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msnasudvewefuuay Insiadanioldan g ldau Fuanannnadedeudfisiiistuams
Vaym@uadiosnm (stability problem) Haz 14 Facior of Safety vz auiediailynimsinfousy
éaﬁyﬁﬂﬁ’mmau%iquam3maﬁmﬂﬁwmmbm’?’ﬁﬁa (failure) 3G NABUNITIIA (pre-
failure) FOYAVDIANNAUTUTAIINALIALANUIATEA (stress-strain relationship) Tigndos Tuaede
M3A AINa ﬁ@f}ﬂujmﬁwﬁaﬁ%m%’ﬁﬂ‘wqaﬂismmmau Fasludss Tom lumsdszuamsindou
A4 1ATIE319 INTIZIVUIAVBIANATOA (strain) WDIAUTOVY TATI3 199N T la i T
anmlFanidadesuin TaovaTioond1 0.1% (Burland, 1989) 1171 2-1 1eaam modulus Hioy
199 strain ¥0419598 21905 0M T NGO 9921117 intermediate strain s liansn adae
MINATOU triaxial LULINA

AN TN RNT TR IALA NG AN T UM TARBUFIAOLNT TR (pre-failure deformation
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(1991), I1S-Hokkaido (1994), Geotechnique Symposium in Print (1997), 1S-Torino (1999) meﬁ’q@ IS-

'
f=}

' o Y 4 @ o " 1 s we =y 2 s
Lyon (2003) 8619 15 AgmdayaineniumsaneInganIsusianeuns e uaswganssuaua i
i ¥ o as ') o o d,qul o 1= ' @ At as
Aedosd i Tumsianuuiassnatiamanitu g s isrsoungunwadaiiviosun g
& o W o o =2 At ) F i
wagUuenituindedimsumsanineate sl
=) = ) ) ' . ) . a ; a
MIANHINGANTTUVDIAUNTTDIOOUNT UNWIAIU monotonic triaxial test 1AvTaMTAROUAT
. [ 1 Y o = 1 i 3 . .
WU local strain measurement 84 Tine Ta¥in1sdnyuIneoy 061915071 Shibuya & Tamrakar (1999)

. yl o = =] g b4 . . .
1ag Shibuya et al. (2001) Vlﬁﬂﬂ“kﬂ‘Wﬂ@ﬂﬁﬁZLJEU’GJ\‘JQM‘H‘LJEJ’J’&)@‘LmﬁqGL‘V]‘W‘/lﬂ'JU monotonic triaxial test 19g

[ @ & oo . . .
mmﬁmﬁ@umsmu external strain measurement GIWUINA1 small-strain stiffness 919 monotonic

iet A o P ' g @ =t . . . . .
triaxial ﬁﬁl‘Wll‘W@@ﬂiﬂ&Jmmﬂ’ﬂﬂﬁ%ﬂ’ﬂmjﬁim‘JJ']ﬂLL’ﬂZENBJﬂ’m initial linear stress-strain relationship
] ) W ¥ )
3/ ° = =) ' = 4 P @ . .. s Yo Y @ . =1
nawn mlddeyadladanuundeiodosns 5nie Yimsir (2002) 69 1ddadoeraduiim stiffness
3/ . . . d‘) Y o 4 o)j t U r; o Y = = @ t a'l, Y
18917 monotonic triaxial test 1 I@anuTLveimaniu TUndsnnnlSoumeuiuan ldaon seif-

boring pressuremeter U391 bedding error YIINAV1N external strain measurement
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A1 modulus MU Auu 1A strain LAZUTAL (2) VUIAVDY strain TEHINMTNOEI 19 TATIEE 19
= | . - . r-; wr 2 '
‘V]Nﬂi‘WGlNC] (after Mair, 1993) L (b) YUIAUD Y strain "Vl’mllﬂ‘ﬂiﬂﬁ‘ﬂﬂﬁ’t)‘lmmﬂ (after

Atkinson, 2000)

¥ c;d ¥ oy ,:; 1
2.2 ﬂmwuwamwuqumﬂﬁam small-strain

1 W B .
VOYAWAAITNAT O small-strain stiffness VOIAU 190u1NAELIVINNITNADBAULNY dynamic A

o 1 . . = @ 1 . 6 ¥ 4
#79819 undisturbed 139 reconstituted clay, H30A20074 reconstituted sand MY IATAINAN ALY

. . i N 3 = i . . o =
isotroplc MinaaouNenlHa resonant column ¥30 bender element ‘V\ﬂgalu triaxial system J1UIVUN

a

v Y T [y 1 ~ T 5 . = & A [ o =
NTL!lﬂllﬂllﬂﬂﬂ'ﬂiﬁjﬁ)i]EJ“HﬁWEI’E)UNW%$ﬂi%"ﬂ‘]ﬁﬂ small-strain stiffness YBIAUBUNYINUNUTITUY IR

a2 In59A519UBIAY (I VUIAVDIBYMA, VLIAAAZ, ATWHUINUL) 1zl 5eIaNasIaimen (s

. . . 5 . Yo v [ '
stress history, stress state, ageing, chemical processes) Hardin and Drnevich (1972) 14 ﬂmmaﬂa%mm

9
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< ' @ 1o w w P
du 3 ngu Ao diaguin, diagdes, uaz lday aweaaluasia 2-1
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(Hardin and Drnevich, 1972)

YATeNINANTENUAD shear modulus 1AL damping BRLERT complete stress reversal.

Factors

a
Importance to

Clean sands

Modulus

Cohesive soils

Strain Amplitude \Y \%

Effective Mean Principal Stress - V‘ ] Vv
VoidRato S \; o \ o
Number of Cycles of Loading R R

Degree of Saturation R \%
Overconsolidation ratio : R L

Effective Strength Envelope : N rli. - 7 L -
Octahedral Shear Stress “ 7 : I | | [‘,k o
Frequency of loading {21b07v0 ()1 H;)R i R R 7 R,W 7
Other Time Effects (Thixotrobﬂ W3\ VI R e I O
Grain Characteristics, SI/C Shapc:7(4}1‘11;1;1?ti()11,7Mincmlogy i R - R 7 V
Soil Structure RSk o R | N RW |
Volume Change Due to Sllcu;gir’ai’; (fo;s(nms less than U - | 1;7 7

0.5%)

@ . . . . . s
V means very important, L means less important and R means relatively unimportant except as it may affect another

parameters; U means relative importance is not clearly known at this time.

b . ~ = = 5 5 8
Except for saturate clean sand where the number of cycles of loading is a less important parameter.

Hardin (1978) ﬂé’ﬁman&ﬂﬁu small-strain Y93 clay Un& sand AT WA small-strain shear

¥
= 1o i3 Yo N . . .
modulus IEYUBYNU current stress state (1@81“}5@1 mecan cffective stress), current void ratio, LA stress

. = vt S . , T\ imax ' .
history UB3IAU (Iﬂﬂalﬁlfﬂi overconsolidation ratio OCR (= »~~~'1:—‘L )) A1 small-strain shear modulus

aunsnotue ldasaunis (2-1)

OCR*
[9 o

!

v

(2.1)
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P 2 . Ao d’&éj v i . . ) N
Taoi G .. A0 small-strain shear modulus, F(e) mmuﬂwwagmﬂm void ratio, p° 79 mean
. @ 6§ Y @/ - Ay ' e
effective stress, p, A9 reference stress (uﬂlﬂmmmmum§mmﬂ), S.nuny k Aoainani laain
NIINAaB
' v o d W o gy v < Yo Al A A
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o o a 4 a I ' by P w 3w =
dminauriiadug anuduiutagnauoinsd ldnandlumsien 2.2 Tuiadeda llag Idesiy

fanansenuveadeson1aqAonnAns 1 small-strain VOIAY
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2.2.1 Effective stress state

