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ABSTRACT   

GRASSO, F., MICHALLET, H., CERTAIN, R. and BARTHÉLEMY, E., 2009. Experimental simulation of sandbar 
dynamics. Journal of Coastal Research, SI 56 (Proceedings of the 10th International Coastal Symposium), 54 – 
58. Lisbon, Portugal, ISSN 0749-0258. 
 
Sandbar dynamics is a key feature of coastal hydrodynamics and plays an important role in natural shore 
protection. It is generally recognised that moderate wave forcing can lead to bar formation whereas storms may 
induce offshore bar migration. Field experiments nevertheless do not usually allow a detailed description of the 
evolutions due to the poor temporal resolution between topographic surveys. 
Here, experiments are carried out in a 36 m long flume equipped with a piston wave generator. The sloping 
bottom consists of a loose material of low density (1.19 g/cm3) with a median diameter d50=0.6 mm. The Shields 
and Rouse numbers for the experiments are of the same magnitude as those of natural environments. Time and 
length scales ratios are roughly 1/3 and 1/10. Irregular waves are generated according to a JONSWAP spectrum. 
The process of bar formation and evolution at several positions on the profile is described. On the one hand for 
constant wave climates of very long durations (tens of hours), bars become pitched forward and onshore 
migration is observed. The bar eventually merges to the berm. On the other hand, a succession of increasing, 
energetic and decreasing wave conditions that are characteristic of the different phases of storm events are 
applied. An offshore migration of mega-ripples is observed during the most energetic phase, feeding a large 
offshore bar. The waning conditions smooth the profile and lead to shore-face accretion. Shoreline positions 
during the different phases are also discussed.  
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INTRODUCTION 
Near-shore sandbars are a major feature of beach 

morphodynamics. They have a strong influence on shoreline 
position and thus are important within shore protection strategies. 
In spite of the observations of beaches with three-dimensional 
structures (HOM-MA and SONU, 1963), the two-dimensional study 
of cross-shore profiles is a key feature of global systems (PRICE 
and RUESSINK, 2008; WALSTRA et al., 2008; AAGAARD et al., 
2002). 

Two hypotheses are commonly used in the explanation of cross-
shore bar generation (MASSELINK and HUGHES, 2003). The first 
hypothesis includes the generation of the bar near the breakpoint 
of short incident waves. The bar results from the convergence of 
sediment, because wave skewness outside the surf zone induces 
onshore sediment transport and bed return flow in the surf zone 
induces offshore sediment transport. The second hypothesis 
associates the generation of a bar at the (anti-) nodes of standing 
infragravity waves, which represent locations of sediment 
convergence. 

Laboratory studies and field measurements conducted over 
many years have served to highlight bars dynamics. Hence, 
offshore bar migration occurs during high-energetic wave 
conditions, whereas low-energetic wave conditions induce 

onshore bar migration (SALLENGER et al, 1985; HOLMAN and 
SALLENGER, 1993; GALLAGHER, 1998).  

Field experiments nevertheless do not usually allow a detailed 
description of bar evolution due to the poor temporal resolution 
between topographic surveys. Physical models then become an 
interesting alternative (ROELVINK and STIVE, 1989; DETTE et al., 
2002; GÜNAYDIN and KABDASLI, 2003; WANG and KRAUS, 2005; 
GUANNEL et al., 2007; HOYNG, 2008). However, most of the latter 
studies have focused only on erosion or near-shore bar growth. 
Relatively few examples of bar migrations have been observed 
(HOYNG, 2008). The effects of a storm event on a barred beach, as 
far as we know, have never been reproduced in physical models. 
The experiments carried out in the LEGI wave flume put forward 
sandbars formations and migrations under constant wave climates 
(MICHALLET et al, 2007; GRASSO et al, submitted) and under 
simulated storm. 

