F£5F
WUNER A & RIRILE B TR

5.1 #i&

M OWRLRER M R0 o R B ARERN T ERBIZ. RAEELBIC X S IEPEKED
ELZ#h (P2l o) B UT. wRIEER) THd. COoORBRERIEEERFTER
ELTIE, BB OEEDRIESHOEN, LR TOBE (RAMH) ., Btk BRXOHRENR (F
RENE) HNEZS5ND., £/, INSOHEHBENBERICHEEREEZEKETHOLLTE, £
BELAMBHRREOBVWAH D, HICHEEY > 7)) O/ 0ERIE, MBORE - MRBEEOZE
BIEAT 5. fEk. £ OPEFICL > TRIRMERERFEICRIZT LREOERPRFINTE
7o LAAL., EREILEZOERIIBEMCTFHLH> THO, EROTOEHIIH LAY OERN
ERETLIELEIRNETH S,

FIE TR, PPHEE &SRS & 0 RIS N7 B AR & B AR O BUNE T R I R TR
BERERM L7z, TORE, BALBREE, RO HEFAE RO B NI K O BAS R & B AR
REETCRADZERMERT I EZHSNMTL. D ORBIAIZ U 72 I 7 B O SRS Rl AR R R &
sk ER DI E 2R,

ZITE. BEREOR L 2B E A T 5 BB ORREEEREE R ST, R
=R R OMNEREE EOBEBRICDVWTRHA Lz, £z, Z#ERIEHABRTICBIT S8
IR OE T EMNEREEOLL EOBBRESRBHIDWTRL., BARLHEERE & TR T
WEOLRENE, EAT—2alPREFEDODVWTERLL.
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5.2 BIEDHR

ABICHETIETEOMEZLUTICELED S,

5.2.1 REBREAICH TR RAHECHT HHR

T, RERERER KT SN ERERSE - VidR$aE () BARERT =,
1996) OWRILHEEZIRD BT 5.

1995 4ESLFE IR BB TI1. WROBEHBAHEZBAROMBIH VR EL. BEVMIIEZ KX
REEEEA., £7, ERERIEORFEMSA TN TV L D il (ADED TR
BT KKBEOBZEZOEI L) KBWTHRIESCH ARENBFEE L, INSOERIT. W
BRAZZONBCEVELOLA - BEBBOREORBELICEELZLEZ, BERERLTEHC
BT HIFEIRE & i (1990 4) & HiE LU 72 kGTRAY 1996 4 12 A HIfT 2 37z, B2 A1,
BAE 2002 FERETHRAIFIT N TNE 0, RICHEIZDOVWTOEE T /RSN TR,

1996 FQIRILHIEBIC BT L EELREH SO -DEL TR, ERILT 208 EOH L O
HFORBLTHo7Z, ZHIT. RERETMEBEICSVWTHE LoRRIL#RESI NI LITE
Wd 5, £/ BEOHBTHRRIELZEWSMENER SN Ao BB EEEICONW T,
NEIWZ L TIRRIRIE D W TEERERH D L E L TEEBIND &I o7z, BRAIZ. HATIK
HE&BH (1998)12 L2 B REMFHICH T L2EBOEHA, HEB CTHRRIENEELZEND
H—DOWETHD. —FH. BHATEEENFH L WBBEBICBOLTRIRIENEELZEW D &
(Munson et al, 1997) H 5.,

WRALRE (BREL=Z@%ELL) OREIIONTIE, MEB&E (197ILD5K 521 ODXD R
BIMR SR EAMICBETAMIEICK D BBENEEOBEBRNOHET 2 HEEZEA VTS RSB,
B 521 IZi3HMBOERDROFELEEL T, B b EESICHBEEZAETNICHL
BRI BELBBENBEOBEBRNRDENTNDA, BERERSETIIZOD LipfiE O R
DHAZEMNTNSD,

Fiz. R (2004)1%. 1996 FICRBE I NZERER S FICK2BRILBEOHEIZDNT,
JE A B HCRAL R R SR U =k L R, ORICHFEAET 5B Z. A/ S (1978)IC K 5[5.1]
ERHWTERLTWD,

R=c,-c,-c;-¢c,-¢c5s- R, [5.1]

ZZT, ¢\ 3FEMEEBNKBROIPIREBICE T 58 ERE, o IMESHORRAMEIZET S
WMIERE, o 3V 7)) 7OENICET S8 EREK. o TBOBFEEMIZK DM EREK. o
SHEBHOL St CRaMELREOMERKTH S,

BE 20041k E, BEBRAETIE ¢, 1 3(1+2K)/3 THMTESEL. 2l dES (1996)
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L AMBHY AT (FL— RERA - NEETE) OEVICXLIEEEZEL LM EREZ
AATWBELTWS, £/, ¢35, ¢ DRBORANVCET 2 M EAREICONTIE, K521 1R
Li-EBREREDHRERBICEDZDDOTHHIENS. 1.0 ELTWVD, £/, TOMOMIER
B e bEHDZD 1.0 ELTVWAERELTWVS, BB, BEETIZ, BEERLIECLDK
PR EREEEORE 2> TWDE 521 OEEEEHT, 37T 30 kPa I E TRM S N
ZHbOTHHZ Lzl L THL,.

