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Abstract : Laboratory creep experiments show that compaction of unconsolidated
shale is an irrecoverable process caused by viscous time—dependent deformation.
Using Perzyna's viscoplasticity framework combined with the modified Cam—clay
theory, we found the constitutive equation expressed in the form of strain rate as a
power law function of the ratio between the sizes of dynamic and static yield
surfaces. We derived the volumetric creep strain at a constant hydrostatic pressure
level as a logarithmic function of time, which is in good agreement with
experimental results. The determined material constants indicate that the yield
stress of the shale increases by 6% as strain rate rises by an order of magnitude.
This demonstrates that the laboratory—based prediction of yield stress (and
porosity) may result in a significant error in estimating the properties in situ.
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Fig. 1. Creep strain curve as a function of time
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Fig. 3. Static (f) and dynamic (f) yield surfaces.
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Fig. 4. Schematic stress—strain curve of viscoplastic material
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