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Creep Failure of Saturated Clays from an Effective Stress Point of View
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Fig. 1. Schematic representation of effective stress
paths.
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Fig. 2. Hypothetical picture represented the relation-
ship between bonds activation and strain.
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Table 1. Physical properties of clays

Kirishima Yame  Hirayama

clay clay clay
Liquid limit, % 108.5 40. 89.8
Plastic limit, % 40.9 16.9 42.4
Plasticity index, % 67.6 23.1 47.4
Specific gravity
of grains 2.56 2.75 2.59
Clay faction, % 22.2 44.8
Water content, % 78.1 24.2 59.0
Void ratio 1.941 0. 664 1.571
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Fig. 3. Relationship between axial strain rate and time in log-log

scale for creep test.
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Fig. 4. Axial ‘strain versus time in semi-log scale for creep test.
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Fig. 6. Influence of the elapsed time to failure on deviator stress in semi-log scale for creep test.
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Fig. 11. Relationship between effective stress ratio and logarithmic

in semi-log scale for creep test.
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Summary

The stress-strain-time relations of saturated normally consolidated clays for creep failure were obtained by
applying a rate process theory which were confirmed by the experimental results. The analysis of experimental
results was done from the standpoint of effective stress, by which the stress-strain-time relations were derived.
Further, the mechanism for creep failure of clays was discussed.

1) By applying a rate process theory, the basic formula of stress-strain-time relations for creep failure is
expressed

€tm

de _,1 kT _4F A et o, 04

Tt g e XP( “_RT)exp(‘z‘kT‘ @ O ’a‘:) (z)
where % is Boltzmann’s constant, 7T the absolute temperature, 4 Planck’s constant, 4F the activation
energy, R the gas constant, A the average distance between bonds, %;— the strain rate, ¢ the strain, ¢ the time,

Gy Ony the mean effective stress, g, the deviator stress @, b, m the coefficients. This relation explains the
relationships between the effective stress ratio and the logarithmic strain rate (strain), the strain rate and the
time, the creep strength and the elapsed time to failure, minimum strain rate, and the elapsed time to failure
and the strain rate theoretically. Further, this relation is applied to the constant strain rate test.
2) By applying Kondner’s stress-strain formula to the effective stress ratio-strain relations,
de ae

dt o, g (38)
T 1-b e o)t
is derived, where ¢, is the unit strain and «, 3 and b the coefficients.

3) The effective stress ratio are constant at the beginning of the second and third creep regions respectively,
and at creep failure regardless of the deviator stress, but the axial strain is influenced by the deviator stress.

4) The dependence properties of creep strength on elapsed time, to failure and minimum strain rate is

influenced by the plasticity index of clays.




