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Iepiinyn

AVTIKEIPEVO TNG TTAPOVCAG EPYOCING AMOTEAEL 1| SIEPEVVIOT TOV VOPOOVVOUIKOD TTEGIOV TOL
SLOHOPPAOVOVTOAL GTO EGMTEPIKO EVOC VOAAOV SATEPOUTOV KLHOTOOPaHGTN amd ABoppimn Kot
Kot YiveTon por TPOooTABEl TOLOTIKNG AMOTOTMONG HEYEDDY O™ 01 VIPOSVVAIKES TEGELS

KOl O1 TPOYLOKES TOYVTNTEG, OTMG EEEAMGGOVTAL VIO TNV KLUATIKT dpdoT).

[Na 11g Tvmikég epappoyés tov Y.K., n oyxéon peta&d mg omddoong vog owamepatov Y.K.
GTNV QMOUEI®MON TNG KLUATIKNG EVEPYELNS KOt TOV Bafpod wovotntdg Tov vo AELTovpyel MG
TEXVNTOG OIKOTOTOG, £lval £val aVTIKEILEVO £PELVOG GTO 0TO10 dev £xel oNuUeBE] onUAVTIKY
mpoodoc. Kown cvviotapévn tov teyvikod avtod £pyov MPOGTAGING Kol NG duvatdTnTa
vrootpiEng OoAdociag CoMg yOpo kot &vtdg avtov, amotedel 1 Olepedvnon  Tov

VIPOSVVANIKOD TEGIOV TOV AVATTOCCETAL OVTIGTOIYWG,.

A6 mhevpdc Proroyiag, n yvaoon yio TV ovamtuén peyebav 0mmg 1 vdpodvvapikng Tieon Kot
N Tpoyokn ToyvINTa givol Pacikn mAnpogopia yw v agloddynon tov mePPaAloviikon
QTOTVTIMUOTOG HOG TETOLNG KOTAOKELNG KaODS 1 evacOncio twv Bolacciov opyavicumv
OTIG OKVUAVGEIS TOL VOPOSVVAUIKOV Tediov omontel o wo axpiPn depedvnon Kot
kataypaen. [IpoécBetor Adyor ot omoiot vrootnpiovv v avdykn ovty cvvoyilovtal 6To
YEYOVOG OTL Ol OMOKAIGELS TV HOVIEA®V amd TO TMEWPOUATIKE dedOUEVE (QUOIKA HOVTELD
cuvBwg vd KAlpako 1:10) g tééng tov 5~10% vy 11 péoeg TéS (kat’ apyfv oTo
TAOIG10 TOV OAMOOEKTOV), TNV TPAEN KATOANYOLV Vo €ivol ONUOVTIKEG TOGOTNTEC. AV
AaPovpe vroyM Kol TIG SIUKVUAVOELG GTNV TN TOV HeYEBDY AdY® ™G aAANAETiOpacoN S Un
YPOUMK®OV Kol TUpPOO®V @awvopévev telkd ot mpoPAéyelg pmopel vo  amokAivovv
ONUAVTIKA amd TV TPAYUOTIKOTNTA 10img Yoo TIG duvnTikd akpaieg (HEYloTeg) TIHEG TV
peyebov. Katd ocvvémewo emnpealetor n opOn emroynq peyébovg oykoAibBwv, mopmdoovg,
Ol0OTACEMV KATOOKEVNG K.0. (TPOPANUATO LIEPIACTAGIOAGYNONG-VTOSUGTAGIOAOYNONG)
aALG KOl M €EACPAAION TEXVIKOV YOPOKTNPIOTIKOV OTMG 1 €VOTADE TNG KOTOUGKELNG
(avamtuén vromécewv otov Katdvtn moda). Emnpocheta, n 660 10 duvatdv akpifela ot
KOTOYpOpN], TOLOTIKA KOl TOGOTIKA, TOV HEYEDDV OV avorTOoGOVTOL EVTOG Kot YUP® (10img
TNV LINVEUN TAELPA) O Lo VPAAN KATAGKELT], EVOEYOUEVAS VO TAPAGYEL TANPOPOPIa Yo
O 0CQUAEIS EKTYUNGELG OTN SLAO00T| TV KVHOTIGU®V GTO, KOTAVTY 0VTHG, KOl KATO GUVETELDL

o€ 0pBOTEPO GYESOOUO TNG TPOCTAGING TNG AKTNG.