YN 2 AYHGUOSIIL T OG0

14
s t i . = =3 1o ' N . . .
NHBNITANHIWDIINT stiffness YBIAUILYUDYNUNT mean effective stress n30 principal

effective stress 311 2-2 LAAIAIDINVDINANTZNVVOI stress level 7D shear stiffness VDIAUTAA1I

(Coop and Jovicic, 1999).

e (Vs Bay sand

-~ = = desoa posed granite (Korea)

e e fvar sand

\
10000 fhanet sand

sl

J — {3 - Ranxer

- {3 - Greensand recanstituted:

— =} - siate dust (Rampalle et al, 1985)

— 3~ docompesed granite (Hong Kong)

, o
e
//@/{

21000 /&
T T
2 Gl \::r’// i
=3 1 s -~
- 7 -
IS //
i
100 /(3(
10 SIS0 e e A 13 e S AL R BN R I A 41
100 1000 100000
p{kPa)
{a) sandx
= wands
- oo = xuahin
e Fycino ctay (Rampelio et af , 1995)
London clyy (Rampello of al | 1985)
- Bothkennar clay
10000 Valleticea clay (Rampetlo el al., 1995)
 — & Noith Field clay (Rampello et al,, 1895)
4 £ Boom ciay
4
EE 1000
% 3
£ .
{9} -t
100
10 YYH’ Y T \IIYH' T H TY!!”‘ H IIYTTI[
100 1000 100000
P (kPa)

(b sands and clavs.

gﬂﬁ 2-2 WANITNUVDA stress level AOAT shear stiffness VOIALBLIANTIY (Coop and Jovicic. 1999)
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P2y 1 o t 1
quN1I (2-1) %zﬂmmawmﬁ'umn,; isotropic 9819 130914 Roesler (1979) WUI1A1Y small-strain

[

14 v
. = 1o . . =1 ' @ o Y o .
stiffness YUDEYND principal stress NUANANAU  1AE 17911115739 small-strain shear modulus 919 shear

. o = 7 . . . ' @
wave velocity °lumammugﬂqmnﬂﬂ NEIWINAIVAY principal effective stresse uaazould Roesler
2

! 1 ] ' oo . 3 N . () o d‘ =y
(1979) WU shear modulus VEYUBYNY principal cffective stresses Tunean shear wave mu‘wmmﬂu

T
] =

fefeymaauaioui Tm%”lii?i’jyuagﬁum principal stress Tunuadaninduszuni msduwnild
gnoudu Taed39enmenuAouT (U Yu and Richart, 1984; Stokoe ct al., 1985, 1991)

gﬂﬁ 2-3 uaAaA shear wave velocity Tiaun1aly 3 femaiienadiu (7, o Ve e V)
vertical effective stress (o)) %Lﬁmﬁﬂmmzﬁ horizontal effective stress (O“; oy O‘: ) ﬁmﬂﬂ‘ﬁ
(Stokoe et al., 1995) FINUTIAT shear wave ¥ Fsiiiamsipumanasfinvesmanioufivesoyma

aulunun out-of-plane direction SEANGRGE

o

! : ' . e =3 o ' @ £Y
g 23 msnfAeun)aanived shear wave velocity Tuianig 3 fiemananaadumelaaninanu

AL anisotropic (Stokoe ct al., 1995)

i o o dyd ) as A 4 4 . d%l v
ﬁwﬂiﬁﬁﬂéjwﬂu‘}’ﬂu@\‘mﬂ“lﬁiﬁu@ﬁﬁ‘ﬁi"U clastic wave Suq A1 P-wave velocity 3&YUDYN

¥ ]
effective stress MUNANIMTAUNIUMTUAIEAI U317 2-4 (Stokoe ct al., 1995)
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tﬁ' t:; ' ‘ R s = o 3 ar g 3
g 24 msalfoun)asaiues P-wave velocity luiiemia 3 fismaanaianunislaanimamudy

1131 anisotropic (Stokoe et al., 1995)

2.2.2  Stress history
. o3 [N RS v o . P .
stress history HO current state duilodednoun WINUHNAABDWOHNNTTY stress-strain N small strain

Y . = ¥ : Aligs, : ) ¢
Taon a1 stress history 8T8 IUAT overconsolidation ratio Hardin and Black (1969) iorHB WU
- = 9/ c*’i = N . . 4
i@ T luaums 2-1) ieWITaHANTE NIV overconsolidaion ratio lavlswamanagonan

Vv

resonant column test DUAHTIHINITATWHAIWAFLA AUNITHEINITOOFUIAIAUNIT (2-2)

A1 overconsolidation ratio (OCR ) Tueaunis (2-2) ﬂzﬁmﬂugllmm mean cffective stress,

r. , , = : e : a N OJ, ax
R= p_c, pthalsAmA1 OCR Rermnsaiiolugy cfective stress Tuuada (OCR = 7 rmas )
p o
CVIN G
N P gt (2.2)
p(l p(l

°luvmmaﬁu%’mwamﬁmaau bender element 1A% resonant column test 108 Jamiolkowski et al.
(1994) LEA9I1AT overconsolidation ratio THHNANTLNUABAT small-strain modulus YOIAIDYIIAY
miloanaanmdnins s anns ) aounlaaean void ratio Soudeoudy mansnaden lag
Tatsuoka and Shibuya (1991) 146 Lo Presti (1994) HUHUIIAT overconsolidation ratio TUTINANTENUAD

¥ . ¥
1 small-strain modulus 483 sand A8

2.2.3  Void ratio
v 9 \ ) Y '
' = o R < t ¥ L=y Y ] . N F=1
A1 clastic stiffness SU?NWHﬂ&LW?J‘iIULﬁ@ﬂWﬂ'JTJJW“LHLH.IMLWZU&?HW%!@?’W? vold ratio DN z‘lj‘ﬂ 2-5

Qs ¥ a 4 o @ t . . I ey ' y YV
HErAIA0019U 09N 31 Aol a9a T shear stiffness 11IA1 void ratio YIAUYU AR T wialvaingn




. - e dd
unn 2 ‘VIZ)H;/UEI&J?HDWHHIWTJ‘UEN

=3 =1 ' 3 4’ Y] 9/ =y Iy Pt Qs r*i 1 [ t a Yy @ i & Y
ITUINBUAT shear stiffness ”V]"Jﬂ"l@ﬂ'lﬂ@‘uglﬂé@mfJ'JﬂuWﬂWﬂ'ﬂNWlﬂLLHNWNﬂH @’3%81@@78%714%3%@
. D o ' 3 - ) ) = T
17U ® normalizing function F(e) mﬁgiﬂmmﬁww 2-2 0819 130011 void ratio function WITUA7
3 ]
.. R 4 ~ @y L) @ s @ 0
empmca] PINATIEHUIBINNMINATD VN DU BUALASAUN DY) WU m‘umzﬁmammmﬂumi

= BTN ¥ dg/
penlaaunalil

av'=gh'=200kPa

200 - I
190 * s Flafdin&Richat (1953}
T Jarniolkowsks et al (1991)
180 ‘; Porovic (1895)-
170
w
o
=
£
>
(V]
S s
. Sy N R
€ YRS (Ham River Sand) ® N
120 1 X prs {Dunkerke'sand)) @ ¢ ® "0 »\N\
L® Gpyrg ¥ » .
. 7 Y {Glass Ballotini} 4+ TR
LR e 1:: A R
+
100 -
0.6 Q.65 o7 475 08
Void ratio
{a) sotropie offecin e siress srage
ov'=316KFa, ch'—142kPa  {p'=200kPa)
200 - .
180 - : : et HaTdiRERIchart (1963)
' oo e e famolKowske et al (1991)
180 B O Porovie {1395}
[
™
0.
Z
£
S -
@ S,
130 -
P o HRS
120 ¢
110 . e e —
100 - -- !
0.6 Q.65 0.7 075 08
Void ratio

