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Summary

Beach erosion, the loss of sand from a beach due to longshore and/or cross-shore
sediment transport mechanisms, is a challenging problem. In order to stabilize the
beach and to slow down the rate of beach erosion, the construction of hard hy-
draulic structures is a traditional option. Groins are one of the oldest man-made
hydraulic structures designed to intercept the longshore sediment transport and to
stimulate sediment deposition within the groin compartments. However, erosion is
likely to appear at the downdrift beach stretch of a groin system, due to lack of suf-
ficient sand feeding from the updrift groined beach reaching the downdrift beach.
To alleviate sand starvation at a downdrift beach of groins, groins are suggested to
be gradually shorter and more permeable approaching the downdrift terminal groin.

The primary advantage of permeable groins, compared to impermeable groins, is
they do not entirely block longshore currents. The large openings of permeable
groins allow littoral drift to flow through. The shoreline response to permeable
groins is comparable to a straight line, other than a zig-zag shape response to
impermeable groins. Nevertheless, even though the benefits of permeable groins
seem obvious, the research on the subject of the hydrodynamics of permeable
groins in coastal waters is limited.

In this thesis, a particular type of permeable pile groins, merely consisting of slender
wooden cylinders, is investigated. In European countries, such as the Netherlands
and the Germany, a long history of extensive engineering “trial-and-error” applica-
tions with permeable pile groins exists. Doubts and questions have arisen about
the functioning mechanism of permeable groins and the relationship between per-
meable groin design and permeable groin effectiveness. This thesis explores the
doubts and attempts to answer the questions by numerical simulations.

As the main purpose of groins is to retard longshore currents and to trap longshore
sediment transport, groins are a theoretically wise option to control beach width
on a longshore sediment transport dominated coast. To investigate groin-current
interactions, a reliable model is essential to accurately predict alongshore currents
induced by waves and/or tides. Although a depth-integrated radiation stress based
theory of water waves could resolve the wave-induced longshore currents quite
well, it still heavily relies on the calibration of free parameters, such as the bottom
friction coefficient and viscosity coefficient, which are hardly known in the field. To
give a good prediction, the free parameters should be carefully calibrated to guar-
antee that the physical processes are appropriately represented. For instance, the
capture of wave breaking position dominates the initiation of wave-induced long-
shore currents, and the viscous mixing controls the spreading of the cross-shore
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x Summary

profile of longshore currents. Both these mechanisms need be represented accu-
rately.

To simulate longshore currents, we choose to use the SWASH model, which is a
phase resolving model and theoretically has no limitations on the temporal and
spatial domain. Six representative data sets obtained from laboratory experiments
were selected to validate the capacity of simulating longshore currents on beach
slopes of the SWASH model. The range of wave conditions of the experiments
includes regular waves and irregular waves, propagating on a barred slope and
four plane slopes. The comparison between the simulated results and the labora-
tory measurements shows that the initiation of wave breaking and the cross-shore
spreading of wave-induced longshore currents are accurately captured. The pre-
dicted vertical profiles of regular wave induced longshore currents on a plane slope
show a strong depth-uniform distribution. Even though the SWASH simulation could
not explain the inconsistency in the location of the maximal velocity of the cross-
shore longshore current profile on the bar in the laboratory and in the trough in the
field, the SWASH model is the only model found capable of simulating longshore
currents under well-controlled laboratory conditions without special calibration of
free parameters. Therefore, the SWASH model is most promising to predict wave-
induced currents under varying conditions.

To investigate the hydrodynamics of permeable pile groins, the first step is to verify
if the representation of permeable pile groins in the SWASH model is appropriate.
The method to schematize and implement the effects of permeable pile groins in
coastal waters by SWASH through Morison type forces needs to be proven valid. A
good agreement is obtained between numerical simulation results and laboratory
measurement data. Depending on the validated model, detailed hydrodynamics
around the permeable pile groins were analysed. No eddies and circulations de-
veloped within the highly permeable groin fields. It is proven that the groins have
hardly any effects on wave energy attenuation, for a groin width much smaller than
the incident wave length. In contrast, the groins have significant effects on the long-
shore currents within groin fields. In the alongshore direction, longshore currents
are effectively reduced updrift of the groins due to groin resistances, but can grad-
ually recover their strength fed by breaking waves when flowing further downdrift
of the groins. Within the groin fields, the retardation of longshore current veloci-
ties is 33% and 43% when the groin permeability is 55% and 50%, respectively.
Taking into account the retarded longshore discharge, the three-long-groin-system
functions better than the five-short-groin-system.

Furthermore, numerical experiments with varying layouts of permeable pile groins
under different wave conditions are carried out. The configuration parameter ef-
fects of groins on nearshore flow patterns are numerically explored by comparing
the reduction rate of longshore current velocities. Two design variables, namely
the aspect ratio of groin spacing over groin length, and the relative groin length
to wave breaker zone width, are compared under light wave and moderate wave
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conditions. A bimodal cross-shore profile of longshore current velocities appears, of
which the first peak is at a shoreward wave breaking position and the second peak
is at a seaward groin head. The simulation results show that when the groin length
is as short as about 70% of the wave breaker zone width, the maximal longshore
current velocity within the wave breaker zone could not efficiently be retarded, and
the cross-shore longshore current profile shifts from a bimodal shape to a unimodal
shape of which the velocity peak is at the seaward groin head. The longshore
current reduction rate is not sensitive to wave conditions when the aspect ratio of
groin-length and groin-spacing is 1:1 and 1:1.5. In the case of the aspect ratio be-
ing 1:2, the reduction rate is larger under a light wave condition than the reduction
rate under a moderate wave condition.

The findings of this thesis show that the SWASH model is a powerful tool to accu-
rately simulate nearshore dynamics within permeable pile groin fields. Permeable
pile groins are found to effectively hinder the longshore currents. If well designed,
a permeable pile groin is effective to change the nearshore flow field to protect a
beach from erosion. The numerical simulations, focusing only on hydrodynamics
within the permeable pile groin field, provide hints to refine groin design rules and
offer a good prerequisite to a more complex morphological model. However, the
work of this thesis is based on a small-scale under well-controlled laboratory envi-
ronments. The investigation of the similarity of numerical simulations to the natural
environment requires the model to be scaled up to the field, a truly challenging task.





Samenvatting

Stranderosie, het verlies van zand als gevolg van kust-parallelle en/of kustdwarse
sediment transportmechanismen, vormt een uitdagend probleem. Om het strand te
stabiliseren en het proces van stranderosie af te remmen, is de bouw van harde hy-
draulische constructies een traditionele optie. Strandhoofden zijn een van de oudste
door de mens gemaakte hydraulische constructies, ontworpen om sedimenttrans-
port te onderscheppen en om afzetting van sedimenten tussen de strandhoofden
te stimuleren. Echter, het is zeer waarschijnlijk dat benedenwaarts erosie optreedt
bij gebrek aan voldoende zandtoevoer vanuit het bovenwaarts gelegen strand en
onvoldoende toevoer het benedenwaartse strand bereikt. Om zandhonger op een
benedenwaarts gelegen strand te voorkomen, is de suggestie om de strandhoofden
geleidelijk korter en meer doorlaatbaar te maken, afhankelijk van de afstand tot het
finale strandhoofd.

Het belangrijkste voordeel van doorlaatbare strandhoofden, in vergelijking met
niet-doorlaatbare strandhoofden, is dat ze de kust-parallelle stroom niet volledig
blokkeren. De grote openingen van doorlaatbare strandhoofden zorgen ervoor dat
de kuststroming door kan stromen. De respons van de kustlijn op doorlaatbare
strandhoofden is vergelijkbaar met een rechte lijn; anders dan een zigzagvormres-
pons bij solide strandhoofden. Ondanks het feit dat de voordelen van doorlaatbare
strandhoofden voor de hand liggen, is het onderzoek naar de hydrodynamica van
doorlaatbare strandhoofden in kustwateren beperkt.

In dit proefschrift wordt een specifiek type van doorlaatbare strandhoofden on-
derzocht, namelijk het palenstrandhoofd bestaande uit slanke houten cilindrische
palen. In Europese landen, zoals Nederland en Duitsland, bestaat een lange ge-
schiedenis van uitgebreide technische ’trial-and-error’-toepassingen met doorlaat-
bare palenstrandhoofden. Twijfels en vragen zijn gerezen over het werkingsme-
chanisme van doorlaatbare strandhoofden en het verband tussen ontwerp en ef-
fectiviteit van doorlaatbare strandhoofden. Dit proefschrift onderzoekt de twijfels
en probeert de vragen te beantwoorden met behulp van numerieke simulaties.