Me Bdon 1o mopomdve Kot alomoldvTag TEWPUUATIKE dEGOUEVO VOIPOSVVILIK®VY TECEMV Kol
TPOYLOK®Y TOYLTATOV, Kol Yo povoypouatikovg kvpotiopovg (Metallinos et al. 2014,
Metallinos et al. 2016a, Metallinos 2016), emyelpninke pio TOOTIKY OAAG KOL TOGOTIKN
QOTUIMCN TAOV OKLVUAVOEDYV T®V VOIPOSLVOUIKOV HEYEDDY OTO €0MTEPIKO VOPOUA®V

SomEPATOV KOUATOOPALGTOV.

[TapatnpnOnke Ot 01 AMOKAMGES TOV UEYIOTOV TIU®OV OO TIG UECEC OEV €lvOl OUEANTEES
TOGOTIKA. ATO TNV OTOTIOTIK OVAALGN 0€ TV TOPATAVD HETPNCEWV, TOGO YO TIG
vopoduvapikés méselg (d1oddoTato LOIKO HOVTEAD, [Ps] ) aAAd Kot TIg TOLTNTEG
(TP1ES1AGTOTO PLGIKO HOVTEAO-LETPGELS TOYVTNTOV OTIS TPELG KVPLEG dlevbuveels, Vy, Vy, V,)
EVIOMIGTNKE MO GOPNG CLOTNUATIKOTNTO GTOV TPOTO SoKOUOVONG TOV peyebdv avtdv and
TN UECT] TOLG TIUN. ZLVGTNUATIKOTNTA GE GYECN HE TO HEYIGTO €VPOC TMOV OMOKAICEWV €VOG
pey€boug yia dedopéveg GLUVONKEG amd T LEGT TOV TIUN OAAG KO GTOV TPOTO TG TOAVOTIKNG

KATOVOUNG TV SLOKVUOVGEDY QUTAOV.

Me Baon avtég T mapatnpnoets, pio amin pebodoAoyior TPOTEIVETAL Y10 TNV OVTILETOMION
TOV TPOPALOTOC LOVTEAOTOINGNS TOV VIPOSVVALIKOD TEGIOV GE OPOVLS OYL LOVO YL LEGEG
oLVONKeG AL Kol PEYIOTEG, HECWH GLGYETIONG TOV OMOKAICEDV OVTAOV UE TN UECT TIUN UE

amhés avoroyieg (ovviedestig puetafAntdTag).

[Mopoamiebpwg téOnke wor to CATNUa TG evotdbslng evog Yoaiov  dromepaton
KopatoBpadotn, to omoio Ko depevvinke péow NG mopaTpnong twv ueyebov tov
VOPOSLVOALIKOV TTEGTIOV GTOV KOTAVTIN TOd (LIveun mAgvpd), mbavr 0éon actoyiog Ady®

EMOVOKVKAOPOPTIOG TNG OATIVIG LALAG GTO E6MTEPIKO TNG KATAGKEVTG,.



Extended abstract

Investigation of the hydrodynamic field in submerged rubble-
mound breakwaters

by Elpidoforos G. Repousis

Introduction

Nowadays, the need for protecting the shore from wave action is one of the most frequent yet
complex issues scientists, engineers, and managers have to deal with. In regard to coastal
erosion, the necessity for sustainable protective measures increases constantly. In this
direction, contemporary coastal zone management proposes, among other measures, multi-
purpose and resilient protective infrastructures. Considering past experience, conventional
installations as emerged shore-parallel breakwaters have been widely applied in defying beach
erosion. Despite the overall acceptability of integrating such structures in the coastal zone, it
has been observed that they are usually followed by a significant environmental impact,
including law level of water renewal, degradation of the aishetic value of the landscape, etc.
As environmental awareness gradually increases, submerged breakwaters (SBs) have become
a shore protection alternative aiming in confining side effects. Beyond the basic goal in
protecting the coast, it has been deduced that especially permeable rubble mound submerged
breakwaters (SPBs), focusing on herein, may function somehow similarly to natural reefs as

they tend to attract marine life.

The scope of this postgraduate thesis is a detailed investigation of the hydrodynamic field
developing inside submerged rubble mound permeable breakwaters (SPBs) with relatively
steep slopes, based on previous experimental laboratory measurements. Within the framework
of this study, measurements of natural models of SPBs, were analysed in an attempt of
positioning the need for quantifying not only the average values of the core hydrodynamic
parameters (average values of mean and turbulence component), in particular orbital
velocities and hydrodynamic pressure developing inside SPBs, but also their maximum
deviation due to their turbulent component as well, which in most relevant studies researchers
tend to discard. It was observed that such fluctuations are not negligible when addressing the
level of marine life support in SPBs. A simple methodology in quantifying deviations due to

turbulence in conjunction to the average values is proposed, suitable for marine biologists,
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based on observations of their probability of occurrence distribution as perceived during
processing. A by-product of this study was to denote once again the technical issue of SPBs’
instability, probable to appear due to rubbles’ undersizing in the leeward slope of these

structures.

