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Abstract

A series of static triaxial compression and extension tests and cyclic undrained
triaxial tests on the undisturbed specimens prepared by the in-situ block sampling
method were performed to examine the anisotropy in the static and cyclic deformation
-strength characteristics of naturally deposited sands. Test results showed that
anisotropic mechanical properties can be observed clearly not only in artificially
deposited sands, but also in naturally deposited sands. It was recognized that
mechanical anisotropy of natural cohesionless soils examined in the present study is
characterized by the phenomena in which sand is more compressible and less
extensible in the horizontal direction than in the vertical direction of the in-situ
grounds and is attributed to the fabric anisotropy formed by the parallel alignments
of sand particles induced during the depositing process.

It is also indicated that the anisotropic stress-strain-dilatancy properties and
liquefaction characteristics of natural sand deposits which contain the least amount of
finer fractions can be reproduced in the laboratory to a certain degree by the
pluviation of sand through air method such as MSP method.
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Sample Specifﬁic Uniffcf)}‘n:lit)'t partl,\illcel:nsize Fin(z’l?;rit)ion ®max | ®min rel\l/;i?vneigjri;iy W;tes;rf\;xl]ifgnt
name gravity | coefficien (mm) (%) (%) (%)
K-Sand 2.69 1.6 0.17 3.0 1.294 | 0.774 98 20
I-Sand 2.73 1.5 0.26 0.5 1.235 ] 0.808 85 8
T-Sand 2.65 1.5 0.18 0 0.992 | 0.625 = =

Table1 Physical properties and maximum and minimum void
ratios of sands determined by JSSMFE method ¥



3 RN A O T O R M i B4 5 B % 95

vFE—va VISHEATVEEDITHS, U, &K - B/PNERELETETHLTEDIHEY I
M- TR DT, FNFNIEDOREDEHEAFEAL T 5,

2.3 ZHEEEOERE

AR TE, BAMHBOIET 0§ H — BSOSO MR SIRES 2 H/~ 5B C
ERRSG-TWABDT, FBROH 7Y v 7rEcEBi7 oy 25805, DTICHR~3 2 8HED
ZEmEEE =B 650, H120mm , FEEEKERE U ZEER A (4 ¢70 , H170mm)
SHER L T B,

(1) UVHEE H-21RTLHIC, BEFELTHE T oy T T S UNDISTURBED
7SR5, SR EOMEESELBORBESEIC— = ;
HTDZL LR V—- HEEA - by VRESTY]
DHLERELA-bDTH B,

20 UH#EE : 7oy 788> S, BABOKEREE =
IR AOERB—HT AL STV HLRE LD
Thb, Lichs->T, HEFOHAREE UV H#EED 2N

XIAL DIRECTION OF \-~=

fy RIAXIAL SPECIMEN-\7--
UH-Specimen

Fig.2 Method for preparing

ENRIL->TOAREICHE (K-2), UV- and UH-Specimens
S LI T IR~ B HRICk T, TRt & U, from undisturbed block

sample

QIOFRBEDI-, K-8 & UHEE CHME L o g sa4s s

L, ZHEH - MEEERS L UESKER L ZMaEBicdt L T 5,

38) Ry & BBIKEBCHABHTETEDLEVEAEL TREAPTERET S, g
ReE— )V FPICHBESE52ET2 0 ETHE (MSP &) ? KX -»TIEET A HETH 5,
AFEIC L > TE LN A HEREE, BHToREG O EEMASSHERNTEICE W THEMET] LK
LHETES v F LTI > T0A ERESNAD T | AR L 38K L L
F RaV BRAEEHT B EICT B, HBIO LD UHREH TR, TORTEFILEHEE
CptE koA R AWipsas U, KCRHE GERE) K80 TREHNE _HERE
BFHEELTEFMETEB T EMRENTHAEY,

{4) Rs 7 coOFHECLAMEREE, K-3 KEXHNIORLAFHCL > TERILC DT
H-T, RIEEMICIE MSP Y

LE2CELTH B, THbB, o [ e )
. . — 7 i

Z )y “J—Ct'lj‘:/ F!’j‘\‘y/\o’—lx))b | it A F e :]

B éﬂ&::‘_ﬂ SIEVES g_n_)\/“ﬁ sToPPER] ¥

(3) & B Bk Ve B 30k 2 /1N B B : L e B!

(220x110x200mm) ICHERE & = §? |

H, %@@éﬁ@iﬁ]—)v}f g U . -éw——————woo T o 1000 g

9'8 kpa @ﬁﬁéa) E & /Eﬁ% (hiKEl‘f‘ﬂ\' OF FALL) SA%C\;NYAINER 3] S——

@ 1@%%%%_ z’_ f.: w*§b> l; s Z{}ﬁ {Stage 1) PLUVIATION OF SAND - —

ABOBE & FRICHES L O / il S

KEHRED S0 LR LT = . .