(b amsotrone clfectine stress stte

gﬂ‘ﬁ 2-5  WONTENUYBIAT void ratio AOAT shear stilfness AT (a) 1sotropically consolidated sample

18 (b) anisotropically consolidated sample W09 HRS (Kuwano, 1999)
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a&ha"13ﬁmumﬁﬁﬂmﬁy&mﬂma‘m@aaummmmyﬁ (Weiler, 1988; Houlsby and Wroth, 1991;
Viggiani, 1992; Rampello et al., 1994 i1nig 1997) ﬂ‘LT"H?.T’Lguﬁ'Wﬂ‘W small-strain shear modulus Y83
overconsolidated clay mulagnimaAuILY isotropic %%ﬂ@gﬁﬂ current stress state, A1 state
variable, LALAT mean effective stress Iﬂﬂull;i%']Lﬁu&?]}’t]dﬁmﬁﬂﬂ?h void ratio ﬁ\‘lﬁ}uﬁ’l small-strain shear
stiffness ’mmmﬂz’eﬁmmﬂumﬁﬁuaéﬁu > fhon 3 il Fe), p'uag OCR Fnfuaunis 2-2) 1
gnUSuldidluaums -3)

G _ S P p¥ (2.3)
P Pa

{ : 4 < ' a '
IﬂﬁﬁLﬂ?@QWNWU * Lﬁ@lﬁ}LWUﬂUWNH@ﬂWWQﬂ‘UﬂW S, uaz k

2.2.4  Stress ratio
Yu and Richart (1984) Wiaung (2-1) Tuamisn laiumansnanoanin stress ratios
Y ! N . IR
(77=q/p") ga1A 2INHANITNATOU resonant column test WMWY shearing stress N3 stress ratio 11
' ¥
a R ° Yo =l i N Y o1 . Y v
MU 1A shear modulus HA1AAAY D014 1TNAIUAIAT stress ratio VDINTT 2.5-3.0 HANTENUVD
1UABAT shear modulus 9¥100N 11 10% nazeuinnnsan ldnegluanuaainnasuveinsnaaes
Tun13ma shear modulus
4
k4 ~ o’ a5 @ ' ' v .
ﬂ?iﬂuWngﬂ§USuﬂ’18‘Hﬁd lméaﬁm‘rm'm‘mu Rampello et al. (1997) WU elastic shear
9 b
modulus U9 reconstituted clay 3V INNITNATDY drained constant stress ratio test ﬁu%ﬂﬁuagﬁum
[ 14 }
. . PN o . = ] i SR . )
deviator stress ratio (77=¢/p’) 1 elastic shear modulus NN T5EI 20% 091 deviator stress ratio
A v o w Y ) L =y [ z:sw )
HUIIN O hhﬂu 0.7 Humaasanuuy Pennington ct al. (1997) W‘U’J‘llufﬂﬁ‘V)ﬂﬁ'?NLﬂHJMEJ'JﬂHHﬂW
R . 1t + ) ) Y ST
deviator stress ratio 1MINAARDAT elastic shear modulus oAIUANIU TULUIUOUY
a\y ° o =t £ o ar
OAIAT Rampello et al. (1997) Idausaunisdmsuaumtionsuilunmsaanlasoinaums
(2-3) saneraalumunms (2-4)
G , 1
oo S;{—p R! (2.4)
pll l)[l

- 1 . 0 ¥ Y . .
Tagh R, ADAY stress ratio N6 1AANINAIIMIALL anisotropic

2.2.5 Rate effect
ar Y 2 a A ~d ar A e ' a N
89513 1AM ua M3 o1 U UTIToN T ANINANTENUADWYANTTUUDIAY HANTENUVDA
5031015 LT INOAT stiffness VOIAUTIED 1EHINITANEININANITNAAD resonant column LA
. A . . -4 VoA o o o 4 & ~ o 9 Yt
torsional shear 38 triaxial (Stokoe et al., 1994) HIUTAIIUNDBATIN 131%&&3&mm1mwﬂnm shear

4 4 . @ E v R ooy g
modulus waﬂj}iéﬂﬁﬂiilﬂﬁﬂﬂﬂﬂﬂ resonant column MAFATHA DALY compression DN ELERIAT
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A1TNAABIL AU N TR RTLTA T small-strain stiffness TauEEAT 1M 1139 Shibuya ct
al. (1995) ﬁﬂ‘ﬂmﬁﬂi%‘mﬂm shear strain rate AOA1 shear modulus 110N1INATBY cyclic torsional shear
test taznU Ao Ao s wAuuutag91n 0.005 1Fu 0.1 Hz 1 lsiTkansEnugen shear
modulus u@ﬂ%iﬂﬂyﬁ1w§/ﬂ shear strain ﬁ&%ﬂﬂ”i'] 2 x 10" A1 stiffness 92 11 1A HNANTZ NN shear strain
rate, type of loading, number of cycles, 140% cyclic prestraining

Teachavorasinskun et al. (2002) ﬁﬂw?’;mﬁ’ﬁmamzmﬂma stress rate A9A1 stiffness VDI soft
Bangkok Clay 31113 NAADY cyclic (compression-extension) triaxial tests A1ens1ms sty Iag
vertical stress rate 3581910 0.05 kPa/min §1%31773 %13 91111 monotonic 81391 A3 1000
kPa/min 1503 1AL AU eyclic 9619157 HAMTNAABIULAALITIAT secant Young's modulus i
V19 strain unan (g, = 0.02 - 0.2%) Wisulasmumsinlfenndamwesdasmslfis

3107 2-6 srermamanlAounilasna clastic Young’s modulus Y0 3RUBIAMIA strain rate 197 A9
At clastic stiffiess 1111198 TR strain rate (maﬂﬁ‘m@m@mamﬁuﬁyﬂqwIT@U Lo Presti ct

al., 1996 1tnig Shibuya ct al., 1996 @31/’30)
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2.2.6  Aging 18 time effect

NONSTNLUBINAGD stiffness TUTINA M TS clay A2 sand MIANHITIUIUNINUTAIIIN
small-strain shear modulus %Lﬁwﬁyuﬁummﬁﬂmwmmﬁumﬁ (LGH"LA Marcuson and Wahls, 1972; Afifi
and Richart, 1973; Seed, 1979 1102 Daramola, 1980) wiananiiiulil1dfe creep, mandouiinosoymn
AU, uazﬂmﬁuﬁuﬂum interfocking 9% cementation mmaumﬂﬁu

31 27 naaenanlAonnlasued shear stiffness (G) FNMIENIN creep 9INMINATDUTIAY
Dogs Bay sand Viﬁmmwumﬁwﬁmaz poorly graded Tae Jovicic and Coop (1997) gﬁ‘ﬁ 2-7(a)
UHAINONTSNUUDY ageing/creep @M TUILAL isotropic effective stress G’hﬁ“”]&&ﬁ?: loading direction 7199
HAMINATBLILYN normalized A28/ G Fuduiinaigud namsnansauaasHanIENUIZIING
srdUnIALA LA TiMIIRIAUYDS shear stiffness TUAY 15% Tuszuzna1 3 S Jovicic and Coop
(1997) eRMEIMSIALTIVOI stiffness (707 2-7(0) Tawiidoiaduognisldnis loading Hag
unloading U1 isotropic) ‘Jﬂmﬂﬂ’iﬂﬂgﬂﬁﬂf ageing &‘ﬁ@i)ﬂﬂﬂ%ﬂﬁﬂﬁlﬂiﬂﬁ creep (IW312 volumetric

