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Abstract [] The behavior of beach nourishment fronting a seawall is investigated and compared to that on
shorelines with compatible sand. Six different conditions of nourishment characteristics are studied and repea-
tability tests are conducted for each case. Experimental conditions include both sandy and seawalled shorelines
and normal and oblique wave incidence. The effects of sediment size are also studied for a seawalled coast.
Transport rates near the ends of the project in which all of the nourished sand is submerged are quantified for
normal and oblique wave incidence for a seawalled shoreline. Two different sets of transport relationships are
suggested and tested. Although there are some variations, comparisons between the predicted and the measured
transport rate for the all cases tested show reasonably good agreement.
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1. INTRODUCTION

Since the first beach nourishment project at Coney
Island of the States in 1992, more than 70 beach nouri-
shment projects have been constructed to protect the
nation's eroding beaches (Davison et al., 1992). Methods
have been proposed by a number of investigators to pre-
dict their performance by analytical, numerical, and emp-
irical methods (Larson er al., 1987, Hanson and Kraus,
1989; Verhagen, 1992). Numerical approaches can treat
more complicated problems, such as the contribution of
background erosion, the effect of shore-perpendicular
structures designed to extend project life, and the effect
of fill material of different character than the native

(Dean and Yoo, 1992).

In some cases, earlier erosion control efforts have
utilized armoring such as seawalls and there may be
litle sand remaining in the nearshore. Due in part to
the cost of beach nourishment, it is essential to be able
to predict project performance under the particular condi-
tions at the project site. For projects constructed on a
long unperturbed shoreline of compatible sand, it can be
shown that the centroid of the planform anomaly rem-
ains relatively unchanged under the action of both
normal and oblique wave attack. Also, under the action
of constant wave energy, the rate of increase of plan-
form variance is constant and relatively insensitive to

wave direction.
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Fig. 1. Definition sketch for beach nourishment in presence of
seawall (Dean and Yoo, 1994).

Dean and Yoo (1994) investigated the behavior of
a beach nourishment project fronting a seawall (see
Fig. 1) and found that when acted upon by oblique
waves, the centroid of the planform anomaly mig-
rated downdrift. They also found that the spreading
rate of the planform anomaly was different from
that on a long beach composed of compatible sand.
It was shown rather qualitatively that the transport
near the ends of the project, where all the nouri-
shment sand is submerged, can affect results signi-
ficantly.

In this paper, the actual transport near the ends of the
project will be explored through a series of experiments
and empirical transport reduction relationship near the

ends of the project will be examined.

2. BACKGROUND

The bases for predicting the effects of longshore
spreading are the equations of longshore transport and
continvity which may be expressed in the "one--line

form" as given by
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in which Q=the transport rate, v=sand volume per
unit beach length, s=the ratio of mass density of sedi-
ment to water, g = gravitational acceleration, p =in-place
sediment porosity, H=wave height, k=a wave breaking
criterion, f,=azimuth of the outward shoreline normal,
o =azimuth from which the wave originates, K=
proportional constant, and the subscript "b" denotes that
the subscripted variable is to be evaluated at the breaker
position.

Under the most idealized considerations for which the
shoreline displacement is given by y(x, y), the velocity
of the centroid, U, of the planform anomaly was
shown to be (Dean and Yoo, 1994).

8
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in which x. is the centroid of the planform anomaly, V
is the total volume of sand placed, Q is the sand
transport rate that will vary over the active length, 0, is
the ambient potential transport, and [ is the effective
length of the project which increases with time.

Similarly, the time rate of change of the planform
variance was shown to be

2
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where x'=x-x.. The lincarized transport equation is given
by

Q=QU+Q'=Q,,—(h*+B)Gg'?-}r 5)

in which Q, is the ambient potential transport on an
unperturbed shoreline, (' is the transport associated with
the nourishment project, and G is referred as the
"longshore diffusivity" (Dean and Yoo, 1992). Substitu-
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ting Eq. (5) into Eq. (4) gives

2

aa% =2G (6)
ie., the same as the case of nourishment on a beach
composed of compatible sand.

