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Abstract 38 

 39 

Coastal management is one of the main concerns of coastal countries. Sea level rise 40 

caused by climate change can accentuate coastal erosion. One of its principal causes, 41 

in France, is swell. Several solutions exist to limit the erosive effects of swell, including 42 

wave breakers. Their main issue is that they protect a limited area and they can 43 

increase the erosion downstream of the protected structures because of the cut in the 44 

longitudinal transport. Therefore, existing wave breakers can’t be a long-term solution 45 

to the problem of coastal setback. This paper is a proof of concept on the idea of 46 

creating bio-inspired wave breakers that do not increase the erosion downstream but 47 

it also shows that all the bio-inspirations are not appropriate. Two types of bio-inspired 48 

wave breakers have been modelized on CatiaR2021X®. The first type is inspired by 49 

the Torquigener albomaculosus’ nest. The second type is inspired by the mangroves’ 50 

shape. Both shapes are known for slowing the seafloor current. The interaction 51 

between the wave breakers and the swell in the Bay of Biscay has been simulated with 52 

Xflow®2020. The experimental data needed to validate the simulations were provided 53 

by the scientific literature.  Because the results of the control simulations and of the 54 

simulation with existing wave-breaker shapes coincided, the results of the other 55 

simulations have been considered as relevant too, even if test bench experiments will 56 

be performed later to deepen these results. The simulations’ results have shown that 57 

the nest-inspired shapes are increasing the erosion in the non-protected areas. On the 58 

contrary, the mangrove-inspired wave breakers could be a possible improvement to 59 

slow the coastal setback in the Bay of Biscay. This study aims to give first results about 60 

the general interaction between geometrical shapes and swell, independently of the 61 

materials of the wave breakers. 62 

Keywords 63 

 64 

Biomimicry, Erosion, Lattice-Boltzmann Method (LBM), Wall-Modeled Large Eddy 65 
Simulation (WMLES), Coastal research. 66 

 67 

 68 

 69 

 70 

 71 

 72 

 73 

 74 

 75 

 76 

 77 

 78 

 79 



1. Introduction  80 

 81 

With climate deregulation and global mean sea level (GMSL) rising, managing the 82 

shorelines is one of the main concerns of coastal countries. GMSL has risen since 83 

1900 by about 21 cm, including 7 cm since 1993 (Hay et al. 2015, Church et al., 2013). 84 

Scientists’ predictions cover 6 scenarios (Low to Extreme) that show that sea level 85 

could rise from 30 cm to 250 cm by 2100 (Kopp et al., 2014; Lacroix et al., 2019; Miller 86 

et al., 2013; Sweet et al., 2017). On low-altitude coasts, this phenomenon could 87 

reinforce coastal erosion, and cause the loss of habitations, agricultural or natural 88 

surfaces. In France, for example, 270 km of coastline are eroding at a rate superior to 89 

50 cm/yr.  (MilieuMarinFrance, 2020). One of the main causes of coastal erosion in 90 

France, is swell (Aubie and Tastet, 2000; Sabatier et al., 2009; Migniot and Lorin,1979). 91 

This well-known problem has been studied for years. In France, between 1940 and 92 

1950, three structures had already been built to decrease coastal erosion (Boulet et 93 

al., 2018) and coastline management is a major concern of political institutions (French 94 

Ministry of ecological transition, 2022).  In the past century several solutions were tried, 95 

usually classified as soft or hard methods. Soft methods allow solutions to be 96 

integrated into their environment. They are reversible and are cheaper in the short, 97 

medium, and long term. According to Van Rijn (2011), they allow the sediment stock 98 

to regenerate. Hard solutions include building wave-breaker or rockfill. These solutions 99 

are expensive but durable. One problem of wave breakers is that they only protect a 100 

portion of the coastline and it induces hydraulic erosion downstream and upstream of 101 

the protected areas (Boulet et al., 2018; Williams et al., 2018). This erosion increase 102 

is a problem for large-scale coastal management because the aim is to protect the 103 

most eroded areas without eroding the other areas. This is why actual wave breakers 104 

can’t be a long-term solution to coastal setback problem until a solution will not be 105 

found to make wave breakers that are not transferring erosion to other areas. Different 106 

studies cover the optimum wave breaker parameters to reduce the erosion behind the 107 

structure (Carpentier and Brosselard-Faidherbe, 1986; Delage, 1954; Massel and 108 

Gourlay, 2000; Toyoshima et al., 1966) but few researches treat the question of finding 109 

how to not increase erosion in non-protected areas. In France, where multiple 110 

structures have been set up to reduce swell erosion, this recurrent problem doesn’t 111 

help to find large-scale solutions to the coastal setback.   112 

France’s coastline is 5,853 km long and faces 4 different seas and oceans with different 113 

wave climates: North Sea, English Channel, Atlantic Ocean, and the Mediterranean 114 

Sea. The English Channel and the Mediterranean Sea are exposed to wind sea and 115 

short periods swell, while the Bay of Biscay, facing the Atlantic Ocean is exposed to 116 

energic and moderate-to-long period swells (Dodet et al., 2019). This is explained by 117 

the fact that swell energy depends on the wind speed and on the water surface in 118 

contact with the wind, called the fetch. Studying a sand beach in the Bay of Biscay is 119 

relevant to quantify the efficiency of the solutions to coastal erosion in an energetic 120 

swell context. One of the possible solutions could be biomimicry. 121 

Scientists used biomimicry and bio-inspiration for a long time to solve various 122 

problems. In 1903, the brothers’ Wright plane was inspired by a pigeon flight (Cho and 123 



Wood, 2016). Nowadays, shark skin is an inspiration for performant swimming suits 124 

(Wen et al., 2014). It is important to understand that biomimicry isn’t a goal but a way 125 

to find innovative solutions to modern problems. In the wilderness, there are several 126 

examples of natural or biological structures that reduce sea currents’ impacts. The 127 

discovery in 2012 of the Torquigener albomaculosus nest near the Japanese coast 128 

has inspired multiple studies. This circular 2 m large structure reduces the speed of 129 

the current in its centre (Kawase et al., 2013; Kawase et al., 2017; Matsuura., 2015). 130 

Another inspiration could be the mangroves root system that has been known for a 131 

long time for slowing sea current and consequently, helping in coastal stabilization 132 

(Horstman et al., 2014;  Hong Phuoc and Massel, 2006; Thom, 1967; Van Santen et 133 

al., 2007). Both shapes could be an inspiration to create wave breakers. Because 134 

seafloor current speed is directly linked to erosion (Everett et al., 2019; Migniot and 135 