Previous research on SB and posing the problem

Considering past experience, with the core defensive measure to wave action being the shore-
parallel breakwater, conventional installations as emerged breakwaters have been widely
adopted as a shore protective structure, with knowledge obtained on their coastal behaviour
covering a wide scope. Therefore their defensive efficiency has been studied and assessed
extensively both empirically and experimentally. Despite the overall acceptability of this
practice, it has been observed that emerged breakwaters are usually followed by a significant
environmental impact. In particular, they affect drastically water circulation, sediment
transport climate, and yet the aesthetic value of the landscape, with submerged breakwaters

(SBs) showing to be able to encounter with as a shore protection alternative.

Over the last decades in an attempt of a more environmentally friendly approach, protecting
coastlines from erosion ceased from being the sole purpose of coastal structures applied.
Beyond basic considerations on the developing abiotic parameters of the littoral environment,
design of SBs serving not only in just minimizing degradation of the marine ecosystem but
rather in its enrichment has become a challenge. In this direction submerged structure
applications such as “Reef Balls” providing habitat enhancement have been already used in
small depths near the coast, with applications of rubble mound porous (i.e. permeable) SB
configurations showing a similar behavior. At this point and considering that marine biology
issues are the main aspect of this study, a distinction between low crested structures,
especially SPBs examined herein, and artificial reefs inserted in relatively significant depths

serving solely for marine habitats must be noted.

Several studies examining phenomena around SBs can be found in the literature, including
wave transmission (Panizzo & Briganti 2007, Metallinos et. al. 2016b), wave induced set up
in the protected area (Calabrese et al. 2008a), wave breaking macrofeatures (Calabrese et al.
2008Db, Repousis et al. 2014), circulation pattern (Johnson et al. 2005, Johnson 2006, Hur et
al. 2012), wave reflection and wave spectrum modifications (Myrhaug & Ong 2010, Young &
Testik 2011). In contrast, the hydrodynamics inside a porous SB is a field of relatively less

research. The response of marine organisms to the presence of SPBs has not yet been in-depth
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investigated. Hydrodynamic parameters, mainly orbital velocities and secondarily pore
pressures, inside their permeable body, have been observed to be significant factors when
addressing marine life attraction within and around these artificial bars, in terms of, for
example, distribution-species biodiversity and abundance. It has been stressed so far that
acquiring information on the hydrodynamic field (including maximum wave-induced forces
as well, directly related to pore pressures), is important in order to assess such structures’
ecological potential along with their technical efficiency (Kontaxi & Memos 2005, Moschella
et al. 2005). Vital parameters in forming tolerable and proper living conditions for each
species may be different but at this point it can be reasonably argued that water velocities and
pressures correlated with hydrodynamic forces, are the key hydraulic factors governing
marine habitation levels (e.g. Siddon & Witman 2003, Hammond & Griffiths 2004).

Beyond the basic goal in protecting the coast, it has been deduced that especially permeable
rubble mound submerged breakwaters (SPBs) may function similarly to natural reefs as they
tend to attract marine life, as many subaqueous species make advantage of the voids and
hollows between the rubbles for their living needs. This dual function is most effective in
micro-tidal environments (Mediterranean Sea, Baltic Sea and Caribbean) of up to average
exposure. However, and considering technical efficiency of the SPBs, two main mechanisms
in reducing notably wave energy are generated: wave breaking and the fluid flow through the
voids of the structure (Metallinos et al. 2016b). Another point, in relevance to the
environmental impact of SPBs, is that they occupy smaller seabed areas than their emerged
counterparts. In small-depth nearshore areas where such coast-parallel structures are usually
placed, benthos thrives; especially in the Mediterranean, substantial benthos-posidonia
ecosystems develop. So, the criterion for as little as possible cover of such surfaces enhances
further the environmental value of SPBs.

