AR B KPS ) 5 59 5 B Ak 28 4 6 A
Annuals of Disas. Prev. Res. Inst., Kyoto Univ., No. 59 B, 2016

VDFAEEZEEAMETIVICE A8 TOHFEEFHORE

Modeling of Clay through Strain Space Multiple Mechanism Model

Ha - EEISE

Susumu Al and Kyohei UEDA

Synopsis

The strain space multiple mechanism model, originally developed for cyclic behavior
of granular materials such as sand, is adapted for idealizing stress strain behavior of clay
under monotonic and cyclic loads. The proposed model has advantages over the
conventional elasto-plastic models of Cam-clay type in the facts that (1) arbitrary initial
KO state can be analyzed by static gravity analysis, (2) stress induced anisotropy (i.e.
effect of initial shear) in the steady (critical) state can be analyzed based on Shibata’s
dilatancy model (1963), (3) over-consolidated clay can be analyzed by defining the
dilatancy at the steady state based on over-consolidation ratio, (4) strain rate effects for
monotonic and cyclic shear can be analyzed based on Isotach model proposed by
Tatsuoka et al (2002) in the strain rate ranging from zero to infinity in addition to the
conventional strain rate effects of secondary consolidation (creep) type. Performance of
the proposed model is demonstrated through simulation of drained/undrained behavior
of clay under monotonic and cyclic loading.
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k4 Efbiz BT, (Tatsuoka et al., 2002)iZ

BUHAT AL LOBRIE, Ty =a , T, =1/§",
U =M L7205,
Fig.9 IZ, Kaolin @34 @ Isotach L — L —JHi =

DOxFT. FKIRTERBY, FANOT A ED
LAULs 100705 1077 L) 12 A — X —DO#iPH T,
rgA0.1~0.9 122t 3 5, L WIHEE L L THY,
MR & i LT, B L < EEDHV OB FHE T
H5.
G, =004 Enolin (Tatsooka ct al, 2002)
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Fig.9  Strain rate dependency of Isotach Model

— 108 —



4.6 RMLLEABOSTHOBEER (I 21 05

&)
LLECBWT, B & OBIRE 7 et fH i 232
BWRGEIE, 25 ML TITS. L, 2512k
Wik, =1 oBAICREL TV R, 22T
ix, 21 oaege LT, gXbie R
Fig.6 1R &350, MBI Z FET 2BV 5
WAL TOMMEHOT 22, BIRILH#IT TOIE
BUE 4 iR Lo MBS MBE S P, (ST
KOS e, ICEBRTLZLICEVITY. Thb
H, ML & BEOTHOGRE, 2514 LT, X
(50)THZ 5.
WRACSENT I O EMEB IS P, , &, &@D L
W gtE»s, |21 oBaE,

11
Ep— &, = L [P Ema (224)
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1-1g
l+e 1 p
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n(1+eaJ (6-20) 1—1K[(pa] ]gm

(225)

5. ¥HBEMAICLAKTERBHE (11X
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Brix, EARMIZIE, $4FBIORTIEBLT - #1555
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P, NEEEM g OMHHRET LB T
RFEPEIEAR SR, & AWM R R O W R 1 %,
F—ofEHmM Z2HWTLTFTEXS.
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P

G, =G, [ij (227)
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1 RocHI A EEAT (1 RoTIERER) T, M

FASDOTHPARINTNDHDT
g, =0 (228)

LT, KEOTH, MEOT L, UTTEZXS
ns.

E=¢g,+e,=¢, (229)
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y

Lo T, 1 RITERIZEBWTIT,
y=—& (231)
HY TG T AT E DY E BT T,

B AWGS] = ABTO T HORBR LT O M #R T

P TED.

jL:_Q_ (232)
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Zzig,
Q= r (233)
Vm
1 1 1
T:E(UX -0, ) (234)
7. = psing (235)
Vin = Tm (236)
G

ik B EAR ST, W1 B EMAT O E LT, B
TTEALBND.

K, =— (237)

T ;(Gx"ay') 1K,
r _—E(GX ‘o, )sing (1+K,)sing,
(238)

2(232)(238) % §# Ik LRI W THEL &,
K _1-sing, +(1/Q) 239
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Lo, MMaEmRoFHo K, iz 525
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DHEEZ G 2T L.

