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Laboratory Studies on Three-Dimensional
Morphology in a Narrow Wave Tank
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Abstract . ' When conducting movable bed tests in & narrow wave tank, the hydrodynamics and mor-
phology are assumed to be two-dimensional: hence, any three-dimensional patterns such as cross-
tank variations of the profiles are neglected or averaged to represent the mean profiles at the measu-
ring time. In this paper. six movanle bed tests were carried out with a fairly fine sand to investigate
(1) whether or not three-dimensional features can occur in relatively narrow wave tanks, and (2)
various possible interrclationships and causes of the three-dimensionality. These movable bed studics
suggested that there was a relatively slow feedback between the hydrodynamics and the morphology
that led to initiation and growth of 3-1> morphological features, resulting in cross-tank profile varia-
tions under certain stages of profile development. especially when the profile approached an equilib-
rium with overall stability.
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1. INTRODUCTION

When conducting movable bed tests in a narrow
wave tank. it is usually assumed that the hydrody-
namics and morphology are two-dimensional (2-D).
Both water and sand particles are considered to
remain within the plane of motion and to move
horizontally back-and-forth only. Hence. any three-
dimensional (3-D) patterns such as horizontal cir-
culation of the water and/or cross-tank variations
of the profiles are considered as ‘errors’ or cxtra-
neous features in the experiments and subscouently

rea)

have not been documented extensively. However,
several investigators have reported various degrees
of 3-D morphologies in relatively narrow wave ta-
nks {c.g.. Bagnold, 1940; Beach Erosion Board, 1947;
Kriebel er al, 1986; Hughes and Fowler, 1990, etc.).

Through a series of narrow wave tank experime-
nts and with very careful observations. Bagnold
(1940) first observed noticeable 3-D circular water
motions and resulting profile changes over the
beach face. With coarser material like shingle, Bag-
nold observed that a 2-D beach was always formed
with a straight shoreline parallel to the wave crests.
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When more material was added on onc side of
the tank, this soon became distributed evenly over
the width of the mobile portion ot the beach. With
finer sands, however, 3-D beach face and resulting
circular sweeping motion of the water were observed
with sands always deposited on one side or the
other side of the tank over the beach face. Bagnold
found that the slope of sand deposition was 14 deg-
rees and the other side of the tank, where there
was no deposition, retained 5 degrees slope. It
should be noted that the tank used in Bagnold’s
experiment was only 0.53m wide.
Three-dimensional morphology in 2-D wave tank
tests were also observed in earlier tests by the Beach
Erosion Board (BEB, 1947). The experiments were
conducted in a tank approximately 26 m long. 43 m
wide and 1.2m deep, and with a deep water wave
height of 11.6cm; hence, the experiments could be
considered as 3-D since the ratio of the tank width
to the wave height would suggest that the experime-
nts were carried out in a relatively wide tank. Even
though BEB considered the experiments as 2-D,
BEB measured five profiles across the tank to ac-
count for observable three-dimensionality during the
experiments and averaged to represent the mean
profiles at the measuring time. Although BEB did
not document those profiles. they presented photog-
raphs which clearly exhibited 3-D morphology.
During the investigation of vertical velocity profi-
les, Russel and Osorio (1958) stated; “It is probable
however that the velocities would be disordered by
circulations in a horizontal plane, if the waves were
not confined to a narrow channel” (p. 183). Bagnold
(1963) has observed when the channel width in Ru-
ssel and Osorio’s experiments exceeded a certain
multiple of the water depth, that the wave drift
along the bed, which was otherwise uniform across
in channel section, showd signs of instability, beco-
ming greater on one side than on the other. Bag-
nold suggested that in wider channels, horizontal
circulation would appear and a random scattering
of sediment would tend to be superimposed upon
a smaller forward drift, which might result in 3-D

morphology.
i 1ring the small-scale laboratory experiments.
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Fig. 1. Cross-Tank Varations of the Profiles after 1 hour
Wave Run (modified from Hughes and Fowler,
1990). Note 3-D morphology inside the surf zone
and near the bar area.

tions of the profiles over the entire surf zone, noti-
ceable in the seeming lack of volume closure in
several of the profiles. Hence, Kriebel e al took
several profiles across the tank and averaged to rep-
resent mean profiles. The tank used was approxi-
mately 30m long, 1.3m deep, and 0.9 m wide,
From a series of 2-D laboratory tesis in a wave
tank of 1.83m width, Hughes and Fowler (1990)
observed that noticeable cross-tank variations occu-
rred after the profile reached a quasi-equilibrium
condition and documented these variations by mea-
suring three profiles across the tank, as shown in
Fig. 1 which were measured after 1650 waves (equi-
valent to | hour wave run) in their experiment T03.
It was thought that these cross-tank variations
have been caused by a small misalignment of the
revetment in the flume which in turn caused reflec-
tion of waves from the exposed concrete revetment
since similar variations were not present in the pro-
totype scale tests of Dette and Uliczka (1986). Ho-
wever, Hughes and Fowler described that these va-
riations did not materialize until after the profile
was close to an equilibrium, which might indicate
that the profile was more susceptible to cross tank
perturbations when the profile had reached a quasi-
equilibrium state. If the profile was not close to
equilibrium, the onshore/offshore transport of sand
seemed to overwhelm any cross-tank-induced sedi-
ment transport. Hughes and Fowler then related
this trend to the field data of Howd and Birkemeier
(1987). and stated “A prestorm breakpoint t T at
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exhibited nonuniform alongshore variation became
guite lincar and moved offshore during the storm.
Near the end of the storm, when presumably a
near-equilibrium had been reached, alongshore va-
riation in the bar began to reappear” (p. 37).

