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UNDRAINED SHEAR OF SOFT CLAY AFTER A CYCLIC STRESS HISTORY

e AR O T S
By Kazuya YASUHARA and Kazutoshi HIRAO

Effects of undrained cyclic stress-strain history on clay behavior were studied by cyc-
lic triaxial compression tests. An apparently-overconsolidated clay produced by un-
drained cyclic loading decreases its undrained strength because of the decrease in effec-
tive stress in clay. while a clay subjected to drained cyclic loading gains the strength
similarly to the long-termed consolidated clay. Undrained strengths of a reconstituted
marine soft clay were predicted by a method which was formerly extended from the

empirical relation existing between overconsolidated and normally-consolidated clays. In
terms of the effective stress analysis, the critical state parameter in clay has nothing to

do with undrained cyclic loading histories,

1. #

AR, KEME L & B2 MEEERE G O BRI AR O I 2 R
IR 2BIMIGE R, B - B0 DESE+ T
SR T O T2 &, MERLDAOENN I L5+
I?%%ﬁﬁ%kf%t.ttidﬁmgw6ﬂ%w”
OWRESHDIS IO D 5 & 12 Z ORI H T 5 48R
Mt & W2 &), JbvEo ARSI B L < NGI,
2y F VA AKRFEOIEEE S Andersen (1976) 55 %
EHTWVS. [\ UaI(Boss'76) T Wood? 138 /5 i
WUBEEZZF LD P LR« A SBEBE T O
FNITHBPLTOB ZERERHL 225, HAET IR
5 (1978)" S HBHR VAR (1Hz) oELEHES
BRI OWTCHLEABROEAZE» DTV S
Hyde & Brown (1976)"1%, #iELIFE T cO%d & »
V- THETTOEHE ORISR L. L,
CDED SRR URE T COEBORMKEL 2 FH~ 7
WREBREDE L ABFVRLBZVEICHD.

ELAT, WRLE, WHIXERES 2V I3 FARAD
EFIT L ZERISH OB & OB TSR ED

]|

*ERE I BEALEAR#E I8+ R T8
(7 800-03 {G@MIR SUERERA AT K F 5 12 1633)
**ERE AEARIEA%BTE THEBEARTER (AL)

&, LEUVIGBEBRECHL &N E0ENbAT
Wa. —F, BEE® (BREESE L CRKTES)
S RS, BERRIER P BREERIC > T, S L
HrrLBEBRLO LS LEHERTE 55, NA
TR LB OEDEN OB E b 55 0T,
FREEET TS 2, BESLICENO%E) %73 A
PS5 S, HIC, BEOEELHEORE IHERD
HTHL, WIFRBED T OB LI 2RI &
LIEHOHBLEATHS, ZOBKT, cOksRHE
Hehl s SNIGBRER LR, EHRECCHTARSO
ERICESBEOBERERINT 21060, “BHTO
BEEL" 55013, "BLBESEL" &L3hb o &
Bhb. Dz, ZOBFEHTEBUBES+O T
H"J‘&Ehf&‘@ati@B@ffﬁl:&ém%ﬁﬁﬁ&bé Z &g, *
BO% LEECRkS M@l E2 5N 5.
$Y?@,Bﬁ%ﬁﬁiof%t6éhéﬁ5%i@
EB BT A EROTRER 29 50k % 2 <, By
BRER UHEIC L > T h 1 5 & N8BS 1+ 0IkdE
KEAMEBEFHET 5 EHBREHNT 5.

2. ISHIEE L e-p BR

R CHA 7z k900, MBS BERCES I -
POREMS B, B—1 (a), (b), (¢) i, cpo&



114

(a) Stress
release

(b) Secondary
compression

(c) Cyclic
loading

TR - LR .

FIEHE). bbb, B—21RT L5 1,
BRI BV, BEUSTOBRE %
e OEEIROZEE) & - T 558 (0
BENICLARERTAZEL TN &
iZns) &, B30k IcmFI—He T,

Ovo Oyj Ov Ovo ovy Oy
H— R&3EEICSDBEFKE

% EBRHE-BHEREHOBEE (e-p' BR) Kk-THE
TLELDTHAH. ThosdH b, BEBESLELRD
EHI, FHEHEORBOBE ROV D rOME
BRI E->CEE SN, &z, @1 (b)
ICIREND EHIZ, B OO IIHRBEOL— Y Y
TREAVT =Y a3 EHAERU B EDEHSLE. N—F
L3 oo e EREERESKE L
consolidated aged clay) & LA, #LTHIE, O
BEOBER SRR & WERRICRET AL %
ozl

—F, ShIZHL, B—1 (c) KR &0, Hifgd
HIEXHEDOIERO &2 a#R U E S 5 W Id S H A EIC
FEAMENOENZZTHELHH. ZDLEHIC
R—licgEsdbont e-p BRICE-T, BE&H T &
BLBEE LOEEOMEL L0 L<ERT LI EMNT
x5,

