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Abstract 

Coastal erosion has become a pressing problem all over the 

world, especially in areas where the hinterland is only slightly 

elevated over the sea level. The ongoing progression reveals the 

urging need for coastal protection strategies, in which breakwaters 

are among the possible protection measures. Within the 

development process of a detached breakwater to face coastal 

erosion in the Mekong Delta, different concepts of Curtain Wall 

Breakwater (CWB) configurations have been investigated. Several 

characteristics of CWB structures such as the inclination with 

respect to vertical direction, the thickness of the wall, the height of 

the structures, the rate of submergence and emergence, etc. were 

examined for different water depths and wave parameters. The 

wave-structure interaction was analyzed using FLOW3D software, 

a computational fluid dynamic (CFD) platform based on Finite 

Volume Method (FVM) to solve the governing equations of fluid 

motion. Numerical simulations showed a high agreement in wave 

transmission coefficients with experimental results with the 

correlation R2 of 0.89 to 0.93, respectively. Afterwards, wave 

transmission through different CWB configurations were 

investigated. The results illustrated a continuous reduction of the 

wave transmission coefficient with increasing inclination from 90° 

to 135°, whilst the orientation of the inclination (e.g. 60° vs 120°) 

only showed a minor effect regarding the wave reduction. All CWB 

arrangements showed increasing performance with decreasing 

wave periods. Besides, the wave transmission was mainly impacted 

by the level of submergence together with the amount of supporting 

piers and the thickness of the structures. Water depth changes due 

to tidal influence revealed an increase in wave transmission 

coefficient once the wave started to overtop the structure.
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1 Introduction 

Coastal regions offer versatile cultural and ecosystem services leading to a huge share of the world population living 

within 100km towards the coast (United Nations 2017). 267 million people live in areas which are located only 2m above 

the mean sea level with a large proportion of them residing in delta regions such as the Amazon, Ganges-Brahmaputra-

Meghna or the Mekong Delta (Hooijer and Vernimmen 2021). This leads to a high vulnerability to seaborne natural 

disaster and sea level rise, which are mostly connected to the challenges of climate change. Climate change thereby affects 

the frequency and intensity of storms, increases the global surface temperatures, and sea level rise (Pörtner et al. 2022). 

As a direct consequence, coastal erosion can be attributed to climate change induced sea level rise (Masselink et al. 2020; 

Leatherman et al. 2000) and more intense storms leading to an increase in wave energy. Climate change is therefore one 

of the most serious impacts being faced by coastal systems worldwide. 

To reduce or stop land loss driven by coastal erosion, the wave energy needs to be dissipated before reaching the 

shore. In many tropical and subtropical areas, natural mangrove belts formerly stabilized the coastline, prevented erosion, 

and protected the land from waves and storms. However, a global loss of mangroves has been reported within the last 

decades which has been attributed primarily to human activity (Goldberg et al. 2020). Especially areas in Southeast Asia 

such as Myanmar, Malaysia, Cambodia, and Vietnam are heavily impacted by deforestation (Besset et al. 2019; Hamilton 

and Casey 2016). Against the background of eroding coasts and the loss of natural protection systems, rapid action is 

required in many areas, where coastal protection constructions such as breakwater systems, revetments or dykes serve as 

an engineering measure. However, such structures often imply a massive intervention in the coastal ecosystems and 

therefore impede a further natural development. As there is often no need for a complete wave energy dissipation, 

detached solutions with porous breakwater systems would allow hydraulic connectivity and sediment exchange to 

maintain the ecological connectivity and habitat conditions as well. Curtain wall breakwater types (CWB) have been 

identified as one possible solution. 

While the intentional usage of partially submerged curtain walls is the removal of flotsam from the water surface, they 

are often used to protect the intake structures of power plants or sewage treatment facilities. However, they also have the 

potential for dissipation of wave energy (Suh et al. 2006; Rageh and Koraim 2010; Suh et al. 2011; Alsaydalani et al. 

2017). Especially in situations, where i) a partial protection of the coast e.g. in terms of wave reduction is needed, ii) the 

hydraulic connectivity of the protected area needs to be maintained, or iii) the sediment deposition for land reclamation 

is to be enhanced, they might be of advantage. Due to the slender design of CWB, they are assumed to offer an 

economically interesting alternative in comparison to massive breakwater constructions (Frese et al. 2012). Besides, due 

to their pillar-based foundation, their application is considered favorable especially under soft-soil conditions (Franco 

1994; Bloxam et al. 2003; Atkins 2019). 

Considering the wide range of possible setups and configurations regarding the curtain submergence and emergence, 

its thickness, and the pile arrangement for foundations, unsurprisingly a lot of different geometric and functional concepts 

can be found in the literature, namely pile-supported skirt breakwaters/bars (Laju et al. 2011; Koraim 2014), vertical 

(slotted) wall breakwaters/barriers (Ursell 1947; Isaacson et al. 1998;), wave screen breakwaters (Atkins 2019), 

submerged (inclined) plates (Parsons and Martin 1992; Yagci et al. 2014; Cho and Kim 2008), or curtainwall(-pile) 

breakwaters (Subekti et al. 2019; Ajiwibowo 2018; Lee et al. 2009; Zhu et al. 2015; Nejadkazem and Mostafa Gharabaghi 

2013; Liu and Li 2011; Suh et al. 2007). All of these refer to a breakwater which is founded on piles featuring a partially 

submerged and emerged wall, leaving a gap between the seafloor and the lower edge of the wall. In the following, all 

these concepts are referred to as CWBs. 

A main aspect of many studies is the investigation of the wave transmission through the CWB under different 

hydraulic and geometric conditions (Suh et al. 2007; Subekti and Shulhany 2021; Alsaydalani et al. 2017; Zhu et al. 2015; 

Ji and Suh 2010). Various studies focused on the effects of breakwater porosity or the blocked share of the cross section 

e.g. in terms of adding or arranging piers inside the gap below the breakwater wall (Suh et al. 2005, Suh et al 2007, 

Elsheik et el. 2022) or varying the curtain draft (Koraim et al 2014b, Shao 2005). In general, reducing the hydraulic active 

cross section thereby leads to a reduced wave transmission (Rageh and Koraim 2010; Subekti et al. 2019). The 

arrangement and staggering of different numbers of curtains was found to be a relevant factor for the CWB efficiency 

indicating a stepwise reduction of the wave transmission with increasing number of consecutively arranged curtains 

(Isaacson et al. 1999; Isaacson et al. 1998). In terms of wave characteristics, the decrease in wave transmission with 
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increasing wave numbers (kh) was observed (Isaacson et al. 1998; Liu and Li 2011; Ajiwibowo 2018; Alsaydalani et al. 

2017). Besides, a better performance of CWB was seen in the context of  steep waves (Subekti and Shulhany 2021; 

Subekti et al. 2019; Ajiwibowo 2018; Elsheikh et al. 2022). In addition, some research was also done regarding inclined 

curtain walls, Yagci et al. (2014); Acanal et al. (2013) investigated inclined curtain walls for shallow inclined plated 0° 

to 15°. Within the experiments, the inclination between 0° to 15° did not reveal a significant impact to the transmission 

coefficient, however best wave attenuation could be attributed to the combination of the largest inclination with the largest 

submergence. Besides, Rao et al. (2009) performed experiments on changing inclined plate breakwaters under fully 

submerged conditions. They found the inclination of 60° to act most effective for the entire range of applied wave 

parameters while the orientation of the inclinations seemed of minor relevance. 

