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Axisymmetric steady state dynamic response of layered unsaturated soils
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Abstract: Considering compression of solid grain and pore fluids, viscous-coupling interactions and inertial force of fluids, the
dynamic governing equations for unsaturated soils are established by adopting an exact constitutive formula of saturation. These
equations are highly versatile and completely compatible with Biot’s wave equations for the special case of fully saturated soils. The
governing equations in cylindrical coordinates are firstly transformed into a group of state differential equations by introducing the
state vector. Then the transfer matrix for layered media is derived by means of a Hankel transform. Using the transfer matrix
followed by boundary and continuity conditions, solutions of steady state dynamic response for multilayer unsaturated soils are
obtained. Numerical examples show that the displacement of the ground surface is mainly affected by stratum within critical depth.
The relative position of soft and hard strata has a significant influence on displacement. The displacement of the ground surface
increases with saturation degree since dynamic shear modulus will decrease distinctly for most soils, which is the key factor to
determine displacement amplitude.
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Table 1 Physical properties of unsaturated soils
)2 K Ps K

PR Mp 7 JGra Aglem?®) /(10™ cn) S

I 194 0.2 36 2.70 0.054 0.60 0.40

I 38.8 0.2 36 2.65 1.300 0.27 0.33

x2 BN EYEMER
Table 2 Physical properties of water and air
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Fig.1 Influence of stratum depth on displacement
amplitude of ground surface for single-layered soil
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