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Undrained and partial-drained cyclic behaviour of clay

Kazuya Yasunara*, Masayuki Hyopo™*,

* ok k

Kazutoshi Hmrao***and Takeharu Konama

Abstract—It is very essential for accessing the behaviour of clay under cyclic loading situations
induced by earthquake, wave actions and travelling of traffics to model the generation and dissipa-
tion processes of cyclic-induced pore pressures in clay. To achieve this purpose, the results from
undrained cyclic triaxial tests on a reconstituted marine clay were formulated.

Through the formulation by introducing the two new parameters a unique relationship was found
out between the peak stress ratio at the extension side and the double amplitude shear strain.

The pore pressure model proposed in the current paper was then combined with the theory of
consolidation to predict the behaviours of clay under partial-drained cyclic loading. Analysis of
behaviour for the partial-drained deformation was compared with the observed values for pore
pressures and shear strains in drained-cyclic triaxial tests. Thus, it is suggested that the propsed
model should provide a practical tool for evaluating the settlements and stability of clay under

long-term cyclic loading including the drainage period.
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Table. 1 Cyclic triaxial testing conditions
Test ?; Ew# BELEE  ac. wEEH
No. % &Rt -

i (%) Qcyexsfren’y oc N

K-26 65. 8 1. 20 0. 60 6

K-21 || 66. 4 1.10 0. 55 12

K-16 || 66. 5 1. 00 0. 50 11

k-20 k| 66. 8 0. 90 0. 45 24

K-25 65. 8 0. 80 0. 40 543

k-12 64. 5 0. 75 0. 375 1674

66. 6 1. 10 0. 55 11

-2 || 67. 8 1. 00 0. 50 36

K| 66. 5 0. 90 0. 45 10002

66. 9 0. 80 0. 40 10000

(oc” =2.00 kef/em?. £ =0.1 Hz)

MR L EMERARBOLFEIR-1IRTEBDTH
5o RHOEBRES LRT K OFRAIEKER L =il
R, DOPEKEGRE L =ZHRBTH L, WIS PHE
HIES) pe=200kPa CHHEHREIT - 728, JEHEACIREE
THE—FENTT0.1Hz OEEMWTELMA, Wo§
ARG € pa 255 B A B2 A F CTHGR L3R & ki L
726

=70, PEAKELE L e, EREka v 2 2@
WMUEEFTHREFTIHCTHREL A EMZ S 5D
THhb, 2OLH) RBRCBYV T, BWAEEIZHERT
R D BRBEAVN S V72012, #0E L2 AR ERK

JEAE =B AN HECT 2 720 CREBURPICSE—RRIC AT T B,
WhWABRAHEARIEEIC 2B EEZOND, BUETD
PEARBERAE T, Th & ARROFESPERIREDOTFED
Ezohb0T, TOYKEELZMHBE 0L %
M OBERIEER & A 7% L T 24T 0 72, TP &M
RERAR OB O E/KE, HBRE, #E LEZE RS
Qeve B L UBKIR LEIH N HELEh T2,

3. FEHEKERR L€ AKTIC B 1T B ERKIE
BLUEO T HRBOERL

FEHEAREHE L ZBEMRERIC BV Tid, #al LT &
HICRBRAREALH L, OFRMRIESREICKE (2D,



FE, KB, PR, /MR R LS ANE ST 2R 0K L OSSPk E D)

c

Effect of partial

Cyclic stress ratio  Yeye/ 0

drainage
02 - O Undrained
@ Partial-drained
01 i | !
1 10 102 10° 10*
Number of load cycles Npa:s+
Fig. 1 Cyclic stress ratio versus number of

load cycles relations

DWICHEICE S, M- 143, OFHMIRIE e 0a= 5 %
R L ELERE LIS T Hige. /p’e & #E L %N,
OBREWHHIR LD TH B, AR T, #HER
RO VT ATRIEAT € pa= 5 %ICE - - REE By HE I8
LR LIz, M- 1IESHCUTO LI Lo L) iIE
#MLEns,

Ri (=que/p’e) =0.624N" (1)