Here, we characterise bar formation and migration observed in 
the flume. Secondly, we focus on the morphological evolution of a 
barred beach for a storm simulation. We are particularly 
concerned by the influence of the three phases of the storm 
namely the rising, the apex and the waning of the event. 
Comparison between experimental bar evolution and natural 
observations is also discussed.  
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EXPERIMENTAL SET-UP 
Our experiments were carried out in a flume 36 m long and 55 

cm wide equipped with a piston wave generator. The still water 
depth was 55.3 cm. The mean overall slope was approximately 
1/45. The sloping bottom consisted of loose material of low 
density (1.19 g cm-3) with a median diameter d50=0.6 mm. The 
Froude number, the Shields number and the Rouse number are of 
the same magnitude as those of natural environments. Time and 
length scales are roughly 1/3 and 1/10 respectfully. Irregular 
waves are generated (JONSWAP spectrum – peak enhancement 
factor=3.3). We check that these waves conform to the expected 
spectrum and that they follow a Rayleigh distribution at 2 m 
downstream of the wave maker. Bottom profiles are recorded 
between wave series using an acoustic profiler mounted on 
motorised trolley. The generated wave series are characterised by 
their significant wave height Hs and their peak period Tp (cf. Table 
1).  

EXPERIMENTAL SANDBARS EVOLUTION 
FOR CONSTANT WAVE CLIMATES 

The experiments carried out in the flume have presented many 
cases of bar formations and migrations. For example in Figure 1 
the constant wave climate B generated during 10 hours affects a 
bar formed close to the slope break at x=15 m. Typically, the bar 
is pitched forward and onshore bar migration is observed. The bar 
migrates as a dune with a horizontal propagation speed around 2 
m/h. Then the bar welds to the shore-face, leading to accretion and 
formation of a new berm. 

In Figure 2 the wave climate A generated over 43 hours leads to 
a succession of bar formations and onshore migrations. Habitually, 
bars welding to the berm help nourish the shore-face and advance 
the shoreline seaward (black symbols in Fig. 2). Moderated wave 
climates (type A and B) are largely responsible for bar formations 
and onshore migrations. 

Bar formation can occur at different positions along the profile 
where there is a dependence on hydrodynamics and initial bottom 
profile. Hydrodynamics plays a role in the sediment mobilisation. 
In the case of the low energetic wave climate A, waves are not 
able to transport significantly any sediment below depths of 25 

cm. As we can see in Figure 2, the profile from x=0 to x=20 m 
does not change for the 43 hours. Thus a sandbar could not be 
formed below this limit. However, energetic wave climates (type 
D and E) can also form a bar at a depth of 40 cm and 10 cm. The 
initial bottom profile appears to have an influence because the bars 
will largely form close to the initial profile discontinuities (this 
can be a slope break or an initial irregularity on the surface). The 
onshore bar migration is generally associated to an onshore 
sediment transport and the propagation speed ranging from 10 cm 
h-1 to 2 m h-1. 

 After observing the effects of constant wave climates on 
sandbars, the next aspect will highlight the effects of a simulated 
storm on a barred beach. 

EXPERIMENTAL BARRED BEACH 
EVOLUTION FOR A STORM EVENT 

Storm event hydrodynamics 
The storm event simulation is based on the hydrodynamic 

observations on lido beach at Sète (France) (CERTAIN et al, 2005). 
We constructed a schematic storm as a succession of different 
wave climates described in Table 1. The three storm phases were 
characterised by increasing, energetic and decreasing wave 
conditions respectively (Figure 3). The storm duration was 9.5 
hours for an apex lasting 4.5 hours. 

Experimental results 
Figure 4 represents beach profile evolution during the storm. 

The black points on the top of the beach represent shoreline 

position. The black lines at 2 and 6.5 hours delineate the three 

Figure 1. Bar migration and shore-face accretion for B during 10h 

Table 1: Wave conditions used in this study. 

Wave climate A B C D E 

Hs (cm) 6 10.7 13.5 16 16 

Tp (s) 1.5 2 2.5 2.7 3 

Figure 2. Bar formations and onshore migrations for climate A 
during 43h. Black symbols represent shoreline position 

Figure 3. Storm event hydrodynamics 
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phases of the storm. Beach profiles evolutions for each phase are 
then presented in the vertical plan (Figures 5 to 7). 