Aangezien het belangrijkste doel van de strandhoofden is om de kust-parallelle stro-
ming te vertragen en het parallelle sedimenttransport op te vangen, zijn strandhoof-
den in theorie een slimme optie om de strandbreedte van een door kust-parallelle
stroming gedomineerde kust te beheersen. Om de interacties van stromingen bij
strandhoofden te onderzoeken is een betrouwbaar model essentieel om de kust-
parallelle stroming, geïnduceerd door golven en/of getijden, nauwkeurig te voor-
spellen. Hoewel een golfspanning gebaseerde, dieptegemiddelde theorie van wa-
tergolven zeer goed in staat zou zijn om de golf-geïnduceerde kust-parallelle stro-
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ming vast te stellen, is deze nog steeds sterk afhankelijk van de kalibratie van vrije
variabelen, zoals de wrijvingscoëfficiënt van de bodem en de viscositeits coëffici-
ënt, welke in het veld nauwelijks bekend zijn. Om een goede voorspelling te geven,
moeten de vrije variabelen zorgvuldig worden gekalibreerd om te garanderen dat
de fysieke processen correct worden weergegeven. Het vastleggen van de positie
van het breken van de golf bepaalt bijvoorbeeld de initiatie van golf-geïnduceerde
kust-parallelle stromingen, terwijl de visceuze menging de verspreiding van het
dwarsprofiel van kust-parallelle stromingen bepaalt. Beide mechanismen moeten
nauwkeurig worden weergegeven.

Om kust-parallelle stromingen te simuleren, kiezen we ervoor om het SWASH-model
te gebruiken, een fase-oplossend model zonder enige beperkingen met betrekking
tot het temporele en ruimtelijke domein. Zes representatieve gegevenssets, ver-
kregen uit laboratoriumexperimenten, werden geselecteerd om de capaciteit voor
het simuleren van kust-parallelle stromingen op strandhellingen van het SWASH-
model te valideren. Het type golfcondities van de experimenten omvat regelmatige
en onregelmatige golven, die zich verspreidden over een helling met versperringen
en vier vlakke hellingen (zonder versperringen). De vergelijking tussen de gesimu-
leerde resultaten en de laboratoriummetingen laat zien dat de initiatie van breken
van de golven en de verspreiding van golf-geïnduceerde dwars-spreiding van de
parallelle stromingen nauwkeurig worden vastgelegd. De voorspelde verticale pro-
fielen van de door de regelmatige golven geïnduceerde kust-parallelle stromingen
op een vlakke helling vertonen een sterke uniforme diepte- verdeling. Hoewel de
SWASH-simulatie de inconsistentie in de locatie van de maximale snelheid van het
dwars- en kust-parallelle profiel in het laboratorium en in de trog in het veld niet
kon verklaren, is het SWASH-model het enige model dat kust-parallelle stromingen,
onder goed gecontroleerde laboratoriumomstandigheden zonder speciale kalibratie
van vrije variabelen, kan simuleren. Daarom is het SWASH-model het meest veel-
belovend om golf-geïnduceerde stroming te voorspellen onder verschillende om-
standigheden.

Om de hydrodynamica van doorlaatbare palenstrandhoofden te onderzoeken, is de
eerste stap om te controleren of de weergave van doorlaatbare palenstrandhoof-
den in het SWASH-model geschikt is. De methode om de effecten van doorlaatbare
palenstrandhoofden in kustwateren in SWASH door middel van de zgn. Morison
krachten te schematiseren en te implementeren moet bewezen worden en geldig
zijn. Een goede overeenkomst werd verkregen tussen numerieke simulatieresulta-
ten en de gemeten laboratoriumgegevens. Afhankelijk van het gevalideerde model
werd de gedetailleerde hydrodynamica rond de doorlaatbare palenstrandhoofden
geanalyseerd. Geen wervelingen en circulaties ontstonden binnen het veld van de
zeer doorlaatbare palenstrandhoofden. Het is aangetoond dat de strandhoofden
nauwelijks effect hebben op de verzwakking van de golfenergie voor een lengte
van een strandhoofd dat veel kleiner is dan de lengte van de golf. De strandhoof-
den hebben daarentegen een significant effect op de kust-parallelle stromingen
binnen het strandhoofdenveld. De kust-parallelle stroming wordt effectief gere-
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duceerd indien bovenwaarts van het strandhoofd vanwege de weerstand van het
strandhoofd, maar kunnen echter geleidelijk hun sterkte terugkrijgen gevoed door
brekende golven wanneer ze verder benedenwaarts van het strandhoofd stromen.
Binnen het strandhoofdveld is de vertraging van de huidige stroomsnelheden van
de kust 33% en 43% wanneer het strandhoofd een doorlaatbaarheid heeft van res-
pectievelijk 55% en 50%. Rekening houdend met het vertraagde debiet langs de
kust, functioneert het systeem met drie lange strandhoofden beter dan het systeem
met vijf korte strandhoofden.

Verder werden numerieke experimenten uitgevoerd met variërende lay-outs van
doorlaatbare palenstrandhoofden onder verschillende golfomstandigheden. De ef-
fecten van de configuratie van parameters van strandhoofden op stromingspatro-
nen bij de kust worden numeriek onderzocht door de mate van vermindering van
kust-parallelle stroomsnelheden te vergelijken. Twee ontwerpvariabelen, namelijk
aspecten van de strandhoofd-afstand tot de strandhoofd-lengte, en van de rela-
tieve strandhoofd-lengte tot de breedte van de strandhoofdzone, worden vergele-
ken onder lichte en matige golfomstandigheden. Een bimodaal dwars-profiel van
kust-parallelle stroomsnelheden treedt op, waarvan de eerste piek zich in een kust-
waartse en golfbrekende positie bevindt, en de tweede piek zich aan de kop van een
strandhoofd, zeewaarts, bevindt. De simulatieresultaten tonen aan dat wanneer
de strandhoofdlengte ongeveer zo kort is als 70% van de breedte van de strand-
hoofdzone, de maximale kust-parallelle stroomsnelheid binnen de strandhoofdzone
niet efficiënt kon worden vertraagd en het dwarse kust-parallelle-stroomprofiel ver-
schuift van een bi-modale vorm naar een uni-modale vorm, waarvan de snelheids-
piek zich zeewaarts bij de kop van de strandhoofd bevindt. De mate van de kust-
parallelle vertraging van stroming is niet gevoelig voor golfomstandigheden wan-
neer de verhouding van strandhoofdlengte tot strandhoofdafstand 1: 1 en 1: 1,5
is. In het geval dat de verhouding 1: 2 is, is de vertraging groter onder een conditie
van lichte golven dan de vertraging onder een matige golfconditie.

De bevindingen van dit proefschrift laten zien dat het SWASH-model een krachtig
hulpmiddel is om kust-dynamica binnen een veld van doorlaatbare palenstrand-
hoofden nauwkeurig te simuleren. Doorlaatbare palenstrandhoofden blijken de
kust-parallelle stromingen effectief te belemmeren. Indien juist ontworpen, zijn
doorlaatbare palenstrandhoofden zeer effectief om het stromingsveld nabij de kust
te veranderen en om een strand tegen erosie te beschermen. De numerieke si-
mulaties, beperkt tot de hydrodynamica binnen het veld van doorlaatbare palen-
strandhoofden, suggereren een verfijning van het ontwerp van strandhoofden en
bieden een goede voorwaarde voor een complexer morfologisch model. Dit proef-
schrift is echter gebaseerd op kleinschalig modelonderzoek in goed gecontroleerde
laboratorium omgeving. Een vergelijkend onderzoek van numerieke simulaties in
een meer natuurlijke omgeving vereist dat het model wordt opgeschaald naar het
veld, een echt uitdagende taak.
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2 1. Introduction

1.1. Research background

A large number of coastal defence measures have been developed to protect
fragile coastlines from retreat. Among them, groins (or groynes) are one of the

oldest and most popular hydraulic structures. Groins are mainly narrow structures,
and are mostly perpendicular to the shoreline. Groins have been used as flow bar-
riers to retard longshore currents and to trap the entrained longshore sediment
within groin compartments to preserve coasts. From the aspect of permeability,
groins could be divided into permeable groins and impermeable groins. Compared
to conventional solid impermeable groins, exerting unexpected side effects on lee-
side coasts by causing sand starvation downdrift, permeable groins are preferred
for they permit longshore sediment to pass through their large openings, instead
of being totally blocked, to feed the downdrift beach. Consequently, the shoreline
response to permeable groins is more like a straight line, other than the zig-zag
patterns which are frequently observed in impermeable groin fields.

