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16- Cyclic Mobility
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19- Cyclic Liquefaction
20- Residual Strength
21- Sand Boils

22- Lateral Spreading
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29- Density Index
30- Strain Softening
31- Ultimate State
32- Collapse Surface
33- Strain Hardening
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34- Ultimate State Line
35- Limited Strain Softening
36- Quasi-Steady State
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5- Debris
6- Lateral Spreading
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7- Loss of Bearing Capacity
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9- Seawall

10- Anchored Bulkhead
11- Sheet-Pile Cofferdam
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15- De-Liquefaction Shock Wave
16- Dilation Pulse
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6- Fine Grain
7- Relative Density
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uniformity coefficient (U:=3.5)

Very large possibility
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6- Cyclic Stress Ratio
7- Cyclic Resistance Ratio
8- Simplified Method
9- Depth Reduction Factor
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Mjp: Magnitude scale used by the Japanese Meteorological Agency
M;: Local Magnitude
Ms:  Surface-wave Magnitude
my: Body-wave Magnitude, (short period body waves)
mg: Body-wave Magnitude, (long period body waves)
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M;  for M<5.9
M: Richter Magnitude = { My  for 5.9 < M < 8.0
My for8.0<M<83

(Heaton et al., 1986) (g ,9tuis 15,30 b 35 o150 iliseo (gl (535 po Bl 50! (g lio —O-F JS

Station

Epicenter

Surface of
fault slippage

Hypocenter

D1:  Hypocentral distance, where h is the focal depth

D2:  Epicentral distance

D3:  Distance to center of high-energy release (or high localized stress drop)
D4:  Closest distance to the slipped fault

D5:  Closest distance to the surface projection of fault rupture.
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19- Normalized Maximum Energy
20- Energy Ratio
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5- Regression
6- Liquefaction severity index
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f x /
H Site Under Consideration

Toe

L = Distance From Toe Of Free Face To Site Under Consideration

H = Height Of Free Face (Crest Elev. - Toe Elev.)

W = Free-Face Ratio = (H/L)(100), in percent

S = Slope Of Natural Ground Toward Channel = (1/X)(100), in percent
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Measured displacement, Dy, (m)

0.8 - Measured = 0.5 X Predicted
Legend
0.6 - A Japan Data
0.4 . o U.S. Data
® Whiskey Springs Data
0.2 x Moss Landing Data
ol + Kobe Earthquake Data

0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3
Predicted displacement, Dyp(m)
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7- Interval confidence



O o soaoly 5 SB (23S Suuailiy 3550 (sloid), rrr

dia gl 9> Meby] o8 Bardet et al. (2002) sYlaisl by 3,8 duslme 2, Silg, 5l b Losls byid oS pueis
oz 2 ) b (S Jlod e a3 sl aygl > SVl S5 4 1) aohe bilgy & 1 Al e
5 ool gl ) i Vi) Lo

i 5,5 sl |y (s3y90 sladaio b 5l L (slmosls ool o cdg] slo,lS bl gon] 4 ciS;L L Rauch (1997)
S olgs 4 bl oS asyle i die clodls bl plgie a4 alluis e pmis sla)by j oolil ol 4 o] 5
2 D9dse oy Al g bwgie @SB 5 (A8 Gla Koy b el (ol & (gysb 4 Dedge (Byre 3jke slodly gaba
1B al)l 05 ©)go gl (ooloidiy gy cols

AvgHorz = (0.613x M, —0.0139 x R, —2.42x A, —0.0114 x T, +0.000523 x L 4,y +

0.0423 xS, +0.0313x H —2.49)% +0.124

A=Y
top face +0.0506 x Z g, —0.0861x Z (A-=v)

lig

:u] ).) 45

M) 88 4o yox lawgio : AVgHoOrz

fSostS 5,5 : My,

(kM) S CanSls ganb b 28] galold oy 55055 iRy

‘(g) o) éla"‘“’ » 60.9] Sl i 1Ay

{S) elojy) s sl S5 o e s Ty

fkm) (Sl s gas)le Jsb i Lgige

E(m) bl)i 9 &Uﬁ)] Hface

‘(Z) M)Lc CL‘"“" 22O G“z“’ G Lz‘“’9~° :Stop

(M) Gliabl copo (s4ieS gl bawgio Bos + Zegmip

(M) 1,lgy oY YL b bawgio Bos 1 Zy,

buwgio ials cel gloj) ol loj Gue b (88l Gl (gdiin 0 Lilidl & cuily dagr Wb aaly oyl 5l edlazal )
ol 35 )3 Wiy B s job 4 1L a5 a5l b e oyl 48 5 dalgs 88 S0 s

5| maiims sk 4 (Rauch and Martin, 2000; Youd et al., 2002 o job 4) 39350 (2y5 Ly 5| S gun a5 )31
((N1)so, cs) 0as Mol 5lsbuwl 3985 dae by (CSR) ool (5 G yalas (5, Slsy Julods 13 Jgare (g0 dpwlrs (slacueS
sodliinl g o yiolyly po §3 (Sl oy Lol caiiS ad odlaiinl (S0 pusd (pnesd )0 (g0dST (6008 i perie (leis
xS (o )8 g5 2)90 SESSBS (udine s3> Johuie

Sl oS 050 b Gilede pogad > 43,5 s ela gD o 3] des 5l Zhang et al. (2004) cllas
90 39 b 1y Ishihara and Youshimi (1992) g sais ) sla sove lisxe cpl il o 2] Slg, 51 b
G oo 65,8 PNl s ool isles (YY) JSCs g0 opl 5l i a5 Seed (1979) sleiuiy b sillae diniin (obyr (yiS)S
s o515 9 2lSlg) Bl 3 Glsebl oo il (b g ]y (Vina) dindar (29l5 (B ()5 (VO-V JS8) Jols



rry 25y sorarb o (o) (o3 Koyl oS~ uad

) 045 .)Le(mu (chN) CPT (souss cbl;pib 69: C,vag'.iio L ((Nl)eo) SPT (goas

60 | L) T T T I T T L L) l L) L) T T l L] L] L] L] i

g _ | D=aon :
s S0F \ ]
> [ \ ]
g 40F .
17 [ 50% \ ]
5 [ ]
2 8oF ]
@ [ ]
Lo L 4
T:i-{ L p
S 2or ]
E - i
g o -
< 10F 4
o 3 r
= [ ]
oL .

0.0 2.0

Factor of safety, FS

(Zhang et al., 2004) 3505 samwlo ;> o oSy cilisee 3l 61y (ylinab! o pd 9 dawbus (o~ 32 K555 e (galasly — 3 -V IS5

D9 oo Uiy a5 Gof & Com 0 duwlne Yimax JL,S5] & jg0 40 (LD ls )80 yuis a5 Ls

zZ
LDI =] rgax ¥ max 92 (a-v)

ol &S

sl ¥ 5 S ol liabl o s o7 S35 sloarY os (st 1 Z gy

odnline ydlie i dwolee (ol )Silgy 51 U b S gla Sy 3l ond (g S0l lade YAY (ol el oyl
WA S 5 (gD dew B 0 ol

il 429 (y9d 9 Mo cand b (slacyej -

0lj dsg b Blo s slayme; =Y

SliTasmg (s g Mo o b glappo; =Y

5 x5 oy 4 005 s LDI 3 (LD) o ssmlie ol oS sl o] o & 5l St
55 ) (H) 51 i) 4 (L) 3y (525l Al o b S)

Mo Gl b glogymes Ll sl

LD

o =S+02  (for 02%<S<35%) (V=)
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9- Neural network
10- Genetic programming
11- Sliding block
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19- Micromechanical and/or Multimechanism models
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22- Isotropic and kinematic hardening



1 25y sorarb o (o) (o3 Koyl oS~ uad

olils 1y Krieg (1975) 4 Dafalias and Popov (1975) lawgs laol )5 (550 pdaw pogde (550 pdow sla Joo @
SISl el osal Cawd 4y (13,5 5 mie 0 oS 391 5l gosaliie syl iz )b (£03Nl S ke
& ol 53 (1A7Y) JS5 b Gllae sl axdls Jis & |y 655k Can et o (SIS ISk b 5 eI,
e Sy et Jote xS S b iy phaw slade D9 1iRen (3,515 (slad 3 el fye S
Siye g 59 3 Ol g B A (Bly (galais (galold I i Jgde ol 45 A8 oo wmlyd |y lgen (15,51
Bardet (1985, 1986, 1995) g SK 1,Sils; Julos cilises (slaciis Jgoys B )3 (6550 o pogie ol
Gl 48,5 1,8 oslawwl 3,50 Muraleetharan (1990) 4 Wang and Makdisi (1999)

lwan (1967) 5 Mroz (1967) buwsi )b (s 5 ) 5 gobaw Jao 95 33 95 b (oasled o iz slaJus @
Jte ) il (550 o Jo b a5 009 (i 5 luad (SNpdess olsd ol Jao ol A laiy
N P9 se (Byme gaw 93 WS 5ip0 o Jho 3 & Jbb 53 S oo iy |y Fo, T, o slaw Sl (slas goone
ol o3l (i3 (YY) S8 3 Fo 9 fin b s 5 2 457 (o)) o (65503 5 (550 b
A3 o a5 IS 5ol b oS 0 o iy 5 1y sl o by eS| san o) ] el s
CS g5 gl b g mibed gaw & ey loj U (ol gan b (VY JSS) S0 sl e
aw 4 0l9> & Sloj b aiS (o0 e8> (2l g4 b b A5 (galal (g=V e -V JSK5) ool pamee 4 S e
ol o 2 Cusbge dlogy (2b3) o o )3 wiled maw S B9y (35 aTude 3929 b 33 wilus
S5, ey 1) oshed N pskaw poyae Prevost (1985) .l oaomy Slgie (sl Sk b 5
3y 8 4 (Prevost, 1998) DYNAFLOW™ Jl5la 5 51, 1 g 03905 (sis Jg0 43
sl (Mroz, 1967; Iwan, 1967 and Prevost, 1985) daw sin (sped Jodljgiwd o jlhs sl p
» & s bl Elgamal et al. (2001) 4 Parra (1996), Elgamal et al. (1998) .l slal b ,mus (4)Ls,
S5 B e sl 00 (ol bde Gl (9 S gtling 4 Baoee (9ls S o8 gy sladasitie o]
) wlas, JI8 4 CYCLIC 1D o (0900 (glinl (goae (slaas o adly yoyiud (o)l slo Juo opl &8
(29 ax>ly0 Elgamal et al. (2001), Parra (1996) and Yang (2000) g>lye 4 5 yiw clyja 5l eMb]

s s sy Zienkiewicz and Mroz (1984) lwg linl 15 &S Juo g5 oyl 1Bl puasd (50 slo Jio @
stadged o olel g & g ALl Cygo 4 (olop)k 45 205 29 ISl pl Jde ol 53 el (g3uate slacy s
i Lyl s caldS gilodnd el 45 Joliie (6 ymed (sl Jihe M, (Dafalias 1994) 3o s dgce (¢ ol
it st & &Blprasi (6pmed sdlai 5l ealinal L 1) Ko calise <Yl lai et al. (1992) )l 1, ol
DIANA- SWANDYNE Il 4 (Zienkiewicz et al., 1990) SWANDYNE .l clably slbas’ 0550
Pastor- Zienkiewicz Mark 1l (s,bsls Jae o on 4 (Chan, 1993; Zienkiewicz et al., 1990 and 1999)

