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Abstract: This study experimentally investigates the effects of wavelength and wave duration on beach
profile evolution. Experiments were conducted in a 15-m-long, 0.5-m-wide, and 0.6-m-high wave
flume with a piston-type wavemaker. A 1:10 scale physical model was built on a sandy bed (median
grain size 0.43 mm). Twenty scenarios comprising five wavelengths (220, 280, 325, 345, 365 cm) and
four durations (20, 40, 60, 90 min) were simulated. Results show that wavelength is the primary factor
governing the hydrodynamic regime. At the shortest wavelength (220 cm), the beach exhibited purely
erosive behaviour (winter profile) with no berm formation. As wavelength increased, the transport
shifted to an accretive state, forming sedimentary berms characteristic of a summer profile. Temporal
analysis revealed that prolonged wave action consistently increased both berm height and erosion
trough extent. These findings confirm that wavelength determines the erosion—accretion transition,
while duration controls the magnitude of morphological changes.

Keywords: Cross-shore sediment transport, Physical modeling, Bed profile evolution, Wavelength,
Equilibrium profile.

Introduction: Coastal zones are dynamic environments where the interaction between hydrodynamic forces and
sedimentary beds leads to continuous morphological changes. The prediction of bed profile evolution and
cross-shore sediment transport is a fundamental challenge in coastal engineering, directly influencing the design
of marine structures and shoreline management. The concept of the equilibrium beach profile, as proposed by
Dean (1991), suggests that beaches tend toward a stable shape described by power-law equations (Eq. 1), where
the dissipation of wave energy per unit volume is uniform across the surf zone. However, recent studies, such as
Anthony (2015), have emphasized that the hydrodynamic regime—specifically the wave characteristics—
determines whether a beach experiences erosion or accretion. Furthermore, Wallwork and colleagues (2022)
highlighted the complexity of sediment transport under the combined action of waves and currents, noting gaps in
understanding the precise transition between erosive and accretive states. Despite extensive research, there is a
need to experimentally quantify the specific effects of wavelength and wave duration on the transition between
winter (erosive) and summer (accretive) profiles in sandy beaches. This study aims to address this gap by using
physical modeling to investigate how variations in wavelength, independent of wave height, dictate the direction
of sediment transport and the resulting bed topography. The study relies on dimensional analysis (Eq. 2), Kamphuis
1991) to simulate these complex interactions in a laboratory setting.

Methodology: The experimental program was conducted in a wave flume measuring 15 m in length, 0.5 m in
width, and 0.6 m in height at the Hydraulic Laboratory of Islamic Azad University, Ahvaz Branch, Iran. To ensure
dynamic similarity and avoid scale effects associated with cohesive behaviour in fine particles, the sediment
scaling was based on the fall velocity similarity criterion rather than strict geometric similarity. As suggested by
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Short (1999), the fall velocity in the model was scaled according to the square root of the length scale (Eq. 3).
Consequently, quartz sand with a median diameter of 0.43 mm was selected to represent the prototype sediment
conditions (Table 2 and Fig. 2). The physical model of the beach was constructed with an initial slope of 1:10 (Fig.
1). The experiments comprised 20 distinct scenarios involving five different wavelengths (L =220, 270, 325, 345,
and 365 cm) and four wave durations (t = 20, 40, 60, and 90 minutes) (Table 3). A constant wave height (H) of 11
cm and a water depth (h) of 18 cm were maintained throughout the tests. A piston-type wave maker generated
regular waves, and a digital profiler was used to record the bed elevation changes along the longitudinal axis of
the flume after each test run.

Results and Discussion: The analysis of the experimental data revealed a distinct hydrodynamic control over the
beach profile evolution. As illustrated in Fig. 4 and detailed in Table 3, the wavelength acted as the primary
determinant for the direction of cross-shore sediment transport. In scenarios with the shortest wavelength (L =220
cm), the beach exhibited a purely erosive behaviour. The strong return currents (undertow) generated by these
steep waves transported sediment offshore, preventing the formation of any beach berm and creating a significant
erosion trough in the surf zone. This behaviour aligns with the characteristics of the winter profile described by
Dean (1991) and confirms the destructive potential of short-period waves noted by Anthony (2015). Conversely,
for wavelengths greater than 270 cm, the transport direction shifted onshore. The longer waves facilitated sediment
deposition on the beach face, leading to the development of distinct berms characteristic of the summer profile
(Table 3). A key contribution of this study is the quantification of the time-dependency of these morphological
features. The results showed that while the type of profile (erosive vs. accretive) is dictated by the wavelength, the
dimensions of the features are a function of wave duration. For instance, in the accretive regime, the berm height
increased progressively with time, reaching a maximum of 9.3 cm at L = 325 cm after 90 minutes. Similarly, the
elongation length of the erosion trough extended further offshore as the duration increased (from 136 cm to 206
cm), indicating a seaward migration of the breaker zone (Table 3). Compared to previous numerical studies (e.g.,
Hieu et al. 2020), these physical model results provide tangible evidence that the transition from erosion to
accretion is not merely a function of wave energy but is critically dependent on the ratio of wavelength to water
depth, which modulates the nearshore current structure.

