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Numerical Analysis of Modified Seabed Topography Due to the Presence

of Breakwaters of Varying Reflection Characteristics using Physics-based
Morphology Model [SeoulFoam]
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Abstract : Numerical simulations were implemented to look into the modified seabed topography due to the pres-
ence of breakwaters of varying reflection characteristics. The numerical model was composed of OlaFlow, an
OpenFoam-based tool box, and a physics-based morphology model [Seoul Foam]. In doing so, the interaction
between the seabed, which undergoes deformation due to siltation and scouring, and the incoming waves was
described using Dynamic Mesh. The rubble-mound, vertical, and curved slit caisson breakwaters with varying
reflection characteristics resulted in standing waves that differ from each other, shown to have a significant influ-
ence on the seabed topography. These results are in line with Nielsen’s study (1993) that sands saltated under the
surface nodes of standing waves, where the near-bed velocities are most substantial, convected toward the surface
antinodes by boundary-layer drift. Moreover, the crest of sand waves was formed under the surface antinodes of
standing waves, and the trough of sand waves was formed under the surface antinodes. In addition, sand wave
amplitude reaches its peak in the curved slit caisson with a significant reflection coefficient, and the saltation of
many grains of sand would cause this phenomenon due to the increased near-bed velocity under the nodes when
the reflection coefficient is getting large.

Keywords : physics-based morphology model, rubble-mound breakwater, toe scouring, Dynamic Mesh, Seoul-
Foam, sand waves
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Fig. 3. Definition sketch of numerical wave flume.
Table 1. List of wave conditions used in the numerical simulations
Cases H [m] T [s] h, [m] ds, [mm] Breaker Type
RUN 1 0.6 5.5 1.2 0.6 Rubble-mound
RUN 2 0.6 5.5 12 0.6 Vertical type
RUN 3 0.6 5.5 1.2 0.6 Curved slit caisson
RUN 4 0.6 4.5 1.2 0.6 Curved slit caisson
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Fig. 4. Sequential snapshots of numerically simulated wave field in RUN 4.
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Fig. 6. The pattern of steady boundary layer streaming in the ver-
tical plane and stream lines under standing waves [repro-
duced from Sumer and Fredsoe (2002)].
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(b) Deformed mesh after being exposed to incoming waves for 287.5s

Fig. 8. Evolution of computational mesh as the exposure time to incoming waves grows [RUN 1].
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(a) Initial configuration of computational mesh

(b) Deformed mesh after exposed to incoming waves for 287.5s

Fig. 9. Evolution of computational mesh as the exposure time to incoming waves grows [RUN 2].

(a) Initial configuration of computational mesh

(b) Deformed mesh after exposed to incoming waves for 287.5s

Fig. 10. Evolution of computational mesh as the exposure time to incoming waves grows [RUN 3].

(a) Initial configuration of computational mesh

(b) Deformed mesh after exposed to incoming waves for 208 s

Fig. 11. Evolution of computational mesh as the exposure time to incoming waves grows [RUN 4].
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Fig. 12. Contour plot of suspended-load volume concentration after being exposed to incoming waves for 287.5 s.

S 247 BABOR, Fig. 1590 el B AME S AW G2 vmsilon, uigshe w3 7717} A
7l M A o] WSSHE Pe FRAGCHRUN 1, el v 932 1] 919 Fig. 1601 RUN 3,

=2 =
2, 3]. Fig. 16(a)°l= 350% 73} % RUN 1, 2, 3014 &= 4ol Al A5 = A FAS vlasksitt



k] Fajofl uhE RS RISk} s x| gel v

|—bed—profi/e bottom shrearing stress|
0.1
— 005 -
N-Q

-0.05
-0.1
0

10 20 30 40 50
x[m]

(a) Bottom shearing stress profile across the breakwater at t=287.5 s.

|—bed—profile - bed-load transport rate|

x107*

0.1 4
~ 2 ~
N Q
12 T

4

10 20 30 10 50
x[m]
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(c) Variation of erosion rate across the breakwater at t=287.5 s.
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(c) Variation of erosion rate across the breakwater at t=287.5 s.

Fig. 14. RUN 2.
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sure time to incoming waves grows.
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Fig. 16. Compariosn of bed-profiles in RUN 1, 2, and 3 after being exposed for 350 s.

Fig. 17. Vector plot of flow-velocities under standing waves and contour plot of a suspended load volume concentration after being exposed

for 292.5s.
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