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The effectmechanisms of solid water layer on the force chains in soils
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Abstract: The load carried by the soil skeleton is transmitted in soils by force chains. If particles contact each other
directly, the load in force chains is transmitted via inter-particle pressure among soil particles. However, for the
adsorptive geomaterials, the solid-water interactions should be taken into account when analyzing the bearing
mechanisms. In this work, after reviewing the properties of adsorbed water, the part of it which acts as semi-solid
is defined as solid water, and then the definition of hydration force due to solid water and its effects on inter-particle
force are illustrated. After that, the force chains in soils are analyzed considering the existence of solid water layer:
if particles are wrapped by solid water layer, the force chains are in the form of “particle-solid water-particle”, so
particles are indirectly contacted and load is transmitted via hydration force; If the load is large enough and the
confinement is rigid enough, the inter-particle solid water could be extruded to realize the direct inter-particle
contact, so the force chains are in the form of “particle-particle” and the load is transmitted via real inter-particle
pressure. If a soil is strong adsorptive with higher saturation degree, although some inter-particle solid water could
be extruded in the process of changing and reforming of force chains, it will recover immediately after the contact
points are separated, which could affect the reforming of force chains during the whole loading process. Considering
the lubrication due to solid water, it is obvious that the existence of solid water layer in force chains is a key reason

to make the wet friction strength always lower that the dry friction strength.
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Fig. 1 Single soil particle-tank system with constant

water pressure and non-gravity
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Fig. 2 Particle skeleton with solid water bearing
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Fig. 4 Particle skeleton with solid water bearing

external force with lateral restriction
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