As said, the main reason for examining the hydrodynamic field inside rubble-mound SPBs, is
that they have been observed to offer both a certain level of coastline stabilization and a mild,
if not positive, intervention to local marine life with systematic provision of information still
lacking for the latter. Additionally, it is inherently resilient due to its submerged nature but
further improvement in this area is to be achieved as shown in previous studies (e.g. Kapsalis

& Memos 2008). The investigation of this technical issue is also included in this thesis.

Beyond orbital velocity being the main parameter in assessing the potential of a SPB serving
as an artificial habitat, hydrodynamic pressures are also a concern. It is known that when

focusing on pressure, the hydrostatic component is the crucial habitation factor. However, the
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hydrodynamic component is directly related with the forces induced by the moving water
upon the stones’ surface. So, and despite the tolerance of certain benthics to large
hydrodynamic velocities, when water-mass projected forces exceed a limit, dislodgement and
drifting of significant populations of various benthos species has been observed, thus leading
to habitat aggravation. Furthermore, it has been deduced that pressure measurements are
needed in order to investigate the stability of SPBs, as development of subpressures leading to
dislodgement of rock units on the leeward slope of SPBs has been observed. Hydrodynamic
pressures’ profiles, inside and at the leeward slope of the SPBs are a rather perceptible way to

investigate this stability issue, that may be affected by a gyre in that area.

Apart from concerns in coastline stabilization, enhanced by abstracting energy from incoming
wave trains over submerged breakwaters, for marine biology issues mainly addressed herein,

the structure’s interaction with its biotic environment is multifold:

= SPB’s high porosity may support habitation for certain marine flaura and fauna.

» SPB’s high permeability through and above the structure allows for better circulation and
renewal of the coastal waters in the zone between the coastline and the structure,

enhancing thus the nearshore water quality.

= The previous characteristics induce also a more efficient distribution of food for marine
life.

Taking into account the above, the investigation of SPBs in order to serve as an artificial reef
in shallow waters applied in the first hand for protecting the coastline, forms the core of this

study.

Submerged rubble mound structures as artificial habitats

As mentioned above, mainly orbital velocities and in the second place pore pressures, directly
related to hydrodynamic forces, are considered to be the basic mechanisms of disturbance in
coastal ecosystems determining distribution and abundance of shallow-water and intertidal
marine organisms and benthics (Siddon & Witman, 2003, Hammond & Griffiths, 2004
Kontaxi & Memos 2005). Thereafter, understanding and measuring the dynamic development
of water particle velocities and hydrodynamic pressures within and around SBs installed in an
offshore wave field, yields to be important in assessing such structures environmental value.
Moving on one step further and focusing on the potential of ecological efficiency of low-
crested coastal defense structures, studies identified the need to combine technical sufficiency

with ecological requirements.
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Specifically, Jensen (2002) presenting a review of artificial reefs placed in European waters,
addressed that so far submerged structures have not reached such scale in order to function as
self-sustaining ecosystems. Bacchiocchi & Airoldi (2003) presented quantitative data on the
abundance and distribution of intertidal epibiota developing around the conventional coastal
defense structures along the Emilia Romagna shores (North Adriatic shores, Italy) showing
that although these structures are extensively and rapidly colonised by epibenthic
assemblages, the diversity of species except for epibiota is low. They indicated need for
further work in understanding the interaction of massive introduction of defense structures
with the assemblages of marine organisms in the region examined. Siddon & Witman (2003)
investigating the importance of hydrodynamic forces in causing a striking pattern of subtidal
zonation between wave-exposed and protected sides of Halfway Rock (Gulf of Maine, USA),
highlighted the significance of chronic, low-level forces in structuring marine benthic
communities. In terms of biology, they suggested that the difference in patterns of subtidal
zonation is created by the inhibition of movement at flow velocities significantly lower than
those required to dislodge them (5 to 10 times). Moschella et al. (2005), investigating several
coastal defense schemes in Italy, Spain, UK and Denmark, assessed the ecological similarity
of low-crested coastal defense structures (LCS) to natural rocky shores by examining the
influence of LCS design features on the colonising marine epibiota. Results based on data
from the DELOS project indicated that the structural design of LCSs (free board, length,
porosity, location on the shore) can be modified to influence the abundance and species
composition of epibiota to achieve desired management goals such as controlling growth of
nuisance algae or promoting diversity of habitats and species for recreational activities.
Nevertheless, they pointed out that design criteria should always aim to promote integration
of LCSs and other man-made structures in the coastal system, by minimising changes to the
nature and identity of the surrounding environment. Burt et al. (2013), focusing on the
response of the submerged rocky area provided by the construction of the Palm Jumeirah
project (Dubai, Persian Gulf) in functioning as a fish habitat, showed that regardless of the
degree of wave exposure, breakwater habitats can develop fish communities with abundance
and richness comparable to that of natural coral reefs. With appropriate design for wave
exposure, such structures can develop communities that may enhance the diversity of fish
community types, and may even increase localized production of reef fish in areas where the
natural reef habitat is limited. Although these structures are increasingly recognized to
provide important habitat for benthic invertebrate communities, their importance in

supporting abundant and diverse reef-associated fish communities remains poorly understood.