= Y k4
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31]‘?! 2-7 WNRNIENUVDUIAT (creep) ao shear stiffness VHIF 1D calearcous sand

(Jovicic and Coop, 1997)
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2277 BUAVDIAY
N1553UTIUVDI normalized shear modulus degradation curve m’mawhmmchlugﬂﬁ 2-8
¥ 1
(Kokusho, 1987) N3 modulus degradation U84 gravel 9¥510AU09 sand 1 clay MiWilazniou
A ) s 4 5 Y ) - .
\lﬂ‘VlN‘ﬂ’ﬂm@ confining pressure LWN%‘LALLZWL’lJuVl‘IJUl@‘V]ﬂSWW degradation curve 9 confining pressure 9

1INGDIDINAIDYUBAUA DN EA TN 2-8 (Laird and Stokoe, 1993)

gﬂﬁ 2-8 Normalized shear modulus degradation curves mmﬁmsﬁwhm (Kokusho, 1987)

2.2.8  Recent stress history (immediate stress path)

f11 small-strain stiffness mmau%mﬁauuﬂaﬂm resent stress history minJSUULLﬂﬁQﬂJ’@Q
NANIAVDA stress path ‘Vi?mz&Jznmﬁwq@ag}iﬁﬁmwmwmﬁuﬁmﬁ@xﬁwamzml’@zmmwia stiffness
NI

Atkinson, Richardson and Stallebrass (1990) AnvuRoafuRanIgn el Asuutlasiania
VD1 stress path 0 stiffness Y99 overconsolidated soil N1IMAABININY London Clay Taemsnadoil
drained constant effective mean stress ( p') 0¥ constant deviatoric stress (q' ) HAZHININIG mamﬂyﬁu
ﬁuﬂvﬁﬂguqﬁw MINAR LT IHLAR YN TN RA RN DU AR swess path i
AR UEUT AT HAMIINARDANEATI recent stress history HHANTENUDYNNINAD

‘Wf]aﬂﬁﬁm stress-strain 1UAIWAT HANTZNUYDINANIIVD stress path AoA stiffness degradation curve

a3

v - 4 y i A @Ry, & o
”lmmﬂﬂugﬂw 2-9 m%"lﬂ stiffness degradation curves A NAUDILUIIMINATDUMNINUAIZNTENIN
1 3 E 2
stress path ReINY (@gﬂ% 2-9(a)) NATIT10991NAI9I19AUY stress path history maﬂuﬂ@umﬁgmﬁ@u
i ¥ ¥
= . = R =Y YV @
(40, BO, CO uaz DO) LL@%WQ@ﬂﬁiNﬁ stiffer fﬂéﬁLﬂ@‘UlJLﬁ@‘V]ﬁﬂNﬂJﬁN stress path 99UNAY

(D -0 — X) @717 2-9(b))
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iigy

o :
31J‘Yl 2-9 HANIENUUB recent stress history 910 stiffness degradation; (a) stress paths 10 (b) stiffness

degradation U89 OX stress path (Atkinson et al., 1990)

2.3  Anisotropy
[ 3
Lﬁmmﬂﬂumﬂmﬂmsssmmﬂ@uswm“lc?\’u'sqMmmaﬁwumgmﬂ@u%xﬁmmmm anisotropic

¥

o = o . . 4 A B R @ o . - o
HAgaAHITUNGaNIIULUY amsotropic a@M‘WQ@ﬂﬁﬁ‘JJ"\I‘LJﬂ‘lJ‘V}ﬁ%N“U’EN stress M3 0 strain NN3EI

Wﬂaﬂ‘iﬁw anisotropic @115095U10 190 inherent 1A% stress induced ‘W%]aﬂ'ﬁw inherent anisotropy 1na
X
ﬁ)"lﬂNﬁﬂJfNﬂﬁ%‘U"JHﬂ?ﬁﬁUﬂM&Lﬁ%ﬁﬂHﬁl$%'€)ﬁ'€)1§ﬂ'mau @]'ﬁ]ﬂ?ﬂﬁﬂﬂWﬁﬂﬁ%iﬂﬂﬂ”ﬁﬁU\?ﬁ?‘ll?]ﬂ@lalﬂ']ﬂ@u
' . X 2 A o Y A . . o [ =
F¥HWINNIT consolidation Y39 stress process DU M 1iNa stress induced anisotropy Tuanutluasa
¥ 1
= o ar 9/ o 3 Yoo . .
ﬂué];”,Qﬂﬂﬁx‘ﬂﬂﬂﬁﬁ’l\‘iﬁ@dﬂizﬂijumﬂ\liFJSJG]ﬂu@ﬁlﬁﬁlﬂ’ﬂ initial anisotropy
¥
- 9 o =1 o el + o

mMsI0aves Inssadenmeimnssulgiansofaiunnmignmen lu mode A9 iU 910

MIANEINIAUIBUEAAINAINIAITUUT AR OUN I TAD compression mode A 11150HAININAIIN TR TaY
¥

extension mode BH1UIN ANUUANAITLAAIIIANIWAUAY (1Y NANIYDY principal stress HAY

3 '
YAV intermediate principal stress) UNAADWHANTTUVDIAL UoNVINUNISAou)asnan1aves

o3 @ o  w o ~ nowe B 9 i w Osj/
major principal stress nJu‘ﬂ%%mﬂmhmm IuReiavedInsaadadiunin aadunisesniiuy
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¥
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> Qe =2 . - . .
the principal stress axes Tuauids MNIANHINDNTENVVDINITHYUYDS principal stress direction
HAZIUINYDY intermediate principal stress ﬂJ’ﬁNWi}aﬂ‘JﬂJ stress-strain, pore pressure, ¢ strength

< e = o wa Y]
characteristics Y94 Bangkok Clay 5WEJEWLE]EJWU’ENTTHWﬂﬁ@ﬂiuﬁjﬂﬁJaU@ﬂTﬁngﬂ\lﬁﬂﬁi‘ﬂﬂﬂ@ﬂ‘lﬂuﬁﬂﬁ
luvnin 5 uoz 6

= a R X A o oy - Y oa oA - ~
1uﬂ1'§ﬂ'ﬂH1W€]§]ﬂ§3N anisotropic G\J’ENWLWH“)JL!Wi]SGﬂ@QMLﬂﬁ@QN@ﬂWiV\@ﬁ@QWﬁWNﬁﬂﬂ’nJ?’]‘l‘
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= . . s ' ¥ 9 oo . .
YUIADENANTIVOY principal stresse NN 3 ale Tuauideiilfim3o9ilo torsional shear hollow cylinder

A = v Y
PNOFNET (@,W”J"U’EJ 2.3.6)

2.3.1 Inherent anisotropy

WOANTTY inherent anisotropy M1INTITUIIANIT anisotropic YOIAUITDILINDINATLVINNTT Y
DUAZANYAIZYDIDYNIAAY Vaid ctal (1995) ANHIMAANTTN inherent anisotropic YOI Syncrude sand
Tpomanacoy simple shear test (NGI type) L8 torsional shear hollow cylinder test A20819A UL
reconstituded QﬂmgUMI@U%’%ﬂiﬁLLMUG{Nﬂﬁ’OE% moist taming LAY water pluviation HAZ/M3D air
pluviation wamﬁmamuﬁmawq@mmﬁgmﬂm’Nﬁugﬁam%w&’mf}wﬁw%ﬁﬁ@haﬁu 75 moist
tamping 1THWQANT 5T soft 12 brittle figa 33 air pluviation THHAANTTUA brittle Touas T ias