During the rise of the storm (Figures 4 and 5) only the top of the 
beach (from -15 to +10 cm in elevation) is substantially modified. 
The slope is more gentle and the shoreline setback shoreward. The 
rest of the profile is only smoothed. The storm apex (Figures 4 and 
6) leads to an offshore bar formation. It results from the 
convergence of sediment, onshore sediment transport from the 
beach foot and offshore sediment transport from the old bar. The 
bar crest position moves from x=12 m to x=8 m and the elevation 
on the bar crest increases by 5 cm. Macro sediment structures are 
formed in front of the main bar and tend to converge on it. A net 
erosion of the profile from x=17 m to x=25 m was observed. This 
offshore sediment flux nourishes the bar. For the waning storm 
(Figures 4 and 7) the wave climates C and B smooth the profile 

and lead to a small bar formation at x=25 m and an onshore 

migration in the inner zone. Climate A only reshapes the top (from 
-20 to +5 cm in elevation) and advances the shoreline seaward 
substantially leading to a new berm formation. The slope of the 
shore-face is clearly steeper. 

We note that wave climate A does not modify the beach shape 
significantly below the 20 cm water depth. We used this depth as a 
lower limit when computing the shore volume. The upper limit is 
the point on the dune that stays unchanged for all the profiles. This 
shore volume corresponds to the sediment which is transported 
even by the weakest wave conditions. 

In order to better quantify the shore changes we plot in Figure 8 
the evolutions of the shoreline position and the shore volume 
during the storm. We observe a strong setback of shoreline 
position during the rising phase of the storm (-1.15 m). Storm 
apex leads to surprisingly little changes (-10 cm). But we note that 

Figure 4. Beach profiles evolution during the storm event. Black symbols on top represent shoreline position and black lines delineate the 
three phases of the storm 

Figure 5. Beach profiles evolution during the storm rising 
 

Figure 6. Beach profiles evolution during the storm apex 
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for the storm waning, the wave climate A is responsible of the 
entire shoreline advancement (+90 cm). 

A different behaviour for the shore volume evolution however 
was observed. The volume of sediment stayed almost constant 
during the storm rising phase. However, it decreased slightly for 
wave climate C (less than 1% loss compared to the initial volume). 
The inner zone sediment stock was generally still available for 
mobilisation by low energetic wave climates. During the storm 
apex the shore volume significantly decreased (-5%) , particularly 
in the two first hours. This lost of sediment corresponded with an 
offshore sediment transport in the direction of the bar. Then, the 
storm waning partially reconstructed the shore-face with a volume 
augmentation of +2%. However, the sediment trapped in depth 
could not be transported to the inner zone. In general, at the time 
scale of the storm, the shoreline fell of -36 cm shoreward and the 
shore volume dropped off by -3.6%.  

DISCUSSION 
Experiments carried out by HOYNG (2008) in a small-scale 

flume (Scheldt flume) at Delft containing beaches around 20 m in 
length, mean water level of 0.7 m, natural sand (median diameter 
d50=0.13 mm) with similar constant wave climates showed 
analogous morphological evolutions to our results. The accretive 
scenarios were mostly associated with onshore bar migrations. 
The bars evolved with the same asymmetric shape as observed in 
our experiments. Bar migration speeds were of the same order of 
magnitude (0.1 to 0.5 m h-1). 

If the duration of a constant wave climate is long enough (tens 
of hours) the bars will generally migrate and merge with the berm. 
In the situation where the hydrodynamic conditions decrease 
before the merging, the bars stop and we obtain barred beach 
profiles. Equilibrium beach profiles are defined as profiles which 
do not evolve for a constant wave climate (DEAN, 1991; WANG 

and KRAUS, 2005; GRASSO et al., 2009). Hence, it is our 
understanding, that the barred beaches correspond to transient 
profiles tending to non-barred equilibrium profiles.  

For simulations closer to the natural conditions, we can note 
that the storm waning contributes to shore reconstruction. It is 
interesting to stress the influence of the storm ratio (Rs) between 
the storm apex and storm waning durations: 

was TTR   ,  (1) 

where Ta and Tw are respectively the duration of storm apex and 
storm waning. A scenario with a short apex and a long waning 
(Rs<<1) could lead to a low erosion of the inner zone and allow 
more time for the storm waning for reconstruction. So the shore 
volume balance between the beginning and the end of the storm 
could be positive. Whereas a scenario with a long apex and a short 
waning (Rs>>1) will probably lead to a strong erosion of the inner 

zone, without reconstruction. The shore volume balance would be 
negative. 