COEHIT, BEHMERRIC LS s> OBRESE
R OHECE M 2Hr o 5 2 &, AR IoH
THE) BN EBRRNOB IO DICRICEETH
B, AWM THEFRYE LT, #RLULAEIIL->TH
E3nBEMEE L, SRR AN FRIC
FoBEETOEHEEMTH S ERESNTINDY,

EEOW, BREMESEBEEEEUIGHEES VLS 2
DORESIBBIC L > TH 126 SN ELBIESEIZS
FLTWLA, WEICHERBT AL, LiXLidchs
D2OOEENICEIPNDEREESH L. LoL, KK
XIS W 2 EOBRONOBE LItk > THE U H)
FIHE %20 Ak o4 ANESIC DLW TOBER
LTWad. ih, ZIREBICL3BLBF ok
Ke AR SO/ LI BNTH L SN TN B,

3. BELUFEEZIRIOIHKYE AKE
L)

(1) BEULBE%2 A8t 0nhER%R
BRI L 22 JERUE 4 2 3E PR e CHER LIS O R I
ERIBEE, TTIORLILED I, BETLIFEOMRB
KEC L > THPENOBRT 2K T 5. 2080k
KEAKREDETERIER—2 ER-31CRT L5172
DOHRESSS (LT, p FHEYEES, ¢

(Normally-

Oyo Ovi

O  BREAZZI3HALVIEFARIIMET 52
S BBEENEZLNS. FIFIEER
OS2 EAL B TAE YL, BERMAS

POTREES TN FLEATELZVWESITH
b. 22T, FREEI SR UISHBREZZI LEOD
IEHEAGR S IZ DV TLTO &S OB S HEE A
A, CNEFMETHHEEZEATHT.

(2) BEZHLOIEHKES

T EELOBEREROHFERNEELTCIO-X - Ty
TEINTE BRSSP EE L Lo TRBEHOBRD
N S VTAE, WSRO ANBEIC T IR H
2TCEREH>THB. &L, FHESY L, BRMICHE

q
With drainage
C.
\glri;}?:ggte ASyyIncrease in Sy

ASy : Decrease in Sy
ASy;: Increase in Sy

B3 HELFHEESALORERE (5 —2 B)



B U AE 2R A OFEPK A BHFE

IR S OETRNToEELEMEZ LTS, £
OFELBREE LT, EHREBKT EBRWIC &L 2BES
MrodEgkmsolkrRlick--TEbEINE & %
R 7.

Ez:;:zz(l_r).n%_i_ Fo i e (1)

22T, {Swoc, (Sue I BEEKA & PRS- O
BEksg s, n BEEH, r, A, ul EBRTHCTH 5.
RSO ARE A L HM SR E+ S IER
FEEM A OIEFARRERBINEOLE LT

()
D /o A

Su
(5 )
#RELTCWA. 22T, 0C, NC B+, E
BIEBKLTARTT 74972, A EBRERTH 5.
Mayne” B LU T Wb 2 ENFIOEL» 5 ERD
MO DIEEZRPHTNS, ERITH TS A, KD
5HBEELT, UTO LS il RBEshTWA.
Av=1—Cs/C., (Mayne ; 1980), «--+eeeeereeer (3-a)
(lI'F & 1 1981)

(MY s 1980) veeeeeeeenes :
Av=In(g ), (=4 © 1980) (3-b)
=1 (My (= s 11980 eeeees .
A= pogn(or ), (SMHEIEA T 1980) e (3-¢)
Ay=0.805(1— Cys/ Cc)F+0.0305 -++eereeeeeeseenes (3-d)

(Mayne : 1980)
ST, MIBRREIIBYAEWISHE (=(a—0)
Noi+203)/3), m | IEHEZE ML OIEFEKRE I
THbH. 2k, AR 3b)Ehac L LEFL, (30)
BEBES A ZUAEFVICE->TBONIZLDTH
%.
a7, R (2) WikbkmaolkE LT

S —— )

EEXEHIND, AT, BERUMEIZ & 53EEKR
SO AEFET B 201X (4) ZHNTWVA. §T
IR EHi, ARFED 2 VIS REBEDOELRIC
& o TREULEBKEIC &> THRIGHMET T 5.
IO &I L TR BIBERICESD, 20
EED e-p' -8, BIFESE—4 IIEANICRIN TN S.
ZOMD SEREICHES BER T OBIEER n, JEHEKE
EBUISHEBEC L 2BLBER T OBEEL n,, &£
FhEN

De
n S PP 5-
Do (5-a)
:
—L’ ................................................... 5:b
fa Do ( )

115

Void ratio e

trength Sy

R PR
Consolidation pressure p’

B4 #EUSHEES S ZERERLO e-p'-5. Bk

EEDINDIENLLE, Fhdz, Ihs 2508
I IHBEIZRD &5 2 BfEH 5.