R (2004)1. EHFER A BICL DHRHE LT, BEOMEICS TSR - IR
HHABIEYICHBT 2 ENTESLELTVSDA, SARIIBMEICB VT, IRIL5EE
DREZEZOBROVTHAOMUG S GRIRMLBOREBER) KIZBTL b —BRRBERIIMK
MLIZVWEBRNTWNS,

1.0
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B52.1 HENEEERL ZBMELOBEE RB&RK, 1997)
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5.2.2 ARAAHBEMAEL RN BES SRR EBECKHTIHAR

AEELAB ORI A EIT, HRMBIIEC THYICERT H2LENH 5. BE, EHIBL
THOWLNTWARBILRBRIAEEE 521 ITRT. 2055, AHFETHHEAL TS
@HFES > T 7K BN, REHBICHA L ZBBENICRAEREHBRI T Tl
ERESE, A7 Fa—TRIOBREINAEDBDOTH D, EEIZEKAZIA DRI ND
ZENS HEBEYMEBORFTCHIEENICANS NS ZENEL . HED R TIT/2,

—H Fa—TH T T ERETNLEIO~ODFIEIEBICBWTHEICHLWLSNTHO,
Fiowiigicd L Tii®@pn—5 ) —A=ZEEY >S5 -—0fAN -BRNWTHZ., o—F ) —K
“HEEY /I -0aA7Fa TR ZEERBEEATLHOTHD, BN T NL IR
WRZEZEHML, EF0OI7Fa—TNMBEHICHLAAR, WRIOT 22— THNIZEE#D
LN5HDTHY, FHENIZITENODIR WA BN ERREN S,

Tokimatsu & Hosaka (1986)iIZ K 2 FHE W OWBERIGAEIEFa—TH 7)) 7Bk D
B -EAREREN 522 1R T. #NRBRTIE. ZEERE. ZEiRAREDIZ. E—2
HWMEICEL TIIMEABEOMICKEREZTRD SR, LML, FIZ=Z#pRARICIBITS
FALLAZ =3B DONWT, Fa—TH 7Y > 7RBO NSRBI EL Db KELER
ERT., £/, Yoshimi et al. (198)IIFH VW OB RXIEFa—TH T 7B E D
WRIEEABEZEZBL 220, K 523 WRT LD, Fa—T7H27U > 7idBHId#EAE L0
30 %I IERRICBMEIE T T2 &R LA, Wk, Fa—TH 27 7T &hE
MoOEE, BLOKR—Y /0y RERETHRHCI7 F 2 — TREEO RO X 0 FREGLE
MELEIN., RERFELMCIECRS EBHARMEBNARAT LS LR FOBELPEA L T—
aDONRNERINBH I EFE<EHINTWS, L7z > T, Tokimatsu & Hosaka (1986)
3. MRS OL N OBRNEER, REBOBEEORENIENTH LD HBAHEF 21—
TH T TRBEDOMICKRERZEIELBEWD, Fa—TH 2T )27k b LR T O
EHRZEANT, ADFAML A —BEIEEERIFL. #HRELTHRRIEBEDKTICD
IEmB SRR L TW5,

/o, FAMBIC TEBINZEREE ARBRICELD NEIZ, YZBOBIKRILEEZ#EETT S L
THEICHLWLNTWVS, E & FH (199X, ERNEIS THOEOFEEEL-RE
Nffi&, Riz2FECEK> TRIE N AHELAH O®IRILBE ZILBRL TV, TO/HKREE
524 1RT AN, dERFHCX 2MIRIEEEIL, BE NBOBMEKIZEMT S 45, Fa
—TH TN TR BENBEOLICES T BE - EOWKIEEEZLL TS, 24U,
Fa—TH T RN S L T LR TREGECENRSRICH L. S MICE
NNELCTWBIZEEZRLTNS,

BB, ®7avyrH T T ONTIE, BAMICFROEZICI > THEYOHT Z &
DTELMBEMFEL TS0, M NKMEEDRRIEMREOY > 7)) > FII3E % i
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= 1 L L ]
10

5 v 10
A:ialualuln (%) Axial Strain %)
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(Tokimatsu & Hosaka, 1986)
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5.2.3 BN REHBEELHNAES LVERRILEBEECETIHAR

o A R ORI RS, BAEIRIGAB OINICEEEZ 522 I LRESASN TS, T
mbht, MWBEEET S LR FTREASICH L TZOBEIZEITECTVEREL TH,
B K DR FERZ R T 512 X 0K 10%8MT 2720, B A RO TR THE O %2 & -0 400
WORBNERINLARENNH S, £/, ZOBRMEEERIMBEKPEKINIC WL
CHEOEHRROEEEZT 5,