We can observe some similarities between what is observed in 
the flume during our experiments and what is observed in nature 
on sandy beaches. First, the onshore migration of the bar is one of 
our main observations. In nature, bars are also normally shifting 
shoreward during periods of low waves (i.e summer) (OSTROWSKI 

et al., 1990; HOLMAN and SALLENGER, 1993; GALLAGHER, 1998; 
SUNAMURA and TAKEDA, 1984). Strong correlation between inner 
bar evolution and shoreline evolution is also observed in nature, 
where the bar could weld to the shore, which moves seaward 
(HINE, 1979; SHORT, 1999). As in the flume for wave climate A 
and B (Fig. 1 and 2), storm waning conditions transport sediment 
onshore (KING, 1972) and advance substantially the shoreline 
seaward leading to a berm formation (SONU and JAMES, 1973; 
HINE, 1979). 

The second observation is the offshore migration of the bar and 
erosion of the trough under dynamic conditions (Fig. 4 and 6). The 
seaward evolution during storm events (or/in winter) is described 
in nature by many authors (e.g. OSTROWSKI et al., 1990). Bars 
could be stable over long periods of time (months to years) and 
then move offshore during an extreme storm event (LIPPMAN et 
al., 1993). Long term migration speeds of the bars in nature are 
typically around 0.5 m day-1 but maximum values may be 
considerably larger, e.g. 20 m day-1 in Duck (USA) after extreme 
storms (Hs>4 m) (LARSON and KRAUS, 1994). The ultimate stage 
of offshore migration is the destruction of the bar. The bars can 
degenerate and disappear (LIPPMAN et al., 1993; WINJBERG, 1995). 
This “net offshore migration” (WINJBERG, 1995; CERTAIN and 
BARUSSEAU, 2005) is not observed in the flume, which may be 
down to the fact that an exceptional storm cannot be generated due 
to the configuration of the flume. Indeed, the phenomenon is 
initiated in nature after a particular large event (LARSON and 
KRAUS, 1994). The alternative phases of onshore and offshore bar 
migration under more or less energetic conditions has been 
described by several authors and known as “oscillation around an 
equilibrium position” (CERTAIN and BARUSSEAU, 2005). On the 
North Atlantic American coast, in Duck, this seasonal oscillation 
of the inner bar is expressed by a strong mobility (LIPPMAN et al., 
1993).  

These experiments in the flume also stress some of the problems 
that can be encountered in nature. First, we saw that during the 
storm apex the shore volume significantly decreases (-5%), 
particularly in the two first hours. This highlights the lack of 
information and the difficulties in making measurements during 
storms in nature. The survey is usually done before and after each 
storm. This methodology does not permit a precise analysis during 
the event. In the same way, an offshore migration of mega-ripples 
is observed in our flume during the most energetic phase, feeding 

Figure 8. Shoreline and shore volume evolution during the 
storm event. Vertical dotted lines delineate the storm phases. 

Figure 7. Beach profiles evolution during storm waning 
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the large offshore bar. This observation would be difficult to 
confirm in nature. 

Following GRASSO et al. (submitted), it is not only the wave 
height but also the time duration of the dynamic conditions that 
have an important affect on shore-face morphology. In the flume, 
bars represent a transient state between equilibrium positions. 
Only very long time duration can permit to reach an equilibrium 
profile. This is never done in nature where storms are generally 
not exceeding days. Furthermore, there is a delay between 
hydrodynamic conditions and the response of morphology. The 
system never reaches a state of equilibrium. Thus, near-shore 
sandbars often represent disequilibrium features that are 
continuously readjusting their configuration and location (SHORT, 
1999). 

CONCLUSIONS 
In our laboratory experiments, sandbar formation and evolution 

have been studied. Our results have shown that sandbars can be 
formed across the beach profile, depending on initial bottom 
profile and wave climate characteristics. For constant wave 
climates, bars will mostly migrate onshore and merge with the 
berm. For changing wave climates, bars may stop and be stranded 
as relict bars. 

The storm simulation on a barred beach has two main effects on 
the morphology. Firstly, the storm apex erodes significantly the 
shore-face and moves the bar offshore, causing an offshore 
sediment transport out of the inner zone. Secondly, the storm 
waning partially reconstructs the shore-face. The ratio between 
apex and waning durations should therefore determine the shore 
erosion/reconstruction. Finally, we observe morphodynamic 
similarities between flume experiments and what is observed in 
nature on sandy beaches. 
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