 v A Aot

O YARZA Y7 (Geo-centrifuge, X LAME & FXA])
KOCED A eAdEzFA AddHe] HAAEIAH7= =ZZ~ ACTIDYN

AdH7 bm, FHdl 8% 240g-tonse] TF
RE zkenl HAd 2400kge] AWHRE S AAESE Aol A 100ge] DA 7HEETMA] F-F o
7bsskH, 1,300kg A Atsel A 130ge] Hul AMN7FEEE 738 = Ak ANRFY 9
Ao A AlgEHE &3 TV, A9 52 AF37] 9938 fluid rotary joint, &H] W
o] AFH T& TAoz AZsto HRE AF3H7] 918 1Gbps 79l fiber optic rotary
joint(FORJ) %3t AX o] <ty Add wme Asgd5ES 9gr A AFH X (Data
Acquisition System)¥= 3] o] A2 %™, National Instruments®] PXI Al
gom FAaH v 7EH e g QA o] A, LVDT, 7F&E=A19 & AS7] + 9%

ME F 196 A9 A AZT & ARE TN, FF A4 Boe] n



TE A %
Al A A ACTIDYN SYSTEMES SA, France
dvy C72-2
31487 (Platform Radius) 5.0m
Ho &7 240g-tons
HAQriE= 130g
HY »nd F= 2,400kg (up to 100 g)
Payload =7] 1.2m(L) x 1.2m(W) x 1.2m(H)
Fluid rotary joint Total 10 lines (air, water, oil)
Electrical slip ring Total 42 lines (power, signal, video)
Fiber optic rotary joint Data acquisition and video signal

(Earthquake Simulator) ¥ S7}d 9B (Equivalent Shear Beam, ESB) ¥~
VAR A S gt Ayt 7p Eaks] 23 Fol BEof T shup= A uk
A F7 53 3dd ]“PX]X]E‘QL Horol tH(Kimura, 1998). o] ¢} 2&

>
i ol

> o 22
o,

¢ N O

(e mz_u
fo mn =2
1o,

= A7]A o -F42] (Electro hydraulic servo type)
24, kA Awe 31d wbd 50 m, ol 240 g-ton & YARYPAIF 7]
AAE] AAREIANE T AN FY] EAZE 7hsatth AAlesol gl Aole A

kgol tialA = H 20ge] F 7HEEE AT F QAL o=
Ho 05g¢ AHE EAIE F v 7FELE FFEolth (@A W WA A 7o HAE
Hol MAA AW 7R 1 0.22g). KOCED AAEZFA AgAE e Aee] g 3
FoAGS 29 1 F 5 o 22k YErl A

e ™
off K o
2 12 o Ho

2,

>,

oo

) ,

=

@)

O

£

)

™,

offt

©
;9
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Aesdel 52 A

Actidyn System Q72-2

g &
Earthquake Simulator
s B A7 Aoy ok A
Payload =7] 067 m (L) x 067 m (W) x 065 m (H)
Hg 24 FF 700 kg
7He A ThEE WY 10 - 100g
Hd Az 7HEE (Bdo] gl 49) 40g
A A 7HEE (A 29 S 45 20g
H W4 6.5 mm
) ’\E 1.0 m/s
7He et TFIg W9 40 - 300 Hz
A A& AIZE (H D":i_‘- T R AR 7R Max. 1%
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A €t} ESB WA= 10719 &5 v Frame =

S
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a5 4

Bag ol gdte] &

(ESB)

2 woj )} 7 ykel

o
=

Frame

taick A KAISTOl

)

Ho| L&

B

=
=

1704, Rigid BF2 17}

17491, 27

-
R
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R 2,

1

N

6 o Z

22
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fite)

o
=

JEIE

341
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)
<

!

of] o] ¥ (actuator)

A

=5 7tsle= W5 o Basket, A

—~
o

j—

2

3},

oL
[¢)

Accumulatorel] Oil& A

Fgsle] gk,

R
al]

(a) ESB A%}

1% 20. KAIST X4+ 22 92 (ESB 270, Rigid 174).
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I 6. 22 Hsde Fa A
T % Al <
R A4 650 mm (L) x 650 mm (W) x 650 mm (H)
5 X 490 mm (L) x 490 mm (W) x 630 mm (H)
&FulE Frame & 10 &
7} &2 1EF Frameo =0] 60 mm
T T 145 kg

= Basket Ho] M2

N

| i
T i
pi| ROTARY J::;NT

frmm SHOVHNOA &

Hvoro-£LecTRiC [IH

& i
EI POWER STATION .- .n.gll =2 255 X} |

*
-
.El .......
i

ELECTRONICS <
OF CONTROL
SWINGING FASHET IN OPERATION
- e,

""" =2 Mriciorires
-

\ CENTRIFUGE

SWINGING BASKET, COUNTER-WEIGHTS

v’

lg Alsd 2 71E dAEIANE Asde 54 Axlsts GdA] dARIAFE7] 2
Aol AEs = ods Hastetr] 98] Rl A7E AASHAY 15 o] Baskets Al
gsto] vteow S8t 2y dutd o AMEPAF WEsd= Centrifuge Arm
o] Eeto] Ao FFol W = FHE HS 7] Wil BIAQ vk S Oé%tﬂ
Al efol At KAIST 22 lsth= olo #Zo] WeA AARIAFH7] EAd =

=l

T =

HS sty sk, 2d Sk Adeste Xa]%kiﬂ(counterfweight)%
=

[e)

(>

G s

a%—sﬂ gy BgoR §HolA FoEM, AEd vre 4 #d
=

-

7t

Model container — T, »M,,
Tl m
Balancing CW % Fy, \‘ L Frayioad % Fy
m ) IR R — e - Ay | ————
User slip table —_— LA ‘ N o T
B dmader, dcw

1% hydrostatic bearing

2" hydrostatic bearing —j o f
QS base plate —/ //

Centrifuge platform

a9 22, e 524 73 (Dynamically Balanced Earthquake Simulator)

