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Abstract; To quantify the influence of volumetric deformation during testing on coupled water-retention-permeability
characterization, an integrated testing system was developed by combining a visualized triaxial apparatus with digital
image correlation. Suction-controlled, air-pressure-driven multi-step outflow drying tests were performed to synchro-
nously and continuously monitor cumulative outflow and axial/radial strains, and a deformation-corrected hydraulic
conductivity formulation was established by updating specimen height and cross-sectional area with measured strains.
Results for a red clay specimen with an initial dry density of 1.47 g/cm’ show a volume reduction from 96 to 81 cm’
(15.62% ). Accounting for volumetric deformation shifts the SWCC upward and increases both the air-entry value and
the residual water content. Hydraulic conductivity estimates are similar before air entry but diverge rapidly beyond it;

the deformation-corrected conductivity is consistently smaller, indicating that neglecting volumetric deformation leads to
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systematic overestimation of conductivity at high suctions. The proposed three-dimensional § — ¥ — e characterization

and deformation-corrected hydraulic conductivity function could provide a more consistent parameter basis for

unsaturated seepage analyses of engineered barriers such as compacted clay liners and cover systems.

Keywords: unsaturated soil; volumetric deformation; soil-water characteristic curve; hydraulic conductivity;

multi-step outflow method
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