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Formation of bedforms on a beach profile
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ABSTRACT: Well controlled experiments on bedfornengration on a beach profile have been carriethout

a wave flume. The hydrodynamic and sedimentary itiond which have been chosen induce intermediate o
reflective beaches, according to Masserlink & SH@A93). An optical technique is used to obtain the
morphology of the bed; bedforms such as ripplebaws are accurately captured with this method. fide
surface is measured with resistive probes. Thes tas# performed long enough to get bedforms at the
equilibrium state. Present results show that dméy@ean number cannot completely depict the beauftigs
when there is no tide. A strong interaction betwdsenbedforms and the free surface is displayed.

1 INTRODUCTION —_ , . ,
mean equilibrium profiles by averaging the profiles

Various forms of beach profile may be found on the?Ver & long period. The elevation of the sea level
earth surface according to the local hydrodynamiéhe increase of the storms frequency which are ex-
and sedimentologic conditions. Masselink & ShortPected within the framework of the climate change
(1993) proposed a classification of beach profilegvill have significant consequences for the beach pr
based on the values of the dimensionless fall velodiles. These profiles play an important part in lite
ity (Dean number): toral protection. The sandy bars strongly affee th
H energy dissipation and the reflection of the inoide

b (1) waves. The existence conditions and the position of
these bars are nevertheless poorly known. The aim
of the present work is to bring a contribution he t
study of the physical processes governing the forma
tion of bed forms on a beach profile from well con-
trolled tests carried out in a wave flume.

CW, xT

and of the relative tide range:
RTR=TR/H, (2)

where H is the breaking wave height, Mihe sedi-
ment fall velocity, T the wave period and TR tlaeti
range.This classification exhibits different typefs

beach proflles_; some are characterized by Ster:\’Phe experiments were carried out in a wave flume at
slopes (reflective beaches), other by gentle slop§somc (Laboratoire d’Ondes et Milieux Complexes)
(dissipative beaches) or by pronounced bars. Smaliporatory, University of Le Havre. This flume heas
scale bedforms known as ripples may be observed arom long, 0.5m high and 0.5m wide section. Regular
parts of the profiles. However, the physical procwaves are generated by a piston-type wavemaker.
esses governing the beach profiles are still ndk weThe tested beaches are entirely made of naturdl san
understood. Moreover, the beach profiles are noef median size B=163um, and of density s=2.65.
permanent ; they change according to the wave coiit the beginning of every test the beach profile is
ditions and the seasons. An equilibrium profile-cor Planeé and 5 m long with an initial beach slope of
responds to a balance between destructive and cofi2e:

structive forces. In nature, it is possible to abta

2 EXPERIMENTAL SET UP
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Figure 1. Side view of the flume.

The bathymetry of the beach profile is obtaineds the sedimentologic diameter. In this expression,
with an optical method developed by Marin & Ezer-is the kinematic viscosity of the water and g the a
sky (2007). A pencil camera is immersed under theeleration due to gravity.
free surface. It is located sufficiently far fromet The Ursell number is given by:
bed not to disturb the sandy layer. This camera re- 5
cords the trace let by a laser sheet on the bed pqy - gHT (5)
pendicularly to the wave propagation. The optical " d?
system used to generate this laser sheet and e cq,,
era is mounted on a mobile carriage. The displace-

ment of the carriage along the beach allows th‘(a)ur spatial scale is fixed to 1/100. The averaga-du
video recording of the morphology of the whole P'%tion of each test is very long in order to reacé th

melr?toarcllcg(re?otlge]zb the camera immersed during thgedforms at the e_quil_ibrium state. .
A typical duration is 40 hours, that is about 400

beach profile capture, the channel is filled upobet hours (between 2 and 3 weeks) for real conditions
each bathymetry acquisition. The spatial resolution The mean water depth is d=0.21m. Our study Has

is 1 mm/pixel in the horizontal and vertical direc- been performed under regular waves without tidal

tlor%sh.e free surface elevation is measured with fOueffects. The test conditions of the present prelimi
hary tests are given in Table 1.

resistance type wave gauges (Figure 1). Two of them
give the characteristics of the incident waves. The

two other resistive probes are located in two diffe Table 1. The experimental conditions.
ent sections in the surf zone above the beachl@rofi
in order to follow the temporal evolution of the wa

here d is the mean water depth.
Taking into account the geometry of the channel,

Test T H Q Ur

ter height. number S cm
The control parameters used for this study are the 11 66 35 139

dimensionless fall velocity parameter or Dean num?2 f-g ;’g g’g 1?-3
ber Q and the Ursell numberdJThe sediment fall 13 56 55 172
velocity is calculated according to the Soulsby for g 09 79 47 8.2
mula (1997). 6 1.3 4.0 1.8 10.6

vV
W, = D—><((10362+1.O49D§)% ~1036) (3)