Within the range of the various types of permeable groins, traditional timber groins,
consisting of wooden pile cylinders, are an important category. For the application
of coastal protection structures, the requirements of an easy adjustment, dynamic
sustainability and the least intrusive intervention with the environment are increas-
ing. In this aspect, timber groins have advantages over other structures, because
of the ease of construction, modification and maintenance and, in addition, their
smaller footprint and fewer side effects on a downdrift coast, timber groins have
regained the attention in the field. Moreover, ‘there is a concern that with fewer
timber groins being used, knowledge and experience developed over generations
may be lost’[Perdok et al., 2003]. Out of such concerns, further successive research
about the hydraulic functioning of specific timber groins, viz. Permeable Pile Groins
(hereinafter short as PPGs), is necessary to bridge the knowledge gap.

From the literature it can be concluded that the performance of PPG projects,
whether it is positive or negative, is site specific. Since 1965 [Bakker et al., 1984],
PPGs were used to protect the North Sea coast in the Netherlands from erosion.
PPGs in the Netherlands are particularly abundant along the coast in the province
of Zeeland, where the existence of pile groins harmonized well with the surround-
ing environment. Bakker et al. [1984] summarised that the effects of PPG projects
in the Netherlands were controversial, because of the lack of having no statisti-
cally significant evidence. Therefore, PPGs deserve serious re-consideration and
investigation as a promising type of economic and flexible coastal protection mea-
sure [Bakker et al., 1984], especially since positive performances of PPGs were
observed on other sites. For instance, the permeable groins constructed in the
1950s on Naples Beach, Florida (USA), played a significant role in reducing beach
material losses off the beach [Poff et al., 2004]. Four years of post-construction
monitoring of an experimental permeable groin for a restoration project confirmed
that the groin functioned as intended, slowing the losing rate of beach fill materials.
The success of the PPG project was attributed to a benign wave climate and a low
net longshore sediment transport [Poff et al., 2004]. Similarly, on a section of the
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Baltic Sea coast with PPGs, a significant seaward advancement of the shoreline was
found through a four-year field survey from 1993 to 1997 [Trampenau et al., 2004].

In addition to field tests, several laboratory experiments were carried out to in-
vestigate the dynamics over a PPG engineered beach. The most representative
experiments are the two experiments by Hulsbergen and ter Horst [1973] and Tram-
penau et al. [2004]. Hulsbergen and ter Horst [1973] experiment compared the
longshore current reduction rate when the PPG layout was varying. The chosen
condition is a combined wave current condition, to represent the real field con-
dition, with oblique wave induced longshore currents and strong tidal alongshore
currents in the same direction, or in opposite directions, respectively. Trampenau
et al. [2004] experiment mainly investigated the difference of PPG performance
with varying permeability under current alone and wave alone conditions.

Despite the fact that PPGs were used more than half a century ago, there is limited
research about how PPGs function. The controversial performances of PPGs on
various sites complicate to summarize a universally accepted design rule. The vari-
ability of PPG applications should be carefully considered when PPGs are supposed
as a way to combat the beach erosion problem.

1.2. Objective and outline

T he goal of this thesis is to improve the level of understanding of the hydraulic
functioning of permeable pile groins. The ability of the chosen numerical model

to properly simulate wave propagation and the evolution of longshore currents in-
duced by obliquely incident waves needs to be verified. Based on the verified nu-
merical model, numerical experiments are the most practical route to be carried out
to expand the data set of groin performance with varying geometrics and layouts
under varying wave conditions. The new data set would be useful to generalise
design rules of permeable pile groins and to specify the application range of a valid
groin application. The numerical simulations are based on the open-source SWASH
(Simulating WAves till SHore) model. As a highly robust and accurate model, the
SWASH model has been successfully used to simulate, among many, wave-current
interactions, infra-gravity wave hydrodynamics, and moored ship dynamics. A fur-
ther evaluation of longshore current-groin interaction in the SWASH model was
executed. From the numerical model results, a quantitative understanding of PPG
hydrodynamics can be acquired.

The key research questions of this research are formulated as follows:
1. Is the chosen numerical model capable of simulating the processes of wave
propagation and evolution of longshore currents?
2. How should permeable groin effects in the numerical model be schematised and
interpreted ?
3. What the local and global hydrodynamics of a permeable groin?
4. Which configuration parameter of a permeable groin system is dominant in its
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efficiency to reduce longshore current velocity?

The outline of this thesis is described as follows. First, in the present Chapter and
the following Chapter 2 the research background and the motivation are elucidated.
Chapter 2 provides a detailed summary of the knowledge and literature about how
permeable groins function under different conditions. Then, in Chapter 3, verifi-
cation of the capability of properly simulating wave induced longshore currents by
the SWASH model was undertaken. Four representative and good quality data sets
obtained from scaled laboratory experiments were chosen to be reproduced by the
SWASH model. The experiments cover the spreading of longshore currents induced
by regular and irregular waves over barred and plane sloping beaches. In Chapter
4, the PPG effects are implemented in the numerical model. The simulated results
were compared with laboratory data. The simulations offer more detailed flow field
information with the inference of PPGs. After that, the verified model is used to
investigate the difference between varying groin layouts in the following Chapter
5. Varying wave conditions are also taken into account in this chapter.In the final
Chapter 6, a summary of conclusions of each chapter is provided. Further implica-
tions of the research and outlook on wave-groin interactions and groin design are
presented.
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2.1. Longshore currents

T he mean currents flowing in an alongshore direction, generated by obliquely
incident breaking waves and the resulting alongshore momentum flux thrust,

are defined as longshore currents [Galvin and Eagleson, 1964, Longuet-Higgins,
1970, Basco, 1983].The reviews of previous understanding of longshore currents
are undertaken by Galvin and Eagleson [1964] and Basco [1983].The longshore
currents and the associated longshore sediment transportation play a significant
role in beach profile evolution and shoreline variation. The theory of longshore
currents has developed considerably since the radiation stress concept [Longuet-
Higgins and Stewart, 1964] was introduced [Bowen, 1969, Longuet-Higgins, 1970,
Thornton and Guza, 1986]. The theories, developed based on radiation stress, have
a depth-averaged and wave period averaged nature. Therefore, dynamics of the
instantaneous longshore current velocity within a wave period and the vertical pro-
file of a longshore current are not resolved. In a steady-state, the current driving
radiation stress force is balanced by bottom friction and lateral friction. The calcu-
lation of radiation stress needs to be solved by an additional wave model. The lack
of sufficient data under varying conditions hampers the processes of uncovering
new phenomena, coefficient calibration, and the verification of theories.

Basco [1983] pointed out that there is no universally accepted time interval of time-
averaging field observations to obtain mean longshore currents. Consequently, the
variability of field data in space and time raises concerns of how to properly use
field data to verify theories and determine coefficients of analytical models. Special
attention should be given to the temporal averaging resolution of field observations.
In addition, when comparing laboratory measurement data of longshore currents,
the uniformity of longshore currents should be checked for it is affected by unex-
pected recirculation in a wave basin due to wave basin geometry [Visser, 1984].
For good quality data of longshore currents, the measurement data are limited, and
a reliable prediction of longshore current velocity remains challenging.

2.2. permeable groins in coastal waters
Groins have been widely used to hinder longshore currents and the associated long-
shore sediment transport to protect the beach from erosion. They are generally ex-
tending from the shoreline to the low water line or beyond the surf zone. For a small
angle between the axial direction of groins and the wave direction, groins only affect
longshore sediment transport and hardly attenuate incident wave energy. Given the
permeable character of groins, groins can be divided into permeable groins and im-
permeable groins. The solid groins, made of pebble stone, concrete plate or other
solid materials, are treated as impermeable groins. As impermeable groins block
the longshore currents and the longshore sediment transport within the groin com-
partments, the sediment deposit updrift the groins and erosion appears downdrift
the groins. Consequently, the shoreline response to impermeable groins displays
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a zig-zag shape, and erosion occurs downdrift the impermeable groin system due
to sand starvation. To lessen the negative effects of impermeable groins on the
downdrift coast, one method is to shorten groin length, but at the expense of ef-
ficiency reduction, while another preferred method is to increase permeability of a
groin, allowing water and sand to pass through. Permeable groins normally consist
of wooden pile cylinders or precast concrete porous unites. With the increasing
awareness of environmentally friendly applications and aesthetically agreeable so-
lutions, the timber groins from past times are attracting reconsideration. Timber
groins are generally permeable and consist of rows of pile cylinders (Figure 2.1).
Easier installation, lower cost, higher flexibility of adapting to the changing beach
profile, smaller damage to beach amenity and resulting in a more uniform shoreline
response, permeable pile groins have been popularly used for coastal protection
worldwide. While the nearshore process and the effect of impermeable groins is
well understood, the hydraulic functioning of permeable pile groins has not received
as much attention compared to their counterparts [Trampenau et al., 1996]. The
lack of ample research has resulted in a limited understanding of the hydraulic func-
tioning of permeable groins.