=PI, (A= Cy/ Clrrrrrrrrrnmmnmmmnmsnnsnnns (6)

(3) BELAEEXZABTOIEH KM

R—4 22835 &, BEULHBEROIESRESZR
HRIZ B BIEEEAGR X s SEBE LIS BIEE OB
EFRBIC BT DM E s0 OHWEK (4) 25

Suo

o = A=A e (7)
ItkoTtHzeoNB, FRITENIE, A=1—A0&Z
S0 Sqgg et ( 8 )

Eb. Thabs, X (3-a) YRV EE, At
DHER LIS BEE % 52 T b 2 OB OFEHKR S 3 f 5
EHOHENI EIEDHH, O &IIHMOPFEHRET R
BT HEREEIIRT 5.

wiz, 3 (7)) b BEHELELUTK (6) 2
M4 5 &3 hid,

KEosTEaxAHhEaDTIhERK (7)) ~MEATHIE,
KRELS.
fﬂ_[ 1
Suz - (Au)cy
1__*
D:
R (9), R (10) €BIT 2 (Au)ey TR UIENIZ & -
TEBINLBBKETCH 5. —F, BRUSHOARN
H—EMMBELET 2 Sk -7, HHERERICBERL
re EIIRERRIKE SR S B SRR ICEk B E LB, O
&, AUSTTRERZEADEQ 1S S ABTT 5.



116

Ulehi->T, ZD&EDIFHKIEZ I Su D> D Sug NI
mssEEZONE. Qb S ABITTHBIECEL
THEUERLOELEBEL p. L6 —EHEDL & TE
CABKY ) — 7 (TREE) Kk ERBEE(LEEMT
HBHEEBEZTCHELRARTREDDD. COLIITRET
5 &, BNEBUKTEOHREDOIEIKBS 300, #
BUILHBRAIOBI EOHEVHIETRARD LH G
ZoNnb.

Sua A%

Sui :[ 1“@)&}

D:

H (10) XX (11) 2HOCHIKRS O ABTET 512
Mo TROEELSFHIE, hsoXhicgGEns2
DDINTA—=F —, A A BEHIIRDDLETHD.

4 EBRHEER

OB UBEEGRETICN L, —EoIegkeE L
“EERERARSTTOA L., BOca oY
i, tHRTFOENE G—2.65, WHRRA w,=123 %,
BYEFER 1,=69, FEMEEE C.=0.700, KRR Co=
0.163, FRINIEEEM ¢'=40"TH 5. F1z, EL
ZHEREE R, B-5ICFO0RKRETY &5 cmH
595 ED—HOWFRIZANZHDEIZIRLTH O,
TTIREELYDEDRITCBALT NS,

A CTHO SN IR U =850 B &M 12 Fk—1
KELHHNTWA XS IZ, WEE, BRUGH, B
b LOBHREr e GbINT. OFThBEELG
HERKICBO TISHHBTITbh TW A, FhIOR
SNBIATADYY - XCE—FRBEUIEHMRE
hzhoOEKRIcafFan DIt L, ¥4 TB vy —
AT, ZHABRUISHPSEH SN TS, #EUHN
HEOREREERFIZE SN DI, =, ZoRBER
FEI T LoOHz RV s Az, ZHAEE TSN
DIREZMED DT, THEMEH KO 088 —F
BHOBE LR BRI EEA bR I o2
W,

IATCEY 47D OBELZRRARO V) — ik
B—6 1TRah 5 L1z, FEHKE ABRIORE L
Ry <CHANTENS, BNRELAROLL DOV T H
B =SB, OFTES, 8K U BB Lok
#52 (C, Dy ) —~XD#H) L&V TiThh s, #
NPz, ZhsOBERNIKR—TIEFsIN TV ERERIC
HogbahTns, BELEHEREIKEEDLZO S 4
TAELYAT BUEIHEHARS &M BN S 50
XL, ks> 24 7CE94 7DDV Y- L
R IEEEAGR S NS B ATREE S B 5.

B—6 It Ra e —BOEBROFIEIZ BN T, M5EL

1. Load cell

2. Triaxial cell

3. Specimen

4. Burette

5. Regutator

6. Pore pressure gauge
7. Servo cylinder

8. Servo valve

9. Water tank

10 Displacement meter
11. Yacuum tark

12, Vacuum pump

13. Compressor

14. Oil tank

15. Pressure gauge

H—5 #E L Z#EMRLRE0RHR

1 #HELSHRROBE

Test cc* Aot** N f W
no (kPa) (kPa) (cycles) (Hz.) (%)
A-1 200 40 3600 1.0 95.6
A-2 " 80 " " 93.3
A-3 " 100 " " 90.6
A-4 " 120 " " 93.8
A-5 " 140 " " 90.5
A-6 " 160 " " 90.8
A-7 " 100 172800 " 92.5
A-10 " 120 " " 93.2
A-11 " 160 91800 " 92.0
A-12 " 100 60 " 90.5
A-13 " " 3600 0.1 94.1
A-14 " " " 3.0 95.0
B-1 " 40 " 1.0 88.9
B-2 " 80 " " 93.2
B-3 " 100 " " 92.1
B-4 " 120 " " 93.8
B-5 " 160 " " 90.9
B-6 " 120 172800 " 92.1
B-7 " 160 v " 90.9
c-1 " 100 3600 " 90.9
Cc-2 " 120 172800 " 91.7
c-3 " 140 3600 " 92.7
D-1 " 100 " " 84.6
D-2 " 120 172800 " 94.5
D-3 " 140 3600 " 90.5
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