The mentioned studies above show a good potential of CWBs in wave damping capacity, only limited information of 

CWBs in practical applications is available. One example has been reported from Malaysia, where the ferry terminal of 

Tawau was protected by a partial depth wave screen. The CWB there was chosen based on the need for a detached 

installation under soft soil conditions, and a wave height reduction of 50% was considered sufficient to protect the behind 

ferry port (Atkins 2019). Another CWB was constructed to protect the marina of Laboe (Germany). As ship-induced 

waves were not damped sufficiently by the CWB which was originally dimensioned for the wind waves, as a 

countermeasure, the bottom gap was later closed by sheet pile walls (Frese et al. 2012). The protection of the Raffles 

Marina in Singapore was realized by installing a vertical slotted wave screen. Due to the soft seabed, a pile foundation 

was favored here against conventional breakwater types (Bloxam et al. 2003). A vertical breakwater was installed in the 

early 70s at Manfredonia port (Italy) to protect the harbor. The pillar-based installation with a curtain over the water depth 

was mainly driven by soft soil conditions (Franco 1994). 

All cited theoretical and experimental studies in this section already feature a wide range of results and therefore 

provide a good database for further considerations of the CWB as a potential coastal protection measure. However, their 

results are often limited to their specific investigated conditions and can not easily be transferred as a general approach 

to a specific study area, e.g. the Mekong Delta (MD). Especially, the effects of overtopping under tidal variations and the 

evaluation of inclined walls compared to a vertial wall are not comprehensively investigated. 

The main aim of this study is to investigate wave transmission through different CWB geometries under various 

hydraulic conditions relevant for the MD and similar coasts. After validation of the numerical approach with physical 

modeling results, the wave-structure interaction was systematically examined in numerical platform including the effects 

of the curtain inclination, the thickness of the wall, the supporting piers, the submergence rate, and the influence of wave 

overtopping for different tidal ranges are considered. This study comprehensively demonstrates the influence of CWB 

configurations on the wave damping efficiency and therefore provides additional findings to this subject area. 

2 An overview of the coastal protection works in the Mekong 

Delta 

Being one of the most important areas for agricultural and aquaculture production of Vietnam and for the world market 

(Vu et al. 2022; Nguyen et al. 2022), the MD has been increasingly affected by coastal erosion and land subsidence 

(Minderhoud et al. 2018; Kim et al. 2021) within the last decade as a result of sediment misbalance and groundwater 

over-abstraction (Anthony et al. 2015). Besides, it has faced serious challenges in the recent years due to flooding (Tran 

et al. 2021; Vu et al. 2016; Vu 2019), drought (Nguyen et al. 2021), salinity intrusion (Park et al. 2021), and the impact 

of hydropower dams on the upstream Mekong River (Hecht et al. 2019). The development of hydropower dams has 

reduced discharge and discharge variations (Dung et al. 2021) and sediment transport from the upstream Mekong River 

into the sea decreases dramatically (Le et al. 2019). Furthermore, large-scale sand mining along the main rivers of the 

MD has caused morphological changes and riverbank erosion in recent years (Jordan et al. 2019; Gruel et al. 2021). 

Climate change induced sea level rise adds some additional pressure on the MD (Minderhoud et al. 2019) due to its low 

elevation ranging mostly below 2.0 m a.m.s.l (Vu et al. 2014). As a result, coastal erosion and mangrove belt degradation 

have occurred severely along the coastal strip (Le et al. 2021). While mangroves feature an important role in the natural 

protection of the coastline (Marchesiello et al. 2019; Besset et al. 2019), it becomes obvious that the ongoing mangrove 

squeeze (Phan et al. 2015) leads to an urgent demand for engineering solutions such as breakwaters.  
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A range of hard and soft measures (Figure A1 in the Appendix) have been built along the coastline of the MD to 

prevent coastal erosion and enable mangrove restoration (Minh et al. 2020; Albers and Stolzenwald 2014; Albers et al. 

2013). Several hard measures, i.e., porous breakwaters, pile-rock breakwaters, and semi-circular ones, have been built 

within the last decade (Le et al. 2020; Luom et al. 2021). Some of them seem to work effectively in wave damping and 

enrich sediment deposition, nevertheless, others failed due to the soft soil condition and missing foundation concepts 

(DARD Camau 2021). In addition, the construction of the hard structures requests a huge amount of building materials 

which are not available in the region. Soft measures with low construction costs and simple installation such as bamboo 

and melaleuca fences or geo-tube breakwaters have also been tested in the MD (Dao et al. 2021; Tuan and Luan 2020; 

Chu et al. 2015; Albers and Stolzenwald 2014). However, the bamboo fences have a short lifespan of only 1–2 years 

under wave conditions (Le et al. 2021), while the geo-tube breakwaters are vulnerable to sharp shells and physical 

collisions that might cause damage or deformation (Nugroho et al. 2021; Shin et al. 2019). Figure 1 illustrates some failure 

examples of breakwaters in the MD including a soft measure (T-fence bamboo) and hard measures (pile concrete wall, 

vertical and horizontal hollow breakwaters). 

 

Figure 1: Some failure examples of breakwater in the MD (Source: images were provided by Ca Mau DARD). 

Our study was conducted within the framework of the ViWaT Engineering project sponsored by the Federal Ministry 

of Education and Research (BMBF, Germany), which overall intends to develop an innovative breakwater concept to 

counteract the coastal erosion in the MD (Figure 2). In this context, considering the relevant onsite aspects e.g. the local 

wave heights, tidal variations, soft soil condition, etc., piers-based concepts like a CWB might become a suitable solution 

in terms of stability and minor demand of construction materials for the eroding coastline there. 

 

Figure 2: a) Generalized concept of a curtain wall breakwater; b) Concept of breakwater implementation, sediment 

deposition, and mangrove replantation for the MD. 

3 Methodology 

3.1 Wave-structure interaction 

The wave interaction with breakwaters can be generally described by three factors, i.e., the wave transmission 

coefficient (Kt), the reflection coefficient (Kr), and the dissipation coefficient (Kd). 



 Vu et al.  

Journal of Coastal and Hydraulic Structures Vol. 2, 2022, paper 19 5 of 30 

The transmission coefficient (𝐾𝑡) is the most dominant indicator to assess the effectiveness of breakwaters. It enables 

to calculate the wave characteristics behind the structures and therefore is used to evaluate the performance of 

breakwaters. Waves hitting a structure are partly reflected, which leads to an interaction of the incident and reflected 

waves on the seaside of the structure. The reflection coefficient (𝐾𝑟) is used to define the reflected wave with respect to 

the incident wave. The dissipation coefficient (𝐾𝑑) is used to describe the proportion of wave energy dissipated by the 

breakwater. This cannot be measured and instead is a derived value based on the transmission and reflection coefficients. 

Refering to Le et al. (2021); Dao et al. (2021), the dissipation coefficient (𝐾𝑑) can be calculated following Equation 1: 

2 2 2 1t r dK K K+ + =          (1) 

where the transmission and reflection coefficients are defined as: 

t
t

i

H
K

H
=                 (2)

r
r

i

H
K

H
=                         (3) 

and Hi, Hr, Ht correspond to the incident, reflected, and transmitted wave heights. 

