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Axial strain,

£a (%)

Axial strain,

& (%)

Toyour sand Toyour sand
D =30% DA=5% g D ~80% DA=5%
o - 2 g T | saanaanannnng
kK g
Nppss=23 Npase=22
-15 o / -15
0 10 20 30 40 0 10 20 30 40

Number of cycles, N, Number of cycles, N,

(a) D=30% (c) D=80%
15 15
Undisturbed samples Undisturbed samples 3
DA=5% F =9% (A-05) Fosiv a0 DA%
\ < \
0 annf 0
| U L
Nn,\s““:23
15 -15
0 10 20 30 40 0 10 20 30 40

Number of cycles, N, Number of cycles, N,

(a) Fe=9% (c) Fe=51%
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Stress-strain relationship of sand —
In drained condition

under monotonic loading
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> Y
, >
Stiffness G, and Strength ;

O:
~ Super-loading
\Yield surface?
- \
\
Sub-loading \
}‘ Yield surface ?
o
63 ’ 63
G2 (O} Yield surface ?
Multi-laminate type...
wikipedia.org/w
i ToEAKER L
Shear strength (soil) HIEZEL
From Wikipedia, the free encyclopedia U;ﬁ 75‘%5%0) :é\*’p
For a general description of shear strength, see shear strength.
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For cyclic shear...
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Finally,
for cyclic shear...
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Shears in soil elements

Simple
shear

Compression
N P
“ shear

We need to consider both shear (and something between)

WAWALEAADIEROMEHR (VTH) Hid
B (5H) #RKDT, BLEDENIEVLL, EW53ERS

Integration of the spring behavior
To the overall behavior (details are in the references)

1

CT’ +o0

XZ Y — .Y =_-BX " X>0 )
=0 X=0)
-0 2n
T =23 Py (v, )y Jcos 6,40 (x>0 )
i=1 ! !
=0 X=0)
2n
. =2 F(vy) +(vy )y )sin 6,4 6 x>0 )
: by ) )
=0 X=0)

Note X is the volumetric strain (compression positive)

ETMELE LTI, WAWAREFHEOEARIEHEEZS

Physical image of the multi-mechanism shear model

(Multi-spring model) T s

4E----""""---- Simple

shear
Z"TT'Y*T External force F ¥
cousing displacement u

&-ox)fz

Ev'axl N

_[ (002 ]

Compression
shear

T

- [ E£v-Ex }
After Towhata and Ishihara, 1985. Y

HtAMOARADINA L, BELABOFEADINAIC
ZiZhoRN%z, ZABEKEAVWTESLTVWShIFTT A,

Integration of the spring behavior
To the overall behavior (details are in the references)

2n
fy  =2LF(v, (7, )st Z

S —
0,-0,

2n !
= 2% F(y, +(v, )y )cos ﬂ)” 4
2 i=1 ! ' N

[~7 7 compression shear Stress from strain

7 Simple shear
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Liquefaction test: - -
Summary of parameters : favl :
yorp i.e. triaxial cyclic shear test = -
-»> <+
Type Paramters -> - Gr
Physical Py Density -»> *
property n porosity
Dynamic 0 .. |Effective confining stress for G,,., K., (reference value)
property Gia Initial shear stiffness (at 0,,'= 0,..)
Kma |Bulk modulus (at o, '= 0..)
mg Dependency of confining effective stress for Gg | .
my Dependency of confining effective stress for K, s 5
[oN Friction angle = £
. i 5
C Cohesion N t‘:
Pina Maximum value of hysteresis damping ratio
Go= Gma(Um,/Uma‘)mG Ko= Kma(o-m‘/c-ma‘) mK 100 80 60 40 20 00 20 40 60 80 100 20;0 05 . (llgof/cmz) 15 20

RIRMERERTT A, R LY RBROFH
FEMICH & D RTbgtr 7’ 77 L ( TIXFLIP) Ea0tAK (BT, ETAHED) [HFTEALHLE
ODWHT)I_ZEXE—F;%%%/\@F{:\}EH @EE%#—@#:_

N \ Liquefaction test:

(SLESHLORAIRY &) i.e. torsional hollow cylinder - Ci -
1) &Rtk & 1E? shearing test * -
2) FUPICH T BEIRILIBRDOET UL > o

) E’d_ /\/ [_ﬁ' ;t @ :E 7__\ }l/ After Ishihara, 1985 —

b) AL + BHAEFL ; B

)

o N —
(RALFRTYTET L) i B oy o9 s
o= 38 kPO é Q4 |Fujiriver sand b
ru;lr ver sand ]

o M[E + FHHEETIL ?»._€4Q$ﬂ7

Tup 4 (= Gms')
(=]

(HOTINTZZET IV —_— e é%%ﬁ%&%&EJ
3) FEMTOERL L EREMH b wf  smEmm/ T

(b) Stress-stroin curve

O8[" (0} Stress poth
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How effective stress
decrease...