50
whereD, =[9* ™%« p_ (4)
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3 TEMPORAL EVOLUTION OF BEACH PRO-

FILES

0>

151
In order to obtain a quasi equilibrium state of the
beach, the excitation duration is of course long-co 104,

pared to the wave period. Different criteria may be °
used to estimate the beach equilibrium state. Tw 5| g »
different evaluations have been done. First, we cor B S S I T o
sider that a beach has reached an equilibrium sta © ‘ ‘ ‘ ‘ ‘ —2 g
when the mean beach profile velocky tends to- c 5§ 1 » 20 5 D B 40 H D
wards a fixed low value. The velocity is a quad- T(h)
ratic velocity defined by: Figure 2. Temporal evolution of the velocity for the follow-
/]/ ing couplesQ ; Ur) values.
- 2
v, {1 | (a—Z)dej ©)
Ly ot An example of the time evolution of the accretion

and erosion velocities for a given test defined by
Q; Ur)=(3.5; 13.9) is displayed on Figure 3. It can
e noticed that these two velocities can evolve dif

where L is the beach length, t is the time, andka
are the distances measured in the horizontal and v
tical directions, respectively. Experimentall; is

estimated from consecutive acquired profiles. Th%ﬁ:‘zgtly but they both reach a low value for long
excitation duration between consecutive morpho '

logical acquisitions varies during a test. It i9shat ML V2 (mmih)

the beginning of the test (8 mmmhen the profile 4
undergoes rapid changes and is fixed to 5 hour |,
when the profile evolution becomes more stable 2]
Then, theV; velocity givesan overall estimation of |
changes in beach profile during a test. o

Another estimation of beach profile evolution 0 . « % —%— — — —
with time can be done calculating two distinct ve- |
locities which are an accretion veloc¥s and an
erosion velocity, defined by : 2014
-30
0 5 10 15 20 25 30 35 40 45 50
2 oz }é Tenh)
Voo = [ (S)dx @)
i1 1L o ot Figure 3. Evolution of the velocitiesv;; and V, for
Q =3.5andUr = 13.9.
OML W
[ 9Z L . :
Vo T I (E)dx (8)  The beach profile is shown respectively at t=29 min
L/2 and t=120min for test 1 on Figures 4a and 4b. Sig-

nificant changes in the beach shape appear very
équickly after waves action. In particular erosiame
appears clearly in the upper part of the beach aand
accretion zone in the lower part. The beach shape a
the equilibrium state is shown on Figures 7a f@s th
test.

The accretion and erosion of the beach profilelzan
analyzed in a global way and the equilibrium stat
can be defined by low values of these two velaogitie

On the following Figure 2, we have plotted the
mean quadratic velocity; as a function of time for
different tests.

The velocityV; decreases rapidly during the five
first hours then slowly untiV; reaches a velocity
close to 2 mm/hour. This value can be considered as
close to zero and the equilibrium beach profile can
be estimated exactly from bathymetry acquisitians a
35-40 hours.
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. Figure 4b. The beach profile in 3D f@r=3.5 andUr = 13.9 at
&0 & 00 1200 140 180 t=120 min.

Figure 4a. The beach profile in 3D for=3.5 andUr = 13.9 at
t=29 min.

This means that, at the beach profile scale, three-
dimensional effects do not influence noticeably the
On Figure 5 is represented the mean beach profil@ean beach profile. We can also observe the pres-
obtained by averaging beach profiles across thence of several spatial variations or "bars”, and a
width of the channel with the central profile aeth beach shape in the form of a terrace.
equilibrium statefor Q = 3.5. We can observe that
the two profiles exhibit minor differences.
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Figure 5. The mean beach profile (in black) andabach central profile (in red) féX = 3.5 andUr =13.9.
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4 THE BEDFORMS AT THE EQUILIBRIUM
STATE

The values of2 have been varied from 1.8 to 4.7 for
present tests. The Figure 6 shows the beach padfile w0
the equilibrium state foR = 1.8 and Ur=10.6.
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Figure 7b. The beach profile in 3D at the equilibristate for
~— Q =35andUr =6.3.
e 000 e .
It was observed during the tests that offshorestran
port increases with the wave period. Furthermore,
. i the equilibrium profiles plotted on Figures 6a & 6b
0 6 B 100 120 140 180 180 200 20 40 exhibit large differences. Although the two tests
_ o o were performed with a fixed Dean number, we can
Figure 6. The beach profile in 3D at the equilibrigtate for see that we don't have the same number of bars gen-
Q =1.8andUr =10.6. erated and that the mean shape of the lower part of
. . . the beach differ significantly. This clearly shothat
Following Wright & Short (1993), the beach is oy the Dean number used as a control parameter
reflective for this test sinc& < 2, with a pro-

cannot completely depict the beach profile at the
nounced coarse step at the base of the swashaon P y daep P