L 9 a ) . o =
water pluviation THWOANI T strain hardening Aauaaalugili 2-10

Ow = 200 kPa ?\o‘*\
Flnas content = 12 % s ol
\}\0\ Q

2.
i

ir Pluviated
T~ L= 0768
o . = 0768

Shear Stress T, {(kPa)
S 5

Molal Tomped
9, = 0.767

1 l
0 3 10 i3

Shgor Straln v, (%)

31]”?! 2-10 HAYBIITNITIATUUAIBINAUADRNANTINAADT undrained simple shear Y93 Syncrude

sand (Vaid ct al., 1995)
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WONIZ NV soil fabric @O small-strain stiffness VBIAIDY AU reconstituted Y99 London
Clay specimen "lﬁ’t,m@ﬂugﬂﬁ 2-11 GauaRM small-strain stiffness lunianianien (G, .G,, and
G,,) Mmeldanmanumau@eniu (Jovicic and Coop, 1998) HANTNAADIUITAIIITINTY contining
pressure wﬁam‘fum G,, wunninm G, ~G,, sarfuduasd stiffess Tunameunniilu

¥ ¥
UL D990 soil fabric

~ = N . E - Y B 9
g‘ﬂ‘ﬂ 2-11 WORNT TN stiffness amisotropy U undisturbed London Clay N wlagniwa AUy

isotropic (Jovicic and Coop, 1998)

t 3 Y . . + - [ 1 -
HANINAADILTAII clay N1 laanIwn AU isotropic 3zl G,, WINAM G,

<& =2 = ; 4 @ o = =
Useun 50% FILTANDINHNTTY inherent anisotropic Lﬁ@\‘l{\ﬂﬂﬂﬁﬁﬂﬁEJQ@’J%@Q@HﬂWﬂ@‘LJWIHEJ’J

(Pennington et al., 1997; Jovicic and Coop, 1998)

VY
Jamiolkowski ct al. (1995) ﬂqﬂﬁmm’nmm shear wave velocity TuLUIUUADLLIAIINKNANIS

naoy luauuaaaaluaisian 2-3




M519N 2-3  DATIAIUVDY shear wave velocity THLUINDUADULIAIDINHAN TNADD TUAUIN

(Jamiolkowski et al., 1995)

LN 2 NOHGUASNILTE NG 1709

Site Soil type VIV, References
Montalto di Castro Silty sand and silty clay 1.00-1.10 Jamiolkowski and Lo
(Italy) strata Presti (1994)
S.Francisco-QOakland éand anﬂc; ;ravcl ()88717170 | Mitchell et al. (1994)
Bay Bridge Toll Plaza
Alameda Bay Farm Sand wi;g/‘f;x1lcs | 085‘334: VI\;Iitchcll‘ét al. (1994)
Island (Dike)
Alameda Bay Farm Sand and clay strata 0.86-1.16 Mitchell et al. (1994)
Island (South Loop
Road)
Port of Richmond Sandy clay, silty clay, ¥ ()9?-112 | | rMitchell e; al. (1994)

(Hall Avenuc)

and clay strata

Port of Richmond

Sandy clay. silty clay.

0.93-1.08

Mitchell et al. (1994)

(POR2) and clay strata
Port of Richmond l’om‘lryrgradcd sand 0.82- 1".60 Mitchc]] et al. (1954)
(POOT)
“’\Pcnce Ranch Idaho Silty sand and gravel to” 0.85-1.03 Andrilrsz (1994)
sandy gravel
Anderson Bar Idaho Sandy gravel from loose 0.85-1-15 Andrus (1994)
to medium dense
Larter Ranch Idaho Silty sand to sandy gravel 0.85-1.20 Andrus (1994)
Gilroy No.2 Treasure Quzucmar; /;lluvmm - O>.9 ;-1 14 Frtrlhrixnanq(“l;;)
Island Bay Mud 0.90-1.11
Site A CBolson fill | 075141 | Sokoeeral (1992)
Site B Fort Honkock 0.57-1.08 Nasir (1992)

(Texas)
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= 3 = . Y = .
WHARNT T stress induced anisotropy UIUWQ@ﬂ‘iﬂJ anisotropy oannsiasunlasved soil

Stress induced anisotropy

fabric UAAINTATHANMALLILY anisotropic
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5109 2-13 HAAIHANITNATDUHIAAINANT LNV induced anisotropy @0 stiffness LAY

U

1 @ 3 Y ot ~ o qﬂ;) 2 g v o . A
dilatancy E)UN“W]H]L!I@EHJH@gﬂ“ljﬂfﬂilmiUﬂ‘Wﬂi%%ﬂlﬁJlm@u A FUYUFIIMTING anisotropy U8




unil 2 ngwguasnuIseingIteq

4

v ¥ ¥
s . o R g ' a — = =< . = =} @
JEAY pre-strain INUYURAIDENAUISUWHHANTIU contractant WIVULDE stiff ﬂ@ﬂaﬂ wqmmswuﬁuau

TAuN SN UV pImClpal stresses (Al// 70°) azi 1¥det19A Y contract WINALLAL HWOANTTY stress-

E4

1
P=1

strain °Vl ductlleNWﬂﬂlu wamﬁmammmma ﬂ"UGU?J\‘J‘WQﬁﬂﬁlI anisotropy wmﬂmﬂmumﬂwmu A

§ o o= J— )
7 iy Fore sepinsel
. OF = o 7O e T
Eﬁ I oty e e 60
TRy P o S e
w0 ./,{/ji T e OO - o
3,, (ﬁ;‘,/// ~ N v g
! S Arthu g N dag ]
« 3] Amdd!ll("mi\ ) -
“ S
2 LR
. i L 44
} - 1} i X 0 30 60 S0
0 1 2 3 4 & deg
£, %

\}\\'13! =047 canele of o it
;

gﬂﬁ 2-13 ’Wf}aﬂﬁi’u stress-strain U904 dense sand ﬁﬂwg&‘mw anisotropic (Wong and Arthur. 1985)

233 msdavgnaldaanudinedny anisotropy

=y . . 3 Py d%/ a3 = 9 = =3 a
MSHYUVBINANIIVBY principal stress WUAATLIWINGA U IAT 0T 19MTrnssuUgi g0 2-

9 =Y . R Y=Y c:' ¥ .
14 UHANTU contour YDINTTHHUYDINANI principal stress YBDIAUAUNGNTINUU overconsolidated

2.

A a o a . X . R a o ' LY
clay“])’ﬂ’)&ﬂi"l%ﬂiﬂﬁl’)% non-linear isotropic finite element (Yeats, 1983) Nammmiwmmmami@

k4 ' 14 '
. [N @ a ° ~ ) a Y
center line Sumﬂuﬂuuuﬁuﬂzgﬂﬂﬁz’mﬂ%mﬁmiﬁu%m axial stress clu%’]ﬂﬂﬁ@%}']llﬂUV]W]'lm@QaWﬂ

= o . ] o3 ~ 1 -
ﬂu5]“’0ﬂﬂ'ﬁ“’ﬂ'lﬁ’)ﬂﬂ?“llllﬁjucluﬂﬂWW unloading lexiiﬂ'liﬂim“r‘iuVlﬁﬂ?ﬂﬂ13Li_iﬁﬂul&ﬂﬁﬂ%@ﬁﬂ?ﬂ]@ﬂyuﬂ

o as
4

0w a . . . O u < o) = o] d a o
NEMITILUIAYD major principal stress 910 07 11hilu 90° 9nwanmsams1zdt W lusedwua lao

