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ON CREEP RUPTURE OF NORMALLY
CONSOLIDATED CLAYS

By Sakuro MURAYAMA, Norio KURIHARA
and Hideo SEKIGUCHI

Synopsis

Creep rupture of normally consolidated clays was experimentally investigated, perform-
ing the undrained triaxial creep tests on undisturbed and remoulded Osaka clays.

In the process of creep rupture, the logarithmic strain rate, de/dlogi, increases.
When it attains the first critical value, a steady state creep begins. After that, the strain
rate reaches to the second critical value and creep enters an accelerating region. And
finally a creep rupture occurs with the strain rate increasing infinitely.

Other investigators (e. g. Barden (1969), Walker (1969)] have emphasized that the
logarithmic strain rate appeared in the process of secondary compression is dominated by
the effective stress ratio, particularly as failure is approached. According to their test
results including both of undrained and drained tests, it may be expressed as the expon-
ential function of the effective stress ratio. .

When a deviator stress is applied to a clay specimen under the undrained condition,
the strain rate de/d log? increases with the increase of the effective stress ratio o\—as/am’
and their relation approaches the above. When a creep rupture is expected, the strain
rate during the steady state and accelerating region may be governed only by the effective
stress ratio.

There is also an intimate relation between a deviator stress, a failure time and a strain

rate during a steady state creep.
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Fig. 1 Three types of creep.
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Fig. 2 Three regions of creep rupture curve.
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Fig. 3 Comparison of the pore water pressure Jup measured;at the
base of the specimen and duc measured at the mldhelght of
the specimen (Undisturbed clays).



529

Brors ) —FEBeo2T

Rl - BE - BH

‘painsesw sesm uswioads sy jo 3ySteypiwr oy3 e ainssaid Isyem arod oYy

2WO/3Y OF 'Z<-0<-G T="20~T0: 0T .ozw
WO/ OF 'g<-G I=%0—10: 6 'ON

aﬂugssosum"ﬁ.:.oz
ske> paqInisipu() : T~I .ozv

oy} jo Suiuuilsq 9y} 1y

Se'T (47 €'l (4% €0°T| L180°0 | 0E'T 02 79 [s-0TX0V'T| 6¥90°0 | T1°9% L'€9 SL'T 02 21 'ON
9e°1 v6¥ gl 02¢ |-OIX¥1°'T 1€0T0 | TIE€°'T 002 [z-0IXTI°L p-OTXSG'T| S¥BO'0 | 0'9% 6°€9 09°'1 0°g 11 °ON
es’T [44 (A2} 61 T10°T| s840°0 | €€'1T 6 8% s--0IX €°2| 2230°0 | 8°€S S'69 o7 e 0°¢ 0L 'ON
€8T 67 0¥ T (44 90°I{0€80°0 | 1IE€°T II €'G |.-0IXx T1°2| 0900 | S°29 869 ov'e 0°€ 6°ON
ST 4 A2 1)8 T0°T| 08400 | 9€°1 9 T°9 |e-0TX %% 0090°0 | 999 £°0L 09°¢ 0°¢ 8'ON
91 6L (420 8y YL 0¥80°0 | €€°1T 02 L% js-0Ix€0°T| 095070 | ¥°2S LG99 67°¢ 0°¢ *LON
671 1218 6€°1 SL V0°T| 08070 | 0OE'1 Ge 8% #-0IX 09/ 0090°0 | €£°€S v°L8 18°2 0°¢ 90N
(A oty Sv'1 0€g Lg'T| 0600 | SE'T 00T GG -0l ¥7°¢ S¢90°0 | 8'€S L70L 0ee 0°¢ *GON
vt 01ce 'l 0021 €I°'T| S9%60°0 | ¥E'T 008 9% [-0IX 1'% 0890°0 | S°3S ¢'99 61°2 0°¢ *¥ ON
6¢°1 00081 | SE'T 00S.L [-OTX¥0°T| 060°0 | 62T 000€ [-0TXT'¥ le-0T* 0°9| S690°0 | L°1IS 669 661 0°¢ €'ON
¥°98 2’29 08'T 0°€ ¢'ON
€08 €8S 021 0°¢ T°ON
A A e B A B P R A A e I R R O e i
wmwm.wmu | uiy, mmnwwm sy, _38 ureng ureng mmﬂwwm SuILpL Tumu Em.:mi Ewwwm ueng JUDIUOD | JUIIUOD sso1s a1nssoxd
. mlbﬂu..m:u u<. a " "deazo SupeIaadde doard ojeys Apeals oy jo Bupuurdaq 9yl Iy ”wﬂw ﬁ.www.“ To1Erasq %:om%%% SlimEg