Field studies have confirmed that the coastline recession is effectively curbed by
permeable pile groins [Kolp, 1970, Price et al., 1972, Trampenau et al., 1996, 2004,
Abam, 1993] and the longshore current velocity is retarded to a large extent mea-
sured in laboratory experiments [Hulsbergen and ter Horst, 1973, Trampenau et al.,
2004]. A five-year surveillance of a beach profile evolution at the southern coast in
England, showed that a build-up in beach levels appeared after the construction of
PPGs [Price et al., 1972]. Compared to a groin-less coast, the evolution of beach
profiles in response to PPGs is that the beach elevation was built up and the beach
slope became much gentler from the shoreline to the trough. This indicates that
wave energy dissipated further seaward and a wider wave buffer zone developed,
thus a reduction in wave loading per unit area occurred, alleviating the potential of
beach erosion [Dette et al., 2004]. Similarly, positive effects induced by PPGs, indi-
cated by extensive field surveys from 1993 to 1997 on the Baltic Sea coast, are: a)
significant seaward advancement of shoreline; b) continuous growth of submarine
terrace elevation; and c) seaward movement of the nearshore shoal [Trampenau
et al., 2004]. The positive accretion appears as a result of an indirect protection
mechanism of PPGs on morphological changes [Trampenau et al., 2004], as well as
the direct effects on hydraulic conditions. In the case of Naples Beach, Florida, the
monitored performance of an experimental groin satisfied its expectation, which
successfully stabilized the beach and did not have any significant side effects on
the adjacent shoreline [Poff et al., 2004].

To the author’s knowledge, the earliest laboratory experiment on permeable pile
groin functioning with various configurations under varying hydraulic conditions is
executed by Hulsbergen and ter Horst [1973]. The different tests and their results
of the extent of longshore current reduction were compared. The groin model used
in the experiments were either 3.5 m long or 5 m long, consisting of single-row
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Figure 2.1: Left: The single row permeable pile groins at the southern coast of the Baltic sea, German
[Raudkivi and Dette, 2002] Right: The two-row permeable pile groin at Domburg coast, the Netherlands.

pile cylinders or two-row cylinders in 8.5 cm apart distance. The scales in hor-
izontal and vertical directions are both 1:40. The permeability varied along the
groin length, with the average permeability being 50% and 55% for short and long
groins respectively. The main conclusions were given in the form of relative long-
shore current velocities, which was the ratio of longshore current velocities with
groin interventions to the velocities without groins. Under the condition that a cur-
rent and a wave-generated longshore current are in the same direction, the relative
reduction of longshore current velocity was smaller than under the current-alone
condition. The difference in longshore current reduction under the combined wave-
current condition and current-alone condition attributed to the different generation
mechanism of alongshore currents and wave generated longshore currents. The
obliquely incident waves could penetrate into groin fields and generate longshore
currents within groin fields. Therefore, once the longshore current was retarded by
the groin resistance, it would however be immediately fed by the driving force from
the penetrated breaking waves, leading to a smaller reduction than the current-
alone condition without waves.

After the first generation of permeable pile groins in coastal engineering, about
40 years ago, the evaluation of previous projects has brought the applicability of
PPGs back into the attention. The positive shoreline advancement into the sea
as observed on a PPG engineered Baltic Sea coast site [Trampenau et al., 1996]
encouraged a further study about optimising the PPG design. Trampenau et al.
[2004] carried out a systematic laboratory experiment to investigate varying pile
groin configuration parameters effects on PPG performance. The single-row groin
model is spaced at a constant distance. The model test focused on PPGs with
varying permeability parameters and varying groin length relative to wave breaker
zone width under varying wave-alone and current-alone conditions. Similarly, the
research confirmed that PPGs function differently under wave-alone and current-
alone conditions. Trampenau et al. [2004] suggested a critical permeability value
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found that porous coastal defence structures could provide internal habitat space
promoting and supporting biodiversity. This finding reveals that such structures
function not only as an engineering protection measure but also offer habitats for
coastal species. While external surfaces are vulnerable to harsh environmental
forces and human interventions from maintenance activities, internal surfaces sup-
ply more suitable habitats and have a higher species diversity. Moreover, the groin
fields could be seen as a kind of natural ‘sea ranch’, where a seasonal abundance in
wild baby mussels exists [van Lynden, 2007]. The advantage of wild mussel seeds
attaching itself to groin piles is substantially beneficial to local aquaculture.

To accurately reproduce the permeable pile groin effects on nearshore waters, espe-
cially on longshore currents, wave propagation and evolution should be well simu-
lated. Due to the lack of attention on permeable groins, in addition to few laboratory
experiments and field surveys, less research has been carried out to simulate PPG
effects by numerical modeling. However, numerical simulation is a powerful tool to
simulate a large variety of cases under varying environmental conditions.

To have a detailed understanding of temporal variation of longshore currents, a
phase resolving model is preferred. The SWASH (Simulating WAves till SHore)
model is an open-source phase resolving wave flowmodel, considering non-hydrostatic
pressure force. As a powerful alternative for various Boussinesq type models, the
SWASH model not only captures the initiation and dissipation of a breaking wave
correctly when the vertical resolution is fine (10-20 layers), but it is also much more
computationally efficient [Smit et al., 2013]. The above-mentioned advantage of
SWASH encourages us to explore its application to wave-current-groin interaction.
The governing equations of the SWASH model are not given here since these are
shown both in Chapter 3 and Chapter 4.

In Chapter 4, the SWASH model is tested to simulate the interaction between long-
shore currents and PPGs. Next, the validated model is used to further investigate
the hydrodynamics of permeable pile groins under varying wave conditions. With
these attempts, this research is to explore the validity of the SWASH model simu-
lating wave-induced longshore currents on a plain slope, and to verify the repre-
sentation of permeable pile groins in the SWASH model is sufficient. The simulation
results are proposed to advance a better understanding of permeable pile groins.
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3.1. Introduction

L ongshore currents, generated by obliquely incident breaking waves, play an im-
portant role in driving longshore sediment transport and in changing coastal

morphology. The theory of longshore currents has progressed importantly [Bowen,
1969, Longuet-Higgins, 1970a, Thornton and Guza, 1986], since the concept of radi-
ation stress was introduced [Longuet-Higgins and Stewart, 1964, Longuet-Higgins,
1970a]. Among the proposed mathematical models, the simplest model is a 1D
model based on momentum flux balance in alongshore direction on a planar beach
under monochromatic wave incidence. In steady state and water depth averaged
mode, the longshore current driving force is balanced by bottom friction and lateral
friction. Although the average longshore current velocity across the entire surf zone
could be properly predicted, the exact cross-shore distribution of the longshore cur-
rent is more difficult to derive, since it highly depends on less-known lateral mixing
mechanisms.

To investigate longshore current mechanisms, field investigations and laboratory
experiments have been carried out. Earlier measurements are often limited to
longshore maximum velocity or average velocity across the entire width of the surf
zone, which does not reveal the cross-shore distribution of longshore current. The
known first cross-shore distribution of longshore current was measured by Galvin
and Eagleson [1964] along several shore normal profiles. These pioneering data are
used widely to test longshore current theories. However, possible non-uniformity
of the longshore current along the beach should be carefully considered [Visser,
1991]. To avoid non-uniformity of the longshore current, well controlled, highly
representative laboratory experiments were conducted by Visser [1980, 1984b,a,
1982, 1991]. Visser found that a virtually uniform longshore current is realized
when the return flow in the offshore region of the wave basin is minimal. There-
fore, Visser introduced an active external recirculation system driven by pumps to
minimize the circulation flow in the wave basin. Because of the well-controlled
uniformity of the longshore current, this data set has been used as a benchmark
set for developing longshore current theories and validating numerical models [e.g.
Smith et al., 1993, Svendsen and Putrevu, 1994, Chen, 2003, Rijnsdorp et al., 2017,
Hsu et al., 2017]. This experimental example setup, guaranteeing the production
of an alongshore uniform longshore current in the laboratory, was also adopted by
Hamilton and Ebersole [2001]. In addition, a unique, unexplored and unpublished
data set produced by large-scale, outdoor laboratory experiments [Hulsbergen and
ter Horst, 1973] is presented and shown to be a worthy, additional dataset for
validation. Other than the previously mentioned experiments investigating wave-
induced longshore currents on planar beaches, Reniers [1997] carried out experi-
ments which focused on longshore currents over more geographically complicated,
barred beaches.

The measurements of longshore currents obtained from the above-mentioned ex-
periments provide an excellent database to validate and/or calibrate numerical sim-
ulation models. The primary aim of this paper is to validate the ability to simu-









































3

36 3. Laboratory validation of SWASH longshore current modelling

Figure 3.13: Comparison between the simulated results of the H73_W experiment by the 1D model (blue
line) and the results obtained by the SWASH model (black dash line), (red circles: measurements).

