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D ENGoIRE Lo, b L AR TR L E T T RTUTERN
S>TWND, ML TN E &5 < il Lz,

1995 F-DOPAFIREE D RKHEA R L C, il T2 T, 2 LMEL T
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A Z DL FICFEICR RS,

RANT 2 BT, 1980 AEARDBFZEIT DWW T RAENEIC = > DOEMEZ T B 5,
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HEDIERE~OBEMICEAT 2 b D TH %,

1980 FFfRIX. &DHVIEENLBES . HUlE THITR WL, AT oM & i
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HE < 2o bV TV T, ORI FERT, FEEBHFOFETHERITEL
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2.1. FE D4 711k & Rosenblueth Method

Asaoka and Matsuo (1983)i%, #i LD IEHEAKHE A Wik BE O A S=ME A RiffIZ L
T, R DG, = OFENE D T OREZGm U7 b D Th D, Z OICETILH
METRE DO ARNHEFME A, HIBORS ZIZIRh O fERmfE s LTH ATV D,

FREMENT 720 &L IR L CEEL WEETIEAR WD, WO bLHARKEE2OTH 5,
bo bl bR RGETINEHRIT 5, BEMEFITIIRZIZIE. Y = FODX
DEREDOERFO Y DFERDAM (HERE—A L N 2RO DLMEICTED &<,
FWIITf O EXDFEEDE Y TT A 7 —REAL T, XOWE L F3BNLYD
Y & Ay a SR 72 0§ 5 (first order second moment  15), ¢, = OFILTE U f#HT C
=203, XD OIEPERE AWRE CYIXLZ 2R ThH S, MIE D ETIL, b
BAA TR/NZERM OB | DT, 2PN TE 9> EREBOmEHIZHH
U, e/ NEAERMBER 2 RO T MING 0 BT IZ IR 720, & 2 AN
INZARMPRRITIX, HBEARPATHERRET AN LE T, —D0DX = x b —DOD
GRRY = yERODDICHIFREIN»0 D, 20X 57 b X2, FX)ERITHY
WZHERLZZY 20 1B 2BOEEEKEZRDI-V$5 2 LiTHk2W, 7
ANy Ial—varbtEoTh, TARZEOMINGY T2 &2 Bl
TR, ZOX D e &I, ERMEREBXDMERIAM 2, DT 2 KTOHE
B SR 53 A |2 & & 1 2 C(Rosenblueth Method). #7972 [ F5NE O fi#HT 5> 5
LR Y ODWRFMERDODDTHD, DT 2 HOLRERDNFINY D)
EH 22 HOREROGBBYDHBELGA DL NI bDTHD, ik
Rosenblueth (1975), Rosenblueth (1981)Z 2, (FFOimL L /s SN DNTE5y
B CIERZICE S EHER LTV, Asaoka and Matsuo (1983) CTlEfEFRIEIEX (2) % 3
DO HUNMNISL 7o MBI TN Xpy X IZE Z 2 D FIEE /R L (2 JE R Hii
equivalent multi-layered system) . Y = f(X;,X,, X3)DWH & oA 2°=8, oF Y
8 DL ERNOLRDTND, f(X, Xy, X3) DIHERE— AL "NE2ELT ALY
RS2l —varyTRDDEEE KX (= 1,230 THhT 100 8 D EL A H
W5 ELTHF(X, Xy, X)) DRFERIEIT 1003 RO & ICET D, 23 =8l
DFETH Lo & TIUTKRE B THEITITE N2V,

AR O FHCIIf (X)) OFHREIT, AIRER LR BT - T Y EER b D
Z72 o TV, XORFEREMED FT, X2 EDXIITEZT, iy < bW
LTHEFTIZENDO»? ZARRGFTIIRERMEICRD ZL1FZ2NTHA D,
FEHIT TR 2 B Tk E LT, Rosenblueth Method ITMEAF N TH 5D & o T
W5,
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1980 X1, Cam-clay model Z % X< HDHNDH K 917> TE2h, HlET
FOFEEEFBETIX, 80 FFRICTA- T H THAEBITHMBEG T, K I3MmIE
DY BV TEWN) ONRRBEEBEOZ L THoT2,

& ZAN FRIEBERIC X o THIRER 2 KD D L) DIE, RIS Th -
THHEMSIENT (EEMHT) Th-oTh, RERMELRZ TS, REEZ
REETEHE T, AR DB GITCTOY v VT HRORT Y e E& R D O E#
ThoHAUZENLZED 2T LTH, MITHROEAITEL X R0 56|
BRBITBUEF RICHE BAE L, & 2 AT IZ S W I & 0 28 Th
REENPELSED LI TN EFITRD bR, RELE S OIXEER
DIEN, TIIATRER M C O L REIIFTE I THRD LD, FH—.
HREAZFEECHEEB LTI EI Db o XD bbby, RIS TH A
D EENENEN T A 5 & LR 2 M O ZTERIEICE 3 2 01X, i
MR ESZADIEERNE RO TH D,

HiE ORI 31T 2 MR OB I, FIXMOPFTIZH > T IfrEIFIC
BRIV, BIRIIMET2 D] BDENTH D, HIERED G672 TH, #HlEDOE
EREIDGNOERL TS, IMEMEIZZIVUT, BRIIHBICRS ). 2T
AR ISR E B R 2 HH L7 L S OEETH D,

R, MRS IS K D ARSI (R EEARAT) (2, REICZDEFEE
WH L7z, FFICED LN TRIOBIIR L] 13, BARIZE &<, R TIE
F<HBNTWVD L, EEMBEICHEEICELDATETWDING, FOHEEZZZ
TR L0 iI Ly, BT A EEMHOET THZTE (load effective to the
mobilized deformation, effective load)] 723/1N & WRFD L T 520, a8 F [ B K
JER EZREL T, AMMEDIRELS RoTZFOZENL Z THIT 58 mE 5 2
72D Th D (Asaokaand Matsuo, 1984, Asaoka and Misumi, 1988 72 &), Biot ™
ZIRTCHMEE BRI E DN TW DO R, Z 2 TOEFTMML TEH LW, LLE
DR E1E, EREEHZEOIEZICE > T &< EHETRY, FE5N TEH
Wik BB LT 1P sl 28 L e 2, £+
D,

EXXILILO, ZOBRIRTIEL TR O—58 & BAFT 20588 23\,
REREIEWVTIIROWD, WfET & L TR SN TL 2D1F, —RICEEDRL =
221X TH?/c,] 72T Th o> T, HBEIHCRKGE, LOFEI N AT AT
IR EINTL 20 TRV, 7T 2 Al ETiE—RITEHERER TOc, DILEIC

LT TR OBIEI 515 BMEDIL TSN, ZIUEEEREM;: & L CTiERE X
HPN 5 2 5 TW\Wb 2025 Tdh 5, Magnan and Deroy (1980)% 2,



2.3 [IEEPERRIRD Y SV DK~ Ll AT

Asaoka and Ohtsuka (1986), Asaoka and Ohtsuka (1987)/%. fafnHiizzHl - 524
AR & 72 U, R OMRIE-> Y A ikAE & ARFRATE (limitload) % K& 5 A
ST DOFEZ R LT D TH D, £2Z T, LTOO®, QDFEE@DFHE
BREELAE S T 5, OHERIIMRIRAE (BERER) 285 £ TOLEBITHEL T
X5, OMENMRPHAEICE L & &, HBEAHT HIT—FICmRIREE (Cam-
clay model T critical state (ZFH2 9 %) T2 L, OMIRIKARIZ & 5 1l BIER
BOTHESNErOEE, ARICH—ET, BHEOTHESBRNEILRD (2
AUE I — B RN EFEEN D), ZELTING 3 > OOHHRIC TIE, HiE
DRI FF L, RO ETHEA LN E NI D TH S,

NOFIY BENTEHAARIS TRIBRIND, L L ZOARFHFERBE T8
(272 HARBRARFE COMERL L, stress-plastic strain rate relationship, [ZHR[RIREETD
PEDE N pr 2 IO TREE STV D, T AT O VA ) po s il D 4=
BT o> TS & LTH BRSO GVEFHS, #E DR R TI Op i< biC
DM ATHIFRITE A STV, ZAZH D I2Td 5 — DD LET,
RAEF RS20 E3 Z S T2 %,

IREFRSEME L W) OZEFT 5, BEKRBREBDRGGIZ /N S VR L HUE D&
HWERAT 3B 2 BV D Y6 Tl #ifr o O MRS S CRIBRUK OB 8 4 582 T B
T 5 EWV) FEPEKEHM N E 2 BT, 20 & X IEEM ARSI IEHE RS-

g, =l +eb = (1)
THZ2DHZLENRTEDH, £ <IZ Cam-clay model THIEAZ % 2 5256 1%, IKHELE
FUE 1T OIEPEARIREE Dhf R & HEIR T Dpy & pp DBIRA D I —8 A EH & RIE
FTHUT R, MBERO Y S VREE (RiEERF) T ORIRIBUK Eu, DA, $10 &
WA DEp, (R RIET)) ESEITRD Topy (BHEREPAZNIST) DL
LT, HBEICRE D, b HAAH VRO 3B ERMEZ N T X 5%
STEFE D, 206, WFIFRBRKENEFYEREZ RN T L IR KREL EVW O D
%, EEZMETHRIEBERRESD A VWHETHE 72 ED D72 &R
PND,