W3, ThoOHREIEENE = i ==

T
WATER SUPPLY

2’[/ RBV ’ RBH #@?xﬁ'ﬁi& mé?‘;ﬁé 7 (Stage D) s(:f:::;x;m (sn‘::;?l:"zwo:vfol::m (Stage TV} F(;jszsszlg)s (Stage¥) CUTTING
TWb, LBHREICEBEN

DIETEEEI, 9.8 kPa DER Fig.3 Preparation procedure of RsgV- and
EOLETRIEEAEE L ReH-Specimens and sand container used



96 ZHE— - DN - BEFEE 4

CEDEPHLNT VS, TOBEMEHEICINIE, RV HEEE RV #ERAAOBESE
HE—ThHBEEZLNDD, RV MEEIZEHE - BEBRAEZITHEDT—IG RaV
#HEEELXP L TBL L Eitd 3,

5) Re & SKkHBI0%H 2 0 IIRIREBICH 20EEE, Zie— v FRITHIBIKS
TAN, EBCECERI0mmO vy FERWT, IECHENEEMNEONSI LI IKEXE
WTERIT B HEET, COHBERIBEEAREZLIT Re ftlk &R LitT 5,

6) Rp i BEMEML =T -V FRICHIOBRAT TE 2, SBCLicE— v FAIE
AARETEST L CHEE (LI Ry #EGKLIEFR) 21B5HETH 5,

BBEK-BICBERESPESENTOE DL, BELIVE FARTHEE Th BB TO

EVWEEOSHERENBLAKNVEN S HELNH B2, Ry BLU R EEHAShTHI
W

3.R B A &

3.1 ERER

B TEITR - EREERIEEE O i HR = i
BEEY A OTHN-TVWADT, T TR
SR L ZEEBIC OV THIBICBAL TE L, B wemome [F
BELUZEEBREER, -4 WRTLHBERE
HEARNICLE2DDTH S, KEBI, 777
VarvIiR VAL TRESHILERES —
% B/P BBl L - CTEKTICERL, =7V
Vo F—RDT I F 2z —FIGEDALCEIRE
D, MECRELNEAS AL EMTED, Al s coaneer
BEZWMERCRMNT . GBEO o — Fen, &
FRREMDEE T4 Yy — ITiHllsh T TR
b, 118, ZEEMICBUTT 72 2 B e hREIZ Fig.4 Schematic diagram of cyclic
W X - T, BNOFSD L~V TOBNETE triaxial device used in the

i present study

WAL L BAELL > T B,

3.2 ZHIER - FESBRE L UEHKBELEANKROS R

HERAERER T CO, %, SIEREKEBL TS ALY %, 196kPa DNy 7 7Ly
Ve —A2HHBLTWS, UV, UH $3Wid ReV, RgH #EMAED & 5 s HakE, =t
NI BOWTHEE 19.6kPa 0 & & T2 ML LKE L, BfE% FIL LR UFETRMEEE
Mot COFHERE-T, TNTOMKEDOBEIZOIBLEERLTHS, Bl by
fBY, 98kPa OBMEEES o (=0.) Db ETIBHLUEEAFEELE (COEHEIE
DEMERE D) 1, ZEHFHE - MERRB L UEHKERELFANMBRBRLITE >/, TZ
T o =98kPa & LD, v 7" vk BISHERD S VI BREEOEEEL TE 575008
370, GiROHEESTHVEDORE 2EOELRHALALLSTH S,

SRS - IR IIHIOKEMO D & TITHbA, fIEA—FICREEL O HEI (c.=0.25
%/min) BEETH 5, PikZMEROERIT, RO « OFTANNT A -5 ICX-> TEEINT
Wb,




5 B SRR I O 7 A O RFHCBE 9 B H% 97

g=los —a | (1) p'=(o," + 20, )/3 2
”:q/p, (3) 60264'*'26, (4)

rtil, o o WEREFENESE, ¥EFEEDLILS, €& EEhFhEAE, KE
FEEOFAT, EFEEELLTH B,

FEHEKIRR L =855, 0.1 Hz OERBETEELIGHES I 5 EICL» T -1 &
BROERE, BEOEFRLLIIETN 64/ 20 (04 @ AR RIBEE LEE /) & #IHIRIRA{L
H5VEFIEOHRIBIMO T4 DA IKET 5 E TOMME N (= N; o No) OBGER 7~ 4
BTRLTW B,

WBARBBRICBWT, of =98kPa 0 b & THEHEE L L BORHEEERADENEE D,
13, 1-HicB W T82~91%, K- TI3~10THDEATLTEY, ZhZ O EHEEE
[-BT85%, K- TRBB LI - T b, ZLTRINSDEANEEDORFIEHERE & ED,
BRO G ETHESE BB T 5Ich - TR, FhEFho BEENEERWE % D, OEH)
%+ 5 BLIRICBEIH TV B,

4. HBERBIUER

[REcowsTITuTeD 7-5410]

410 ATHBEHIC & 5RO RFHN LR RE I

TR T-BROVTTE » fe—EORRICH & D % ,5{/ Ui,o‘““ .
W, BB BOBERAEC & 5 DL i e
SWTHRHF B, -5 (a), (b3 ReV , ReH %D o 1o
HK MRS - IRIT AR B BB~ (-l
UFH e —RKBEOT A e BBROLEEZRL TS, & EXTENSI COMPRESSION
ERid o =196 kPa Db E T DON TN B, THEN go.
DISNEMTOBEDLHICE L VRBERD B C

LHTEB, Thbb, BAELT of KEWEERAD | | klgﬁiﬁégﬁ
BhAE &7 A ZEEMESH T, ReH #EUAIE RsV (a) s axe STRAIN. Eo (" 0
BRKIC N TEBICE L <, & o ARIEO
FIATREIC I > TV Bo —HEMIBIREHTE, of 23 e
BEDEEARICE > T BIbie, ZMEROBE [T Al
LRBOBERETRL TS, T RERS 2 [F— NP R
THoHMD, LOLINEEGSLHTVBERR, 'g“$%%mg%%§{“
oYL L FEOR LM Eomss | 4 5 T
HORETH B, [-6 KHRNICRT 51K, EhE BT e
TR B, —ACBRTOEMSE S REC | 12 4 -
OIS &S KRFIL DT 0 E NS EBIHERS | 5| b oo