Figure 3.14: Comparison between the simulated results of the R97_SA243 experiment by the 1D model
(blue line) and the results obtained by the SWASH model (black dash line), (red circles: measurements).



3.7. Disussion

3

37

Figure 3.15: Comparison between the simulated results of the R97_SO014 experiment by the 1D model
(blue line) and the results obtained by the SWASH model (black dash line), (red circles: measurements).

iment on a barred slope under regular waves, when the bottom roughness height
increased to 0.01 m. For the experiment Re97_SO014 on the same slope but under
irregular waves, a good agreement was obtained (shown in Figure 3.15) when the
roller slope parameter was changed from 0.1 to 0.05, and the bottom roughness
height 0.0005 m was used.

3.7. Disussion
The ability of the SWASH model in simulating longshore currents has been inves-
tigated and validated on barred and non-barred beaches under obliquely incident
regular and irregular waves. Since the purpose of this study is to validate the
SWASH model with uncalibrated default free parameters, the parameters (e.g. bot-
tom roughness height, horizontal eddy viscosity) were set the same for all the
simulation cases. Without any variation of the free parameters, the SWASH model
provided promising results. It can be expected that after calibration, the accuracy
of the SWASH model could even be improved. For instance, calibrating bottom fric-
tion coefficients would significantly affect modelled longshore current magnitudes,
for which there is a large variability found in the literature.

The simulation results of the longshore currents on a barred slope (Re97_SA243
and Re97_SO014) are consistent with that measured in the laboratory. Confined
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to a well-controlled laboratory environment, both the modelled and observed long-
shore currents have the same cross-shore variations. The pattern is that the max-
imal longshore current occurs where the wave breaking induced turbulence is the
strongest. The second peak velocity appears near the shoreline. However, the field
experiment DELILAH shows that the maximum longshore current velocity is on the
trough but not over the bar crest. Reniers [1997] attempted to test the effects of
alongshore variation and lateral mixing of their numerical model on the position of
the maximum. However, neither an alongshore pressure gradient nor lateral mixing
significantly affects the maximum longshore current velocity position. It was con-
cluded that the maximal longshore current velocities observed in the trough are not
attributed to the pure local wave forcing [Reniers, 1997]. The deviation of observed
and predicted maximum velocity position may due to the failure to identify the al-
teration of the local forcing mechanism [Church and Thornton, 1993]. For complex
forces (e.g. wind and tidal effects) in the field environment was not considered
in the laboratory experiments and the numerical simulations by the SWASH model
except for pure wave forces, the SWASH model could only reproduce the laboratory
experiment results well, but could not contribute to illuminating the possible rea-
son why the observed positions of maximal longshore currents appear in the trough.

It is shown that a simple 1D model is able to compute a longshore current distribu-
tion comparable to the SWASH model. However, the bottom roughness coefficient
dominates the magnitude of computed longshore current velocity, of which the re-
alistic value is not optimum all the time and then needs a calibration. For instance,
the calibrated bottom roughness height varies a factor of twenty for the simula-
tions on a barred slope. In addition, the cross-shore distribution of the longshore
current depends on the eddy viscosity value in order to mimic the horizontal mo-
mentum flux diffusion, which is generally unknown. Different correlations between
the eddy viscosity, characteristic length scale (i.e. wave height or water depth),
and characteristic velocity (i.e. wave celerity or turbulent velocity) are available in
the literature [e.g. Longuet-Higgins, 1970b, Battjes. J.A., 1975, Putrevu and Svend-
sen, 1992]. The simplest constant eddy viscosity was used in the simulations with
a calibration, instead of choosing an available eddy viscosity model. While this find-
ing illustrates the dominant mechanism for the generation of the longshore current
distribution, the uncertainty of the free parameter value limits the prediction ability
of the 1D model. Compared to the 1D model, the SWASH model is more accurate
without having to pay attention to tuning the free parameters. When the vertical
resolution is fine enough to resolve the vertical structure of mean flow, the order
of O(20) in this study, and the computational domain is properly long with minor
lateral boundary effects, the SWASH model reproduces the longshore current pro-
files in laboratory experiments fairly well, while only proper magnitude of longshore
current velocity could be predicted by the 1D model. Therefore, the SWASH model
with default parameter settings is suggested to predict the distribution of longshore
currents accurately.
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3.8. Conclusion
The SWASH model has been set up to simulate wave induced current against six
laboratory experiments, four of which are confined to obliquely incident regular
waves on non-barred beaches, and two experiments are on a barred beach un-
der regular waves and irregular waves respectively. Nearly perfect agreements are
found between the computed and measured wave heights, mean water levels and
longshore currents. The longshore current generally spreads within 2 times the surf
zone width [Longuet-Higgins, 1970a]. For simpler well-controlled experiments with
regular wave incidence to alongshore uniform beaches considered in this paper, the
longshore current is shown to develop mostly within 1.5 times the width of the surf
zone. Along vertical direction, the longshore current is quite depth uniform on plane
beaches. The exception, existing in very shallow water, is that the vertical profile of
longshore current deviates from a depth uniform profile. The stronger bottom fric-
tion in shallower water enforces the vertical profile to transform into a logarithmic
profile. Ignoring the very shallow zone nearshore, approximately stretching over
0.4 times surf zone width offshore, longshore currents maybe assumed depth uni-
form under regular waves on plane beaches. Both the numerical simulations and
laboratory measurements show rather depth uniform vertical structure of mean
longshore current under regular waves on plane beaches. This explains partly why
the simpler 1D depth-averaged momentum balance equation can be sufficient to
compute the longshore current. However, the assumption of depth uniform long-
shore current does not apply to a bared beach.

In conclusion, the phase-resolving SWASH model is capable to compute wave-
induced longshore currents. The subgrid approach accelerates the computation
without sacrificing the accuracy. The less computational effort shows that this
phase-resolved model is a promising alternative to a phase-averaged model. With-
out tuning effort on free parameters, the SWASH model predicts wave generated
longshore current fairly well on planar and barred beaches. More complex con-
ditions such as combined wave and steady current condition, or realistic random
waves in combination with tidal currents in fields would be investigated in further
work.
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46 4. Numerical Modelling of Hydrodynamics of Permeable Pile Groins

4.1. Introduction

C oastal groins (or groynes), generally constructed perpendicular to the shore,
are one of the most popular coastal protection structures. Groins contribute to

the build-up of coasts and the widening of beaches via a) producing a sheltered
area at the leeside of a groin due to wave diffraction; b) hindering wave induced
longshore currents; c) deflecting strong tidal currents; d) intercepting longshore
sediment transport [Bakker et al., 1970]. Considering the aspect of permeability,
groins could be divided into permeable groins and impermeable groins. Imperme-
able groins are solid groins made of concrete, stone, wood or steel, which block the
flow cells in groin fields. Permeable groins, made of wooden piles or porous stone
or concrete modules, allow flow to pass through. The distinct advantage of per-
meable groins compared with impermeable groins is that permeable groins allow
a fraction of the longshore sediment transport passing through their openings. A
decrease in the blockage ratio of longshore sediment transport could alleviate the
sand starvation of the coast downdrift permeable groins, where commonly large
scale erosion occurs in the presence of impermeable groins. Moreover, unlike the
commonly discontinuous shoreline interrupted by impermeable groins, the shore-
line response to permeable groins is continuous [Bakker et al., 1984, Raudkivi,
1996, Trampenau et al., 1996]. For instance, a continous nearly stranght shoreline
response to a permeable groin system is shown in Figure 4.1. In this paper, only
one specific form of permeable groins, permeable pile groins (PPGs) consisting of
wooden piles, was considered. Due to the appealing natural look, the ease of con-
struction and the usage of renewable timber resources, PPGs attract more attention
in coastal engineering projects especially from an environmental concern [Perdok,
2002, Crossman and Simm, 2002]. PPGs have been widely utilised to protect coasts
from erosion in Europe, for instance, at the North Sea coasts in the Netherlands
and the United Kingdom [Price et al., 1972, Bakker et al., 1984], and the Baltic Sea
coasts in Germany and Poland [Raudkivi, 1996, Trampenau et al., 1996, Raudkivi
and Dette, 2002, Dette et al., 2004, Strusiańska-Correia, 2014].

The functional mechanism of permeable pile groins, as concluded by Raudkivi
[1996], is that PPGs act as hydraulic resistances to slow down longshore currents.
The reduction of littoral current velocity leads to less turbulence produced by the
wave-current interaction at the bed. Consequently, fewer sediment particles are
mobilized. Therefore, the retarded longshore currents transport a reduced amount
of sediment. As a result, the sediment is easily trapped and retained in the vicinity
of the groins. The pile groins do not alter the characteristics of incident waves,
which are negligible considering the wide spacing between each PPG alongshore
[Raudkivi, 1996], except for a very limited wave shadow area near each PPG.