In this study, WaveLab software developed by Aalborg University, Denmark (Aau, 2022) was used to analyse the 

wave parameters of physical and numerical tests. 

3.2 Physical modeling 

A wave flume at the Theodor-Rehbock Laboratory (TRL) of the Institute for Water and River Basin Management at 

Karlsruhe Institute of Technology (KIT-IWG) was used to perform the experiments for validation of the results from the 

numerical study. The wave flume is 22 m in length (effective length), 0.6 m in width, and 0.6 m in height. The flume was 

manufactured with glasses on the sides and a smooth concrete surface at the bottom with the Manning’s roughness 

coefficient of 0.01 to 0.013, respectively to minimize the friction and roughness of the sides and flume bed. Wave 

absorbing layers are installed to minimize reflection from both ends of the flume. Absorbing layers are sharp-edged and 

smooth stones / rocks with different sizes (0.2 cm, 0.5 cm, 1 cm, 2 cm, 3cm, 5cm) that were filled homogeniously on an 

inclined and metal sheet with holes of 0.1cm. Tap water was used for the tests with a density of 1000 m3/kg. Experiments 

were performed in sommer time, therefore, the room temperature varied from 25 to 30 C, while the water temperature 

varied from 20 to 25 C. 

Waves are generated by a wave paddle which consists of a trapezoidal corpus, featuring a backlog inclination towards 

the flume to press the waves into the flume. The paddle is operated regularly up and down by a hydraulic lever arm. The 

speed can be controlled by adapting the pressure into the hydraulic system. The diving depth can be controlled by changing 

the distance of the lever arm. Due to this mechanism, the wave generator can operate only regular waves in terms of wave 

heights and wave periods in a certain range. However, it cannot generate random waves to simulate the energy spectrum 

models to represent the sea waves. 

Figure 3 shows the experimental setup in the TRL laboratory, KIT-IWG, whereas Figure 4 shows the position of the 

wave sensors and the general layout of the experiment. Particularly, four capacitive wave gauges were installed in the 

middle of the flume to measure wave signals at a sampling frequency of up to 20 Hz. Three wave gauges (WG1, WG2, 

WG3) in front of the structure were installed following the method by Masard and Funke (1980) to detect the incident 

and reflection wave heights, while WG4 is located behind the breakwater to measure the transmitted wave height. WG1 

and WG4 have a unique distance of a wave length () to the structure. The probe spacings between WG1 to WG2 and 

WG3 are installed following the approach introduced by Masard and Funke (1980) as: 

X1a = /10 

/6 < X1b < /3  and  X1b ≠ /5  and  X1b ≠ 3/10 

The scale of the physical model was selected of 1:10 based on the ability of the wave flume to house the breakwater 

and the input wave boundary conditions. The physical model was set up following Froude's law to ensure the similarity 
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of hydrodynamic conditions. Froude number expresses the ratio between gravity and inertia forces within the 

hydrodynamic system as written in Equation (4). 

v
Fr

gL
=           (4) 

where Fr is Froude number (-), v is flow velocity (m/s), g is gravitational acceleration (m/s2), and L is length 

characteristics. The model scale is deduced according to the Froude similitude as follows: 𝑁𝐿 =
𝐿𝑝𝑟𝑜𝑡𝑜𝑡𝑦𝑝𝑒

𝐿𝑚𝑜𝑑𝑒𝑙
= 10 

(geometric scale), 𝑁𝑡 = √𝑁𝐿 = √10 = 3.16 (scale of time), 𝑁𝑣 = √𝑁𝐿 = √10 = 3.16 (scale of velocity), and 𝑁𝑚 =

𝑁𝐿
3 = 103 = 1000 (scale of mass). 

 

 Figure 3: General view of the wave flume (a1); Wave paddle and control unit (a2); CWB structure with eight supporting 

piers (a3); Wave absorbing layer (a4). 

 

Figure 4: Sketch of wave flume arrangement in the laboratory. 

3.3 Numerical modeling 

FLOW3D is a commercial computational fluid dynamics (CFD) software developed by Flow Science Inc. This code 

uses of Finite Volume Method (FVM) to solve governing equations of fluid motion (Fuentes-Perez et al. 2022; Bayon et 

al. 2016). Several turbulence modeling options are integrated in numerical schemes for simulating turbulent flows. These 

include Prandtl’s mixing length theory, one-equation turbulent energy (k), two-equation turbulent energy (k-), 

Renormalized Group (RNG), and Large Eddy Simulation (LES) models. Besides, this CFD platform uses an orthogonal 

coordinate system as opposed to a body-fitted system and can have a single nested mesh block, adjacent linked mesh 

blocks, or a combination of nested and linked mesh blocks (Flow Science 2008). 

FLOW3D has been applied to numerous research fields such as hydraulic structure design (Musall and Oberle 2014; 

Fuentes-Pérez et al. 2022; Song and Vu 2012), weir and dam analysis (Hu et al. 2018), scour processing (Behnam et al. 

2016), sediment transport (Kosaj et al. 2022), flow resistance of vegetation (Abdurrasheed et al. 2019; Fard 2020), and 

flood management (Gems et al. 2016). Besides, this CFD platform simulates regular linear and nonlinear waves (Stokes, 
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Stockes and Cnoidal, and Solitary) as well as random waves. A linear wave has a sinusoidal surface profile and generated 

using Airy’s linear wave theory. The elevation of a linear component wave is expressed as  

 = Asin(ωt+φ)          (5) 

where A, ω, and φ are wave amplitude, angular frequency and initial phase, respectively (Flow Science 2008). While 

irregular waves can be defined by either using multiple sinusoidal linear component waves with independent frequencies, 

amplitudes and initial phases, or using random wave generator based on a wave energy spectrum, i.e., JONSWAP or 

Pierson-Moskowitz. 

In this study, two wave flumes were used in the CFD platform. First, a model was set up with the same dimensions as 

the small-scale physical model (1:10) shown in Figure 4 to examine the agreement of the numerical approach with 

experimental tests. Then, a second model was applied to investigate further the wave interaction against CWB 

configurations at the full-scale (1:1) to be more convenient to transfer the concept to the field under wave conditions in 

the MD. 

The settings in the numerical models are briefly described, e.g., the computational domain is covered with hexahedral 

cells; liquid properties include water at 20 C, density of 1,000 kg/m3, dynamic viscosity of 0.001 kg/m/s; time-step is 

controlled by “Stability and convergence” and automatically adapted in order to ensure that Courant–Friedrichs–Lewy 

(CFL) numbers remain below a threshold of 0.45; advection is discretized using a second order scheme while the fluid 

fraction is solved with the default Volume of Fluid (VOF) scheme (Hirt and Nichols 1981). 

Figure 5 shows the wave flume with the arrangement of wave gauges and structures on the full-scale numerical 

platform. The wave gauges (WG1, WG2, WG3) were arranged following the method by Masard and Funke (1980). Here, 

WG1 and WG4 were placed in front of and behind the structure with the same distance of a wave length (), while the 

breakwater was located three wave lengths from the inlet (WG0) to minimize the effect of the reflection caused by the 

breakwater that may pollute the incoming wave as FLOW3D does not have a “relaxation zone” (REEF3D, 2022) to absorb 

the reflection wave caused by the breakwaters. The wave-absorbing layer was set up at the end of the wave flume to 

absorb the residual wave energy. The distance X from WG4 to the absorbing layer was arranged as a wave length for 

short-wave periods of 2 s to 3.5s, whilst X of 3 m for long-wave periods of 4s to 8s to save the computational time and to 

ensure the absorbing layer do not cause any effect to the WG4. The total length of the wave flume (Lb), therefore, is 

approximately five to six times the wave length. 