Yoshimi, et al. (1978) 3. Eili# & FIAR )W 0 B M pRECEE & BV SRSl AR TR IE 2 2 03 7o Rl Rt
EZF T RVKBIO ZHERKBREZERL THDEH, K 525 IZRT R DI, HHERH M IER
DHEIZ, KBOBNBHZZIEAEREZEZRNWILEZRLTVDS,

T, BERBELZEERE &R B ORI EB & LT 5 &, 7T#HF O h 3 i i K
WAL 8BS & ORI A 78 % BUhE B S 31T Wy % (Yoshimi et al. (1978, 1984), Hatanaka et al. (1985,
1988), Goto et al. (1987, 1992)) . /4. HAERARIC TOMBTAMBREZ 5325 LT, &K
fb@E%w LA ST EMNTES (eg, Seed (1979), Singh et al. (1982)). Z Z T. Goto (1993)
2 DD TN & o THENEWIRIRLRE 2 RIFS B mB R ZER L. B mR
BrEE 52 T, MR EHLOEVICE D HEEEEOTAHIGKEORIRILBEICRIITEEZ
Wit L7z, WD EBRIZEIO, MR Z2 G 20 (S) Tid20kPa L ELOHHRE T
WA KDL EWZ E 2R Lz, F2K 526 IRT DI, HAMBREICEK> TS
Z 5 A2 A 72 AR 8 O By M AE Rl AR IE R 2 R TRIF SN TV O REZ R T 2K
(Sample Index, I,) Z#BAL., [, ZHRERHFOWRDTHAKET LI L2 nrli. ZOMBI
L 0. Goto (1993)IFdi#s D M DR E RN 0.5 %L FTHIUL, s HOEIUTE EA
EmMTEL &2 RLIZ (527,

20 (a) Toyoura sand 40 20 (b) Tonegawa sand 40
0, =05 kglem G,=03 kglem'
Dr:SO‘Wm
15} —3o0 15[ 430
< e
2 0fg 40 £ < 1ok ga00c0c0%0%YE 20 T
~ o e - e
2 g § 9 | = od';‘odp 'E
£l A £ “
2 05 > qie & 7 ooskg 1o g
s § i T 8 T
o ) £ [+) § £
> 4 2 > 2
& 0 Rp* 0o > g 0 - =
0
e Unfrozen W Unfrozen {Dr=67%%}
¢ Frozen and thawed o Frozen and thawed
(Dr=63%)
) I L 10 I 1 10
C 1 2 3 4 5 0 1 2 3 4 5
Axial strain (%) Axial strain (%)

B 5.2.5  a)Z i b)FARNN EHE kAL RN K B
S e A RS T N T A R R R O 28 (Yoshimi, et al, 1978)
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52.6 WHAEMAEIEEZZV 2B O/REE L, DEE (Goto, 1993)
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52.7 i BFLOWFER RO T A [, SEZIEDOREFE (Goto, 1993)
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5.2.4 FESHOMBBHRELRRCEELCHTIHA

BT 350F 2 IR TS S A2 RN AR IR OO I 1 IR REBAZ K o TR Ty BR £ R R
HAMBRE Lo THissA B SN, WBSARE TS TR FHECERDRICEEE LE
TH[REMENH D,

LinL., #i#ss > 70 2 7D B O REER M ZARICHETIREICH L. WS
PRE O BRI OIS N RMEIZE B LRI RN I, ZHUE. — MR BRI FRTE Ok
PALBE I KT EDNHRMEFOBRRC L2 EEHKRL TEHATEEENIEEZIHN
TWbZEIZXDEEDN S,

Yoshimi & Goto (1996){%. ks RRALEHC X 2 skl figad BIC K 0. AUARRF O (R A8 IHE B3
LTI OREIEEREFRU THDL I EE2R UK (HE 42.1 Z2H). O, Goto (1993)
HE CAFRE CHASAMBREZ 52 2B OERBOTAEEF NS WERNT NS, Lzn
5T, HEERR OB EEICDOVWTIE, TEARETEMEBIOLVIEIREZRD I ENE
& 2 % 7%, Yoshimi et al. (1984)13. A %h L4 O E o, = 98 kPa K D ERIX L 7z siasad Bt (71K
W, phEERE) 12D WT, BMERRIEZ @0 A b, TNTNOMWIRILIRE Z LR L 7.
ZORE, K528 ICRTEDI., AHEHOEDORH 205D 1 OIS THMBSEZMEBTHHR
WA o BlbidanwWl 2R LT,

2.0 L) ¥ L] L ] L 2 T T
.. [ 10-2-U 0s:98kPa DA=5%
o] L
N
8 ]
g 10}
o
m N
]
»
2
® . ® 98kPa |
: confining pressure
SO hile. thawiog gagggg -
00 e 1

1 2 5 10 20 50 100
Number of Cycles, Noa

[ 5.2.8 fl i % 6] o TE VIR 30 R 12 B X9 8 (Yoshimi et al., 1984)
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5.2.5 BMIRILBELHMNERSHEICET MR