WAL TS, COXHEHERGIER, #HRAET (b)
BEHLE S CIEEL YT, SicHEREICETrsAE  Fig.b Comparisons of drained

stress-strain-dilatancy

TEHEMLPF CERL 50 &0 RANETIFERE relationships for RsV- and
AH10TD0THb, M-5 TRONBLLHEER & RgH-Specimens of T-sand;

{@lg vs. g,, (bl7 vs. &,

EREHo R, LEHOTAEHFICBOTE SICEE



98

KHRbLNWEZEBELDLNTEL?? | ZORERL
2 THHICERLBEETH 5,

K ~7&81E, ReV, RgH LEKICH 9 5 131F(6) UkR
LIS 04/20" DIEBEKERER L & ABEE,» SB
G4 LEAMY)—DO—FITH DB, MEICENT,
RIEOEMRICREN S HEESEROHT T EMBT
x5, TbL, FHKEERL BAMOETICHELD -
T, ReV HEEAF TR TERSEF I ST S
2, ReH AKX TEERMICEELR-> Td, £
fz, ReV HEEA T HRME T K & 5 R KE O R4
BROLN, RsH HEEKEFLBL > cRERR -

100-CYCLIC AXIAL STRESS (kPa)

RECONSTITUTED T-SAND COMPRESSION

AL AR
L

EXTENSION

ZIEE— « LIRS - BEEAR

TRIAXTAL TRIAXIAL
COMPRESSION EXTENSION
TRI~

(cvcuc
AXIAL TEST
P

1 (Rav=)

i {Ra¥-)

wooune « wee DEPOSITING PLANE

te) {ReH"} 0 (Reb~)

Fig.8
Conceptional view of fabric
characteristics for pluviated sand
and stress conditions of static and
cyclic triaxial tests

EXTENSION

PORE WATER PRESSURE (kPa)

100) uz 07238 kPa 100 u=0; =98 kPa U
AXIAL STRAIN (%) AXIAL STRAIN (%)
SE [Rev-Specimen COMPRESSION RaF-Specimen) COMPRESSION
o
o “WUU[ a
0ai202= 0.254 E
~10F {Drc=80% 3 E E
0¢=98 kPa EXTENSION EXTENSION

(b)

PORE WATER PRESSURE (xPa)

Fig.7 Time histories of cyclic axial stress, pore water pressure and
axial strain for T-sand; (a) RgV-Specimen, (b) RgH-Specimen

Re¥-Specimen
0al20¢=0.254
Dre=80 %
0e= 98 kPa

T L gy S g 1y
L] l;ggs;‘IDSTITUTED | oﬁ‘l;‘NE i

SHEAR STRESS, 4 ({kPa}

EXTENSIONT [ ...SI0

3

@
o

SHEAR STRESS. 4 {kPa}
o

COMPRESSION’

EXTENSION E:

P — s L

XTENSION

!ﬁle:ﬁsﬁiﬂ]

g 100
EFFECTIVE MEAN PRINCIPAL STRESS. P'(kPa)

I -5 o 5
AXiAL STRAIN, Eq (%)

(b

50 100 il
EFFECTIVE MEAN PRINCIPAL STRESS, P(kPa)

] 0 5
AXIAL STRAIN, Ea (')

Fig.8 Time histories of effective stress path and stress-strain
relationship for T-sand; (a) RgV-Specimen, {b) ReH-Specimen

o
g

| [ReH-Sp e

=

B

& 2 %% [RECONSTITUTED

g v | ERE
5 DASIY 12N Vg Y Dre=80% b
ST S i s LN \ 02=98 kPa | |
= \ ~ \ ]
@ BNA ‘

1923 0

‘&"} \\ o R

502 |

e T oatr {11218

9’ r RBV-SpecEmen 0|+ |-m-

o

)

s 1 - ’ 10 50
NUMBER OF LOADING CYCLES, Nc¢

100

{b)

08y T ey v

1 RECONSTITUTED] 1
s | b T-SAND J
S { .

T A Drc =80 1
204 ;{—\\ 07 =98 kPa |-—
E S | 1
2 IO
w L
502 \‘\.»‘ L
o f
3 | ~e—e-:RpV-Specimen
5 L | -0--0-:RgH-Specimen

1 ]

cl 5 10
NUMBER OF CYCLES TO INITIAL

50 . 100
LIQUEFACTION, Ny

Fig.9 Comparisons of cyclic stress ratio-number of loading cycles
relationships for ReV- and ReH-Specimens of T-sand;
(a)o4/20¢ vs. Nc.to 1,2 and 5% double amplitude axial strains,
(blog/20. vs. N, to initial liquefaction

10



7 EARHERR DA O T D RO M B9 B BFR 99

B->T0BTED, K-8 (a), bIICRLAEDENREDLEL SO M TH D, & CIitEL
B U AWHT RS O IR MEE R, 20 FEHKBEELBEDE LM - THLATL
b,

X9 (a ¢iﬁ4&n1§f$@‘r'i‘ﬁk UISTIE 04/ 20, & WAFEN EDBIFGAER LSO T, (@3
ﬁi‘&'ﬁmimb"é‘i} DA=1, %7 U OBR LEFIC b E D074 (N=N.), biidH)

@ﬁﬁﬂ@%ﬁﬁ&C@&ﬂmt%A(N—an%%ow?ﬂ@ﬂ%ﬁ&mﬁmf%,ﬁ&ﬁ
ROIEPAIRE U GRIRIEMED) il LOENMR SR, ReH HEAD HAEICE NG
LRE LS > TV B, DX D BRI ED IR, FIROHK =T - IEREBR T 5
NI AROMERAMIC L LET - WEBEOHELRAZDO OO THI EEL LN, HEH
5, JEHEKERE L& AW R =0T & SMMEOIR RGN REST 2B (N-6 21B) T& 5
o THB, LIt - T, CORBERIIDOMEIRILICB L CRAEAMIEL THEAT S T &1,
THMICERT - LR TR AT 2SR E VT EARB LTV 3