23- Nested-Surfaces model



O o soaoly 5 SB (23S Suuailiy 3550 (sloid), ey

bl p Joltio (ooae (sla Joadljgiws alas ;I (NOVa, 1982) glusl Jas o (Pastor et al., 1985 and 1990)
ALl oo ABL prasd (5 et (g kS
O 4 .
— T
Bounding Line

i) slope E,

X y
D
7
0 g Bounding Line &
A ¥ _slopeE,
v

.—/""////r‘5

oy ]

(Dafalias and Popov, 1975) (55w ghaw (5597 <I) Joo pordo — VA=Y IS

() o ®) o, © 4
a0 (@), A#),
Q%J o K&ﬂj sl ~_|_ |

(MT0Z, 1967) (5,13 1)1 (s 42—t 5 555 51 2 =0 oS 31 BB~ 59 55 5 2 ghaas Jao ¥ oY S

S Ses N b g (SHiles ) g% -

kol GI5 i3 b 0y53 50 domi p ailod (e e 8 LIS Sl paiel s 0dd IS (ped Sl St
o,Lil a5 oyl 4 Matsuoka et al. (1988) .(Lee and Pande, 2004 4 Matsuoka, 1974) ssuws o155 5 ai b
D g oo duild 455 Cub yae iS5 (g0 ld (505l] Lmoy,)"l ol aly i L;mej)a ol dbou] ez sla i )S aST WS
aoxys lai et al. (1992) puzmen 58 chpogi S (gp005 calai b Glgige —08 20 Lol G35 i oS Jb
5 b gpose ol o I 028 (st |y Ko il oS5 ool i S5l it 5 yen (sla e oS 5
A8l oo olyen (Lol 15 )gore
Bz by (Slen, oo sl 038 sl oone lagsil s o 1y gl lapilly Lol (i i e )

S5 5 o b sy gl gmr b (Rirtesy b |y i IS ool 5 408l |y Lol G5 5 (55l o (53,S0as



rry 25y sorarb o (o) (o3 Koyl oS~ uad

53 45 D908 (Xl pj W50 93 4 Olg5 o0 |y (6318 S Jde JuB (nl (S5 j5b S oo dslone S jss S SaeS
Do oo WS oud pbs] Glados mle )5 4 290
Matsuoka (1974, 1976), Pande and Sharma (1983), Matsuoka and Sakakibara : ¢>,Sles s> sla Jso ®

(1987) and Kabilamany and Ishihara (1991)
Batdorf and Budiansky (1949),Calladine (1971), Pannde and Yamada (1994), :" .Y 15 b o

.Cudny and Vermeer (2004) and Lee and Pande (2004)

ol (b )3 9 238 (e med o dae sl ) b 05l e oS 59 o5l (ST (B i 3 0 el (sl ) 2

S 5016 sla e 951 o o (g b &l 48,5 S0 o Jao il JolS5 5 bt sl & liee Sl
5 12l o )3 (Sul glacglis ks 5 035 (o3bj Spidie o Shg b e (al 3929 (nl b il e 39290 £55 0l
Thaw s Gm) Emed sla e | g9 4w sl L Popescu and Prevost (1995) .5l sevg bl closs S b
Bl (a5 )3 b Jae (pl 3)Sos (g9, Slavalie (2l So plnil 5 (48 maand (03 5 osbed Zobaw Sz (G003 sy
Byl asolie £yl Gl oi il el inlofl il b Jde duw ol 45wzl o Seelid Sl 5 5b sdiie O Lis
WS oo )8 ool 3)90 SB- 2], Slg) Jlows 3 o (o)lisle sl Jie b (o33s (slasS) Jgliie (g pmed lae 5l goluss
Oz sl 01 duglie [0S b (603 (sailgo a9 3,0)8 bl Lol gl (la Sy 5 00d aod (V) Jouo 5
oo ;X3 b duglis sl Slgie & 008 (Byme s)lLs Jao 1 sl (osled plgis ) p3T @2lie 5l (S Jgia cnl

255 5148 eolaiwl 350 (6 pues

S5 g gager VY-V
U 5 55 B S5 055 s & oSUsS (slo gy b ppye bl b (slo i 5o &5 655 sla
S (545 0 budgiswe pl Cul olped (g pLlolin] slacudgise b o igy cpl 5l plS o Lol cunl 5350 (il
ool > oo 3929 & Jomo 1> (le S 5 Sl 5l edd C g 4 (09,90 (slaaz )l 258 g s (S5
235 (2 )8 (i 390 oM yob 4 b g (nl Slacudgie (ke Sl (B LS
o3litsl 3,90 o8l S ST ) (10055 (sl (228 Nol (gabasly S5 S (oaBlge )3 025 A g (225 slagsby, @
oS aodls oKl 1 dgnge byl b olExsly ame baylys & syl ol olipebl b 2hb edige o, o )3
Youd and 4 Hamada et al. (1987) sla i, jl oolatwl g)cpl 5l ol jB ke el oais oslaiwl alayly db! (sl
ecosgie bl oad al)l oyl oluly oS5 Laly, a5 (c3game (claodls ool cuw 4 Perkins (1987)
g J.m‘9> b‘M
o )by 5 Jol8 (s e )13) b Ijome (S o S 3l 83 Sl slaJue (28 1 oS sla g, @
w5 IS L, 48 5 ) ey Sl (Newmark, 1965) Ll )3 be, ol el o g9y S (50355

Lawsgi 45 550 (sla 23,5 ) (oby Cuoglio Jlado S Lie 320 b 3> 00,5 s 425 |y Canglie 3 a5 LB talS

24- Multi-laminate Model



rry

O ol s ool 5 S 21yl iy 3,510 5l

K0 < e (o s (A1) e (€ amoy 7 o3 (Z96T) amoy (5 (A) 7 (L96T) UeMP (296T) ZOIIN € (£26T) 15081d 5170 <I'ss (A) =r¥¢ (€ BAON 37 e™3 (286T) BAON [
fehqm: pd A oo gvo of Lrb[ e |07 AR on SR T lees (1) o (fpvr U 5¥ ffe 6 S e o e Al o ¢ Sl e s (1) e (SR K e e qffe; (1) ySd T cwves?

) (quionod-1yon) amoy <K ] ‘
ZANVSo8EN (5002) '[e 19 >i1ed 21105 21gn0gQ S gy e A T T
. (quojnoD-1yo) Moy v . .
anvsoan | (ey002) ‘10 euikg 2u0D SH ey papan 4 T al
wHD qpa k| PUESION (€66T) '[e 10 usag padeys-jelIng TP BAON 8D b i s
) o)
. " 11 INAGNYMS (£002) Jo1jepy WPNON sler . .
FOH oeo¥ e -VNVIQ pue UnBuIpAy 0eD eondii3 K oy ey W - =
- FH oty 7éer s gf
MOTHYNAG (T002) (18Be1g-I3oNIQ) 5 y « >
nasadod pue ueizizy auo) e xS o
TS e o ey
(666T) dwexus|opy I Moy | s o . i
1YNYALTY DU DIEMPOOM (spe) 2U0D oy € K ¥ 6 A v =
) (zooz 31easIuWa| ot Rl adl . «
TSLIN ‘0002) ‘[e 10 BUBISDd peLOISI : K oK € Al g :
<o 2 KD
(v002) v Sl oot . .
2OVSAQ 210 ueregaeinyy | 8O BRI FH oty oD o506 A\ pal el
<2 . A,Bwv oneders” recic A€o g_ﬂc_v aSd (i
2 wup 4 5 7res o T g0 a0 At R I T U S
63 ov Ralad
o[ s ‘
i AR o % 6 e

w60 A-A- Py v QT wH D o1 #(S) ex el Cenf e pon s M € givroa® (04 (G002 X 1ed)




r1o 25y sorarb o (o) (o3 Koyl oS~ uad

G ed—dio o3l S Gygo w1180 1) 0 1,501y, S L8y ole5 od el dlpaiy Baziar and Dobry (1991)
4 b suiS S s Gl Wl i lse e o alKile]l Clialte () dgel oy JolS
g oo @25 05 |ySlg) SE (0355 pusliyus )3 dind &) oo o S Sl )3 & el gl
e > (Bl (ByS 2)lse sod oaalie )13, I b)) 15 Jie (sodes Cudgize (b Sob Jae alie
Stgn (#b0)) (SB 5 (28 b odd wBunS g 03)08 S5 (e e S goamlitie (ol Hob 4 2980 (L
015 [)S0lgy SB- (S Jgde 9 (SB  (2b5)] Jgde s 9090 cl 2)b ©plie [0y, S (9 p 485 )3
4 g 4l (rawy; SB ¢ hes 59y placsjloosle plol & 5l (b)) 15 by, imen S o dnlge JSde L,
S (oo dplime ) by oS08 9l 0 oy sl sl
a8 Dl oo palyd 1) LSl ) dgae LS 5 dgazme (slinl slaaS il ooie sla gy il eolaiwl tgdae gla ybg, @
b yiell (3:85 5 53 39290 OUSe Lol 022575118 03liial 3)50 SB- )13, (5loJle (sl 4Byt ()lE L Ly,
&S o d9ame |y os filuo ;0 I ybgy cpl 3,0)8 Cubll wian Lolus MalS oyl & cons s & gy lo Jao
5 e S8 «39)9 Sboyiall oy (Jie cal sl 5l 3j9e aie g loj Wlge )y @ gk pleins
bl (S (sladiios ablidl 3)lse Sute )3 g (b Gpdipm (Shy SN (o 1S 42 ) @S gl
5 2Bl clagigeil (S gasby 4 g b S o dlse JSe L) o200 sl ibw gl sl (5395
g g0 Digiods b g (ol slaoyyy 4 dgaome o] s 3,1l Yoano ¢ 2o Jdo iz (ily sl jlidyge (oo
ol 2 G555 Jelge & ol (b i onmy sl S (Bl (0S5l (6 oSt ot S sk &
2 g 5l 3 39250 Slacualald pas & da g b ged il |) (ol B9y S kS Ol oo 9) ol Sl g ABl e )05 ST
cuoliie (J5UsS slashg) ) efgn Cueal g Cunwg cane 2980 ol 0dmn (o3 oy ol sl 0ad 485 L
39 03kl 39590 slacal 5 LISl |



O o soaoly 5 SB (23S Suuailiy 3550 (sloid), s

&l

Aydingun, O. and Adalier, K. (2003), "Numerical analysis of seismically induced liquefaction in earth
embankment foundations Part 1, Benchmark model”, Canadian Geotechnical Journal, 40, pp. 753-765.