Torsianal shear test
=]

]
3

Fuji rivr san

Tap =]
[=]

(o] Stress poth

Line of pha:
transfermation,

-aniikFal

o
<3

T T

TTT T T

Log_

OO N O R

After Ishihara, 1985

It is related to

shear work

(after Towhata and Ishihara, 1985)

w

o

(<]
meT T T T
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Shear stress (0v-03 )2 (kN/mt)

oS
B
LA
LR

hC]

Tvh<0 O
Ws(kJ/m')=10 5 2
| IS BN

Ll

L

Oemm Q==
L

L

100 200 3
ffective mean principal stress P’ (kN/m?)
Shear work contours for torsional state
0¢=294%N/m’
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lai model (1990)

@p: Parameter, phase
transformation angle

r=7/(-Cmd)

Normalaized . ) m, (= sing¢)
Failure Line i
S
&
<y o,
Liquefaction Front | mz (=sin¢p)
P
e [ Ms (067 m:l
S
rz %
1
s S Phase Transformation Line
r S
0 Sz So LOJ start from 1.0

(if isotropic consolidated)

This is the parameter to express the level of liquefaction

ETIVEDERRIE, ERT, LBHE?

Focused on the test data

Only the upper half is enough

100gf——T——1TT

50)

LN s e e

LN S I I B ¥

PR TS S S S T

Normalaize

Shear stress fO'-03 )2 (kN/m')

Tvh<0
. Ws(kJ/m’

LI e e e e B §

Ll

b\A\\Qq
)=10 5 2
L1

oL P

‘ 300
Eifective mean principal stresgl P* (kN/m?)
|

teussfasdadsional state

Normalaize

0¢=294kN/mi

After Towhata and Ishihara, 1985

TFE (TR LF—) wE, NFTA—ZWITERELL,
BRI DEITEET VL, BRESIORELEL RS F

lai model (1990) 1.0

T T T T 11717

P1: Parameter 1
for first half

This is |
the parameter P2: Parameter
for second half 7
to express oalboo N
the level of ' |
I
liquefaction !
I
I

Start from 1.0

(if isotropic consolidated)

= |
\\ :P2=1.3
[ S e A A R A AR S A F e

0.1 1 10
Normalized Plastic Shear Workjw/w,

Liquefction Front Parameter S
o
(4]

()

s1: Parameter
for ultimate states

W1: Parameter
for overall




lai model (1990): in Equation

The relationship between normalized plastic shear work (w/w1) and
liquefaction front parameter (S0)

Se=1—-0.6(w "w,;)P! (ww, )
So=(0,4= S)(wi/w) P H(S Nw>wi )
A T u T

\\I\\H‘V T TT1TT

Lo iL"Di’G‘?":O’CB b
P4=06 ol an
(REL) 1

Liquefction Front Parameter S,
o o
> o

Sy |

Normalized Plastic Shear Work w/w,

BHEAIIBLT, BELEBEDLET =>0F 40N

lai model (1990):
Reduction of effective stress => change in backbone curve
=> Larger strain

G°/< Confining pressure
dependency
T of initial shear stiffness G

G 0 G ma(cm‘/ama')mG

Shear strength
v =0, sindy

Y ref

Confining pressure dependency
of bulk modulus K,
K 0: K ma(om‘/o-ma')n-lK

RBOLHIRER, EAMGHOMEICKET 5.
=>4 7UyIEEYTADETL

lai model (1990): in Equation

The relationship between normalized plastic shear work (w/w1) and
liquefaction front parameter (S0)

Se=1-0.6(w/"w,)" (wsw )
So=(0-4’“ Sl)(WI/W)M+ S (W>W1 )
r=7/(-Om)

Zmy (= siné()

Foilure Line ! e

Shear stress
at the element »

r2

. "jf
ﬁﬁs

HEOREADIXbSDEHY £T.

lai model (1990): in Equation

Liquefaction status parameter (S) and shear strength (t,), initial shear
stiffness (G,)