 

Figure 5: Sketch of the wave flume in the numerical model to simulate the full-scale waves in the MD. 

3.4 Wave boundary conditions 

Based on investigations and surveys of the nearshore wave conditions in the MD, the average significant wave height 

at the nearshore ranges from 0.5 m to 0.85 m, and the average wave periods vary from 3.5 – 4.2 s on the West coast and 

4.4 - 5.5 s on the East coast (Minh et al. 2020). The boundary conditions used in our experiments are presented in Table 

1. First, we investigated the wave interaction against the CWB for a broader range of relevant periods of 2 s up to 8 s. 

Afterwards, the wave period of 4s was selected as the most dominant one in the region to study more comprehensively 

with different wave heights and water depths. Specifically, the water depth ranges from shallow water at 2 m to deep 

water at 5 m, while the wave heights vary from 0.2 m to 1.0 m. 
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Table 1: Boundary conditions for testing the wave damping against CWBs. 

N

o. 

Water 

depth  

h (m) 

Wave height 

Hs (m) 

Wave period  

Tp (s) 

Wave Approach 

1 2.0 0.2; 0.4; 0.5 4.0 Regular CFD 

2 3.0 0.2; 0.4; 0.6 4.0 Regular CFD 

3 4.0 0.2; 0.4; 0.6; 0.8; 1.0 2.0; 3.0; 3.5; 4.0; 5,0; 6.0; 8.0 Regular CFD 

4 5.0 0.2; 0.6; 1.0 4.0 Regular CFD 

For validation of the CFD platform, two regular waves were examined in the laboratory at the KIT-IWG in the scale 

of 1:10. Additionally, we performed further 15 tests in numerical modeling to validate with physical results from 

literature, i.e., by Suh et al. (2005). The wave characteristics for validation of CFD platform were shown in Table 2.  

Table 2: Boundary conditions for validation of numerical model based on laboratory experiments. 

N

o

. 

Water 

depth  

h (m) 

Wave height 

Hs (m) 

Wave period  

Tp (s) 

Wave Approach Scaled physical 

model 

1 0.2 0.05; 0.1 0.8; 1.4 Regular CFD & Experiment 

(KIT-IWG) 

1:10 

2 2.4 0.1; 0.2; 0.3; 0.4; 0.5 1.5; 2.0; 2.5; 3.0; 4.0 Regular CFD & Experiment 

(Suh et al. 2005) 

1:1 

3.5 Geometric configurations of Curtain Wall Breakwaters (CWBs) 

We investigated the wave interaction with different CWB configurations in terms of wave heights and wave periods, 

the effect of overtopping (structural height), water depth, supporting piers, the gap spacing between the piers, the thickness 

of the wall, and the inclination of the structure. Table 3 provides the list of CWB configurations that were examined, in 

which the first seven structures (Nr. 1 to 7) were tested to validate the reliability of numerical approach with the small-

scale and full-scale experiments, while the remaining 25 structures (Nr. 8 to 32) were used to investigate the wave 

transmission through the CWBs in the numerical approach in full-scale of the wave characteristics in the MD. Figure 6 

illustrates the schematic of CWBs with different inclinations and supporting piers. 

 

Figure 6: Sketch of different geometrical CWB configurations. 

Where H corresponds to the structural height, W is the flume width, B is the thickness of the wall, a is the bottom gap, 

S corresponds to the distance between the supporting piers, α is the inclination of the structure, D is the draft of the wall 

(submerged depth of the wall from the still water level), and h is the water depth, respectively. 
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Table 3: List of geometrical CWB configurations. 

No. Name Structure 

height 

H (m) 

Width 

B (m) 

Bottom 

gap  

A (m) 

Number 

of piers 

Spacing 

distance  

S (m) 

Inclination 

I () 

Scale Purpose 

1 A0.1S0.2 0.4 0.05 0.1 3 0.2 90 1:10 

Model validation  

(KIT-IWG) 

2 A0.2S0.2 0.4 0.05 0.2 3 0.2 90 1:10 

3 A0.1S0.02 0.4 0.05 0.1 8 0.02 90 1:10 

4 A0.2S0.02 0.4 0.05 0.2 8 0.02 90 1:10 

5 D1.44 3.5 0.143 0.96 3 0.143 90 1:1 Model validation 

(Suh et al. 2005) 6 D0.96 3.5 0.143 1.44 3 0.143 90 1:1 

7 D0.48 3.5 0.143 1.92 3 0.143 90 1:1 

8 I_45° 6 0.5 1 0 - 45 1:1 

Effect of inclination  

9 I_60° 6 0.5 1 0 - 60 1:1 

10 I_75° 6 0.5 1 0 - 75 1:1 

11 I_90° 6 0.5 1 0 - 90 1:1 

12 I_105° 6 0.5 1 0 - 105 1:1 

13 I_120° 6 0.5 1 0 - 120 1:1 

14 I_135° 6 0.5 1 0 - 135 1:1 

15 B0.05 6 0.05 1 0 - 90 1:1 

Effect of thickness  

16 B0. 5 6 0.5 1 0 - 90 1:1 

17 B1.0 6 1.0 1 0 - 90 1:1 

18 B2.0 6 2.0 1 0 - 90 1:1 

19 B3.0 6 3.0 1 0 - 90 1:1 

20 D1.0 Non-

overtopping 

0.5 Follow 

water 

depth 

0 - 90 1:1 
Effect of submerged 

draft and water depth 

21 A1S- 6 0.5 1 0 - 90 1:1 

Effects of piers and 

bottom gaps 

22 A2S- 6 0.5 2 0 - 90 1:1 

23 A3S- 6 0.5 3 0 - 90 1:1 

24 A1S0.2 6 0.5 1 4 0.2 90 1:1 

25 A2S0.2 6 0.5 2 4 0.2 90 1:1 

26 A3S0.2 6 0.5 3 4 0.2 90 1:1 

27 H4S- 4 0.5 1 0 - 90 1:1 

Effects of structural 

heights and piers 

28 H4S0.2 4 0.5 1 4 0.2 90 1:1 

29 H6S- 6 0.5 1 0 - 90 1:1 

30 H6S0.2 6 0.5 1 4 0.2 90 1:1 

31 H4S0.2 4 0.5 1 4 0.2 90 1:1 Effects of water depth 

and structural heights 32 H6S0.2 6 0.5 1 4 0.2 90 1:1 

4 Results and discussions 
This chapter describes the CFD platform verification (Section 4.1) based on the small-scale physical results (Sub. 

4.1.1). Then, the sensitivity analysis of wave transferring along the flume (with and without the structure) and the 

validation with full-scale experiments in the numerical code is presented (Sub. 4.1.2). Afterwards, the results of the 

numerical simulations are described to examine the effect of CWB configurations (Section 4.2) including the variations 

of the wall inclination (Sub. 4.2.1), the effect of structural thickness (Sub. 4.2.2), the effect of submerged draft and water 

depth (Sub. 4.2.3), the supporting piers and the bottom gaps (Sub. 4.2.4), the influence of wave overtopping and non-

overtopping (Sub. 4.2.5), and the effect of structure height and water depth (Sub. 4.2.6). 