Azizian, A. and Popescu, R. (2001), "Backanalysis of the 1929 Ground Bank submarine slope failure", 2001
An Earth Odyssey, pp. 808-815.

Bardet, J.P. (1985), "Application of bounding surface plasticity to cyclic sand behavior”, Proc. of the 2"
International Conference on Soil Dynamics and Earthquake Engineering, pa. 2-16.

Bardet, J.P. (1986), "Bounding surface plasticity model for sands", Journal of Engineering Mechanics,
112(11), pp. 1198-1217.

Bardet, J.P. (1995), "Scaled Memory model for cyclic behavior of soils", J. of Geotechnical Engineering,
121(11), pp. 766-775.

Bardet, J.P., Mace, N., Tobita, T. and Hu., J. (2002), "Regional modeling of liquefaction-induced ground
deformation”, Earthquake Spectra, 18(1), pp. 19-46.

Bartlett, S.F. and Youd, T.L. (1992a), "Empirical prediction of lateral spread displacement”, Proc., 4"
Japan-U.S Workshop on Earthquake Resistant Design of Lifeline Facilities and Countermeasures for
Soil Liquefaction, Tech. Rep. NCEER-92-0019, M. Hamada and T.D. O'Rourke (eds.), August 12, pp.
351-365.

Bartlett, S.F. and Youd, T.L. (1992b), "Empirical analysis of horizontal ground displacement generated by
liquefaction-induced lateral spreads.” Tech. Rep. NCEER-92-0021, National Center for Earthquake
Engineering Research, Buffalo, NY, August 17.

Batdorf, S.B. and Budiansky, B. (1949), "A mathematical theory of plasticity based on the concept of slip",
National Advisory Committee for Aeronautics, TN 1871.

Baziar, M.H. and Dobry, R. (1991), "Liquefaction Ground Deformation Predicted from Laboratory Tests",
Proc. 2" International Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil
Dynamics, St. Louis, MO, USA, March, 1, pa. 451-458.

Baziar, M.H., Dobry, R. and Elgamel, AW.M. (1992), "Engineering evaluation of permanent ground
deformations due to seismically-induced liquefaction,"” Technical Report NCEER-92-0007, National
Center for Earthguake Engineering Research, State University of New York, Buffalo.

Baziar, M.H. and Ghorbani, A. (2005), "Evaluation of lateral spreading using artificial neural networks", Soil
Dyn. Earthquake Eng., pp. 251-259.

Been, K., Jefferies, M.G., Hachey, J.E. and Rothenburg, L. (1993), "Numerical prediction for Model No. 2",
Proc. of the International Conference on the Verification of Numerical Procedures for the Analysis of
Soil Liquefaction Problems, Balkema, Rotterdam, the Netherlands, 1, pp. 331-341.

Byrne, P. (1991), "A Cyclic Shear-Volume Coupling and Pore-Pressure Model for Sand”, Proc. 2"
International Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil
Dynamics, St. Louis, Missouri, pa. 47-55.

Byrne, P.M. and Janzen, W. (1981), "SOILSTRESS: A Computer Program for Nonlinear Analysis of
Stresses and Deformation in Soil”, Soil Mechanics series No. 52, Department of Civil engineering,
University of British Columbia, Vancouver, B.C., Canada, December 1981, updated January 1989.

Byrne, P.B., Jitno, H. and Salgado, F. (1992), "Earthquake Induced Displacements of Soil-Structures
Systems", Proc. 10" World Conference on Earthquake Engineering, Madrid, Spain, pa. 1407-1412.

Byrne, P.M., Park, S.S., Beaty, M., Sharp, M., Gonzalez, L. and Abdoun, T. (2004), "Numerical modeling of
liquefaction and comparison with centrifuge tests"”, Canadian Geotechnical Journal, 41(2), pp. 193-211.



rryv 25y sorarb o (o) (o3 Koyl oS~ uad

Calladine, C.R. (1971), "A Microstructural view of the mechanical properties of saturated clay",
Geotechnique, 21(4), pp. 391-415.

Chan, A.H.C. (1993), "User manual for DIANA-SWANDYNE 11", School of Civil Engineering, University
of Birmingham, Birmingham, U.K.

Cudny, M. and Vermeer, P.A. (2004), "On the modeling of anisotropy and destructuration of soft clays
within the multi-laminate framework", Computers and Geomechanics, 31(1), pp. 1-22.

Dafalias, Y.F. (1994), "Overview of constitutive models using in VELACS", Proc. of the International
Conference on the Verification of Numerical Procedures for the Analysis of Soil Liquefaction Problems,
Balkema, Rotterdam, the Netherlands, 2, pa. 1293-1303.

Dafalias, Y.F. and Popov, E.P. (1975), "A model for nonlinearly hardening materials for complex loading",
Acta Mech, 21(3), 173-192.

Egan, J.A. and Wang, Z.L. (1991), "Liquefaction-Related Ground Deformation and Effects on Facilities at
Treasure Island San Francisco, During the 17 October 1989 Loma Prieta Earthquake”, Proc. of the 3"
Japan- U.S. Workshop on Earthquake Resistant Design of Life line Facilities and Countermeasures for
Soil Liquefaction, San Francisco, California, December 17-19.

Elgamal, A., Dobry, R., Parra, E. and Yang, Z. (1998), "Soil dilation and shear deformation during
liquefaction”, Proc. of the 4™ International Conference on Case Histories in Geotechnical Engineering,
March 8-15, St Louis, pp. 1238-1259.

Elgamal, A., Lai, T., Yang, Z. and He L. (2001), "Dynamic soil properties, seismic downhole arrays and
applications in practice (CD-ROM), State-of-the-art paper", Proc. of the 4™ International Conference on
Recent Advances in Geotechnical Earthquake Engineering and Soil Dynamics, March 26-31, San Diego.

Finn, W.D.L. (1998), "Seismic safety of embankment dams: developments in research and practice 1988-
1998", Proc. of the 1998 Specialty Conference on Geotechnical Earthquake Engineering and Soil
Dynamics I11, Seattle. Edited by P. Dakoulas, M. Yegina, and B. Holtz. Geotechnical Special Publication
75, pa. 813-853.

Finn, W.D.L., Sasaki, Y., Wu, G. and Thavaraj, T. (1999), "Stability of flood protection dikes with
potentially liquefiable foundations: analysis and screening criterion”, Proc. of 13" Annual Vancouver
Geotechnical Society Symposium, May, Vancouver, B.C., pa. 47-54.

Finn, W.D.L., Yogendrakumar, M., Yoshida, N. and Yoshida, H. (1986), "TARA-3: A program to compute
the seismic response of 2-D embankments and soil-structure interaction systems to seismic loadings",
Department of Civil Engineering, University of British Columbia, Vancouver, Canada.

Hamada, M., Towhata, I., Yasuda, S. and Isoyama, R. (1987), "Study of Permanent Ground Displacement
Induced by Seismic Liquefaction”, Computers and Geotechnics, Elsevier Applied Science Publishers, 4,
pp. 197-220.

Hamada, M., Yasuda, S., Isoyama, R. and Emoto, K. (1986), "Study on liquefaction induced permanent
ground displacements”, Technical report, Association for the development of earthquake prediction,
Tokyo, Japan.

lai, S., Matsunaga, Y. and Kameoka, T. (1992), "Analysis of undrained cyclic behavior of sand under
anisotropic consolidation”, Soils and Foundations, 32(2), pp. 16-20.

Ishihara, K. (1993), "Liquefaction and Flow Failure During Earthquakes", 33rd Rankine Lecture,
Geotechnique, 3(43).

Ishihara, K. and Yoshimine, M. (1992), "Evaluation of settlements in sand deposits following liquefaction
during earthquakes"”, Soils and Foundations, 32(1), pp. 173-188.



O o soaoly 5 SB (23S Suuailiy 3550 (sloid), A

Iwan, W.D. (1967), "On a class of models for the yielding behavior of continuous and composite systems", J.
of Applied Mechanics, Transactions of the ASME, pp. 612-617.

Javadi, A.A., Rezania, M. and Nezhad, M.M. (2006), "Evaluation of liquefaction induced lateral
displacements using genetic programming", Computers and Geotechnics, 33(4-5), pp. 222-233.

Kabilamany, K. and Ishihara, K. (1991), "Cyclic behaviour of sand by the multiple shear mechanism model",
Soil Dynamics and Earthquake Engineering, 10(2), pp. 74-83.

Krieg, R.D. (1975), "A practical two surface plasticity theory", J. of Applied Mechanics, September, pp. 641-
646.

Lee., K.L. and Albaisa, A. (1974), "Earthquake induced settlements in saturated sands", J. of Geotechnical
Engineering Division, ASCE, 100(4), pp. 387-406.

Lee, K.H. and Pande, G.N. (2004), "Development of a two-surface model in the Multilaminate framework",
Proc. of 9" International Symposium on Numerical Models in Geomechanics (NUMOG 1X), Ottawa,
Ontario, Canada, pa. 139-144.

Marsuson, W.F. and Hynes, M.E. (1990), "Stability of slopes and embankments during earthquakes", Proc.
ASCE/Pennsylvania Department of Transportation Geotechnical Seminar, Hershey, Pennsylvania.

Martin, G.R., Finn, W.D.L. and Seed, H.B. (1975), "Fundamentals of Liquefaction under Cyclic Loading", J.
Geotech. Eng., Division, ASCE, 101(5), pp. 423-438.

Martin, G.R., Tsai, C.F., and Arulmoli, K. (1991), "A Practical Assessment of Ligquefaction Effects and
Remediation Needs", Proc. 2" International Conference on Recent Advances in Geotechnical Earthquake
Engineering and Soil Dynamics, St. Louis, Missouri, March 11-15.

Matsuoka, H. (1974), "Stress-strain relationships of sands based on the mobilized plane”, Soils and
Foundations, 14(2), pp. 47-61.

Matsuoka, H. (1976), "On the significance of the Spatial Mobilized Plane", Soils and Foundations, 16(1), pp.
91-128.

Matsuoka, H. and Sakakibara, K. (1987), "A constitutive model for sands and clays evaluating principal
stress rotation", Soils and Foundations, 27(4), pp. 73-88.

Matsuoka, H., Suzuki, Y., and Sakakibara, K. (1988), "A constitutive model of soils for evaluating principal
stress rotation”, Numerical Methods in Geomechanics, pp. 343-348.

Mroz, Z. (1967), "On the description of anisotropic work hardening”, J. of the Mechanics and Physics of
Solids, 15, pp. 163-175.

Muraleetharan, K.K. (1990), "Dynamic behavior of earth dams”, Ph.D. Thesis, University of California,
Davis.

Muraleetharan, K.K., Deshpandeet, S. and Adalier, K. (2004), "Dynamic deformations in sand
embankments: centrifuge modeling and blind, fully coupled analyses", Canadian Geotechnical Journal,
41, pp. 48-69.