WNEEF L 107 %A FOZERBEEZIEL. ROMSBEEIITEOLDTAL X)L O%H
THDEEAOSND, LEDST, WMIEHIZS W THBRRARIIREROTAE 52 THT 2 &
MIENTZD, MMEMNERESE 252720770 Tr<, RBAHOREEZHTT 201268
Bicbn s, zORERNREN, FALE PS REHBEEORBRICEZFAHBELRBOELN O
B TH D, 72, M5291RTRKD7n S U v, CHEEBARBER S OMBE (e.g Imai
& Tonouchi, 1982) MN—MHICHNSEN T VWD I ENS, GIIMBOMRE & BB BRNH S
EEN, WIRMLRE EOBEBHZE OMFRIZE > THRESN TV S,

#il Z 1 Tokimatsu & Hosaka (1986)iZ. X 5.2.10 BIX O 5.2.11 12T X D12, IR ik B i
CHIMBEAWBREEZ G2 5BORBELEZTZD. RMEBERZ 527203252 &i12k-> Tikikik
SRIENED D Z &R Uz, FRHIZHCOIRIE T EE & Mg 0k Ueric & % 88 A Wil E <
EDORIZEWHBENSH LI EEZRL TS, £z, BB EFa—7H 2 7Y D ikl ok
WAL SR E & BATUNE ABRITE R, BIFEMNE PS R EZL& L, AEHRIEO AU
FALE TOBMEAMBIER BTS2 ETHMMTEL ZLERLE. 2, HiERB O
ABTRIME R S RRICRIEICR O, BLSNZHAB OB 2 ERLET S & T, WHFEOMGKZEEY)IZ
RETELIEZRL (¥5.2.12). EHiZ, R EIT, WIBAMBRES T TR, BIF
BRIEIZE S THELT 2 EAMH SN TS (Tatsuoka et al., 1988). Tokimatsu et al. (1986)
o COXDTRRANMERE O & W 2 SR BUNEEE AR R T TESL Z &R L. W
RO M1, Yoshimi etal. (1989) TH REN TN S,

Tokimatsu (1988)1d, LR D & D 7x I AW RE & IRME 3R o Mo B4R . 5 X SRk
SHEE B AMMITEDOBIMRICEH L, FOLE PS RBICE 2B AMBIMEREFESOMEELD LD
12, AR RO B LGN I AMTE R 2 5 2. BN 5% 0 R R 2 BAER R & RS Ow
WILREZAGT MBI EART INA T Uy Rik) ERERFEEHALTVDS (K5.2.13),

LrL, UNERFEOB AN S ROTAHRIIND O LRI 2H e T2 2 ST~ &
WO RM (HFR&MIK, 2005) bHd. Tz, FEMEOIR SREITES O idBo L5 n%
HRETIE AL, BWICRARNREIZH L. Lo T, FERKBESNABL) > ras
L8850 AN IREBKGAEIC DLW THERIRETHD, F-WHOENABOD
VDFALNINEBR D KREREREHFET HHRCHKBE, TOBNEREEOMEE kDS
VENDH D,
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B 5.2.12 FHAE S 7= 8 AWtk R &R ess E O Bf% (Tokimatsu & Hosaka, 1986)
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5.2.6 RIKMEFOWNERHHEDOELICKTHHA

FETTE. EITHRAL BT O BUNE R & HIRL IR IE O BERIC D W TR L7zt iRE el 3
Bz 8 - BIBUNE B 2RI L 2 b W< DNBE SN TN S,

Koseki, et al. (200011, #ik> O BHE &2 M LT @B X OP 4200 DB &£ L. #Ik{L
BT MU DR LR 2SR - U O AIAIC G A, B52.1410, YO RBIUTHE AR
WHE % S5 h EORIE (BIY > 7R E~HBEENE o, BR, TABRIEER G~ F96%)
o= (o +on)2 BR) 2RTH. SRUNEBEEOMIZS HIEERO DO L HEL TR,
BETHo7. ZOHMEL T, Koseki, et al. (2000)iZ#IRLIZ & 2 LR TREED T A — TN E
LTWBEMELT WS, £/2 SR BRIC K280V > /R E T SRR 0 J 23 Z#li £ #
FREEOHENMEEZS TS, JHTERKKREL O S HBREDO LGP LR THEIZG A D
FA—TUMAKENT EEEKRLT NS, 20X D7l Koseki et al. (1998, 1999 a) TH W
NTWLBA. Z@—4. Kosekietal. (1999 b)33 & T8 Koseki & Ohta (2001) T, #IRAL D =
JERE R AR & SRR EED EZZEFRBETH - /2. JHUE. BE O @A TIEal B Al 3
W zaDRBTHo2IENG, RBOBECERTIEOENNEEL THLEEND D
EEZLHN S,

& 517, Tanizawa et al.(1994)013@3&%03&6%@5’9&%Hf:%i’[ﬁfbéit%ﬁiﬁb!f\ "4
—T LAY ML DI OB ABTIRIER G, ZEHRIL TS 728, ZEER KR & — B
RIRBE TR EFO LM G 3N RO NIL< bl &R,