There are scveral possible causes of 3-D morpho-
logies in a narrow wave tank, some of which could
also be representative of those occurring in nature:
(1) Instability of 2-D flows on 2-D morphology. (2)
Organized longshore wave motions that couid in-
duce edge waves in nature or in a tank or cross-
tank waves under laboratory conditions, and (3} A
feedback between the hydrodynamics and morpho-
logy that reinforces 3-D morphological features un-
der certain stages of profile development.

In the present study, movable bed experiments
were carried out in a narrow wave tank to (1) mo-
nitor profile evolution and the resulting equilibrium,
and (2) investigate various possible interrelation-
ships and causes of the three-dimensionality, which
included the effects of (a) induced perturbations in
the bar topography, (b) elevated water table in the
berm, and (c) an initially 3-D berm. Laboratory stu-
dies can isolate the sclected governing parameters
of the processes and can control their effects more
casily than field studies. Furthermore. a narrow tank
can remove any 3-D effects inherent to a wide tank.
¢.g. nonuniform wave crests in the longshore direc-
tion or cross waves. It should be noted that a relati-
vely wide tank condition can be satisfied by redu-
cing generated wave heights and periods, which
makes the tests for edge waves mechanism possible
in a narrow wave tank.

2. EXPERIMENTS

2.1 Laboratory Facilities and Experimental Condi-
tions

A total of six experiments was carried out in a
flume of the Coastal and Oceanographic Engince-
ring Laboratory of the University of Florida. This
tank is 15.5m long, 0.9 m high and 0.6 m wide, and
is equipped with a piston type wavemaker with a
mechanically controlled motion and with one glass
wall panel and one stecl wall.

T lanar beach of initial slope 1:18 was for-
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Fig. 2. Schematic Diagram of the Initial Profile and Other
Experimental Details.

med of well-sorted fine quartz sand with a mean
diameter of 021 mm (2.25 in ¢ unit), a sorting coef-
ficient of 0.58 and fall velocity of approximately 2.3
cm/sec. The grain size distribution include sizes
ranging between 0.1 to 0.5mm. The water depth
in the horizontal portion of the tank was 0.275m.
Regular waves with a period of 1.5 sec and wave
height of 0.11 m were utilized, and were measured
by a capacitance-typc wave gage. Fig. 2 shows a
schematic diagram of the initial profile and other
experimental details.

The profile was measured manually by a point
gage modified by replacing the point with a small,
rectangular foot (7.5cm by 2.5cm) which provided
a flat surface to rest on the sand. In order to avoid
consolidation at the measuring point, the gage was
constructed of light aluminum. Three profiles, desi-
gnated as Bl, B2 and B3, were measured over the
entire length of the beach to document the three-
dimensionality at various times. As shown in Fig.
3, profile Bl was 0.15m from the glass side wall
while profile B3 was 0.15m from the steel side wall.
Profile B2 represented the center line profile along
the tank. The profiles were documented at locations
spaced 0.l m along cach of these lines. and then
these three profiles were averaged to represent the
mean profile at the measuring time. Since three
profiles were not sufficient to document 3-D features
when a fairly deep and narrow channel appeared
near one of the tank walls, the profile eleva ins

at both «les the tank were measurd 4V -



378 Tae Myoung Oh and Robert G. Dean

- Wave

Steel Side Wali

Profile B3

0.6 m Profile B2 (Center Line)

Profile Bl

Glass Side Wall
Fig. 3. Three Profiles Bl. B2 and B3 across the Tank.

lly to document the maximum cross-tank variations
of the profile.

The desired water table level in the berm was
maintained by excavating 2-D depressions across
the tank. These excavations were connected to the
constant head reservoir through plastic tubes so that
water was siphoned out of or into the excavated
holes to maintain the desired water table level. Du-
ring the experiments, this method has worked very
well. However, bubbles appeared sometimes inside
the tubes due to prolonged experimental duration:
at which time, they were removed by allowing a
small amount of flow from the excavated holes to
the reservoir. or vice versa.

It should be noted that present experiments were
performed with the fine sands which have been uti-
lized during previous tests, thus have been subjected
to continuous submergence. This prolonged subme-

Table 1. Descripton of Movable Bed Experiments

rgence appeared to allow microorganism active al-
though the experiments were carried out in winter
season, resulting in unpleasant odors and black-co-
lored cohered-looking sands inside the beach, espe-
cially near the tank bottom. Hence. one experiment
was designed to investigate the effects of microorga-
nism inside the beach on the profile evolution. Si-
nce the breaks between wave runs to measure profi-
les appear to retard the development of steady-state
for a given beach system. an additional test was
performed to examine the effects of continuous
wave run without intermissions on the occurrence
of the three-dimensionality.