NCHRP, (2002), "Comprehensive specification for the seismic design of highway bridges”, ATC/MCEER
Joint Venture 472, National Cooperative Highway Research Program, Washington, D.C.

Newmark, N.M. (1965), "Effects of earthquakes on dams and embankments", Geotechnique, 15(2), pp.139-
160.

Nova, R. (1982), "A constitutive model for soil under monotonic and cyclic loading"”, Soil mechanics-
Transient and Cyclic Loads, edited by Pande, G.N. and Zienkiewicz, O.C., pp. 343-373.

O’Rourke, T.D., Gowdy, T.E., Stewart, H.E., and Pease, J.W. (1991), "Lifeline Performance and Ground
Deformation in the Marin a During 1989 L.oma Prieta Earthquake”, Proc. of the 3" Japan-U.S. Workshop



rr4 25y sorarb o (o) (o3 Koyl oS~ uad

on Earthquake Resistant Design of Lifeline Facilities and Countermeasures for Soil Liquefaction, San
Francisco, California, NCEER Technical Report NCEER-91-0001, Dec. 17-19.

Pande, G.N. and Sharma, K.G. (1983), "Multi-laminate model of clays-a numerical evaluation of the
influence of rotation of the principal stress axes", International Journal for Numerical and Analytical
Methods in Geomechanics, 7, pp. 397-418.

Pande, G.N. and Yamada, M. (1994), "The Multilaminate framework of models for rock and soil masses",
Proc. of 1™ International Workshop on Applications of Computational Mechanics in Geotechnical
Engineering, Rio de Janeiro, pa. 105-123.

Park, S.S. (2005), "A Two Mobilized-Plane Model and Its Application for Soil Liquefaction Analysis",
Ph.D. Thesis, Department of Civil Engineering, University of British Columbia, Canada.

Park, S.S., Byrne, P.M. and Wijewickreme, D. (2005), "A swinging plane model for soil liquefaction
analysis”, Proc. of 16™ International Conference on Soil Mechanics and Foundation Engineering,
September 2005, Osaka, Japan.

Parra, E. (1996), "Numerical modeling of liquefaction and lateral ground deformation including cyclic
mobility and dilation response in soil systems", PhD Thesis, Department of Civil Engineering, Rensselaer
Polytechnic Institute, Troy, NY.

Pastor, M., Zienkiewicz, O.C. and Chan, H.C. (1990), "Generalized plasticity and the modeling of soil
behavior", Int. J. for Numerical and Analytical Methods in Geomechanics, 14, pp. 151-190.

Pastor, M., Zienkiewicz, O.C. and Leung, K.H. (1985), "Simple model for transient soil loading in
earthquake analysis- Il, Non-associative models for sands"”, International Journal of Numerical and
Analytical Methods in Geomechanics, 9, pp. 477-498.

Pestana, J.M., Biscontin, G., Nadim, F. and Andersen, K. (2000), "Modeling cyclic behavior of lightly
overconsolidated clays in simple shear”, Soil Dynamics and Earthquake Engineering, 19, pp. 501-5109.
Pestana, J.M., Whittle, A.J., Salvati, L.A. (2002), "Evaluation of a constitutive model for clays and sands:

Part I-sand behavior", Int. J. for Numerical and Analytical Methods in Geomechanics, 26, pp. 1097-1121.

Popescu, R. and Prevost, L.H. (1995), "Comparison between VELACS numerical Class 'A' predictions and
centrifuge experimental soil test results”, Soil Dynamics and Earthquake Engineering, 14, pp. 79-92.

Prevost, J.H. (1985), "A simple plasticity theory for frictional cohesionless soils", Soil Dynamics and
Earthquake Engineering, 4(1), pp. 9-17.

Prevost, J.H. (1998), "DYNAFLOW user's manual”, Technical Report, Department of Civil Engineering and
Operations Research, Princeton University, Princeton, N.J.

Puebla, H. (1999), "A constitutive model for sand and the analysis of the CANLEX embankments", Ph.D.
Thesis, Department of Civil Engineering, University of British Columbia, Canada.

Pyke, R, Seed, H.B., and Chan, C.K. (1975), "Settlement of sands under multi-directional loading", J. of the
Geotechnical Engineering Division, ASCE, 101(4), pp. 379-398.

Rauch, A.F. (1997), "An empirical method for predicting surface displacement due to liquefaction-induced
lateral spreading in earthquakes", Ph.D. thesis, Virginia Polytechnic Institute and State University, Va.,
USA.

Rauch, A.F. and Martin, J.R. (2000), "EPOLLS model for predicting average displacements on lateral
spreads”, J. of the Geotechnical and Geoenvironmental Engineering, 126(4), pp. 360-371.

Roscoe, K.H. and Burland, 1.B. (1968), "On the generalized behaviour of 'wet' clay", Engineering plasticity,
Heyman, J. and Leckie, F.A (Eds), Cambridge University Press, Cambridge, pp. 535-609.

Roscoe, K.H., Schofield, A.N. and Thurairajah, A. (1963), "Yielding of clays in states wetter than critical”,
Geotechnique, 13(3), 211-240.



O o soaoly 5 SB (23S Suuailiy 3550 (sloid), rre

Rowe, P.W. (1962), "The stress-dilatancy relation for static equilibrium of an assembly of particles in
contact”, Proc. of the Royal Society of London, Mathematical and Physical Sciences, Series A269, pa.
500-557.

SCEC (1999), "Recommended procedures for implementation of DMG special publication 117 guidelines
for analyzing and mitigating liquefaction hazards in California”, Southern California Earthquake Center,
Los Angeles, Calif.

Seed, H.B. (1979), "Considerations in the earthquake-resistant design of earth and rockfill dams”, J.
Geotechnique, 29(3), pp. 215-263.

Seed, H.B. (1987), "Design Problems in Soil Liquefaction”, J. of the Geotechnical Engineering Division,
ASCE, 113(8).

Seed, R.B. and Harder, L.F. (1990), "SPT-Based Analysis of Cyclic Pore Pressure Generation and Undrained
Residual Strength", Proc. H. Bolton Seed Memorial Symposium, BiTech Publishers, Ltd., pa. 351-376.
Seed, H.B., Idriss, .M. and Arango, I. (1983), "Evaluation of Liquefaction Potential Using Field

Performance Data", J. of the Geotechnical Engineering Division, ASCE, 3(109).

Seed, H.B., Wong, R.T., Idriss, I.M. and Tokimatsu, K. (1984), "Moduli and Damping Factors for Dynamic
Analyses of Cohesionless Soils", Report No. UCB/EERC-84/14, Earthquake Engineering Research
Center, University of California, Berkeley, California.

Seed, H.B., Tokimatsu, K., Harder, L.F. and Chung, R.M., (1985), "Influence of SPT Procedures in Soil
Liguefaction Resistance Evaluations”, J. of the Geotechnical Engineering Division, ASCE, 12(111).

Shamoto, Y., Zhang, J.M. and Tokimatsu, K. (1998), "New charts for predicting large residual post-
liquefaction ground deformation", Soil Dynamics and Earthquake Engineering, 17, pp. 427-438.

Silver, M.L. and Seed, H.B. (1971), "Volume changes in sands during cyclic loading", J. of the Sail
Mechanics and Foundations, Division, ASCE, 97(9), pp. 1171-1182.

Taboada, V.M., Abdoun, T. and Dobry, R. (1996), "Prediction of Liquefaction-Induced Lateral Spreading by
Dilatants Sliding Block Model Calibrated by Centrifuge Tests”, Proc. 11" World Conference on
Earthquake Engineering, Acapulco, Mexico, Paper No. 1037.

Tokimatsu, K. and Seed, H.B. (1987), "Evaluation of settlements in sand due to earthquake shaking", J. of
Geotechnical Engineering, ASCE, 113(8), pp. 861-878.

Tokimatsu, K. and Toshimi, Y. (1983), "Empirical correlation of soil liquefaction based on SPT N-value and
fines content", Soils and Foundations, 23(4), pp. 56-74.

Tokimatsu, K. and Yoshimi Y. (1983), "Empirical correlation of soil liquefaction based on SPT N-value and
fines content”, Soils and Foundations, 23(4), pp. 56-74.

Towhata, I., Sasaki, K., Tokida, K., Matsumoto, H., Tamari, Y., and Yamada, K. (1992), "Prediction of
Permanent Displacement of Liquefied Ground by Means of Minimum Energy Principle”, Soils and
Foundations, 32(3), pp. 97-116.

Towhata, 1., Tokida, K., Tamari, H., Matsumoto, H. and Yamada, K. (1991), "Prediction of Permanent
Lateral Displacement of Liquefied Ground by Means of Variational Principle”, Proc. 3" Japan-US
Workshop on Earthquake Resistant Design of  Lifeline Facilities and Countermeasures for Soil
Liquefaction, O'Rourke & Hamada ed., Technical Report NCEER-91-0001, pp. 237-251.

Vermeer, P.A. (1978), "A double hardening model for sand”, Geotechnique, 28(4), pp. 413-433.

Vermeer, P.A. (1998), "Non-Associated plasticity for soils, concrete and rock”, NATO advanced study
institute on Physics of Dry Granular Media, pp. 163-196.

Wang, Z.L. and Makdisi, F.R. (1999), "Implementing a bounding surface hypoplasticity model for sand into
the FLAC program”, FLAC and Numerical Modeling in Geomechanics, pp. 483-490.



e 25y sorarb o (o) (o3 Koyl oS~ uad

Woodward, P.K. and Molenkamp, F. (1999), "Application of an advanced multi-surface kinematic
constitutive soil model", Int. J. for Numerical and Analytical Methods in Geomechanics, 23, pp. 1995-
2043.

Wu, J. (2003), "Liquefaction Triggering and Post Liquefaction Deformations of Monterey 0/30 Sand under
Uni-Directional Cyclic Simple Shear Loading", Ph.d. dissertation, University of Calif., Berkeley.

Yang, Z. (2000), "Numerical modeling of earthquake site response including dilation and liquefaction”, PhD.
Dissertation, Dept. of Civil Engineering and Engineering Mechanics. New York: Columbia University.
Youd, T.L., Hansen, C.M. and Bartlett, S.F. (2002), "Revised multilinear regression equations for prediction
of lateral spread displacement”, J. of the Geotechnical and Geoenvironmental Engineering, 128(12), pp.

1007-1017.

Youd, T.L. and Hoose, S.N. (1976), "Liquefaction during 1906 San Francisco earthquake", J. Geotech.
Engrg. Div., ASCE, 102(5), May, pp. 425-439.

Youd, T.L. and Perkins, D.M. (1987), "Mapping of liquefaction severity index", J. of the Geotechnical
Engineering, 113(11), pp. 1374-1392.