— 22(3 —



3. ESB(Equivalent Shearbeam Box)
54 QARGAPelA wdlor & M Fa AG F s A Auke] Tad
[¢) s
T

{ds] BAtsk= Aotk A

Mol Awhe A48 wAE 4 QATHY 29). o9 pe mEl uao A7 27 ¥4

£ @ldst7] flall, Whitman &(1981)2 & Wakel tid =83 dd Adzo] glo

=

R4

2

W, 2% mE Aue] WPol A o] Fehbe Laminar ¥E AsHEOm,

A4 1g ABY 2 BH QPRIAGAA 4 del AgHT Yok 2 A4
72

BEe] ARk T8 oA o= A AAE THAHA AX stFel AddE o]
Foll o] 1¥3e] Zeng¥ Schofield(1996)= ESB ¥l~Z A¢tslgitt. ESB v ias=
Laminar 229} @] Awbe] A3 fAeE S 7Hx] %5 ZF Frame Abolo 4+
sto] A dkz W] AAA A AEe] AA 2SS ddHoR BArstaar stk
(L9 24). whebx] Agst Ao o] Agke] Wyo] AA BAstE F--5 Al #nk
TE=9 WxAZsH7E A¥ FHFEEAY HUE Av-TFxE AL T AXA
Pre-failure dejelAe] Awt &% As 5A4& Hriste=d AT ez Adsd
Zeng ¥} Schofield(1996)7} A|¢tsl= ESB vFx~9o] 7]E 7d L ofgo} 7}

L ESB w2 23bel wda wwe Aute] 4 Augy $rbe) 34 e Av
uel J%5e Wk

L ESB o] 2349 gula A wwe Fu Awa 599 03 b

S ESB whso] A% @as @ad wue nhdo] ¢, K, 4% f4@

CESB o] vy K, 2L §78

e Soil layer -
Rigidwall | pwaves Pwaves | Rigid wall
e Swaves -
& & &
< & 'I-
< Rigid base
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ol R2E JISEH Array

.

Cortainar wall

| ESB A0 M| i HY

N

Soil layer
OUEh, inextensible shear sheet

Rubber

1N

Dural

ar strasses induced by soll

AT Ane geoiae) vy gy

H.._._\\\r

Base plate

19 24. ESB 9t2=¢] 712 i 2% 25, ¥l ESB 9h2 gl 7SR

I 26 oA BHEel, AR &R FFEel #Agle]l 94 7HEE 20gedl AE 71 0.2
ZollA @A3] FFo] WAE L, 40gedl M F7] 04ZA AT FFo] LAY}
o Q4 JhEwsl g neF IR 2 BF FUelm Tk ot 94 JhER fEol

20gcol A 40gcz Z7tshAA 948 Zolr) 2m =
A E Q7] wjFEoltl. =, Frame Abolo] AXxH =&
A AvnzAel qUe FYFES S Aow

Ratfio of Response Spectra, RRS

0.01 o7 ) 10
Period (secondk)

(a) €4 7F5= 20gc

ESBEtAc| IRFI| = 04=

Ratio of Response Spectra, RRS
ta

o.0f 0.1 1 10
Perod (seconds)

(b) €14 7H5%= 40gc

19 26. ESB #F29] alfF7]

|

3
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a9 27. ESB ®#~ HF
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-t
L L L ]
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—Table- X
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(403 wope: a2y Duyoys
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o
v
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(183
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28 ATFATY L W E(] A,
SRR E

1. 99 XA AZF A7}

7},

o
L

Mononobe and Matsuo(1929) ¢} Okabe(1926) <

114 4 (Numerical) 157} &

5

A

P
T

l
=

A (Experimental)

A & A
Fojz21a 9ltd. NEHRP(FEMA, 2010) o <]s}

=

1141 4 (Analytic),

0

|
a

Gl
olo
)

—~
file)

olo

1o

9%

7

A 1)

e

il

=

EEE

bol 514

)

P2 % += %9 (non-yielding wall) 22 ¥t}

°

Q2

[

= 3

=

(vielding wall) 3} 2)¥¢]

A]

-
= R

ol&2 <l
H (Gravity wall)

A

3

ol
=

ofo

ol
jant

)
—~
fi%e)

ofo

3

il

_CH

(Cantilever wall) £3-&

Okabe(1926), Mononobe and Matsuo(1929) 7}

5
T

(1) Mononobe-Okabe method
M-O -2 1923 Kanto A% o]

W

A 2

I e 7t
OF -
o -

[e)
LAY E A =t

H#

S

A

o

1

st o
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=

ol /E)L §1r
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Fof] A

Hhojm 1 o]
AR
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Coulomb 9] E o]

o

T AP ERA H A2 A

THE ez AGHJAAT A S S WA A A

ol AbgEa Utk M-O ¥

]

A
o

1w

=
|
ol



""""""" ..
Wk, w
Wik,
F
L J
(a) AZIA] 7V 9k Za)7] (b) 3¢ 42+
1% 30. A2 A] Mononobe-Okabe F%E<t
P, :%fyHQ(l—Kv)Kae 4 (3)
ANA K = cos(¢'—0—3)
0cosTeos (5+0-+8)| 1+ ([ SR +E)sin(@ —a—p)
cos oos foos 2 \/ cos(6+0+ B)cos(@— )
k
tan 3= 1—hl<:v
v Bl A REe] e A A F FH (tf/m)
¢ S AR U FabEzh(e)
DS A Hke] T A AFZH(0)
D AN bk zE(C)

>

DA At QFell A= o] 0BT FolAHE F o] Ho] EQATE 7+ T ¢l
t}. wrEbA], Mononobe-Okabe WS o]&& o A& X|wre] wjH A= 2 (4)E o
shofof skt

=i
=

B< ¢ —a 21 (4)

(2) Seed and Whitman method
Seed and Whitman(1970)2 1g s E o] &slo] ¥ wpzzh URupadzt 5a)g A
Hke] Aol 42 7ME R To] FHES Z



P,=P,+AP, K, =K +AK, 2 (5)
AK, =~ (3/4)k, 21 (6)
AP, = (1/2)yH*(3/4)k;, = (3/8 )k, H* 2 (7)
3k Seed and Whitman = A3 Al 8] WE do7|7]od= AZ 7FE5E7F v $-
2 A ZEe WHASHY] witoll FHlel R AAA ARFH OISR 5% E A&t A
o] AAsltta Attt M-O WA A+= Coulomb 9o ESQF o222 A&37] Wi
of EQte] Fx % 8- gk Ago]l gAA T Seed and Whitman(1970)2 1g &
g A& Fote Eds A ASstden 1 A3 AR A 54 EQe &S