MR D X D 1B KM RO TR EWIRFOMRIBAIE (72 & 2 X2 EEE DR
) b, BEIEKSEM (REMERZR LSS 252 THS ZENTE D, £h
3pr = pp +ur T, wlERRZS TOKEZ L 2T, MEZ iterative 72575 T
il 71X L vy (Asaoka and Ohtsuka, 1989 . Asaoka and Kodaka, 1992, Kodaka and
Asaoka, 1994, Asaoka et al., 1994a) ,

& @ DM ETITERFEECIZE DI, R AE Loy I —8 A8
A Z AN WD TRIPEMEAIREEFVE] 1X. 2 9 L TR L0538 THid)
([ZBR%E STz, 1980 RO HPIEIZ 2 - T, R T & 2 OFEMDSHET S D
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K9 o7=05, Lo UYEFo AR T2l TRIZBMEMRIES Y &V ET-E K~
TR E LTI RE ] W) ikITE -7 R =6 0ho 72, EFE
DEZHELDLENE., ZOFEFELEXML TEENZHLDTH D,

24w SEMERBRR-D 0 AT O HitE T~ i F O FR S
PEMERRFRARAT 12 & 2 IR SCRF A O3 EIT, L ORED TR & kg 122

EQMLka%ﬁwﬁ%?\:®%ﬁ$%@%@%@%@iiot<ﬁ6h
20N, 23 HiIFEH THBRARZO~QDOHEEN, Eh b 23 Ml T4 0 FEEERI I 1T Y
TIEELRDSTELTH D,

g O R REIL, BIETIX ED X IZELN TN D, T 2 TIEZE DO

ZHRN 9%, Nodaetal. (2007) 1. Kb HHARIZHIZ s i A 2 1 L. AL T il
MAMEEICEDS LO LML, K (2007 F248F) DX Loy Rk % H
WTC, HBIZE S TOSIITRFT LT DO TH 5, FEHEAKSAIT I S 3 %
iz, R B O EE ORESCR S, EWBR O FTORESE . &%
B2 ICE 2T, MENICRRONTWD, ZTOT_XCEE U T, JEHE o3
b oMoz R, 2O AT RO EIZ Lo T, K<
MR IND EE I M, FHILZTEA90 2K 1 26l LTZHET 5, |0 O
THORPALIZ L > THRAEL TS, Zivb OBLGIMIZEBMHEMRIED D AT
TlX, RODZEDTERNLDTHD, 6 FTlE, A CREZ fw EHIESE T
TEz, MO HRENET TBIE] TholzZ L2l T 5,

(a) Settlement 7.5cm

(c) Settlement 35cm &, (%)

1 HABOTAoMm (Ehi7ekEEzZ A3 5 1) (Nodaetal., 2007)



2.5 FHES T DN T O

ﬁ’fﬁﬂj: R OIRFEZAL 23 M DO FIBRKIZ K o> THE STV D BT

. MBKMEFT N TR BE LW R KRSt IRE AL &

T’]ﬁ*ﬁéﬁr@ﬁ (NF1) ODFIEFEHME ORI E Y (GEFE) FRKE & 72 -o
THND, NNFTE D WS & N2 FRINCH O BED Lagrange 30 BfR
24725

ASSN @ﬁi@ﬁ%if@ KDJ1%] K0 b, [R~Tudpko )5 & REE
DT EDFENEZN, ZIULZOFEDIT D A, BBRAD LE#HOKREEE K
ML TWDORAZ, IVEHICEL TN DLI1LTHD,

ETHERLEIICLT, BlxIEHED & =T U7, IS0 2o
Wiz 525 WAL LTORESN, sIRILPHITE—X > MIR-T
d‘;% SNTL D, LML ZOFmLT M58 1= reinforced soil | 72 & DFGHE Z BV #

Z 3o T, 2Ll EOFRIIZE X D, Asaokaetal., 1994a, Asaokaetal.,
1%8&\%%W%mcﬁmfﬁTmmmmmNmazm1%5%0

3. 1990 AR D + o YA MERE R 2ATF 52

Z OEHR O RIT, “IRIEE~OISHEH 5D T, Asaoka (2003)1Z 4
I TS, Asaoka (2003)1F, FEBEZR H AGEIR S HIE STV T, HARAMSEE
ZIHMERTH D, quiWEﬁ . Asaoka (2003)|Z iéztotmi%mnﬁ
B8, i & ORI S 7= HE1C. £ Asaoka (2003)Di@Ft 2B 5, BHHIC
% L AR A R A2 iW@@%iﬁmme%)ioT%%ﬂékaof
HIEE TRV,

3.1, oA E iR O FTHME - B R

Asaoka et al. (1994b)i%, EEE 35 mmx & & 70 mm O #lxFFROD [ {7 =8l AR D
450D 1 BT NVERITRRIZE D LT LA ET VA HEPMERREIZHW T,
— AR SR A AV IMESE S ERE & L Ctr LT b o Th 5, AIREIEMR
Wit Cngd, ZEfERIERNEETO o L X v b o SR8 2 R 4 il
IR D T, ERNEROMERE L LTV D,

N7 VAETTMCET HRFIKEER (critical state line) g = Mp'i%, £® L
Al & AR & CHBMERZR 2 £F © (b & BMEIEAE 2 FF O b S AR D RO =
&, ERSREE (critical state) N2 DR EICH D Z EERTHEDOTH D, (k&k
DEEH O 0 CIEEEFEE S IFEh 208 FnERL) LA LYFFOHARTIE, 202 &
MEEFREF LN TE LT [RIVREER & [ 220 FAT o THfE 2 W RS (limit
stateline) ] DX HITEBEZTWNDEANEN-To, FEHEOBRZNIZKONTZDIXZ D
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MXEENEHEDOZ LT, ZIUTIEREB N2 LR EVHT,

ARHIE, & < ITHALBRORBNL E DT D0, BLT LA RT A —H Wi
Te T RERKIEMEIIMD, FxFROERITHCOFHETTITHEZITWD,
1993 4ELIREER OIXHRETIRNT 2 525 L TV 528, ZIVUTBEREOT 4%
JBIE/RT A —2% (WAL NT A —%) IZRDHERROSE, AR 2 EL
KHELZVWE S T2V ETH S,

SCLRHE L TN o722 L7208, ki 7155k 0 7= O 12 BAT O Z il %
ZR L7 Bishop ODRF WD THWHD Z Loz, ERDHYRKRETZH DD
SRR, FAREBEHRTHL =LA MDD 272w, Ll filEE o, Al
JE% 0y = oy HEERIRIERER TR & COKEZ MBKTEu & W7 LT =itk % &
et L AU RO X HICRART & 728 T IEHEK S lERBR OS54 HATH
FEZ | EUNCE S RE L S 27 7UX, [RIVIREER E TIx 27 LA BT VOB
FEBEAKRE S 72 Bl IR D TS NE -T2 EMICT- 8D Z E RN BN D,
ZHCEEEENTIEEE W (K228, “EiERRoLAs. bbbl o
DARER qp LB & IR Bishop O RIMEZ/RL TV D A, kit
DOFERRENTIER Uil 2 T | 2355 2 &b E D, EE 35 mmxE X 70
mm O =B ERIRT A IR0 TH D, bHAA, BRFREZBE X TE I
i atED D L EENIBRICR > TE T, bITLE TR O Zffstikit b
LT LA DT Ay FNEIERI IR o T HEIED NSRRI 13, FEHEK
REZHENCxX 7 LTRELS LIZEWER > TP,

5__
— Apparent
% 44 stress path,
Q computed CS.L.
2 31
9]
£
vl 2__
2 Theoretical
@]
= undrained
> 11 th
a) pa

0 i 2 3 4 5

Mean effective stress ( X 98kPa)

X2 BT OHENEIREEIZHAHINDHF 7 (Asaoka et al., 1994b)



b 9 — B AR A S S E R & L A RERFIRICE S &, 5
FIEHEAK O =il = A BUR T b s B W & BRI TR R K O R 8l

(migration) 25 Z 0 | [RFRIEIE L= L A FREBEO LT L A 2 R
HAKEZIED IAENTIRIRED HEITlok GEMERZER) ik L, Wik a2 g L
TRRFVIRAE TR CHMEERME L7222y D k24 28725, FIZH D L olciiT<
%o HIBRHEAEAN T L A R T L2048 L THMBKEIT —ERIZES <,
Z LT b =i faA s BT IR 2 o T T AP D A BRE SR
DI RXTOET VLA MEI, BL7 LA OWEADNTHAT 28 OZEH 2 LT
WT, EROIEMY IR UIEBES)IRR 2o 72328 e b X< —8T 5,