Zhang, G., Robertson, P.K. and Brachman, R.W.I, (2004), "Estimating liquefaction-induced lateral spread
displacements using the standard penetration test or cone penetration test”, J. of the Geotechnical and
Geoenvironmental Engineering, 130(8), pp. 861871.

Zienkiewicz, O.C., Chan, A.H.C., Pastor, M., Paul, D.K. and Shiomi, T. (1990), "Static and dynamic
behavior of soils: a rational approach to quantitative solutions, Part I: fully saturated problems”, Proc. of
the Royal Society of London, Mathematical and Physical Sciences, Series A, 429, pa. 285-3009.

Zienkiewicz, O.C., Chan, A.H.C., Pastor, M., Schrefler, B.A. and Shiomi, T. (1999), "Computational
Geomechanics", John Wiley and Sons Press, Chichester, U'K.

Zienkiewicz, O.C. and Mroz, Z. (1984), "Generalized plasticity formulation and applications to
geomechanics"”, Mechanics of Engineering Materials, pp. 655-679.



> Jlg;

b B
@ &

=

fomoorepeymarn.ir




A Jad

Wb O Yoo uals by g
11 il O blio ia
Y




> Jlg;

b B
@ &

=

fomoorepeymarn.ir




doddo —Y-A

2 odd bl glagby) SaS 4 el 3)90 SaplSeymsd (L) 5l g i Bl 0 L3I VY 5 5 o jsblen
5 i Slies ;03 5 bojls 3 Slee 59y p (215 5l (86 Glap Koy 5 oSl s ol SIS s ¥ b
Sl odd iy (93,8kas 5 (2l lalne L il 1L P8 ol plosl sl o] Jod BB 5 Slas gl (5)line iy
Dpdy O alise Sluwwl o ol

o)l Pl s 4 g0 9 (308 Dlaauls g 03l (Sl 3, Slas ST ST B lais 4 g coles o
it cilis 2 3 IS gk 4 08 ES i 51 AL lbbe Sl sl ig) (g 5 2l Silgy ity pesmn
203 9y i 1y 5 sban S gl )b

Py Jlos (B9 Sl ealatnl L e suoms 255 =)

A8 (b S S0 ply 3 Cunglie sl Slimes (b Y

fJed BB 15 U oad wie (oS mss (el jlate 4 oSS d9u0 -V

o3 ol Sy sl —F

A e am laan S b sl 1SSl Jod BBy Gl gosma Lt lires b pin by Wlod gl apls
e glogiloas bty AL ool ot b G plols 4 Cul (Ses bay S ol 25,5 )8
Sy g S ol €95 (il 4398 (sloain S ogMe iz pp il anihy S (b sbsiledre ol 3lse ) 5 Sodmn
S el (6350 sloay ;S g s hdy Jeld Wl e g2 g0 slaojls (gl b cusl i 09y Sl 2l Sl @
LilS 5 50 oSl Lol sl stiojls e 4 )lge 5l oyl ) dg2g ol b Bl 3 baojlu 3,18 Mol b 3,Slae
wb)5 )54 (olol (28 ol SB (gilure plol 35290 (4235 Ll LS b (e (S (g gloolRid Lo (g o plie
255 1B il 3590 1l gy 590 oSS (J3 5 5 Slas 4y s gl oS sl ol b ol 3 0

SK (5l 4 5L oy -1V -A

) lasgorme bl 4y 5l cusl (Sao 3 b cusl (598 o8Bl S ) SB (giluge LT & s ol e S
A Bl S g5y 2 ol S g gy sony 4 locglas o o ilow ol 1 (B bl oS eranss g o Jilow
2 led gy 2S5y pln > SB il 45l 3y90 )3 Dglad Wg) yine > sl 0,5 pop Cundi g Cuoglie S
JS5 ol 4 g b g ity o] Gl slaciond Slogr ) 4 dobl 0 45 (VA JS) sl 003 )l 25 ()
S o )18 2L 290 i Jele w2 SSlg) axie S SB (gilute b (e ) 50 &S S e

{2y Jesly =

foud (5)lbl Jeuily —Y

5l Gt ot b ST g o =Y

1- Risk acceptance



O o soaoly 5 SB (23S Suuailiy 3550 (sloid), Ui

Flie > Glebl o2

- . .Y ‘SB B
c c e £) 3L
Sl VO 3 555 21,50l

Jlie > Glsebl o2

Sl V5l 585 Sl

g8 it Ui L) dplne

losp )38,k 5150 ens

\ 4
oA (Sl Caoglie druslone _ o 5 sl ()
S P SB il los ) S0 5 Y

25 Sy fSe s
Sl jbre polie o |

b lsebl co o

Sl V5l 43855

O 3 s e

5Sisy o3 sl

Cal P)‘Y Sk d}L“-@(%

IS5 @ Slgy (8 yis
SCawl jbre polae ply g0

Cuol 23 SB g5l

’ f}i @b..)'i wfsAbw;, s el S sl oY S it

& LS W .y e Cesl p Silete
R st e Sl e s 51 55,5 ’ ’
e Lgl.mblﬁl% SoS

S Y SB il

sl Klgy oy b bLI,I 53 sl L S (glane 0 55 (25,1 g, -V -A JSuo



ool st o], Solyy Aetues lyie & pow b 3 ok 4l slajlne 5l IS gldcgeme Loluly olSils SK 5]
oSl S5 p3Y 25 00 25l ooty b 53 00 ke (g i b S illas (]Sl Sy sin 5 )3 olS3T 09
5 25 2 85 518 e laie 298 o0 ploml (pwdine guono glaS SaS 4 pouw Jad lajlne ColiS g poj) (e
€5 35 (650> Jolse g sl Y Gl ISl ol (el B 8 g p3Y (opd e )50 (S s (g glidl 5 ]
3les el |y S5 3lactal (gl lino de goseo ColiS Sl e oSa5 Camiy 5 SE
Al polulyy 8L VO Sl 5S)5 lsebl cops jluie axla (luebl cops gme 9 219y Jeily L5515 o
trg5 B Cunglio als S5 48 cutls Ul e g 039 3l 005 Mgy (shite Lib 45LS] ko ot uad 5 005 S
Al 5l giluge 4 o3l SB s pl 10 LSS w5 glojy) (6 13850 51 Lab alyd miseiil B 1y ledes s b
i & Sl Pt 9 S el sl Bl V0 5l 58 2SSl Blie )3 plsebl o ps ST bl 4 oo
WSl polie pl SaS A e D9 o Gy sloj ) (651050 1 e (sdaie Hlid d8lsl g euis S Cuwglis yolis
cupd dopliz Wil g b cd)b g cad ol bl Jold &S 35800 (wyp Sloj) IS5k S g oS L
s & =8l 3 Sos g (b Sl bawgi 0ad (e Slxe Jlade Sl T SasS olB s I ()l (sl o dnule (Lol
O 2 0 2 iy 4l oSl SE 090 0 aiB)S A 3 ) il ced ol los) 2bjyl 3 e ol Jgess
Nl (Bl epedi 5 s pian fad 4 axrlio bl «SB (gilare 4 L 3550 )0 (S ereal Gl g0
Sl )l 2929 S I Gy (Slaunds g8y Jlats] & amd Ui b s (b)) @S aslia 35 (w39 1) 21Kl
Sloxe yolie G 5l S B pIS 3 00 03] (e ey 4 Llo 3 0l USike > cslasba, 5 oSe Sl e S5
S Koyl 93 J) 5S35 (225 ol ol ST Bl ) s p3Y oo SB (gl &5 €S g5 o0 by 0 (yes
P SxSpead 1S S )8 s 9 ool e Jolb @l ST cul (6)908 Hlai 3)90 oL S Mol aidly
i saJdow I oslinal b (o)) 5 (U Sl JSS o 5l (65385 (e sl 25V SB (Gl 4 b o9t

Dyl &g

SB g5l WS -F-9-A

ol @ b )b Jolo s @90 41 (FS) (alSlyy Jlie ) (el o pd aad o)lal 0 5 ¥ (sla fuad 3 & 455 lon

b SB poad Jloel S50 Jalo by (il 38l 1) S cudils (lgice clirabl o pd Gl 33l jolate a9 oo iy po5 S5 20
bl skl coys ) palls il & (el L GlaljBl) ol s 90 1) o0 g byl Jalo 93 o L g0 ials
sl 0 )3l ] 4 (V-A) Sz 53 4 3 3529 Sy 00 bole (ials g bbb Jole (ol (sl (liseo (slogsbgy 05
oa5 031> (i (V-A) USS )3 (sogrie ©jgo ¢ i3 (bl 2 (2l Slaylimxie (59 555 e Sl )8 SIS

2500 (C2 5 €L i &) Sy el Jigo seibload 55 (531 b 1o s o515 (38l (S8 0l b s
lay (Bl et g 1Sl " g TS, (2 coniSlis fpelogdie (058 &S Jl )3 35 0 355 Cunglio il
4) (gt )Ltd ABLS] g 0 Mol (sl ) 95l )] ol B L S Sl J3lg b 5l 6yl L S (silare 55 0
>y goaislax e ) Pl b plmle S (Gl kol drg b gy (nl )3 &5 D tewl @glite (C4 5 C3 s



O o soaoly 5 SB (23S Suuailiy 3550 (sloid), 1A

sty & Koy Jole 2l (S ) 3 et il 20lS LS5y (5nls 4 (5 & canl TSl " 5 ",
@SB Ldgy Lol Cgls go)90 obuly gdliws 4 b (D) mdus slaglall 4 S 51551 86 by 25 ek
Slojy) SaSTg55 wdine j oyl &y ¢ yog, u" RVCY o oMo)lJOLJLJ (D2) Lgla)')J ol > rngLé Soluy ! B so390e
ity ) (53t 5153 S g ol sl o535 455 HB s 55550 ] Yaons 5 48,5 5 aslical 3,90
e ol ool (i (pimen g (o) o515 S 0 SB by (Lol Cgls (g0)9d S e Logas )y (9ST 09d e
ol odd WSS e gaiald b sladoluy I (glodgasme I (clos) S oS sl )] ) ] 48,55 @y ols Slallas
O (> famd i Shals 1) SB p 0)ly S o0 Jele Logil e (gilute Sl )0 S by gl (g0)93 )5 > g5 LB 5

29 5 ol Gl & o dlse S 3

S5 Jols RIS 3 byl ols ial3Hl sl gy 1A Jpin

S0 Jole plals Cadyb Jole !4l
sloid o8y G5 @y b /S s (D1 SB o315yl (CL
SB Jidoy (ol gl s0y93 2wl (D2 Foe saslraon jlis il (C2