Hight and Higgins (1994) f11# Jardine (1994) WaoAM5180959UD4 principal stress Mammﬁﬁﬁx U

v 3 9 k4 '
ar a3 Al o @ A 2 =1 ar T
aanaaalugdi 2-15 Tasnuyanlmouiignad1aludy Thames Gravel (K, = 0.5) 1199 %9214630¢




UNA 2 NOBGUAaZI LI NG04

¥
VUFUAUNUIVDY overconsolidated London Clay (K, = 2) é’ﬁumwmmwmmﬁmgwum principal

¥
stress 08351314 30° uay 90° Tuduaumiien

— 2 1 R N
Gravel CAVATION AND
K205 | . T PROPPED WALL N

4‘ g e Prop LONDON CLAY

90° 15m

p LONG TERM
g uasman f{)p
{ontours
Londonciay af a
K 520 / =
WW

sUN2-14 1 contour vosFiANIVes o, Tuusnanlndamyaly gravel 1og London Clay

(Jardine, 1994)

10

Gy o=0 Ty lauﬂ"

before constructbon

.
G i o } . s S D afler coastruction

T £
=N . . . Yo = @ =1 1
g‘d‘ﬁ 2-15 1&U contour YOINFANIIVDY major principal stress 1AAUAUUNFUAM T EIDDUINNIT

=y o .
AATIZH e non-linear numerical analysis (Yeats, 1983)




YN 2 NQuHuaI I IIeMNe 1704

a aren a o = 2t a1 s oA =
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principal stress axis ((¥) HAZHYUIAA1T VDY intermediate principal stress ()
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Y o 8 .. . o . w W ¥
Symes (1983) 1dM I sAnYINAY4 initial anisotropy 98N 15NATDU torsional shear NUNIDYIY
1 ¥
- i . R - U v q . . Y p 9
AU medium-loose Ham River sand (FHRS) ¥ UATOURAIUIT water pluviation 0 wlamsmeunyuszuioi
@J’J@E}Naugﬂ isotropically consolidated 1A mean cffective stress (p A 1A 200 kPa ttagll back
[ Y A VRN g T AN § ~ A Y ] ]
pressure (NN 400 kPa LW’E)GL’WLﬂ@ saturation BYNTUYTU AIDHNAUITHNURDUAIUA QURY b 989
AR a : ) N I Y oA Ay '
INDFANBINANTENUVDINGANTTU anisotropy fﬂﬂl@ﬂﬂ'mﬁi8‘5“'15)'141 ATANUIAUIRDUISINNUVUDY N
monotonic IUNTENIITAUDY stress-controlled TUVMZNAT p=600 kPa ttazA1 b UAIAIN YUIDEIVD
major principal stress AoUAUAIIZIDounasTEHI19 0 Loz 90°
P o ] @ .
;31”}}11 2-19 WADAA stress ratio { (7/_,/((3) 1) octahedral shear strain (Eoct) 1NN VINATOY HCA

NUAT b=0.5 uazA1 O pYIzn319 0° 1ag 90° A1 Eoct ey lay

2 N B ) ' B v -
g, = —\/:\/(g, ) +(g,—&) +(e,—€) HANINARDITAINAT stiffness VOIAUIZAAA
6 2 2 3

N ’ 14 v ¥ " g ¥
' a R = a0 AR a0 R ' . R
oA o WU WHNNITIU volumetric compression VWVALLD G ABAUY A1 ultimate stress ratio 1%

anaIBd 1 INIBTANIID9 major principal stress Hiu TnnLAe 319 2-20 naasmsnldouuilas
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494 drained strength Faaaa 1A friction angle N maximum stress ratio (¢ jm) Taouaagna ¢
' 4 ol I o) g T 9 =4 v s o Y
WANDIDYININNIND X UYUIN O [t 902 wonuntnn THUHUDREINUANRUTIMS VAT b = 0,

b4 s
0.14 uaz 1 DadNwansznuINgavzInavlo b-0.5
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g‘iJ‘YI 2-19 77 stress ratio N1 octahedral shear stramn MNNVITVATDY HCA D1 isotropically

consolidated medium-loose HRS mg ldn s aunynszuietif 5-0.5 (Symes, 1983)
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gﬂ‘ﬁ 2-20 A1 (j),]Deak e peak stress ratio MINMIINATOU HCA 11 isotropically consolidated HRS

Wong and Arthur (1985) B3R 0UAI0E19A1UNIUD4 dense Leighton Buzzard sand 1ag 14
directional shear cell (DSC) NA1 b NALN (h=0.4) HAZAYUANTAN VDI major principal stress AURANI

woIMsiuon O=0°,70° uaz 90° dreduammartignnsoudlons lseauasluuuufivenuuuun
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151 strain-strain 1INMINATOU 3 AIDENDNITINAIVD bedding planc GI'NG] ((5: 0°, 70° 11aE 90°)
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Tanaalugii 2-13 AMdeTuns UROUUVVTZVINTIAAIAIY maximum stress ratio (07 /0 7) 3¢
= ' a 7 - o o '
Lﬂaau"lﬂmmgu 0 5EMINNANIIVD major principal stress (0 ) URZNANININNY bedding plane 7
3 0 14 [ + '
stiffness 9¥anauileAIyy O IRNAY MKW friction angle NI1TA (@) anauiov 5° Wioayw J nlaoy
o A iy o
910 0° 17 0=70~90° WaN1INARBITNTINUHANITNARDIVBY Symes (1983)
Oda et al. (1978) 11N13NAABINY Toyoura Sand 1UIATDAIB plane strain NelAMITMOULLY
3 1
T2V MINARDINIIAIUAUYNYDI major principal stress HUHUIAY O 751319 0° wag 90° (1w
c:ly = = o -2 <
o TumsnaaostinfSoniounuyy & TumsfAnyIves Symes (1983) ag Wong and Arthur (1985) 1ilu
14 ¥
AU @=90-5) AIDYNAUYN isotropically consolidated ‘lﬂﬁ mean pressures N Y 50, 100, 200 liny
=1 (A' 3 AQ’ o d‘ ' V4 9 cs' 1
400 kPa azmon Tasmswna Ay luuaasauiia luvasiaongua o/ Tiasinazainaum
/ 9 ar ] =3 =% N < .
o " 1108190 ANT 54 plane strain (h~=0.2~0.3)
WOANTTY stress-strain 31NNITUNDAYDY deviator stress (0 -0 ") 1A major principal strain (€)
0w A Ay Y g = 4 ¥ 3 = .
dmsumaReun 0 =200 kPa lausaalugii 2-21 FaaasliiiuaimgAnssu stress-strain 22 softer
d. 1 t Py d%‘ ' ? d‘ i 4'4 1 =S
LU 6 DADY (AT L AWUUYU) A stress ratio N peak deviator stress T AADUNDAN 5 ﬁﬂﬁdiﬂﬂwﬂﬂmﬂ
4 ~ dy ! . . = N . 9/ A '
Ao 5~24° HONINUAT volumetric strains (Vﬁlugﬂ) WWUNHANTIY dilatant HDIDIUBMN 5 afng

Y =3 [y dy =N ¥ I~ ¥ P as Y A
LL'L!TJIUML‘U‘UMU’WHW’UB\‘}WﬁmﬂﬁiiJ stress-strain ﬂ%"l@mﬂmi‘ﬂ@a@w3$@ummmu@uq

g‘ﬂﬁ 2-21 anﬂﬁiw stress-strain YINNTTNANDY plane strain YOI isotropically consolidated dense

Toyoura sand (Oda ct al.. 1978)
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peak
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HOASIIWINTAUDI ¢ sz 6°-7° Nﬁﬂ"ﬁ%ﬂﬂ@ﬁuu@ﬂﬁﬂﬁ]"lﬂ‘ﬂﬁWEJ\ﬂ‘LJI@EJ Symes (1983) 1aY
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1 < o 0 . . . .
Wong and Arthur (1985) fz)Eﬂ\‘lllﬁﬂ@?ﬂé’ﬂ&@u‘]%%?ﬂﬁ‘ﬂﬂﬁ@ﬁ drained plane stain, true triaxial, LD
. o oSw Y o . v o
torsional shear N Toyoura sand ﬂvLﬂWi]G]ﬂﬁll stress-strain U9 strength AAEAUNT1091U 1Y Oda et al.