Lorin,1979), the use of these shapes to create new types of immerged wave breakers 136 

could reduce the current speed behind the structure without reflecting the energy to 137 

the sides of the structure. In this case, wave breakers should not increase erosion of 138 

non-protected areas. 139 

This work aims to find new bio-inspired wave breaker shapes that could optimize the 140 

erosion reduction behind the structure without eroding nonprotected areas in order to 141 

be a solution to control coastal erosion. It is meant to be a proof of concept and 142 

therefore start to quantify the interaction of these shapes and the swell. The location 143 

has been taken as an example but the simulation data are not focused on one precise 144 

location because the aim was not to study in detail one particular case.Wave-breakers 145 

were 3D modeled in a submerged environment representing the Bay of Biscay area 146 

and their impact on waves was studied by numerical simulation. Two bio-inspired forms 147 

of wave-breakers were modeled based on the nest of Torquigener albomaculosus and 148 

the root system of mangroves. These models were compared by numerical simulation 149 

with usual wave-breakers. First, the modelling of the wavebreakers will be detailed in 150 

this paper, then the results of the different numerical simulations, carried out with a 151 

CFD tool as well as a Python program, will be explained in order to discuss the interest 152 

of biomimicry for the protection against coastal erosion.2. Material and Method 153 

 154 

2.1. Model development 155 

In this study, a three-dimensional Computational Fluid Dynamics (CFD) software has 156 

been used to calculate the effects of bio-wave breakers on sea currents and on swell. 157 

It is based on the Lattice-Boltzmann Method (LBM). Simulations were made with a 158 

free-surface model. It means that the fluid is in the lower part of the simulation and is 159 

the only element considered (Fig. 1). The software resolves the Navier-Stokes and the 160 

Boltzmann equations (Dassault Systèmes, 2021). The Navier-Stokes equations are 161 

expressing the conservations of mass (Eq.1), of the momentum (Eq.2) and of the 162 

energy (Eq.3). These are partial differential equations (Jamshed, 2015).  163 

 δρ/δt + ∇.(ρ𝑉⃗ ) = 0   :   Eq.1 164 

 165 

https://www.sciencedirect.com/science/article/pii/S0378383914001574#bb0180
https://www.sciencedirect.com/science/article/pii/S0378383914001574#bb0175
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  δ(ρ𝑉⃗ )/δt + ∇.(ρ𝑉⃗ 𝑉⃗ ) = - ∇p + ∇.Σ + ρ𝑔      :  Eq.2 166 

 167 

 δ(ρE)/δt + ∇.(ρ𝐸𝑉⃗ ) = - ∇. (𝑃. 𝑉⃗ ) + ρ𝑔 .𝑉⃗  + ∇.𝑞  + ∇. 𝑞 R      :  Eq.3   168 

 169 

With ρ the density, t the time, V  the eulerian speed, ∇ the divergence, Σ the stress 170 

tensor, 𝑔 the external mass-forces, E the total energy per mass unit, q the heat flow of 171 

the thermal conductivity, and qR the heat flow of the radiation.  172 

 𝑓 𝛼 (𝑥 + 𝑐𝛼𝛿𝑥,𝑡 + 𝛿𝑡) = 𝑓𝛼( 𝑥,𝑡 ) – 1/ 𝜏 *[ 𝑓𝛼( 𝑥,𝑡 ) − 𝑓𝛼 eq( 𝑥,𝑡 )]     :   Eq.4 173 

With 𝑓 𝛼 the particle distribution function in direction, 𝑥 the lattice node   𝑐𝛼 the particle 174 

discrete vectors, 𝑡 the discrete times, 𝛿𝑡 the constant time step, 𝜏 the relaxation time 175 

due to the fluid viscosity and  𝑓eq the collision operator obtain with an order 2 Taylor 176 

development of the Maxwell-Boltzmann distribution function.  177 

The Boltzmann equation (Eq.4) is a distribution function of each group of particles. This 178 

model assumes that the diffusion, or the motion of particles, is equal to the collision 179 

(Heubes et al., 2013). LBM is a meshless particle-based method. The approach is 180 

completely Lagrangian. It is one of the most powerful methods to calculate the 181 

interaction between complex geometries and turbulent fluids (Satjaritanun et al., 2018). 182 

It doesn’t need to have a Sliding Mesh and a Multiple Reference Frame. The simulation 183 

generates a Lattice element and organizes it in an Octree structure. It considers both 184 

micro and mesoscopic processes in order to obtain correct macroscopic equations. 185 

The LBM calculates a statistical distribution function with the variables, while 186 

conserving mass, momentum, and energy (Eq. 1-3) (Chen and Doolen, 1998). 187 

It uses a Wall-Modeled Large Edgy Simulation (WMLES) model. The hypothesis is 188 

done that smaller turbulences are instantly and completely dissipating all the energy 189 

they receive from the greater scale’s structures (Grondeau et al., 2016). This increases 190 

the efficiency by reducing the meshing operation and also the computational time 191 

(Satjaritanun et al., 2018). The wall function used by the software to model the 192 

boundaries is a unified non-equilibrium wall function. It means that the average velocity 193 

is sensitized to the effects of the pressure gradient. It also uses the concept of two-194 

layer-based to compute the sum of the kinetic energy of the turbulences (Dassault 195 

Systèmes, 2021). The software chosen for the simulations was Xflow®2000, a 196 

commercial LBM CFD solver. 197 

 198 

In all the simulations, the values of some parameters have been kept. A 3D free-199 

surface isothermal environment was used. The temperature variation was considered 200 

to be nil, therefore negligible even if it is not the case in the reality. The aim was to 201 

understand the interaction between the wave breakers shapes and a common swell. 202 

The gravity of the fluid was at 9.81 m.s-2. This is due to the orientation of the spatial 203 

axes during the numerical simulation. The z-axis representing the altitude is usually 204 

oriented upwards, so gravity has a negative sign. The dimensions of the domain were 205 



defined:  370 m long, 25 m high, and 350 m large (Fig. 1). All the water channel 206 

boundaries were open except for the ground that was a free-slip rigid wall boundary. 207 

The beach and the wave breakers were considered as free-slip rigid wall boundaries 208 

too (Fig. 1). The mesh was 0.25 m large around the wave breakers and 1 m large 209 

everywhere else. This size was conditioned by the software and by the computer. If 210 

the mesh size was smaller, the software couldn’t generate the Lattice domain. The fluid 211 

was seawater with a temperature of 20°C and a density of 1024 kg.m-3 (Vandermeirsch 212 

et al., 2012). 213 

Fig.1 (Small column size) 214 

215 
2.2. Parameters of the simulation 216 

For this study, the action of wave breakers was simulated in the Bay of Biscay in 217 