06H = 19 31 ¥ o] H7}sd

vl ﬁpae
0.6HY
H/3
19 31, A1 X Al Seed and Whitman E¢F &9 #&4
(3) Wood method

Wood(1973) = AW 8- AZ st HAE 383514 &= &8 tste s4E
AS AHAStE WHE AoeTh 1Y 32 ol E¥S sk AA R st WY
S 1A EAS A, M-O WA Aot Ry FHESRS oF 2u) ojdow I
7}ek it NEHRP(FEMA, 2010) oA+ obul = ZFAdo] 2 x| k9o 9] x]&le] MY =
WA 71 %] k= el tisidE M-O WHET Wood ¢ ©AE WHHE FHsta 9
oA G RE AFve) dzely oz Ad FE JFL et Busgey
AT AJAT ky o tiste] 2(®)F o] WM& s &etA &= FH dste] sHE
ol A S Actsldtt FAHES] FAEHE Seed and Whitman(1970) 3 593 0.6H
g ANGT 1Y Wood7h AAF oL WAE A8 slgaA revis A
AR FEE R AN-TRE FENES A8 nesA dgdnks oA 2A AgdE

°]7} JATNEHRP(FEMA, 2010).
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Homogenous elastic soil

y.‘v o, =0 (Plain strain) u=0
Ty = 0 Ty = 0
NN \o NGRS
J _ \ i
~J u= 0 ™
J¥ w0 Y | Rigid
Y . > wall
Ni y % Uniform body Nk
N force N
el ™.
N u=20 e
el ’ B 0 N ' -
NN N N N N N W N N N N N NANNRRNRNRNRNERNRARNRNN NS -
Rigid boundary X,u
el -

L
1% 32. Wood 9] BHAdol&S o] &3t FHES AAIX (Wood, 1973)
AP, = FkyH® (F~1 suggested by Whitman(1991)) 2 (8)

A XA %‘@"%91 THEY @42 AN-TFE2E Fz el Q“O‘H o @o}‘?ﬂ 1 ]%X*
1

1 9t (Mononobe and Matsuo 1929, Jacobsen, 1939; Ishii et al., 1960; Matsuo and
Ohara, 1960; Murphy, 1960; Niwa, 1960; Ohara, 1960; Sherif et al. 1982; Sharif and
Fang 1984a, 1984b). #71 A& A4A=2 M-0 Wio] A4 Axet w9 FAHg
S HolW FHESS 547}6}3‘— Eﬂoﬂ M-O W& FHeson FHESFY] &9 Eg
Seed and Whitman(1970) ©] * 5 LA A 1g AEge AE
S AA AR E 9 2 %E—ﬂ.g Xﬂﬁ‘ﬂ_ﬂx] et ‘%Xuﬂr AA AR g Fo
o g, AS FuE Heso A = ZHal Ut ol9k e 1g XEsd A
A2 AAA(Qualitative) FAwhs g wp/iREFAT Tol EA o AHHH
(Quantitative) #retol = @S 23 Qi

AARYPAFES o] &3 9 T4 A H7F= Ortiz (1983), Bolton and Steedman
(1985), Zeng (1990), Steedman and Zeng (1991), Stadler (1996), and Dewoolkar et al.
(2001) © ¢Jate] FaAEAeH o5 dFE HHAF}E o] &3l 4 EYS skt

T>
o
ol
=]
oy}
s
>,
offt
Lo
Ol
ol
2
id

—l>

Ortiz et al.(1983) & AXALAE Auto]Ae] AT oo Fgals A A EHEY
2 BHAYRLFLPS ol &3t BARAL. M-O Bl g BHEGH AZghel f

Abehs HYlom Hu sHESQMe] HE8de o HE = ﬁéﬂﬂ?ﬁ‘ﬂr( 2 33). Bolton and
Steedman(1985) < A EIFAT S F3te] FATES} dFr|For sz 2igy
of tjste] UXZAIHEANAM S AZA &4 A& dct. 15 T3 M-0O H“jqoﬂ

i&

= AN =}
g FAESFO] AS#T FAES Hrkstdou sAESS AEHS HA2 A Al 813
t}. Zeng(1990), Steedman and Zeng(1991) & ¥ 2|5 A dbo| A o] x|ukz22E 2 7}4,\— 9]
FArol 7t FARESS] Av] W x| HXE 9SS HIEerh Stadler(1996)E 14 9]
FALAANEFAHS Foto] ALdW P Ao FHo gisted] Zj}_*}é]_ioﬂ/ﬂ«] A A F



A Egrs Hrbstg o A g7kAe] A5 Aol g sHERS
5 HOALEA] A RATMEEE 20-70% = 7Fste] A}
28 AABFHTH L 34). Deewoolkar et al. (2001) & wu}ek

o el thste] wAlg Aol olgsA wAtE AW A AFS B

(g o
o
=]

Hydraulic Piston Strain gages (throughout)
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Bal ) Bearings

Centrifuge Frame

7 33 ALY A A H (Ortiz et al., 1983)

217 (Nominat)

15 BO™
Cantilever

Retaining
Wall \

No. 100 Nevada Sond

Ductseal Panel
{(1/27 Thick Nom )

3/47 Plywood Spacer %

E i 2 o i
~~
9 34 sRYARP AT (Stadler, 1996)

Centainer

< Nakamura(2006) ¢} Al-Atik and Sitar(2010) & A QAR HAHS =)o) 7zt
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FE4 2 UAZe $uel tate] 42 A FAEGS Brdgon F AT BE M-O
el BAESH Hrhg sl /54 AT Nakamura2000)E A% A HAE A
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4 gt Wrhsiglen o Fel4 W oTd gunr WMa WA o Feel ¢
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A A2y FEe] 4 B BExYS A gsdt (e 37).
‘ 1500
r< E—
280 40 260 40 260 0 260 40 280
r_amq ‘ w24
® A Acceleroma N a‘;’:j“ D:n L
: Aceelerometer oz _,ﬁ% e petl ":vf
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H Rl g N =) \/
L: Load eell et 2 ‘b&;ﬂl AT*
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o e e e e e e e o] = = [=}
B[O c® Bo © O o O B 86 6o O le =
o i o b
AZD A2Z A28
a9 36 sAYAEYE A A H (Nakamura, 2006)
L1 —o|feyp7 SHff L1z L2s Li3 Flexible ;ﬂ_m L24
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267 L10, 14, L15 Lz L3 67
et - P e
anll ap (33 w47 eas TAE] L, (42 “T? a9
& A2, 429
AlTH |A20 f::-n 436, B £ a6 *
Nevada Sand w3 4605 3277 g
Dr=T72% Alsy 02 Ré- 4430 RS Ré. ¢ A4 e i
a9 Si- RI- E . R~ €A% —
A3, A
Y AR —
Az 7 P e K ame 7 G HAAISIL
North 1650 South
> Accelerometers  _ Bender Elements ‘—} Dimensions: mm
—= Displacement == Sirain Gages Shaking Direction Model scale
Transducers + Air Hammer
% 36, sAYARPIAEEH (Al-Atik and Sitar, 2010)
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R ]
Sou North
Vs S LoadFrame TS/ /S SV )
1650
ok -