Goto etal. (1999)i%. [FlkE D8 & BT & FUALE A EHE TEMBEL 208, #IRMLE O S#
W Vs 13, WL RT E B L TR 20%ICETIER R L2 & amLiz, £, RIEPOFT
IESTIREE (g= 0) 12 B 2B AMRIER G, DWW T, IS AIRIEA Z B KRB S MRk
BABTTLIHEALE, ZORMOBEELBKE LR, MIHFOHAE & OEDFFS 12 A
NeHoHERLE (K52.15, Hio, S#mdERETHMES N G E ERRESEL ISR
Bl TAESETFTSZEERL .

28, EE SO M (Tanizawa et al. (1994), Goto et al. (1999)) 12 31T % ByAgH A il =
Gd., EBEHD IS p EOMBIZBLTERINLZHDTH S,
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Effective vestical stress, O (kPa)
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£ 5.2.14 iiR{EiRB PO a)Y > 7 £, by AR RO L (Koseki, et al., 2000)
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5.3 MEEHH DOKR{LIFIE

5.3.1 REEHOBMESHBBEISN -V H %

BASE B ORI B R E LT, K531~ 53612, AR, LA A, B, COHR)
BB ES ) MO TAMBERT., 8, AYENRBICOVWTIHRER ¢ IR
FIS T prZHWTRT

g=0,-0,=0,-0, [5.2]

‘" (o] +0]} +cr;): (o' +20])
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3 3 (53]

Frm. AR TR WL DD OREHZ B W THIRLA B B D4k 2 7B T IRBICB W TRUNE R
B2 ZHIL TWa, SRBOASHRE. J&h -0 T aliicid, BERREZFHIL
fiEET7 0y bLTH5S.

ARG BRI IC BT 2 F IS NBEEE, EBOEVWICES T, EHRKBRLEABICHED A
NI S DR FIZRE W evelic mobility 7356 L, M E R L OWRRIEBEHEZET L. WH-0TF
AR T, BORURBIEAEMLERATFTY S 2N =N SFRIZKRS &, WA g 7E
FXOORIRETHO T e MM AL TWS, LAL, LA AR T, ®IRIBIZHED
BRI OE T8, p= 10 kPa BETREME/2> Td., ZaUd, LA AR
FHIMIRI D S AR 60 % EIEWIZE LI ENS, BENICXDRRILITH T 2EANKE N
DTHDHEELEALSND, iz, LAY AXBERS KB OERITHNT, HORL KM
HFEOLHERIZ S 7 N LSO T Hhe NEBHL T,

Bl RE IS 5 UL O W ATE SN R BRI R IE T RE LS LT, 2RI AR RS R RE O & LAl R
TIZIEHE KB AMBBIIC B LT g OBMEKIZ p b MMNT 2 HAARD SN LD L, M
FRBE ) BE DR VAR TR B AP S p A T o mIcH 5. COFRKEL T, f#
RO RFEOEVICE D DD EEZ SN, AAMHREOE WA TR T O MANEIE I
BhrbHEZTWHAlEENEZSNDS.
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5.3.2 REHMOBRIRILEE

FAR RS - (L IS A, B, C BiksatPHC K WML BB R E LT, FTE QMO T ARG 12
BLETOHOKLRKEE 5.3.1~% 53410, RIS ER 5.3.7-B4 5.3.10 1217 X
7. 537 OFARNIRE. BE R 53.9 OIL I B alFHI DLW TR, [ -k TREHz
G2t L 72 7 BF(1998) 35 & TV H (2000) 12 K D 85 B OFR0 L TH 0 ABFFIC K S CRIEaUBR AR
FINOBEFOWmE S BENEG LEBEENAFON TV,

BEER B ORI BRI, o OEARBHAZT NI EAENS, HlBEHIZ, TN
TOEBRE R MR R L lcH D E0nE . L L, Sk s bIza ks
KIS Gonany DIV, D720 5 THORILSBEICRBEZHA TS EVLA D, % 535 1% R
BT IZ 6T 5 Ryys (80 R LI N= 15 OB O FTE OO 3 2 i iRl o000~ 3 % CTEARL
U ACIE ) & BUNETRAE O I Z R AN, BRI HUE O K LA RO Ry IS AR
MAED S WRE L DB E TR WE (6~ 14 %FRE) 2L, TOK FRGBHE GLAIHD
B, Catklh) L0 bHihiEE AN O hMKE N, ., TP I AREIZ OV T, K
R e B OB Ak DOATH L7280 D, R E kDD L3 TER LA, [T
§5 RIS 0 R AR U AR O R R S BT S & A R R SR O ORI SRS S 7
WK TFLTWDZENEZ S,

