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Measurement and Numerical Model on Wave Interaction with Coastal Structure
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Abstract : In recent years, there’s been strong demand for coastal structures that have a permeability that serves
water affinity and disaster prevention from wave attack. The aim of this study is to examine the wave transforma-
tion, including wave run-up that propagates over the coastal structures with a steep slope. A numerical model based
on the nonlinear shallow water equation, together with the unsteady nonlinear Darcy law for fluid motion in
permeable underlayer and laboratory measurements was carried out in terms of the free surface elevations and fluid
particle velocities for the cases of regular and irregular waves over 1:5 impermeable and permeable slopes. The
numerical results were used to evaluate the application and limitations of the PBREAK numerical model. The
numerical model could predict the cross-shore variation of the wave profile reasonably, but showed less accurate
results in the breaking zone that the mass and momentum influx is exchanged the most. Except near the wave crest,
the computed depth averaged velocities could represent the measured profile below the trough level fairly well.

Keywords : nonlinear shallow water equation, free surface elevation, fluid particle velocity, permeable underlayer,
PBREAK numerical model
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Fig. 2. Definition sketch for numerical model for permeable
coastal structure.
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Fig. 3. Temporal variations of free surface elevation for regular waves, measured, 77,(—), computed, 77,(---).
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Table 1. Phase-averaged free surface elevation statistics on an impermeable slope

Measuring pt. ~ x (em)  d(em)  H(em)  Tg (cm)  [77]y (€M) [7,]a (€M) Ty (cm)  [0] 5, (M) [0 (€M)

P1 50 30.0 11.99 -0.01 -4.30 7.70 0.30 0.13 0.61
P2 100 20.0 13.24 -0.04 -5.72 7.52 0.25 0.12 0.38
P3 130 14.0 12.21 -1.40 -5.90 6.31 0.45 0.06 1.89
P4 170 6.0 6.77 0.07 -2.53 423 0.35 0.04 1.37

Table 2. Phase-averaged free surface elevation statistics on a permeable slope

Measuring pt. x (cm) d(cm)  H (cm) 7, (cm) [7,]min (cm) [77,] 0 (cm) O, (cm) [ min (cm) [0l max (cM)

Pl 50 30.0 11.82 0.26 -4.37 7.45 0.10 0.09 0.34
P2 100 20.0 11.41 0.01 -4.09 7.32 0.12 0.06 0.18
P3’ 130 14.0 9.59 -0.07 -3.16 6.43 0.15 0.02 0.39
P4 170 6.0 7.38 0.04 -2.34 5.04 0.11 0.03 0.31
n(em) n(em)
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Fig. 6. Computed spatial variations of free surface elevation for regular waves.
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Fig. 7. Temperal variations of phave-averaged horizontal veloc-
ity: measured, u,(—), computed, U (----) at z=-15 cm.
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Table 3. Comparison of phase-averaged measured and computed velocities

Slope Measuring Measurement PBREAK
pt. (cm) [u,],.x(cm/sec) [u,]..., (cm/sec) [u,] ;. (cm/sec) [U,] . (em/sec)[U, ] ...(cm/sec) [U, ] . (cm/sec)
impermeable  x=50, z=-15 31.02 -1.85 -21.06 38.61 -2.90 -25.56
permeable x=50, z=-15 22.66 -4.52 -20.67 32.06 -4.70 -23.75
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