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TEMPERATURE DEPENDENCY OF CREEP RUPTURE OF CLAYS

By Norio KURIHARA

Synopsis

In this paper, the influences of temperature on the creep rupture characteristics of clays are ex-
perimentally investigated. Creep rupture tests were performed at three different temperatures, i. €.
20°C, 35°C and 50°C, and they include both consolidated undrained and unconsolidated undrained
tests.

The steady-state creep rate and the rupture time are explained on the basis of a rate process
theory and their relationship is obtained. Some other characteristics of creep rupture are experi-
mentally determined. Creep rupture test results are also discussed with regard to strain-rate con-
trolled test results.
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Table 1 Properties of clays.

L@ | PL@® | 6 | <@ | Remarks
Sample A 54.1 311 { 2. 66 ’ 68 1 for CU creep test
Sample B 60.1 3.0 | 27 | 6 for UU creep test and strain-rate

* CU=consolidated undrained
UU =unconsolidated undrained
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Table 2 Test conditions.

Specimen No. | Teperaue | Conolidation [ Devigor e | Water et

1 20°C 2.0 1.50 48.8
2 ” ” 1. 60 48.2
3 ” ” 1.70 48.2
4 ” 3.0 2.20 44.8
5 ” ” 2.30 44,7
6 ” ” 2.40 44.8
o 7 ” ” 2.50 4.7
g 8 " 4.0 2.80 42.0
5 9 ” ” 3.00 42.9
o 10 ” ” 3.20 42,7
11* 35°C 3.0 2.00 44.8
12 ” ” 2.10 44,2
13 ” ” 2.20 44,7
14 50°C ” 2.10 4.7
15 ” ” 2.30 44,3
16%* ” ” 2.40 45.3
17 20°C — 1.20 47.1
18 ” — 1.25 47.0
g“' 19 an — 1.30 47.5
© 20 35°C — 1.10 48.1
B 21 P - 1.15 47.7
22 ” — 1.20 47.3
23 50°C — 1.15 48.1

* Rupture did not occur, and creep was stopped at 8400 min.

** Only pore pressure and rupture time were measured.
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Fig. 5 Excess pore water pressure-time curves for CU creep.
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Fig. 15 Relationship between steady-state creep rate €, and rupture time £;.
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Fig. 17 Comparison between creep rupture test results and strain-rate controlled shear test results.

Rl éo~it, B0 my FrOBHELIZIZRACERICH L2 D, 2O Lhbh, 7Y - FHEAR
DR LMD« VHIRBROMEFOMITI, EHI Y —FTHE & L WEE (e X THE) ¢ TSI LT
i niE, HEEEED S EBEEINS. 22T, UU7 ) —78BO &~ Bk L, ALEBHERICD
WTe v BEEREL Tk > e X LHARXRRO é~1, B{kE, I—RKLEEZSwy 35L&, Fig. 17
DL5IkY, Toy FREBE—ETIZ bbb UEOZ &b, ¥R, A—HLiZontg,

Egl € pmmETSCOMSE, v ercnnr e eetreets (9)
Z5HBNELLELOND. TOMRE, 3o (B 0RBRICL > THOILEND DN, s LFRTSD
3 EThEEERECEBTS 50

5. ¥ & 08

Wtor ) - FHEBOBEEREETERAICHAEL ERE N E2ERE, UTOEY TS %,

W) BEIYV-7R2IUME? ) —FOBRBERPTL7 ) —7HE 6t LU 62, |, HiLhoBREIK
o THhRELERT, 7V -THBOHREEXHHEEELDY D %,

(2) BrEBs ¢, LBEZ )V TR IUME 2 V) — S OB S DR t., to ORITIE, HBEBEGEED B,

(B) BEZYV—THOEX ep—¢&, I, HLOoBREITL>THRILZI—-EOKEZITH S,

W 7)) -7RBEZEERTER LT ONLEEL 3 v ¥ —0Offid, # 28Kcal/mol T3 -7z,

(6) BEZ Y —7THE & LBEBREOM ¢, 1T, ét,=const Z KBy, ZoMRIIHEFERITL-

— 18 —



BRE: L0 r ) — FHBOREKRERE 583

THMZIN %,
6) 27, &ty O, eXIFERRPHEHHRROBBE e X ICEL W EHRBINT,
BRIC, ZoERRE, EBMAFLIATER4OLE, ERBBERATT DRI EEARELT, #HELR