SR ORI E DK FIC LD Rys DR FORER, BEMIZZTIUEISRELMHBLEAVLA
mm#%bmmmoL@b\$ﬁ%’£ﬁé%%£0\ﬂ%ﬁiﬁ@ﬁ?t%mw%mﬁg
BT oM. SABE2ECT BLTWD, LS T, BRERIGIEHIZER D, KOWME
D NEER A R S 7=z, AR HE O & i RAEEHIR U THEYICERET S0 EN S 5
Do

F 7 B E T AR F R E MR WA IS RUNE R OM B K< 2o T EE R L2
%535 1R kD, R R &L IR B AR CTIEHURAL S8 Ryys & ORI AABR AT I
%Mbtﬁm%%%ﬁtwﬁtﬁ%%%ﬁﬁéztﬁb#ato%K,ﬁ%ﬁh%%ﬁ%to
WTIE, TRTORENIBNT Rys EQHBENRD 5N 5. 8. & TR O H il
A L7 MUNE R A AT BUNE A SRR UL E, Ea, Gao DR DIZALT .

ZTOE DT, AR T, HERE RS R o Rl R R H R E 0 B3R L & S 4172 Yoshimi et al.
(198412 X D WG LIT Rz DRV 5417~ . Yoshimi et al. (1984)IX GL-9~-10 m {FiTiZ /0 3
2 N30 BREOHK & I1FEAESERVHBWEE (Dy=0.29 mm, Fe=0%) 12200 T,
5 kPa~ 98 kPa @ P JE TR L 7= il B &2 LW THEZfT> Tnd. Ln> T, ABFFRIZEST
LRI E S IZER R TH S, AFROFEE Yoshimi et al. (1984) D #7375 £ aF
M E I AT TSH 500 AR BB S B ity F TS ETORELRECERTIEO
BEWHZOERO ~DELTEASND.
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% 5.3.1 FAR NI o8 45

ol B D IRAL B B RS R

F gt 6 SR Iyl BORL M N,
No. Outihaw) e ]
ewna/= 1% Ewna=3 % ewpa/ =35 %
(kPa) c/20°,
TxTon-F1 98 0.720 0.45 1.9 10 26
TxTon-F2 98 0.750 0.45 0.9 10 28
TxTon-F3 30 0.715 0.40 5.7 18 29
TxTon-F4 98 0.734 0.40 12 29 50
TxTon-F5 98 0.764 0.40 28 54 79
TxTon-F6 30 0.708 0.40 2.8 18 47
TxTon-F7 98 0.725 0.40 3.7 17 45
TxTon-F8 30 0.729 0.40 0.9 7.9 23
# 532 ILFIES A Sk il RO IR BB RS R
i ) SR W1k BOKLFHEE N,
No. Cotthar) e I e
(kPa) 520", &= 1% Evpy=3 % Ewpay=5 %
TxEdo-A-F2 60 1.167 0.30 32 79 > 100
TxEdo-A-F3 60 1.157 0.40 0.8 3.6 6.4
TxEdo-A-F4 60 1.184 0.35 2.6 11 17
TxEdo-A-F5 10 1.189 0.35 0.6 1.0 2.8
533 LIRS B sk #5 5RO R Al B RS R
i i ) SRUTE R BOERLUMEEN,
No. O tthany e ]
epa=1 % &vpa/=3 % et =35 %
(kPa) o220,
TxEdo-B-Fl 98 0.838 0.40 6.9 15 20%*
TxEdo-B-F3 30 0.811 0.40 5.5 13 16
TxEdo-B-F4 30 0.835 0.45 0.8 3.0 5.5
TxEdo-B-F5 98 0.815 0.45 1.5 5.5 8.6
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£ 534 LR C SRR O AL Al B A4S R
7l e ) BRI & 1k B0 LM N,
No. O tthaw) e = e
eqna)y= 1% &ps=3 % &vpa=5%
(kPa) 0420
TxEdo-C-F2 30 0.710 0.33 6.7 12 14
TxEdo-C-F3 98 0.696 0.33 12 17 19
TxEdo-C-F4 98 0.818 0.28 65 76 83
TxEdo-C-F5 30 0.834 0.30 10 14 17
TxEdo-C-F6 98 0.773 0.30 12 17 21

Stress ratio, o /2c
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% 2', FS thawed at 30 kPa
(Urano,1998)
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1 10
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4 5.3.7  FUARJI 45 Al et o0 IR AL 38 it 4%
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Stress ratio, o /20’

Stress ratio, o /20

0.6

T ' ' LN | ' ML | ' i
| | Edo-river sand A I i
0.5 b _
- 1

0.2 b e N
ol L. N _defined as € = 3%
’ = L, FS thawed at 60 kPa | : §

5 o 2,FSthawed at 10kPa | : .

