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WAVE BREAKING AND REFLECTION by T.S.Hedges Of all the various processes to which water waves are subject, wave breaking is one of the most important to coastal engineers since it greatly influences both he behaviour of sediments on beaches and the magnitudes of the forces experienced by coastal structures. Unfortunately, breaking is possibly the most difficult wave phenomenon to describe mathematically. At present, very few properties of breaking waves can be predicted with reasonable accuracy. Waves may break in a number of different ways. Steep waves on mild slopes tend to break by spilling water gently from their crests, and there is little reflection of the incident wave energy. In contrast, long low waves on steep slopes tend not to break at all. Instead, they surge up and down the slope with most of the wave energy being reflected.



Regular waves A useful parameter for describing wave behaviour on a slope is the ‘surf similarity parameter’ of Iribarren number, NI: NI =



tan β H / LO



in which β is the slope angle, wave height H is measured at the toe of the slope and L O = gT 2 / 2π



in which T is the wave period. Values of NI associated with different types of regular wave action on smooth, impermeable slopes are shown in the following figure. Note that, in reality, there are no precise boundaries separating the values of NI associated with the different types of wave action (in much the same way in which there are no precise boundaries between the colours in a rainbow). Furthermore, the values are somewhat modified for slopes which are rough and permeable.



In general, the maximum wave height which can exist at any particular location depends on the wavelength, L, the water depth, d, and the seabed slope, tanβ. However, in the case of deep water (d/L > 0.5) only the wavelength is important and breaking occurs when the wave steepness, H/L, is approximately 0.14. More generally, for water depths ranging from deep to shallow, Miche (1944) gave the limiting wave steepness as:



æ Hö æ 2πd ö ç ÷ = 0.14. tanhç ÷ è L øb è L øb in which subscript ‘b’ indicates breaking conditions. In shallow water depths (when d/L < 0.04), this expression gives the breaking wave height as: Hb ≈ 0.88.db suggesting that in shallow conditions it is the depth of water alone which governs the breaking wave height. However, in practice, the ratio Hb/db depends on both



the wave steepness and the beach slope: Hb = γ.db where γ is in the range 0.7 to 1.3. Consequently, the equation for general water depths is sometimes modified to read: æ Hö æ γ 2πd ö . ç ÷ = 0.14. tanhç ÷ è 0.88 L ø b è L øb Battjes (1974) has related γ to NI values. Typically, γ = 0.7 - 0.9 for spilling breakers, and 0.9 - 1.2 for plunging breakers. The amount of wave energy available for reflection depends upon the amount dissipated during the wave breaking process. Consequently, we would expect the reflection coefficient for a slope also to depend on the Iribarren number. The reflection coefficient, φr, is defined as the ratio of the reflected wave height to the incident wave height. Various empirical expressions have been suggested to estimate its value. One possibility is



(



ϕr = rr . tanh 0.1 NI2



)



in which rr is an empirical coefficient with a value of about 1.0 for smooth slopes and about 0.6 for rubble mounds (see Seelig, 1983). Equation (7) shows that a slope does not have a unique reflection coefficient; the value depends on the incident wave steepness. Consequently, interaction with slopes dissipates the energy of short, high waves much more effectively that that of long, low waves.
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