S S 2k 555k (C3
Sy 4 S el sl (i
gy S5 gy i o5

Lol gy Sl (sl (518 g 5l (2,9] oal 5 (C4
JAVIE

OB bl 52 2l slaged (G9, S (6 jluie slag; ;U (SgRe S Ny, -Y-A UK

2- Predominant Frequency



215509y 2l 2 SB il sl 29290 S, (Brre —T-A

doddo —V-Y-A

51 s Hausmann (1990) slin el osis al)l SB oMol sla oy slp a5 dlisee slagiipumd le )
Ky 5008 pj plese 09)5 Yoz > ST (gilate (s hgy bl cnl 2 bl o 00 plomil sl ginaios (5 oS

b ol 35S 3le Mg LialiEl e obsS Lyl Sl (slagy Jlosl b SB oS15 1 SB SulSe Mol -
3 e 6515 e 5 My 5 il (Sl SlacSile l odlinal b o slaaY o515 als 25
Adlige Bos 53 GBS b g (e w59y 32 S lugS s

S )3 K9 o 0kl ST go355 | g 4 laoly b oS )b 1 alildle )3 36250 f 2 Sg)hem 2ol =Y
S ) Ll bl o cund s laatil 5 b baile ) Slay sabimsg 0 (noipj 2l 515 29l ol b 31 ol o
ol ([ S 9 78U ) (S S (slong s 31 o3lisl b (B85l g (2B )k e il Jlosl a5l il

NBSE Glaggio b (xaw claaY b (539580 sl (S 58 LWST galiwg 4 S Coti 1 plbond 9 (S0 o =Y
Age K3 b Sloww dlge g (dxio Gluls b (o8 OV game (b (SE Jold Blas dlge Goc ) 4B)S
b Lt s sailaS G b 5] 203 dlge &S alKin it cimd e STy S L L g 800S0 L &S obesd
S a3l Sylys D95 0 0dsel 5255 6l AT )3 Wig oo 03liw B ol g S po b SB 90 Slyas JBI
5 siite Ol s b plas leol pglate 4y SB (3] g 5 I ULk juedd 9 i Ol s jglaie
bl S sy e Jl oSSy 4 lipee S L]

S5 & lrguie o 1aSid dad Ko dalgs SUI I eslil b ibed 13l ypame g Tmbed slaty) b Mol ¥
3 e b plas by 42 5l5 a5l gt~ o355 (gl s pskiale 4y amd o BES Cunglis Cools S
Sl g SB o355 3,5 jpame b e ) odlitsl '35 ke 5" S Ee slabe Ol —adk o
S 14 sy oSottans laojls s dbygelS o " cMBalio (clayld yubai oad 4l | (3Vsh ity
Y o b Jlis] ] ol o Sl oo ysS oo 51,5 09,5 eyl 33 Jghite onoud (sl 23,5 sl L] ygloxa
Olyis o8 Bres g oal CBgl (2 wizja sl lojl oBASS dguy polate 4 Sk lesl b g B
Wb o oy (5Lt b polie”

12 o] plos 4 Il dnwgs 5 ok sl S ol Silgy shixtul LialS jglaie 4 S5 (gjluts sloisy 5l (slaegoono

A SB- 90 9 2ol sl 29290 Sy Gl S| S0 Joe (VA) gz g3 0ad 85 g5l dix b G sl

Jold (255 sla ey 50515 syl 5 (8l o515 Sualins w5155 s 0515 il (slaoged 4 Gl 21Ky,

3- Preloading

4- Electrokinetic stablization
5- Reinforcement

6- Nailing

7- Anchoring

8- Crib wall



O o soaoly 5 SB (23S Suuailiy 3550 (sloid), r4-

5 Rl Caled 0 g SB Gree LIS g gl g )lid cod (ghy0legn Jold S bUBT (( Szl g (b slo S
D905 0Ll S zdus
g Lol il S 51,38 oxlil 3)90 (ooleie Gl (o 53 (5)0le g Elil (B g 0515 g (2SR5 b5 Lo dgy cul 5 o)l
05155 5 15 slogas (Sares oS5 (Bl w515 Joli pne o515 stizn) 13 st W6 slncd iy ] gl
sl 1l 53 bey cnl ot 451 ailad S Mol slaojsy 5l (il sy rolie 3Rl oansS @ s
WS o gy pogas > pdl clac iyl clotes isu bl wilodel 3939 4 (gloj) clblxe ials 5l e Sladp,lS
Gl Gl o @ 9ske 5 22l Slaby) 4l gaomss ) SB Gres LIS g )Lid cod g (B9l )5 (550l (Bres
3590 ol 5 @Mol 3)90 SB g5 s (i olgs 0 2, SKlg) ply > S Mol (gl gy o piclio Gl
4 ol 8Ll Gyguo 4y g iy (gojlul ululy S 2Mol alises (gla gy 5,08 (03945 (Y-A) S 0yl (S SB
) Oy Sl g e 2,5 blie )3 Glsebl o (il 4 i S Mol slaoged | Sopn o] slie

ol 04 0313 Oiuled s(\—/\) R TR W

215lgy sl 33 S g5lunts sl 4o, 135,15 L Col b o3l (godgame —Y-A UK



1y

Iy 1 o pbloco RIS (5l s s

5 e 4 oolSim 03g 4yt (15 350 0553 53 of (eln) bl (SB Mol cabio by, 4w ol S

9 Fobe sadn S e Clinad g baojle ylai placudgize gl 5 SosS laolldle 4 Cons wloads adls join

P .)).g)lf (_5|).3 3Ll 9 cuwlio (_51.274.2_)’/'5 O\y’.c 4 J.»)lyu.p &S ‘_,’Sl.& C)/Lol LSL“L):’S) .J)lb d9>9 S C)/Lol dl).g Lg)S‘_’)l)’)l

Silodd by paie job 4y (Y-A) Jodo 50 gy )5 4 Lds g Cudgdie (ol crawy (solKis by edlaiwl gly Alg o

oMol i (IS Jolsh 5 el «S 3500 yige o5 S L 5 canlio SB g5 ogas 53 MLl os, o ol

ol 00 )l abiS Oly o0 5 o (gd i dCudgiome s jo o oliws B

Q4 oy slp ) (\“‘A) 9 (Y‘A) slaJgis o oud Gl cladly 3 olg e 3)Slee g (b GlasMe (i85 a5 > L
Mol Calizes (sla yigy Ol s s 4 isw cpl gaeldl (0 0y by ol oKidle S SB Mol cuslio a5

g 43l e o)Ll gyl ppaglis 4y (IS 05,8 ez o el 3l e o g, il > SB

Cudgasw ¢1,1d g ol A lw WolKELw gl S g5lus s g, 5 glaos —Y-A Jgas

O, . 19 bl 3 L
o Liuaguc Ll olinsd B g | ST 9t > S gy o9
- Jolske o

b gane— | las Ll g~
431.)};') D99 — &bii\”lg'd;\é;a . _
e oy . 9 Sl (35 b e g5l | dlaeglaanle—

03 S 2 odlatwl xlo o908l = L] 2gdzels Sd95 41,3

S Fo YO U Y Jolsd P yd
JIZI sab S
d9d e S Sl
Silate 2l — | il polie it | L aye o6S)) 4 S glyl -
Y g sm -
) | IS D, =80+% b e eSS sy
Dy Cawsd 31—
sgi5%e l“’s’ | e | (N)g=25 St B) ol | sgal | Sl sotiss | oS5 oy
¥y poos b st | g, =10-15MPa | V@ Jsle aloli) lbduls ol
Sl ‘ .
b (SB 5 4 i) (¥ o
; asl -
it st sls gl -
Jyus i & duy SB Sl ‘
podlial BE— |y Ceoglio ol o $)ly) S5
FYNCO YU gdn ) 5,5 g5 4 dtusly | 2945wl b sl )y .
shb s st S o i Hs cod
als; o G0y (S Corols
o B0F (L
9o (Sl =
ol = L g o5
e o3l (5ylc8 = D, =75% ¥ Jolgd U il
oLl - . I .
o ose OSal= | (N),, =20-25 SN , basle— | o515
dgdoxe 9y Sloe = ‘ T R ..
. sl )8 Q, =10-12MPa | &>ses 55 dold DY sladwle - &yl
St i ggp ol b
90 (Sl = A8 e




o) U slosoly 4 SE Sy y Sl .:)}/;.,"_;la&/) rar
W2 g Cudgaswe (g (gawy SBORELw (gl SB- (il L) I laoMs —T-A Jgs
] eyagi Ulje ERT N ot S Ll B oy SB gy o)
ok Jylsie Ao
. 9 dwls —
Mo Gos — -
2gdone ERTEILE D =0 b (mpe s b P ek 57
o)).';.j ) (N1)so =25 o &L""l Lfi“‘“"':
sS4 sl - ol - FeFUY Jolgd | e
' q, =10-15MPa do (sl - Sok
ol -
glsst
4e elt o L <)l duwlo —
STRSUNES ) D, =80+% o 65 esY sloawls - 1
S Sl bt = | o0 sl T8 - o o1
(Ny)g =25 s ¥ b b gloawle - )
03y o b Simogls | as > 519 - YU Jols b il
_ 0, =10-15MPa 5l S aildy,
doy Ve
ohg Sy = S5 = <
. . b e 55!
) 5 odlatwl pae — ek — Y ladwle —
s . . (N1)60 =20 ke -
_ ol S Gos 2 (Bl - . Fo ¥ Cowas HI y0y by o O
03 S - .| 9a=10-12MPa |« 55 Jolsi
9 t_i.l.wb}ls @Lm Obb)l)s - TN )_{ )L\u.:) oY -
i w3s | oo poniSy e
JRESTS
ok A3l TS — | il olhe it | L S e
s g — L5 bl gl il ol (st s e 555 o eslinal - | o1 g
s AV (N;)g =25-30 e YL
. w8 - . Fo ¥ eyl Sk b glawlo
35S ¥ i | 0, =10-15MPa | &5, Jols - ‘
ols - , ‘ ) iy
Bos P BlESe— | (SB gy ai) FeY BN S5 o
: Lid ags ials
e a3l el - ) 4 w"’
o3 8 Giie | ay Jeolyd Sl
Sl Jolsd ol - . .
slr ) 1. Sodgi boyss = | s 4 jslaie duls - RN
. Spd5 4 jls pac - O S o SR
Oa)f é‘aﬁ _ ) PREAL )L:.s a8l s OJJL,:) )L\d\f sl —
. xSl pas = | 4l S (giluge A
slaodgs o GBS xS sle i )Lz
Giie )Lib ’ |
b spe s
BA Jolgh b ilee
D, =75% Bblio (gl 520 10
) el - = | (N =20-25 | g askil o S| ek st oI5
0yt B dgdols
o Sgy &lge — ool sysld - | 0, =10-12 MPa ¢ Cudgdze ’ Y slaawle — &l

e il




(a0151) S 9 Cadguone (19 cgawy OB L (g1 S (5lunts (S(o9, 51 Slao¥s YA Jgua

o o ) I9d g loils | (3 .
= B39 Ll tbws BB (55l bold sl oo Sk gy )
ok Jolsie Ao
St ol e —