0.0 Lt 4 | A 1 Lol 4 41 | 1 i TR S B I A | l i 1 n
1 10 100
Number of cycles, N,
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| (Mochizuki, 2000)
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£ 535 BB OWRIRICRIE & 2400 0 0N 2B RRE
o B AR AL 58 M NEEEE Y (MPa)
B e Test No. 7l A7 ) R
RL/5 E:() Ed() Gdl)
FIAR )1 ) F1,2,4,5,7 98 0.43 177.0 357.7* 109.6
TxTon F3,6,8 30 0.37 171.4 320.7% 98.7
LA A F2,3.4 60 0.34 51.3 256.2 29.3
TxEdo-A F5 10 - 431 194.5 23.9
iLF IR B F1,5 98 0.40 262.8 1166.0 127.6
TxEdo-B F3,4 30 0.37 255.1 1078.8 118.3
1040.9*
F3.,4,6 98 0.32 375.0 320.9
ILE IR C 1049.8
TxEdo-C 756.2%*
F2,5 30 0.30 396.8 296.2
1247.1
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533 REHBOBRRILBEICE T2 M/NERSY

AWFIE T, BORER B P IR B X CENBNE R ZGHIL TS, b, WIRMER
B IZHUNEEE 2SI U 2 &3, ATETTaRLUZAEIR IR B X0 T AEBRIZT
Oy hLTHD. BT TRIZONWTIE, LDTICXDHMEPKY TR E, NS, BRANE
BERUOASTLOREFML =23 OFBEEBL CEBINZHAKY VR E 2R &
P B E AMHIMERICDOWTIE, ES R ORI OREEZEEL (LB INZ G ER Lz, T
NHEOEBFIRICEL TR, BIFEBZIZINIZ N,

(1) FRNEEH

FIAR N LBt O @ g MR B O R B E LT K 5.3.11 12 TxTon-F4 i Bl D #IR
LB IC BT 28Ny VR ESEBNY S VR E 2RT . MNP ICEOEMNERRED 7
Oy hLTW5, ZZTRLTWAVY OV RIIMEFANCEHRILZBDOTH 720, HEFL
BHho, L OBGEERLZ, £z, BNV VR EZDNWTIE, B4 ETRLAKXDIZ, Gl

HEICHEBRAKOEENEN TS, Lo T, E8MIEBETELHRLEVARVN, Z
ITIRBEMEELTRLTNS,

SR, WIRMEICES EIIE N DR F &I, BINY > 7R E, UV IR ETEBHE
TE oMz =TA. E, OfE ESEHEBELTES DERRE L, BRI PIZHNY > T RE
FHEI L 72 BEAE OBFE T, RIRE b O JEHE IR AR & R AR RE TR IZHED Y 2 UV ROE F O
BN RS &L #E (Koseki et al. (1998, 1999)) 73d %%, AHFFE T H M Tld/z WatHEkk
DOHANRD 55,

TxTon-F4 G EHD 1Y - B1A0E ABRAIER G, - G2 D WT, FHEHER S pic ko> TEH
L7z#BRA2K 5312 1ZR9 ., Ik D G, & plc K> TEBL/2#]E L T, Tanizawa et al.
(1994)H K W Goto etal. (1999) DR ENH 270 AW FEDERZ NS LRI p TRET S &,
“iEERED G G OEIZZEMERREL O HEVEERTEHANRDSND., T T,
AW TIEES - BHISHIREBIZBVLWTEANBIEREBVWEGZRTE VDN TWHSINIE
ﬁmom“%mmfﬁ%éﬁﬁutomﬁ%&mom“m fel o - Z#ERICL- T
WL DD IR IZH - TaH S N2 B AMBIMER S, B S 1999 e R LB R
Ll EETFIN EOBBRICE D, BAKBIMEROES HIREBKEAEEZBEYICHATE S LRES
NZERTH D (EES(1999) . ZORHBEE (0, 0)" 7 1ok - TEME L 2R O fEY - B
AR G Gy &K 5313 IRTA, p TERELZEGLODHEEOR Wiz &
LTHB0, “HifREIERREOBEOEBMEINT D, £z, FICHNTABAITER G,
ORI, En ES, GEHBLTEFEICTZ Y TIRISEHKELEZZELTHO. (0,0,)"° &I
N4 % Gy DL, AR Al O 2> & X Bl TR EHRIRIC M L T,

BOOMIE ES, GTEBIMY DR ENCES DENRSNAZFERE LTI, /ERIZHMUNMEDER
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LEKBEIE®L, L& LEIEN— 0T ABFKL 0 BNREINE £ 2RO T0U20I20 L. HIRL
BHCIBE LT 1 BELAMTOREN I ENBEAZALND. G E XOEBINTVWS
ODAEMZIFERIIFCTH D, £, EJZDWTIHATE TR L7ZEL D12, I3 0 BEAKDTF
Eﬂﬂﬁ%zﬁ%%%ﬁifh%ﬂ%ﬁﬁ%iBMéo*ﬁ\@KDwT@@W®%§%$é
Wi, EBENBERSGHUIMNTTONIZEVWA LD,