RIZ, WO AIRESHE LS AR E &b HNT 5
BREPERAT LS EEFRAL, T, BHREL, &
F A 7 VOO T ARG % 7588 BIFUKE &I S & Tl
EOMBRARARTALEE— 2 0RRL 257,

c

Fig. 2

G‘_).b 08 Symbol Geye/ G e’
=1 \m
(2] = 0.35
% = 086 o -D o, s o
o m 040

Flle) & a i

04 A o A 045
()] Tﬁl a @ o © ©
L o a 050
3 e a o &a
o o2+ a o © ° @ o 055
® o 4 o e 060
g)) 1o} I N ! ] 1 )
o 0 1 2 3 4 5 6
& Double amplitude axial strain  €oa (%)

Relationship between double ampli-
tude of strain and residual pore pres-

sure in undrained cyclic triaxial tests

Mok 5 iciliEZicid, »2BE0MBMEEED SN,
2= — 7 RERYH D LIETEVEVY, T THEE,
& A 7 VOO T ATRIEL & ), IR L

205

IBHOETFA 2 VOMERY — 7 BB 2R
7y (ZQue/ple) ®E o THEOHEZRER 22T,
BRI HE L CTHEMo ko ¥ — 2@ RH L2
DI, FERO &5 H i ERIEHERC L 5 8E L =8
JEMEBRTIEET A 7 VBT 2 HREAO ¥ — 7 H05%
LREEEHIZI L, TRPRT A 2 VOE0§ AIRIED 1S
BB LTV AEEZ P THE, [— 307D

-~ 6
f: Symbol Geye/gc’ A o
. L]
& 51| o o35 @
m 040 4
o ab| & o0a4s 0
=1 L]
173 A 050 A (@0
e o 055 °
X 3r o/m"”
8 ;
= 2r S
3 s/ @
E P
© A
QL 1qr <
2
=]
[o]
(a] 0 ! !
0 05 10 15
Peak effective stress ratio 7)°
Fig. 3 Relations between double amplitude

axial strain and effective stress ratio

in undrained cyclic triaxial tests

BCTHBH, ToORL YO FAMIRE & ARG RO
Bk, 2=— 7 ZARITFET LI L RBOLN S,
IO &) WERBHERABIC B 200 ¢ AIRIBOZE
1bid, Rk L& AR BB L2 BRT 5 2 &b
5, I OFEREHEIEAFEICT LISTIRIED BT IR
LTWwA I 2EMTTVnAE, T THWSL L EYH
T s, TOBRERD LD 2B TEMTE %,

eoa=7," (c— 7, (2)

ZIT, clEMRFIRAENT A — & M BT 2 EREH
THRPZETHONFREELORE, ¢c=1.30TH -
770

F 7z, PEKEOR L Z#EBRERIC oW T h ko g



206

S >
< Symbol Gere/ 0'c ) e}
W 5k o 055
o)

< A 050 6
2 4r A 045
5] o]
8 @m 040 o
2 8¢
@ o]
°
2 2L ©
= (o]
£ 79
& ok
@ 1r -
£
5
[o]
o 0 ! L

0 05 10 15

Peak effective stress ratio 7)r

Fig. 4 Relationship between double ampli-

tude of strain and effective stress ratio

in drained cyclic triaxial tests

BT EH— 4D LS BRERD, ZoEbIEIEK
e e CHUEMERL, PRSEICERL < ERk
EREQOBEETET Z L AWREE & o T b, PEKIE
B L ZEIEARERER TR EBKED LR LRI HRER
B (REBRTEME 250z 0T, HERERN
TREBAKEDDHIFELTHEEELZLNL, 22T
AR B CllE L2 BBKEIC L D 2o k) i
HEfTo72b2h, ROL) GfFERE L7, £/,
& U IS BIBUKE S LA S FTRICEZ L 5 2 &%)
B, BOTAIEES ZNICHEL TR LT 2 &
BZORPSLHERTE D, Ld>T, HEoPkiiE
L ZEhEER I B 5 BRI a R OB R o MR
KENKEENDELEZDLI LN TES,