(240)
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6. EAH
6.1 FEHRKEGAEAMES

PLEICiR R BRI LB IEBET VO RN
ZFE AR 5709, WEEE%E OCR=1, 2, 6, 40,
Ko=06 &L, 1=0596 , x=0272D%&KMHT, [F—
DI L g =2.3 DARAED ©H O FEHEAK BT AW & 1T
ST, fRFTCIE, BABTOT AT G L CRAE
T HUHERZ A LA & S —H55 O H RS R Y
¢5N7%$%k,@ﬁ%%KHH6W%%ﬁ4V
ALY —FRETDLNRNT AN 2RISR H
2ETIHRARIZLBY, HWHEEET LVOBFEIZIE, B
WRT Y vEEAT DD, 0S A<l 22 E Dl
KRR H LD, BEETNVOHHFITIXZOL O 72
RGN 72 <, xR EFT DR OB L Tl
PIRMEICRET A ENTE S, BT OR BRI,
Fig.10~13 1Z/RT LBV & 220, |EETT ML, 1
EEAETLHLETOERERL (Figll) /A v 77 L
—OZH) (Fig.12, 13)% & 8, Ktk o IEPEKEFHE
AETZE BN Z, R ORISR BLT 5 2 & 23R
iz,

F72, oD, MtLoMEtesT L e LT
RFER 22BN - KHE 7 /L (Sekiguchi and Ohta, 1977)
AL, $2RETF O Fig10 R TEITSME L [
o A=0544 , 21=0596 , x=0.272 , #1#
MBI & e=23 & LT, MHF 7w s J 4
DACSAR(lizuka and Ohta, 1987) % f V> THEMT L 7=. fi#
MrofEFIE, Fig.ld IZRT B0 &8, RLIRE
%, Fig10 (SR RORFREBE —ET 52
ERER SN, £, BEET VL, B0 - KH

EBTVELE LT, \EERED S OIEYRE AW
Tho>Th, TOMIITBO TR LA LA Z >
VR REO D EBH LR T LGRS .
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Fig.10 Computed results for undrained monotonic shear

with re =0.85 A=05%4
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(b) stress path

Fig.11 Computed results for undrained monotonic shear

of structured clay with r.= 0.085, A =0.554
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Fig.12 Computed results for undrained monotonic shear

of quick clay with r.= 0.85, A=10
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Fig.13 Computed results for undrained monotonic shear

of structured quick clay with r. =0.085, A =10
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Fig.14 Computed results for undrained monotonic shear
by Sekiguchi-Ohta Model through DACSAR

6.2 I B K #BE L B A B EH

(Isotach/RayleighZ!iE =)

BREET VORI TH 5 Isotach/Rayleigh B g5 (<
DWTOBAMEZERT L7120, EHEEOK, O
T HHEIC &0 EAMOT 2 RIE 0.15, 1H z DIE
K (B — 7 TORAWOT HEE L 15%/s (ZHH24)
12 CTIEHEAKE AW OfiENT 21T > 7=. 7= Isotach
RT A FX, Kaolin /3T A X BB LT, rs=0.5,
I,=10%s, @0=0.04 & L7z, fEHTICHWNT, A0
THI V=T IEIWME L2, TOMOOT AR L E
FAWET VO/RT X Z X, Table 112”7 &8Y T
b5, O EIL, Figl5 IRt &80 &0,
PERET VX, Isotach/Rayleigh JHZ=M O+ AW
T IR AR AT O RS A YN R BT 5 2 & DR
Shi.

Table 1 Model parameters for analysis

(p, =135.5kPa ).

rK K Ua Gma ¢f hmax rgﬁ q2

750 352
kPa kPa

33.3° 024 0.085 2.0

where A =0.544
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(a)stress-strain relation (without the viscous term)
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(b)stress-strain relation with the viscous term
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(d)stress  strain relation ~ for  viscous  term
(Isotach/Rayleigh type)
Fig.15 Computed results for undrained cyclic loading

with viscous term of Isotach/Rayleigh type
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Fig.16 Cross section of embankment model
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Fig.17 Computed settlement due to consolidation before
earthquake
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Fig.18 Computed excess pore water pressures due to
consolidation before earthquake
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