As the wave transmission coefficient (Kt) is the most relevant factor for evaluating the breakwater efficiency, the data 

analysis within this study is mainly focused on the Kt. In addition, the wave reflection (Kr) and wave energy dissipation 

(Kd) were analyzed for the inclined scenarios, as not much research has been done so far to investigate the effect of 

inclined CWB configurations. 
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4.1 Numerical model verification 

4.1.1. Small-scale laboratory model (1:10) 

In a first investigation step, the numerical code was verified based on the experimental results of the scaled physical 

model (1:10). A sensitivity analysis of several input parameters in the numerical model was performed. The adjusted 

parameters in the numerical model included bed roughness Ks (0m; 0.002m; 0.005m), grid sizes (0.02m; 0.01m; 0.005m), 

and different types of regular waves (Linear, Stokes, Stokes and Cnoidal). The simulation time was set up for 40 seconds, 

the breakwater A0.1S0.02 was examined. Based on the calibration results (see Figure A2 in the Appendix), the parameters 

of the small-scale numerical model were chosen with a grid size of 0.005 m, roughness Ks = 0 m for linear waves.  

The numerical model was further validated with other CWB configurations including A0.2S0.02, A0.1S0.2, A0.2S0.2 

with different submerged rates and pier spacings, as pier-spacing and bottom gaps act most significantly on the wave 

breaking efficiency of the structures (Suh et al. 2005; Subekti et al. 2019), therefore, we selected these configurations to 

test during the experiments (Figure 7a). Two boundary conditions of short and long wave periods were conducted in both 

numerical and physical models. The emergence of the CWBs reached the top of the model to avoid overtopping. 

Generally, eight tests were performed in both numerical and physical models. Figure 7b displays a high agreement 

regarding the transmission coefficients though the CWB configurations were plotted versus the relative wave number 

(kh) between numerical simulations (circles) and experimental tests (crosses). Here, the three structures A0.1S0.02, 

A0.2S0.02, A0.1S0.2 demonstrated in blue, green, and orange colors display high agreement between numerical and 

physical models. Only the variant CWB A0.2S0.2 shows less accordance with a difference of 7  % - 18% in wave 

transmission rate between numerical (black circles) and physical models (black crosses), the Kt varies from 0.78 to 0.95.  

 

Figure 7: Agreement of wave transmission coefficients between numerical simulations (CFD) and scaled experiment tests 

(EXP) at the KIT-IWG. 

mailto:H0.4B0.05a0.2S0.02
mailto:H0.4B0.05a0.1S0.2
mailto:H0.4B0.05a0.2S0.2@90
mailto:H0.4B0.05a0.1S0.02
mailto:H0.4B0.05a0.2S0.02
mailto:H0.4B0.05a0.1S0.2
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4.1.2. Full-scale model for Mekong waves 

First, a sensitivity analysis in the full-scale model for Mekong waves was performed to examine the wave 

transformation along a blank flume in the numerical approach. Adjusted parameters for this process included surface 

roughness, turbulence options, grid sizes, and different types of regular waves. The simulation time was chosen to be 100 

seconds. The input parameters including a wave height of 0.4 m, wave period of 4 s, and water depth of 2 m were tested. 

According to Brekke et al. 2005, the waves should be of near permanent form and the height of the waves from one cycle 

to the next within the examined duration should have minimum prescribed fluctuations for an acceptable regular wave. 

Therefore, we analyzed the waves in the most stable interval of around 10 waves from 45s to 85s, see Table A1 and Figure 

A3 in the Appendix. Hence, the inputs with grid sizes of 0.05 m, Large Eddy Simulation (LES) model; Ks = 0 m (surface 

roughness is neglected), and linear wave could ensure the wave transferring to be maintained along the whole flume. 

 

Figure 8: Sensitivity analysis of grid sizes simulated in FLOW3D with the structure I_120°. 

Second, a sensitivity analysis of grid sizes for the structure I_ 120° placed in the flume with a bottom gap of 1m was 

performed. Grid size options range from coarse (0.2 m) to very fine (0.02 m), see Figure 8a. The input parameters include 

surface roughness (Ks = 0 m), LES model, and linear wave with a water depth of 4 m, wave height of 0.6 m, and wave 
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period of 4 s. It can be seen that the velocity distributions are better illustrated in finer grid sizes from 0.2 m to 0.02 m as 

seen in Figure 8b. The structure I_120 can basically be simulated in its full shape with the grid size of 0.05m with the 

wave transmission coefficient Kt = 0.23 (Figure 8c). In contrast, the model can partly capture the shape of the structure 

in the coarse grid sizes of 0.2 m and 0.1 m with the Kt values of 0.27 and 0.24, respectively. Besides, finer grid sizes of 

0.03 m and 0.02 m can completely simulate the edges of the structure and produce a Kt value of 0.23. However, this leads 

to a very high demand of computational performance, long simulation time, and big data storage while the differences in 

Kt values are insignificant. Therefore, we selected the parameters for the full-scale model of grid-size (0.05 m), LES 

model, the surface roughness (Ks = 0 m), and linear wave as an appropriate setup. 

To increase the reliability of the numerical approach, a validation with experimental results by Suh et al. (2005) was 

additional performed. Specifically, three configurations of D1.44, D0.96, and D0.48 were examined in numerical 

modeling as shown in Figure 9a. The structures have the same heights, constant pier spacing and thickness with different 

submerged rates. Figure 9b presents the comparison of Kt values between numerical simulations (CFD, circles) and 

physical tests (EXP, rectangulars) plotted against the relative wave number (kh). It can be seen that, the results from CFD 

simulations show a high agreement with EXP results for all three cases of D/h = 0.2 (green), 0.4 (blue), 0.6 (orange). 

Only a large difference for the case of D/h = 0.2 was noticed at the kh = 2.5, where the CFD values show significantly 

higher than CFD values, see dashed black circle in Figure 9b. 

 

Figure 9: Comparison of wave transmission coefficients (Kt) between numerical simulations (CFD) and experiment 

results (EXP) by Suh et al. (2005) 

Overall, a high agreement of wave transmission coefficients (Kt) between simulation results with physical tests was 

presented in Figure 10 with the correlation R2 = 0.89 to 0.93 in the scales of 1:10 (Sub-section 4.1.1) and 1:1, respectively. 

We considered that FLOW3D is reliable for further investigations of wave-structure interactions in the next section. 
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Figure 10: Correlation of Kt values between numerical (CFD) and experimental results (EXP) in small-scale (a) and 

full-scale (b). 

4.2 Investigations on the effects of different CWB configurations  

4.2.1. Effect of the wall inclination 

A comprehensive investigation on the impact of inclined walls was performed for eight CWBs with different angles 

of 45, 60, 75, 90, 105, 120, and 135, respectively. These CWB configurations feature the same thicknesses of 0.5m 

and heights of 6m, a constant submergence leaving a bottom gap of 1m, without further supporting piers, see Figure 11a. 

The range of wave periods of 2 s, 3 s, 3.5 s, 4 s, 5 s, 6.5 s, and 8 s were simulated corresponding to the wave heights of 

0.6 m and 1 m, respectively in the water depth of 4 m. 