S >0.408k

Tm=Tme* S, Gm=Ta/ Tm

$.<0.4D 8

Tm=Tm* S+ATm Gu=7a/ 7m Technique for
ZZIg, Awhere Arm< Omo Numerical stability

A rm =(m;~mz) Lk (0.4“‘50)
T =7m (Se04)
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lai model (1990): Shear work

cl: Parameter

Ws=YR* AWs for elastic threshold
AWs=AWSst— C,- AWse

Ws: Accumulated
plastic shear work
AWs:Increment of
plastic shear work
AWst: Increment of

R=(n,-1/8)/ (m-n) A7 "
total shear work /mfsin 6,
AWse: Increment of 4
.

elastic shear work ' (lnlf)

ZZETH, )TALFRTYVTETIL

MBI T A= ZIRIKC DT RDEEH D
ETNMMEEROT, TEHABRERA ST CITEKRES AL
(BRI RBRERABIRTEDZ L1274y T4 )

Summary of parameters

Type Parameters
Property for ¢p' Phase transformation angle
liquefaction |w, Parameter for dilatancy in general
(dilatancy) [ p- Parameter for dilatancy in the first half
[ Parameter for dilatancy in the second half
[ Parameter for the threshold stress level for liquefaction
S, Parameter for the limit status in liquefaction

BRRANICIZHRAMA SN TWLWADT,
EDN—2 avERVELY, PEYVEE
(FAasySLDNR—SayTh,{FTaryR4 vy FnER)

..., Modified
Original po (tmp7)

HIVED, KELBRAIDHRAHY £ L7

Additional recent modification: Sus for steady states

.. A m
L r'j('gmal J

e

3 d =sin @
/=L my(=sin @)
Failure Line ' ol :
T Liquefaction Front m,(=sin ¢,.']
m,(=0.67Tm ,)
I
T, hase Transformation Line
» S
0 S, 84S, S 1.0

2 (

. = ' S— !
Tn = ‘Sus /(70-1110 ) See= Tew /11
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HEURBERALLDTEI A SAEW

Summary of parameters

Type Parameters

Property for | ¢ o Phase transformation angle

liquefaction [wy Parameter for dilatancy in general

(dilatancy) |p, Parameter for dilatancy in the first half
[ Parameter for dilatancy in the second half
c4 Parameter for the threshold stress level for liquefaction
S, Parameter for the limit status in liquefaction

Sus Parameter for steady states: after ver.7.1.3

SERNTBEGE, HhITLITFRETFALTREVDT
< FEICHENY

The idea is common:

Shear stress => shear strain, Parameter S=>e

e

‘ Multi-spring model

5 c
£§(1+eg) urrent void ratio

91+
£§(1+eg) L Am
‘ o i /s,
#
TiealsaE I my(osm )
7
7 Tmy(=067m .
7
/ Huase Transformanion Line
Erin Yoy | | 4m a4
o 8, 8.8, . 10
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FEMICH & DRIRILET 7' 0 75 L (2 Z TIXFLUP)
DINEBETEE~DISHEDEBRD 1=
(D LEXRLLDFRBAICRY £T)
1) Bk ez ?
2) FUPIZH T B BIKILIBRDET UL
a) ZEHAMIETRETIL
by FEL + BAHEEEFL
(WILFRTY T ETI)
o [t + FHHEETIL
(H7TIVT T RETI)
3) FEMTOERL & EBHREH

FRATRRIIC D EIL, EERVAISORR Ly FLETRA
—MRICIE, HMMERFERAVWET.

Irregularity region

Side (Main analytical field) Free field
viscous Rk s A0y R Tk AT
boundary . H
LS x HH  at
Free field |, | HH e+
we s [ wee HH i
HH
witt | o | WECE i
T I L L5 L L L 4 I
5 T O3 % 4 3 7 sie T
Bottom viscous
viscous boundary
boundary

2=y bELT, LUBRT, BELVHDELET

2] —1
s
LWL 00 ¢ - +1.2
SR

2l tie o0
igh \ensile strengt! et e
e acig 2.5

Backfill sand

s
o

8.¢cel sheel pile VI

3
S

- y
Surface layer 1 [

oMK BRDT, EEANDERDEZFTY.
7272 L, KEMEEORXOHE (A
At bottom
ia{t—;}J iw(H;}J
_, W= Ee "+ Fle .

s

ia)[ v J ia)(t+;}J
o U=Ee " “+Fe "
EFEHE, TERIEGFT

y:

=N

Bedrock 2 RN TWET,

At time t, Since y= 0,

at the bottom ‘ '
interface, U, (t) = Eze"‘” +F, e’

displacement is
assumed as y, (7) EEOENMIE Z AL




Thus, the downward motion at interface, at time . y

y=h
Surface layer 1

) ufe2) 5
'7$¢yﬂ £

Thus,
Bedrock 2

lh:=f%€m&éj—lgempan+u3(t+i?j

N

Obtain the shear strain by differentiate it.