However, in the case of a seawalled beach, the
transport as given by Eq. (1) will not be valid near the
ends of the project where all of the sand to be nour-
ished is underwater and at the very ends is submerged
to a depth, h., considered here to be the depth to the
base level. In those locations, it is assumed for simplic-
ity that the actual transport, Qu, is related to the calcula-
ted transport, Q, by

) A "’ Y
Q.= G- 5 Q
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Vr
and Q. is used in the continuity equation. In Eq. (7), vr
is defined as the threshold volume required to esta-
blish a profile over the entire depth and can be shown
to be

2.
Vp= 0.4}%;
A
for the case of an equilibrium profile given by h=Ay**
(Bruun, 1954; Dean, 1977, 1991) and a horizontal bottom.
For larger values of n, there is less transport near the
ends. Also, in determining the effective shoreline orien-
tation, P, for submerged profiles the effective shoreline
displacement, y., is defined as
_v-vyp
h+B
which is seen to be negative for v <vr
Although the transport reduction factor defined in Eg.
(7) may be the most appropriate condition at the ends of

Ye ©))

the project, other boundary conditions may be possible.
Another possible set of equations similar to Eqgs. (7) and
(9) can be expressed in terms of the ratio of the vertical

active dimension rather than the ratio of the volume.
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Fig. 2. Comparison of calculated transport distributions for an
initially rectangular planform and normal wave
incidence based on two different relationships.

in which A, is the water depth at the seawall. For the
case of an equilibrium beach profile and a horizon- tal
bottom, the water depth at the seawall, h, can be
shown to be

- hy (12)
v=vr- o (h,~0.6h,)
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Fig. 3. Comparison of calculated transport distributions for
an initially rectangular planform and oblique wave
incidence based on two different relation ships.
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in which v is the volume density at any time and vr is
the threshold volume density. This is a transcendental
equation and must be solved by iteration. Note that this
equation has two roots in general but only one root has
physical significance.

For an idealized rectangular initial planform, the com-
parison between two different transport reduction factors
is presented in Figs. 2 and 3 for normal and oblique
wave incidence, respectively at times 10, 20, and 30
minutes. It can be seen that the differences between the
two transport relationships are quite small. Thus, the
first transport reduction factor at the ends of the project
will be used for the calculations and analysis.

3. EXPERIMENTAL STUDY

A series of experiments was conducted to investigate
the characteristics of beach nourishment projects in the
presence of a seawall. Six different conditions of nouri-
shment characteristics were studied and a repeatability
test (the "b" tests in Table 1) was conducted for each
case. Experimental conditions included both sandy and
seawalled shorelines and normal and oblique wave inci-
dence. The effects of sediment size were also inves-
tigated for a seawalled coast.

Fig. 4 presents the wave basin arrangement. The
wave basin characteristics are 20 m in width, 15 m in
length with 88 paddles of a "snake" type wavemaker.
The wavemaker is capable of generating periodic waves

Table 1. Experimental conditions.

Snake -Type Wave Maker

Flood Flow
Welr Concrete Block '
{Wave Rays) @
Ehb Flow Ebb Flow
Gate Gate
Nourishment

Pmoct

Concrete Block (Sumll)

] $ meters
= = —]

Fig. 4. Wave basin arrangement. wave rays shown for normal
wave incidence.

and wave height and wave direction can be varied by
changing the paddle stroke and phasing the adjacent
paddles, respectively. The water depth at the wavemaker
was 55 cm. Two different sediment sizes (0.2 mm and
0.5 mm in median size) were used in this experiment.
See Table 1 for the detailed experimental conditions.
The tests commenced with an initial nourished
planform of approximately 2.4 m length, 0.2 m width at
mean water level (MWL) and 0.2 m water depth and
constructed of reasonably uniform size sand. The ends
of the planforms were tapered back to the seawall. Prior
to establishing the initial planform and profiles, the sand
was completely submerged to minimize possible addit-