Field surveys showed that the coastline recession was effectively curbed and the
nearshore accretion was promoted by massive rows of pile groins [Kolp, 1970, Price
et al., 1972, Trampenau et al., 2004, Abam, 2009]. To further investigate the ef-
fects of pile groins on nearshore currents, a laboratory experiment under exquisitely
controlled conditions is another effective method. When the average permeability
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of a pile groin is 55%, Hulsbergen and ter Horst [1973] measured a 40% reduc-
tion of longshore current velocities within groin fields, under a combined wave and
steady current condition. For the case of obliquely incident monochromatic waves
in the experiment conducted by Trampenau et al. [2004], the purely wave-induced
longshore current reduced to 40% of the undisturbed longshore current velocities,
in the fields of groins with a 30% permeability, and to 70% in the fields of groins
with a 50% permeability. Uijttewaal [2005] compared the turbulence properties
near and downstream of permeable and solid groins. This author concluded that
for permeable pile groins, the shear and turbulence intensity can be significantly
reduced at the mixing layer between the groin fields and the main stream, and the
rather unidirectional flow passing through permeable groins prevented the forma-
tion of a recirculation flow in groin fields, in contrast to solid groins.

Field studies and laboratory experiments proved that, to a large extent, PPGs slow
down longshore currents and effectively curb coastline recession. In addition, tim-
ber PPGs are considered kind of appealing structures, especially at recreational
coasts with a high aesthetic appreciation. The reason is that the small footprints
of PPGs harm beach amenity to a small extent, and the renewable wooden con-
struction material is environmentally friendly and economically [Perdok et al., 2003,
Crossman, 2004], e.g. PPGs at a beach resort in Zeeland province, The Netherlands,
Figure 4.1). However, an important consideration of beach erosion is that possible
strong rip currents, incited by the existence of groins, could lead to seaward loss
of beach material [Bakker et al., 1984].

Although for centuries PPGs have been applied in coastal engineering, relatively
few detailed and high resolution measurements are available either from field stud-
ies or laboratory researches. To bridge the gap, numerical simulations are employed
to study nearshore flow within permeable groin fields. The representative data sets
obtained from the laboratory experiments [Hulsbergen and ter Horst, 1973] are
selected to calibrate and validate the numerical model. The aim of the laboratory
experiments was to explore the optimal layout of pile groins, mainly under a com-
bined wave-current flow condition.

In the present work, we set up a phase resolving wave-flow model SWASH (an
acronym for Simulating WAves till SHore), which includes pile groin effects on the
flow. The governing equations of this model are listed in Section 4.2 and the experi-
mental data set is described in the same section. The initial calibration of the model
is presented in Section 4.3. Then the model is applied to evaluate pile groin impacts
on nearshore currents, which are demonstrated in the same section. Results are
discussed in Section 4.4, and conclusions are given in Section 4.5.
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5
Numerical simulations of

effects of layouts of
permeable pile groin system

on longshore currents

Coastal permeable groins have been used to protect beaches from erosion for
centuries. However, the hydraulic functioning of permeable groins has not
been fully understood and their design heavily depends on engineering expe-
riences In this chapter, numerical experiments were executed to investigate
the effects of layout configurations of a permeable groin system on longshore
currents. The non-hydrostatic SWASH (Simulating WAve till SHore) model
was employed to carry out the numerical simulations. Two data sets ob-
tained from physical laboratory experiments with different permeable groins
layouts on different slopes are used to validate the accuracy of the model.
Then, the longshore current retardation by the permeable groin system with
varying configuration parameters (e.g. groin spacing, groin length) was nu-
merically investigated under different environmental conditions (e.g. a slight
or a moderate wave climate). From the calculation results of numerical exper-
iments, it is indicated that permeable groins function efficiently to retard the
maximal longshore current velocity under the condition that the groin length
ranging from 84% and 109% of the wave breaker zone width. The longshore
current reduction rate monotonously decreases with the increase of groin
spacing. When the groin spacing–groin length ratios are 1:1 and 1.5:1, the
longshore current reduction is not sensitive to the wave conditions. When the
spatial ratio is 2:1, the permeable pile groin system functions worse under
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a moderate wave climate than under a slight wave climate, from the view of
longshore current reduction.
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5.1. Introduction

C oastal groins are long and narrow hydraulic structures, which are built to pro-
tect a stretch of beach from erosion. Groins are usually placed approximately

perpendicular to the shoreline to hinder longshore currents and intercept long-
shore sediment transportation in the littoral zone. For instance in engineering prac-
tice, groins are widely used in combination with beach nourishment to sustain the
recharged beach materials within groin bays, or groins serve as a terminal structure
to reduce the sand loss to a sand sink (e.g. at a harbour inlet). For centuries groins
have been used, but they are perhaps the least understood compared to numerous
other shore-protection structures, due to the lack of research about established re-
lationships between groin functional behaviours and environmental climates [Berg
and Watts, 1965, Bakker et al., 1984, Kraus et al., 1994, Poff et al., 2004]. From
the aspect of permeability, groins can be divided into two types, permeable and
impermeable groins respectively. In this study, the specific traditional form of the
permeable groin, consisting of wooden piles, is investigated. Compared with im-
permeable groins (e.g. rubble mound groins), Permeable Pile Groins (PPGs) may
attract more preference given their appealing natural look, ease of construction and
made of a renewable timber resource [Crossman and Simm, 2002]. In addition, be-
cause the ability of longshore sediment transport passing through large openings
of PPGs, the side effects of beach erosion downdrift PPGs are much less compared
to the effects associated with their impermeable counterparts. Consequently, PPGs
have minor downdrift beach impacts and result in a continuous shoreline. There-
fore, PPGs deserve serious consideration and investigation as a promising type of
economic and flexible coastal protection measure [Bakker et al., 1984].

The primary function of PPGs is to slow down longshore currents, enable elimi-
nation of circulations within groin fields and to weaken rip currents along the groins
[Raudkivi, 1996, Trampenau et al., 1996]. PPGs do not impound and block long-
shore sediment transport, but instead of exerting resistance on longshore currents,
to retard velocity of longshore currents and weaken their capability of transporting
sediment. On the other hand, the reduction of current velocity inhibits turbulence
(production) at the seabed and decreases the amount of suspended sediment. As
a result, the capacity of longshore currents to entrain sediment decreases [Tram-
penau et al., 1996]. On several sites of field surveys it was shown that coastline
recession was effectively curbed and accretion nearshore was promoted by the
massive rows of PPGs [Kolp, 1970, Price et al., 1972, Bakker et al., 1984, Raud-
kivi and Dette, 2002, Poff et al., 2004, Trampenau et al., 2004, Abam, 2009]. A
five-year surveillance of beach profile evolution, at a Southern coast in England,
showed that a build-up in beach levels appeared after the construction of PPGs
[Price et al., 1972]. Compared to a natural coast without groins, the evolution of
beach profiles in response to PPGs is that the beach elevation was built up and
the beach slope became much gentler from the shoreline to the trough. This im-
plied that wave energy dissipated further seaward and a wider wave buffer zone
was developed, reducing wave loading per unit area and alleviating the potential
of beach erosion [Dette et al., 2004]. Similarly, positive effects induced by PPGs,
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indicated by extensive field surveys from 1993 to 1997 on the Baltic Sea coast, are:
a) significant seaward advancement of shoreline; b) continuous growth of subma-
rine terrace elevation; c) seaward movement of the nearshore shoal [Trampenau
et al., 2004]. The positive accretion of morphological change appeared as a result
of an indirect protection mechanism of PPGs [Trampenau et al., 2004], in addition
to the direct effects on hydrodynamics. In the case of Naples Beach, Florida, USA,
the monitored performance of an experimental permeable groin on-site satisfied its
expectation, which successfully stabilized the beach, enabled the beach to build up
and did no’t have any significant side effects on the adjacent shoreline [Poff et al.,
2004]. Bakker et al. [1984] reviewed the application of PPGs in the Netherlands.
These authors concluded that the PPG effect was controversial due to a lack of
statistically significant evidence because some PPG projects at Dutch sites did have
the expected favorable effects, while other projects did have adverse effects and
were abandoned.

When evaluating the effectiveness of PPGs on the morphological changes in na-
ture, there is inevitable difficulty in isolating the effects of natural and nonnatural
background noise, such as long-term morphological variations [Bakker et al., 1984]
or human interventions (e.g. beach nourishment). Therefore, in this study numeri-
cal experiments were carried out merely focusing on hydrodynamics, to investigate
hydraulic functioning of PPGs under varying well-controlled hydraulic conditions.
Separate experiments have been carried out to isolate groin configuration effects,
such as groin length and groin spacing. Our aim is to numerically quantify the re-
lationship between layout parameters of a PPG system and the reduced longshore
current reduction rate. The results may be used as a reference database to facili-
tate and improve PPG design.