<

Positive Shaking Direction

[Uf] Load Cell —=— Displacement Transducer

2 Pressure Cell —»—o» Accelerometers
= Strain Gage » «Bender Elements

% 37 sRLAREFEAHGH (Sitar et al, 2014)
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(a) &% oA H7} (b) WA mpebd 248 Hrh (o) WA T FAE FJo)

a9 38 ERIHETE THESYS 2% 2 AE3 (Model T-7)
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(2}) AASHTO(2012)
AASHTO(2012) oAM= FH2o A5 v"Eos AAZQ AAgow Jidy o
ok £ ANSEEYC] neld AHY AUEEE AEAES da Qo
of wel e HAJJEE drh 25~50mm (1~2 inch) ¢ ol
50%7rale]l AlgE == sl on o]l 18m (60ft) o]Ate] W] tiajAE
BoAge nHF NS FANEE i drh A Al BAGE A4 = =
7k ]aj 39 9]. 71-0] ;GXJEOL J/} Ex%EoL_/] x}%ﬂg H/3 o7 ug
719 Seed and Whitman(1970)0] #|¢t3t <&t 283
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19 39, 978 9o 9% oA (External stability) 37} (AASHTO, 2012)
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(v}) EUROCODE 8-5

Eurocode8 Part 5 (2008)+ &9 < ¥ &8 7]+< 300k, (mm), 200k, ¥ 1=
o ® ufst stiA ky o ZVE AEW AT HA7EEEES 50%, 66%, 100% = Z
Z+ BAste] Algsta AohE 7). BHESY A4S 05H 2 748 Seed and
Whitman(1970) o] 7F4g 0.6H Robs thh AAdo=z 4t vk 10m o4 g4
of e = ky AH8S 9% 129 AWEH A dWFstal Jdon g9 g ogh
A g wz AFES FA Fdrd. AASHTO(2012) o #H]d] Eurocode8 Part
5(2008) = 2004 o] % NAEA k7] wiitel HT AT $FS wrFskA] Xskal o

N

F 739 MY 88 o mE AIAG FAA G (Eurocode 8-5, 2008)

SHe WYl 58 A= e
Free gravity walls that can accept a displacement 5

up to dr = 300 a+S (mm)

Free gravity walls that can accept a displacement 15

up to dr = 200 a +S (mm)

Flexural reinforced concrete walls, anchored or braced walls, reinforced

concrete walls founded on vertical piles, restrained basement walls and | 1

bridge abutments

(¥}) NCHRP Report 611

NCHRP Report 611(2008) oA+ M-O WHOoZRE Hr7tE FHESS H2 =& 15
st gBlo] o7l T/ESE AAG khiE HAAA AMETS AS ATt &
o] o7} FT/ESE HAlw ANk ol A AAATIE ALt doen 9%
kol 2 Qlate] w4 ESE Wdo] HE oye] Fs FAHMACE ¥y ATE TR
t}. NCHRP Report & 3% AASHTO LRFD o wtedo] dvtes HES wed w 399
Fol gk FAESH A Fad dFIAAS & 7 vk H, $¥ W E &
gholl whet k& AAA A EH PGAE 50% ekl AR AL WAlsta g

P Paz (k)
k.Ww—*T T h

Pre (k) ’ Rt

% 40, AR Al Sl #8-sk= e =24% (NCHRP Report 611, 2008)
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AbEl (Pecker %, 2014)
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1g A& Non-linear and Chaudat
frame Dr 71% France
(2000)
D d UC Davis, Ugalde et al.
A4 223 | Bridge pier Linear-elastic ry sat avis sade et 4
Dr 80% USA (2007)
PWRI, )
o Dry sand Shirato et al.
1lg &0 Steel rack Rigid Tsukuba,
Dr 80% (2008)
Japan
D d UC Davis, D t al.
QAR A | SDOF column | Linear—elastic ry san avis cng et a
Dr 38% USA (2012)
2-story frame . . .
) o . . Overconsolidated | UC Davis, Liu et al.
A2 E A | building with Non-linear
clay USA (2012)
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2-column Dry sand UC Davi Deng et al
san avis, eng et al.
LA 2EAS | bent Non-linear Y 8
) Dr 77% USA (2012)
bridge
NTUA,
. ) ) ) Dry sand Anastasopoulos
1lg = Bridge pier Linear—-elastic Athens,
Dr 85% et al. (2013)
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Greece
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. . . . UC Davis, Allmond et al.
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12. 48 A7) PGA, Arias Intensity, 157 EA
(a) Flexible €49

EQ. PGAedrock PGA qurface Arias Intensity T,V T
(g) (g) (m/s) (s) (s)

White noise | 0.03-0.07 0.09-0.27 0.03-0.14 0.0671
Ofunato 0.02-0.27 0.05-0.46 0.01-0.57 0.16 0.28
Hachinohe 0.03-0.20 0.05-0.28 0.02-0.49 0.36 0.60
Sine 2Hz 0.03-0.27 0.05-0.34 0.02-1.58 0.50 0.46
Sine 4Hz 0.03-0.21 0.04-0.65 0.02-1.12 0.24 0.25
Sine 8Hz 0.01-0.23 0.02-0.65 0.01-1.59 0.12 0.12
Sine 12Hz 0.05-0.29 0.18-1.08 0.05-1.59 0.08 0.08

(b) Normal &4

FQ. PGApedrock PGAgurface Arias Intensity T, Th
(g) (g) (m/s) (s) (s)

White noise | 0.02-0.05 0.06-0.14 0.03-0.09 0.0671
Ofunato 0.02-0.21 0.05-0.36 0.02-0.42 0.16 0.28
Hachinohe 0.03-0.24 0.04-0.33 0.03-0.57 0.36 0.60
Sine 2Hz 0.03-0.26 0.04-0.38 0.02-1.20 0.50 0.46
Sine 4Hz 0.03-0.20 0.06-0.34 0.02-0.89 0.24 0.25
Sine 8Hz 0.01-0.23 0.01-0.76 0.02-1.52 0.12 0.12
Sine 12Hz 0.05-0.31 0.26-1.00 0.05-1.94 0.08 0.08

