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Variation Characteristics of Wave Field around Three-Dimensional
Low-Crested Structure
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Abstract : In recent years, countries like Europe and Japan have been involved in many researches on the Low-
Crested Structure (LCS) which is the method to protect beach erosion and it is regarded as an alternative to the
submerged breakwaters, and compiled its results and released the design manual. In the past, studies on LCS have
focused on two-dimensional wave transmission and calculating required weight of armor units, and these were
mainly examined and discussed based on experiments. In this study, three-dimensional numerical analysis is per-
formed on permeable LCS. The open-source CFD code olaFlow based on the Navier-Stokes momentum equa-
tions is applied to the numerical analysis, which is a strongly nonlinear analysis method that enables breaking and
turbulence analysis. As a result, the distribution characteristics of the LCS such as water level, water flow, and tur-
bulent kinetic energy were examined and discussed, then they were carefully compared and examined in the case
of submerged breakwaters. The study results indicate that there is a difference between the flow patterns of long-
shore current near the shoreline, the spatial distribution of longshore and on-offshore directions of mean turbulent
kinetic energy in case of submerged breakwaters and LCS. It is predicted that the difference in these results leads
to the difference in sand movement.

Keywords : olaFlow, low-crested structure, submerged breakwater, three-dimensional numerical analysis, gap,
water level, flow, vorticity, turbulent kinetic energy
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Fig. 1. Layout condition of submerged breakwaters installed in

Korea.
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Photo 1. Submerged breakwaters to protect beach erosion of
Songdo, Busan (https://www.crowdpic.net).

Photo 2. DELOS (www.delos.unibo.it).
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Fig. 2. Illustrative sketch for layout of three-dimensional basin and permeable vertical structure.
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Fig. 3. Comparison between simulated and measured water surface elevations.
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Table 3. Incident wave condition and 3-dimensional layout of LCS

Crest freeboard Wave Incident Incident Gap LCS  Distance between
CASE No. from still water maker wave height wave period  width  length shoreline and Overtopping
level R, (cm) theory H (cm) T (s) G(m) L, (m) LCS X (m)
01H5G300Rc3 o
02H5G250Rc3 5 2.5 7.5 o
03H5G200Rc3 3 2 o
04H7G300Rc3 3 o
05H7G250Rc3 7 2.5 7.5 o
06H7G200Rc3 2 8 o
Stokes 11 1.4 _ 6.5
01H5G300Rc8 3 7 x
02H5G250Rc8 5 2.5 7.5 x
03H5G200Rc8 . 2 8 x
04H7G300Rc8 3 7 x
05H7G250Rc8 7 2.5 7.5 X
06H7G200Rc8 8 x
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Fig. 11. Spatial distribution of simulated wave heights according to the change of gap width (H =5 cm).
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Fig. 15. Spatial distribution of time- and depth-averaged mean velocities in horizontal plane (H =7 cm).
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Fig. 16. Spatial distribution of time- and depth-averaged turbulent kinetic energies in horizontal plane (H =5 cm).
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Table 4. Maximum depth-averaged turbulent kinetic energy around

coastal line
Case Submerged LCS (em’/s”)

breakwater (cm’/s”) Rc3 Rc8
01H5G300 29.6 33.77 28.44
02H5G250 30.3 31.07 26.26
03H5G200 172 23.64 23.68
04H7G300 28.9 42.12 43.40
05H7G250 28.3 39.16 39.60
06H7G200 18.8 32.20 30.80
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Fig. 17. Spatial distribution of time- and depth-averaged turbulent kinetic energies in horizontal plane (H =7 cm).
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