ional compaction during testing. Once the initial plan-

Experiment Shoreline Sediment Size Wave Obliquity* Wave Height Figure
la Seawall 0.2 mm o° 3.5 cm 5
1b 0.2 mm o° 35 cm -
2a Seawall 0.2 mm 300 35cm 6
2b 0.2 mm 30° 35 cm -
3a Seawall 0.5 mm o° 35cm 7
3b 0.5 mm 0° 35 cm -
4a Seawall 0.5 mm 30° 3.5 cm 8
4b 0.5 mm 30° 35 cm -
S.a Sand 0.2 mm 0° 35cm 9
5b 0.2 mm o 35cm -
ba 0.2 mm 300 35 cm 10
6o Sand 0.2 mm 30° 3.5 cm -

*Referenced to wavemaker location where depth =55 cm.
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form and profiles were constructed and documented, the
desired wave conditions were established. In addition,
wave guides composed of concrete blocks were establi-
shed to mimic incoming wave rays, thereby minimizing
"basin effects”.

For each test, 40 profiles were monitored at equal
spacings of 0.2 m. The profiles were measured by a
point gage lowered from a frame with an estimated
accuracy of 1.0 mm. Each run was monitored for 105
minutes for the seawalled coast and 150 minutes for the
sand coast, respectively. During each run, the profiles
were measured 4 times including the initial and final
times. Water depths were maintained constant for all
tests. The desired wave conditions were obtained by
adjusting the wavemaker stroke and phase. From time
to time, the wave height was measured at various loca-
tions to ensure that wave heights were relatively uni-
form in the wave basin.

In the following description of the model tests, due
to space limitations, the graphical results to planform
evolution will be presented only for Experiments 1, 2, 4
and 6.

3.1 Experiment 1

For simplicity, only one experimental result will be
presented here for each case. The overall results for the
repeatability test will be presented later in tabular form.
Fig. 5 presents the contours defined by linear inter-
polation between the adjacent profiles for normal wave
incidence. The figure includes results for the initial plan-
form and 15, 45 and 105 minutes. The general charac-
teristics of each planform relative to the initial are that
for the first 45 minutes both the longshore spreading and
offshore transport are important but at later times most of
the sand is transported seaward and only small amounts
of longshore transport occur. Although the planform
spreading patterns are not perfectly symmetric, inspec-
tion of each planform indicates that the centroid of the
planforms remained nearly fixed. Note that during the
period between 45 minutes and 105 minutes most of the
sand becomes submerged with only a minor amount
remaining above mean water level. Although not presen-
ted here for the repeatability test for this case, except for
minor differences, the planform evolutions from both tests
are quite similar.
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Fig. 5. Experiment 1. Contours showing planform evolution for
a seawalled shoreline. normal wave incidence. contours
shown include +8 cm, +4 c¢m, 0, and -4 c¢m relatived to
still water level. sediment size = 0.2 mm.

3.2 Experiment 2

With the exception of wave obliquity, conditions of
this experiment are identical to those of Experiment 1.
Again, two experiments with the same wave conditions
were conducted. The planform evolution for one of the
two tests is presented in Fig. 6 for times of 0, 15, 45,
and 105 minutes. Some difficulties were experienced
in establishing uniform wave conditions along the
nourishment planform. This may be the cause of some
of the imregular planform features which are particularly
evident at 105 minutes. In spite of this irregularity, it is
clear that the overall planform translated downdrift with
time. Although the initial planform was very similar to
that of Experiment 1, most of the sand was transported
downdrift due to the wave obiliquity and the offshore
transport of sand is relatively small. It is interesting to
note that the slope near the updrift end is somewhat
greater that near the downdrift end.