(¢) Rigid &4

FQ. PGA bedrock PGAurface Arias Intensity T, T
(g) (g) (m/s) (s) (s)

White noise | 0.06-0.09 0.12-0.27 0.05-0.16 0.0671
Ofunato 0.02-0.27 0.05-0.38 0.02-0.47 0.16 0.28
Hachinohe 0.03-0.26 0.05-0.45 0.02-0.68 0.36 0.60
Sine 2Hz 0.05-0.24 0.08-0.46 0.07-1.65 0.50 0.46
Sine 4Hz 0.02-0.21 0.05-0.81 0.01-1.04 0.24 0.25
Sine 8Hz 0.03-0.26 0.03-1.10 0.02-1.93 0.12 0.12
Sine 12Hz 0.05-0.25 0.20-0.97 0.05-1.09 0.08 0.08

1) TnT, (Rathjeetal.,1998)
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(2) &4 3 (Results)
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%1489 By md a7 AY (29 78 3#x)
o of eH 93 Tw | Bl | B2 | HI | H2 | E EI
e 0] (m) (mm) | (mm) | (mm) | (mm) | (mm) | P2 | (Nod)
. 54 Model 1 3[0.22] 78 52 3 108 0.07[4.69E+5]
Flexible PPy
10.8 | Model II 5[0.35] 152 104 5 216 68.9 | 0.35[2.17E+6]
Stiff 54 | Model III 9[0.63] 78 52 15 108 E+6 | 2.03[1.26E+7]
10.8 | Model IV | 15[1.06] 152 104 15 216 9.38[5.86E7]
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White noise 0.04g-0.13g 0.04¢g-0.14g 0.02¢-0.10g 0.02¢-0.04g
Ofunato 0.03g-0.39¢ 0.03g-0.39¢g 0.01g-0.32¢g 0.02g-0.29¢
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Sine 1Hz - - 0.04¢-0.17g 0.03g-0.22g
Sine 2Hz - - 0.01g-0.17g 0.01g-0.18g
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Sine 6Hz - - 0.02¢g-0.07g 0.03g-0.17g
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(1) =3 =4

_]
=

FTIE ANk Ao A Al g8 AFS AUt fdE Aled
AHAE Ak A X Z Al &8 AF oA AE-E Model 1<k

%

b g9 =3 w

=

AlS

ot 7
SRR sl B K8 T
{Izj'A}' _;F_)él) | Al3 4] <+ A08 - -\0-4
Al e

- A0

Founda il B b 1w

+  Ageelgrometer

Unit: mm: (model seale)

90

% 94, FSEAR By

2l
e

(Lh A% A5
9 shpe] xANS NEY AAE Akl A FHE AR A4 ol §3te] o

2AFh 712 AAE Auknct sk Aol 248 Ao ddEe Asw Aw

A obel & 17 9 2ov YERTE 17 96 7 2ok

1o ¥

[

I 17 F3E B4 v
AR B B
(R Zm) 3} (A3
G915 (kN/m?) 159 17.59 20.40
pul 5 . .
° (Ao = 90%)
49t 25kPa 58.05 100.25 145.31
T4t 50kPa 77.16 118.10 168.28
Gmax
29} 100kPa 100.73 145.62 208.84
(MPa)
T-4:9F 200kPa 128.70 188.63 259.02
T4t 400kPa 164.06 242.22 314.56
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Silica Sand Residual Soil

120 100 —

e 100 ~ 80
T 80 =
2 g 60
= 60 23
g 40
5 40 5
5 5
£ 20 ~ 20

0 0

10 1 0.1 0.01 10 1 0.1 0.01
Grain Size (mm) Grain Size (mm)
(a) A7HA= (b) F3tE (A& P =3

a2 96 AHANE 2 EIE JE B¥ v

(th A% AN

AN AgH AZ AN
W o) AL gE AR} Bs)
R I ENC R

(ZH) 49 A 7HE=

A8 AR RE GF7] EAS z2kE Ofunato AR (LE 1978) 3 #AF7] EAS zt=
Hachinohe A Z(¥+, 1968)& AH&st L, AR 7HE% 52 Ul WAAA 7| Al
AlE WXABsTFEs st 0.1gh olsHi-H oF 0.25gh 744 W& 7hE=HE A As)
of Ao w F7HAIZIH ANk g FxEe] S-S ST g Y A5
T SEAC WmE EY HstE Hrlshr] fldte] T 40 AAHRE AHEsilen oY
ARt g JHEE 3 18 ¥ Zom Algtels W o SHaAdERS 3 13 B 2o AH
B afgF7] 54 T, Tn & old A3 333 sdaty dgdAg= AHE 12
gt AW A& Ak /N v &2 FA45 3, o]d mpe} Fi4+= N9 v &2 F

7VsHAl fvk B3 7 EE Ne| &2 F7HeA "k

(a) PGA (g=9.81m/s?)

EQ. Bedrock PGA Surface PGA
White noise 0.03-0.11 0.15-0.27
Ofunato 0.05-0.34 0.12-0.46
Hachinohe 0.08-0.24 0.20-0.41
Sine 1Hz 0.07-0.17 0.15-0.25
Sine 2Hz 0.09-0.14 0.25-0.34
Sine 4Hz 0.01-0.20 0.01-0.41
Sine 6Hz 0.01-0.21 0.07-0.64
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¥ 20. 914 kY B@7F 2ol ©E Case
94 K W7} S AAAZIAT Ky SHENEE
Case I TZ=7|24A715(2009) | Free-Field PGA H/3 (H4) + 06H (54)
Case I ¥3¥ Case [ (GHIEEE) | Free-Field PGA H/3 (ZA+54)
Case Il =24 A]17155(2008) Free-Field PGA/2 | H/2 (%44+54])
Case IV AASHTO(2012) Free-Field PGA/2 | H/3 (44+54)

dg 7kl #ste] 4714 A9 s A 7% 21 ¥ 2ok Case I, Case III,
Case IV & Zt7} U9l WA 7|F slldsts ol EQF 39 wstd me
° A