PlET, By RLEANE ) TAMTIIBY T, #
R LEAT IR B0 3 A IRIE & BIBUKE S8 480
BILDNBETHLIENDT ol £IT, TOIE
RIS A0, 22T, 2200H LV AT A—%
FEAT 5D,

FT 12U -5WRTILAL 7 THY, Zhidw
RIS & FE L 7o #R LIin ) O sREI ¥ — 7
KBIAEMIEIL . LHER (H0 T AWIRIE

SR T AT $530% (1991)

x 7 = N
’7 - 77, - 778
q Total stress path
| Initial point
\ (\ /\//
p'
1 1
1 S
n, n
Fig. 5 Definition of the parameter 7
_ Geye
Rf-'ﬁ"
R¢(1)-R+(N)
RR=
R«(1) R«(1)-R
R¢(N)
R s Tl -
1 N N

Fig. 6 Definition of the parameter RR

epa=5%) DAL OB HEEY A 7LD
IR Y ~ 7 oM 2 L ERAREET O TH LY,
19121, M-6IlRENARR EVIFEERELEA
BRIty 2R R ETRETH S, TINS5 200
RT A= DEFARUTOEY TH 5,

7%= (71—=7)/(7:—7.) (3)
RR=[R:(1)—R:N)} /{R:(1) =R} (4)

KB B RR 0fild, RR)TH 26N AH4TEL
ThHEEOKESOBELIENILR (=qu./p’) #*
HBrzonge, #ELEHKIEE (N=1) o
HLTRR=0TH52, #uk LEHKN oBincttn
BIEER (N) #"EATA2O0TRR E#EML T
Co SHLIHHEFELZHBELABN=K IZET 2 &
R K)=RTH505, RU)DGFLHEIELL o
TRR=1&%5, 2%9, RRZ1HE OB, S



L, el PR, MR EGE L ANE 20 AR oIk s & UE kSR 207

BilRE2FECO~ 1ol cEfbdaZdiinsd, 22
T, 1HEOBMIHLTIERR=04%D, 1EOHEK
RIS BE L5 2 v E VI ERIIR ) AEH
BHEL D, TNEEEOMHEOREFEICLLHET
HY, PHOBEIN=1LYIN=0IZEETLH
B2 E LWL IS BB, TITREDLD 2
EPARTRERZ L, HENEVEE LB 2R L LT
BY, N=1TOMBKEFEEIEET FEHTES & ¥
WiL7z7z@®, N=1%2@#s L TIDLIBELL,

N 10
& Q Geye/Pe’ = 0.55
o 08} A« =050
& ] ” = 0.40
7] O.
@ 0.6+ O ” =0.38
% o/ W
0 g
=
B 0.4 o EF]ED
O
= ul
:,) 0.2 - © ECP
2 WA
® o
Q
o 0 | | | |
0 0.2 0.4 0.6 0.8 10

Relative cyclic strength RR
Fig. 7 Relationship between RR and 7
B — 7 1 IEHEKIRE L AWRRIC BT A RRET* @
BREFRENTwa, M REnz&70y M, #
B LIS HIRIER R LRSS N ENE L B2 »ob
59, Ihb 20015 2—5 DIk TEERS
— MR PFELEL T b,

7*=RR,/ la—(a— 1)RRI (5)

ZIT, a BEBRNTA-FTHY, Kr—ATlka=
50CH o7 UEDFH L WIS 2 — 5 DMEHGZ%HE
RIITRTEE -8 D L%k b,

Kiz, TROOMFREAVT, JEHRENE L ZhERE
HERIC B R LIBTIEY A 7 L OMIRME ¥ — 7 BiC
B LHEBKES L UEY A 7 Voo AFRIEO T
MEFTH. T3, BELEHER (=qw/p) PEA
THoH0T, AL VEEOHELERIZBT 58958
ER (N) &3k, 40 PR OFlizTH. Ih%
RENMATZEp kv bhsoT, RBLY 7D