France. According to Migniot and Lorin (1979), the swell is more powerful in the Atlantic 218 
than in the Mediterranean Sea, therefore selecting the Atlantic Ocean as a study area 219 

is interesting for the quantification of the maximum effect of the swell. The goal was to 220 
simulate a similar morphology as the beach on the coast, near Biscarrosse (France) ( 221 
44° 21' 3.55" N 1° 9' 58.424" W). In order to achieve it, the bathymetric data from 222 

January 2021 of the European Marine Observation and Data Network (EMODnet) has 223 

been used to design the beach profile with CatiaR2021X® (Fig.2 A, B). The beach 224 
profile was inspired by these data and extrapolated to get a 350 m large structure. This 225 
could not be considered as a realistic beach but the goal of this study is limited to 226 
understand the interaction between the wave breakers and the swell. The longshore 227 

bar was considered as fixed in this study because the simulation duration was of 45 s. 228 
For each simulation and each wave breaker, the depth at the top of the wave breaker 229 
was 1.5 m and the mean distance with the coast was the same. A study considering 230 
shape complexity and mechanical characteristics of each wave breaker could be 231 
interesting but is out of scope for this work. 232 

 233 

Fig.2 (Small column size) 234 



 235 

As explain in Brivois et al., in 2012,"The Aquitanian Coast (SW France) is an 236 

approximately 250 km long straight low coast bordered by high aeolian dunes". 237 

Prederos et al (1996) describes the sediments of the study area as medium to fine 238 

sands with a grain size ranging from 200 to 400 mm. According to Wright and Short 239 

1984 classification, the majority of Aquitaine beaches are intermediate beaches with 240 

Transverse Bar and Rip (TBR), or low tide bar/rip as defined by Masselink and Short 241 

(1993).During spring tides, in the study area, the sea level rises from 0.3 m to 5 m 242 

(Butel et al., 2002), classifying these beaches as mesotidal. 243 

As explained by Castelle and Bonneton in 2002, tidal currents are largely negligible 244 

compared to those induced by the swell. However, they were calculated by Sénéchal 245 

et al., in 2009 and have a speed of 0.2 m.s-1 from West to East during the flood and 246 

from East to West during the ebb. 247 

The wave regime has a mean annual significant wave height of 1.36 m and a mean 248 

period of about 8 s with a strong seasonal dependence linked to the NAO (Butel et al. 249 

2002; Dupuis et al., 2006; Sénéchal et al., 2009; Carles et al., 2011; Le Cozannet et 250 

al., 2011et al. 2009, Brivois et al., 2012). 251 



Brivois et al., (2012) describe the wave conditions as evolving from low energy waves 252 

during the summer oriented NW to very high energy waves during winter storms 253 

generating west to NW swells. 254 

Regarding the wave breakers characteristics, several studies cover the optimum 255 

parameters (Carpentier and Brosselard-Faidherbe, 1986; Delage, 1954; Massel and 256 

Gourlay, 2000; Toyoshima et al., 1966). For example, the efficiency of a structure is 257 

linked to its depth and its distance to the coast (Delage, 1954). These parameters are 258 

D the distance between the wave breaker and the coast, L the length of the structure, 259 

H its height, p the depth where the wave breaker is located,  the swell wavelength, 260 

and T the wave period.  261 

 262 

Table 1 263 

Parameter Value References 

D 225 
m 

Massel and Gourlay, 2000 

L 285 
m 

Toyoshima et al., 1966 

H 3.55 
m 

Delage, 1954 

p 4 m Found in the simulation 

 102 
m 

Carpentier and Brosselard-Faidherbe, 1986 

T 8.0 s Carpentier and Brosselard-Faidherbe, 1986 

 264 

2.3. Existing wave breakers 265 

The first wave breakers modelized were inspired by existing shapes like trapezoidal or 266 

elongated tubes. Both shapes were found in the literature. Trapezoïdal shape for 267 

immerged wave breaker is common in mathematical articles, bench tests, and real 268 

beach analyses (Hornack, 2011; Repousis et al., 2014). Authors assume that other 269 

types of existing wave breakers could be used, but the main goal of this study was only 270 

to suggest new bio-inspired shapes for wave breakers and not to make an exhaustive 271 

study on wave breakers. This geometrical shape is easier to create and to settle on 272 

the seafloor than more complex shapes. Elongated tubes are another wave breaking 273 

shape which is induced by the process of creation of the wave-breaker. They are 274 

Multipurpose Artificial Reefs (MPAR) and are used to generates a surfable wave break 275 

type as well as reducing the swell energy. A geotextile tube is set up, then filled with 276 

sand before being settled down on the seafloor. It is easier and cheaper to install than 277 

concrete, and its shape is more continuous and regular than a rockfill. They could be 278 

damaged by a rupture of the geotextile. This shape has been studied by different 279 

studies with Computational Fluid Dynamics and beach studies (Hedge, 2010; Isebe et 280 

al, 2008). Both shapes have been modelized on the 3DEXPERIENCE Platform with 281 

CatiaR2021X®. 282 

 283 



2.4. Bio-inspired wave breakers 284 

The first inspiration for designing bio-inspired wave breakers was the Torquigener 285 

albomaculosus’ nest. This fish was observed in the Pacific Ocean, near the Japanese 286 

coast (Kawase et al., 2013). Different nests have been found between 10 and 30 287 

meters deep. The 10 cm fish takes less than 10 days to create a circular 2 meters large 288 

shape in the sand. It is composed of two concentric parts (Fig.3 C). The outer ring with 289 

24 to 28 cm high peaks, 12 cm apart from each other. The inner circle is a small 290 

depression with an irregular pattern (Kawase et al., 2017). All the nests have usually 291 

the same outer ring. There is on the outside part a bigger dune and on the inside part 292 

a smaller one. This nest is exposed to currents going between 0.8 and 1.0 m.s-1. The 293 

nest could cause a slowdown of the current because of its particular geometrical 294 

pattern. This current could be broken by the greater ripple and then be uniformed in 295 

the centre of the nest by the smaller one (Kawase et al., 2013; Kawase et al., 2017; 296 

Matsuura., 2015). 297 

The nest has been modelized on the 3DEXPERIENCE Platform with CatiaR2021X®. 298 

2D sketches and multi-section solids were used to create a part of the nest. Then, it 299 

was duplicated 24 times to get a 3D model of the entire nest (Fig.3 C). Following this 300 

step, different types of wave-breaker were modelized. In order to do so, models of 301 

existing shapes as a trapeze and three elongated tubes were done (Fig.3 A, B). 302 