Gee sotats] fiste] Case I % Case I 9 A& wastdeh $4 3718 £49
T-7 o AE B39 key 7} BAHo] QX 27] WEe] 10009 A% hhAE of
5o e e A

i ol diste]l A Al Shde 1.20 mAA XS o ¢ U
2 S

¥ 21. ZF Case ¥ 9|4 oA H7l Ay}

(@) AHrg A13EH PGA = 0.182¢ (AWFsH=Se)

Case SHAgE | &% A% (eB 5-1.967m) AA

Case 1 23}t N.G(0.859) | N.G(1.430) | <B/3, 1.258m | OK(1.734)
TE2E7|2AA7E2009) | w)Esh N.G(0.947) | OK(1.523) | <B/3, 1.167Tm | OK(1.979)
Case I Wa¥ Case I 23t N.G(0.839) | OK(1.619) | <B/3, 1.084m | OK(2.205)
(e laeTy N.G(0.947) | OK(1.739) | <B/3, 0.993m | OK(2.450)
Case TII x3}h N.G(1.159) | OK(1.666) | <B/3, 1.047m | OK(2.305)
T2 A715(2008) Aty OK(1.235) | OK(1.727) | <B/3, 1.00lm | OK(2.427)
Case IV 23}t N.G(1.159) | OK(2270) | <B/3, 0.706m | OK(3.225)
AASHTO(2012) u| 3z g} OK(1.235) | OK(2.334) | <B/3, 0.66lm | OK(3.347)

(b) M AW PGA = 0.224g (X9F5+=Sp)

Case cugye | s Aw (eB aeLosrmy |

Case 1 23} N.G0.763) | N.G(1.237) | >B/3, 1.4991m | OK(1.105)
TREIZAAZ)FH009) | v)Ed N.G0.349) | N.G(1.323) | >B/3, 1.379m | OK(1.406)
Case I W% Case I | ¥ N.G0.763) | N.G(1.422) | <B/3, 1.266m | OK(1.712)
() n) £} N.G(0.849) | OK(1.537) | <B/3, 1.155m | OK(2.013)
Case III ¥3} N.GLO7) | OK(1548) | <B/3, 1.145m | OK(2.040)
TR WA A7)FH2008) n| 323} N.G(1.157) | OK(1.613) | <B/3, 1.089m | OK(2.191)
Case IV 23} N.G(LO7) | OK(2.081) | <B/3, 0.791m | OK(2.995)
AASHTO(2012) | ¥.8 N.G(1.157) | OK(2.201) | <B/3, 0.736m | OK(3.145)
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I 2435 SRR FE2E A
() A% 1 - 7% 27l He 4 D7)
Structures SDOF01 | SDOF02 | SDOF02H | SDOF03 | SDOFO3H | SDOF04
effective mass (kg) 0.229 0.270 0.236 0.800 0.765 1.131
stiffness (kN/m) 461.60 60.45 62.50 60.45 62.50 22.86
natural frequency (Hz) 226 76 82 44 45 20
natural period (sec) 0.0045 0.013 0.012 0.023 0.022 0.0500
Tn @20gc (sec) 0.09 0.26 0.25 0.45 0.44 1.00
Tn @40gc (sec) 0.18 0.52 0.50 0.90 0.88 2.00
damping ratio (%) 0.009 0.022 0.022 0.014 0.014 0.021
cut-off frequency (Hz) 2.0 1.0 1.0 0.8 0.8 0.8
() AF 2 - 7% A%l mE 9T P}
Structures SDOF11 SDOF12 SDOF13 SDOF14
effective mass (kg) 0.274 0.521 0.741 1.360
stiffness (kN/m) 60.50 60.50 60.50 60.50
natural frequency (Hz) 74.246 54.235 45.477 38.461
natural period (sec) 0.013 0.018 0.022 0.026
Tn @20gc (sec) 0.26 0.36 0.43 0.52
Tn @40gc’(sec) 0.53 0.73 0.87 1.04
damping ratio (§) 0.015 0.015 0.015 0.015
cut-off frequency (Hz) 10 1.0 1.0 1.0
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D-F7-S01 SDOFO01 AL
D-F7-S02 SDOF02 AL
D-F7-S03 SDOF03 AL
7 cm
D-F7-S04 SDOF04 AL
D-F7-S02-H | SDOF02H AL
D-F7-S03-H | SDOF03H AL
D-F10-S01 SDOFO01 AL
D-F10-S02 SDOF02 AL
_ Dense D-F10-S03 SDOF03 AL
AlE 1 S_and 10 cm
(Dr=80%) D-F10-S04 SDOF04 AL
D-F10-S02-H | SDOF02H AL
D-F10-S03-H | SDOF03H AL
D-F14-S01 SDOFO01 AL
D-F14-S02 SDOF02 AL
D-F14-S03 SDOF03 AL
14 cm
D-F14-S04 SDOF04 AL
D-F14-S02-H | SDOF02H AL
D-F14-S03-H | SDOF03H AL
L-F10-S11 SDOF11 AL
L-F10-S12 SDOF12 AL
10 cm
L-F10-S13 SDOF13 AL
A g LSOOSde L-F10-S14 SDOF14 AL
=] an
(Dr=65%) L-F10-IM-S11 | SDOF11 Steel
L-F10-IM-S12 | SDOF12 Steel
10 cm
L-F10-IM-S13 | SDOF13 Steel
L-F10-IM-S14 | SDOF14 Steel
W-F10-S11 SDOF11 AL
W-F10-S12 SDOF12 AL
10 cm
W-F10-S13 SDOF13 AL
\al o | Weathere W-F10-S14 SDOF14 AL
d Soil W-F10-IM-S11 | SDOF11 Steel
W-F10-IM-S12 | SDOF12 Steel
10 cm
W-F10-IM-S13 | SDOF13 Steel
W-F10-IM-S14 | SDOF14 Steel
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(a) ESB3lH A=A

9 144 A dEAD A e AEW A

A7, SE : ~AEY /&5 939 &, InSa;", InSa;

N AR 2AED &R, n, Aol &
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(b) Deconvolution



(a) ESB3l A=A (b) Deconvolution

= SR
of thste] AmatTh FAMAY] AM-FeAx-FRE ABAEe] AFS AT e
FAFIFE AL VIS BAGE FEE AAMEE g, dge 3 oA AP
FAAYEY NGARE gor NP ST UARE FEE AAe F 30
3} et