_ R —Ri(N)
Ry Ri(1)— R
Rfzan B
Ri(1)
Re(N
Ri=4 = = —
Ne
Total stress path Cyclic strength

\

RR
* b S
n N = @R

RR

Fig. 8 A key sketch for interrelationship be-

tween newly defined two parameters
EPEE Do L7zh o T, KEOBRA SIS HRM ¥ —
7 B OBEBAEOEAHHT 5,
Up = Qeye (1/73—1/7) (6)
¢, ki@ skoeo s n* 2 AT 5 &R
ADR"LND,

{1 1 } -
Up = Jeye I

v 7s 74 (7:—7.)+ 7,

ZZT,

_ Rf(l)_Rf(N)
Ca Re(1)-Rl—(a—1) Re(1) —Re(N)}

7* (8)
L5260 b, 0L REBEL L BHOME LB,
LHBILES T THELITY . BhickhRkoonizM
BUKIE & il O3 A RIS O Tl R & EBE R OB
E—9, 00iZhFRRENTVE, ZhALDOFIZBW
T, ARFEC L2 TSR EERERE, r— A2k
DVETOHEEH 200, BBERREFEEERIC
HrbOLHBTEN S,



208 TN F TSR 539% (1991)

o
>
3 10
° , —— Calculated | Symbol Geye/ g’
= q«:yc/Dc H
c 0.8 ® 0.60
e
5
2 06 o 055
&8 A 050
o 04
g A 0.45
@ 02 @ 040
Q
2

[m] .38
w o 0.3

1 10 102 10° 10°
Number of load cycles N
Fig. 9 Predictions of pore pressure in un-

drained cyclic triaxial tests

&)}

Ceye/Pe’ =

0550 A
050 045 040 038

| 060 ©,

€ oo ()

o

D

- Calculated

1 |
0 10°

1
1 10 102 103
Number of load cycles N

Double amplitude axial strain

Predictions of double amplitude strain

S
i

0
-
<

in undrained cyclic triaxial tests

4. BHHKEBE L ARIC & BERK
EsLV

4.1 EUT AIRIBOFHE

PEARHGE L = ShIEMRatER b JEpbkatBe & M U BT &t
T of2e ik & 91z, HLidEkEFRwoT, K
FERD & 5 120.1Hz BE D 1 K LR &4 ki
o Th Y, BBATEIERES EZO—EBHEEIHE S
NBWCTERL, AN TR OE Lo ne
Ei2oND, LD oT, ZORETHE, Sty
I ODEFRL AT IENTELRY, T LA, BREMH
OB ERERIGE VWO T, koK LIFELLE

TToOHLOEHOFMEFTVOMALEL TS LTI
RIFORBTHLLTRA L) 2T, HIRVEEDIEL
WA &V B R OB B L 7o U FNE
Wit o HEREZELAVT, Z0L) REETTD
HTtoRPOBEEICLLI Y I L—varifiorn

9, HOPEKERIE L AR BT 5 BBKIEOS
ABLUHROMEEE-110 L) IEZLD, Z0M

Undrained
[0) C
5 A iAug
7]
]
9
e
@ ot .
5 Partial dramfd
<1 .
@ C
& : i8ug 1,
o A Ug
1
w B

t teat Elapsed time
£
@
&
=
0]
£
=2
S

Fig.11 Schematic diagram for variations of
excess pore pressures and volumetric
strains with elapsed time in partial-

drained conditions

BT, BEORT MR IEREK, R ATER S HEACIK
BIZBT 5 EBKEOELEBIETH Y, TEHOMMSE
T RO T AN REEE LRV 0TH b, [
CHCTW 2 &9 ICEBEORL t 2 & UM B ERE ¢
+At FCORBKEDREE)ZA—BTH5H D5, MHiTE
7 & L CHREERE T oI o MBKIERAEE D 2
i, POMBKEO—EIHEHENE L) &, D
INA-C—BEALEBEVIBEEZTol, 1220
MOBREOFAOMES L, C—BIT & % BBUKEMS

DFENAMCHOMIMC L > THELDL DL L, KREE
R m 2w TCRO LI ICFKbEIRE DL LT,

Ae.=meAu (9)