&lojy) et PeS sasm - ol sl s
s “;IM‘ 5 cdolis - jiwu o § g

. 237) . il yuals — .
e N e 258l L S 5% 5 5 S glgl plas ety

J cblis il olSisl ORI S e 3% ere b 5 )
Kl I e S o e A8 (

e . S S5 e e o
. » u‘ul)g"l% .. S )‘ Lg)....S}l?— O &9

S IR o b
- ol )b >y &
=Sy,
(S los g —
.))_il.o.c 9.5 —
B RPN e ol & i oS bl s LY
» e ops Sl = | stns slaS ‘ ) ‘ T
. o ) bl (il S | g9 @ o il | e Ve | SE Elgl 5k .
Jlo 64 | oxiSa izl = | Lawgs LIS, ' S
AW Jﬁ)K
458 VA0 PICOR PR
YU Caoslis -

ila ] 51,5 -V -Y-Y-A
aoxeg U g iy 25 —) =) Y=Y
By pi — 9]

w515 Gl Pl (2hb s USG5 (glale as (3] o 51 ol 1 4l ej silete ey S M5 515
0! 3 g e pll o Jlid ST L anld cnl lanl 5o (F-A JS) 29500 odlitel s (slagd g loale gl
Sopo a4 ) w815 plnl (ol cud St blgy 5 SV plg b e Gl b8 el Bl gl sl
Slos g g gd oo plsl (5 Shgy) ol HUid  edlitl b (il w515 slaofan St g ool b b iyl SUis
Dy oLl gy cpl a4 isu opl 40 edd 4l

08 oy JSb (pl 4 40N Cjgo 4 plgi e |y (Bl Blwg a8 4 otz it il SS 1515 )55l
B o5 @3 il e NS oo 5 |y S8 b e yige sl Wl b lojan Jlosl ol e 4 Sl clilss)
el 299 4l o815 S a3 g Wigd e oz Sl S b g TSt 50 S B 3 S o ] y0 4 g 4l
Db e 1)Klg) Cge 5 (g0 ©ygo dy S| ST o g 0ad gLl S (8l ) olws ©jglone

S oy 5 4l Gl w815 Ubsy Olgie ol 205 STt sl a5 agrg (o3 esian g b slaatiyg
il gloantng b oy SB 5 (Bl sl oy Slguy (Jlals S Slgu) (gl (Sg)dn sloj SB Jold

9- Vibroflotation




O o soaoly 5 SB (23S Suuailiy 3550 (sloid), rar

9 o3l 240-480 KPa jloe (s b b o b 2y cslop 31 o8 am3 o Iy olSel (ol (i) ST il o (3555
oS3 e gl U oS gysb oy a1y (alySSly) Jewsily plg5 oo o sl oSS (L3l5)] 0515 b (piomen
 3l)) o515 olge g ol 5l Gt (il slaylnd 4 bgsye blus )3 250 oS0 (1S5, £95 (gl il (ouud
W15 Ol S sk 42 Mion e o 0515 88 |z 315 plonl byl Cunglio 131 5 S Jlab L3 StalS jslaio &
3158 ooliswl 3)50 5 @S 4 (ol gl 1) S35

o gl g olo (Il g S o)l cud )b il v

ot Gl LialS V'

(2 Solgy pl o Ceaglia il Y

b O ol > Caaglio ialisl ¥

S pigdeis pials v

oS ialzal V7

Ol by b a8 g il plp 5 Canglio aal3sl ¥/

035 Sl (Pl 5 Sy sy ¥

ol )| 1515 ol g —¥-A S
A ol d)w SB Slasuin .J)L\ |) 39:& uol;& L;La;c,‘.ps_\m o u‘““’l"’)] p.{‘).’ (R LS)L“"{) L;Ltbuib9) )ig.b Aoles
ool LS s Sty w15 g ke g o3l 3,90 inga lnie oST5 bl oy Aol ] srals o e S £
A3 oo 5l p8b cod ) 0igp (29, elss
099 §4xBu )l (IS y9 0 -

— AL Wfl).» Lgl).g Lgb)@,o Ve gamd ‘Ji‘s] 29 Ol.o.n 5 )lg OO d;‘sl,;')l wf]); )’| odlawl b O3 LS}L“-Q). ‘_,’.ﬂx_gl Lgo,\il
sy ol 3 ol e 3 ol o Sy (simas? i &) 16 e 50+ loel B 4L 5 o (smsdo linle sl



SIS 5 (s (2] ol 5t glausle sloating o515 (LS (sla by, b oaliti] Ol s o5 (sloaul o515 (ol
o olyen a4 (ols il b g G ] gollae &S 05 bl (ghds by da e, cpl slacodgise p add jslaie 4 g
b 0 g8 ooy JBh a sl 0 e8]y oS laes sl iy S a8 ol Slow sl o By g0
Ol i) (gl 3985 4 K8 (gly b g0 pite o B 5 Sliles)) b 03, 93 Jlai 390 Ges 4 dg) &S Kin
Py E8 4 (5] (Gilyglid plgie o dsl (il (g cnl )8 (o0 9B g 4 dee S5 sk 5 jLid coS

WS oMo Vo cams blgl 45 .05 pll Cape May (NJ) jo I el slesyl o515 (c059 gl VAFA Jlo
gy ) W15 (hey oloj ol b Ay clasle Gres slaanied o515 Sy ) ol 4 d)lse St 3 Al
byl .l 8,5 )18 edliiwl Dyg0 Cannw gl S L 15 0 (SiSS55 blwg calisw glgil o (gly g adly dgupo
Higd e Jold 1) (SEL oyl cadyls b (g s 5l ey Conas 51 ) (0

ool ilends aidlis sl W51y lais 4 S Wy demg (gdmie slapiuss «SB gilugg sl jbgy (Sul pee 53
&S WS o ool (oS pend yabas) Al (oYU jo a8 )5 18 il )| saluwg S 5 Lblesyl b g Terra gale yulas il
g 4l STy bl o 55 sdlold 4 o Yaaxe b jigy cpl e o S 1815 camw 3B il )| 5 Sl b 5 i
S g 2L

asds ldil; (b ol o515 ey 5l eolael b o (gilugy slaollidle cunlio 3 Slas 1 (gdaxie (sladiges
dy90 ) WS15 ela e, 5l S bl 3 a8 SleelSisle jl 4,5 O jgo Slialin @S cdjl; )5l od sl
olis o 1y IS5 s g 03,5 635l (ol £ 5 LIS s &0 b e sl 45 31> S gy 45 15 sl
2 @) 585 5l wrg BB laalis oad (lugy oSt le Sl )b (Sl 3 &5 Jl )3 el 03,5 39000 15l

by D99 dwle Lidien g Comds LJB
> olaso -Y-1-Y-Y-A
Ly d9a0w [ lre § BCY 30 -]
Ly o

Py JB oo 4 e il godg SieolaBl Yoare (il 6815 b9 caes o sl (L3Sl laie 4
Mo domls jD g Mgs Lisw (o il 5l Al e byl e gla ol odlaiwl 5 oYL ey (ST L el o loj
(s1o3) S 1 8 Sy s 8l 51,5 ) 4 S 35S ey i 2y il s sl 51 30

R g Sty 4 Cod dpo 4 g pe AL SS S Sl By () (ritmes a3 IS slalaMe LB 5k o 1)

10- Vibro-Wing
11- Vibroflot



O o soaoly 5 SB (23S Suuailiy 3550 (sloid), ror

oSl y e ¥ 5l G les) B olaily oS (gilue olasyl o515 51 onlisal sl o8 (ol bl b slacSls
20 2L ol ol 2 e g weins ol S5 YLy o il 6515 s 3l 00

LCydgame [yl @

S & slEin )l LS Il gotims e Sl )3 b oy el & Canl ] b)) w515 ol e
WS 5l a3 g awle (elaaily samme il 5l Jols  Satws sl wy 2oy ¥ g Y 2oy V0 5l L (sl lai
wb)5 5 )3 gy ol calee S (o plgis e Vo (gilane Bos sindar Conl (S S (o0 (6 gle S JlS g Cad
b ke Blesl U SB o515 4 5l a8 )l 3935 (05 Hluws Sleid o (slaojgy a5 5,5 dngi Wb Lol g

OSas sl Sl 0y90 (a5 ST plolid JolS gasby S g5 (hey cnl 0SB ilre slagtyy 03 L alie
U9y &S 1z il andh 5l SB slaa¥ 538 Llod & Gees (2 55l 5 0Ton S Cund (B5)] o515 ploxil ol
Sy el piY s ) D9 o0 odlitul (b SB I gilugy Gos plod 3 2l e @ ol Gl )] oS5
bt G5l)] w515 plorl (gl o8Bl SB LT 45 4S5l (g1 pslito 4y sl s & o8Bl SB Jidgyy S8l (role
55 3590 il ialojl (631as5 ol pos dy dwge 3,5kl dgi clayge;l plol Jols Joe  plwlid (caolip G opd b sl
RPYIRTAPES
099) Sl Gl (s -

Jowe S gandily

@ Fole () o515 slagby) plol sl S S (9 cuslie sl oad odls (L (8-A) JS 53 oS wgS plen
boySo )8 00) j9dle (el (galdcudyd Cuaw )3 WolS o] gatpally oo &S QSIS )l (St o ganpally
sslite & eltiy 03)55 )sble (sal 59y Al oxie aplia s e pSTte Sl 4 hes (2l Jalog 5l eolizl
WSy Olles Lo 3 onds sbul clyas 0,85 5 (gl 3545 0 dogi Mol Jbb 0 SB o Lilas)] (galowg lo 3)55 5 yiol38l
03y95 yla (caild ) cuomw yd o) ples b o] aaily amie it 48T LS g edlitl 0 K I dwle (sl 4
5 A Sl gy SaS @]y LS il e wam g el o515t () 4 Bl o515 gy b oS )8
2,5 silupe Elias et al. (2001) a5 50 5o oss )} 28 clasuin b 3illas

4 e il 5l sl Gl (gaintin e 1 a8 gl b SiiS ogasie (g 4 Glodig it SlSE
@ 0w e S S le dgge (gl g ys o)ly Glile)l Sl cou b anles laail Hlsle same i)l
bl Feslie clle 6 1 (6505 (i 5 45 65y 5l 490 4y 5 4l Sl Cow b ol I ey Sigd e S e oo
28l anlgs 38l o] (b Cuglio argly 5 (2l LByl o) b ond eMal SB gy g SIS G g o0
s sl g ) 1) Ol lacunds ) i (2BaST LS food Gl oads (gluge S 4 s 0ad 15Ty S
2 b JB Gl st (ol bl Yoems i (ol &5 39800 6508 (lacuds Jooio luSy (4SS
s (St ) s 5 S S 5 iy S5 4y IS g

12- Vibro-replacement



il abule g il ) o515 Wiy,  3Mwl b (6 5lante (512 cawlio SBSTE £lgil G030 ~O-A JSWi

