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Creep Deformation of Soils

Etsuro SHIMOKAWA
(Laboratory of Erosion Control)
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Fig. 1. Schematic representation of creep deformation.
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Table 1. Physical properties of soils

grpeeifc - | Liquid limit, | Plastic limit, | Plasticity | Clay frations,
grains % % index, % %
Yame clay 2.749 40.0 16.9 23.1 22.2
Kirishima clay 2.562 108.5 40.9 67.6 —
Tatara clay 2.645 76.9 50. 4 26.5 25.6
Hirayama clay 2.59 89.8 42.4 47. 4 4.8
Hayato clay 2. 457 40.7 27.4 13.3 40.0
Kasuya clay 2. 750 90. 4 48.0 42.4 36.7
Kaolin-Shirasu 4060 2.561 27.0 25.3 1.7 25.9
Kokubu volcanic ash 2. 666 191.0 142.2 48. 8 —
Chuzan volcanic ash 2.673 137.8 97.9 39.9 31.2
Harara volcanic ash 2. 692 78. 4 51.0 27. 4 35.0
Takakuma volcanic ash 2. 693 61.4 40.4 21.0 41.0
Usuki clay 2. 656 75.0 46.3 28.7 62.3
Toyoura sand 2.67 — — — —
Glass powder 2. 500 — - - -
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Fig. 2. Plasticity chart of soils.
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Table 2. Physical properties of samples

Direct shear creep test Water content % Void ratio
Yame clay Remolded 26.5 0. 698
Kirishima clay Undisturbed 61.5 1. 449
Remolded 93.7 2.518
Aggregated 50. 6 1. 626
Tatara clay Remolded 54. 7 1. 638
Hirayama clay Undisturbed 31.8 0. 876
Remolded 68.6 1. 743
Hayato clay Remolded 36. 6 0. 928
Kasuya clay Undisturbed 67.3 1. 850
Remolded 58. 7 1.599
Aggregated 50. 9 1. 889
Kaolin-Shirasu 4060 Remolded 26.0 0. 685
Kokubu volcanic ash Remolded 194.9 6. 034
Chuzan volcanic ash Undisturbed 158.5 4. 237
Remolded 151. 2 3. 869
Aggregated 185. 1 5. 020
Harara volcanic ash Undisturbed 88.9 2. 392
Remolded 75. 4 2. 030
Aggregated 77.6 2. 585
Takakuma volcanic ash Undisturbed 99. 2 2. 672
Remolded 80. 2 2.189
Aggregated 60. 4 1. 592
Usuki clay Undisturbed 57.1 1. 592
Remolded 67.8 1. 877
Aggregated 52.4 1. 614
Tri-axial shear creep test
Kirishima clay Remolded 78.1 1. 941
Hirayama clay Remolded 59. 0 1.571
Yame clay Remolded 24.2 0. 664
Toyoura sand 26.7 0. 696
Glass powder 34.1 1.334
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Fig. 3. Relationships between plasticity index and
water content, void ratio.
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Fig. 4. Shear displacement, normal stress-time (log) relations for undisturbed Kirishima clay.
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Fig. 7. Shear displacement, normal displacement-time (log) relations for remolded Kirishima clay (Preloading).
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Fig. 10. Shear displacement, normal stress-time (log) relations for remolded Hirayama clay.
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Fig. 12. Shear displacement, normal displacement-time (log) relations for remolded Tatara clay (Preloading).
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Fig. 13. Shear displacement, normal displacement-time (log) relations for remolded Hayato clay.
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) relations for remolded Hayato clay (Preloading).
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Fig. 15. Shear displacement, normal displacement-time (log) relations for remolded KS4060.
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Fig. 17. Shear displacement, normal stress-time (log) relations for remolded Chuzan volcanic ash.
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Fig. 18. Shear displacement, normal stress-time (log) relations for aggregated structure
Chuzan Volcanic ash.
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Fig. 19. Shear displacement, normal stress-time (log) relations for undisturbed Harara volcanic ash.
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Fig. 20. Shear displacement, normal stress-time (log) relations for remolded Harara volcanic ash.
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Fig. 22. Axial strain, pore water pressure-time (log) relations for remolded Kirishima clay.
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Fig. 23. Axial strain, pore water pressure-time (log) relations for remolded Hirayama clay.
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Fig. 24. Axial strain, pore water pressure-time (log) relations for Toyoura sand.
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Fig. 25. Axial strain, pore water pressure-time (log) relations for glass powder.
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Summary

The creep tests of soils with various physical and structural properties were carried out, by which
the creep deformation factors of their soils were analyzed. The creep tests were conducted by the
direct and triaxial shear testing apparatus. The results are summarized as follows:

1) The creep deformation of their soils are to be grouped in to the next five types according to
the pattern of the shear displacement, axial strain-time relations; the shear displacement, axial strain
increase linearly versus logarithmic time (i) without creep stress level, (ii) with low creep stress
level, but change such as sigmoid pattern with high creep stress level, (iii) exhibit in the same
pattern as that of (ii), but the point of inflection of sigmoid occurs at small time, (iv) occur

momentarily and (v) the shear displacement increases linearly versus logarithmic time in preloading
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and residual conditions that the dilatancy deformation do not occur.

2) The creep deformation is to be influenced by the five factors of elasticity, retarded elasticity,
time independent dilatancy, time dependent dilatancy and viscosity. The property and correlation of
their factors vary with the stress conditions and soil properties, and that influence on the types of
creep deformation.

3) The logarithmic pore-water pressure rate increases with creep stress in the first creep region,
but it is constant without creep stress in the second creep region. Consequently, the shear displacement,
axial strain versus logarithmic time exhibit non-linearity. But, the influence of the dilatancy
deformation is such small with low creep stress level that the shear displacement, axial strain-time
relations exhibit linearity. The shear displacement, axial strain in the second creeep region has their
origin in the retarded elasticity, time dependent dilatancy and viscosity.

4) The dilatancy rate changes by the over consolidation ratio, but is constant regardless of the
confining pressure in the second creep region.

5) The dilatancy deformation do not occur in preloading and residual conditions. Consequently,
the shear displacement-time relation exhibits linearity.

6) The creep stress dependency of logarithmic shear displacement rate in the second creep

region increases with plasticity index of specimens.