In this chapter, the nearshore flow fields affected by different configurations of
permeable pile groin systems under varying hydraulic conditions were simulated.
The following section gives a brief overview of the literature about permeable groin
layout design. Then, the setup of numerical experiments is given. The governing
equations of the numerical tool, the SWASH model, are demonstrated in Section
5.3. The simulation results are analyzed and compared in Section 5.4. Finally, in
the last section a discussion is given and the conclusions are summarized.

5.2. Methods
5.2.1. Design of permeable groins
A literature review on the design of groins is given below, listing several design
concerns such as groin length, groin height (crest elevation), the spacing between
neighbouring groins and the layout of the groin system. These concerns are all
considered in this thesis.









5

84
5. Numerical simulations of effects of layouts of permeable pile groin

system on longshore currents

Figure 5.1: The cross-shore profiles of the physical experiments. (a): Hulsbergen and ter Horst (1973)
experiment; (b): Trampenau (2004) experiment. The blue lines denotes the cross-section of permeable
pile groins.
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Figure 5.5: The relative ration of longshore current velocity at 0.5 m downdrift of the groin over the
undisturbed velocity updrift the first groin (a), and the calculated (blue lines) and derived measured (red
circles) longshore current velocities at 0.5 m downdrift of the groin (b). The groins have a permeability
of 30% and a length of 3.5 m. The orange lines denote the groin length in cross-shore direction.

5.5. Comparison of different groin layouts
In this section, the simulation results of different groin layouts under varying wave
conditions are compared. The beach bottom and the two-pile-row configuration of
the PPG from Hulsbergen and ter Horst [1973] experiment were adopted, because
the width of the two-pile-row groin is similar to the computational efficient grid res-
olution than was the case for the one-pile-row groin. Consequently, when keeping
the vertical frontal area of a groin constant, the porosity and unit groin reduced
forces are closer to that of a real groin.

5.5.1. Groin spacing
To investigate the groin spacing effect on the longshore current reduction rate,
three spatial ratios of groin spacing over groin length (i.e. 1:1, 1: 1.5 and 1:2)
were set up. The groin lengths are 2.2 m under slight waves and 3.5 m under
moderate waves, which are both slightly larger than the breaker zone widths. The
permeability of the PPG is 50%. Under a slight wave state (H=0.03 m), as shown
in Figure 5.6, the longshore current reduction of a maximal longshore current is
65%, when the spatial ratio is 1:1. Along with the groin spacing increasing to 1.5
times and 2 times the groin length, the longshore current reduction capacity of PPGs
decreases to 57% and 51%, respectively. Under a moderate wave climate (H=0.05
m), the results are similar. The longshore current reduction ratios are 65%, 57%
and 41%, when the spatial ratio is 1:1, 1:1.5 and 1:2, respectively. The maximal
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Figure 5.9: The comparison of longshore current velocities averaged with groin fields <v> with and
without groin intervention under waves with different periods (i.e. T= 1.0s, 1.5s, 2s, 2.5s). The solid
lines denote the situation without groins, and the dashed line show that with groins. The orange lines
represent the location of groin seaward heads and the green shadow denotes the wave breaker zone
width.

5.5.3. Wave periods
In Figure 5.9, the simulated longshore currents over the non-groin engineered bot-
tom and over the groin engineered bottom under regular wave conditions with
different wave periods are shown. The wave periods vary in the range of 1.0 s
and 2.5 s. The wave height was set constant as 0.03 m. The groin spacing equals
the groin length, which is set as 2.2 m. The wave direction is 30°. Without groin
intervention, the longshore currents are longshore uniform. In cross-direction, the
longshore currents spread mostly within the breaker zone. For a given wave height,
when the wave period is longer, the wave breaker locations shift further seaward
from 2.02 m when T= 1 s to 2.86 m when T= 2.5 s (Table 5.1). Consequently,
the longshore currents spread further seaward till 4 m offshore (Figure 5.9). The
maximal longshore current velocity increases slightly with a wave period increase.
However, when the waves are longer, the waves refracted faster to shore-normal
direction than shorter waves, according to the Snell’s law. The surf zone aver-
age longshore current velocity is positively correlated to the sinusoidal of twice the
breaker angle. The smaller wave breaker angle induced by longer waves leads to a
reduction of the maximal longshore current velocity, which ccompensates the en-
hancement effect of the longer wave period.

When groin effects on longshore currents are involved in the calculations, the long-
shore currents are efficiently reduced within the groin fields. For all wave condi-
tions, the longshore current increases by the groin seaward head. However, there
appears a second peak of longshore current velocity seaward of the groin’s head
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sured in Trampenau et al. [2004] experiment was included in this paper. A good
match was found between the numerical calculations and the physical observations
on a small laboratory scale. The validated model was further used to investigate
varying PPG configurations under different wave conditions.

In this study, the different layouts of permeable groins are compared based on their
capability of retarding longshore currents. Two design variables, the aspect ratio of
groin spacing over groin length and the relative groin length to wave breaker zone
width, are compared under different wave conditions (e.g. different wave heights,
wave periods).

Under a light wave condition, the longshore current reduction rate decreases with
the increase of the distance between the groins. The reduction rate decreases by
8% when the groin spacing is 1.5 times the groin length compared to the distance
equal to the groin length. With groin space increasing to 2 times the groin length,
the reduction rate decreases by 6% from 57% to 51%. In the case of a moder-
ate wave climate, the reduction rate is nearly the same as under the slight wave
condition when the groin spacing and length ratio is 1:1 and 1.5:1. The reduction
rate decreases significantly by 16% from 57% to 41% when the groin spacing is
as large as two times the groin length. The results suggest that if the groin space-
length ratio is not larger than 2:1, the permeable pile groin functions similarly under
light and moderate wave conditions. If the groin spacing is as large as 2 times the
groin length, the permeable pile groin system performs worse under a moderate
wave climate than under a light wave climate, from the aspect of longshore current
reduction rate.

For the varying groin length simulations, it is shown that when a groin length is
about 70% of the wave breaker width, the maximal longshore current velocity
within the breaker zone could not be efficiently hindered. In case of increasing
wave periods with a constant wave height, the wave length increases leading to
a wider wave breaker zone and a consequent smaller groin length-breaker zone
width ratio. Within the breaker zone, the longshore current reduction decreases
slightly with the decreasing relative groin length to the breaker zone width. How-
ever, outside the breaker zone, the longshore current increases significantly and
even transfers the retarded longshore current velocity peak from inside the breaker
zone to the wave breaker location. Moreover, the expanding seaward distance
of enhanced longshore current velocity is much further when the wave period is
longer. In a plan view, the enhanced longshore current area by the groin heads
is a band-like shape, when the wave period is the largest 2.5 s among the four
simulation cases (T= 1 s, 1.5 s, 2 s, 2.5 s).

The validated SWASH model offers a practical opportunity to compare the differ-
ent layouts of pile groin system. However, the simulations are carried out under
well-controlled conditions. Therefore, the model results are able to provide a quick
prediction of groin performance in a preliminary design phase. Furthermore, the
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validated numerical model could be used to investigate different alternatives of pile
groins under more complex environmental conditions. The results obtained from
the schematized numerical experiments may expand the database for permeable
pile groin systems, which then are a valuable tool to assist the design and evalua-
tion process in coastal engineering planning and management.
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6.1. Conclusions
This thesis makes efforts to predict interactions between permeable pile groins,
waves and currents by numerical simulations. The response of permeable pile
groins in coastal waters is dominated by longshore currents. The key precondition
of numerically predicting the longshore current field is that the wave evolution es-
pecially concerning the wave breaking position should be accurately captured. To
answer the first research question, the comparison of longshore currents between
numerical simulations and laboratory observations is made (Chapter 3).

Among the available wave-flow models, there are two main types, phase-averaged
(or stochastic) models and phase-resolving (or deterministic) models [Smit et al.,
2014]. The SWASH model, which is a phase-resolving model, is superior to phase-
averaged models from the aspect of resolving instantaneous variables within a wave
period. In addition, in SWASH it is easier to improve frequency dispersion via in-
creasing the number of vertical layers than in a Boussinesq type phase-resolving
model via increasing the derivatives orders of dependent variables. Therefore, the
non-hydrostatic wave-flow model SWASH was adopted in this work as the numeri-
cal methodology.