Pk, BRATATHICED IOV, 2O2EHIcEY 2 RO EERA 305 LT &
foo YT TR, BARMERRMEICEY 2 B EORSUHOEEB L ZNAERNTHET 3 Hikic
HI%E > THMT 5 &g B,
4.2 AREEBOBNIEH -V T H - mEEE

B ARHERERD R D AT - RSO R AL i, T TRI-BO UV, UH #RiE

IOV THERZ A - hIREIRE 17155 TV B, - 10 S |
(a), (DN ZDERO—FIT, 77 ¢a— & BFERL T Wm“g 55304
Bo WA BT, B - BEHEO—HERSN R WY . o
T, U RE - BEHERLTO 5, UV, UHERE £
T, Y7 YRR EZOENOBE L UERL P COMPRESSION
LHRBREMBECALTHS LEA bN, TOMIEAE RN
S BB AD BT 5 B RO AR D 88 151619k 5 6] {M B (o e
POEDHTH B, KFFEE, ZHEEEED MR F (88 ngan)
HERDHBOBEHE &5 >TW5 UV #aiEE, = g [P
WL U Y E AR IO KT IICH B UREE § Lt
BKICIAT, ZHEMARETERICH 3 0K S s L R
< WICEMPRALE TS0 E VS B ERLTO S, . .
DX IBER - BEEEHOT(LE, ENTEELLL i | jCovBrESSIon
BFHA (Rl 1€k 0 (FH L1 T- BEBED TN = N
(®-5(a), b)) LHFHICHPLTOBT EMERSN o 26 &3
COBEE S, RBPEHATEH N EEREIC 31 B S PR .
<o BDRTORMOKTHEAD SMETIIC £ 550 H ‘a}k oL orh b Specmen] ©
BRAMAH LT bOLIES NS, & ABHEN | e )
i3, BEAEIL D SAEHEICER LT BEELT () et ey |

SnEind, ENTRRFEZHMETSETEULLA Fig.10 Change in drained stress-
THERRD & B BB NS L - TH#- T 6 strain-dilatancy relationship of

nES undisturbed I-sand due to the
o difference of cutting direction;

4.3 BERBOBRMNIEH-UTH-BEEE (a) 7 vs. g,, (bl7 vs. &,



100 =i« RIS - BER 8

| By |
-SAN
& Y ‘00000.0.0.&% oo T g
g xS | Drc=80" & °
gl & ooese%ee%@@!ee 02=196 kP @ |
Yo lisgd—ose wys,
=3 © 5° | &
ExTENSION B¢ | COMPRESSION "l 8
vy >
prsnsay, 7] & EXTENSION = 5 COMPRESSION
4 m ;’9 g o
TV T Vo F \~ w4010 k!
LY 2 Abﬁ“ﬁw‘“‘%% 3
Dic=85% ., Oc=98 kPa “ ,8
| |
0,48 RAV—gecimen B
0,4 . RpV-Specimen |_|
05 @.4 : RgH-Specimen 05%
©.4 : Rc-Specimen| 7 ® [0.a
J § ‘Rav-Specimen
a 0.4 .
| :RaV-Specimen
(a) [ A (a) [ ! !
5 0 5 10 -5 0 5
AXIAL STRAIN, Eg(*%) AXIAL STRAIN, Eq (%)
. .
| (EovsTTUTED 1-sano] | [REcONSTITUTED T-58RD)] |
— EXTENSION — 110~ COMPRESSION 1 ~EXTENSION -1 02— COMPRESSION
05 | q08850 AAA% z .d"' 3
! &‘ﬁb' 2 2485, £ I N
o, ad ph W G| ge8o i o
- aooooce?®” | 98 | s A, le8®S | o |
05 05 10 1589 6% 05 >0 05 10
ﬁ = EFFECTIVE -3 Aa 3| EFFECTIVE STRESS O
A oEL-05 STRESS RATIO 7. & B ra -4 RATIO, 0 ©
= > [e] oy (5] o)
a4 Ew b 53 o 8
T BN
=98 kPa] ©
a L Gc=98kPaj 9% N ¢ Drc=80% | $
' Bl1s | 8o » 3 G=196kPa| o
Ala 0,5 : RaV-Specimen Y Py e , &
@,A :RpV-Specimen |__ 0_g — - _ " " .
®.A : RgH-Specimen 65" ; 04 Q
(b) ©,4 : Re-Specimen LY (b) 4 : ReV-Specimen jo
Fig.11 Variation in drained stress- Fig.12 Effect of freeze-thaw
strain-dilatancy relationship of sequence during sample preparation
reconstituted I-sand due to the on drained stress-strain-dilatancy
effect of difference in sample relationship of T-sand;
preparation; (a)y vs.¢,, (blg vs. ¢, (aly vs. e, (blgvs. e,