TARETH 5o
& E X ®

1) Campanella, R.G. and J.K. Mitchell: Influence of Temperature Variations on Soil Behavior,
Jour. Soil Mach. and Found. Div., ASCE, Vol. 94, No. SM3, May, 1968, pp. 709-734.

2) RHAER - EERIK - BOFE Lo ) - FHEBEIZONT, HBKEHEHERER $1358B,
ig 45. 3, pp. 525-541.

3) Singh, A. and J.K. Mitchell: Creep Potential and Creep Rupture of Soils, Proc. of the 7th Int,
Conf. on S.M.F.E., Vol. 1, 1969, pp. 379-384.

4) MBH—H - FFTHESE © REH L OB EIREAEICE T 2 RGP, LARFRE 25 MR REWH
HEeHEE, 535, W45, pp. 187-188.

5) Andersland, O.B. and W. Akili: Stress Effect on Creep Rates of a Frozen Clay Soil, Géotechnique,
Vol. 17, 1967, pp. 27-39.

6) Mitchell, J.K., R.G. Campanella and A. Singh: Soil Creep as a Rate Process, Jour. Soil Mech.
and Found. Div., ASCE, Vol. 94, No. SM1, Jan., 1968, pp. 231-253.

7) Mitchell, J.K., A. Singh and R.G. Campanella: Bonding, Effective Stresses, and Strength of Soils,
Jour. Soil Mech. and Found. Div., ASCE, Vol. 95, No. SM5, Sept., 1969, pp. 1219-1246.

8) Noble, C.A. and T. Demirel: Effect of Temperature on Strength Behavior of Cohesive Soil, HRB
Spec. Rept., 103, 1969, pp. 204-219.

9) Garofalo,F.: £E7 V —FoERE, Hz, IF43.

10) Andersland, O.B. and A.G. Douglas: Soil Deformation Rates and Activation Energies, Géotech-
nique, Vol. 20, No. 1, 1970, pp. 1-16.

1) MILWHER « SemM - Mihovd o 9 —WREIZOWT, 2AFERHE, No. 40, #F 3L

12) Saito, M. and H. Uezawa: Failure of Soil Due to Creep, Proc. of the 5th Int. Conf. on S.M.F.E,,
Vol. 1, 1961, pp. 315-318.

13) Bjerrum, L., N. Simons and I. Torblaa: The Effect of Time on the Shear Strength of a Soft
Marine Clay, Proc. Brussels Conf. on Earth Pressure Probs, Vol. 1, 1958, pp. 148-158.

14) Crawford, C.B.: The Influence of Rate of Strain on Effective Stresses in a Sensitive Clay, ASTM
Special Tech. Pub., No. 254, 1959, pp. 36-61.

15) WE% Wit OREREICHT 3R, RBAY AT ERELRY, $895, I35,

16) FHH— « WAE— - /MNREX : GBI LORANIKE 1T 505+ KEOBEH IO WT, IRERH
4, No. 85, 1962, pp. 1-6.

17) Perloff, I. and J.O. Osterberg: The Effect of Strain Rate on the Undrained Shear Strength of Co-
hesive Soils, Proc. of the 2nd Panamerican Conf. on S.M.F.E., Vol. 1, 1963, pp. 103-128.

18) Saada, A.S. and A, K. Baah: Deformation and Failure of a Cross Anisotropic Clay under Com-

bined Stresses, Proc. of the 3rd Panamerican Conf. on S.M.F.E., Vol. 1, 1967, pp. 67-88.

— 19 —