2.2 Description of Movable Bed Experiments

Table 1 lists experimental identification number,
total wave run duration, water table level conditions,
and brief descriptions of each experiment. Each ex-
periment was defined as a collection of sequential
profiles for an initially planar beach subjected to
regular waves. The six experiments were defined as :
(1) Reference test (Experiment MTO1), (2) Repeat
tests (Experiment MT02 and MTO03). and (3) Pertur-
bation tests (Experiment MT04, MT05 and MT06).

2.2.1 Reference Test

The first movable bed experiment (Experiment
MTO01) was designed to monitor the profile evolu-
tion and to determine whether or not three-dimen-
sionalities might occur, hence providing a reference
for future experiments.

The profiles were surveyed at intervals of 23 min

Exp. Duration Water Table

No. (min) Level* (cm) Note
MTOI 0476 00 Reference test
MTO02 0-407 00 Biological effects (quick start)
MTO03 0-545 0.0 Wave run duration effects
(run waves without intermission)
MTM4 0-821 Perturbations in the bar topography
(0-69) 0.0 (no change)
(69-138) (bar trough is deepended)
(138-352) (asymmetric offshore scour area)
(352-821) (remove half of bar crest)
MTO05 0-1166 +11.0 Initially 3-ID berm with elevated water table level
MT06 +16.5

0-1166

Highly clevated water table in the berm

refers to the mean sea level (MSL). Hence. positive -

lue represents the water table level above MSL.



Laboratory Studies on Three-Dimensional Morphology in a Narrow Wave Tank 379

during initial stages to document rapid evolution
of the profiles. Later those were increased up to
69 min depending on the rate of profile change. The

samc intervals were used in the subsequent experi-

ments to compare the profiles at the same clapsed
times.

2.2.2 Experimental Repeatability

Experiments MT02 and MTO03 were carried out
to (1) provide experimental repeatability of Experi-
ment MTOI and (2) investigate the possible effects
of experimental conditions on the three-dimensio-
nality eccurred at Experiment MTOL. which inclu-
ded the effects of the microorganism inside the
beach and the effects of continuous wave run.

Experiment MT02 was conducted to investigate
the effects of microorganism, of which presence
could be perceived by unpleasant odors and black-
colored cohered sands located near the tank bottom,
as discussed carlier. Since the biological film inside
sand was belicved to be disturbed after long wave
run, Experiment MTO2 started with the remolding
of the initial profile immediately after the last wave
run of Experiment MTOI.

The purpose of Experiment MT03 was to investi-
gate the cffects of required time for the beach sys-
tem to reach steady-state on the occurrence of the
three-dimensionality. In this experiment. hence. the
wave was run continuously without intermissions
to measure profiles.

2.2.3 Perturbation Tests

Experiments MT04, MT05 and MT06 represent
the main attempts in the present study to investigate
the three-dimensionality.

Experiment MT04 was carried out to investigate
the cffects of induced perturbations in the bar topo-
graphy. which included (1) deepening of the bar
trough, (2) asymmetric area seaward of the bar, and
(3) removing half the bar crest, and was continued
further to investigate resulting cquilibrium.

Experiment MTOS5 started with an initially 3-D
berm superimposed on a planar initial profile to
investigate whether or not resulting 3-ID flows in
the beach face would facilitate the occurrence of
three-dimensionality. This cxperiment also included
the effects of elevated water table in the berm.

Experiment MT06 was carried out to examine
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Fig. 4. Mean Profile Evolution during Early Stages of Ex-
periment MTOI. Elapsed Times=0 (Initial Profile),
23, 69, 161 and 242 min. Note that the profile app-
roached an equilibrium and a level of profile sta-
bility had occurred at 242 min.

the effects of highly elevated water table level in
the berm on the profile evolution and resulting 3-
D morphology.

3. RESULTS AND DISCUSSIONS

This section briefly describes and discusses the
results of all six experiments, of which details are
included in Oh (1994).

3.1 Reference Test (Experiment MTO01)

The mean profiles during early stages at elapsed
times 23, 69, 161, and 242 min with the initial profile
are presented in Fig. 4. During the early stages, the
offshorc bar formed quickly from a linear profile
and remained stationary. However, the berm also
started to accrete slowly at the initial times and
more rapidly at the later times. A small bar appea-
red between the main offshore bar and the berm.
This bar moved landward continuously and finally
remained stationary just landward of the berm. T+
profiles appeared to approach an intermec”
librium with overall 2-D conditions. As s
Fig. 5, the mean profile inside the surf zon
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Fig. 5. Comparison of the Mean Profile at 242 min du-
ring Experiment MTO!1 with the Equilibrium Pro-
file Proposed by Dean (1977). Note the similarity
between two profiles inside the surf zone.

profile proposed by Dean (1977); this indicated that,
after 242 min, the profile really approached an equi-
librium for the given forcing.