3.3 Experiment 3
The objective of this experiment is to investigate the
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Fig. 6. Experiment 2. Contours showing planform evolution

for a seawalled shoreline. oblique wave incidence
(30°). contours shown include +8 cm, +4 cm, 0, and -4
cm relative of still water level. sediment size = (.2 mm.

effect of sediment size for nourishment along a seaw-
alled coast. Wave conditions were the same as Experi-
ment 1 with the 0.2 mm sediment replaced by coarser
material (0.5 mm). The general characteristics of plan-
form evolution for the repeatability test were in fairly
good agreement with the initial test. The planform
shapes of the nourishment were similar to those of
Experiment 1 where finer sediment was used; however,
somewhat smaller changes due to less transport of the

coarser sand was evident.

3.4 Experiment 4

This experiment is the counterpart of Experiment 2
but coarser sediment was used. This test was also con-
ducted with the same wave conditions as Experiment 3
but with oblique waves. Fig. 7 presents the planform
evolutions at 0, 15, 45, and 105 minutes. Inspection of
Fig. 7 shows that the overall planform tends to migrate
downdrift with time but at a slower speed than Experi-
ment 2 in which finer sediment was used.

There are some irregularities in the planform features,

especially at 105 minutes. This may be due to the
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Fig. 7. Experiment 4. Contours showing planform evolution for
a seawalled shoreline. oblique wave incidence (30°).
contours shown include +8 cm, +4 cm, 0, and 4 c¢m
relative of still water level. sediment size = 0.5 mm.

nonuniform wave height distribution along the planform.
Nevertheless the general characteristics of the planform
evolution are quite different than for the normal wave
incidence case and the spreading rate is reduced com-
pared to Experiment 2 with the finer grain size. Note
that the +8 cm contour has completely disappeared and
only a minor part of the 0 cm contour is present at
105 minutes. Although a clear trend is not evident, it
can be seen that the two tests yield quite similar beha-
vior in terms of migrational features of the planforms,
the major difference being the slower evolution of the

nourishment with coarser sand.

3.5 Experiment 5

This experiment was conducted for the purpose of
investigating the nourishment planform evolution on a
compatible sandy coast under normally incident waves.
The sandy beach was formed with the same material as
the nourishment sand to ensure hydrodynamic compati-
bility of the native and nourishment materials. To com-

mence with a near natural beach slope, the initial beach
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was allowed to equilibrate under wave action for appro-
ximately one-half hour before nourishment placement.
Wave conditions were the same as in the previous four
tests in order to provide comparable results.

The behavior of the planform evolution was found to
be quite different from than for the seawalled beach
case. Nourishment material was spread out effectively
due to the gradient of longshore sediment transport and
the width of the dry beach decreased with time. Note
that the highest contour remained intact for the full test
period.

3.6 Experiment 6

With the exception of oblique waves, conditions of
this experiment are the same as for Experiment 5. Fig.
8 presents the planform evolution for times of 0, 30, 90
and 150 minutes. As for a seawalled beach with wave
obliquity, some difficulties were experienced in establi-
shing uniform wave height along the nourishment plan-
form, which may be the cause of some of the irregular

planform features. Another difficulty was encountered in
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Fig. 8. Experiment 6. Contours showing planform evolution for
a sandy shoreline. oblique wave incidence (30°).
contours shown include +9 cm, +5 cm, +1 cm, and -3 ¢m
relative of still water level. sediment size = 0.2 mm.

maintaining a constant sediment supply from the updrift
beach. Under oblique wave action, the updrift sediment
supply should be maintained as near as possible to the
potential transport rate in order to not disturb the orig-
inal beach. Sand collected from the downdrift side was
supplied manually to the updrift side in order to main-
tain approximately appropriate conditions.

There are some interesting features in planform evolu
tion shown in Fig. 8. The most significant result relative
to the seawalled coast case is that the planform, as
expected, remained nearly fixed without migration even
under oblique wave attack. Thus the planform evolution
in this experiment may exhibit some similarity with that
of Experiment 5 where waves propagate normal to the
shoreline.