H FxE2 4 golyE ¥t R84 (Structural element), #]HE
842 FAEAY. T3, FAAEAA Ao HEAlZE Q1% x| 53
K o] ESBAH YT FA|&A Y AF7d Alx 7 (Free

o

field boundary)E& AF&3te] 2l :
FA A A A ALEEH TS de % 317 3240 ZbzE QokE o] Q) WA F
EFe 7z AdHTe] wpFo mE AsS HANSHZ] f8te] ANt JEFsteE A A
o /1 Coulomb-slider A%&°] 7}s3 4 249 go]y 24 (Liner element)E AM&-31%)
o gely 84 EFYolE Awo] s d  DKT-CST(Discrete  Kirchhoff
triangle-constant strain triangle) &= FA %™, AH XQka 49} P A A3 AFTE
[e)

Askol TR Ao

(2 ol
o
{l:‘)‘

= T AEF wakA (cross diagona) B El = A s o, Ay
AFE A £l 4= Ry HIn ARAdFEy 7leF Ao A4 FAle 25
Aol A Eel=g 40 A o7 AA HEs 29 147 3 o] A

T840 ofgt AFAELA MAAAS WA 95k
combined local damping= A3ttt 1g AEjol A half-power bandwidth®H o= =4
sk FxE9] AU E 30 o 8ok

- 1583 -



® 30. A Aol AFEHE T2 AlY(Model scale)
Structure models SDOFI | SDOF2 | SDOF3 | SDOF4 | SDOF5 | SDOF6 | SDOF7
50 ‘—’I__:V:i ﬁ’—,:.':'
0 P . '
ol == ‘ﬂ‘ll_ “[
dimensions (mm) L,
H i o o o : ®
effective mass (kg) 0.211 0.799 0.265 0.489 0.792 0.565 1.272
eliertivestiiines 4246 4246 60.5 60.5 60.5 20.1 20.1
(kIN/m)
natural frequency (Hz) 226 116 76 56 44 30 20
natural period (sec) 0.0045 0.0085 0.0132 0.0179 0.0227 0.0333 0.0500
T," in 20g¢? (sec) 0.09 0.17 0.26 0.36 0.45 0.66 1.00
T, in 40gc (sec) 0.18 0.34 0.52 0.72 0.90 1.32 2.00
damping ratio (&) 0.009 0.007 0.022 0.015 0.014 0.017 0.021
U T, = natural period of prototype structure
? g¢ = centrifugal acceleration (g)
E 31 FAAA e AgE TR A
Behavior and Shape of
Types of Degree of Freedom | Interface
. ¢ Element Ack
emen ; : ; ction
Action Shape Translation | Rotaion
) Liner
Foundation DKT-CST | Dlagonal 3x3 2x3 O
Element
Shell Cross
Column DKT-CST ] 3x3 2x3 X
Element Diagonal
Solid ]
Top Mass Brick 3x8 - X
Element
E 32, A AFEE Fa 4] AU (Liner £4)
Subgrade Reaction Modulus " )
- 4.650x10" (MPa/m) | Cohesion 0.0 (kPa)
(Normal Direction), %,
Subgrade Reaction Modulus 5 ) ,
) - 4650x10° (MPa/m) | Residual Cohesion 0.0 (kPa)
(Tangential Direction), ks
0.0 (kPa) Wall Friction Angle 29°

Shear Strength
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Solid Element

Cross Diagonal
Shell (DKT-CST)

Cross Diagonal
Liner (DKT-CST)

D agonal Liner
(DKT.CST)

F27] % S AWES WA E8= 24(Solid element)Z 2@ E EHQow s W
o] HdjA7](AD+= A X MNE agste] 2 (15)¢F #o| Z2A
and Lysmer, 1973).

)
=
Z
=
@
=!
)
<
@
=

Al X f<

Al
o (4] 15)

10X Al

2 AFo A= solideAe] FHu BAE go}% 60 cm® A|ukS Az mdlg o)
2h, #4127 m/secd] AT HEE(vs)E 7HA= ARFolA 21 Hzo olste] A X157t
3 7he s FASIAT ol E Ao /\}%% Northrldgexl 3ol oAt g & %
3 AEd 4= e Fagolt) Yo AEd &= Q4= 9F 400076000 7§ o]t}

A AE54L 1g FEolA F3AF/MEHdSAd 2 20gc, 40gco]
AA7HE = Stol A Wit AHHEE o] &dte] ol HAdiEHLr FAEE 53Ut

SU =)

=

Hardin-Drnevich® @ (Hardin®} Drnevich, 1972) o] &3s}o], zlol¥ F+<&<to] whal A
olslof, AE nAP gl ofgh ukE 7F2Ql hysteretic dampingS.2 XdE F JEE 4

ol s ut.
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Shear Wave Velocity (m/sec)
1

120 160 200 240 280 320
0 0.8 — 25kPa
I. ,e 50kPa
T g 06 = = 100kPa
] < —— 200kPa
O 04
5 7 0.2
| 0
0.0001 0.001 0.01 0.1 1 10 100
Shear Strain (%)
10 .
g : .
< | (b) Shear strain-shear modulus degradation curve
E 30
15 N §
2
] E 20
-4
20 2
a =10
20g g"
— 40g ] «
S
0.0001 0.001 0.01 0.1 1 10 100
25 Shear Strain (%)
120 160 200 240 280 320
(a) Shear wave velocity profile (c) Shear strain-damping ratio curve
a7 148, A kel 4 vAdY AT 5A
FRAANNE 4, FA ANe Ade] ol del FH FHjlN AARDe] FH}
S g BPL o|F F AxFFe] ASHUG. AHA GALHAA B
AW AfFe] FSFE o 55 mmrb wAsRGow, TR A wWlsh 7 ze)
Aehge TAY ue] fFEIth Y 149). FANGANE AAekFol o5 At
9 pxEel ud A4S daA ode] AEAS H5F AP BAS 7o
FAeH AR Mt A4S AT

Contour Of Z-Displacement
Deformed Factor: 500
0.0000E+00
-5.0000E-04
-1.0000E-03
-1.5000E-03
-2.0000E-03
-2.5000E-02

W -3.0000E-03
-3.5000E-03
-4.0000E-03
-4 5000E-03
-5.0000E-03
-5.6000E-02
-5.6796E-03

I3 149, e x FERE

- 156 -



Acceleration
(m/s)

(m/s%}

s oRa oD koW

Acceleration
5

bl
=]

Acceleration
(m/s?)
2 o+
= =

Acceleration
[m/s%)

-
]

Acceleration
(m/s)
- T~ - Y

B

[m,s%)

Acceleration
TR

[mfs%)

Acceleration

=

(mys%)

Acceleration
(5]

m & inoB
|

29 150 & hE A 2719 FEE(Modell(SDOF1), Model2(SDOF3))oll thale] &
AANEE A 2 FRA oz HE doR g AFH 2 F2E HAdN A
H FEYE AEY VhEE o8-S yEhd agzo|th weEbA, 54 dAEE AlgE
o} HluA] A BAHoRE AFEEH I Y AN T4 HAY AsEd 9 FERE R
45 Ag3ta olo ASE= iy YHEAZ A A ] FA A AHE A] AR
d YIS AHES e S FAEA 2SS o]&ste] g AHEs] A Al A
G2 2-F2E AaES AE & F d5S & 5 Udnh A7 HSHAA digk 21 A
Sk AlErS iAo gAE] AFgEo JTHFAL 5, 2013, Lee et al, 2014).