Slcos il B (ol cogud o a cpej J3I 51 ol asiS g g k5 3590 55 a4 ilas,l gakug ol b
o5 (Jolge bawgs o] jaB oS58 o JS5 (oS yte ST ) glailgial dons )3 g oo oS ye (8 bl I (5L slag
g cuslio gl )3 o515 bl (az b ade e (L)) (seliwy Clasle § SB ogane (g «ganald
D)5 WSlyte (Ren JSS 4 1) S (slaodgs

S5 (g e (SiBy558 g ol ()l (galiwy SIb )0 SB ol 4 5y <8 e laib (S B (S5 8l
2 950 glas doslia 250 5 il (0ailS ) Wlae b dtwgy job & 1l (K8)9)8 (nl S (0 Dbl (e i (595 0
ils gouiiS yy llas (9931 b (0 Sygo nl e )3 ol AlS aly o) (o s 25 1,8 o0l 390 oSS Ly
eSS ol ]y e gl Sl gl o oSTte b SBL lojen job 4 a5 S

Sl ol S 2,5 o 18 QL (VL dlie (5 yme 5 (ad pSite K9y (b > SB godg (sl WST5 b9,
oA (b AP Jhae (sloj) dsy o (b ) 4l by il Joima e A1 (S0 cov (LE (Salud S
S o oo sl o Lo 45 4555 o ok (il (ywoj 45 Cudls il g e g

o by GBS 3 e cas 4 SB 3 WT3L Gub (S (515 sy 3 o ST (S oS3
Sy g albjy) sl godimer LS S o (S ole SB 05159 il g5 5l S Gl (Sis Cuns udy Sl
L gl 1) pSE godguzme (0-A) JSS 5)5 (giluyluly (Ol olmls bg) 5l edlatul b (g e 1) ey d
o3 oo LS )8 (il (B abuls 5 (Bl 1515 gla by el

ot j koMo o

Sojoy 5l Glodes iz g)cnl | il (Jos gl Sl 5 juad glals (slacSs )3l ()] o515 Sis S5, (sl 2

Lol g)io ) & slails oS o515l ool > (8] 6515 (g 4251 358 00 plosl 35 gy B ) (Lil5)| o515



O o soaoly 5 SB (23S Suuailiy 3550 (sloid), oA

g5 hndib p oMo (SuSS) alulid el ¢ Jloinl asreunj blus jogad > @y lin 4 425 b A8 (el
Al 5 ey ol g SB o i) ouin YT dlge w55 qataiil g gy Jobs b inej; Sl o 5 SE
Sse ol 3929 b Gloe U & €85 maad il 5 (alolis SB > glosiy ¥l olge gl (bl g4l (b 5> sy
Oh9) 2 il o515 By ok Bl ite Gl 45 (Syge 53 i Lo plxl ) 3Ll 6515 Slles oS Ly

D b )F ad s —uiS ol W5 jlis cov O (2Bl o (T ols)] abuls) Sis b gt
b mlas g 1l Ol s -Y-)-Y-Y-A

O g — )

Flwg Jolis 5L 2y50 o515 4 obcwd (gly oolaiwl 3)50 Slipad cunl oads odl> lis (F-A) US> &S aigS \lon
sl 5l (lasgome .l pito yio O B Y I plidgb g yio o FO B+ ¥ 5l oyl yad oS ol 5508 5 S (clabe il
2 iy ool Gis sz Bl @ Slols )] blord cum (93905 jyme Sy (55 2 oo S5 ) Hites T dS 2 jome (9
Sy oo Mg 46 garme o Cuamd (S35

CS el 4B)S )8 BOME J31> 13 &5 (g)9390 bawgs ()93 j5ote cCanl o 03l (L5 (V=A) SS )3 45 jeblon
B ogse So 3 Ysans degarmo cnl (30,5100 C8 o ay el )l p SHLS VA i 13 g blad) selisy JS e 0
L olrysige dlsl (colSiwd e Jole g 0 ooliiw] 35 (Sgpd (claolSiwd 5l olse (S j0 N ya 2gd o ool
ol 0313 )l 1) @lgalS VY + lgy adei cublB b olaolKiws was Liws (slacd yiv bl gy OlgghS £+ U Y- g5 (godgime
B 4 gy (Bl camio > dadijy e (caoD g 0ad Mg bl cale Sg pd ol oyl buwg sad sl cilils))
“ie o8 odlatl 3y90 Joltie (slad )8 sl pole i 3 45 (6555 loolRiws 358 oo piiie (olad Gjgo 4y ol
(sl 0515 0 s e S e AJe5 1500-3000 rpm - (sioluy (so39a5xeyd ) 175 KN 51 (i 38700 51 55,5 (69500 58
St SIS Yaare Y (63, Slee dolu L (slolSisd 4 G S (00 )5 (ol glodalis 13 457 L0l slolSiss

3000 rpm U cuwl 5603 1500 rpm a5 60815 SB35 i b ol 0gMe

2 gy Sl Slasets ol mde gl ) (B (3] blog I Slaiges CeusS b a3 lasiito (F-A) Jpo
iy diald (2l 33 g S 50 5l 5205 (S9ye sl )9ige (29 polhe dgke g Sl Jbb

55 b alie 58 b (Sa (sladly) 3os 5 B siluge ol 3,91 waly8 5 (55 S5 Jobo I3 pslate 4
» By pll i ke S G Sl 5165 oS53 4 (SoS sladly) Ll g bt ] @ ol b ]
s oy o5 5 535 I S 5 0136, Seb SS gladlg) GVl Cns & Lol JUas! 5] aes

13- Vibro-displacement

14- Rotating eccentric weights
15- Extension tube

16- Isolation coupling
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22- Rubble

23- Dynamic Consolidation
24- Pounding
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34- Surface stabilizing layer
35- Consistency
36- Ground Heaving
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37- Gravel Compaction
38- Vibro floating
39- Ductility
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40- Cumulative damage theory
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42- Turbulent Flow
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52- Batching System
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53- Positive Displacement Pump
54- Hydration
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55- Flowability
56- Bleeding
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57- Air Entrainment
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58- Grouting

59- Permeation Grouting
60- Compaction Grouting
61- Jet Grouting

62- Fracture Grouting
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63- Lime Injection
64- Granular grout
65- Acrylamide
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72- Evolutive Newtonian Fluid
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77- Packer
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80- Fluidity
81- Slump Test
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90- Vibro Concrete Column
91- Vitrification
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92- Soil Vitrification
93- Splitting Tensile Strength
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1- Rubble Mound Breakwater
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Soil Type [ Depth | Ni | N2 | Ns | N | FC(%) | LL (%) | PI(%) | y(gricm®)
1.0m 2 6 6 | 12 66 NL NP 1.68
2.5m 4 5 8 | 13 75 NL NP 1.69
4.0m 5 5 7 | 12 85 NL NP 1.80
5.5m 9 7 8 | 15 88 27 NP 1.78
75m | 12 | 6 | 10 | 16 90 27 NP 1.81
95m | 11 | 10 | 8 | 18 91 27 6 1.78
11.0m | 13 | 9 | 11 | 20 08 26 4 1.81
145m | 2 | 50 100 | 59 27 6 2.15
16.0m | 50 100 | 58 24 5 2.15
17.5m | 50 100 | 58 24 5 2.15
19.0m | 50 100 | 40 NL NP 2.26
21.0m | 50 100 | 23 NL NP 2.10
225m | 50 100 | 23 NL NP 2.10
24.0m | 50 100 | 23 NL NP 2.03
26.0m | 50 100 | 23 NL NP 2.03
275m | 50 100 | 23 NL NP 2.03
29.0m | 50 100 | 25 NL NP 2.03
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Static slope stahility analysis
Morgenstern-Price method

F.5.=1.88
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Quasi-static stability analysis
Morgenstern-Price method

F.5.=1.128
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Soil Type | Depth | Ni | N2 | Ns | N | FC(%) | LL (%) | PI(%) | y(gr/cm®)
1.0m 2 4 4 66 NL NP 1.68
2.5m 4 3 6 75 NL NP 1.69
4.0m 5 4 5 85 NL NP 1.80
5.5m 6 5 5 | 10 88 27 NP 1.78
7.5m 2 4 7 | 11 90 27 NP 1.81
9.5m 2 6 8 | 14 91 27 6 1.78
11.0m | 6 6 8 | 14 98 26 4 1.81
145m | 2 | 50 100 | 59 27 6 2.15
16.0m | 50 100 | 58 24 5 2.15
175m | 50 100 | 58 24 5 2.15
19.0m | 50 100 | 40 NL NP 2.26

21.0m | 50 100 | 23 NL NP 2.10
225m | 50 100 | 23 NL NP 2.10
240m | 50 100 | 23 NL NP 2.03
26.0m | 50 100 | 23 NL NP 2.03
275m | 50 100 | 23 NL NP 2.03
29.0m | 50 100 | 25 NL NP 2.03
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Slope stability analysis

under gravitational force and
earthquake-induced PWP

F.5.=0.91
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Soil Type | Depth N1 N2 N3 N FC (%) | LL (%) | PI (%) Y (gricm?)
1.0m 2 1 2 3 66 NL NP 1.68
2.5m 1 3 2 5 75 NL NP 1.69
4.0m 3 2 1 3 85 NL NP 1.80
5.5m 2 3 2 5 88 27 NP 1.78
7.5m 1 4 4 8 90 27 NP 1.81
9.5m 2 2 7 9 91 27 6 1.78
11.0m 1 2 1 3 98 26 4 1.81
14.5m 2 50 100 59 27 6 2.15
16.0m 50 100 58 24 5 2.15
17.5m 50 100 58 24 5 2.15
19.0m 50 100 40 NL NP 2.26

21.0m 50 100 23 NL NP 2.10
22.5m 50 100 23 NL NP 2.10
24.0m 50 100 23 NL NP 2.03
26.0m 50 100 23 NL NP 2.03
27.5m 50 100 23 NL NP 2.03
29.0m 50 100 25 NL NP 2.03
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Post-liquefaction stability analysis
Morgenstern-Price method

F.5.=0.882
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Soil Type Thickness (m) Depth (m) N1,60 FC (%) | LL (%) | PI (%) Vs (M/s)
1.50 0.75 71.27 0 NL NP 85.54
1.50 2.25 12.92 0 NL NP 123.57
1.50 3.75 12.35 0 NL NP 138.97
2.00 5.50 17.66 0 NL NP 163.59
1.50 7.25 18.94 0 NL NP 183.85
1.50 8.75 23.82 20 NL NP 193.86
2.00 10.50 13.97 20 NL NP 171.38
1.50 12.25 15.32 20 NL NP 175.07
1.50 13.75 17.59 20 NL NP 180.74
1.50 15.25 19.52 21 NL NP 185.15
1.50 16.75 21.30 23 15 NP 188.91
1.50 18.25 23.22 23 18 NP 192.71
2.00 18.25 66.45 25 25 10 245.70
3.00 225 61.85 29 17 4 241.67
6.00 30 52.93 31 17 4 233.13
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