4. ANALYSIS AND DISCUSSION

Data described in the previous section are analyzed
and compared to the analytical model results. The
primary objective of the analysis is, through correlation
of calculated and measured project evolution, or equiv-
alently average transport rate, to develop the relationship
between the transport coefficient, K, and the transport
reduction characteristics at the ends of the project
defined as Egs. (7) and (10). The relative importance
between the exponent, n, and the longshore transport
coefficient, K, can be calculated by defining the error
surface

2
(K, n) = 2(0,-0)) (13)
Z(Qp)

in which @, and Q, are the measured and predicted
average transport rate, respectively, O, is determined
from the measured volume change utilizing the continu-
ity equation given by Eq. (2), and the summation in
Eq. (13) encompasses results for all three intersurvey
periods.

For the volume change calculations, the measured
volumes at each time are not necessarily conserved
although residuals are quite small (less than 3%). These
residuals were distributed evenly over the monitored
domain to adjust the total measured volume to always
be the same as the calculations.

In the following, detailed graphical results will only
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be presented for Experiments 1, 2, 4 and 6.

4.1 Experiment 1

Again only one result will be presented here for the
corresponding planform evolutions. This experiment is
for the normal wave incidence and finer grain size. As
shown in Fig. S5, the planform evolution remained
almost symmetric and spreading rate is relatively small.
Although the planform evolutions at each time are not
perfectly symmetric, the even component of the volume
per unit length can be extracted and the corresponding
average transport rate can be compared to the model
result which is symmetric.

Fig. 9 shows the calculated error surface. There is a
minimum error value near K=0.15 and n=3.0 for the
first test. Although not presented here, there are no
closed contours for the repeatability test such that the
exponent, n could be greater than 4 such that there is
very small transport when the volume is less than the
threshold volume. It can be shown that the data are
well defined for the longshore transport coefficient, K,
but poorly conditioned for determination of the expo-
nent, n, for both cases. Nevertheless, it may be argued
that an appropriate value of the longshore transport
coefficient, K, and the exponent, n, would be near 0.15
and 3.0, respectively for this particular case. It is noted
that the errors increase rapidly with increase in the
longshore transport coefficient.

Fig. 10 presents the measured and predicted average
transport rates associated with the best-fit K, n values
described above. The model overpredicts slightly but the
difference is relatively small. Note that the distribution
of the longshore transport is antisymmetric due to even

Fig. 9. Error surface for normal wave incidence for experiment
1, sand size = 0.2 mm.
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Fig. 10. Comparison of the measured and predicted Transport
rates for normal wave incidence for experiment .
parameters for calculated results: K =0.15, n=3.0.

component of the initial planform.

4.2 Experiment 2

The purpose of this experiment was to investigate the
planform evolution under the action of oblique waves
using the same sand grain size as Experiment 1. As
shown in Fig. 6, the planform evolutions were remar-
kably different from Experiment 1 with normal wave
propagation to the shoreline. The most notable diffe-
rences are the planform migration and different spread-
ing rates with time.

Although not shown here, the error surfaces for the
first experiment had a minimum near k=032 and n=16
while there are several local contour minima were
evident for the repeatability test.

As in Experiment 1, the minima were well defined
for the longshore transport coefficient, K, but poorly
conditioned for determination of the exponent, n. The
appropriate values of the longshore transport coefficient,
K, and the exponent, n, are approximately 0.3 and 2.0,
respectively for this experiment. Compared to the nor-
mal wave incidence case, it is somewhat surprising that
the transport coefficient, K increases but the exponent, n
decreases although the same sediment was used. This
may be interpreted, at least in part, as a result of the
strong influence of transport near the project ends.

Fig. 11 presents the measured and predicted average
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Fig. 11. Comparison of the measured and predicted Transport
rates for oblique wave incidence for experiment 2.
parameters for calculated results: K'=0.32, n=1.5.

transport rates associated with the minimum error X and
n values. It can be seen that at earlier times the
predicted transport rate is slightly less than the measured
but at later times both values yield good agreement.
Note that at times 0-15 minutes and 0-45 minutes, the
model predicts negative transport at the downdrift side

which did not occur in the measured results.