Following this logical path, shapes inspired by the nest were created. Each model 303 

added another characteristic of the nest. The first one (Fig.3 D) was straight and kept 304 

the order of the two ripples; the taller one before. The second one (Fig.3 E) was still 305 

straight but put an angle between every two dunes. The third one (Fig.3 F) added the 306 

circular pattern by being built with quarters of the nest. The fourth one (Fig.3 G) took 307 

larger parts of the nest; it was made with thirds of the nest. The fifth one (Fig.3 H) 308 

continued this logic with halves of the nest. The sixth one (Fig.3 I) took quarters of the 309 

nest but the taller dunes were always facing the sea. From the third to the sixth, wave 310 

breakers had a sinusoidal shape. The last one (Fig.3 J) was the merge of two shapes. 311 

The base was a trapeze-shaped wave-breaker and the top was a straight bio-inspired 312 

shape (Fig.3 D) All these shapes were rescaled to have the same height and the same 313 

length given in table 1. 314 

 315 

Fig.3 (Small column size) 316 



 317 

The second inspiration was the mangroves. Horstman et al. (2014) described 318 

mangroves as an ecosystem located on subtropical tidal coasts. They are composed 319 

of trees and shrubs from distinct species which are exposed to waves and flooding. 320 

They form, with a coral reef generally, a buffer between land and sea, contributing to 321 

wave attenuation (Horstman et al., 2014;  Hong Phuoc and Massel, 2006) and 322 

consequently, helping in coastal stabilization( Anthony, 2004; Van Santen et al., 2007). 323 

Thereby, the question is, can mangrove-inspired wave breakers be effective in 324 

reducing coastal erosion? Mangroves are constituted of varied species of plants that 325 

interact differently with the swell and can be more or less effective to protect the 326 

coastline (Hong Phuoc and Massel, 2006). One of the species with the highest wave 327 

height reduction is the Rhizophora (Fig.4 A) (Phan et al., 2014; Lee et al., 2021). 328 

In order to test the capacity of mangroves to act as wave breakers, 3D models have 329 

been created on the 3DEXPERIENCE Platform with CatiaR2021X. Two main types of 330 

models have been tested, following a symmetric geometry or a chaotic geometry. The 331 

symmetric geometry had three axes separated by an angle of 60° with a radius of 7.78 332 

meters and a height of 3.55 meters. Different roots’ densities have been tested with 3, 333 

5, 8 and 10 vertical roots per axis (respectively Fig.4 E,D,C,B). The chaotic structure 334 

followed a semi-sphere geometry with a radius of 3.71 meters and a height of 3.55 335 

meters (Fig.4 F). The tools used most of the time on CatiaR2021X to create these 336 

models were the extrusion, used to create the principal structure, and the ridge, used 337 

to create the branch attached to the main structure. Each model has been duplicated 338 

to build rows to form wave breakers. There are a 15m distance between each centre 339 

of mangrove so that there are 0.5 m of gap between two shapes. The aim of testing 340 

these shapes is not to study the technical properties of the wave breakers but to reveal 341 

if their interaction with the swell can reduce the energy of the seafloor currents. For the 342 

same reason, the material used to create these shapes is not considered. 343 

 344 

https://www.sciencedirect.com/science/article/pii/S0378383914001574#bb0015
https://www.sciencedirect.com/science/article/pii/S0378383914001574#bb0180


Fig.4 (Small column size) 345 

 346 

2.5 Agents defining erosion  347 

 348 
Hjulström (1935) defined grain size and current velocity as important factors in 349 
sedimentary movement. Subsequently, in the 1970s, sediment transport modelling 350 

was initiated, resulting in the development of several formulae that describe longshore 351 
drift - a critical aspect of sedimentary stock movements - and lead to erosion. These 352 
formulae were proposed by Longuet-Higgins (1970), Komar and Inman (1970), Komar 353 

(1979), and Cerc (1984). 354 

   355 
Whether it is a reflective or diffractive shoreline, as defined by Masselink and Short 356 
(1993), sedimentary transport important factors are: i) morphology (beach barred or 357 
unbarred), ii) slope (beach and nearshore slope), iii) grain size, iv) wave height and 358 

angle and v) currents. With the tidal current’s exception, the currents are derived from 359 
the height and angle of the swell (drift current, swash and backwash current). To limit 360 
erosion, it is necessary to reduce: the wave height and/or the wave angle and/or the 361 
currents.   362 
 363 
The model 's input parameters are: i) granulometry (between 0.10 and 0.20 mm) and 364 
ii) bottom currents defined by Migniot and Lorin study in 1979 (1.4 m/s maximum). The 365 
grain size is not simulated. It is used in this study to interpret simulation results. For a 366 

particle size between 0.10 and 0.20 mm, a current of 1.0 to 5.0 cm/s speed will 367 

transport the particles (suspension, creep and saltation) with a 20 cm/s speed. The 368 

simulations objectives are: i) to observe and understand the interaction between 369 
currents/swells and new forms of bio-inspired wave breakers, and ii) to observe, if 370 
possible, the variations of current speed with the implementation of wave breakers. 371 
The drift current will not be considered in these simulations, nor the wave height due 372 
to computational cells size.  373 

 374 



2.6. Location of the observation points 375 

A simulation with all the characteristics identified above has been created. 56 376 

observation points (or probes) were located as eight lines of seven on the seafloor. 377 

They are fixed points that identify the nearest cell to their locations and write out the 378 

cell values with a certain frequency. For example, in the simulations, each point 379 

recorded the value of the speed every 0.00345 seconds (290 Hz). The four first lines 380 

(points 1 to 28) are placed on a gentle slope from the entrance of the simulation to the 381 

edge of the longshore bar, a submarine dune (Fig.2). The fifth line (point 29 to 35) was 382 

just behind this bar. The sixth one (points 36 to 42) is in the surf zone. Finally, the two 383 

last lines (points 42 to 56) are on the floor of the swash zone (Fig.2).  384 

Then, two situations were studied: at ebb tide and flood tide. These were the control 385 

simulations. Each observation point gave more than 13,000 speed values for each 386 

simulation. Then the simulation was kept the same as were implemented the wave 387 

breakers, one at a time. For every shape, two simulations for both tide were done. In 388 

addition, the Python program was used to compare these simulations with their 389 

controls. With this method, it was possible to characterize the efficiency of the wave-390 

breaker to slow down the current and consequently the swell erosion. 391 

 392 

3. Results 393 

 394 

3.1. Control simulations 395 

The first thing to do was the control simulations. There were two with the average swell 396 

at both tides. When the depth is lower than one and a half time the height of the wave, 397 

the wave collapses. This always happened just before the longshore bar (Fig.2). After 398 

this, the sea seemed smoother but the current was still observed with a maximum 399 

average speed of 1.38 m.s-1 on the seafloor.  This would be enough to move sand 400 

particles easily. The fastest currents seemed to stay at the top of the water. This was 401 

a good thing because waves were already broken by the longshore bar and there was 402 

still particle displacement, which implied positioning the wave breakers upstream of 403 

the bar so that the waves collapsed earlier. 404 

Regarding the seafloor current speeds, at flood tide, the speeds were between 0.55 405 

and 0.45 m.s-1 at the three first points lines. The current accelerated around the 406 

longshore bar with 0.7 m.s-1 on the fourth line and 0.85 m.s-1 on the fifth line. Then, the 407 

seafloor current slowed with a 0.80 m.s-1 speed at the sixth line and a 0.62 m.s-1 speed 408 

at the seventh line. The sea level reached sometimes the eighth line but it registered 409 

an average speed of 0.05 m.s-1. The average speed of all points was 0.52 m.s-1.  410 