I q e <l L the | eequilibrium state when there is no tidal range.
small terrace, and a more gentle slope in the law p — \ya ghserve nevertheless an alternation of bars and

of tfhle bbetagh. dT.h'S IS 1N ag][I(eement with the beacPpannels of evacuation between bars. The existence
profile obtained in our wave fiume. of a main bar (the first one from the bottom of the

Tests have also been carried out with a samfeaqphy s directly linked to the surf zone. Thekbac

Dean number, but with different hydrodynamic con-qh can become important and transports the sedi-
ditions, changing the wave height and period. Fig

ures 7a and 7b depict the beach profiles obtaibhed 'éneer_lt In the offshore direction. An accumulation of
the equilibrium state fof = 3.5, for U = 13.9 and diment at the breaking point appears. During the

. offshore transport, this point is displaced genegat
6.3, respectively. a movement of the bar or the creation of others.bar

In particular, the plunging breaking waves create
vortex having an erosive action on the bottom. Then
a pit is generated and the transport towards ofésho
of materials is released. This phenomenon contrib-
utes to bar formation.
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Figure 7a.The beach profile in 3D at the equilibrium st
for Q =3.5andUr =13.9.
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Figure 8. The mean beach profile with and withdtgring for Q =3.5 andUr = 13.9.
no frequency filter ripples filtering ripples and bars filtering
i i . . Power specira

The fine resolution of the experimental technique .z
of bathymetry acquisition makes possible the Sepa-  1Ero qrprmmm s
ration of the three spatial frequency scales ptesen .7 | |
in the beach profile. We can identify the ripplés a 1407 oo
a small length scale, the bars at an intermediate 7o o’ M Waylh |y L
scale and finally the average profile at the larger .., Il I AT T Y Y I A
scale of the beach. An example of the effect of dif ~ 1moz - LS L TR
ferent frequency filters is presented on Figure 8. ‘== T T
This type of treatment will be helpful to determine 00 ‘ , ‘ ,
easily angles of the beach, ripple and bar lengths. 0 2 a s 8 10

F(iz)
Figure 9a. Evolution with time of power spectratioé free
surface forQ =3.5 andUr =13.9 at t=0 hour.

Figures 9a, 9b & 9c exhibit for different instants
(t=0, t=19 hours and t=35 hours) the combination
of the incident wave and reflected waves from the
beach inthe first test Q=3.5 and Ur=13.9), meas-

ured with the probe I'he time t=0 refers to a first Power spectra
free surface acquisition conducted after a few min-  1®#1
utes of waves excitatiohVe notice in the different S
spectra, the existence of a range of frequencies "™ | |
lower than the incident wave frequency. It indi- Lmror gt |
cates the influence of infragravity waves. Further- g J ot b !‘ O
more, Figure 8 shows that there is a strong interac ~ 1ros M AL 1‘ e Y R S S
tion between the beach and the free surface with an 101 e P K L T
increase of the energy associated to higher fre- — VEF3 e
quencies for long excitation periods. o
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Figure 9b. Evolution with time of power spectratbé free
surface forQ =3.5 andUr =13.9 at t=19 hours.
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Power spectra Soulsby R., 1997Dynamics of Marine sandThomas Tel-
LE+11 ford.
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Figure 9c. Evolution with time of power spectratbé free
surface forQ =3.5; Ur =13.9 at t=35 hours.

4 CONCLUSION

Tests on bedforms generation on a beach profile
have been carried out in a wave flume. An original
optical method has been used to obtain the bed
morphology, and the free surface was measured
with resistive probes. The beach profile was ini-
tially flat with a 6/100 slope. The well controlled
hydrodynamic conditions have been varied keeping
a constant mean water level (no tide) to induce in-
termediate and reflective beaches according to
Masserlink & Short (1993). The action of waves
led to the formation of bedforms such as ripples
and bars, and to a change of the mean beach profile
until an equilibrium state is reached. The effeict o
the control parameters (Dean number, Ursell num-
ber) on the bedforms generation is discussed; it is
shown in particular that it is not satisfactory to
consider only the Dean number for an accurate de-
scription of the bedforms on a beach profile in the
case of no tide. A strong interaction between the
bedforms and the free surface is depicted.
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