BEAES LTS LT, EEOS & - & FOXfL, %
LEDTHD, MHTEE, BAMOTARICAY T

ZDEZF%E, AEICHERL TWETH,
EHRBEICAD DR E, BEE—, OZYET.
ZIOWHEKRT, VRVELTHE LWL S

Surface layer 1

7H Lc;& v

4

Bedrock 2 ;
oV, AP

In many case,
side boundary is
also modeled

in same way

Thus, the shear strain

w1y 3] 1 Ao

1. y
Y —y | T+
Kevd &, EREITREALE

Thus, the shear stress at interface (y=0)

7, =Gy, = pVy (2E,6 iy (1))

This is a shear stress proportional to velocity.
EFRED2E(C
This is equivalent to the condition with @t)a & v & 28y +
a dashpot of a coefficient yo 4 (RELBIDAH) %
§ORET NG AN
and input the motion of 2E from downward.

BeTHENLAAL, NEOERICHEIL,
INTENDERDODZEEFHNHAETENIE
ZORLEDED LSBT, 2AE0OEFHLLNY £,

Divided into
RN :H elements

Target structure X \
The behavior of
each element shall
be simulated

i

bt
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Concrete cap Joint elements behind caisson

ey

]

~ i

_ Pile: Beam element

Caisson

=

e Tol

S ul

Jaint elements in hottom of caisson

Modeling of soil-pile interaction Modeling of soil-concrete wall interaction
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1. FC&HIC

PIEETIE, BIERFOBRIE (Verification) & LT, AIFARZ AWV S1RAH
RIBEINTETCWS, BILBIRBECHEAIKRBEOER A %IRELTWS
HUBRAIRBRIZIUTOL S ICEELTWS,

1 BRI S NAcXECAIRSIC, BEBbSNAAZMZRAL, BRI nEk
WENEZFHET 5. ZOBEBIL S NITYEN AN E L TRIBRTET
L, [RELEBC S NAEUPETEINE HED] 2AND LT
, BFEORIEEATS.

2. BRI EWENICBERIL SN BIE RS 7o, “KIERIMRE LRI &
£95%,

i . . discrenized
gyonalytical \ numerical computation of D

i i ’ . . - pdiscretized-l
numerical computation of D

100




2. AARICEITSHEZA

>MOTIFNET VORI E (Verification) ($3RF > 7= ED ALY,

> AR TIE, BEAIRBEOEZ FICELT-MOXIFHET ILORIESE
(Verification) DRET%EMT 5,

>MBAICERIE L CHFTY 258 HEL L THAT 258 0BT 2 £k
LT, MEOHEEMBHROLEEIT,

‘ Fjigl'if',éf\’!'ulm;m liscretized

. AT
.\numcncnl computation of D’

: MEAEN  WES
t comparison phEn a'is |

[ e S TR , i i . discretized-1
| AL - numerical computation of D

o

O MoMAHHE (MEROFELMUBERICER T 2)

@ BTEZRTERERERITZAV S,

G BTETIVETMISEEEYER, BBETROTHAERTET MY
2,
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3. TRBKEETOMOMAHRRBRDO 2L —2 3>
(2) BIRR

> Bl L FESIEIC L 2 MOMELEMERIE—HLBh o7,
> WERNICEERBENE L TEY, AN ERERIERPELTVWEIENE

FEEEZLND,
Pile end resistance (kN)
0200 400 600 800 1000
0.00
001 \
002 -
Lo ol \ N
s -k 200 \ Enforced force
Pile €

T 2005
£
6.12 Upper layer 3 006
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(b) HeaEy
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3. TRBKEEFETOMOMARRBRDY 2L —2 3>
(1) BIEH

> BRITIETEEBEKEHET, MEDL S OEE A EA LTSI & TEH D2
BEORET%1T> 7=,

> HiAZ | _EJE(Dr=60%)& T B (Dr=90%)D 2Bk & L 7=,

> MAEWMDETIVIL, MetBOMREHET ML FERE LT

> MOBRBERDOIFRFIEINERCKESEOEEERZ ET VLT
LR EERIERERIFEE LA,

L e Pile (Beam elements)
p— )
#EED=1.0m i Pile \,Pnle-So;l‘ J
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