BB DS A B L 2 0 —EHE O FITIE, o
PRAEFEIC B W T Terzaghi Mo EH RN+ FRER



T, &8, TR, /MR R

b L T 72 Booker 5 ® o ff5e
TiTo720

LR E Hw

{@f" kl {9u/ 7. =m(0u/0t—¢) (10

2T, kBRI NY v SR, v KOBAGEE
E‘?M MEET, ¢ IEPEKE AR X B BT R
") DORFIBKRIERESTH D,

2T, R m. B & OERRE K, FEBE
KRR L AMRBEN R 2z 0 % £ T, BKER
Hi S DI LIZENELLHRHOT A2 bR L 72,
ZORSE L AMBROBERICL 2HHOTATREL
Pl KRR KT L OBRTE L H b EH-120 k9

2 50
> O Present study o
v @ Previous study O
'% 40—
= >/ O
[ ~r
o €. =157 eOiog(1 T )@ O
s 30—
@
£
3
°
b4
o 20
°
>
s ®
\ L
Qo- 10
) @
0 ] | |
0 0.2 04 0.6 0.8

Excess pore pressure ratio Ug/ g’

Fig.12 Post-cyclic recompression volumetric
strain related to excess pore pressure

ratio

127 B, BN, LIRIAT - 2 BB o $ 5 KRR R
E—fEILFEOONTVE, ZTOHKELY, BLEERD
KO F RIS » I HBKER E S VHEEEE LT
WA ZEDROONEN, RERERO LD ICHEIOR
WK E 2 ABIER RS 5, BESIC L R
OFTAPEFICRELLRBIENFEDOONE, ZOKKED
THEERNEHOEETEHS Z LI L) m, 23RDT
F 7o, ERRE K EEESBRICB I 2 HBEAKOHEH
BEEEHONKE oBRcERL, PEEREOERIED

Pore pressure ratio W/g¢’

L AW %32 28R OIRHR B & OB HEKET) 209

TR HER S o R HERARIE 4 L T Yoshikuni
5T L DR S N BT (MR T s By
TR SNz, R TH L TR EROFE &
L T m.=0.0270cn ' kgf (0.000279kPa™'), k=1.61x
107%em s DR ENT-OTINS ZEITHEAL 720 H

Hrid, EBE RSl TR E R L, K—-13
DEIBRAyanEE T,
|
i
T | |
| |
| |
srse | @ L[] Jes

|
| _—
i | orsx5=175"
il
f
|

F— 35—

Fig.18 Finite element model for a clay speci-

men in triaxial tests

1.0 T T T
— Calculated |O: c1cy/pc"0 60
0.8%3 JANEY 0.55] 1
O: u 0.50 m
®: o 0.451 |
A v 0.40
®| " 0.38 B

= 1t ) .
‘C‘
£ oo |
v
AU 3
c 5 i
5 8 e
g
s 4 l
= — Calculated
- 1 1
%.l 1 10 100 1000
Time (min)

Fig.14 Observed and calculated variations of

post-cyclic u and e, with time



210

FERPIS, H-130EFEET N & v TIEHEKEE
LEABROER L 2HBKEOHEKIC L b %) BES
DB 2T > 720 M—143HBKES L EBEO A0
B2 LERLTEY, 70y MVERER, EEs
TENHERTH D, TOERBEERD O RBFHTO m., k &
POE L7 T, SR AT MBI e B DIE R
TH B, BHOZBS GO THBKRE, KEVTAD
Rl & ERMEE, HCEBIEREIC LRI TV,

04

[Geye /6. = 0.50

Excess pore pressure ratic Ua/0 ¢

Radial distance r (cm)