The potential of the SWASH model to resolve wave-induced longshore currents was
evaluated. Four wave basin experiments [Visser, 1991, Hamilton and Ebersole,
2001, Reniers et al., 1997] consisting of six cases were reproduced. The simulated
longshore currents over the alongshore uniform barred and non-barred beaches,
induced by regular and irregular waves, have been extensively compared with lab-
oratory measurements. General good results are obtained for all the test cases,
under the circumstance that the vertical layer number and the bottom roughness
coefficient of the SWASH model are set as constant values without any specific
calibration. The good agreement found between the simulation results and the
measurement data reveals that the SWASH model is sufficiently validated. The va-
lidity of the SWASH modelled longshore currents proves that the SWASH model is
a robust tool to predict longshore currents over an alongshore uniform beach on
a small laboratory scale. In contrast, an analytic longshore current model based
on the radiation stress theory only provides good simulation results in the case
the coefficients are properly calibrated. For instance, the maximal longshore cur-
rent velocity magnitude relies on the bottom roughness coefficient value, and the
shape of the longshore current cross-shore profile depends on the viscous mixing
parameter. Moreover, the analytical model needs an additional calculation of wave
propagation. For the wave calculation, a roller model is necessarily included to de-
lay wave breaking and to accurately capture the initiation of longshore currents.
The roller model introduces extra ad hoc coefficients such as the roller dissipation
coefficient, which likewise have to be calibrated.

Considering the longshore currents over a barred slope, both the depth-averaged
analytical model and the multi-layered SWASH model results show that the maximal
longshore current velocity is over the bar crest. This is consistent with the labora-
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tory measurements, but it is in contrast to the observed maximal longshore current
over the trough in the DELILAH field experiment. Reniers et al. [1997] tried to
interpret the maximum location shift in their numerical model by testing the effects
of the alongshore pressure gradient and the lateral mixing. Nonetheless, the two
factors that were tested do not affect the location of the maximal longshore current
velocity. In the laboratory experiment and in the numerical simulation pure wave
forcing is applied, while in the field, other complex forces resulting from winds
and tides could coexist with waves. The local forcing alteration and alongshore
bathymetric variation would be possible causes for the maximal longshore current
location transfer. The measurement data are not sufficient to uncover the mecha-
nisms behind this phenomenon.

The multi-layered SWASH model enables a prediction of the vertical structure of
longshore currents. It is shown that under a pure wave condition, the vertical pro-
file of longshore currents near the wave breaking position is rather uniform over
depth on a planar beach. This implies that the strong turbulence induced by wave
breaking contributes to a vertical momentum mixing, smearing out a large depth
variation of the vertical profile of the longshore current velocity. When approaching
the shoreline, the vertical profile deviates from depth uniform to a more logarithmic
profile. However, the very depth-uniform vertical profile of longshore currents does
not apply to a barred slope.

With default settings and without a specific calibration of the coefficients, the
SWASH model reproduces the small-scale experimental results fairly well. On the
contrary, the coefficients of the analytical model need to be measured in a labora-
tory or calibrated in simulations. The fine-tuning of the coefficients of the analytical
model limits the model to provide a reliable prediction.

Next, the implementation of permeable pile groins of the SWASH model is tested
responding to the second research question. It is found that the schematized way
of using the Morison-type model to exert PPG forces to the water column in the cal-
culations is sufficient to represent the PPG resistance felt by the longshore currents.
The representative laboratory data set [Hulsbergen and ter Horst, 1973] is chosen
to calibrate the coefficients and verify the simulation results. The calibrated model
is capable to reproduce the flow field within the groin fields. Instead of only mea-
suring the alongshore averaged longshore current velocities by floats within groin
fields in the laboratory, the numerical simulation reveals the flow characteristics in
the entire groin field in answer to the third research question. It has been found
that in the experiment by [Hulsbergen and ter Horst, 1973] the three long groins
function better than the five short groins when considering the averaged relative
longshore current velocity reduction in the entire groin field. The relative longshore
current velocity is 67% averaged along the field with three long groins with a 55%
permeability and is 57% averaged along the field with five short groins with a 50%
permeability. Given the far more smaller groin width than the incident wave length
and the small angle between incident wave direction and the groin axis direction,
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the wave attenuation is, by the existence of a PPG, confined to a limited area and
to a very limited extent, which could be ignored. The large permeability of groins
hinders the development of eddies and recirculation in groin compartments.

Lastly, to reply to the fourth research question, the performance of varying lay-
outs and configurations of permeable pile groins are compared through numerical
experiments. The correlation between the configuration parameters of groins and
longshore current reduction ratio is investigated. The groin lengths range between
69% and 109% of the width of wave breaker zone. The simulation results sug-
gested that a groin length should be comparable to the wave breaker zone width.
For instance, if the groin length is within the range of 99% and 109% of the width
of wave breaker zone, the maximal longshore current velocity can be sufficiently
reduced. In the case of the groin length equals to 84% of the width of wave breaker
length, the maximal longshore current velocity can be efficiently retarded, but the
longshore current velocity by the groin seaward head is hardly being slowed down.
While the groin length is as short as 69% of the width of wave breaker zone, both
the maximal longshore current velocity is less reduced compared to that with longer
groin lengths and the longshore current velocity around the groin seaward head is
significantly enhanced. In addition to the relative groin length, the spatial ratio of
the groin apart distance in alongshore direction and the groin length is examined.
If the spatial ratio is small (e.g. 1:1 and 1.5:1), the longshore current retardation
is not sensitive to wave conditions (e.g. slight or moderate). The correlation of the
reduction ratio of longshore current velocity and the groin spatial ratio is linear. If
the spatial ratio is 2:1, the permeable pile groin system hinders longshore currents
to a larger extent under a slight wave climate than that under a moderate wave
climate (H=0.05 m, T=1.27 s).

6.2. Outlook
This thesis work demonstrates the ability of the SWASH model to reproduce wave-
induced longshore currents on a small scale. The SWASH model is supposed to
have the potential to be used on a large scale, for instance, on a field scale. How-
ever, given a barred beach, the maximal longshore current velocity of its cross-
shore profile is over the bar through calculation. Such a finding is different from
the field measurements. The reason behind the shift of location of the maximal
longshore current is likely due to the bathymetric variation and local forcing alter-
ation in the field, more data is needed to support further investigation. Moreover,
as the SWASH model resolves the vertical structure of longshore currents, the in-
sight about fitting the vertical structure of longshore currents would be promoted
by numerical simulations. Among the literature, a logarithmic profile, a power-law
profile and a depth-uniform have been suggested to fit a measured vertical profile
of longshore currents. The application range for the different fitting profiles may
be further refined by a robust numerical simulation.

Permeable pile groins have been proven to be effective to reduce longshore currents
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to a large extent. The verified model would have a great potential to predict hy-
drodynamics around permeable pile groins with varying configurations under more
complex hydraulic conditions. The reliable prediction would promote considerations
during the design procedure of permeable pile groins and is very practical to opti-
mize their layouts and configurations.

The schematized way to include PPG exerted forces to the water column by the
Morison type drag forces and inertial forces is proven to be sufficient when the per-
meability is as large as about 50%. When the permeability is smaller, for instance
30%, the simulated reduction ratio of longshore current velocity is underestimated.
In the case of a greater pile groin density, the porous effects are shown as impor-
tant to improve the simulation results. The wooden pile usually has a diameter of
25 cm on a field scale, which is much smaller than the incident wavelength. In
the numerical model, a sufficiently long domain is necessary to allow the longshore
currents to fully develop. The large computational grid resolution compared with
the small pile cylinder diameter makes it is easier to calculate the averaged forces of
a PPG, instead of resolving a PPG itself. Such schematization of PPG representation
would be further compared by the direct way to resolve a PPG in the flow domain.
The trade-off between the computational efficiency and the accurate representa-
tion of a PPG should be carefully taken into account.

For the permeable pile groins that have been utilized for over half a century, the
condition of the present PPG should be checked and compared for strength. For
instance, the groin heads are easily washed away. Due to the lack of sufficient
data, the applicability of a permeable pile groin under extreme wave conditions
is unknown. The main concern under extreme conditions is, that when a storm
surge accompanies waves, whether the permeable pile groin is still serving to offer
sufficient protection, since the evoked rip current strongly enhances the seaward
transport of sediment.

In addition, one of the main advantages of permeable pile groins is the low cost
of construction and maintenance. The average life span of a timber groin is about
25 years. The whole life cost of a permeable pile groin project, compared to other
methods, such as the recently developed mega beach nourishment project, is wor-
thy of analysing. The performance of permeable pile groins, alone or a hybrid sys-
tem, such as permeable pile groins in combination with beach nourishment, needs
further investigation and comparison.

The SWASH model is reliable to predict hydrodynamics within groin fields. The
accurately simulated flow field is the precondition to properly simulate the morpho-
logical changes after construction of permeable pile groins. The integrated evalu-
ation of the performance of permeable pile groins includes morphological changes
in addition to hydrodynamic changes. The simulation of ultimate morphological
change would lead to an efficient outcome-oriented procedure of permeable pile
groin design.
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