At ebb tide, the speed decreased on the first three lines from 0.46 m.s-1 to 0.26 m.s-1. 411 

Then, the current accelerated to reach 0.50 m.s-1 on the fourth line and 0.72 m.s-1 right 412 

behind the longshore bar, on the fifth line. At the sixth line, the maximum seafloor 413 

current speed was reached with 1.38 m.s-1. Then, the speed decreased to 0.76 m.s-1 414 

on the seventh line. The sea level didn’t reach the last line so that the last points didn’t 415 

register any value. The average value for all the points was 0.63 m.s-1. 416 



 417 

3.2. Existing wave breakers 418 

The second step was the simulation of both existing models with the average swell. 419 

The depth of the top of the structure was 1.5m. The wave breakers had a similar 420 

behaviour (Fig.5). At flood tide, there was on the third line of points a slowdown 421 

between -0.4 and -0.35 m.s-2 that kept the speed near 0.0 m.s-1. The negative 422 

acceleration means a mean reduction in the acceleration of the current measured at 423 

the observation points. The fourth observation point line showed the same changes 424 

but with smaller intensity. From probes line n°5 to n°7 (probes 29 to 49 represented in 425 

Fig.5), there were no major changes between the control and the simulations. The last 426 

line showed that the sea level had not reached all the observation points. At ebb tide, 427 

the behaviour of the current was completely different. The biggest slowdown in both 428 

cases was -0.2 m.s-2 and some accelerations were over +0.3 m.s-2 for the elongated 429 

tube and +0.7 m.s-2 for the trapeze. These maximum accelerations were located on 430 

the fifth line, right after the longshore bar. The average change was -0.091 m.s-2 at 431 

flood tide and +0.034 m.s-2 at ebb tide with the trapeze. With the elongated tubes, it is 432 

-0.038 m.s-2 at flood tide and +0.001 m.s-2 at ebb tide. 433 

 434 

Fig.5. (Full page width) 435 

 436 

3.3. Nest-inspired wave breakers 437 

The third step was the simulation of the nest-inspired wave breakers with the average 438 

swell. Both straight wave-breaker created little accelerations (e.g. +0.1 m.s-2) and a 439 

general slowdown at flood tide. These results changed drastically at ebb tide. There 440 

were some accelerations of +0.25 m.s-2 around the third line (just behind the structure) 441 

and around +0.15 m.s-2 next to the fourth and fifth line, around the longshore bar. The 442 

four sinusoidal wave-breaker had different results. They all presented some zones with 443 



accelerations (e.g. +0.4 m.s-2 for the shape with thirds of nest at flood tide) and other 444 

areas with slowdowns (e.g. -0.19 m.s-2 on the same model at ebb tide). The location 445 

of these zones and the values were depending on the shape and the tide. None of 446 

them showed a general slowdown at both tides. The last simulation with the nest shape 447 

was the one with the hybrid wave-breaker (J on Fig.3). It was the only shape that 448 

generated a general acceleration at the fifth and sixth observation point lines, right 449 

behind the longshore bar. The average speed value was 0.56 m.s-1 with the wave-450 

breaker and 0.53 m.s-1 without it. At ebb tide, there were still consequent acceleration 451 

zones (e.g. +0.5 m.s-2) but no more important slowdown areas (Fig.6). The average 452 

speed (0.66 m.s-1) was superior to the control average value (0.63 m.s-1). To sum up, 453 

no model, with these parameters, generated a global slowdown of the current on the 454 

seafloor.  455 

 456 

Fig.6. (Full page width)  457 

 458 

3.4. Mangrove-inspired wave breakers 459 

The fourth step was the simulation of the mangrove-inspired wave breakers with an 460 

average swell. On the first hand, simulations with two rows of a symmetrical model 461 

have been done (Fig.4 B). At flood tide, only four observation points showed an 462 

acceleration over +0.1 m.s-2. They were all on the sides of the second and third points 463 

lines, just next to the structure. Seven points showed a slowing of -0.5 m.s-2. The 464 

average seafloor speed changed from 0.53 m.s-1 in the control to 0.44 m.s-1 in this 465 

case. At ebb tide, the maximal acceleration was around +0.2 m.s-2 at point 32, just 466 

behind the longshore bar. 42 points showed a slowdown and the average speed 467 

changed from 0.63 m.s-1 in the control to 0.55 m.s-1. 468 

On the second hand, simulations with two rows of a chaotical model have been done. 469 

At flood tide, the first four observation points lines showed an acceleration. Five points 470 



had a change over +0.1 m.s-2 and two were over +0.2 m.s-2. The four last lines put in 471 

evidence a slowdown that reached -0.54 m.s-2 at the seventh line. The average 472 

seafloor speed changed from 0.53 m.s-1 in the control to 0.42 m.s-1 in this case. At ebb 473 

tide, only the seven points of the fifth line were showing an acceleration. This maximum 474 

value was at +0.08 m.s-2 and the biggest slowdown was at -0.73 m.s-2 at point 37, on 475 

the sixth line. The average speed changed from 0.63 m.s-1 in the control to 0.44 m.s-1. 476 

 477 

Then, several roots’ densities have been tried to determine if there was a link between 478 

density and efficiency. At flood tide, the simulation with two vertical roots per axis 479 

showed accelerations at the centre of each observation point line. The average speed 480 

was higher than the control simulation with a value of 0.58 m.s-1. The other simulations, 481 

with four, eight and ten roots per axis, showed more or less the same behaviour. The 482 

first four lines showed an acceleration. Two points had a change over +0.1 m.s-2 and 483 

were at +0.2 m.s-2. The three following lines put in evidence a slowdown that reached 484 