(1978) (Tatsuoka et al.,1986; Lam and Tatsuoka, 1988a; Miura et a/.,1986)
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gﬂ‘n 2-22  WOANTITY anisotropy VBI mobilised (bi 1 peak NNTINAADY plane strain NY isotropically
consolidated dense Toyoura sand (ﬂfj,ljﬂ‘:lg'ﬁ 210 Oda et al.. 1978) (Tag#h O ~90-0)

9« ¥

a ° 1 = . :j d?} @ = =N v o =S
ﬁcjuﬁﬁﬁ"l m@@ﬁﬂ?ﬁﬁ?W‘WﬂﬂﬂﬁﬁJ anisotropy U3 ¢’uumumﬁmwamuamwm AULA

Y A
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L%ﬂﬂ'aw?mﬁmu (Menkiti, 1995; Porovic, 1995; Hight et al., 1997)
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Shibuya (1985) ﬁﬂqu&mﬁmm undrained shear strength Y93 water pluviated loose Ham River
sand (HRS) ﬁﬁﬂ'mu #1399 Taun15nAang hollow cylinder AI0H19AUILYA isotropically consolidated
ul‘ﬂ‘ﬁ?h effective mean stress p £200 kPa UAZIRBUL stress-controlled Iﬂﬂﬂ?ﬂﬂmﬁlﬁ,ﬂ'i total mean

stress, p UAIAININAL 600 kPa AMITNARDINTZMINAT (X LAL b 7139
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510 2-23 uamsmANuIR IR U (o 1an ¢~(G'-G')/2) i octahedral shear strain (Y, ) 71614
MIDOUNTAT 5=0 UASTAT TV 19 0° 1AL 90° WHANTTY stress-strain VL softer 1AL ductile 1oAT
A 4 o Ao o ; < o g
QNN WEANTIUTHEIEITadune 1811n effective stress path naad Uz 2-24 nagsgdunaiu
’jmﬁ phase transformation @mﬁ@%’mwﬁﬂww%hﬁaﬁmmmmmﬁﬁmwm major principal stress
mM31asulasved undrained shear strength, s, (11671147179 maximum shear stress mobilized TuvoUIUA
LY =4 ! Y . ' .
contractant) UM a“lﬁ'uﬁm“lugﬂmﬂmmgﬂ 2-24 M s, Ulﬂgﬂ normalized 1A8AT mean effective stress
1 2 / 4 . 1 zi:l N td‘ 1 i
ADUNITINDU (p /=200 kPa) A1 undrained strength nAIBHININEIBAT & 1lAouain 0° Tl 60° fs,
a4 v = oA ¥ o e o A
uINYsEUI 2.3 mule CE0° e uNULue G=90° uuﬂuwmmmuwmm b=0.5 18z 1.0
Ed
ar 1 =y . . . YR
Wﬁﬂ’iz‘}’mlL‘lJ‘lJLaEJ’Jﬂ‘LIﬁGIEJWE]@]ﬂﬁSJ undrained Y84 pluviated loose Ham River sand (HRS) 1adn
1 4 4 . i .
281903199219 Tagin5 0410 hollow cylinder (14 Symes, 1983; Symes et al., 1984; Shibuya, 1985;

Shibuya et al., 2002a)
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31J‘n 2-23  WHANTIY stress-strain IINNTVINATOY HCA VDI isotropically consolidated medium-loose

HRS %1 -0 uaglia O 71197 (Shibuya. 1985)
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g‘ﬂ‘ﬁ 2-24  Effective stress path 2NN VRQ0Y HOCA 193 1sotropically consolidated HRS N0 ungl]

A1 0L »’cﬁﬁ“] (Shibuya, 1985 (:{I}_lﬁl‘m.ﬂﬂd normalized undrained shear strength)

Shibuya and Hight (1996) 11a2 Shibuya ct al. (2002b) LEAINITNADDUVUALINUNY loose HRS
' Y . . - Qs ¥ ) oy d’ s !
uaMelAdN I K -consolidation (K=0.5) §29e14a1in5 03 Ia03B1A0IAULALNANDIAIIAT DD

weordununldlag Symes (1983) 1401y Shibuya (1985) ﬁ?@ﬂ’waufﬂ“’ﬂﬂ consolidated 11J# mean

¥
o =

effective stress 1 200 kPa U 3nAoUi 191 =03 winiuszrhanisdeunn lszinohas
WA TIngAnssuInAR AN plane strain WOANTTY stress-strain LA strength Fwunnmanaaoad
mitousufinuludiodiam isotropically consolidated wqﬁmmﬁ softer 1A% weaker IRARUEDA
o vty uaﬂmﬂﬁyﬂmﬁu"lﬁ'fff@mﬂgﬁﬁ 2-25 11 anisotropic consolidation dZIAUHANTENUAD
undrained strength anisotropy 15, i o=0° Tim 3.8 mhnnn i o=90° 3‘1J‘ﬁ 2-25 naaamsitlou
Wenmsudeunasuoen s Jp AU 0L MTUMI AT isotropically consolidated fidoudy

1 b=0.5 (Shibuya, 1985) LAz K,-consolidated ones (R0 =0.3)
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g‘lhd”l 2-25 t’!ﬂaﬂ‘i‘iil anisotropy U1 undrained shear strength 1NN NATOY isotropically 1oy K -
- - v A e o
consolidated HRS sand 1@0n150ato1 HHCA (1930210 Shibuya (1985) 1A Shibuya and

Hight (1996))

o . = Yt = 1 (‘; . z:; oo
NWOANTTY anisotropy voaay Idin13AnI019uINT Imperial College @137190 2-4 ﬁﬁquﬂﬁ’J"\]ﬂ
' P . @ . r Y ' d’yr,? 5 W A =) .
ANIN Imperial College NV reconstituted clay LUAE silt ﬁ?ﬂﬂL‘VimuﬂﬂHWlﬂEJc],“]jmﬁ’eNiJ@ hollow cylinder
apparatus (HCA) NUAY QX uag b 6199 317 2-26 UITAINTAAAIYDIA undrained shear strength
' T 3/
o . Yo y B I <
3970 normalized A8 effective consolidation pressure (s,/p ;) Lﬁ@ﬂ1 OLIRUYUNNNITNATDY K

normally consolidated N1 reconstituted soil
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ATININ 2-4 N1INA803 HCA NU reconstituted KO recompression clay HDg silt NAUUUNITN

Imperial College London

Soils ~ Author CCF ) Ky b-ratios Inclinations at shear
(Year) [%]  [kPa] considered o]
HK Menkiti (1995) T400 049 0.0.5. 1 0,225,445, 90
KSS Menkiti (1995) 44 300 .385 0,05, 1 0, 22.5, 45,90
HPF4  Zdravkovic (1996) 0 200 0.3 0,003,051 0,15, 30,15, 60,90
HK15 Rolo (2003) 15 200 (.5 0,0.3,0.5, 1 0, 45, 90
Notes: . B 7 V -

HK = a mixture of kaolin and sand (Ham River Sand)