'synsal 359, T °[qel



530 HABI KB #EI3TB (M. 45. 3)
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oo UL, BDLDIT16~1T %D R I b X INAM L THE~ES—T, o Di123~24 %%
TETeXINBHLTHEELESTED, S5 Lo mbELT, BB X1 e MDD AFY
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Fig. 4 Relationship between axial strain ¢ and time ¢ in a logarithmic
scale (Undisturbed clays).
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Deviater stress O,~0; (kg/cnt)
%)

15

&

177
JLL

.y

on A&

AN
N

oe at 1

=] ] 70
aa 15
(@ma No.9,10)

10

5 20 _,
Mean effective stress Oy (kg/cm)

Fig. 6 Effective stress state at the beginning of the steady state and
accelerating creep and at rupture (Undisturbed clays).
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e VIIET) o1—0s EEEBEILTT on'(=0/+204/3) DB T v v P LTH DA, WThHELAY
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X IHEE LTL é(=de/dt) 2E2 500 HBTHBH, Fig. 2 HBbhnbd L 5T ¢ ORFHIEL
i3, B2 -FHEHETIE, @R, ¥ - 7HERTE—%, INE7 ) - R TIEA, OX5EL
Th. &TAHH, FEOMEBUTH T3 e X I HE de/dlogt 12, Fig. 4 hEbhd koL, —HCHEKT
Do LItioT, 2 —FHENE LB\ AEH L TEX S LT, de/dlogt B HREMTHA
S5 UTTREKIR I EDLBAVIBD e X IFE LI B AL de/dlogt 287, ZiZ, é & de/dlogt
DRI,

de/d oG t=2.3 61 it (1)
7 5BFEND B,

b X EEE de/dlogt LREME (5D DOEREERER EickbT L, Fig. 7(a),(b) D X5itits,
(a) Maide, EFTh1bIlid, 0—0<1.80keg/cm? D CHBIFERLBEREGERHD, 0—0
>1.9kg/cm? OLODER 7 ) — FFBIL, 01—0s BNAELARBC L THEOKRELS L PERE
FIREBETRIATVS (EL, 20 —7BEOHD No.9, 10 i3) & Ths, KT, Ifz v —
FBRtA A TIL, de/dlogt it 01—0s DREX, 7V —TTBEOFEC)H L LTIHF—ECHE (F51.09
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Wh, HHIZEBIE, 20 X IFEO—EENLOBEC Lo TREDIERTHDEHTR LTS, £
to, BEIV—FHIEAED de/dlogt 43T VHIIREVS, —EDE (FH 5.0x102min™!) %R1LT
WAL Bbhb, —H, BERLELOBEELH L (Fig. 7 (b)), ME7 ¥ — 7 BIAED de/dlogt
BELS WO A LITE—HK LT D5, R 2V — 7BRIAAD de/dlogt ZE.E W HitOBE X
DLREWEANIPAL D Tiebb, BEERLELOBEIE, BUHBLETH, BL3hVWHEoBaLy
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ERIHETE S,
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BHRIOBE? LB E, YROEMRE XDV e VEIED oot L Tk, BREEGS
¢ DREICHIHOLT 7V -7 e X HE dea/dlogt (ea: FEE X)) X o EKEL, —7F, FHER
BEEVCKEEID c T LTIE, dea/dlogt BIEH o/’ CEKETH L%, 2V — TR KEEEK
WA—TRichd X 5 flic 382 v — 7RABEENBR LT 5%, %/, Fig. 4 TEF 7V -—7&
P 27 Y — 7 OBE AN BRNETE o1—as/om’ X > THEIRD Z ERRLICH, H, BH® { [k
DZERFLTHDS, Doz td, (2) TRLEIICEEZV—TEMEZ Y — 7OBBETHDE X
IEENThTh—ETHAHIEYELREDE, HitD s ) —FEEick T, ECHER TE, &
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Fig. 7 Relationship between logarithmic strain rate de/d logt and time
t in a logarithmic scale;