FIfi TN & i, BAMBDHEOSYIIEREICB T 3 RAROFEESERS N, £
T, BRPHBICR SN AL - MERSHE, ENTHBRL HEGFICL > TEOEER
BT 50 20TRET 5 7c0ic, EBOFETAREER LB UERCHEE L - sEo
T « BESH AN, I-11HUREN TV A LY, BOEE - BEEE, #Ekd oHeh
ENTHEED Y, HEFEEHEOEET O EMEEEOHEEZRML T, ELLIELTS
CEABHBENTE S, KR TEALICHED D BT, Ra#EP ReERRLHEEAKITIHE
AWM TRONICHEER FEOHEIL L 3 HFHOFEIEEALA TR NIV A, R BT
&% ReV, RgH HEUAD ZBIELE - MREHTOERSHE, MEEDoZICEHML TV
L9 TH b, #7 T, MELBEELRE T 2725I1C, ReV, RgH HRED 72— e — e BEZEER
—10(a), MICEFNFNEREBIR TR U7z, ReV & UVHEIR, RgH & UH #EUADRICBIF/S
—HAEBDLLENTER, TDT &, ReFED LD U FAEBET S TEMERT LR
HREREAEERHT A EICE > T, BRMBOHBOR WL IFHULENTHRTE S L
ZRLTWV S,

LT, BRELICBO T oy 7 b fElEETOE L, RIET 38BN ONEEE i
ERIFELOCEBRENT LAY OT, RaHid Re BEOEVEEHAKERBRICE O THEE
(=25°C) 25ZATVALELEVIEILH B, Licdi->T, RaV & ReV HEBEELEKLT,
BRE-BRBERSYDOER - BERECRETEELHL LI TE S, K-111a), btk 3
RAV & RpV O ERBHEAN~NS &, BOIENT-0VFTH -1 V1445 vy —FHICRIET



g AR B O /1R D R IR 2815 101

i - BMRER O BREMIREHTRIEBEASERTE 2S5 ThH 50, ZHMHESHETOE
T, S M v s vy —BREFELOEBERIELTHWA I b b, T8bb, Bk
~ B RE R A S0 R, 2N EZUREOLDICENTEANDOERBIIEDOERHE L <
MEIENTNS, I-BOZD LS HEBEE, o = 196kPa ODT-BIKHD>VWTHLEHTH S
T EME-12(a), BHTRENTW B, FilD LD, EiE-BEERICETHOEBENZR
HONTORODT, RV E RV HEFBOBERHRBEBEALRILTHEEEZLLNB L,
HABEEO IBAERBIC & » T B - BB EA SR OET « BESHICEKSHEEZ b/ 57 &
ATH B, 5B, THTEIRDNTIE, BTESKERT D,

4.4 FHRIEBDOERLEHE

K- 13051608, K-, 1-8B® UV, UH BEMEIC DO T » fo— M0 IEHKRE L ¥ A
WEtER D S ELE LGS, BOT4, BMENBRB LU - OFAEERED I X M)
~DHBERL TS, WD UV, UH HEFOIEIKER L HANBRICBT 3034 B&
UK FED FERRITIE, T-8 (K-7, 8) OBEE& LMK KEGHESRLRDLLEHTE
B, Tihb, UV #HEETRETO ST A1 ERANCER L TEU S, UH g Tl eI
DFADRENTFEIIL > T 5D, COERWRKE XL CHBEKEORE I BHENSR SN,
UV #tidAciidiRflc, UH SEATREMA TR & SRBKESE LTS, 0T -1
DRI O S EEICRT 2 ZEIC L NIE, COL D NEHRERDHBICEET HERA
HILLABDTHB, T T, FHKBELEAMCHELSSIBEE 70 22D LD L HEENS,
%&@ﬁﬁ%l@&K BitB W T2 RCERKSD T EIERBENE, 20T &, Y

ﬁ L e % E%I}iﬂj‘ﬂ% Cjb JooCYELIC AXIAL STRESS (“::) — CYCLIC AXIAL STRESS {kPa)
“T@,Wﬁﬁwﬁﬁbﬁb@
A% & FROBERTIEICL S -
FEEHEDE L WELOHEES s e
5T EERBRLTEY, g Rt —Tﬁ‘mwvw WWTWW\ %0, fl—&@ "
i Vil ‘ St ity
NEFHEHETDH B, gl
EU:@ c:t '5 '/t_{ ﬁﬁﬂéﬁﬁi@ i’éﬁ? 9 Mé%;g‘k:‘('l-) COMPRESSION o “L(E‘;S;?S:%:” commess(?nzu ]
N L& T : ,.zuu__ 5!
79 |3 g A7 ®$Ei§%ﬁm L/ T’ 7& -8 ""\J‘\,Vv\}\,‘\j :“4 !‘ 1, "vnul‘ur‘,q\;nu ’L"U"U'\"ﬂmq; (m
i Vi Wd\»u\lu “WUUUWUUVU‘J\;
Uﬂtgﬁffiw %)% Llf\j&(t\bﬁﬁb (a) 9 Exrsv:s\gn (b) :5 EXTENSION
binsl &E, H-17, 18R Fig.13 Time histories of cyclic axial stress,
LTW5, Flﬁ]ﬁﬁ"h‘iﬁb"c, ik pore water pressure and axial strain
_ . for undisturbed K-Sand;
=T — 5% 3
RO S s DA=1, #E (a) UV -Specimen, (b) UH-Specimen
B U BIC BTSRRI Lﬂ?j]kt&i
‘COMPRESSION’

-

o [ o
& o g
0 &
% F

W00 EXTENSION 0 EXTENSION] [ EXTENSION
{a) <5 . 36 0 (b) L]
EFFECTIVE MEAN PRINCIPAL STRESS, P'(kPa) AXIAL STRAIN, €a (') EFFECTIVE MEAN PRINCIPAL STRESS, Pipal©  AKIAL STRAIN, Ea ()

Fig.14 Time histories of effective stress path and stress-strain relationship for
undisturbed K-sand; (a) UV-Specimen, (b) UH-Specimen