Asaoka et al. (1997)1%, VI LidEFEAS o = qihfEfdliR a2, A7 LA E
FIIKE I X D FAME (Hashiguchi, 1978) Z 8 A L 7= S MRS R 204 VL
T, IHMESESERIE S U CiffT L. EBRE KL L7230 TH 5, Asaoka et al.
(1994b) & [7] UHERK & N 72 O CRBIIIE ST 5, flifaf IS Uz Bk o~
AT V=2 aryrOMFIE, EREER LD S I OICHEMEICR > TENLD, M0
WU EER O ENROFR LR R L, ZOMmX AN THIZRWo
TIERWD, OO TAaREBEEITZ OB 5 £ THESE, B ARDOHE T
FETIESICIHMESND Z &7 o 72, (Asaoka et al. (1997)H &S, &aiE R b7
WEE, ZREN 1995 (EOFFEE 2 FH. FROmEREZBESICHEOEINT,)

—EEEER O FHME - BESERIED O 13BN T L E 5 25 ISR T 2 5 A3 72
WOT, 2 TCEER L OETHRES IR KD~ A 7 L—2 3 STERT
% Z L wENT Asaoka et al. (1999) & Noda et al. (2000)IZ DWW Cfitiu Tl <, ##
HIEE D22 TE LML U OEATHIIE 2 Bl T X580 | fWEA—ETHIEH
JEEHARIE > TUXIEED OV TELWVIHO T, £721EFE D | 2#0IRL
IR DRSENHETIT T 5, T AU~ OB BUKOEIGBFIC G DR <D &
X IEPEACIRRE D AN BAT LRIBUKEDNAEIZER U, —REIIIZ A 20
WENEINT 206 Th D, R0 THBKOEAE BV L £ ED 5,

ST, o EAE R A A MBS FUE RE O 2RI T 5 & D O, 115
HHEAFEL X< Do TV ARIETH L6, HMEAMEIZIETH LS ER
WEBZTEOREDOHRATH D, £ L TEIMBFEALEZ LT, Bl 21T
D UIEHUEERG 00 TIEPEKGREE | Rt EEARAF DS FBAK D~ A 7L —
v a N K DA — RO switching 12 X % Z & 1% Asaoka and Noda (1995)IZ5% L
VY, Asaokaand Noda (1995)LA[, EH 613 DREEMEAERC) & I3 %R 2 &
DT 57D, Asaokaand Noda (1995)72 L1, £ D& > )T % 5 2 2 #AEG LD —
DThD, HEHLITKILRLE MERLE] LR E THEERZIE] ZRp] L
T, LB WYLSELBHEEMELZ B TE TV 52, Asaokaand Noda (1995)1%% D
HAGG XD —2>THLH D,



RO R U ERBERER L OEERBR TR LN D, e~np OEIT YR T4 HE
B EFRHENTZ Y LT, Asaokaetal. (1995)1% [iZe) 28IE LW S HEE W TIE
2, EEREAW L ClKEE S UL, £ EEMEITCHL IO k) TR
TLENAERET, ENEFHELFERTRL TS, ZOFERHFEL, ISEED] &
BEN T, IBE DAL —F 7 (slaking) ZE)O ) FRIEPRICIRD CEE /R Z L 1X
Nakano etal. (1998) C/r L7z, AL —F > 7% AL (weathering) | 72 & Tl E -
7e< 72T @MW NEFO T TRTEL LI L oRAKBILESE TH 5,

LT VAET L, #0 IR UIESEER T OAREREOZEE) L2sEi L,
ZORFIIREWVD, L LZEORD TRIVUX, 757 LA T /VOFEENTER
THROLND OB L FTRnbiRn, FEHEOLIL I LT LA TT VAP L
BHFOERET NV THDLZ &%, BERHRE &ME R ERBIEOWME DG IX
SEVHDL T ENTEZ, ZHITFRFAL TRBE 720,

3.2. Super-sub loading surface Cam-clay model with induced anisotropy
Asaoka et al. (1998), Asaoka et al. (2000a) 72 £ < D DFi L % #% T Asaoka et
al.(2002) T, Z D 32 ORBEOAFTEFFOEE b OHPMERRA N TR T 5, L
b ZOFET VL2010 FLRICIT, AMaftEE2 b UET LT, LBk afkt
F%, 2019 FETIOET VI, KitrbFHEEZRTHETHO, 7 XTOH
PRHERE T SN TE T 5~6 ETIERD XIS EbZ < Ol x i T
T, BT NVOFLE L ETIVOREOFEMIZ, 3 BE B TR~/ Asaoka (2003)IZ
ZRLMP, ZOFETEETVORBE, SEEZTEHNTHRAL TP,
Asaoka (2003){% Cam-claymodel @, FE D HFIEIZ L DFBENLIEE D, BE
R0 IR S VT IEHREE RS LI IS 1kbq/p' B — B IR o Tee~Inp BfR 2 i < &
TRTCOIGH g /p \x LEWVISATREREN SN, ZhEaK 3 IR T
(FFE 1), TXTOIRNq/p IZxT 25 2B ATEMRTEDO EXLiL. Asaoka
(2003)F DX HRQRAINEZBHD = &, K3 1%, #iV iR LIESERR DA
FEZALDS ISR AR T, A DISIPIREE & BIEDISIPREE & 721 I k-
TREDZLEZRLTWD, LD o> T, ERERR L OBIEARFEO 2 b [F kR
2. MO DS TR L BUEDIS KRB L 7217 TR E U | RERITIRAFE L7220, ERL
FEERE &3, B O HREEZ Viud, BRE LIS ET R0 Z 8 THD
Mo ZOBMEEHOTHOATRN, # 0 IR S L IEREER L ORRREEE 2 5
252 L1272 % (Asaoka(2003)DH(2.17)), TR IR T, 1A L& 0 721
TIRED | LW O LEF, ZOBRIRBIED, FRHZEERT oy v THDH I L
HaRET 500, BEENAAIOEANIIEARTH L, Leh->T, 4D LI
q/p' = MT, HEEEOTAEELZ Y e < & BEBICEERBOT 4% BIRE
(BEAL/ERAL) /T A —=Z I D BRI BZR>, £ L CBERNANZAES .
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Inp’
—— Normal consolidation line
v=N-llnp’,n(=q/p’)=0
Critical state line

v=L-llnp’,n(=g/p’)=M

v=1+e

3 EBUEHEM L RFVIRAESE (based on Asaoka, 2003)

q Critical state line
ef=0 g=Mp’

>
4 RPERFEOT A5 € = OYRRE (based on Asaoka, 2003)

LT VAT ANENPND, U EIZb T 0T CRODEREICEE 20, FE
7% Asaoka (2003)TH L7 LA LT ZiEim%a Te~lnp’' @ HEH 1T EFEATZD
F U LT 27200 Th 5, K4 03RS ANSHERD 72O RFIRREq/p' =
MTHEEOT AN Ew &) FEL, =fdEgK/BEK S A Wratii C. Bishop
and Henkel (1962)LLK, IR< OGN ERFERETHDH, TNEFHE2 LIFESZ &
L X9, —J. K3 DFEHE 1L, Henkel (2 X DG /KA (Henkel(1960)) @
FRICETENDIELZENTED, FE 1 LFEE2 O—HOFERIT, +47I1C
RO UTR 2 EREREREBICE X | ZOROHESE - HEMEE L T 0%
DIEPEK - BEAKE AW BB 2 TR IR TH D, LD TIFREIZ OV TIR il
HHAILTWro RIS, 2 ONRZR IR Z H4E L 72 Bishop 121X, DO KF
wEL D,
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Cam-clay model DEFHIL, LLTF D 4 JI2dH 5, QL OMALIT AT EIEEHNE 72T
BV Z U critical state line g = Mp' @ FICOREE Z 5, @ Lodfbix,
2, TR T AV AU ¢ ritical state line g = Mp' @ I T A
Z %, @% LT, critical state parameter M{Z 1+ Z & (2R FE > T\ D HEHEH T,
BAMTIRFIZA C DM ETZIZH L TH AT 5 2 L3, @IS ITIREED IR
N8 < & & (bR & Fralar) 12, LITIEEMEEREOALRAEL 5,

FRATED, DO~ T N TLFERITH Y IR U 72 IEFER RS - oA
DEFBDORE TH->T, @b ETHENOWETEREICHDL ED L H AR
HRETICH, <Y TEELRY, LPLEANED X DI LTk iLd 003,
Cam-clay model {Z | i ifi (super loading surface) & & {af [ (sub loading surface) %
BATHEF T, +7I@HTE %, Super-sub loading surface Cam-clay model ™
ZEThD,

& 11X Hashiguchi, (1978) C., Cam-clay model ™ &R BEEL D NERIZ Z 4L & AHEL 72
Effif (subloading surface) ZE AL C, ERO@ZGE L, @ TEER L3
A &2 T LOREEIREED b T O IEHERIRE~OBATIX, BT TR <HE
WEFBICL > TEELND Z &R LT, & 51X Asaoka et al. (1998), Asaoka
et al. (2000a) T Cam-clay model O [&{REAE D IMANZ £ & HHEL 72 LA