Fig. 15 Generation and dissipation of excess

pore pressures in drained-cyclic triaxi-

al tests

Kz, EUHEAEE TV ([-138) 23 FIcH5HK
R L& ARRBR O 217> 72, M—161, UM
2BV 5 BRSO L 2 B b TSRO
1BITH B, HEtiErpiilr o BEICES £ TOEFES
O BEBAKESFIREP T D, BIBAEE, #EL
AR BV TRITFESR A £ RT3 —ic b
AL TWAED, #E LRI EINL CREICEROEE
ARBIIBLRICoN, AEROGH L > Twd, &
SICEIBKE IR, R RIc B AENF Y -7 I10ET B
EIZEEZAROMMITERE R Y, ZoBEZ0ORDF
FEFECTRL TS, RBICESBTIIZRMICHE
LCwh,

B—16, 1TICHENT S & UKERIC & AR LG oMk
BOY— 7B BTBHBUKEL ST A 7 VOO T A
PHRIE O #E 0 3E LA I 6E ) BIFE L oREF 2R L T

D/R7 YNGR A

o
°

3 05

Z | ——Calculated Symbol Geye/ 6'c
.g 04r oye /0 :§ 9.50 o

5 | 055

5 03] 055

@ A 050

g 0.2

o A 045

g 01

g 0 @ i} 040

Q A A

§ -0 ' ’

1 10 102 10°

£539% (1991)

Number of load cycles N

Fig.16 Predictions of excess pore pressure in

drained cyclic triaxial tests

€oa (V)

6 9
CIcyc/o".; =0

Double amplitude axial strain

10°

Number of load cycles N

Fig. 17 Predictions of double amplitude of
axial strain in drained cyclic triaxial

tests

5o M, THEFHREERTENGRIEL Ty PTRS
nCwb, I CHBKER, HREPLHTHES
TWAHDT, FFFHERLPLEHOMEICLELD%RL
tro EBRFERD S, IEHEOEV 2 2O MERE (qu.
p.’=0.50, 0.55) ¥, HOHKOME LA TH 5 (2
bbb od, BuR LB ICHIEIGEL TwE s, i
D2 OEHBAESTHIC ERL, H5EEIL TRL
TWLEHF LI EPROLND, T/, WOTAHIE
B ZAENEET AHERE 2o T D, TRHOR
BER—-9, 10 2hELTAD L, FEHAKOHECT



R, ZE), PR, MR EELEANE R A0S L OSSR

b HBAKED L&, OFARIEOHKZ M VHEICE >
TWAD, HHHKICBWTIROE A IH SR, g
FRNDIENTELIENEDOONL, DL RE
Behn, Bl2E, WERFOR L HECHRTEL )5
Ml Lo S R o e A TR Y 2 FR L
LT, FL—r#EiTdsalofkrliffans,
FEHT T BIBUKIE 1E FEN 47 ¢, B0 3 AIRIEE £ 0
REY AT~ 5 ORRE H W CEHIZTo T 575
AIFHTAERNE Z D X 9 PR L& ANNER T8
B HBARIERHO T AIRBO 22— 7 2888 % ) £<
HELTw5,

5. £ &8

AWFECRONIHRE I L DL LLUTOMY THS,
1) oIkl L Z8EmREE v T, BBKE
BIUMOTAREOERLE Mo 72, ZORE, &
A7 VTR APIEIE RN OE LIch E—2
BB ARSI 7, £ BV A 2 VOE DT AR
18 e pa OEIC—SIVBRAFEET L2 LAHL 2 L
ot, T77, HHB L CHIEROFMIEITT S
M ERBR R TIN LB EL £ T
RRDO2DODITA— I DEARATo/2L T H, WHE
ORI —FHER RVl SR, Zh s OBRR» L
FEHEKHRE L & A WHEAE O BBUKE 2 03 A IRIGORT
AT fE & 7 - 720

2) JEHERHEGE LIRSy 2Ltk y, %
H L= FEBKIE O W80 £ 2RO T4 2 W5 L 72,
F ORERD S RBERRE my &EKRE Kk OfE LT
filiL, YRR L&A BT B TFMEFLDIT X —
y & L7,

3) HEK#RE L ZHEMREBR ATV, g S0Pk
BEam L TFEMICEAY I aLb—2a VT #1T-
Fro FOFEER, FHEF VL AFERIERERE >
B FELTI2L-PTELIEDFERREN, H5
PAREHE L AW B 28 2 FETH L L
HEHL S NI,