102 ZilE— - RN - BEER 10

WO DA WT S UH A0 HE
WEERL T A (K-17), 18(a), 973

= A O Bl5 R 0 B AR EDHILE O 81
BEAR &S - T BEEORKIEER, H
RO HE LB LB L DENES
KB EAERLTWDS, ZOMEEE, K- 9
icR LA T-BoFh LEFCHEULLS
DTHbB, —H, THHERIEDHEREICS
EonREaR, T-BREOEELE (K-
9 &SN, UHHEESETE
WIEBRALBESBA TWB LI ThH b, R
(LB AR L TER T 2055 0 IER

CYCLIC AXIAL STRESS (kPa) 5 CYCLIC AXIAL STRESS (kPa)}
i

PORE WATER PRESSURE {kPa)
[ u=0¢:96kPa

"
{NDISTURBED T-SARD

10 AXIAL STRAIN ()

H—S imen COMPRESSION
¢ SOHERESSION
o ‘.I.'n'n|a|||l‘l'l i llvl‘l'gl'l‘l'l‘
-sf [0..:89%

‘: EXTENSION

{b)

Fig.15 Time histories of cyclic axial
stress, pore water pressure and
axial strain for undisturbed I-sand;
{a) UV-Specimen, (b) UH-Specimen

COMPRESSION

]

Iy

SHEAR STRESS. 4 (kPa)
o

2

g T

COMPRESSION ] COMPRESSION
[ [rDieTy :

g

SHEAR STRESS, 9 {kPa)

EXTENSION EXTENSION EXTENSIW
. - . - Russssus | fuwwwew .
la) o £} 10 0 (b) 25 100 o 0
EFFECTIVE MEAN PRINCIPAL STRESS. P(kPa) AXIAL STRAIN, E2() EFFECTIVE MEAN PRINCIPAL STRESS, P(kPa) RXIAL STOAIN, Ea Pt

Fig.16 Time histories of effective stress path and stress-strain relationship
for undisturbed I-sand; (8l UV-Specimen, {b) UH-Specimen

©
S

B UNDISTURBED K—SAND Dres 98 % I
b nAsw m 5/ =98 kPa] |
go.z.—-—i
g \( N
A
ut
o2
Fo.
© DACW) [ 1 | 215
a UY-Specimen = 4
9] UH - Spec'men o g |
0 1 L 228 4. n i
(a) 55 5 10 50 100

NUMBER OF LOADING CYCLES, N

06 — T — T
= UNDISTURBED K-SAND
<
e [ Dre=98%

\a\ 0c=98 kPa
o004 &
- "
& S
a Bz
£ool ol
Eo —
<
o —e—a@— :UV-Specimen
fe Q0=+ 1 UH= Specumen

(

=
(=3

1 10 00
NUMBER OF CYCLES T0 INITIAL LlOUEFACTlON Nt

Fig.17 Comparisons of cyclic stress ratio-number of loading cycles
relationships for UV- and UH-Specimens of undisturbed K-sand;

(@)og/20; vs. N.to 1,2 and 5%

double amplitude axial strains,

(blog/20, vs. N; to initial liquefaction

0.6, — T
B i UNDISTURBED 1-SAND ] Bmss EA I 1
S [ o vr' DA=2'% sy (06=98KkPa
S04 EN
g N
& \@q\ .

a Gkl
Zo2
o
9] DA (%) 1
o | 1UV-Specimen |-o—
S b lud- Specunen O
l ]
(a) 05’ 550 100

N\.MBER OF LOADING CYCLES, Nc

1=
g

UNDISTURBED [-SAND

a
I [Dec=85%% %\n*«k
0.2-| 0¢=98 kPa

r | -&—@—: UV-Specimen
L|-0--0- UH-Specnmen

o
=~

CYCLIC STRESS RATIO, 0u/20¢

by °

5 0 50 100
NUMBER OF CYCLES TO INITIAL LIQUEFACTION, Ni

Fig.18 Comparisons of cyclic stress ratio-number of loading cycles
relationships for UV- and UH-Specimens of undisturbed I-sand;
(a)4/20. vs. N. to 1,2 and 5% double amplitude axial strains,
(B)o4/20¢ vs. N, to initial liquefaction



11 BRI O S HED RGBT BHFR 103

HELAKOTADOKRESITERT 20K L > TUV & UHHEAEO BEEOHAREGZAREIL A5
Tid, BERAHCLIEEHEROMEEICE LI BDTH S, LT, TTRRLI2D
OEHRRHBO X DI, BICELHERIREICS 318481, TOMBERFHICK3RRILBEDE
{hicsd U CHBROBEREBLETH A,

WTFhIT L Td, AEROERBIUEE, S, BARAMRBDHBO IR LE ISR S ikic
BMBEL, TOBMEBNFEERE TSI CERLAAEHBBOENEEHU LA D TH S C
EDRENLEEZ LD,

45 BB OEKILEE Al
RIET, EABICEVTOENTATNICED Rl 5 N\ [retesne
ERBOMERIIIC & 5 RS EOZEDRD 5§ | RS

NEOT, BYIHIEC k- CHEABEEBRT S £~ |

LickoT, HAMHDLE S FHOWKIEEE 5 T

R RRA LR TE BEMEAS 5o Ui, K- ° [,

T |:_).0. o .‘m
NUMBER OF CYCLES TO INITIAL LIQUEFACTION, N

B & 1—- WA RO &R D F ik THE L s’ - : :

~ ig.19 Comparison of cyclic stress
WAL TANB LIk > T, TOFREMHEZMRET L ratio vs. number of loading cycles
#= to initial liquefaction relationships