(superloading surface) Z¥E AL, ELIILTWARVEE T, VIR LUK TICE -
TIEAAIRE 2R fEIk CIRRESES M. Roscoe surface DAMAI) (ZHRHER & 5 Z LR T
T ABERE L2 B8 0 K UK L ~DOBAT % | 188 O & D %5 {k(degradation
of structure of soil skeleton | & FEUN, FE&EDHIGITITEHEE DNV ETHLZ L &
il L7z, [Roscoesurface DAMAI] DFEND DD K 512, LS 22V VKL HIdHR
DR UKS LIZHA DARFEICAR 5 L0 RERMRE T X 5 2 &EAHRT, MK
AR U BELS 2V HiE, MV IRULIS XV RERNEI 2D T LBHEK
5, ek TELEZ2 W HIEEE- TS ERILL., BEEIZO»D FunA
A=V hb 202, TafE, FAsE e AMF.OIEgp ERORATH S,
5ZM, TAfMIME Cam-clay model [RRIOHLIRZR GBEEHLOWE) LA
friii & Cam-clay model FKH ORI ZR* & B1FIE, NAMTH & EAm T OX
RIIES TN, BhEEARIZEH L CREAME O K E S 2Rk 5 (Prager DI
JEERE) 121X, RER OWERFRIM Y 72 BARIZ G- 2 D ENHTL 5, ZHUE,
WEEMHE O R, MEHEOFEA L FFHTN TS 25, & HIZEEE AR
THHEEL O H I —RATHELXTHITHL ZERHENIDOLNLTND, ZOD
SCEI D AT T OfFEIZ SR IE OSSN S iR~z £
DFRIEHE | BALEE O R34 L CelnfEbnTnTnd, & T2 2Tk

12



\
qd | Superloading
yield surface

Cam-Clay
yield surface

Subloading
yield surface

5 3 >0OAMHE (Asaoka, A., 2003)

BRI IS GECIEIE ST A — 2 OWERERIM S 2 E0R 35 Z L IX L7z as,
ZIHDOERNBITEDIZ,

O EEOfEH (R>0, R > 1) 1 TE2AEMERET 2 I /ER L.

OEEDHIL (R* >0, R* > 1) [ XENBMWIENT 2 N /ERT 5.
ZENDLND,

Asaoka (2003)(Z{&H#L L T Super-sub loading surface Cam-clay model % FH-~<FUIXEE
fRSND DN, ZOFT/NTIE, k&L ORB#EA Cam-clay model &R U
£ 912q = Mgp' THE S, BEfMfFFIZIE Cam-clay model & [A] U< Z O#RD D
EIECTIRE L, AT LS4 U D, L L7EDS Cam-clay model & 13720 |
Ms [ ZFBHEBTIE72 <. AR OEITIZISE LT R & R*E L HICEDEELZE
2 DIRREEH TH D, FFAIE Asaoka (2003)ICENR T Z THRURIZ LW, =
D Ms IZDOWTIE

® WEROMEIIMORBDZ 76 L,

@ HEEOHILIIMOENE & 72 5T
ZEMREND, THBIEK 61T S <,

FAMERE AR & YEMEIEAE O BIFRIE Cam-clay model DOFRFVIRAERRG = Mp' D F £ T
HDHETIIX Mg <MD & X(dq = Mgp' &q =Mp' O HWEOREE Tl LIF¥EME
JERE LN DL TE 52 L7 d, £ . M<M; DL X|Ig=Mp'tq=
Mp' D OFEIE TIE TIFEHEE L 2N 6k o2& TEd (K6), OF
» Cam-clay model @ KL 912, T OMALIZHTIMIENG 72T 2 0, Lodk{bi,
TR T2 S Vo Z b 72>TLE I,
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q 7=M,p .
i
Q\\&\& g Decay of
:'eré\\ structure |
,”r\x\\\i» . Loss of : \\

§§ overconsolidation &K‘Q:&\%t\\\\\\&\%\\&\\\\\

| \ " A7 i

Hardening with plastic volume expansion Softening with plastic volume compression

(a) (b)
X6 M,PD#Ejx (based on Asaoka, A., 2003)

i fl & AL D BIfRg = Mgp' DABRLIZ L BTV D K D1, WNETEE AP’
ThHEZXbND, & ZAPMDEER EBIEDOZLITIE L TRELS /A< bR
DLV DIEMG, NEEEMA G RIX LICEAOERTIEARS T /AEL 22D
REL b7 D, DEV@IE, L THRHIZHEEI T, LOKRBEBEHTHDH Z LT
7%,

Cam-clay model D[R FREERRg = Mp’ D AFMIZBRBIE O ICKAF L,
BIGMENRD D L SEIMBEET 5, LrLEhidZ Z TozH <,

UL ENS ., &I Cam-clay model DEGf & L Tl A_7=ONH@DFE TDOF T
. Super-sub loading surface Cam-clay model ®HC, FEBEIZHE S22 &1T78
%, LA LT MchdHY | OBHRELERLIZOTH S,

MEMSE LAME CTEALLEE D ORKDHERFIL., Super-sub loading
surface Cam-clay model 723076 ] T2 TR % C, X TOARAEFRE LTI
VTRELZEZRLIEAICD D, THUE 7 ITRSNTWD, ZDOOHMA]
FY 72 IR D — DIt B,

OWNPHR T F TCTXTORRKEE LIZ, BEOEZZNANAH > THIE
WREB L COT, FEBREOENDNANAH ST, 7RI LT DR RE
2o D, TIUNBEHEEOMERIZHE - T, KEZICIIMHEZ R L ERER -
(Cam-clay) 1T &%,

@Wp LR LN, BALOBMZETE (RPEE MO O 57) (X LT,
BENITO<EN LDy (WHY) 2 BEBMTOLSEHET 50 (B 1R)) TRE
NDMR,IRLT T—AROR] THFHEND O TIIARL, it Lo izidEst
L 728\ gradation NMFEET D, ZD 2\ ThH D,
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Sandy soil Clayey soil
N -

Structured, and

overconsolidated soil

Structured,
almost normally
consolidated soil

Less structured,
overconsolidated soil

Plastic deformation

Least structured, and

normally consolidated soil

7 EfG S &iEM C (after Asaoka. et. al , 2002)

3.3, GRIEBMEARE R HTIE O BT I

RTINS L OFERGEOEROFER®IL, 32 TEND Z il
TR, b HbALI DiEim . Asaokaetal. (2000a), Hashiguchi and Chen (1998)1Z 4K
L2, Asaoka (2003) CHumll S TWD, LALZ ZTlidk, ZAUTHATL
TUTEBRTEL, @DV IEFEKE AWIRFIZ ST/ 2SI /X AL, Super-
sub loadmg surface Cam-clay model TIF¥MEEME 2 5 #€fbz@E & L TRl L T
Wo, HEIITENTHSTHD, LAL 2019 FIi2, Z D[R CBLIS % Drucker-
Prager model 0)7&3@1 bzgE) & L CE&KEL LIE 3728 Super-sub loading surface Cam-clay
model % Drucker-Prager model & @& 82 &5 K& kM2 L 7=, Combined-
loading elasto-plastic model & FFA TWAHHEDONENTHDH, T LTI DOHFH LWE
T LT, BOWRRIERFIZBEI N A7) v 7 EEY T 4 DKLV IEfE
WA TE D Z L 2R LT, SOICHERGHEDOERNE DO THWIDOYE
(i, ZOF LWET VL, —ERRME LTS IROBIOHEE TZ97<
ﬁmhm#t_waé_k%i<ﬁ%¢50ﬁmiﬁmmmﬁagmm%ﬁ%o
L L Z O TR T, 2O OB E Th 5 Review of author’s own
seminal contributions (ZIZivORWNEFE X THLL it d Z ST LRV,

4. EFHEOT ALY XA

Noda et al. (2008)% . R DFIF AL >OMFET 5, KL Z ORIF, FHET
DOFFFF#E  (Asaoka and Noda, 2007) T9 TIZ“All Soils All States All Round Geo-
Analysis Integration” &5 9 % (1. introduction Jt#&ATS M) Z > TWDH M,
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Nodaetal. (2008) = %23, Tt E ¢, FRILCATAE 250, H 50
D w58 (AllSoils) (2, BIE G E T (AllStates) . #H) & Bz 57
(AllRound), Huflg & TAEIEWICMIAE Z 2 2 & R IfifT 351 73 Y X
Lz O T IEA TR b DO TH D, RIFFHET LT Y X L ORFFFEF D
72T, 2004 £ERTD D FIEDONRBAIE 3 £ LL AL 5TV a3, 2007 FIZHFRF
35 (Asaokaetal., 2006, Nodaetal.,2013) IZfESRY NOEKREINT, HHT=
DTEDONEZ, PR TWHEBIRA T, @XlcEZTLEHDOTH D, Ft
BOTNIAY XL (VAT VT ERFATHNDR, ZO4HNT “All Soils, All
States, All Round Geo-analysis Integration” (ZH % L T\ 5,