After the profile approached an equilibrium and
a level of profile stability had occurred at 242 min.
a weak counter-clockwise 3-D circulation occurred
after about 270 min, flowing from the steel side wall
to the glass side wall inside the surf zone. This
flow initiated a new stage of profile evolution. Ho-
wever, only small changes occurred between 242
and 297 min since the circulation was not sufficien-
tly strong to transport the sediments. Fig. 6 shows
the mean profiles at elapsed times 0 (initial profile),
242, 297, 352, 407 and 476 min.

After 297 min, the sedimentary feedback appeared
to reinforce the circulation sufficient to transport
sands landward. As shown in Fig. 6, the area sea-
ward of the bar eroded with a substantial deepening
and the eroded sand was deposited immediately la-
ndward of the bar trough. thus changing this area
from mildly erosional to strongly depositional.

Furthermore, this area changed from overall 2-D
conditions to 3-D features with higher parts near
the steel side wall, as shown in Fig. 7 which prese-
nts three profiles, Bl. B2 and B3 to document three-
dimensionality occurred after 476 min. Bar started
to move landward with counter-clockwise rotation
of approximately 20 degrees about the direction of
wave propagation. The bar trough became shallower
at the later times as sand was deposited over the
ar  landward of the bar. This »-~fi' m« «hology
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Fig. 6. Mean Profile Evolution after the Profile Approa-
ched an Equilibrium during Experiment MTOL.
Elapsed Times=0 (Initial Profile), 242, 297, 352,
407 and 476 min. Note the substantial erosion of
the area seaward of the bar and the deposition
of the area immediately landward of the bar
trough. Note also landward movement of the bar.
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current present. After 476 min, the maximum cross-
tank difference of the profile elevation at the depo-
sitional area inside the surf zone was estimated to
be 6.0cm.

3.2 Experimental Repeatability

3.2.1 Experiment MTO02

As cxplained earlier, Experiment MTO02 started
with the remolding of the inital profile right after
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Fig. 8. Comparison of the Mean Profile at 207 min du-
ring Experiment MT03 with the Mean Profiles at
the Same Time during Experiments MTO! and
MTO02. Note the similarity between those three
mean profiles.

the last wave run of Experiment MTOI, at which
time biological film inside sand was believed to be
disturbed. Although the three-dimensionality occur-
red slightly earlier at about 240 min than that du-
ring Experiment MTOI, no clear conclusions could
be drawn to the effects of microorganism on the
occurrence of the three-dimensionality, which might
be duc to low temperature during this experiment,
as explained earlier. Hence, Experiment MT02 has
provided the experimental repeatability rather than
proving the effects of microorganism.

3.2.2 Experiment MT03

Experiment MT03 was performed to investigate
the effects of required time for the beach system
to reach steady-state, as discussed carlier. Hence,
the wave was operated continuously without inter-
missions for the first 207 min. As shown in Fig
8, the mcan profile at 207 min was amazingly the
same as those during Experiments MTOl and MT
02. Also. three-dimensionality occurred at almost the
same time (240 min) as Experiment MTO02. These
facts implied that the effect of continouos wave run
was uncxpectedly small.

Up to 476 min, the profiles evolved in the same
manner as previous experiments. Counter-clockwise
circulation occurred and transported sands from the
arca offshore of the bar to the depositional area
immediately landward of the bar trough. As sand
was deposited. the circulation secemed to be reinfor-
ced again. However. when the experiment was con-
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Fig. 9. Mean Profile Evolution during Experiment MTO03.
Elapsed Times=0 (Initial Profile). 207, 352, 476
and 545 min. Note rapid change during 476 to
545 min with landward movement of the bar and
another peak of the berm.

ducted continouosly beyond 476 min, strong circula-
tion occurred, resulting in substantial onshore trans-
port of the sands from the area seaward of the bar,
thus causing the landward movement of the bar
and rapid build up of the berm with another peak
which moved seaward. Fig. 9 shows the mean profi-
les at elapsed times O (initial profile), 207, 352, 476
and 545 min.

During 476 to 545 min, the depositional area im-
mediately landward of the bar trough changed from
overall 3-D feature to overall 2-D one, as shown
in Fig. 10, except a very narrow deep channel near
glass side wall of tank., where the maximum depth

-was found to be about 5.0 cm below the mean pro-

file. The overall slope of the profile at 545 min was
estimated to be 1:10, which was defined as the
slope between the seaward end of the profile and
the peak of the berm. The slope of the beach face
was estimated to be 1:7. which was approximately
the same as that of the area scaward of the bar.

3.3 Perturbation Tests
3.3.1 Experiment MT04
Experiment MT04 was carried out to inves ite

the eth o erturbations in the -~ o

4
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and the Profile along Rip Channel inside the
Surf Zone at 545 min during Experiment MTO3.
Note overall 2-D conditions inside the surf zone
except a very narrow deep channel near glass
side walil.

graphy on the occurrence of three-dimensionality
inside the surf zone, and continued further to inves-
tigate resulting equilibrium.

During the first 69 min of wave operation, the
trend was the same as previous experiments as the
morphology was dominantly 2-D. As a first pertur-
bation to the bar topography. the bar trough was
deepened by approximately 4cm after 69 min of
wave run to investigate whether or not the morpho-
logy is stable against the perturbations during the
initial phases on the profile evolution. During 69
to 138 min, the profile surprisingly returned back
to the pre-modified profile at 69 min, The deepened
2-D bar trough completely filled in and the profile
morphology was dominantly 2-D, which implied
that the profile morphology was stable against the
perturbation given by deepening of the bar trough.