(a) Undisturbed clays. (b) Remoulded clays.
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T T T T T T L T T T

REMOULDED FRODSHAM CLAY
DRAINED TESTS

wt 4 'VALUES OF C,
’,z/C.-SxIO

canio”
e €+ 2x 10

Cunl x 107

Fig. 8 Effect of effective stress ratio on strain rate Cg during secondary
compression ; Drained tests [after Barden (1969)].

Y~ 7RBETR, ZERIGC2WTO e X 3 —BE iR (e~log?) OEBHSOEE Co (Chi,
7Y — T EHPNBRTHACDEED 7 ) —F e X I de/dlogt THB) WEETAXELRERELT
DEMEILOBERAIH L, GARLOBBIVIZ L 2RLTv%, L LTHEENES L, T0Z
ENELICVZ BT ERHAL TS, (FDOZERARTHELT, P Frodsham clay OFGR LEEHC
DWW o KRB E Y Fig. 8 wiid.) itz 025, Singh ¥ LU Mitchell® 3t o 7
Y —TEEEFRLTRRE LORLAER

de/dlogt=Aexp (@D)(F1/E)™ +rrerremrmrmii (2>

(A, @& m:EH D:-w L, 4 BAFED

CHR\WT, D=D/Dmez DIEHEDOW > TB I E, BIV @ A BNHEBEKE: BEE—TE
THoHEIERFEVIERL, HoELOBEMFELTS, ik, (2) AT m=1 OFPLH (DL Z
e~logt BAFRIXIERR),

de/dlogt(=Ca)=fiexp (@D) ++oerrveemre (3)
Lieh, e X EBG K E &L IRBENCHEINT 5 Z b B,

Walker'¥ §, Barden'™ L[FlfE, 7V -7 X HE Co KPETH TEAERE LTHEYEILELS
w5, ik, BEKB XOJEKD 3@ 7 ) — 7RBORBRY Coa LBRMCIK 01—0s/on’ DEARE L
T Fig. 9 (), (b) DXSKARL, ZhrbIRALDONPNINWEIS (61—0s/0n’<0.3) TiX, BRK, F
BT hds B3

CoOCO —G3/0 m  ++-eeess s e O (4)
P A2, JEAOREGE AT, BiK, JEHEKTRAZBGRADD L L TWB, (HIXzD0Z L
%, FURRHC DL TfTin » fe B2 v BB DR B R L T 5 ,)

Figs. 8 351 0° 9 ORBFERL, Co 2% 01—0as/on’ OPFEFE LTRLINDZLEERL TV D, 22
T, Fig. 8 O+HITRENIcT vy b, BLU Fig. 9 (a) oFwy +, Fig. 9 (b) OFBHH i
log Co~o,—0s/om’ BRE LT my F LETE, Th¥h Figs. 10 5 X011 D X 51L7c%, Fig. 10
TR OERD L 5 iR A bR D, Fig. 11 Tk, HEKRBRO 7 = v FTIZ-S5 vEAREVS, £
DRI L, LI OF SR (RPOEF) OX ik 3ha &1, gk, JEdbkx i3
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Fig. 9 Effect of effective stress ratio on strain rate Cq during secondary
compression [afte Walker (1969)15;
(a) Drained tests. (b) Undrained tests.

after Barden (1969)
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