-° . for undisturbed and reconstituted
~19id, Rc & Rp ETEMELLI-K-1Dos/20 specimens of K-sand

o~ Nl gﬁgﬁ %Kfﬁt %LM’OJ % n é: tbéﬁ( L/ TZK L/ ’Cb ) 5 <} Dyc=85 -1.’ REC‘:‘}NS’TITGTED II.-SAND‘
K-BIRMEABEENTOT, SESBVETS s \fﬁyﬁxm

o
&

@ :RgH-Specimen

ﬁbc ct el TE&%@%L‘*@%%"E ( Dn: ] 98 90/) 753?% 04 & - Re ~Specimen |~
LRIV, RaP ReBREA S ATV, BiC ol TR
EhiE, EHR K-DoRRLBER, wFhbR 02 i et s =

CYCLIC STRESS RATIO, 0u/20¢

~SAN N
HBD 20D bIENEE S - Tl B0 RABEDIE e
BALHIE S RREDO £ NI BRI R LT Oty

NUMBER 0;’ CYE:Z;_ES‘Q(O IN‘ITIAL L?gUEF‘;?gTION, Ny
B8, #aR URNC RS S B 7 o 2 (BIRIZEEE)
PAREEBOZ N EKRECRBAEELEHEL CTHR
BTEHV, TNODOHFEEE, RePRy ETIEHE-17

Fig.20 Comparison of cyclic stress
ratio vs. number of loading cycles
to initial liquefaction relationships
for undisturbed and reconstituted

specimens of I-sand

TRI N & D EARELRD O RIS BRILRHES: b
15T O NBERAELE T IHRABLTEBETELOCCEEREL T 5,

B-204%, Ra, ReBLU Re BRIC KB I-WEEED 04/20." ~ N, BIR & REEELEDHE D
FHREDHKTH B, RIRD LI, -WTREEZDVETEEBRICERTE 5, EHT
%14, ReV, ReH HHEOBIRBENZATH UV, UHHRFDOZTHEBL—HLTVS
T ETHB, T T, Rpg BT K BHEEDIEHKEE L ¥ AWHRE TOEBERE IR
LTHBEDIL, D5 4 52 b —OHBFIEF-21, 221K L7,  ReV BEEEKIS TR
TOBRBKTEE D TAORENEHL THSE EWVI AT, £/ ReH HEEUKIEEHA TRBEKE
FOFHOREMERLTWBEENVSIAT, 50 UV, UH HEHRo Rk e i iE
PLTOATEMBEDOLNS, -23{(a), blid, ReV , ReH #tRikics 5 DA=1,2,5%
AU BBOBE LIS 0d/20 EFIEE N, OBRE, ThTh UV, UH #EEozh
EHBLTRLTO S, K-21, 221cR o B IROBEOMEE R L T, Re SiTHMKL
TSRO BRI 3, DA RS ESORBARBL T ERAPHBEDO TR HIALTY
BLEOTHB, TTT, RV HERMAEIT UV A OERMKICHL L T 38 (RREER),



104

E—20ICREN T B £ D ICIRILRE
EhROBECELES - THWE, 7, Re
BEEN A D E TR B & CHIR LR DR
BEBOoZzh L —HLEODE, K-
WOBEERRETH 5, 4B, K-t
WThd L Re HED LD LHEEIERE:
DEATE 3185, BAUBHHBORE
FINEEE AR T A0liEEMNd 5 &
EBbh b,

ETAT, 4:3THl~fzLHIC RaV &
ReV HEFEE 2 OBERGHEDOERD
EFIHEUL TR EBbIh50T, K

ZiliiE— « LIRS - BREREE

CYCLIC AXIAL STRESS (xPa)

CYCLIC AXIAL STRESS (xPa}

PORE WATER PRESSURE (kPa)

oot
PORE WATER PRESSURE (kPa)

u=0c= $8kPa

i

[ u=g¢=98kPa ; F

(a)

RECONSTITUTED [-SAND RECONSTITUTED [-SAND;
AXIAL STRAIN (%) AXIAL STRAIN (%)
RaV-Specimen: COMPRESSION E ReH-Specimen; COMPRESSION
sf Gl 20¢ = 0.400
0%
O¢= 98 kPa EXTENSION

(b)

Fig.21 Time histories of cyclic axial stress,
pore water pressure and axial strain for
I-sand reconstituted by Rs method;

(a) ReV-Specimen, (b) ReH-Specimen

COMPRESSION CoMPRES | COMPRESSION
0o RECORSTITUTED s )
[ |Rav-Specimen ]
3 021207 = 0.339 3 7
%54 Dic= 84 % =500 /.
P 02 98P 2 il
& fo
@ B
Z g
& &
100} EXTENSIONT [ EXTENSION 100 EXTENSION] | EXTENSION
: . —— NI P _— - \
(a) o 50 106 B (b) £ 0 40 5 [ B
EFFECTIVE MEAN PRINCIPAL STRESS, P(kPa) AXIAL STRAIN, Eq (") EFFECTIVE MEAN FRINCIPAL STRESS. P'{kPa) AXIAL STRAIN, Eq (%)

Fig.22 Time histories of effective stress path and stress-strain
relationship for I-sand reconstituted by Rs method;
(a) RsV-Specimen, (b) ReH-Specimen

08, ) r
W 1-SAND Drc=85 % 1
‘:“ O7=98kPa} |
o DAzi%l  DA=27 DA=5Y,
S04 <R \
3 8
24 =~
[
v
&
5077 oatw)| 1] 2[5
Lj‘ RgV-Specimen} © | a | &
% UV-Specimen | | JE
[&] (SEE Fig.18(a)}
0 N H ] T
( a) 035 t 5 10 50 1
NUMBER OF LOADING CYCLES, Nc¢

n

B | [I-SAND Dre=85%

S 1 02 =98 kPa

S DA=1" gA\:%'I. 5%

S04 AN ] \\

g ot Ny

« RS

@ LT, a

g - Temgal u

02 oa(ny |1 ] 215

£ [ ||ReH-Specimen| 0@ | 4 | a

T UH-Specimen —

& (SEE Fig18(a} ) ' ]
1

(b) 0 a5 1 5 i0 50 100

NUMBER OF LOADING CYCLES, Ne

Fig.23 Comparisons of cyclic stress ratio-number of loading cycles
relationships for ReV- and RsH-Specimens of I-sand;
(a}og/20. vs. N: to 1,2 and 5% double amplitude axial strains,
(blog/2e; vs. N; to initial liquefaction