After 138 min wave run, the area seaward of the
bar, which was almost 2-D, was modified by reloca-
ting sand from the steel side wall to the glass side
wall, resulting in asymmetric offshore area of the
bar. However, the mean profile remained approxi-
mately the same. The maximum cross-tank differc-
nce of the profile elevation in this area at the two
sides of the tank was about 6.0 cm. This asymmetric
offshore area was expected to change wave shoaling
and breaking characteristics over the bar region, he-
nc resulting in longshore variations of the breaking
v heighte

Again the profile returned to pre-modified 2-D
profile morphology at 138 min within an hour after
resumption of wave action. The mean profile at 207
min agreed well with the pre-modified mean profile
at 138 min. And the perturbed area seaward of the
bar was changed to the pre-modified 2-D one.
These again demonstrated the stability of the profile
morphology against the perturbations. At this stage,
it will be interesting to consider the direction of
the sand transport during 138 min to 207 min. Du-
ring this time, sands could be transported either
(1) directly from the glass side wall to the steel side
wall by gravity and/or 3-D circulation confined in
the area seaward of the bar, or (2) by overall 3-D
circulation starting at the higher perturbed area, pa-
ssing over the bar, circulating inside the surf zone
in clockwise direction, and returning to the lower
perturbed offshore area; during the experiment, the
sands appeared to be transported by overall 3-D
circulation.

It appeared that modification of the area seaward
of the bar caused different characteristics of the
wave breaking at two sides of the tank (wave brea-
king occurred at first in the higher perturbed area).
thus producing nonuniform distributions of the set-
up across the tank, resulting in the clockwise 3-D
circulation. At the begining, this 3-D flow appeared
to be weak to transport sands; however, it was suffi-
ciently strong to rotate the bar. As the bar was rota-
ted. the 3-D flow was reinforced by the sedimentary
feedback. This 3-D flow then started to transport
sands from the higher perturbed area to the area
immediately landward of the bar trough. Small por-
tion of those sands were transported landward con-
tinuously and built up the berm slightly, while main
portion of the transported sands were carried back
to the lower perturbed area seaward of the bar, re-
sulting in the pre-modified 2-D offshore area.

During 207 to 297 min, the 3-D flows remained
weak to cause strong onshore transport of the sands
from the 2-D area seaward of the bar and the pro-
file was dominantly 2-D except the bar area rotated
clockwisely by about 20 degrees. However, during
297 to 352 min, fairly strong 3-D circulations started
to occur, thus causing a rapid landward sand trans-
port. increasing the three-dimensionality inside the
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surf zone.

After 352 min of wave run, half of the bar crest
was removed to fill the bar trough. resulting in a
linear profile without prominent bar near the stecl
side wall. This was designed to impose an extreme
three-dimensionality into the bar crest, thus accele-
rating the development of the 3-D features alrcady
existed inside the surf zone. The bar crest again
recovered its pre-modified shape from the imposed
3-D feature over a testing time of approximately
one hour after resumption of wave action. resulting
in a smaller rotational angle of the bar crest line
(less than 10 degrees). During the recovery. the other
part of the profile remained almost the samc as
the pre-modified one. and no distinct circulation
was observed.

After overall recovery occurred approximately at
400 min. the bar started to move landward with inc-
reasing clockwise rotation due to reinforcing 3-D
circulation and the arca seaward of the bar eroded
substantially. resulting in the deposition of sand at
the area immediately landward of the bar trough
and the increase in clockwise rotation of the bar
crest. This morphology and hydrodynamics are st-
rongly reminiscent of the morphology associated
with rip currents, as shown in Fig. 11. Fig. 11 prese-
nts isolines of profile elevations at 545 min. which
were taken at intervals of 1cm by placing blank
yarn along the waterline as the water was lowered.
As shown in this figure. a deep and narrow channel
appeared near steel side wall. of which floor was
found to be decidedly irregular mainly due to the
strong rip current. Also the depositional area occu-
picd a large portion of the surf zone, which also
can be observed in the field near shoal areas. It
can be scen that the bar rotated clockwise as the
results of clockwise 3-D circulation flowing from
the depositional arca to the channel. The maximum
cross-tank  difference of the profile clevations bet-
ween the two sides of tank was estimated to be
40cm at 545 min. which was slightly smaller than
that during Experiment MTO03.