-0.50 m.s-2 at the seventh line. The eighth line showed an acceleration between +0.1 485 

and +0.0 m.s-2. The average speed was at 0.53 m.s-1 in the control and 0.44 m.s-1 in 486 

all the simulations.  487 

At ebb tide, on the one hand, the behaviour was the same with 2, 8 or 10 roots per 488 

axis. The average speed was around 0.55 m.s-1 with a control at 0.63 m.s-1. There 489 

were less than ten observation points that showed a non-zero acceleration with only 490 

five observation points over +0.1 m.s-2. Only the fifth observation line, just behind the 491 

longshore bar put in evidence a general acceleration. The other points registered a 492 

slowdown between -0.05 and -0.31 m.s-2. On the other hand, with 4 roots on each axis, 493 

the behaviour was completely different. There were only two points with accelerations 494 

of 0.11 and 0.08 m.s-2. Moreover, the sixth line showed a slowdown around -1.3 m.s-2 495 

(Fig.10 B). The average speed was around 0.22 m.s-1. One important thing was that 496 

the maximum speed was at 0.38 m.s-1 when it was 1.4 m.s-1 in the control (Fig.7 B). 497 

 498 

Fig.7. (Full page width) 499 



 500 

For the fifth step, different numbers of consecutive lines of the chaotical model have 501 

been tested to determine if there was a link between this parameter and the efficiency 502 

of the wave breaker. Each line’s centre was about 15 m apart, which resulted in a gap 503 

between lines of 0.5 m. This is a gap similar to the one between each mangrove in the 504 

line. At flood tide, the general behaviour was the same but the values were changing 505 

depending on the number of lines. There were a few accelerations over + 0.1 m.s-1 and 506 

one over +0.2 m.s-2 at point 14. On the fifth line of points, the only simulation to show 507 

an acceleration was the one with three rows of mangroves. The simulation with two 508 

rows registered the lowest or second-lowest seafloor current speed at every point 509 

except at points 14, 23, 53 and 55. The average speed was at 0.44 m.s-1 with one row, 510 

at 0.43 m.s-1 with two rows and 0.49 m.s-1 with three rows (Fig.8 A).     511 

At ebb tide, the general behaviour was still the same between the three simulations 512 

but the values were changing depending on the number of rows. Only a few points 513 

registered an acceleration but on the fifth line of observation points, there was an 514 

acceleration that could go up to + 0.2 m.s-1 when there were three mangroves’ rows. 515 

In general, the average seafloor current speed with two rows of mangroves was the 516 

lowest. The only exception was between points 42 and 48, where the lowest value was 517 

in the one-row case. The average speed was at 0.63 m.s-1 in the control, at 0.51 m.s-1 518 

with one row, at 0.44 m.s-1 with two rows and at 0.58 m.s-1 with three rows (Fig.8 B).     519 

 520 

Fig.8. (Full page width) 521 



 522 

Finally, different current orientations were tested on the most efficient mangrove-523 

inspired wave breakers. The goal is to observe if different current orientations will 524 

change the impact of the wave breakers on erosion. For this purpose four different 525 

orientations were tested for the flood tide. An angle of 30, 45, 60 and 75 degrees to 526 

the normal flow was chosen. A control simulation was run for each of these angles to 527 

compare the results. The average velocity of the control simulation and the breaker 528 

simulation is shown in Table 2 529 

 530 

Table 2 531 

Flow angle 75° 60° 45° 30° 0 

Simulation  Control 
Wave-

Breakers 
Control 

Wave-
Breakers 

Control 
Wave-

Breakers 
Control 

Wave-
Breakers 

Control 
Wave-

Breakers 

Mean 
Velocity  
(m.s-1) 

0,83 0,74 1,05 0,94 0,58 0,56 0,57 0,54 0,52 0,43 

 532 

The simulations performed with an angle will result in an increase of the water velocity 533 

at the ground level. The behaviour of the water deceleration is different for the 534 

simulation with orthogonal current than for the simulations with an angle of current. But 535 

this behaviour is similar between the different simulations with a current angle. The 536 

majority of the deceleration is located on the third line (Fig.9), ranging from a 537 

deceleration of 1.8 m.s-1 for the 60° simulation to 0.55 m.s-1 for the 30° simulation. 538 

From the 4th to the 5th line an increase of the speed oscillates between 0 and 0.4 m.s-539 
1. For the current at 45° a decrease in velocity from 0.24 to 0.13 m.s-1 for the 6th and 540 

7th line appeared. Whereas the simulation at 75° leads to an increase in velocity from 541 

0.35 to 0.25 m.s-1 542 



Fig.9. (Full page width) 543 

 544 

3.5 Validation of numerical simulations 545 

 546 

The experimental data needed to validate the simulations was found in the scientific 547 

literature. The results of the control simulations and simulation with existing wave 548 

breakers have been compared with experimental data. If it validated the first 549 

simulations, it would make the other simulations with new types of submerged wave 550 

breakers more credible. 551 

Firstly, the results of the control simulations have been compared to check the validity 552 

of the interaction between the beach and the wave function. The main criteria to 553 

compare natural waves and simulated waves were the breaking phase and location. 554 

According to Larson and Kraus (1992), the waves breaking zone is located around the 555 

longshore bar when there is one. Migniot and Lorin (1979) explain this with the fact 556 

that the waves tend to collapse when the water depth is smaller than 1.5 times the 557 

wave crest height. This behavior was present in the simulations. The waves collapsed 558 

just before the longshore bar (Fig. 2). At this location, the slope made the depth lower 559 

than 3 meters and the wave crests were 2 meters high. It was natural that waves broke 560 

at this location. 561 

Secondly, the interaction between the fluid and existing wave breakers has been 562 

compared with experimental data. The first point that was common in most papers is 563 

that the wave-breaker slows the current right behind it (Balouin et al., 2016; Boulet et 564 

al., 2018; Rasidah et al., 2010;  Williams et al., 2018). At flood tide, this behavior was 565 

observed with both existing wave breakers (Fig. 5A) (points 16-19 and points 23-26). 566 

The slowdown was maximum just behind the center of the structure (points 16-19). 567 