SR SR OEKGHE T 2 TSN T, MBS0 Z v —Hll) Z i@ UKH
DB R OEENZ G- 2 HHIKISRIEDO G & T, E kA 0 R E) 5 R0
oy S5, EEIFRAOME (7)) Ba L DL T8N LT X TOIRIEE
ZIRNT DR AN B ELY 1A, WD D A IRETEARNT T - T, RNFHE Z Al O WAL
NiFbBAA, HER OB, Super-sub loading surface Cam-clay model
with induced anisotropy Td 5, FHER GO M IFREAD D FEREIZIX
modified Cam-clay model 23 41TV %, modified Cam-clay model O F 13 1998
FELRE, TR TOMEGRICIEL TN D, £ LT 2004 FLUED T TOHE
fEATIZ. T Z® Nodaetal. 2008)D 7 /LT U XA TRHESINTHT, #lzif
2.4 THEIT L7= Noda et al. (2007)72 8 6% 9 ThHhH, B E R THEEICE 5 RE
. O T AHIETH A S LATEHETHA 5 & FEY/EIR) A o3 EH) R
DEDIC L > TR STV %,

ZAVE CTHUR TRk 2 OB R OY — A3 H o120, EbHiTxT T
HAY =L TLphol, $itHERT LG EELARERY —L &, WHEH
TLOBIRRIEERY =R ETH D, BRI L6 HUERK DD Lo &
WZIZZDOBITEIZERERERBLERZT 5, L LZHIZIE SF T EDRF
Y — /L b LT E 7R,

IR EERZKE I DTNV, b &b EHED & TINS5
DNLIRNDDN, B D WIEHGEE D D2 A3 Z 2200F, LT LbATh > TH
BTl HURAEAT D> — L & ) D1 HRITIER 2 & £ SE OAELORF
RN G2l E  HBIZED LD RIETHAAED L S RITEZ D0, T aR
THOTRITIILZR B0, BIEED BEOH L IXE D200 E, £
HLOETDE L E I R o TTL 2, TNEHA T ND DO TRIFIIUT, AR TiFhT )
DAHIELRNWTHAS I, 63DREBBROZ L, DLEHLWEWGIZR D)
H LAV, BEROTE 594 LEMKICEZ/T 5,

B —E, SN2 FEDR D Do i T OEETH Y — L&)
DL, B T HRICEE BN A L Do TNAENLZE, Lo ELDY
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—VTHDH, LU RS ICIEE S NEZ Y B0 ERR LR Z 5720
EHANIHERE TE TWD 061X, b oML hE 2 2OTH->T, V—
NI BT HIFRME TR, [MREZ 2000 > T I U THEX 2HH Y
—ABFETHLDIE, TOZLEFT I NMINEIDNIET-E D LARNE EIZL
NWEBH LT D DORENT T - T, BT 2MIl em 2378 EAKR O O Tl
720N,

BT WWOWRICFE R Y — LD & | 4 FEITHIRIbE O O B H Y — /L3
TEXEH LW, LOLZOX YT, HEHY = AR OXTHIOH LWEH Y —
NEQBEETHEOL, FEFHEAY —LO, HATHLINDZORAEZRLTWND,

B — L LB L2, Noda et al. (2008)DHIEZ 21X, Zh—> T, &b
MO EFETED XD e R E iz Th - TH ., BEMENFINCE VA
92 b BREE BRI L O FRTO KB b KB 2R < | ANELO KRS
EANSTHET T MBEOINEIT T RTCARFRIITHAENTL B, 2RI D
Noda et al. 2008)D i CThH > T, L LWZ & Thd, HIEFEDFEMRET Bia
LTCELRERRESNTOLIN, HHY =L E2EETIHIEELOERIT. FET
W7z T — L goal] & & DI, MESTNR2NEHLTZDOTE T,

5. WoKEED Lo ZIRER

5~6 F Tl 2008 4FHij#% 24 A T, Super-sub loading surface Cam-clay model with
induced anisotropy & W7o HHINFFE 2GS 5, 2008 4F £ TD 5 EONRFIL,
1T & A EDY Asaoka (2008)IZHEFE XN CU 5, Asaoka (2008)i Asaoka (2003) & [A]
U<, SBERAARFERbDHESNLTWT, R bEETHD, 5 HTIIW
HiE D[ D &R T HR O TIRIER T3 T ERE o R HINE 4, SRS &
R 2, LoaL Ed BREmA 72 il B O 0 138 T 5, % DFmSCIT Y 725
HIIZ, F 7 Asaoka (2008) DAt & &I 5,

5.1, ROHUER OO 6O

WMo+ ETEUAT LM T 2, 5 HEOMEDOOIZE HIZEZMZ THK 8
28T %, HEEOS L O FE TRYE IR CIEHREE O 7o LIRS 2 0 | i+
T REENEZD ZEE2RLTWD, MEOHLITEEERNISS p'd L5
DT MR IR LEAMTTE T TR Z D Z EDREBEEN, TS
BECORLIELONB K9 EKI10 THD, ~HIERLOTHIAT L Z LT L,
9 X Asaoka et al. (2002) D F & D “two distinct volume change mechanisms” 73 {i] %
BT 20 HR LTS, X 10 PTOROEMED S I, #0IELEABNIC XD IE
HERE & EAMAEOIER B R L TWD 2, ZAUIKEE DI/ E S Z 5
B D EEZW SIS E L, 2T mAMRZ O FETHLI06TH D, D
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Sudden collapse of structure in sand can be
called compaction under drained condition
! liquefaction under undrained condition.

Sandy soils

Clayey soils

Structured OC soil |

@:[

Less structured

OC soil

Structured
almost NC soil

)

Remolded NC soil

%] 8

Liquefaction-
induced Secondary consolidation of
consolidation clay due to gradual decay of
of sand soil skeleton structure

b LK+ DE VY (based on Asaoka, A., 2009)

1.2

1.0

Void ratio e

0.8

Isotropic
compression

0

1000 2000

Mean effective stress p' (kPa)

%] 9

WO OREE O & 2T EERER (Asaoka, A., 2003)
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200 —— 400 —
g 9 q=Mp g 4 g=mp'
= 1 € 1
: >
7 / 7 3]
2 0 £ 2001 51 A
: / :
g g
- <
: o 1 L 2] i
2 —qt q=Mp’ | 1]
~200 | h | | | 0 | | | | | |
200 400 0 200 400

1.2

Mean effective stress p' (kPa)

M ean effective stress p' (kPa)

[1] Loose sand
n=1, e=1.065
OCR=1.11

[2] M edium loose sand
n=5, e=0.981
OCR=1.7

[3] M edium dense sand
n=13, e=0.918
OCR=4

[4] Dense sand
n=20, e=0.887
OCR=6

[5] Very dense sand
n=125, e=0.776
OCR=50

—
(=]
T T

|

Void ratio e

0.8

400
Mean effective stress p' (kPa)

X 10 fFEWIbOKEE D (Asaoka, A., 2009)

FOBOVBRLEAMICE ST, 2D TAME EOBISTITIRE S BERMES
F7eD LR TIRIBIZZ2 > TW T BEREILOERIC NEEIZZ T R RME] O
BIEFE LK MEORNWI EERLTWS, 2 LAE LIZHOWTIL, \EI
OB TVl B O ERILFEEEIZME > TW T, BIRITE /1 if2eE ik
HoTHETZZAH D, 7L< Asaoka (2003)X°> Asaoka et al. (2002)% 2,

Noda et al. (20052) | ZEOHLILAENT K 2 8V D U O [ O RIREIC . R0 O Fi [ 6O
FHEZIDH L2 BIFIE Ch 5, fR O RD HvEE IX R RF ISR b3~ 2 0 T, fiilE#
WX DB ENB Z b d,

i [ oD LA HAE P T IS 2 BRI A L TITh s, £ T Sand
compaction piling method & FEIZIL TV, Z O TIETIIHEANZ, FITHDO AT
casing pipe Z W T E THASHE, X1, WEELEEE SO0em 1L
casing pipe 5| = EIF . Z D% casingpipe & 30ecm (T E FHIZH HRET, £
9 F U casing pipe DERLL LTRSS NI 20 cm 1T ETEH T &7
Do ZIVEHED I L7205 B IR 4 T casing pipe & Wbl B Tol &R\ TL 5,
INERBRICEK 11 IR T, £ 9795 & casingpipe D LT FiIFA20em Z &2
— AT O I ND T L7V | casing pipe & H Y FHTe st OB DI IF
casing pipe & WP ORIDOEFRIZ LV | HAFEILL EOM VIR L AWM A 21T T, ki
(HEDE E > T <, ZORFIFFREEOT T 120X 5 IcBlmsh D, KiT
B0 A& 5 WHHE O O Z R LT 5,
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T
E
5
&}
' Repetition of
3 loading and
= =T unloading stage
Expansign; :
15¢m|
2 i
= :
= ]
g |
o .
|
|
I —
< Loading stage > < Unloading stage >

X 11 Yo Far X7 a 231 v0FF% (based on Asaoka, A., 2009)

