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Numerical Analysis of Nonlinear Shoaling Process of Random Waves -
Centered on the Evolution of Wave Height Distribution
at the Varying Stages of Shoaling Process
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Abstract : In order to make harbor outskirt facilities robust using the reliability-based design, probabilistic mod-
els of wave heights at varying stage of shoaling process optimized for Korean sea waves are prerequisite. In this
rationale, we numerically simulate the nonlinear shoaling process of random waves over the beach with a sandbar
at its foreshore. In doing so, comprehensive numerical models made of spatially filtered Navier-Stokes Eq., LES
[Large Eddy Simulation], dynamic Smagorinsky turbulence closure were used. Considering the characteristics of
swells observed at the east coast of Korean Peninsula, random waves were simulated using JONSWAP wave spec-
trum of various peak enhancement coefficients and random phase method. The coefficients of probabilistic mod-
els proposed in this study are estimated from the results of frequency analysis of wave crests and its associated
trough detected by Wave by Wave Analysis of the time series of numerically simulated free surface displacements
based on the threshold crossing method. Numerical results show that Modified Glukhovskiy wave height distribu-
tion, the most referred probabilistic models at finite water depth in the literature, over-predicts the occurring prob-
ability of relatively large and small wave heights, and under predicts the occurrence rate of waves of moderate
heights. On the other hand, probabilistic models developed in this study show vary encouraging agreements. In
addition, the discrepancy of the Modified Glukhovskiy distribution from the measured one are most visible over
the surf zone, and as a result, the Modified Glukhovskiy distribution should be applied with caution for the reli-
ability-based design of harbor outskirt facilities deployed near the surf-zone.

Keywords : wave height distribution at finite water depth, peak enhancement coefficient, JONSWAP spectrum,
Modified Glukhovskiy wave height distribution, LES [Large Eddy Simulation], spatially filtered
Navier-Stokes Eq., one equation dynamic Smagorinsky turbulence closure
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Fig. 8. Sequential vector plots of numerically simulated wave velocity field at varying stages of shoaling [in RUN 2].
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Table 1. List of optimized probability coefficients at the varying
phases of shoaling process for y=1.0

Probability coefficients

Gauge NO. —
a 4 H oy
1 0.8485 2.627 0.0269 0.012
2 0.8184 2.655 0.0258 0.0103
3 0.8268 2.758 0.0249 0.0098
4 0.8361 2.806 0.0256 0.0095
5 0.8481 2.58 0.022 0.0087

Table 2. List of optimized probability coefficients at the varying
phases of shoaling process for y=3.3

Probability coefficients

Gauge NO. —
a V4 H Oy
1 1.09 2.407 0.0606 0.0354
2 1.075 2.135 0.0565 0.0340
3 0.9789 2262 0.0556 0.0291
4 1.012 2.387 0.0511 0.0271
5 1.037 2.18 0.0442 0.0262
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Fig. 12. Evolution of wave height distribution as shoaling process goes on in RUN 1 and RUN 2.
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Fig. 13. Comparison of Modified Glukhovskiy wave height distribution and the one derived in this study using the least square method for
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