
Chapter 6

Simulation of perched beach

accretion using Smoothed Particle

Hydrodynamics

6.1 Summary

Yanchep beach, located 60km north of Perth in southwest Western Australia, is a perched

beach lying on a shallow rock platform. The platform is fronted by a natural sea wall

several metres high. Every summer, the perched beach widens significantly. This study

evaluates the hydrodynamic conditions in front of the sea wall causing the widening of

the beach using a Smooth Particle Hydrodynamic model (SPH). The SPH model shows

the importance of the reflected wave in the timing of the wave breaking and the presence

of a velocity pulse near the seawall. However, sand simulations suggest that a sand ramp

fronting the reefs is required for the beach to widen.

6.2 Introduction

Yanchep Lagoon, located 60km north of Perth, Western Australia (WA), is a popular

beach that is considered safe for swimming. The lagoon is sheltered from the waves by a

shallow reef platform 40m wide and located 40m offshore of the beach. The platform rises

less than half a metre above mean low water level. Seaward, the platform stops abruptly

forming a vertical wall several metres high. Approximately 200 m further south, the lagoon
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disappears and the beach rests directly on the reef platform, forming a perched beach

(Figure 6.1a). In winter, large swells wash the sand off the platform and the perched beach

stands 50m away from the reef edge (Figure 6.2). However, in summer, a combination of

small long period swells and the daily onset of the sea-breeze provide ideal conditions for

the perched beach to widen until it covers the whole reef platform (Figure 6.1b). This

study explores the mechanisms that allow sand to overtop the natural seawall formed by

the reef and thus widen the beach.

The southwest coast of WA experiences mixed, mainly diurnal tides, with a mean tidal

range of about 0.5 m (i.e. micro-tidal). The offshore wave climate is dominated by the

large swell generated in the Southern Ocean, with an annual mean wave height of around

3 m (Chapter 3). The coastline is sheltered from these large waves by a series of offshore

ridges that attenuate the wave energy. In summer, the small long period swell waves

are superimposed with waves produced by one of the most energetic and consistent sea-

breeze systems in the world. A significant feature of this sea-breeze system is that it blows

obliquely onshore, rather than onshore (Masselink and Pattiaratchi, 2001b). Along the

sheltered coastline of Perth, locally generated wind waves, particularly those generated by

strong sea-breeze activity, are a dominant mechanism controlling near-shore processes and

morphology (Masselink et al., 1997; Masselink and Pattiaratchi, 1998, 2001a; Pattiaratchi

et al., 1997).

Seasonal change in beach width is a natural phenomenon. Usually the beach is wider

during the summer months in response to long period lower wave heights (wave steepness

is low). In winter in response to the lower periods and higher wave heights (higher wave

steepness) the beaches are narrow. This is a common feature in the beaches located around

the coast of southwest WA. The magnitude of the annual change in beach width at Yanchep

perched beach is exceptionally large (> 40 m) (Figure 6.1). Such accretion is surprising

considering that a natural seawall fronts the perched beach. The presence of a sea wall

with almost vertical slope means it is a challenge for suspended sediment to be transported

onshore to feed the beach and impossible for the sand bed load. It is also a challenge to

simulate such processes in a numerical model because most coastal hydrodynamic models

assume that the fluid is always in hydrostatic equilibrium (the “Boussinesq” assumption)

and thus the vertical currents and acceleration are neglected. The aim of this study was to

evaluate the wave transformation, currents and sand transport near the natural sea wall in
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order to determine the potential mechanisms that may allow sediment to be transported

onshore over the sea wall to widen the beach in summer. The methodology is outlined

in Section 6.3. Results of the study are described in section 6.4 and discussed. Finally,

conclusions are given in Section 6.5.

6.3 Methodology

In order to evaluate the cross-shore hydrodynamics near the Yanchep natural sea wall,

we used a Smooth Particle Hydrodynamic (SPH) model. SPH models are hydrodynamic

models that use a Lagrangian method to compute the trajectories and interaction of fluid

particles (Dalrymple and Rogers, 2006). The method is computationally very expensive

and only practical for the simulation of a complex free surface, such as the case of wave

breaking and wave-structure interactions. The SPH method was borrowed from astro-

physics and adapted for free surface flow simulation (Monaghan, 1994). SPH has been

used by researchers in the past to simulate wave breaking (Dalrymple and Rogers, 2006;

Shao et al., 2006; Dao et al., 2011).

In recent years, improvement in SPH formulation permitted the release of an open

source SPH model. This model was released in 2007 and called SPHysics (Gomez-Gesteira,

2009). In 2011, an improved version was releases called DualSPHysics (Crespo et al.,

2011). This is based on SPHysics but rewritten to take advantage of the parallel Graphics

Processing Units of computers, which significantly cuts computing time.

DualSPHysics is used to simulate wave breaking on the reef platform. For an accurate

SPH simulation, a large number of water particles are required. However, to keep the

computational time reasonable, the study was limited to a two-dimensional problem. The

model was simplified to a conceptual profile similar to Yanchep perched beach. The profile

is shown in Figure 6.3. The profile was scaled down by a factor of 20 so that the model

scale correspond to previously tested laboratory scale experiments simulated with SPH

(Crespo et al., 2011). The scaled profile is 7m long with an offshore platform, followed

by a long ramp representing the sloping bathymetry. A steeper ramp directly fronts the

seawall. Bordering the sea wall is a shallow reef platform and behind this is a narrow

shallow lagoon.

The hydrodynamic conditions near the seawall were computed for different mean sea
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Figure 6.1: Satellite imagery of Yanchep beach; top) November 2004 (source: Digital-
Globe) bottom) March 2002 (source: DigitalGlobe); Note: the beach is 70m wider in
March 2002 than in November 2004.
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Figure 6.2: Oblique photography of the Bluff beach at different stage of accretion and
erosion