The profile scemed to approach an overall 2-1D
cquilibrium up to 614 min with a clockwisely rota-
ted bar crest except slight deposition of sand at the
arca just scaward of the berm. The maximum cross-

Fig. 11. Isolines of Profile Elevations at 545 min during
Experiment MTO04. These photographs showed:
(1) deep and narrow channel near steel side wall.
(2) depositional area occupying large portion of
the surf zone. and (3) clockwise rotation of the
bar. Elevation contours were established by pla-
cing black yarn at waterline during lowering of
water level.

tank difference in the profile elevations remained
almost constant as 4.5 cm even though the channel,
shown in Fig. 11. became more distinct and clear.
During 614 min to 821 min. the area seaward of the
bar maintained its slope as 1:7 with actually no
changes. The berm built up rapidly in the same
manner as the profile at 545 min during Experiment
MTO03. as shown in Fig. 9. However, the slope of
the beach face remained almost constant as 1:7.
which was approximately the same as that of the
area scaward of the bar. The overall slope of the
profile after 821 min was about 1:10. which was
actually the same as that of final profile during
Experiment MTO3.

3.3.2 Experiment MTO05

Experiment MT05 was conducted with an initially
planar profile perturbed by a 3-D berm to investi-
gate whether or not resulting 3-D flows in the beach
facc would facilitate the occurrence of the three-di-
mensionality, and was continued further to investi-
gate profile equilibrium. The asymmetric berm was
constructed by placing additional sands over the
initially planar berm near the glass side wall. The
clevation difference at the two sides of the tank
was about 40cm. This experiment also investig ed
the cffects of an elevated water table in the n
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(+11.0cn above Mean Sea Level).

During the first 23 min, the initially 3-D berm
changed to fairly 2-D without inducing any noticea-
ble 3-D circulation inside the surf zone, which indi-
cated that the beach morphology was again stable
against perturbations during the initial phases of
the experiment. However, the size of the berm was
somewhat larger than that of previous experiments
due to the initially deposited sand, as expected. The
profile seemed to approach an equilibrium at 207
min. The results were almost the same as those
of previous experiments, which implied that neither
the effect of elevated water table level in the berm
nor that of an initially 3-D berm was significant
in this fine sand experiment.

3-D features appeared to start during 207 to 242
min, which was almost the same as the previous
experiments. After 297 min, the bar rotated in coun-
ter-clockwise direction about 20 degrees and main-
tained its angle up to 407 min although 3-D circula-
tion appearcd to be continuously reinforced by se-
dimentary feccdback. The three-dimensionality inside
the surf zonc “ontinuously increased up to 407 min.
The maxim . cross-tank differences in profile ele-
vations in he surf zone were estimated to be
Scm at 407 un. The deepest part was located along
the glass side wall of the tank. which could be ex-
pected from the counter-clockwise rotation of the
bar crest, and this deep channel resembled a rip
channel morphology in nature.

During 407 to 476 min, the profile changed to
a fairly 2-D, which appeared to be associated with
a fairly strong 3-D circulation. This strong 3-D cir-
culation transported sands from the area seaward
of the bar to the area immediately landward of the
bar though and distributed sands evenly over that
area across the tank. However, the return channel
near the glass side wall of the tank remained with
approximate dimensions of 6cm depth below the
mean profile and 8cm width. During 476 w0 614
min. the 3-D circulation has been continuously rei-
nforced by the sedimentary feedback. resulting in
very strong onshore transport. As strong landward
transport occurred cintinuously, the channel finally
filled in while the profile remained in a fairly 2-
1 This strong landward transport resulted in the

=—— 614 min.
o0 ~«- 845 min.
----- 476 min.
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Fig. 12. Mean Profile Evolution during Experiment MT
05. Elapsed Times=0 (Initial Profile), 476, 545
and 614 min. Note rapid change during 545 to
614 min with landward movement of he bar and
another peak of the berm. However, the overall

shape of the profile was surprisingly unchanged.

3]

landward movement of the bar and a rapid build
up of the berm with another peak which moved
seaward, as shown in Fig. 12

The overall slope of the profile after 545 min was
approximated as 1:10, which resembled those of
final profiles during Experiment MTO03 and Experi-
ment MT04. The slope of the berm was estimated
to be 1:7. which was again approximately the same
as that of the area seaward of the bar. Even though
the profile changed substantially during 545 to 614
min, the overall shape of the profile at 614 min
remained approximately the same as that at 545
min, as shown in Fig. 12

During 614 to 890 min, the new berm built up
continuously, resulting in steeper slope of about 1:
3. The area seaward of the bar eroded substantially
due to landward transport with a slope of 1:55,
which was again similar to that of the berm. The
bar moved offshore at the initial times and, at the
later times, remained stationary and changed to al-
most 2-D feature with rotation angle less than 10
degrees. As time approached 890 min, profile ap-
peared to approach an another intermediate equili-
brium.

During 890 to 1028 min, the berm eroded slightly
at the initial times and maintained its form with
a slope of about 1:5, as shown in Fig. 13. The
bar moved bact  d-forth v th increased rotation

angle of about ! grees. . wever, the profile ap-
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Fig. 13. Mcan Profile Evolution during Experiment MT
05. Elapsed Times=0 (Initial Profile), 890. 959
and 1028 min. Note the back-and-forth movement
of the bar. otherwise the profiles approached an
equilibrium.

peared overall 2-D. The slope of the area seaward
of the bar changed from 1:55 to 1:4.5. The bar
moved onshore if slope was near 1:4.5, while the
bar moved offshore if slope was near 1:5.5; these
implied the equilibrium slope of 1:5. After 1028
min, the profile approached an equilibrium with
overall 2-D morphology except the oscillation of
the bar.