KSS = a mixture of kaolin, sand and silt

HPF4 = non-plastic quart-based silt

HK 15 = a mixture of kaolin and HPF4 silt

Zdravkovic (1996) also performed series inclined-consolidation tests, which are not reported here.
CF: Clay fraction

I4 . . H 3 . > y
p . Mean cffective pressure at the end of anisotropic KO consolidation
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gﬂ‘ﬁ 2-26 ‘W‘i]aﬂ‘jﬁﬁu anisotropy U9 undrained shear strength Nb=0599 normallyK-consolidated
soil (OCR =1) mﬂgm%jwamm Imperial College (Jardine ct al., 1997) A1 S, 119N peak

shear stress LLazh phase transformation point (PT) ¢1¥ FUA9Y19 HPF4

Nakata et al. (1998) 11N15N9a049 hollow cylinder (200 mm height, 100 mm OD t19¢ 60 mm 1D)
' o '
wefny mganssunuy liszu0i1909 Toyoura sand iBNNTHUVOINA major principal stress
o ! = et L ] . . A Yy Y . . '
f1081003 03 19837 air pluviation 1oz 1¥017 vibration 1o 19 1AA1 relative density @199 (Dr=30% to

90%) GTDE)E;NQH saturated 1A8ANT flush #2Y CO, i10g de-aired water éT’J’e)ﬁiNQﬂ isotropically
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consolidated 117 p 2100 kPa m3iiounsziinoldnisnnguved worsional strain Taonanauldm
b=0.5, A1 total mean stress p=300 kPa, 1Az UDEIUBINA major principal stress #1199 ()

317 227 UaA3 effective stress path 1A stress-strain curve YDINTNAABIAINGI TADWYT
ﬁaa&mﬁum%z softer (ﬁmﬁfjmqamm stress-strain “ﬁ small strain %Llajﬂ“fmﬂu) 1oy weaker Lﬁ@ﬂ"l
a(,tﬁwﬁyu HANTENDVDIRT void ratio (relative density) donnAnIsuvosaumy fotaFaou
Fr0619 R fianuMuLuIAN (relative density 110A7) DEUAAINGANTTY dilatant 1UNALBIIUDI

9y . . . o @ ' - 9 - . . i .
N major principal stress ATHITUAIDYNINUA NV UMUUUDLIEUNANTTU collapsible LAY brittle h)

NAYD major principal stress mgua@ﬂmmm/sﬁa

250

gﬂ‘ﬁ 2-27  WANTENUVDINANIIUD principal stress A0 1sotropically consolidated Toyoura sand

{Nakata et al., 1998)

Eﬂ‘ﬁ 2-28 LLAAIAT maximum undrained shear strength AU gy W SUADE19AUNY D=30% 3%
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gﬂ‘ﬂ 2-28  NOANTTY anisotropy Y84 normalized undramed shear strength A8 isotropically

. 4 o
consolidated Toyoura sand (UDYOWIN Nakata et al.. 1998)

2.3.5.2 HANIENUVUDY b
i) aMNIZVIBM
)
ar o= 3 Q as + o o . .
fao51101d21ur Y0 1.1 31 Symes (1983) laMinmsnaasaunszuoriny isotropically

v

consolidated medium-loose HRS (OCR=1) Iﬂmﬂéﬂdﬁ@ hollow cylinder ms%”?ﬂmﬁ@wamwummw
1DU9UDINA major principal stress URZVYUIAVDY intermediate principal stress (Alﬂﬂﬂﬂﬂﬁ’mﬂi b) 1
AHINDINAY NI1SNABDY hollow cylinder Wit b =0, 0.14, 0.5, waz 1.0 vauziiaa oL azsanua’ld
TEUIN 0° LD 90°

N30 stress ratio 1A% octahedral shear strain 9INN1INAABIT MU =45° Tanaaalugiin 2-29

=}

AMINAADUNUAT H=0.14 1A% 0.5 HA1 strain NN

are Y : [ . o .

AT poNaAlaza initial stiffness LAY stress ratio U0
4 i

Qs I=1 I=3

e Manadou 2 SuldEAI volumetric strain NI1IANBONAGA 317 2-30 HAAIAT angles of shearing

1
o we 2]

X ~ v V4 - =<4 9 @ P v, .
resistance (¢ NyaITAFIanINm @ venldoumlasdnieonumsnlasunlasvesn intermediate
1 o - o (53}1 A o I 2 v
principal stress MIA189INAgAVNAYLDMIM SR INATAIN plane strain (h¥0.3~0.5) M

N = 9 A 1
stiffness 110 strength 3z A1 ovgAI0A1 H=0.1
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gihn 2-29  WANTTNUVDINT b ADWOADTTY stress-strain YOI isotropically consolidated medium-loose

HRS (OCR=1) (Symes. 1983)

gﬂﬁ 2-30  WANITNUVDIAT b ADAT ultimate (l)’ Y#4 isotropically consolidated medium-loose HRS

(OCR=1) (Symes, 1983)

. 0 . y .
Saydo and Vaid (1996) WINSANET medium-loose Ottawa sand Tasl4n3095® hollow cylinder
f10619AUNIAT o3 1A35 water pluviation 3£ isotropically consolidated 11/ effective mean stress

¥ ¥
» =300 kPa ndsmMiudodvszgndouILITanwldaneszisilasdimuan 5=0,03,0.5,
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uag 0.8 Juvasiimuan o aawiny 45° 319 2-31 LTAINGANTTY shear 1AT volumetric YDINT
t dy = - A a L) risil A & g P Y @ ,
NARBANAIT WANTIUN stiff Neaazifiaduiiie 5-0.3 Futuanwi Inanuan I plane strain
v ] v 14 T
“Wimﬂﬁl!ﬁ soft ‘ﬁqmmzmﬂ volumetric strain mnmqmzmﬂﬁmﬁ@ b=0 1 ultimate stress ratio 9%
v ' | ¥ ¥ »
wlasuuasedaniniiie b<0.3 uaznlaounlasieoninnawini Kansnanesinsnuis vy lay
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Symes (1983) 1 stress ratio 3zit/asuuaufounntioniiont b uag OL WA
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31"7] 2-31  HANTENUVDIAT A ADWONNTIN stress-sirain YD Syncrude sand (Sayido and Vaid, 1996)

519 2-32 mefﬁam drained strength ﬁ?fﬂyﬂméﬁ%’wmﬂﬂu (Ochiai and Lade, 1983; Lade and

U LY

'
“ o o

Duncan, 1973; Lam and Tatsuoka, 1988b) NNAADINUAY isotropically consolidated (OCR=1) ?N"ﬂﬁmag
z:i &4 1 . 2 53/ A ) A dy QL PR s A =4 Y @
NWUABAI drained strength ISIWUVULBAT D IWHUUIUNIAT 0.6 HAZUATAINUIDDADIUANUDUMAIDIN
v k2 0

WU 1IANISANEUMANHTUaAI08199AR LN ANTTY anisotropy DLAADALDNANIIVOI major

principal stress m‘mlh}wmaﬁ’u bedding plane
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38m33an stiffness vosauazimnmaiy llmunavesnaieafiaule 317 2-49 ueaq
YDIYAVDIANVIATYAT M TUNITNAABIA1) (Ishihara, 1996) ﬁmmm%‘aﬂqaﬁlzmmmwﬁﬁ)ﬂ%’mﬁ
NAROILVUNIAY 1T triaxial, direct shear, LA unconfined compression test Glummzﬁmmm%ﬂﬁ
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Magnitude of strain 10° 107 107 107 107 10"
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Phenomena vibration settelment liquefaction
Mechamcell Elastic Elasto-plastic Failure
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Effect of load
repetition N | o
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31N 2-49 YouavDIANUATEA TAuNINAADIYTIAM 19 (Ishihara, 1996)
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