FLAL 30
Cenlrifuge

FLAC 3D
Contrifuge

FLACG AL
Centrifuge

FLAC 3D
Contrifuge

7 10

(b) TE= FT 75 Ateld v
a7 150. FA A -4 ARG TSR Azt ML
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2l (16)% 2

2 (16)
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T

= gH

A ek,

=

=

1
cV, E(Factors, c)+ q]Vq E(Factors7 q)+ E'yB( ]\/iy E(Factors, v)
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THRichards et al, 1993). 7]|¥-# o &
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=
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of met Zashs FH

SEE
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bl o,
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A A 744
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Quit,e

@ AR Al Z] A& (Seismic bearing capacity)
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A7IA, ¢ o AFE; 4 Awel weF AxY @\ AXg S
Factors, ¢ = Fi X Fly X F;; Factors, q = Fi, X Fyy X F; Factors,y = E X E X F; 71% 18
AAA B =PB—2, e=HAAg o]t}

Terzaghi ¥ Meyerhofell 9]ate] Aty AAE AF-E &3 A4, 2 A7) &2
71Z AN AegE FUFR Qe AAY fardde 1y sheshy, Y TFERE
#HAE TR AeEE 71xstdaY JAS T 2 V129 fFEVEA as wkgdEkA
Fohe dAE 7HAA Atk webA, AKA] R FRERREH d9Ee st HstE
sl Yl e ey o] dAfE FERES ddoR ssAAASE dE
A= Vesic?] AAEH AFE A E3to]ok dh(Vesic, 1973).

H=m- S, V=m-g, M=V-e=H -h=m- S h 21 (A7)

Budhu¢} Al-Karni= A
AT(k,)E ol&ste] =& & F 3l

1993).

g AleE ol &stel A AAH AeE AAAN

[e)
= o5 o] A¢ke Y tHBudhu and Al-Karni,

A7IA, e AERE; 4 ARk @ 9FE; 2 ol k,  FHAIAS; k0 AR A
:I

T e ARH F2AE Paolucci®t Peckerol]l & Alet®l A x& ¥4 o]t} (Paolucci
and Pecker, 1997b). ©o] &4 &
AAE S 95te] f= HAow, F2r|xd g AYH FHE W muE 9
d dA A7IE 9A Kees FAE U dAEFoEE Fote FEFHSNeH

= j=
lg 39 Aol 29ARE ol g3t Fadel AFHAUL. BFs
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Al
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72t A4

[e)

T

Oq 7] /H ’ V:iyn 'T’/]- Vs’tatic

el

AP
Cm

e,
-

3t 2282 v(normalized vertical

CRSCIE:

(Paolucci and Pecker, 1997b)
o]

7F 2A =,

tatic

)
1 VY

(6)°ll A
Vel

Al
2]

joase)

2

I

0

¢

ol

ﬂc

file)
JJo
—_

7

x4

(20)3 #o]

Al
a
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ST 9
Tnin 20 gc@ (s) 0.085 0.26
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Damping ratio (&) 0.009 0.022

(1) Model dimensions, Prototype dimensions for 20 gc can be obtained by (x 20), and 40
gc by (x 40)

(2 T, = natural period for prototype structure

(3) gc = centrifugal acceleration (g)
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Dry Sand
Mohr-Coulomb (Non-associative flow rule)

Retaining Wall

Free Field Boundary

24.55m

9.6 m 7.675 m

Base (Elastic)

a9 158 &Y TxEe FAEA 2E (54m)
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Mohr-Coulomb (Non-associative flow rule)
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Free Field Boundary 30.05m
9.6m ‘."‘
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Base (Elastic)
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Table 2. Soil properties under centrifugal accelerations of 50 gc

Internal Initial L Soil deposit properties
Unit 1 Dilation
Cohesion g -t alat
weight friction relative T
density b
~ (kN/m?) . Vs (m/s) Tg" (s)
(kN/m?) angle ) s
(%] (%)
14.23 0 41 60 20 168 0.45

aMean shear wave velocity of whole layer.

bFirst site period of whole layer.

= BAFSH] Skl Awka Yok
Aol A coulomb-slider -5 ©] 7}L skl @49 o]y QA (liner element)E AF-E-3}
Ak gely gavE EdoE Awo] Jbsd  DKT-CST(discrete  Kirchhoff
triangle-constant strain triangle) A2 TAEH, <1F
Aot FSH dHo]l YIS A (diagona)F B2 A3k th =3 SAS S8 A
Hel AS s AR g2 ARk AAWE AsS HAof stnz 4S5 AAlLA
(Two-sided)E 7HA&= gtold 242 A &3t (29 160, 161)

One-side Liner (DKT-CST) One-side Liner (DKT-CST)

Thickness = 0.22 m \ /

5.4m 54m | Thickness = 0,45 m

2.68m
1.23m

_side Li g < B Thickness = 0.75
Two-side Liner (DKT-CST) S : ickness Twor-"side Liner (DKT-CST)
Thickness = 0.22m Thickness =0.75m | Eé; —
One-side Liner (DKT-CST) > Z‘
One-side Liner (DKT-CST)
e CEn
]
(a) A=< (b) A4l

a9 160. ¥ FREO A4 29 (5.4m)
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One-side Liner (DKT-CST) One-side Liner (DKT-CST)
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no resistance 1
in tension
(gap opening)

(a) Interface behavior in normal direction

Tn " =c+o,tand
¢ = cohesion between wall and soil
& = wall friction angle
*|- —_——
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(b) Interface behavior in shear direction
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