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Coastal structures, such as breakwaters and revetments, are sometimes damaged severely by stormy wave
loading. The damages of the structures are caused mainly by impulsive wave pressure, and, however, some case
studies reported that some of the damages were often enhanced by the destabilization of seafloor to which the
dynamic water pressures are applied. It is important that not only the scoring resulted from the wave induced
sediment flow, but also the deterioration of integrity and load bearing capacity of seafloor due to its effective
stress response to wave loading, destabilizes the coastal structures. This study aims to propose the quantitative
evaluation method for the scoring on seafloor, and clarify rationally the accumulation mechanism of sediment
flow regarding the effective stress response of seafloor to wave loading.

The evaluation method consists of three processes: linear wave theory, pore-elasticity for seabed medium, and
empirical sediment flow model mobilized by sea wave traction; in the three processes wave behavior around
structures, response of seabed to wave loading and sediment flow and accumulation behavior are formulated,
respectively. The evaluation method was applied to the sediment flow behavior near line structures and
cylindrical structures set up in the infinite seawater field with uniform depth. And the applicability of the
evaluation method was verified through the discussion on evaluated results of sediment flow.

In the case where an incident plane wave meets a straight line structure in perpendicular direction, a classical
stationary wave is generated. However, in the case where an incident plane wave meets in diagonal direction, the
generated wave field shows the feature of stationary wave in the perpendicular direction and that of travelling
wave in parallel direction, as a result of superposition of the incident and reflected waves. When an incident wave
meets a broken line structure with right angle, the generated wave field shows in rectangular grid type stationary
wave field. On the other hand, if an incident plane wave meets a right cylindrical structure, a diffracted wave, as
well as reflected wave, is generated. The superposition of the diffracted, reflected and incident waves was
calculated with Fourier series in circumferential direction combined with Bessel function in radial direction. The
effective stress response of seabed to the wave loading near structures was calculated with analytical solution in
the framework of linear poroelastic theory. The sediment flow rate on seafloor was evaluated from the traction
force as a function of seawater flow velocity, regarding the variation of thickness of sediment flow layer affected
by the effective stress response of seafloor.

The findings in the present study can be summarized as follows:

- Under the traveling waves in infinite seawater field, sediment flow becomes uniform over the whole field,

and then accumulation of sediment is not generated anywhere. However, under stationary waves sediment




moves accumulatively from loops to nodes by wave traction force in a wave period, and as a result
sediment is deposited beneath the wave nodes, on the contrary the seafloor is eroded beneath the wave
loops including near structure side walls.

- It is generally difficult to explain the mechanism of accumulative sediment flow in particular direction,
disregarding nonlinearity or suspension of sediment particles. However, regarding the effective stress
response of seabed to wave loading makes it possible to calculate the accumulative sediment movements
induced by wave traction force, and explain the fundamental mechanism of scoring associated with erosion
and deposition of sediment even within linear wave theory.

- The rectangular grid type stationary waves appear near the right angle broken line structures which is
subjected to incidence of plane waves in diagonal directions. In this case sediment is deposited on the
nodal grid lines, and in contrast seafloor is eroded on the centroids of the grids. It would be important that
seafloor is eroded severely at the comer of the broken line structures, which would be destabilized by the
erosion.

- In the case of right cylindrical structures, sediment flows toward the structure in the wide range including
structure back under the influence of travelling waves, and the sediment moves from back to front along
structure side surface. It should be noted that the erosion and deposition on concentric arcs are repeated in
the wide range of structure front under the influence of stationary wave. It would be important that the
notable erosion on the structure front side possibly destabilizes the cylindrical structure.