4.3 Experiment 3

In this experiment, the effects of larger sediment size
(0.5 mm) were investigated and compared to Experiment
1 in which finer sediment (0.2 mm) was used. A sm-
aller rate of spreading was found relative to Experiment
1 resulting in a smaller longshore transport coefficient,
K. Although the error surfaces for this case are not
presented here, it was found that the error was rela-
tively insensitivity to the exponent, n. however, the best
fit K values for both the initial and repeatability tests
were found to be approximately 0.02, which is one-sixth

to one-seventh the values for the finer sediment.

4.4 Experiment 4

With the exception of wave obliquity, the conditions
were the same as in Experiment 3. As shown in Fig.
12, the spreading rates due to the planform anomaly

were reduced significantly due to the increase in sand

s soF T 1=0~108 min
oo T
S| T
§ 00 e TR
£ s=————— Measured
o F e Predicted
-10 —_ . .
[ 1 2 3 4 5 L] 7 8
LONGSHORE. (m)
10.0
1=0-45 min
3 se
Y S i
To00 e
2
-50
>
-100 -+ 1 i L "
[ 1 2 3 4 5 L] k4 8
LONGSHORE. (m)
0.0
t=0-18 mb
3 ser S T min
% 0o
g
-5.0
o
-10 . A . .

LONGSHORE. (m)

Fig. 12. Comparison of the measured and predicted Transport
rates for oblique wave incidence for experiment 4.
parameters for calculated results: K =0.14, n=1.5.

size. The agreement between the measured and predicted
average transport is not as good as for Experiment 2
(Fig. 11) where finer sediment was used. The best K
values for both tests (original and repeatability) were
approximately 0.14, which is seven times greater than
for Experiment 3 (for normal incidence) and about the
same as the Experiment 1 where finer sediment was

used and the wave propagafed normal to the shoreline.

4.5 Experiment 5

This experiment investigated the planform evolution of

nourishment on a compatible sandy coast under nor-
mal wave incidence. Measured and predicted volume
changes were used as a basis for comparison for the
sandy beach experiments, due to the lack of a transport
boundary conditions required in applying the continuity
equation. The predicted volume changes were calculated
by the best fit K value. Since there is no transport
reduction at the ends of the project, the error can be
defined by a single variable, K, instead of two indepen-
dent variables, K and n.

Fig. 13 shows the error variation with K. Although
the error minimum is not well defined, the best fit K
values for the first and second tests were found to be
0.57 and 062, respectively. The predicted volume
change patterns were found to agree fairly well with the
measured over the entire region, with much better agree-
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Fig, 13. Variation of normalized mean square error with X, for
normal wave incidence for experiment 5, sand
size = 0.2 mm.

ment for the later times compared with earlier times.

4.6 Experiment 6

The primary objective of this experiment was to inv
estigate the behavior of planform evolution under oblique
wave incidence for nourishment on a sandy shoreline.
The best fit X values were 0.38 and 0.30 for the first
and second test, respectively, however, the variation of
error with K is not presented due to space limitation.
The measured and predicted volume changes are
presented in Fig. 14.

As mentioned earlier, some difficulties were encounte-
red in maintaining a constant sediment supply from the
updrift. This may be responsible for a considerable error
compared to the normal wave incidence case. The agree-
ment for this test is not as good as for Experiment 5.

However, the general trend of the volume change
pattern is nearly identical to the case of normal wave
incidence. Thus as supported by theory, wave direction
does not appear to be important for the nourishment
projects on a sandy beach composed of compatible sand.

4.7 Behavior of Planform Centroid and Variance

The variations with time of the nourishment volume
center of gravity were determined from each test and
plotted in Fig. 15 and 16 for a seawalled and sandy
beach, respectively. Fig. 15 also presents the theoretical
results based on the measurement of the average length
of the nourishment project using the best fit K and n
values. In Fig. 15, the two solid lines represent the
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Fig. 14. Comparison of the measured and predicted volume
changes for oblique wave incidence for experiment 6,
parameter calculated results: K =0.38.
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Fig. 15. Translational speed of center of gravity for a seawalled
shoreline.

theoretical results for the fine (0.2 mm) and the coarse
(0.5 mm) sand with oblique wave incidence.