3.3.3 Experiment MT06

Experiment MT06 was carried out with a more
highly elevated water table in the berm (+16.5cm)
since moderately elevated water table during Expe-
riment MTOS appeared to produce no effects on
the profile cvolution and 3-D morphology.

Up to 138 min, the trend was the same as the
previous experiments as the profile approached an
overall 2-D equilibrium. Berm built up rapidly with
onshore transport at the initial times. Bar moved
offshorc at the initial times and moved onshore
back at the later times. From 138 min to 207 min.
the bar remained stationary. At the later stages
(about 180min), the bar rotated quickly and a
3-D feature appeared immediately landward of the
bar trough. At 207 min, the bar rotated approxima-
tely 25 degrees. The three-dimensionality at this cx-
periment occurred earlier (about 180 min) than pre-
vious experiments. which might imply that the ele-
vated high water table accelerated the beach profile
evolution as it caust ¥ more a
ducing the stability the b

: transport by re-
a particles.

Table 2. Maximum Cross-Tank Differences of the Profile
Elevations at 352 min during Experiment MT06

Region Location Maximum
(m) Difference (cm)
berm 0.5 20
shoreline 09 35
depositional area 1.8 45
bar through 23 6.0
bar crest 25 35

During 207 min to 242 min, the bar remained sta-
tionary. However, as the bar trough became shallo-
wer and the area seaward of the bar eroded mildly,
weak onshore transport continued and the overall
three-dimensionality inside the bar region increased
continuously. During 242 min to 476 min, the bar
moved slightly onshore at the initial times and sta-
yed stationary at the later times. The bar trough
deepened considerably and rapidly during the first
30min and maintained its depth later. The area
seaward of the bar eroded continuously and the
sand eroded was carried up and deposited on the
depositional area immediately landward of the bar
trough. Up to 352 min, the overall three-dimensio-
nality increased continuously. Table 2 presents a
summary of the maximum cross-tank differences
of the profile elevations at the two sides of the tank
at 352 min. As strong onshore transport continued
during this time, the depositional area continued
to grow up and to move onshore, resulting in a
deep channel across the tank at about the mean
water line at 476 min.

During 476 min to 614 min, the depositional area
moved continuously landward, as observed in the
previous experiments. However, it should be noted
during this time that the overall shapes of the pro-
file amazingly agreed well with those of Experiment
MTO05, as shown in Fig. 14 which presents a com-
parison of mean profiles at 614 min. During 614
to 683 min, the depositional area finally attached
to the berm, resulting in a large increase in the
size of the berm and another peak of the berm
moving seaward. Also the 3-D profile returned to
a fairly 2-D one except the bar rotation of about
15 degrees and a narrow deep channel on the glass
side wall of the tank. The water depth of th2 -+ n-
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Fig. 14. Comparison of the Mean Profile at 614 min du-
ring Experiment MTO5 with that during Experi-
ment MTO06. Note good agreement of the overall
shape.

nel was estimated to be 7.0cm, which was about
3.5cm below its surroundings. The slope of the area
seaward of the bar at 683 min was estimated to be
1:47, which was much steeper than that of the
beach face (about 1:7.3).

During 683 min to 890 min, the bar moved on-
shore very quickly at the initial times since the
slope of the area seaward of the bar was steeper
than 1:5, as presented in the results of Experiment
MTO05. Hence, the back-and-forth movement of the
bar around the slope of 1:5 was expected. However,
the slope of the offshore area continuously reduced
to 1:6.5 at 752 min and finally to about 1:11 after
830 min. as shown in Fig. 15. Also the slope of
the beach face reduced from 1:4 at 752 min to 1:
11 at 890 min continuously. Even the bar moved
onshore, strong offshore transport occurred at the
initial times, which resulted in erosion of the berm
area and deposition of the offshore area of the bar.
During this time. the bar moved onshore slightly
and profile remained fairly 2-D. After 890 min, the
profile approached an equilibrium with the overall
slope of about 1:12.

It appeared that the elevated high water table had
accelerated the beach profile evolution at the initial
times as it facilitated sediment transport by destabi-
lizing the bottom particles, resulting in earlier occu-
rrence of the three-dimensionality than the previous
experiments. Then the profile evolved as the same
way as the previous experiments without introdu-
cing any significant effects of the highly elevated

— 1188 min.
=~=- 800 min.
752 min.
— = 883 min.
~—— initial profile
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Fig. 15. Mean Profile Evolution during Experiment MT
06. Elapsed Times=0 (Initial Profile), 683, 752,
890 and 1166 min. Note that the profile approa-
ched an equilibrium with reduced overall slope.

water table. However, when the profile became stee-
per. the elevated high water tabel level seemed to
affect the profile evolution, resulting in the milder
equilibrium slope.