Figure 11b shows the results of the wave transmission coefficient (Kt) plotted versus the relative wave number (kh), 

power trendlines are applied to illustrate the trend. It can be seen that a clear trend of wave transmission reduction is given 

from 90° towards the angles of 135° or 45°, while there are no relevant differences between positive and negative 

orientations. Same angles in opposite orientations, i.e., 45° vs 135°, 60° vs 120°, and 75° vs 105° show relatively similar 

wave transmission coefficients. In addition, the higher the relative wave number, the smaller the transmission coefficient. 

This means that short wave periods have a better wave damping efficiency than longer ones for all inclinations of CWB 

configurations.  

The reflection coefficients (Kr) of the CWB variants from 90° to 135° were examined based on logarithmic trendlines 

as shown in Figure 11c. The wave reflection indicates an opposite trend with the transmission coefficient. The structure 

I_135° causes the highest reflection, followed by the I_120°, I_105°, while the I_90° shows the lowest reflection.  

The energy dissipation coefficients (Kd) are plotted versus the wave number (kh), and the linear trendlines are used as 

shown in Figure 11d. A relatively similar wave damping efficiency of all investigated inclinations is illustrated. It is 

interesting to recognize that the I_90° performs almost in the same way in wave energy dissipation in comparison with 

other angles when the relative wave number (kh) is in a range from 1.2 to 4.0. Differences only appear at the wave period 

of 8s corresponding to the kh of 0.5. Here, the Kd of the structure I_90°shows the smallest value of 0.41 while the I_135° 

has the highest Kd value of 0.7. 

Previous studies by Rao et al. (2009); Yagci et al. (2014) showed an improvement in the wave damping capacity of 

inclined walls as well, however their results are not directly comparable due to different levels of inclination or 

submergence. For example, Yagci et al. (2014) performed a study on the effect of inclination angles, however they 

allowed for overtopping which is not the case in the presented study. Thus, their results might be underestimated. On the 

other hand, Rao et al. (2009) described the effect of the inclined directions in a similar way to this study, where opposite 

angles of the inclinations show comparable results, but under fully submerged conditions. 
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Figure 11: Effect of the inclination of the CWB variants on the wave characteristics. 
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4.2.2. Effect of the wall thickness 

The effect of the structure thickness was examined for five CWB configurations in a range from a very thin wall of 

0.05 m (B0.05) to a thick wall of 3 m (B3.0). All CWB variants have the same height of 6 m and a constant bottom gap 

of 1 m without supporting piers (see Figure 12a). Regarding the wave parameters, a range of wave periods of 2 s, 3 s, 3.5 

s, 4 s, 5 s, 6 s, and 8 s were simulated with the wave heights of 0.4 m, 0.6 m, and 1.0 m, respectively, in 4 m water depth. 

Wave transmission coefficients (Kt) are plotted versus the relative wave number (kh), the regression lines are power 

trendlines (Figure 12b). It indicates a clear trend of decreasing wave transmission towards a thicker structure. Particularly, 

the CWB configurations with a thickness between 0.05 m up to 1.0 m show only small differences regarding wave 

transmission coefficients as indicated in blue, orange, and green trendlines. The CWB configurations with the thicknesses 

of 2 m and 3 m show significantly higher rates of wave reduction illustrated in black and red trend lines. The transmission 

coefficient continuously decreases with increasing wave steepness from 0.018 (long wave period) to 0.11 (short wave 

period). Hence, the wave period of 8 seconds causes lowest efficiency in wave damping with Kt ranging from 0.6 to 0.9, 

while the highest wave damping efficiency occurs at the wave period of 2 seconds with Kt of 0.06. 

Generally, thicker walls perform better than thinner ones in wave reduction. However, a thicker breakwater would 

need a larger amount of construction material, has a higher request for a stabilized foundation, and is therefore not 

favorable. 

 

Figure 12: Effects of the thickness of the CWB variants on the wave characteristics. 
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4.2.3. Effects of the submerged draft and water depth 

The effect of submerged draft was investigatedat different water depths ranging from 2 m to 5 m for the structure D1.0 

as shown in Figure 13a. D1.0 has a constant draft of 1 m and is non-overtopping. The wave periods of 2 s, 4 s, 6 s, and 8 

s corresponding to wave heights of 0.4 m, 0.6 m, and 1.0 m were simulated. 

The wave transmission coefficients (Kt) are plotted versus the relative wave number (kh), exponential trendlines are 

applied as shownin Figure 13b. Overall, the effect of submerged draft and water depth shows a clear trend of reducing 

the wave transmission coefficient values from deep water (D/h = 0.2) to shallow water (D/h = 0.5). The structure D1 

thereby performs better against short wave periods than long ones. Particularly, the Kt values range from 0.98 to 0.27 in 

the water depths of 4 m and 5 m following the increase in relative wave number (kh) from 0.5 to 5.0 (green and blue 

circles). In the shallow water of 2 m, the Kt values range from 0.8 to 0.25 according to the kh varying from 0.5 to 2.1. 

The relative wave number (kh) has smaller values from 0.5 to 2.2 in shallow water of 2 m in comparison with deep 

water of 5 m with the kh ranging from 0.5 to 5.1 due to different wave lengths, although they have the same wave periods. 

 

Figure 13: Effects of the submerged draft and water depth on the wave characteristics. 

Our study on the effect of water depth and submerged draft contributes several results to previous research of CWB 

structures in this field. Particularly, the structure D1.0 (this study) placed in different water depths corresponding to D/h 

= 0.2 and D/h = 0.4 were selected to be compared with related research by Suh et al. (2005) and Ajiwibowo (2018). In 

their studies, Sue et al. (2005) examined three CWB configurations with multiple supporting piers, i.e., D1.44, D0.96, 
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D0.48 in a full-scale physical model as mentioned in Section 3.4, while Ajiwibowo (2018) performed a small-scale 

experiment for a single pier CWB in intermediate water depth. Exponential trendlines are applied in the comparison as 

seen in Figure 14.  Interestingly, although the structures have different forms and compared in different water depths, the 

results of this study appropriately follow the distribution of Kt values by Suh et al. (2005) relating to the D/h rates verifying 

a clear trend with D/h values from 0.4 to 0.2. In contrast, the Kt results by Ajiwibowo (2018) show the smallest Kt value 

in the kh range from 0.8 – 1.8 for the D/h = 0.4 with a relative difference of 20 to 40%, which was explained by a scaling 

effect (Ajiwibowo 2018). The Kt values decrease when the ratio of D/h increases to 0.5 (this study) and 0.6 (Suh et al. 

2005), which means that the structure has a small bottom gap. Hence, the effect of the bottom gaps was further investigated 

in the next Sub-section. 

 

Figure 14: Effect of the submerged draft of the CWB configuration in comparison with related research. 

4.2.4. Effects of the bottom gaps and supporting piers  

The effect of bottom gaps and supporting piers was addressed in the intermediate water depth of 4 m for regular waves 

with a period of 4 s (the most dominant wave period in the MD), and wave heights varying from small wave to high wave 

(Hs = 0.2 m, 0.4 m, 0.6 m, 0.8 m, 1.0 m). Six CWB configurations were examined to evaluate the wave transmission 

through the structures under the condition of non-overtopping (Figure 15a). Table 4 presents the blockage rate of the 

CWB configurations. The blockage rate is defined as the ratio of the cross-sectional area of the CWB configurations with 

a closed wall.  