2 £ X M

1) Seed, H. B., Romo, M. P., Sun, J. 1., Jaime,
A. and Lysmer, J. : Relationships between

soil conditions and earthquake ground mo-

3)

4)

5)

6)

8)

10)

11)

211

tions in Mexico City in the Earthquake of
September 19, 1985, Report No. UCB,/EERC-
87,715, Univ. of California, Berkeley, 1987.
Mendoza, M. J. and Auvinet, G. : The Mex-
ico Earthquake of September 19, 1985-Behav-
iour of building foundations in Mexico City,
Earthquake Spectra, Vol. 4, No. 4, pp. 8%-
852, 1988.

Eide, O., Andersen, K. H. and Lunne, T. :
Observed foundation behavior of concrete
gravity platforms installed in the North Sea
1978-1978, Proc. Int. Conf. on the Behaviour
of Off-shore Structures, Vol. 2, pp. 435-456,
1979.

Andersen, K. H., Kleven, A. and Heien, D.
: Cyclic soil data for design of gravity struc-
tures, Proc. ASCE, Vol.114, No. GT5, pp.
517-539, 1988

Henkel, D. J. : The rold of waves in causing
submarine landslides, Geotechnique, Vol.20,
No. 1, pp. 75-80, 1970.

Andersen, K. H. and Lauritzsen, R. : Bear-
ing capacity for foundations with cyclic
loads, Proc. ASCE, Vol.114, No.GT 5, pp.
540-555, 1988.

B - WS - il - RAREE  SSE A
B 2EIO\E LU TIZoNT, H7REHT
FHIERRSFEE, pp. 241-244, 1972
Yamanouchi, T. and Yasuhara, K. : Settle-
ment of clay subgrades of low bank roads
after opening to traffic, Proc. 2nd Austral-
ia-New Zealand Conf. on Geomechanics,
Vol. 1, pp. 115-119.

NBERBAT - ZORMR - BT — - B — M - ka5
BORBEIBBOLT &2 oxl, TARIEHER,
22-8, pp. 13-17, 1980.

Yasuhara, K. : Undrained and drained cy-
clic triaxial tests on a marine clay, Proc.
11th Int. Conf. on Soil Mechanics and Foun-
dation Engineering, pp. 1095-1098, 1985.
LCEHIESE - A EF— - LR8P B
VAR R L AR, 2200 B TEN
S aiMiEdE, pp. 617-618, 1987.



212

12)

13)

14)

bR MG ST T i

Yasuhara, K., Hirao, K. and Hyodo, M. :
Partial-drained behaviour of clay under cy-
6th Int. Conf. on Nu-
merical Methods in Geomechanics, pp. 659-
664, 1988.

LEIES « R~ - A HF— - FRAE . BY#E
I L AW E 2 B 0 BIBOKIT B X ORI,
tARFAEICE, H#400%, T —10, pplsl—160,
1988.

Hyodo, M., Murata, H., Yasufuku, N. and
Fujii, T.

and deformation of sands subjected to in-

clic loading, Proc.

: Undrained cyclic shear strength

itial static shear stress, Proc. 4 th Int. Conf.
on Soil Dynamics and Earthquake Engi-
neering, Vol. 2, pp. 81-103, 1989,

5539% (1991)

15) Booker, J. R., Rahman, M. S. and Seed,

16)

17)

H. B. : GADFLEA —A comaquter program
for the analysis of pore pressure genera-
tion and dissipation during cyclic or earth-
quake loading, Report No. EERC.76-24,
Univ. of California, Berkeley, 1976.

Hyodo, M., Yasuhara, K. and Murata, H. :
Earthquake-induced settlements in clays,
Proc. 9th World Conf. on Earthquake En-
gineering, Vol. 3, pp. 89-94, 1988,
Yoshikuni, H. and Nakanodo, H. :, Consol-
idation of a clay cylinder with external ra-
dial drainage, Soils and Foundations, Vol.
15, No. 1, pp. 17-27, 1975.