3.4 Edge Wave Mechanism

As described earlier, there are several possible
mechanisms to explain the occurrence of 3-D flows
in a wave tank. Based on the results of these mova-
ble bed experiments, it was examined whether or
not edge waves can generate the three-dimensiona-
lity in a tank. The range of periods that would be
associated with edge waves was calculated as pro-
posed by Bowen and Inman (1969),

L.=L.=L,sin[(2n+ 1)B]

where, L, is the rip current spacing, L. the edge
wave length. L,=g7%/2n, the deep water wave length,
g the gravitational acceleration, § is the planar
beach slope. and » is the mode of the edge wave,
which is equal to the number of zero crossings of
the water surface clevations in the offshore direc-
tion. The caculated results are summarized in Table
3. where rip current spacing was given as twice the

tank width. ie. 1.2m, and the slopes represented
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Table 3. Periods(scc) Associated with Edge Waves

Edge Wave Slopes

Mode (n) 1/18 110 1/7 1/5

8.90 6.64 5.55 4.70
5.10 383 320 271

=

1

2 4.00 297 249 210
3 340 2.51 2.10 177
4 3.00 222 1.86 1.56
5 270 200 1.67 142
6 240 1.84 1.54 1.30
7 2.30 1.71 143 1.21
8

220 1.6l 1.34 1.14

typical results from the present experiments. As su-
mmarized in this table, these experiments included
the range of periods that would be associated with
cdge waves: hence, edge waves could induce the
3-I> flows in the wave tank. However, during the
experiments, no edge waves appeared even with
very steep slopes (eg. tan B=1/5).

4. INTERPRETATION

The results of the tests requiring interpretation
arc (1) the onset of the 3-D circulation after the
profiles had recached a state of quasi-cquilibrium
and (2) the onshore transport of sand by the circu-
lation that was reminiscent of a rip current. Prior
1o offering an interpretation, it would be helpful
to note the strong repeatability of the experiments
and that there were forces tending both to incise
channels through the bar and to fill in any lower
portions of a bar.

At the carlier stages of the profile evolution from
an initially planar beach, the sand appears quite
mobile: thus any increase in depth over the bar
is rapidly filled by the available sand. resulting in
the two-dimensionally stable profile cven with the
intentional perturbations. When the profile approa-
ches a quasi-cquilibrium after some time, however,
the sand is less in transit and becomes more conso-
lidated and less mobile: hence, a local deepening
of the bar would not be filled in so readily duc
1o less material being readily available for the reco-
very. Since the local depression is more efficient
hydraulically, the channel deepens gradually until

at a depth is reached which both relieves the mass
transport within the surf zone and results in side
slopes that preclude further deepening.

Wih a substantial portion of the mass transport
return flow now occrring through the deepened
channel. the seaward forces that were present over
the bar due to the return flow are reduced and
the onshore transport processes now predominate
and landward sediment transport occurs resulting
in an advancement of the shoreline and erosion
of scaward portions of the profile. This mechanism
is very similar to that of shoreline recovery in na-
ture through ridge and runnel systems and associa-
ted breaks in the bar through which the return flow
(rip currents) of the mass transport occurs, even
though the laboratory wave conditions remained
unchanged in constrast to the milder wave action
associated with recovery in nature.

5. CONCLUSIONS

The experiments described herein were carried
out with a fairly finc sand in a relatively narrow
wave tank. Bar formation was expected from the
given experimental conditions. Based on these ex-
perimental results, conclusions are described below.

It was found that during the initial phases of
the experiments, the result of all experiments were
almost the same with dominantly 2-D morphology.
When 3-D perturbations were intentionally introdu-
ced into the berm and bar features, resumption of
the waves rapidly reformed the profile to the pre-
vious 2-DD morphology: hence. the profile appeared
to be stable against those perturbations and to app-
roach an equilibrium with overall stability.

However. after approximately four hours of tes-
ting when a level of profile stability has occurred,
3-D features appeared and were associated with a
fairly strong horizontal cellular circulation and a
rapid net landward sediment transport and shore-
line advancement. This stage is reminiscent of rip
currents and the 3-D features found in nature du-
ring shoreline recovery subsequent to an erosional
event even though the laboratory wave conditions
remained unchanged in contrast to the milder wave

action usually associated with recovery in nature, e
still later in the testing, the retumM_



388 Tae Myoung Oh ar.;

rly 2-D conditions with the exception of a fairl
deep and narrow return channel near one of the
tank walls.

After achieving another intermediate equilibrium.
onshore transport of sand occurred very strongly.
resulting in the landward movement of the bar and
rapid build-up of the berm with another peak
which moved seaward. As waves were operated co-
ntinuously, profiles were approaching an another
equilibrium.

Whenever 3-D features appeared during the ex-
periments, it was observed that 3-D circulation was
always associated with those 3-D features, generated
from the shoals and flowed toward the embayments.

In aggregate. these movable bed studies suggest
that there is a relatively slow feedback between the
hydrodynamics and the morphology that leads to
initiation and growth of 3-D features. even in relati-
vely narrow tanks. It is concluded on a preliminary
basis that the evolution observed, including the ap-
pearance of 3-D circulation and the associated tran-
sport are relevant to the transformation of a 2-D
bar in nature to a 3-D form and the subsequent
migration of the bar to the shoreline and its reco-
very. If further testing confirms the mechanisms
identified in these experiments, a substantial contri-
bution to the clarification of the physics present
in the nearshore zone will have resulted.
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