0.8 Y

Drc=80"%
0 =98 kPa

RECONSTITUTED T-5AND)

INCREASED RESISTANCE
DUE TO FREEZE -THAW
SEQUENCE

CYCLIC STRESS RATIO, 0a/20¢

i
[ oalwTiTzls]
[RaV-Specimen [-0--a |-G}
[ [ReV-Specimen|-o-|-4-/-&
e "

0 5 1 ] 10 50
NUMBER OF LOADING CYCLES, Ne

(a

100

NUMBER OF CYCLES

0. T T

R t |RECONSTITUTED T-SAND

S | [O=80%. Gi-98wa

S

g? 4

g N

@ LN

A

Yo, _

G I

<

o [ |-o~0:RaV-Specimen

& b | -@-e-: RaV-Specimen
0 L

(b) 5

i 50100
T0 INITIAL LIQUEFACTION. Ny

Fig.24 Effect of freeze-thaw sequence during sample preparation on cyclic
stress ratio-number of loading cycles relationship for T-sand;
(a)od/20, vs. N: to 1, 2 and 5% double amplitude axial strains,
(b)ga/20; vs. N, to initial liquefaction

12



13 BRI O TR O R G1EICBE S 5 BT5E 105

—201REI N T OIRIVEE O BRE 112, HEBEMBIZICE T 5 Bk - RBER ORI
EBBDTH A, DL EE T ODOTHEANIEEENK-24{a), BIIKEINTEY, -0
A AR, B - BBERIC X BIIRALEREDE L WENSRD SN, RbEE, K-
IR RENT VB KDL, ZHIERE ZMHRISHZEORET 25K L AHRR
SBOoNEBDTHB, Lich->T, ZHIEREZHREBRTOBN S LA & v v~k
HARA LAY & AT RRCBE L TV 29 Th 52, k- RBIER SO FE I R T HE
id, 43 TR KD ICZMHERZEHET TORD A v 14 v v — (BRI 2832 5EH
EH5L T3, DT EE, FEHKRSGETEDRBUKEDRELMET 28R E /263 C
EERBHRLTO S0, B -REIERIC L 3EIRICREOINEEN S 4 L1 & v~
R4 8k — BURO B O EHNICHIAT S 3,

B - RRER SO NI RIEST D LI HEIRE, BFEFEZH PO FNICENIL
T0BEY s, BECL->THR o 3N BEENRIC L » TRHROMBIREICH S OEA LS
HUbDEHESNS, T, HEALFR - BT 2B G e B S &t kD,
HARHERDHBICBY EBEIOREEF 3 eA v F—ra VOREEE UBRESE SH IO,
HdVET oy g gy P VOREEDER A B L ER, BEAEOMMBSES L Tk
EHBELD SEVEREEEBOLBEETH 5, BRI O RS ST 2700,
BEWRICh - THEBIN T BARBRBIIED, v 7)) v 7OBRCRHBINSEiECL-T
FOBREZ O HEMICELAE LAOMICONT, SBEMICRET A 0LENE S & Bb s,

6. #&

b

TOy VTN VI E > TERAESBORHERE, BLXUOEZNEEUEETERNICENT
FAREL L Ao E RIS DO THT 7S - Ao BER Z SRS - MREER & JEHER R L AMTEER DR
5, (VERDHED HFEHEEORAHEEETH Y, FOBMIEABHMEBORESELO bk
PHEEFHLPTERLTOWEWSHRIZRT C LiCH B, 212D &HTRFNEER
id, ERTHEYLABDERFO ZNEEFCHEUL T BT 05, B —RICKELA
Ihic L o FHEERFULAT LIOREBICH 5 LHESN S, QERMERDIEOBNEN « BE
BRI LR, RO E TN TORVESIE, ENTHR T BH%E FSETHRE
AT BAEESLDVEFE MSPE)?2 KL > THBETX 3, HEDHEEMRSINI,

BBIC, AR 20 TEAOEEREEOARE L AR TERIE 58, R 758
BichxBrTE S8E E @ EBREM, Il #E (M2), i g (M1),
W R JhEERRT) BEcB#oEEELET,

& £ X

1) Oda, M.: Soils and Foundations, Vol. 12, No. 1 (1972), p. 17-36.

2) Miura, S. and Toki, S.: Soils and Foundations, Vol. 22, No. 1 (1982}, p. 61-77.

3) EITHAE “TEMERE $2 EWETR (E54).

4) ZEE—, DR, Sl JbEE R TR S, Nell6 (HE58), p.1-13.

5) T —, LR, FE OB L AFE LIRSS, Nelll (BF57), p. 13-23

6) =ivE— 1 e, Vol 31, No.7 (#858), p. 59-60.

7) Oda, M., Koishikawa, I. and Higuchi, T.: Soils and Foundations, Vol. 18, No. 1 (1978), p. 25-38.
8) TR —, LI, S E17EEE ¥R RR S e (1EsT), p. 325-328.

9) Ishihara, K. and Takatsu, H.: Soils and Foundations, Vol. 19, No. 4 (1979), p. 59-68.