B 5.3.14 12, FIARNIEY TxTon-F6 il ORI IZHB T 280 - BB/ E R EZ KT,
TxTon-F6 ik ¥} O @i fif B 19 s 1 VX 0 pave= 30 kPa TH D 72728, KAIZIE p=30~100kPa £TD
HHEEBREPOBNEREES 70y FLTWD. FHEED S IR B o £ RIE %
KRI2E, BAMEFERAE, bLIIETHEEDPOLT NS WEZ/RT., /2. FlR O TxTon-F4

EFKE, B IZ Gz DWW TR B (0,70,)"° EDEFIZENWRMHBEBEENRES N TS (K
5.3.14) . TxTon-F6 iR Bt D HEHFEERFICEUZHIOT e 138 016 % TH D D24 L. wkiIkiLh
OB N O T A R W s pa= 0~ 3 BEREOHH TERL THDH. ZOIENS, &= 0~

3% M TIX. MUNERRYE. FICENE MBI G, i3, OTAHABREX D IR TIREA DK
FEMNGWEEZ LN S,

B 53.15~ K 53.1712. T ORI E#5AR (TxTon-F1, F7, F8) OEBR#ERZRT .
WARIEIZ M D BUNE RSO EIL, Eho#m & EHE-> THDAY, EHZ X > TIEWIR{E )
HERIIBWT GORTENE FRE R2HMARD SN DS, /2. TxTone-F8 il Bt Dk ik
b d G, (M53.17b)) WOWTWHEAEERLD DB O/NIRBEL>TBD, MUZH
THEM L7z L TxTon-F6 K OFER (K 53.14 d)) & %7xd. 723, TxTon-Fl ikkHiz L Dik
R BRIT, OB X0 KEISNILIRIEZ 52 TWH8, UNEIBRE &8 J1IKE O Bt
W3, ERAaENICA B AR S b o,

AL SR O AR K H UL O WAL O UNE R EIC R IZ TR EEHET 2720, [t
RIS I BIECE B WA S S N7z B AMTRIE R G, 12D W T, Gl & S5 L 7= FIAR JITRS o
.%ﬁﬂmﬁ%émiawtiﬁtﬁs::Tﬁﬁﬁééﬁﬁétw%%mh%%wﬂmh)

TEHAIL 72D AZRL TWd. #RED, #IHE AMBEIER G, i3t kmic iz, A
FRRFFIRIEDSN R Wik BL D B Gu B KEL 722508, AR Oz, G, OEIEED L
(0,°0,) =60 kPa B IE TIZRBHIZEWICXK S G, 0EITIFEAE RV, £/2, G, % Gy TIERAL
LZ#ERZ2K 5319 1ZRTH. (0.°04)" = 50~ 60 kPa FEFE L O, (K@l AZNF HISRE OB O b
ME N Go/Gyy DIETHERB L TWa., ZUL, @R 3R & O TR, BV O R 2% AR
fEAIIC BN THENSEIZEL TWDL ZEZRL TS, AR ) 5RE 0 i W 2 930 2
R TE DGR IRFLIC B 2 KT L. T ORI EI ORIV EKN T 2 nlREVE 2 BEIZR N7z,
FIRNBIZMERE TIEIh 272D, LA T—2aORIBI/NIVWEZSZSNLH7. /iR
HEOEOLAMEHIEVLMBX O LR PRS0 EETmVnbDEEZA LN D, T, #MfEi
HIED @ WIEA LT D LR 18858 O %@ PRI IR o Fe e iy 5 U BB Tk 1 % nl gt
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Estimated static Young's moduli, £~ (MPa)
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Estimated static Young's moduli, £ (MPa)
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Estimated static shear moduli, G (MPa)
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Etimated static shear moduli, G (MPa)
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Dynamic shear moduli, G /f{e) (MPa)
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(2) SIFNE B, Ca#
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Estimated static Young's moduli, £, (MPa)
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% 5.4.1 JEIIE O 72 FIAR WS f 48 il Al R O i IR AL

Al RS R

I le BORLMEEN,
No. e P
ewpa= 1% &wpa=3 % &ypa= 5 %
O'd/2 O”C
TxTon-R1 0.720 0.40 0.7 3.5 9
TxTon-R5 0.709 0.40 0.8 3.9 8.1
TxTon-R11 0.764 0.20 7.77 11 13

£3542 IEHBEOBRWILF )N B B kAR O HARL B R

Tk BOIR LR N,
No. e =i
&pa= 1 % &)= 3 % &= 35 %
O'd/ZO"C
TxEdo-B-R1 0.740 0.4 0.6 0.8 1.5
TxEdo-B-R2 0.830 0.2 3 4.7 5.8
TxEdo-B-R6 0.828 0.15 33 36 38

%543 G NBED LWL C B4 AR O HOIRE At BRAS R

s 11k BORLUMBEIEN,
No. € I
gupa= 1% &pay= 3 % &ypa= 3%

o200,
TxEdo-C-R1 0.755 0.33 0.5 0.6 0.7
TxEdo-C-R6 0.696 0.25 0.7 1.4 1.9
TxEdo-C-R7 0.715 0.13 25 26 27
TxEdo-C-R11 0.727 0.15 2.7 3.2 3.7
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