Table 4. Blockage rate of CWB configurations 

N

o. 

Structure a 

(m) 

D 

(m) 

W 

(m) 

Pier 

amount 

Pier surface 

 area (m2) 

Pier spacing 

(m) 

Cross-section 

area (m2) 

Blockage 

rate 

% 

1 A3S- 3 1 3 0 0 - 3 25% 

2 A3S0.2 3 1 3 4 6 0.2 9 75% 

3 A2S- 2 2 3 0 0 - 6 50% 

4 A2S0.2 2 2 3 4 4 0.2 10 83% 

5 A1S- 1 3 3 0 0 - 9 75% 

6 A1S0.2 1 3 3 4 2 0.2 11 92% 

7 Closed wall 0 4 3 0 0 - 12 100% 
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The wave transmission coefficient is plotted versus the wave steepness (Hi/) and linear trendlines are used as shown 

in Figure 15b. It can be seen that a sole reduction of the bottom gap leads to a significant decrease in the wave transmission 

coefficient. Adding four piers (0.5 m x 0.5 m) with a pier spacing of 0.2 m significantly increases the wave damping 

efficiency of the structure. Besides, a higher wave steepness leads to a slight reduction in wave transmission. It can be 

concluded that the CWB variants with a reduced bottom gap perform slightly better against high waves than small waves. 

Particularly, the structure A3S- with a bottom gap of 3m and a blockage rate of 25% has the highest wave transmission 

ranging from 0.86 to 0.98 (orange crosses). Here, the wave can transmit through the bottom gap while the upper part of 

the structure only causes a relatively small impact on the wave damping efficiency. However, when four supporting piers 

were added below, the A3S0.2 performed much better with a wave damping efficiency of around 20%, with K t varying 

from 0.73 to 0.64 (orange circles). Interestingly, the Kt values of the CWB A3S0.2 (orange circles) are very similar to the 

wave transmission values caused by the structure A2S- (blue crosses), although they have different blockage rates of 75% 

and 50%, respectively. Similarly, with four piers added within the 2m gap, the A2S0.2 performed higher with a wave 

damping efficiency of 50%, and the Kt varies from 0.4 to 0.55 (blue circles). Besides, the Kt values of A2S0.2 are relatively 

similar to the wave transmission values caused by the structure A1S- (green crosses) with a small gap of 1 m. This 

indicates that a sole consideration of the blocked cross section, as suggested from different studies by Suh et al. (2018); 

Subekti et al. (2019); Rageh and Koraim (2010) is insufficient to predict the wave damping efficiency of a breakwater.  

The structure A1S0.2 featuring the smallest gap with four supporting piers (blockage of 92%) mostly reduced the 

wave transmission through the structure with Kt values ranging from 0.2 to 0.22. 

As a general trend, the reduction of the bottom gap and the implementation of supporting piers causes continuously 

decreasing transmission coefficients. Hence, these mentioned features could be used to control the transmission 

coefficient during the design process for a determined demand. 

 

Figure 15: Effects of the bottom gaps and supporting piers on the wave characteristics. 
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4.2.4. Effects of structural heights and supporting piers  

The effects of structural heights in combination with the effect of additional piers were investigated with a range of 

wave heights from 0.2 m to 1.0 m corresponding to a wave period of 4 s. Four CWB configurations were tested as shown 

in Figure 16a.  

The wave transmission coefficient is plotted versus the wave steepness (Hi/) and linear trendlines are applied in 

Figure 16b. In the case of non-overtopping, a reduction of 20% in wave transmission can be recognized between the 

structures H6S- (no piers) and H6S0.2 (piers). The supporting piers, therefore, caused a high impact on wave damping 

efficiency. Particularly, the wave transmission Kt of H6S0.2 (green circles) varied from 0.2 to 0.22 in comparison with 

0.4 to 0.42 in the case of no piers (green crosses), see Figure 16b. 

In the case of overtopping, the Kt values of the structure H4S- without supporting piers varies in a stable range of 0.6 

even when the wave steepness increases. The structure H4S0.2 with four supporting piers shows an increase in the wave 

transmission coefficient from 0.4 to 0.6 when the wave steepness increases due to increasing wave heights. This means 

that the effects of piers are more efficient in the case of small waves. However, the supporting piers do not impact in the 

case of high waves for the H4S- and H4S0.2 due to overtopping. It can be seen that Kt values of H4S- (blue crosses) and 

H4S0.2 (blue circles) are in a similar range of 0.6 when the wave steepness increases from 0.03 to 0.049. 

In general, overtopping cases reduce the efficiency in wave damping of the CWB configurations. However, during 

storm surge conditions, the overtopping CWBs also have the advantage that unexpected high waves can easily overtop 

the structures and therefore prevent destruction of the breakwaters. Besides, an elimination of overtopping by design 

would request an uneconomic structural height and cause a higher demand for foundation stability. 

 

Figure 16: Effects of the supporting piers and structure heights on the wave characteristics. 
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4.2.4. Effects of tidal range and structural heights  

The combined effect of overtopping with changing water depths was investigated against the background of tidal 

variations, which are present in many coastal areas. Therefore, the water depth was investigated in a range from 2 m to 5 

m (Figure 17a), and wave heights were chosen between 0.2 m to 1.0 m corresponding to a wave period of 4 s. Two CWB 

configurations H4S0.2 and H6S0.2 corresponding to the heights of 4 m and 6 m were tested. Both variants featured a 

bottom gap of 1 m with supporting piers, a pier spacing of 0.2 m, and a wall thickness of 0.5 m. 

The wave transmission coefficients (Kt) is plotted versus the wave steepness (Hi/) and linear trendlines are applied 

(Figure 17b). In the shallow water depths of 2 m and 3 m, the structure H4S0.2 acts as a non-overtopping breakwater, the 

wave transmission coefficient values range from 0.65 to 0.6 in the water depth of 2 m, and values are (from 0.4 to 0.38) 

in a water depth of 3 m, respectively (Figure 17b, blue and orange crosses). When the water depth reaches 4 m, the wave 

starts to overtop the breakwater H4S0.2. Hence, the transmission coefficient Kt starts increasing from 0.4 to a rather 

constant level of 0.6 (green crosses) following the increase in wave heights from 0.2 m to 1.0 m. The high wave can easily 

overtop the structure. The overall efficiency of H4S0.2 at 4m water depth thereby still ranges between the case for 2 m 

and 3 m. In contrast, the breakwater H6S0.2 still ensures the condition of non-overtopping at 4 m water depth. Therefore, 

it works more effectively with the Kt values ranging from 0.25 to 0.2 (green circles) following the increase in wave 

steepness from 0.01 to 0.049. 

As expected, the fully (1m) submerged structure (H4S0.2) at a water depth of 5 m almost loses its wave damping 

efficiency with high transmission coefficient values close to 1 (black crosses). However, the Kt values of H6S0.2 (black 

circles) remain the same as investigated at 4 m water depth (green circles). Nevertheless, after reaching a wave height of 

0.6 m corresponding to the wave steepness of 0.028, the wave starts to overtop the structure H6S0.2, which is indicated 

by increasing Kt values from 0.25 to 0.41 when the wave steepness increases from 0.028 and 0.046 (black circles) 

corresponding to the wave heights from 0.6 m to 1.0 m. 