Conclusion: This study provides experimental evidence confirming that wavelength is the critical parameter
governing the transition between erosive and accretive beach profiles. The results demonstrated that short
wavelengths (220 cm) generate erosive winter profiles with significant offshore sediment transport, whereas longer
wavelengths (> 270 cm) promote onshore transport and berm formation (summer profiles). Furthermore, the study
established a direct correlation between wave duration and the magnitude of morphological changes; specifically,
increased duration leads to higher berms in accretive regimes and longer erosion troughs in both regimes. These
findings underscore the necessity of incorporating both wavelength and storm duration into coastal evolution
models to accurately predict shoreline stability.
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Table 1 Physical variables and corresponding dimensionless groups
Category Variable Symbol Dimensionless Group
. Density p -
Fluid Kinematic viscosity v v/ (LM)
Wave height H H/L
Wave length L -
Flow Wave period T tyg/L
Water depth h h/L
Gravity g -
Bed slope m tan~t(m)
Geometry Linear scale A -
Surface roughness n n/L
Coordinates X,z -
Grain diameter Dsq D5y /L
. Particle density Ds ps/p
Sediment Fall velocity 74 W/ \/ﬁ
Bed shear stress Ty 7,/ (pgh)
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Table 2 Technical specifications of laboratory equipment

Equipment Specifications
Wave flume Length: 15 m, Width: 0.5 m, Height: 0.6 m, Material: Plexiglas
Wave maker Piston-type, Maximum stroke: 0.35 m
Water depth 0.18 m (constant)
Wave height 0.11 m (constant)
Water supply pump 6-inch, Maximum discharge: 50 L/s

Wave gauge Float-type

Digital profiler Accuracy: 1 mm

Water level and wave
propagation direction
— »
v

This section of the model profile is located within the
visible span of the flume

Model sediment profile

Model fixed bed

Model fixed bed

Fig. 2 A view of the geometry of the physical model built in the laboratory
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Table 3 Average diameter of materials used in the laboratory

Average equivalent particle ~ Value of the velocity of Average diameter of
velocity based on the model  falling sediment grains sedimentary materials in
scale (mm/s) in nature (m/s) nature (mm)

Average diameter of
sedimentary materials in
the laboratory (mm)

0.15 1.8%x 1072 5.69 X 1072 0.47
0.35 4.2 x 1072 1.33x 1071 1.41
0.43 78X 1072 2.75 x 1071 5.50
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Table 4 Specifications of the test scenarios performed

Test duration Wavelength  Period

Test number

NO. passing waves Inverter number

T (min) L (cm) ()
L1T1 20 220 1.7 34 22
L1T2 40 220 1.7 34 22
L1T3 60 220 1.7 34 22
L1T4 90 220 1.7 34 22
L2T1 20 280 2.1 28 21
L2T2 40 280 2.1 28 21
L2T3 60 280 2.1 28 21
L2T4 90 280 2.1 28 21
L3T1 20 325 2.4 25 20
L3T2 40 325 2.4 25 20
L3T3 60 325 2.4 25 20
L3T4 90 325 2.4 25 20
L4TI 20 345 2.7 22 19
L4T2 40 345 2.7 22 19
L4T3 60 345 2.7 22 19
L4T4 90 345 2.7 22 19
L5T1 20 365 2.8 21 18
L5T2 40 365 2.8 21 18
L5T3 60 365 2.8 21 18
L5T4 90 365 2.8 21 18
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Fig. 4 Experimental beach section before exposure to waves
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Fig. 5 The mode of wave interaction with the bed and the type of wave breaking on the shore slope during the experiment.
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Fig. 6 e ormed state of the simulated beach after the end of the test period.
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Table S Results from experiments on coastal sediment transport in the direction perpendicular to the shore at sea during
different wave impact times

Test Wave Stack Elongation Stack Erosion Profile t
Test duration length height length volume volume rofie type
number
T(min) L(cm) h(cm) (cm) V1(cm3) V2(cm3) Win/Summ
L1T1 20 220 0 184 0 6.18348 Winter
L1T2 40 220 0 196 0 8.19599 Winter
L1T3 60 220 0 200 0 5.20130 Winter
L1T4 90 220 0 206 0 3.22730 Winter
L2T1 20 270 32 140 2.2803 6.18692 Summer
L2T2 40 270 4.2 148 9.2670 5.19830 Summer
L2T3 60 270 8.3 152 6.3327 421919 Summer
L2T4 90 270 8.4 162 1.4823 8.25524 Summer
L3T1 20 325 7.1 150 5.6273 4.22160 Summer
L3T2 40 325 1.2 162 2.6481 1.23182 Summer
L3T3 60 325 3 173 3.7828 1.25124 Summer
L3T4 90 325 9.3 186 2.9407 2.28307 Summer
L4T1 20 345 1.1 138 6.2378 2.17204 Summer
L4T2 40 345 3.1 156 1.2556 1.18169 Summer
L4T3 60 345 1.2 164 6.3019 3.18774 Summer
L4T4 90 345 3 168 2.3894 2.21839 Summer
L5T1 20 365 5.0 136 4.1846 3.9528 Summer
L5T2 40 365 9.0 156 9.1851 6.10262 Summer
L5T3 60 365 6.1 164 6.2246 5.10905 Summer
L5T4 90 365 3.2 174 9.2979 5.16445 Summer
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Fig. 7 The effect of continuous waves hitting the shore at different wavelengths
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5- List of Symbols

A (m'?) Balance profile scale

d (mm) Sediment particle diameter

Dso (mm) Average diameter of sediment particles
F(N) Force acting on a wave or structure

E. Froude number

g (m/s?) Gravity acceleration

h (m) Water depth

H (m) Wave height

m Bed slope

ps (kg/m3)  Sediment particle density

hy (m) Coastal ridge height

W (cm/s) Falling velocity of sediment particles
x (m) Horizontal distance from the shoreline
v (m?/s) Kinematic viscosity of water

Th Bed shear stress

x,,z (m) Location coordinates

Q Dyne number

A (m) Linear length characteristic

t (min) Wave duration
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