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Reflective Boundary Condition and Breaking Criteria
on the Top of Step—Type Reef

Shigeaki Tsutsul" and Ken Zamami®

Abstract

According to the computational results of wave height distribution near the step-type reef by
adopting the mild-slope equation with the conservation law of energy flux across the bathymetric
discontinuity, reflection and transmission coefficients give suitable values for long period waves,
but the reflection coefficient is underestimated for moderately shorter period waves. The reason
comes from the fact that wave reflection from vertical wall on the top of the reef is not counted in
the calculation above, that is, the mild-slope equation is derived on the assumption of weak hori-
zontal variation of water depth, but the submerged vertical wall is a sudden change in water depth
and is not considered in the equation. If we intend to take account of the wave reflection accu-
rately, the three dimensional finite element method and/or the boundary element method are
available. However, it is hopeful to deal with the problem above in a two-dimensional one.

Therefore, the present paper, firstly, offers an approximate reflective boundary condition on
the top of the reef and the corresponding functional, for application to the finite element method
based on the mild-slope equation. The boundary condition is verified by predicting wave height
around a submerged breakwater. The most important property of the boundary condition is inde-
pendence on the direction of incident waves, that is, whether waves incident from deeper to
shallower regions or shallower to deeper ones.

Secondly, the present paper discusses wave breaking. Wave breaking have been taken into
consideration in calculation of wave field based on the mild-slope equation, but the dissipation
coefficient after breaking is available only for sloping beach and then any formulag suitable for
numerical simulation in reef coasts have not been presented. A breaking criterion and the dissipa-
tion coefficient on the step-type reef are proposed based on the results of hydraulic experiments.

Key words: Wave reflection, Wave transmission, Mild-slope equation, Boundary conditions,
Finite element method, Wave breaking, Breaking criterion, Wave energy dissipation
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discontinuity

(1) Setting of the integral path on the line of bathymetric
discontinuity; the path consists of D, and D, surrounding
the discontinuity.

Waves n -4 np ny+4
I~

-~

(2) Step-type reef model and the coordinate system,
Figure 1. FEM domain with bathymetric discontinuity.
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Figure 2. Changes in reflection and transmission coeffi-
cients by the step-type reef with respect to the depth ratio,
where waves incident from deeper water depth side. The pa-
rameter B is the dimensionless frequency, ( 2/TVglh ) z
defined by using the deeper water depth. The markers de-
note interpolation points for the coefficient ¥ of the bound-
ary condition (13) and the solid line shows the results of the
potential theory.
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Figure 3. Variation in the coefficient y of the boundary con-
dition (13) on the bathymetric discontinuity with respect to
the depth ratio. The parameter 8 is the dimensionless fre-
quency, ( 24TVgih ) 2, defined by using the deeper water
depth. The open circle denotes interpolation points and the
solid line shows the results of curve fitting by Eq.(15).
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Table 1. Coefficients a j of the approximation (15)

B ] a4 () as

0.1 0.011271 1.08714 0.858607  -0.243757
0.2 00118417 1.13605 0.817281 -0.176642
0.5 00131101 1.26246 0.688913 0.031632
0.75 00171451 137646 0.513702 0.300207
1.0 0.0212807 1.52071 0.655506 0.327661
1.25 0.0237768 1.69893 (0.64193 0.826703
1.5 0.0268206 1.93603 0.907672 1.8803
1.75 0.0278792 22534 0.207197 9.87419
20 00297931 2.64054 -0.398973 259377
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Figure 4. Reflection and transmission coefficients by the
step-type reef, where waves incident from shallower water
depth side. The markers denote the numerical results by
FEM with the boundary condition (13).
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Figure 5. Wave height distributions for the step-type reef,
where waves incident from deeper water depth side. The
open circle denotes the results of numerical simulation by
FEM with the boundary condition (13) and the solid line,
those by the potential theory.
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Figure 6. Wave height distributions for the step-type reef,
where waves incident from shallower water depth side. The
open circle denotes the results of numerical simulation by
FEM with the boundary condition (13) and the solid line,
those by the potential theory.
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Figure 7. Model of a submerged breakwater in water of con-
stant depth.
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Figure 8. Reflection and transmission coefficients for the
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the dimensionless frequency, .

FRRGERUNOEBAE LT, B-TICFT LI -
EREBICAERBENH 2B EORATOEESH
IKDWTERAH, H—88 L M ENFNAREBIBE
L ARMREBAES L VRBIHERTTS. #
HAEBRESRE, EEIEF L o M BHIEICL B#
HTHs. H-8»bHrsLH1l, RHEELESR
ROBRTEAM T 52 EIEER (—BLT
WAHM, LHEMNRONS, Zhid, B-58LU%6I
FERTVE L), BIRES»OAHT2HED
RSHRCOBE/RFMIE LA MERIIERT 0



PR AT HMAE 45465, 19934 69

o FEM —— Thsory

1
0 1 2 3 L] 5m 6

waas  Submerged breakwater
e=0.1, ¥ = 2, hy = 40cm

2
h Pis|  Submerged breakwater
£= 0.6, Iy =2, hy = 40cm
Figure 9. Wave height distributions for the submerged

breakwater with different depth ratio £ Waves incident
from right to left on the figure.
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Figure 10. Two types of wave breaking on the reef. The
abscissa denotes the shallowness, hy/lo, the ordinate de-
notes the ratio of the incident wave height to the water depth
on the reef, H;/hy, and the parameter is the depth ratio,
€ = hafhy. As the incident wave height increases, the type of
breaker changes from a progressive wave-type to a partial
standing wave-type.
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Figure 11. Non-linear transmission coefficients at just
breaking on the reef with respect to the dimensionless wave
period defined by using the deeper water depth. Experimen-
tal results clearly show the non-linearity in the wave energy
transmission, i.e., the coefficient reaches up to 1.5 times val-
ues of the potential theory.
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Figure 12. Progressive wave-type breaking on the reef for
various depth ratios €. Curves for the breaking criterion
were decided as the bounds between non-breaking and
breaking waves. As € —1, the criterion should coincide
with the highest wave condition given by Yamada &
Shiotani(1968) and/or the breaker index by Goda(1970).
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