_._._._._._,‘ Unloading _. _

SETE TN

_._,_._,_._' Unloading —._

EESSStS

_.
a
B

3cm per stage

12 WHUTRIC X 2 HIBE D2 (Asaoka, A., 2009)
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SR 7 BRI A B 13 USR T, AU RO E & DA D 7R
OEES>TPLERTEZR LTS DT, ab,c,d IE casing pipe D FUudd % ONLE %
BT 5 L X DLOTHDZ L &FT, casing pipe T IAHIB L T 5 a 7> 5 Hufl
FUEED b £ TEN-> TS HMIC, HBETIEEOAEIOWIL, F TITH4IHf
WEFE > TWDAEEFZIT-o & 0 A CTHR S, £V Sand compaction piling method
ICHEED D EE T D Z L 25T, AEIOHE%E casing pipe 2@ L CTHML A
PEET D & ZITHEDIEE D &5 2 Tz, casing pipe Z i< ZHFE L TMHEj s
B Te b ZAMUMEIET S Z OZKIF ORI LEAMOERD, 0 TIEOME
TH %I LiE, Nodaetal. (2005)23 8415 £ T, HHTEITITA G TV RN T
DTHD,

WO HiE oL R AT O' AWIRFEO 2 X, ZHERE, HRERRICE - TX 14
IR T, R INZZOWMHERIL, bIXPHIRIbDfERRIT RV,

=l+e)

Specific volume v (

0 200 400 i
M ean effective stress p' (kPa) B

1.0 *fr‘O—‘——‘-oJ””‘,,,,
} (®) () (d)

]

Shear strain &, (%)

X 13 —HOKBW\MEICBIT 5 HHEEDOLHEZER) (Asaoka, A., 2009)
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100+ B
After
r compaction _
= = Before PP
g g I compdction P =
> > N
g N
gL N
5 \ 5 /
[a] ,\ 4 A L u
\ \
\ N\
100\ 4 -100- N\ B
N\
\ \
L ‘\ P ‘ ! ‘ \ ‘
0 10 20 0 50 100 150
Share strain & (%) M ean effective stress p' (kPa)

14 L BEai. BE%OIEEKE WS (Asaoka, A., 2009)

5.2, MhidHUAR O “RER

FAEMEAESIZYP., EO L THE O RER OO TIRE LT
X BN EE X T, 2R 1998 44K T £ 72, H RDORERAMFIE Tl
(R 2 TEENR] R EWVWANWASDSENMEDLILZM, T 5K F
PEIZ, FEHZ OO V— 7% BR T, DREEMYE visco-plasticity | BE&IT K 2R
IZEROLNTWENLETH D, LM LAHICTHIT S X 512, ki “WRIE#EIX
BN RICHEME T, HARE D 2 WREEBEE O e D TRHEICIHITE 5 &
IIRBIRTIE, Fo=< 72,

AT A BN IS LTz Asaoka et al. (1998) TlE., kit “REEZHSED
EOCHHAL TS, 00 B S0 —RITEETEHEHICE D, K7, X8
ZH ) —ERRD TR & 20,

HORHERE OFL L5, 1N T2 & 27 lER T, £ DO IHIZMg > MDD
WRBIZH - TH, Mtk WES O/ ESER LN EEMIEDOH L VITD
IR EITT 5, HBENHE LML TIEHKJREED L 5 Z2IRWIs itk d &
ThH, AL 2BHEROERE (EFEEL) Lo TMEM /a7
ST, MEND D L -ULEEZ TREWVIFICIE, LA TMp' < q < Mp' DSk
MEICELTCLEI Z LR D . M <MD & ZHEN Mp' < g < Mp' DFEIRIZH
AUX, TCIC 32 T L Koo, Miidfkib Loo, BMEMESETT 5,
3206 bBRBOZ L, DFVHEN -ELT DL, HILELLABGTT DK
T L. HIBKEZHB TR EA L2, L LEMR (EBILT) 2
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TT20THD, ZORELZ —RITOWEAZIE o, & FFR e DR T 15
IR LTz, BBAKERHEE L2V DOENS, ZHNEEZES T FNICR D,
A AL L CHIMEETE RN e BilERT 5 & SN THEDHL bR LIGD,
FUTHEOMMN K E < 725 TMIZIEDWT TS 2B, g < Mgp' < Mp' & 725> T,
DOREITHAL D S AR RBICHR U | 8 OJEE | FRKEOHEE F 9 JEME ISR
%, Asaokaetal. (1998) TiX, T EIEM (ZIREE) OAREZ LB LT,
¥ LTI EOPILIIRE RBIUEEE & b d, 20 bBIVEM (ZIRIEH)
MEZDHE &L, KOG ERIETZ TRIELZ L ERD,

EHONIE T N —TIZ XKD, B IRHERDR TR O RS AT I KD ZIRIER
RIS, W0 kg7 EIZBET 5 FHIMFFEIL 2000 RIS A > THZ W, TZO%0
HEORE T, TOHBIT RIEENEL Z 2 O0E1 2 | OHERAES 2 2
LCW5, IRF 722 EHIMFIE % 3 #i (Noda et al., 2005b, Inagaki et al., 2010, Takaine
etal., 2010) % Z 22T 5, 2SO TIE, TITHFEEE A B EE O |
X O TE FCHH SN EBENVEE R TOEFIRY EFonTnd,
Asaoka (2003) & Asaoka (2008) L&D Z &

16 (XU IL TOWL FOENFFETH D, BIiE 1985 4Fl2semk Lz, Bl
% soil profile I3 BREFZMEHT DX A W T 17 12 DO Z R LT\ 5, &
TRFEOKRE & EHATEE TN 18 1TR8 LTz, KME CRMHEMZ, T
BB CTho-DiX, K171ZRT L9 Il EEOEWIEOFEICL D, 2o

-
—
-

—

Large €

4

d

Effective stress

!

(o} y critical

Generation of

ore pressure
Small € [ X~~~ ~~—=-=--- porep

\
e v
settlement

15 —EffE FTO{ (Asaoka, A., 2003)
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DT’ R L— i 81T & 5 MUl S R 7 LR B O AR 72
D, ZNNFRE LT, BUEEERILTITNDEZ T LEST, THUDENTZHE T
THOLMNZ RS TR RKOFEGR TH D, FITHERDOK 19 2 LITH T TRIEDO K&
MW 12 2 & 2T,

4 16 1R T L 91T, LR ~EEEIBIMRIE, RO L 5 Icl b TR,
B0 20 AT X BT bHERERY 5L, ¥ v 7 LHEITLTNS,
Z ORICHBUKED ER2REPBI L T o723, O —fil %20 (2R,

T R&EL, Bl Mg o RE S TO RS (specific volume) 1+e
LRSI OBBRTH Y . FAUEK 21 1T, K15 EXRIRLTDNT, K
D5 R, LIRS ERICENES . SE 0 SO +ERICH —KITER
LAVELRWE X OEEXEHTH D,

Ll s b A A2 1E. BoREDOR 9. €10 & 5bs ST R g
SRV, BT o L0 ) ICEEDEE B kLI 24 E B 0o Tk 90 T§5
DIFEST2] DT D, FilEHDITHE D K LEAWIC LD EEMEEDOHIICL T
2 BEMED Z & T SEEERE p OBINTLE T, 2 b 21 12 k<
FENTOD, REORBNTMOEA, iy K L AWIE [2KEER] ©x
OERAKDG M~ A 7L —a CERLTEZAZZ &L, HETHEND D
NTWD, fito T RIEH ] IR OREDICKHE T B4 T, T T TICA
EEHOK § IR LT, PABKETY CARMETY [ RIEH 29 -
S>TLE D MEMEHERCIX. 2<MANRNELRHR T >720Th D,

Time (years)

0 10 20
(1993) (2003)
E V4 Delayed settlement _
g |
% ﬁ \ b X 8 [ )
E 2} ) ]
5 . ¥

N 5 -

3 ' End of construction (1985) °¢ . |

L]
16 WEABHIEICBTHEMILT (based on Asaoka, A., 2003)
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£ :
;_5, 10 r=====mmmmmmmmmmmey
g 8 |
E . e
g 4 \‘E\ .
= ~ g = 1.4 kPa/day
5 ? i
T 0
100 120 200 300
Time(days)
18 ffE~WEEBILR (Asaoka, A., 2003)
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at X
L . 0 I?nd of conslolldatlon .