According to Balouin et al. (2016), the submerged wave-breaker protects the coastline 568 

behind it but tends to parallelize the shoreline to the structure by eroding the changes 569 



in the shoreline direction. Balouin et al. (2016) explain it by a change in the seafloor 570 

currents directions that are deflected by the structure. Rasidah et al. (2010) have 571 

noticed the settling of turbulences on the edges of the structure that could be due to 572 

the diffraction of the waves’ energy. In the simulations, the observation of the velocity 573 

vectors showed that the current was deflected from the centre of the structure to its 574 

edges and then to the coast. This caused turbulences on the edges that could have 575 

been interpreted as side effects if it was not present in experimental data. In addition 576 

to the direction of the velocity vectors, this effect was seen in the values of these 577 

vectors at both tides (Fig. 5A,B) (Points 8, 14, 15 and 21). Because of the experimental 578 

validation of the control simulations and the one with existing submerged wave 579 

breakers, the results of the other simulations could be considered as first results on 580 

the use of bio-inspired submerged wave breakers.  581 

4. Discussion 582 

 583 

4.1 Existing wave breakers  584 

This study aimed to find a solution to one of the main problems of wave-breaker: the 585 

increasing erosion of non-protected areas. When a structure is settled, it protects some 586 

areas by decreasing waves energy and slowing the current on the seafloor but it 587 

reflects some of the swell energy. This reflection increases the current at another place 588 

and that will enhance the erosion in most cases (Williams et al., 2018). This reflection 589 

was present in the simulation. The speed vectors were changing direction when they 590 

had a contact with the wave-breaker and there were accelerations on the sides of the 591 

structure (EMODnet., 2020). The followed method allows verifying the risk of eroding 592 

non-protected zones by comparing the speed of seafloor currents with and without a 593 

wave-breaker at different places. If a structure caused a general slowdown in current 594 

around and after it, it means that the energy was dissipated and not reflected which 595 

would not increase the erosion in the non-protected areas. On the other hand, if a 596 

model generated accelerations in some zones, it would increase the erosion in these 597 

places and consequently cause a destabilization of the sediment dynamics. 598 

The existing models were slowing the current at flood tide, and thus were decreasing 599 

the erosion. There were some little accelerations at some observation points but 600 

nothing that would risk causing some major changes. At ebb tide, however, the 601 

accelerations areas (+0.3 or +0.7 m.s-2) were destabilizing the sedimentary cell. These 602 

accelerations would cause the increase of erosion in several areas and this could 603 

change the morphology of the beach. For example, the huge acceleration just behind 604 

the longshore bar could move faster this structure in the medium or long term. Even if 605 

this bar was considered as fixed because of the 45 seconds duration of the simulation, 606 

it is important to understand that this structure is moving naturally with the tides and 607 

the swell. These results went in the direction of previous studies which claimed that 608 

building offshore structures as wave-breaker increase the erosion of some areas. 609 

 610 

4.2 Nest-inspired wave breakers  611 



The nest-inspired wave breakers had diverse behaviour and could cause a slowdown 612 

of the seafloor current in some areas, depending on the tide. However, every model 613 

was causing accelerations in some areas and the average slowdown was not 614 

consequent. These accelerations could go up to +0.5 m.s-2. This value, compared to 615 

the size of sand particles using the Hjulström diagram (Hjulström, 1935), was very high 616 

and even with a base value of 0.0 m.s-1, the acceleration would be enough to erode 617 

and move sand particles. No model had shown a general slowdown at the ebb and 618 

flood tide. Finally, these really large structures (285 m long) were not causing an 619 

average slowdown that would be relevant to a use in real conditions. For these 620 

reasons, none of the nest-inspired models tested seemed to be a solution to manage 621 

the general coastal setback. 622 

 623 

4.3 Mangrove-inspired wave breakers  624 

The mangrove-inspired immerged wave breakers had diverse behaviours but they 625 

seemed way more interesting than the nest-inspired ones.  They all showed a general 626 

slowing that went up to -0.40 m.s-2 at ebb tide. Above all, these models presented no 627 

zones with important accelerations. At flood tides, there had been some small 628 

accelerations (less than +0.2 m.s-2) between lines one and five. A general slowdown 629 

of the seafloor current meant decreasing erosion and increasing sedimentation. 630 

Therefore, these results could show a solution to the swelling erosion.  631 

To estimate how efficient mangrove-inspired wave breakers could be,  two parameters 632 

were were considered :the number of rows and the density of roots (Fig.7 and Fig.8). 633 

Setting up two lines of artificial mangroves seemed to be the best solution (Fig.8) 634 

because it caused the most important slow down at both tides for most of the 635 

observation points. Two consecutive rows would cause the most important decrease 636 

to the swell erosion and could slow coastal setback in the Bay of Biscay. Changing the 637 

number of vertical roots had not caused an important change at flood tide but at ebb 638 

tide, with the four-roots-per-axis model, the seafloor current speed was always under 639 

0.4 m.s-1 (Fig.10). Because this model didn’t seem to create accelerations zones 640 

around the structure and generate a global seafloor current slowdown, it could be the 641 

most efficient to answer the problem of coastal setback. 642 

By dissipating the energy of the wave, the impact on coastal sediments should be 643 

decreased in a meaningful proportion, decreasing the general coastal erosion. The 644 

efficiency of vegetation in dissipating wave energy, especially in mangrove settings, 645 

was established by numerous studies (Dalrymple et al., 1984). More recently, Zhang 646 

et al. (2020) applied Dalrymple’s model to estimate how the wave attenuation was 647 

changing depending on the mangrove’s structure. Overall a decrease in wave height 648 

is observed in any case of mangrove situation, which is corroborated by other studies 649 

(Phan et al., 2014). Most of those studies (Mendez et al. , 2004) occur in a study area 650 

that is similar to the conditions of our study: fine sediments, depth below 10m, and 651 

similar wave speed. However, it is important to wonder if some scale effects can also 652 

be at play and impact sediment erosion around the wave breaker. It is important to be 653 

aware of the turbulence that could be generated by the roots-like structure at a smallest 654 

scale than the experimental scale used in the study. Recent papers on sediment 655 



transport in vegetated channels show that, especially in mangrove-like areas, local 656 

turbulence can be generated by the presence of roots study (Yang  and Heidi, 2018). 657 

These turbulences could create local vortex, able to lift up particles and affect the 658 

bedload. This effect should be considered for former experimentations in this particular 659 

setting. Other recent studies tend to induce that erosion in sand environments in 660 

mangrove forests should consider near-bed turbulent energy instead of general 661 

velocity (Norris et al., 2021). All those physical mechanisms should be considered 662 

when studying the impact of mangrove-like wave breakers and before 663 

implementation.   664 

Fig.10. (Full page width)  665 

 666 

4.4 Efficiency comparison 667 

In order to compare the efficiency of the models, the average speeds of all simulations 668 

have been placed in the Hjulström-Sundborg diagram. The average particle size in the 669 

Bay of Biscay is 0.15 mm. This means that even if the size of the particles changes 670 

along the coastline and along the profile of the beach, this size helps to understand the 671 

general behaviour of the particles. All the points, no matter the tide or the model used, 672 

were placed in the green circle (Fig.11 A). The only point that was out of it is the 673 

average speed of the four-roots-per-axis mangrove at ebb tide (Fig.11 B). Even if the 674 

seafloor current speed could be divided by three (0.63 to 0.23 m.s-1), all the values 675 

were really close on the diagram because of the logarithmic scale. 676 

 677 
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 679 

The value of a speed vector with two dimensions was calculated to combine results at 680 

both tides to class the efficiency of the wave breakers. The vector’s coordinates were 681 

the average speed at flood tide and the average speed at ebb tide. The length of this 682 

vector has been calculated with the following equation (Eq. 5). The lower the average 683 

speed is, the better because it means a more important decrease in the swell erosion. 684 