 

Figure 17: Effects of the water depth change and structure heights on the wave characteristics. 
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5 Limitation and orientation for future studies  

Our study results are subject to limitations and uncertainties related to wave characteristics. Due to the restriction of 

our laboratory and the computational runtime in numerical modeling, we studied the wave-structure interaction under 

regular wave conditions. Although, regular wave analysis is a good preliminary design tool and as required design changes 

can be quickly assessed (Brekke et al. 2005), the transferability of the results for practical application under random wave 

conditions needs to be evaluated. We acknowledge these limitations and plan further investigations using random waves 

before implementing a pilot CWB in the field.  

Up to now we evaluated several studies from other authors on the hydrodynamic performances of breakwaters under 

regular and random wave conditions. For instance, Yamamoto (1981) showed comparable results in wave transmission 

through a floating breakwater under random waves and regular waves. Besides, Neelamani et al. (2002) stated that the 

“⊥”-type breakwaters worked even more efficiently in random waves than in regular waves, while the trends in both 

approaches showed the same. Hence, it can be assumed that the wave transmission through CWBs in regular waves would 

have similar values/trends under random wave conditions. 

6 Conclusions 

This study provides a comprehensive investigation on the wave damping effects of Curtain Wall Breakwaters 

(CWBs) in terms of different geometric variations, wave characteristics, and tidal changes. The CFD platform was applied 

to examine the wave interactions through varying CWB configurations after showing a high agreement with experimental 

results. This study contributes several new results to the efficiency of CWBs regarding the curtain inclination, the effects 

of piers and bottom gaps, and the influence of tidal range and waves overtopping. The research findings lead to the 

following conclusions and recommendations: 

• The different aspects of the CWB configurations mentioned above all show their impact on the wave 

transmission through the structures at different levels. In general, all structural variations showed the 

tendency to act more efficiently against short wave periods than long ones. While transmitting through the 

structures, short wave periods can interact more intensely on the breakwaters than longer ones, therefore 

leading to higher energy dissipation. 

• The stronger the inclination from 90° up to 135°, the lower the wave transmission coefficient. Angles greater 

135° might not be reasonable due to practical/construction issues and the amount of building materials. The 

direction of the inclination does not significantly affect the wave transmission, same angles in opposite 

directions, e.g. 45°vs 135° or 60° vs 120°, have comparable results. 

• With an increase in the thickness of the wall, the wave transmission coefficient decreases. However, this 

trend is not linear. Wider structures might be unfavorable due to higher demands in construction materials 

and requirements on foundation stability. 

• Regarding the water depth change due to the tidal range and structural heights, overtopping cases reduce the 

overall efficiency in wave reduction of the structures. In contrast, high structures that ensure non-overtopping 

conditions would perform much better regarding the wave reduction. However, a complete elimination of 

overtopping would request uneconomic structural heights. 

• The smaller the bottom gap, the higher the wave energy dissipation of the structures. Adding supporting piers 

and a reduced bottom gap size leads to smaller wave transmission, where smaller gaps cause greater wave 

reduction than the big ones. Within a design process for CWBs, these aspects can be used to control the level 

of wave transmission when specific values are determined. 

• Numerical modeling results show good agreement with physical tests that enhance the reliability of the 

numerical approach. On the other hand, this study focused on regular waves. Its transferability to more 

realistic conditions based on random waves needs to be assessed. Therefore, we recommend to further 

investigate wave damping of CWB structures under random wave conditions before building them in the 

field. Besides, important aspects such as scouring and foundation stability need to be studied alongside. 
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Based on the objective of developing an alternative breakwater to replace massive structures, and considering the 

conditions of soft soils, and gentle bathymetry gradients in the Mekong Delta, a curtain wall breakwater (CWB) concept 

might become a suitable solution in terms of foundation stability and less demand on construction materials to prevent 

the erosion process. By dissipating a certain part of the wave energy and allowing suspended sediment transport through 

the detached breakwaters for land reclamation and later for mangrove restoration, the coastal area may be protected in an 

ecological and sustainable way. 
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Acronyms and symbols 

Acronyms Description 

BMBF Federal Ministry of Education and Research, Germany 

DARD Ca Mau Department of Agricultural and Rural Development, Ca Mau province 

IWG Institute for Water and River Basin Management 

KIT Karlsruhe Institute of Technology, Germany 

MD Mekong Delta 

SIWRR Southern Institute of Water Resources Research, Vietnam 

TRL Theodor-Rehbock Laboratory 

CWB Curtain wall breakwater 

CFD Computational fluid dynamics 

LES Large eddy simulation model 

RNG Renormalized group model 

WG Wave gauge 

Hs Wave height (m) 

Tp Wave period (s) 

h Water depth (m) 

 Wave length (m) 

k Wave number is defined as the number of wavelengths per unit distance; k = 2/ (m-1) 

kh Relative wave number (-) 

https://en.wikipedia.org/wiki/Wavelength
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Acronyms Description 

Wave steepness Ratio of wave height to wave length (Hs/) (-) 

Kt Wave transmission coefficient (-) 

Kr Wave reflection coefficient (-) 

Kd Wave energy dissipation coefficient (-) 
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Appendix 

 

Figure A1: Several existing coastal protection measures in the Mekong Delta (Source: images were collected from GIZ 

(2016); SIWRR; DARD Camau; and KIT). 

 

Figure A2: Validation of wave transmission through the structure A0.1S0.02. 
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Figure A3: Wave profiles along the blank flume at WG0, WG3, WG4 in the numerical model. 



 Vu et al.  

Journal of Coastal and Hydraulic Structures Vol. 2, 2022, paper 19 30 of 30 

Table A1: Sensitivity analysis of simulated results at WG4 for the case of no structures. 

No. 

Input parameters Boundary conditions Simulated results at WG4 

Turbulence options 
Wave Ks 

(m) 

Grid size 

 (m) 
h (m) Hs (m) Tp (s) Hs (m) Tp (s) 

1 LES model Linear 0.000 0.20 2.0 0.4 4.0 0.409 4.02 

2 LES model Linear 0.000 0.10 2.0 0.4 4.0 0.411 3.96 

3 LES model Linear 0.000 0.05 2.0 0.4 4.0 0.406 4.00 

4 LES model Linear 0.000 0.02 2.0 0.4 4.0 0.400 4.01 

5 Laminar Linear 0.000 0.05 2.0 0.4 4.0 0.414 4.00 

6 k-e model Linear 0.000 0.05 2.0 0.4 4.0 0.407 3.99 

7 k- model Linear 0.000 0.05 2.0 0.4 4.0 0.417 4.01 

8 RNG model Linear 0.000 0.05 2.0 0.4 4.0 0.408 4.00 

9 LES model Stokes 0.000 0.05 2.0 0.4 4.0 0.424 3.99 

10 LES model Stokes & Cnoidal 0.000 0.05 2.0 0.4 4.0 0.413 4.01 

11 LES model Linear 0.001 0.05 2.0 0.4 4.0 0.414 4.01 

12 LES model Linear 0.010 0.05 2.0 0.4 4.0 0.410 3.99 

13 LES model Linear 0.025 0.05 2.0 0.4 4.0 0.411 3.99 

 


