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Dynamic Response of the Saturated Two-Phase Layered Media

Motoki KAZAMA*

Teyoaki NOGAMI**
Synopsis
Offshore, nearshore and waterfront structures, including port and harbour structures, are
located in submerged soil deposits. Thus, geotechnical engineering problems with those
structures are often related to the behavior of the porewater. Typical examples of those
problems include consolidation of soft clay and liquefaction of loose sand. The interaction
between the porewater and the solid skeleton is a critical factor to control the behavior.
In case of studying wave propagation characteristics and dynamic ground stiffness, we
have to take not only selid motien but also fluid motion into account.

The thin layered element method is used to formulate the Biot's equations describing the
dynamic behavior of a fluid saturated porous medium. Using the developed formulation,
steady state harmonic displacement responses are computed at the ground surface. Then,
the wave propagation characteristics and the dynamic ground stiffnesses influenced by
the drainage condition and the water depth are studied comparing with those for dry soil.

The results obtained by this studies are as follows ;
{1) We developed the thin layered element for the saturated two-phase ground. (2) By us-
ing the developed method, we studied wave propagation characteristies and dynamic
ground stiffness. We obtained the following resuits.

(D When the undrained condition is imposed, the dynamic ground stiffness is always
larger than the one for the dry soil since the rigidity of the fluid is much larger than the
stifiness of the soil skeleton. This results in increasing the resonant frequency associated
with the P-wave but affecting the resonant frequency associated with the S-wave. The un-
drainage assumption is equivalent to making the poisson’s ratio approaching to the value
of 0.5.

@ When the drainage is permitted, the porewater diffuses more easily for slower load-
ing rates (lower frequencies). There is no difference in between the dry and drained soil
responses at the static condition (frequency = 0 ).

@ However, the diffusion becomes more difficult as the frequency increases. Therefore,
the behavior appreaches to the one for the undrained condition as the frequency in-.
creases.

@ The wave propagation characteristics and the dynamic ground stiffnesses are influ-
enced by the water depth.

Key Words : Numerical Stucy. Permeability, Dynamic, Wave Propagation. Saturation,
Stiffness

* Senior Research Engineer, Structural Engineering Division
*x Univ. of Calif., San Diego, Seripps Inst. of Oceanography.
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