On the one hand, this method is interesting because even if a wave-breaker creates 685 

an important slowdown at one tide, it will need to be performant at both tides to get the 686 

lowest average speed possible. On the other hand, if it allows estimating the efficiency 687 

of the model, this parameter doesn’t give data about the increasing erosion of non-688 

protected areas. 689 

 690 

Eq.5:  AS = ((ASFT)2+(ASET)2)1/2  691 

 692 

With AS the average speed, ASFT the average speed at flood tide, and ASET the 693 

average speed at ebb tide. The three parameters are in m.s-1.  694 

When the average speed for all the wave breakers was compared on a graph (Fig.12), 695 

it was very clear that the hybrid bio-wave-breaker is counter-productive and that the 696 

best set-up was two rows of the 4-roots-per-axis mangroves that had an average speed 697 

of 0.49 m.s-1. The control value was 0.82 m.s-1. Because of this and of the fact that this 698 

model didn’t create important accelerations at any observation points, this set-up 699 



seemed to be the optimum one. Furthermore, it showed that the nest-inspired wave 700 

breakers didn’t reduce a lot the average speed in addition to increasing the erosion in 701 

some non-protected areas. 702 

   703 

Fig.12 (small column size) 704 

 705 

It could have been interesting to compare these seafloor current speed results with the 706 

height of waves when they break down and the distance to the wave-breaker. 707 

Collecting these values was not possible because of the meshing size in the simulation. 708 

The computer was able to calculate all the fluids values in every mesh, but it couldn’t 709 

give The a wave picture we could measure precisely. Doing smaller simulations with a 710 

smaller meshing size could be a prospect of a future study.  711 

  712 

4.5 Limits and prospects 713 

 714 

It is important to notice that all these results were given by numerical simulations so 715 

there are a few limits to consider. Firstly, the mesh was 1 m large in all the simulations 716 

and 0.25 m large around the wave breakers. The results could have been different with 717 

a smaller meshing size. It was not possible to use a smaller one because the software 718 

would not have been able to generate the Lattice domain. Then, the length of the 719 

simulations was 45 seconds and they took between 10 and 19 hours to be computed. 720 



To study a global phenomenon such as erosion, definitive results couldn’t be 721 

calculated and given without an experiment lasting several days. 722 

Finally, the stability parameter was not optimum. This parameter in a numerical 723 

simulation depends on three conditions. If one is not satisfied somewhere in the 724 

generated domain, the parameter will reach 1.00 and higher. In the simulations, it was 725 

most of the time under 0.06 but sometimes, reach 0.2. The most important in a 726 

numerical simulation is to keep it between 0 and 1 but the lower this value is, the better. 727 

Simulations’ results need to be converging and to be verified experimentally to be 728 

completely correct. The convergence is given by the software used (Xflow®2020). The 729 

validation criteria was validated with the comparing of simulation results and 730 

experimental results found in the scientific literature. The next step will be to validate 731 

the results with test bench experiments. Another step could be to model a particular 732 

georeferenced beach with details and to make simulations with precise swell and tide 733 

data to obtain results about the possibility of the implementation of those strucures in 734 

the reality. 735 

Other prospects could be to use these bio-wave-breaker shapes in other software to 736 

study the sedimentary outflow, to make larger-scale simulations with more than one 737 

wave-breaker. It could be to make smaller and precise simulations to study the 738 

behaviour of the current when it passes through a mangrove-shaped element, to make 739 

simulations with a more complex beach shape. Another prospect could be to take one 740 

particular beach, to modelize it with details in 3D and to run simulations with precise 741 

swell data to obtain results about a specific case. It has also been shown by many 742 

authors that it is possible to use artificial reefs as wave breakers and to use wave 743 

breakers as artificial reefs. However, in order to make artificial reefs specific materials 744 

need to be used (Frihy et al., 2004; Düzbastılar. F. O. and Şentürk. U., 2009.; 745 

Murakami  and Maki, 2011). This article does not consider the material composition of 746 

the wave breaker, therefore, the possibility of making artificial reef has not been 747 

studied.  748 

5. Conclusions 749 

 750 

This paper aims to suggest bio-inspired wave breakers as a proof of concept in order 751 

to reduce coastal setback and discuss about risks and opportunities of biomimicry 752 

solutions. Biomimicry isn’t a goal in itself but rather a potential solution for modern 753 

problems, keeping in mind that all imitations are not useful. The results have shown 754 

the problems generated by existing models and especially the increasing erosion in 755 

the non-protected areas. The Torquigener nest’s imitation was a promising idea but 756 

simulations have shown that these wave-breaker shapes accelerated the current in 757 

some areas. These results are not definitive and will need to be confirmed, but this 758 

idea doesn’t seem to bring a solution to the issue of the increasing erosion of the non-759 

protected areas. 760 

On the other side, the imitation of the mangroves showed interesting results. Both 761 

chaotical and symmetrical shapes caused an important general slowdown at ebb tide 762 

and an average slowdown at flood tide. The best set-up was two lines of a symmetrical 763 



model with four vertical roots by axis. This set-up could be perfected with a generative 764 

design study and experimental data with a bench test to confirm simulations’ results. It 765 

would be interesting to make an economical study to see if the implementation of this 766 

type of bio-wave breakers could be possible to solve the problem of coastal setback.  767 

This paper built upon the idea that nature could give inspirations to solve natural 768 

problems. Even so, all the inspirations found in nature are not a way to deal with these 769 

problems. This study was set up in a mesotidal area. These results have been 770 

generated with general parameters that could feat with the Bay of Biscay in France. It 771 

could be different in the case of a precise location with detailed data. Furthermore, only 772 

the swash and the backwash have been studied. Drift currents have not been 773 

considered and could change the potential efficiency of these bio-wave breakers. 774 
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Blue: average acceleration when the wave-breaker is used 1081 

A. Results at flood tide  1082 

B. Results at ebb tide 1083 

Fig.11. Simulations’ average speed in a Hjulström-Sundborg diagram (Earle, 2015; 1084 

Hjulström, 1935) 1085 

 A: All the simulations except one 1086 

 B: Simulation at ebb tide of a 4-roots-per-axis mangroves wave-breaker 1087 

Fig.12. Average speed per wave-breaker 1088 

Green: under 0.65 m.s-1  1089 

Yellow: between 0.66 and 0.75 m.s-1 1090 

Orange: between 0.76 and 0.85 m.s-1 1091 

Red: over 0.86 m.s-1 1092 