19 BEEIIS LTS EIEITELT 2L TREMZE) (based on Noda et

al., 2005b)
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%20 [IFRAKED EFHZHEH] (Asaoka, A., 2003)
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21 gt L E TR RS O TR TOv~p' BfR (Asaoka, A., 2003)
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53. Pt & EMEfE L& o < D FE-

b FTAMESEASHIZI L7 LATT VO, BIEE EHEORE 2K TR
ERDFEREA] A 32) OPIZTEENDNT A —=FDREDTZDIZIE, L6
(ZIRD LT VA FTTINDINT A —ZRITED T2 8 DA UL+ o R EHE
AR, EAMEABROIZNT, b 9 —D, Bl THRIRS VLS 2V E O R E
faakiR, E AW O FOBRBNLETH D, & <IZBREIL. LoWEET,
FEIE DRBEDHIHAMER . REDITEDT-DIZH, KL Z EIXTE 720, ELE 22Uk
T DOFERN 72 EMEED B D WITEL L7k & BL S AV VRS 0 e 23 7o B B
M. T E B BRSO THLNZ L7Z?D2 Super-sub loading surface Cam-clay
model & 5> TR HIES TWRW, I A7 LA ETARLHARIZET 5% Ok
TSI, MR LR AL S RV HICER S L 2 L &2 ET VEH TR
HTERWhHTH D,

ELE 72Uk B & EL L7 oW T, I K0 SRS, 2 L TR < s
TW5, FEFEAKRE ABITRE DT, GLS 2 WK L OFIWIEIED T E L TV DHIT L,
ZOHIFRE, I TES LI, EMfEEILC/Co /T 5, £ DERITN
22 252 6N TWT, L EOFBNIMNER, EMEFEEIE, B oMM
BN T HMEESCDOREDORE S ERTREZLEZ TS, GUBLELCEHME
Fadtb7a X%, Super-sub loading surface Cam-clay model (2 & > CiL, Lo & L
T RAT G T, 26 ORIEIZET VOB N T 2 —H2 0 Mk &l 5 IR
TLORAEBOIEZ RO D 5 2T, TPOTHEHETH DL Z LITT TIZRT,

2 Compression index ratio=C/C,

o

=

e

=

i Compressmn curve
+ of less disturbed
i P /' sample Ky

o,

] . é‘”

g Compression curve

5 of remolded Cer

3 sample Ky ]

=

3 . g

o Vertical effective stress In o,

=
[\)
[\)

JEMEFRE L D EFE  (Inagaki et al., 2010)
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ST, RYENAKIET (CWEE) k2 5 rleetkld, Sl & B Sih
ZMAEDETHEINI T TE 2 2 &2, 2010 i8> RSz, £DOHEK
HEFREORE T HVE 13, BHEEN ENIZEREL TWDHDN, F7-ZOFBIEITEE
T VONE I D, TNZHRNVETRTELLENI LD TH S,

finm 2 5 AL, St 8 BL B, JEMEfREL 1.5 DL Loz TId, TR ER 6
H (e~np B ORKINEL) | ZBECKEELZNT D L&, 1Z& A LEHIS
<V RTREBNARIETHREZ > Tnd, Tz 23157, Z Ok
T TRETNEHEALL, AAROImOILRES RR, Il HIECE D K
DRI, AMFE, BEZE LT, BAREmHOIVNEKEICES £ T, 2F 11
PP OERFG AR E O EHE R T2 T 5, 100 28 2 5852 W L TH L
TR ToH 5, X 23 13 Super-sub loading surface Cam-clay model (Zi#BE L 7=
JH (IHEBERAH) OBGEBEHINEREEN (Motohiro) e, AHEKT
TE M T E o BRSO AL HIC K o> TR SN2 2 & 2 Re T
2

— DI TR LS, BLE RV aBER O B ARHERERS HaURHT L 2484 (1
wot) EERABR TR, BEEFRREELE S H 0 ORAESH ORIZ, LT
DOIE L] DAELDHZ &l 2WEENRTRRRBRIT, W TH, Xy
7 @ Laval K5 ® Leroueil X> Tavenas 512 & > T 1985 FTILT Tz X< HbB N
TU 7z, Asaoka (2003)H @ Fig.7.9 ,Fig.7.11 # 2D L, L ZANHARTIH
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23 Bkt & ERE R EEIZ 3D < 43 %E  (Inagaki et al., 2010)
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24 S & EAEfEEURIZ 3D < 4548 (Inagaki et al., 2010)

1990 FFERE T, HARDOE LM ZEIL, LUK L LS Rk LoD 7
2, BERAIC D ERIC O RWERZHE L o R Th o7, b 2
T WO bR NEFICSNTEL, L LIZIDR>TZHARDR LD
MR RN LT Bttt b, JEfMEfR LS. 2022 FOBIIEE T, REX
ORPEDFRIEI 2 HARIZIFT 2V, Zolbix, E9 L ThilRTEE7
A

6. HuRDOIRS) & EE)
6.1. M DSIR ) L HiE X

Yamada and Noda (2013)(Z% Noda et al. (2007) CHLY EiF7=E DL F o< HL
R S F & SRRt 2 T BNZR S8 AR 22 1 L C O ZE Az il B s Ay & fir 28 ) 0
W & T, HUBISEN ED XD ITER L0 ZFMICHNTZ D TH D,

ZENL R & B AR & T, M EA~IEMEOL FEARN ED X 5 ITRR 5 )T
24 \ZRT, WEAEIOSE ., WATMIC D E ., N E T 6 X
X DHRINZ, MEOE—2 (K25 D ami) DBV EDRRD, o hnhE
JEEEN MG E D, EE SRR UTE RO N Tk, Wi o) H R IRE T
D2 EITHMEHEER OIS E LTI BTV DS, HEBMEMAER SR T Z & T,
HRIE a SA RS TIREY LIAD 5, ZOREMIXX 25 12/R LT, Mg & x %
MTTENRDLDZ L. H#THLESHMoTWS, L LENEFHECTHIT A
Ao s S
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24 SREfTE~UL TR (ffE |4, based on Yamada and Noda, 2013)
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25 AT RO IR DINEE HWE BALORRZIE (i EfilE ),
based on Yamada and Noda, 2013)
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Noda et al. (2013){%. Asaoka and Noda (1995) & [7] UF#EZ . EE) H RO 5
W SRRV E LT, WO THEE LIS D TH D, Shearband 23 TZAL
IhDLZTV O THHEREKITIRE T2, 52 F b, THEHMME] &
ENTHZOX I RBIENBREIND Z LiFE Tl R T,

6.2. MR D3R g Mg o) & 20k

1995 4 1 A OBARIEIEHIED & X212, H D K DI KB R ARZR DY, #ED)>
TR OB T TR Z D137 ER0, FHITYRENSERNICE > T,
AT O Z B TIHAOEEOREAEIZIERICEZ o720, BWHETYH
RN— FT7 A Z 2 FOEEEIGOER « EAKITIEF £ TheW oo & ERLAMT Sl
BORITIR > T Z o 7o U ARIT, £FE, B BRI, FmbhTn 5,

Noda et al. (2009)i%. HIRHEFDRE LI O HIFER OBENIIEO T S %56 Uiz,
BEOLSEYOFRIX TH D, 2O X5 BRBENEDO L KT, b AAHE
HORE 72O IRLEAEOTZDIZ, BRI EREENIREELIND
MO Th D, BHEMIE OB ITIBMEENE 2 F 2 25, FIB/KOHEKIZIEZ, T, 1]
DA, S BIFEORDNY | HET & 2 WITHIERE R M SRR 72> 720
12, o < D REH 2 T CHUBHE N HEIT T 5, PR OHIEEIX 1995 4F 1 H
7Emn, HIEEIC KB HUEZASIROBFEND Z & &2 )55 L72im 3 (Nodaetal.,
2009) ZFR LT-ON 2009 F L35 & ZOMIEREIIZINY E < DT, FEiT 14
FHLORAZBELIZZ LICRD, ZTNHEEEWVENTIED D,

HIER D HIFRIZBH 92 M O RS PR B B GR ONICH 5 & LTH, HIE
WEOIZE AL EREIL, RIS ET 2T/ OEEN G725 T REDRE
JEHAE TR Z > TV 5, 2 b, HUEIC & 2 HARZS R O R E I3 g T35/ +8
VB DR B LISMTIE, JE DR LT < 20, IR L & iR IS L 5 Hivi
ORFIRENTE T MHAEZR T2 & b I<H-> TWIZ ) BN E v, RIZilR~
o HIERIC X ok U ORFRENERITE N TH, MR TR X DR Z -
TV D HBEZRORMEIZZ VLT TH S

O & DRI ZZT 5, 2008 4 6 H OB FEBAREMED & X2, —OFOWET
HE SN HEREITHEBEZE - LORERTER 2B 02, KRB TE
F oo RKBOWMAE ECHIE SN HERSIL, FETIEHY 2RV E DK
T IOMEEZFFO, LbRER TR OMEEI Cho7cZ & 2R LT,
X 26 XZENTHDH, ZOHSOH T 260m OEHAE TR 5 7= HIEEE XS E KT
EHEBRED 500 TMEEDEDTH o725, X 26 DRX ZREIEITE L ~&x
LOThoTz, REOLETE#IZRD &, EMEN4g, FrREN 1ginn, #E
FHEO—NI, WEOLIC TR TR Y VR EMEAED LTV, LvL
FIFFIC 2 OFREOHAZ TIZ 20cm OBEENH 722 L b SN Tz, 20
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{?'\'.Ji‘i-Fipousel acceleration > o i ; _&'j&.fﬁ]_?gu_sel accekration >
. B0 = .
% : ” | Ii' " l! I Lo Max ace. = 1435 i@ Max ace, = 3866
= Min acc. =-1103 5; Min ace. =-1703
& laon @
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008 Fl
Time £ {5ex)
(a) Horizontal direction (East-West) (b) Vertical direction (Up-Down)

