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This study presents relationships between pressure and deformation of fluid inclu-
sions embedded in soft soils due to applied stress. The aim was to improve the un-
derstanding of pore-scale mechanical behavior and to develop methods for in-situ
measurement of soil mechanical properties. Analytical expressions for fluid pres-
sure and pore deformation as functions of biaxial remote stress and material proper-
ties were developed and tested on results from deformation experiments using X-ray
micro-computed tomography and finite element calculations. From our simulations,
we found that fluid pressure decreases with increasing fluid compressibility at con-
stant applied mean stress. Pressure in an incompressible fluid inclusion (e.g. water)
is mainly influenced by the applied mean stress, matrix yield stress and Poisson’s
ratio. Changes in inclusion shape are controlled by applied deviatoric stresses and
matrix shear properties. Deformation of air-filled macro-pores, experimentally mon-
itored with micro-computed tomography, could be well simulated by the analytical
pore deformation model. The results of this study provide (a) improved insight into
macro-pore stress-deformation behavior as well as (b) a framework for the develop-
ment of sensors for in-situ measurement of soil mechanical and rheological properties
required for linking soil mechanical and hydraulic properties.



