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1. Introduction

The successful application of a coastal enginegingect depends greatly on a reliable prediction
of the existing wave field at the location of thwjpct. This is usually achieved by running MSE,
Boussinesq or other hyperbolic type mathematicalat® In most cases, these models rely on the
assumption of a mildly sloping sea bed over thestzdarea of application. However, this is not
true whenever underwater shoals or trenches (@r @homalies) are present in the sea bed or
coastal projects of an abrupt geometry are plarieatliring high side slopes as, for example,
artificial reefs, navigation channels, sand pits &herefore, it is necessary that conventionalevav
propagation models are modified in this respecadiying extra terms in their equations (Suh et al,
1997; Madsen et al, 2006) to account for bottonpesland curvature with the view of properly
simulating the complex wave transformation takirgcp over physical or technical sea bottom
obstacles. Such a model is herein proposed for siletion of this important problem
incorporating also the effects of the generatedeseent waves.

2. Solution M ode€

By applying the principles of mass and momentunseoration over a vertical water column of
infinitesimall dimensions, the following depth-aasged continuity and momentum equations are
derived for an irrotational fluid :
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where 7 =elevation, h =mean depth,U,W =mean depth horizontal and vertical velocity,

c? =%tanh(k.h)= wave celerity. The equations are integrated imcegiime by an appropriate

Method of Characteristics (MOC) numerical technigiéhe velocity W is calculated by
integrating the vertical momentum equation.

3. Modd Validation and Verification

The proposed numerical model is extensively teatetlvalidated by comparing the calculated by
the model reflection and transmission coefficieagginst a number of well known benchmark
tests and available analytical and numerical smhstias follows: 1. Reflection from a plane shelf
(ie Booij's experiment) 2.Reflection from a symnietrench with sloped transitions and also from
a Gaussian shaped trench 3.Bragg scattering fremgly sinusoidal sea bed 4. Bragg scattering
from a doubly sinusoidal sea bed of large amplituddulations 5. Normal and angled reflection
from an underwater step or trench. Ongoing rese@rébcusing on two more important issues:
(a)transmission of random waves over a rippledbgebpatch as examined by Suh et al (1997) and
(b)nonlinear transmission over an undulated seinoas examined by Liu and Yue (1998).
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4. Resultsand Conclusions

In test case 1 above, an excellent agreement igwch between the calculated reflection
coefficients and those of the improved modelinghuodtpresented by Suh et al (1998) and the
same also holds true for test case 2 comparecktretults of Bender and Dean (2003). These two
tests verify that our method can simulate wave @gagion over bottom slopes approaching almost
the vertical.

Further, extremely good comparison is achievedntest case 3 against the classical laboratory
experiments of Davies and Heathershaw (1984) uagfthe recent findings (Madsen et al , 2006)
that, in fact, the principal harmonic of reflectiomcurs at a frequency slightly lower from the
theoretically predicted. In test case 4 above, ¢ktremely good comparison with both the
experimental but mainly with the numerical resatsGuazzelli et al (1992) is depicted in Fig. 1
below. Similar is the outcome in the case 5 wheis observed that the presence of evanescent
modes introduces certain modifications of the aid/results in the short wave region. Based on
these comparison tests, it is generally conclutietl the proposed model is, indeed, a powerful
tool in predicting wave behavior over a rapidlyyiag sea bed topography to be safely applied in
coastal engineering projects.

Present Model
08 - Guazzelli et al, 1992, computed
T Guazzelli et al, 1992, measufed

Reflection coefficient
o
N

Frequency (Hz)

Figure 1.Bragg reflection from a doubly sinusoidal rippledbe
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