As expected, the migrational speed of the centroid of
the finer sand is greater than that of the coarser sand.
Although there are some variations, the agreement
between the measured and predicted values is reasonably
good. Note that as shown in Fig. 16 the migrational
speed for normal wave incidence and the sandy shor-
eline case are essentially zero.

Figs. 17 and 18 present the normalized variance along

a seawalled and a sandy shoreline, respectively. The
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four solid lines in Fig. 17 represent 2G values based
upon the best fit K values determined previously for a
seawalled shoreline and one solid line in Fig. 18
represents 2G value for a sandy shoreline. For a sea-

walled shoreline, the predicted variance is in good

agreement with the data, while for a sandy shoreline the
rate of predicted variance is somewhat larger than the
measured data, possibly due to difficulties in maintaining
an appropriate supply of "feed" sand.

It is noted that the rate of variance increases for a
seawalled shoreline with oblique wave incidence differs
by approximately a factor of three for the case of normal
wave incidence. The reason for this appears to be that
with oblique wave incidence, sediment is transported
readily along the "full profile" section of the beach and
deposited on the downdrift side of the nourishment
project. However, sediment is not removed (eroded) as
readily from the updrift side due to the relative transport
reduction for partially submerged profiles.

5. SUMMARY AND CONCLUSION

The best fit K and n values are summarized in Table 2.
As expected, the behavior of beach nourishment fronting a
seawall is significantly different from that on a beach
composed of compatible sand. On a beach composed of
compatible sand, the centroid of the planform. anomaly
remains nearly fixed for both normal and oblique wave
incidence while on a seawalled beach, the centoid of the
planform anomaly migrates downdrift under oblique wave
incidence. For oblique waves and a seawalled shoreline, the
centroid migrational speed increased slightly initially and
then remained nearly constant. The rate of variance for a

seawalled shoreline increases with oblique wave incidence.

Table 2. Summary of experimental results.

Sediment Wave

Experiment Shoreline Size Obliuity n
la Seawall 0.2 mm o° 015 30
1b 0.2 mm 0° 012 30
2.a Seawall 0.2 mm 30° 032 15
2b 0.2 mm 30° 035 1.8
3a Seawall 0.5 mm 0° 002 30
3b ¢ 0.5 mm 0° 002 30
4.a Seawall 0.5 mm 300 015 15
4b 0.5 mm 300 0.14 15
5.a Sand" 0.2 mm o 0.57 —
5b an 0.2 mm 062 -
6.a Sand 0.2 mm 300 0.38 -
6.b 0.2 mm 300 0.30 —
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For waves incident at a 30° angle (deep water), the rate
of increase is approximately a factor of three greater than
the case of normmal wave incidence.

Although not clear, the longshore transport coefficient,
K, found for a sandy shoreline is greater for normal
than oblique wave incidence (K=0.6 for normal wave
incidence and K=0.34 for oblique wave incidence) wher-
eas for a seawalled shoreline it is smaller for normal
than oblique wave incidence (K=0.15 for normal wave
incidence and K=0.32 for oblique wave incidence) for
the same sediment size (0.2 mm). However, for the
coarser sediment (0.5 mm) K value was found to be
very small for normal wave incidence (K=0.02) but
much larger for oblique wave incidence (K=0.15).

Although the exponent, n, in the transport reduction
factor was not defined well, the best values were found
to be approximately 3.0 for normal wave incidence and
1.5 for oblique wave incidence for both sediment sizes.
With some variations, comparisons between the predicted
and the measured transport rates for the all cases tested
showed good general agreement.

It should be noted that the experimental scale em-
ployed here may introduce scale effects. To validate the
model performance and to compare the numerical results
with actual field phenomena, large scale physical model
tests should be conducted. It is also suggested that the
effects of both monochromatic and random wave results

be evaluated in future experiments.
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