%] 26  KiK-net, IWTH25 (—BAPE@LHIR) (Z351) % HIZR TONNSEE RIS
DOELHIFESk (Asaoka et al., 2012)
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27 LOKEE® L fkA (Asaoka et al., 2012)

el 2 M & FH OO NV — 71, ZOHBEERIIISKRBOES 10m 12
72720y (RS ZIE S - LS LIV DM E - ol o TH%
7>, loosening | 23 JRIA 72 & H HIZBEiE L C, 9~ ITHENT Z 4f D 7=, Super-sub loading
surface Cam-clay model ZBR L TH 9 10 L > TW e b, B OKE D & F%
Bt K27 ICRD LI TR CEHICHE TCX AR BIZR> TWE=DTh D,
FRATT G R 2 (X 28 LR 97 B LT b 220 B Z & 1T 72l o T, LLEDFE#HIT Asaoka
etal. 2012)Z M, Ho LW H MO —M%ET, ThLEMESHTIFT A Y
VERNR TEEEIC ER D 2 L b o T LE ST,
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%] 28 HIFDILE (FENTHE R, Asaoka et al., 2012)

6.3. HEREZ D M SG IR E

AT, 2011 4 3 H O AL HL G K HEE C O 2E O Mg O iR b gl %
X oo, BEEOLOME T N —T N EATEFEMEZIR RS, FEIE Nakai et al.
(2015), Nakai and Asaoka (2019)72 & & ZHa, HERGZh PN O R} il T 5, & v 72 i
R TH D,

R, Ad R, K7 EBARORERTIE, 56 8T TR ARSI L T
T BEWAA O IEERG &£ T 58 E RGO R H 5, HERE T oo s (6
R ERAD D VWo b REW EBAESE D, &2 ANHERAMONENIC LR
B/ S I HERE A, AR L 7- R TE Ok AR . BNIFEL TS, £ LThH
Al TS O ANEEE OBUR L 7 #kg AR & Rk O AT D, 72005
KA IE, #HERHZITFEIC, LHEEENHOEET S SEZITTIERLS, (ZDS
W bEMECT ST D) REAM TR ME T 208 0, RiE (£<
2L A Y —i%) OHBEEENCH S5 XN TW5D, FHEIEOREAEITHERT 1%~3%
THRRDENLENTH D,
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AL KO ERHIE T, B S 500 km b BENL 22T C. IHTEN S
TERAA GERD T, Mo E KEICEALEEEOHED S TR, 5 ML E
Hike LT, R b L7z, BN O+H0I@ S EE S AR K TS 50 HLiZh
Lol &, ZOWRNR L E R EIL, EREEFEREAKZIZL UL, £-
TSHHATERNDST=DTH D,

WAL H G RSP PE P B LK, REARHEIC B W T hH  REH 2 & T 2 0 m O
ZITEHELWHEHREZRTTWD, ZOmRITRTABITT TICELSL o TL
F oo, B OB 5,

RIRTED L FIFR R TR, R E DRI &LV Z & 2R3, £
I% Noda etal. (2008) Tib X7z L HAY 72 FIE N EE R ZFA Y e <E L. TH
FRNIEICEHLCE ] b DO TH D, MEBEOFHENRT FLitk Alb & (Zmldz L
IR D B ANCHETENE & BT, 8 ADLOHEEE I THMER TR, AK~L 24
ROIERIEHBIEHAE T LA V) — K Z R I-DFHD T &, EHLO 5]
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SNTEL bOTHLING, BINFFEEZTA LWz THD, EEICE
I, BIFFNETEESIIRAWOZ LR ML LI ML RoT-,
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My Road in Search of an Elastoplastic Soil Mechanics

Abstract

This paper is the record of the author’s 43 years of research starting from the early 1980s. The state
of research in the 1980s is described in Chapter 2, but it was the bitterness of the author’s first
encounters with work like this that providentially directed his later steps to elastoplastic soil mechanics.
He learned the basics of this new field from the Cam-clay model, as told at the beginning of Chapter
3, and it was a revelation for him at that point to discover that the secondary consolidation of clay is
one and the same thing as the compaction of sand. From sand through the intermediate soil types to
clay, all is connected. That is what I have tried to stress most in this paper.

Then in 1995 came the experience of the Hanshin Awaji Earthquake, better known outside Japan
as the Kobe Earthquake. What this taught him was that from deformation to failure, all kinds of soil
mechanics problems need to be explained as an integral of equations of motion. Not equilibrium, but

motion. And that is what this paper tries to stress, with the aid of some real examples.

1. Starting out

Since the author moved to Nagoya University at the age of 32, he has spent all of those 43 years
engaged in research relating to soil mechanics and geotechnical engineering. His present survey-based
studies into surface layer earthquake responses are still a continuation of this.

This invitation lecture, “A Review of the Author’s Own Seminal Contributions,” begins briefly
with a sketch of what this entails.

First, in Chapter 2, in order of occurrence, there will be a review of three achievements from
research in the 1980s. The first has to do with the “Rosenblueth Method” for dealing with calculation
uncertainties and with its applications in research. The second area of achievement concerns
applications of elasticity theory to problems of ground deformation, and the third, applications of rigid-
plasticity theory to problems of ground failure.

All through the 1980s, and indeed for a while after, geotechnical engineering kept to a dichotomy
for deformation and failure problems. In view of the immature state that soil mechanics found itself
in, the only course open was to accept each problem apart as a case of either deformation or failure.
But even if this distinction was still followed in the 1980s, the author always felt in his bones that
every kind of problem involving soil ought to be basically understood as a “coupling problem”
between the soil skeleton and the pore water contained in it. It was all a matter of analyzing effective
stress, and this view turned out to be fortunate. But why was it fortunate?

Japanese soil mechanics in the 1970s had just had an infusion of “viscoplasticity theory.” In
response to secondary consolidation and other various “time/rate dependent effects” that appeared in

experiments with clay in those years, the “viscoplasticity theory” had become the leading approach to
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a solution, particularly in Japan. But the author had misgivings about this early on and came to think
that by using the correct elastoplastic constitutive equation to solve the initial boundary value problems
of a soil-water coupling system, the time effects in that soil and ground would show themselves
spontaneously. He spent much of the 1990s on this task, and never once did it fail to work out.

The author’s research work from the start of the 1990s essentially consisted in building up an
elastoplastic soil mechanics for soil-water coupled systems and demonstrating its applications. In
Chapter 3, he will explain the theoretical parts of the elastoplastic constitutive equations of soils and
following that, in Chapter 4, the integration of the equations of motion, taking note of finite
deformations in the calculations for initial boundary value problems. Finally, in Chapters 5 and 6, he
will offer a number of prominent research examples showing how these theoretical achievements can
be applied to real problems of geotechnical engineering.

From the 1990s on, then, it had become possible to explain deformation and failure as a single
continuum free of dividing lines, on the basis of elastoplastic constitutive equations. In the same way,
too, there was no need to ask whether a problem is static or dynamic. What needs to be stressed more
is that mechanics is not a field that can be strictly split up into static and dynamic parts in the first
place. Even a static problem can only be reliably and accurately solved through an integration of
equations of motion. This is a point the reader should try to take in. “Quasi-statics” may be a useful
expedient in certain limited situations, but as a method of mechanics it is not the real thing. But
thinking, for example, of the kind of “hyperelastic and hypoelastic” problem that occurs with elasto-
plastic computations, for that it will always be possible to hit on a solution sooner or later just by
searching for the co-rotational rate tensor that fits best.

As I said, this “dichotomy” in soil mechanics went much deeper than just a matter of “deformation
or failure?” or “statics or dynamics?” What is more, the dichotomy lived on into the 1990s. I feel
obliged to say a personal word about this serious state of affairs from my position as author.

The period of soil mechanics in which researchers were under pressure to talk of “special
constitutive equations for sandy soils” or “clayey soils” was slow to end. As long as it went on, the
period was characterized by quests for special constitutive equation theories, some for “remolded clay”
(including the viscoplastic versions) and others for “(constant volume) undrained shearing in loose
sand.” Both of these sorts were thought of as existing apart, with no perceived need for a unifying
relationship. In the end, moreover, a “special constitutive equation for drained shearing in sand”
eluded discovery. For a real account of shearing in sand, through calculation and in a unified
framework of theory, research had to wait for the appearance of Asaoka et al. (2000a) and Asaoka et
al. (2002), which posited no change of parameters between drained and undrained conditions.

In a world where all soil relations are interconnected, statements like: “consolidation of clay can
be calculated, but compaction of sand cannot” hardly merit the name of theory. But if soil mechanics

just now is no more than an accumulation of special theories, what can be done to transform it into
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acoherent system and method that is not embarrassed to show itself beside the theories in other fields?
This is an ongoing challenge, far from finished, but the author’s name for this achievable goal is “A4//

Soils, All States, All Round Geo-Analysis Integration.” There will be more to say of this in Chapter 4.
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