XV



At this point further biological knowledge is needed, as case studies examination is limited
with nature of these studies being rather qualitative.

Managing with turbulent flow through SPBs

Due to the turbulent nature of the hydrodynamic field (associated with wave propagation)
inside and around a SPB, significant deviations from the average values develop. However,
most numerical models focus on mean quantities, due to the complexity of the phenomenon
that makes numerical simulation a very difficult undertaking. Specifically for SPBs,
phenomena such as set-up and set down of sea water level due to shoaling, hydraulic bore
induced by the steep-sloped bar, wave breaking, circulation pattern around and recursive flow
inside the structure, sub-pressures development on the lee side of the bar, irregular shaped
boundaries of the rubbles, random development and interaction of vortices and turbulent flow
conditions, friction, wave reflection and sub-harmonics release downwards, refraction,
diffraction etc along with interaction of all these features, inevitably make mathematical
simulation very difficult. A few models predicting the hydrodynamic field under wave
propagation inside a porous SB have been proposed, but their verification with “un-averaged”
experimental data is still limited (Losada et al. 1995, Garcia et al. 2004, Lara et al. 2006,
Chan et al. 2007, Metallinos et al. 2014). A systematic research on porous flow through
rubble mounds, including measurements of velocity and its turbulent component for
oscillatory streaming flow conditions, yielded a model proposed by Van Gent (1995), suitable
also for SPBs under wave action. However the latter systematic study concluded in semi-
empirical coefficients including turbulence that are able to capture mean conditions, as the
natural porous models used were restrained into a U tube channel and put under oscillatory
flow. However, the turbulence produced due to circular wave flow through a SPB by
incoming waves (free water surface) is considered to have larger deviations from average
hydrodynamic quantities. Another systematic research on the turbulent nature of wave
breaking through numerical modeling of surf zone dynamics under weakly plunging breakers
(as those occurring over SPBs) can be found in the literature (Makris et al. 2016) but the
investigation of the induced by wave breaking turbulence over a porous medium, such as the
SPB, is still lacking. Even so, Makris (2014) clarifies the main mechanisms related to the
turbulent nature of wave breaking in the nearshore waters. Jensen et al. (2015) investigating
flow and turbulence at the surface of the armor layer of a rubble-mound breakwater under
solitary wave action, in an attempt to theoretically explain turbulence inducement between the

armor layers, suggested that it was generated by four sources. Firstly, turbulence was assumed
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to derive due to the existence of the boundary layer above the armor layer and subsequently
was transported between the armor stones. Adding to the disturbance of the flow, wake
turbulence generated behind the armor stones should also taken into account. Another
significant source mentioned, would probably be wave breaking and finally seepage/outflow
turbulence generated from the flow exiting the porous core for the case of a permeable
structure. Hydrodynamic horizontal velocity parameter (u) was considered for examination.
Decomposition of velocity and extraction of turbulence was managed by assuming this
parameter as a random function of space and time. By applying the Navier-Stokes turbulence
equation (u'=u - @), quantification of the level of turbulence (u’) as the fluctuating component
of the mean velocity (i) was obtained by ensemble averaging over a number of repetitive
solitons (samples for 30 repetitions). Due to the distinctively recursive nature of the flow i.e.
run-up and rundown of a solitary wave on an emerged rubble-mound slope (captured by using
high speed video recordings synchronized to velocity measurements), the mechanisms for the
generation of turbulence where suggested to be associated to the different sequences of the
wave flow cycle. However, the case of propagating gravity waves over a permeable SB is
rather more complex and the above method could not be applied for the experimental data
framing this study. Cheng and Wang (2015) presented a method for extracting turbulence
from velocity measurements, under breaking conditions in the surf zone for regular and
irregular wave conditions but the estimated average-turbulent component analogy relies
significantly on qualitative criteria and is subjected to the definition of the turbulent
component and measuring instrument. As a conclusion and additionally to shore protection,,
when considering artificial habitat efficiency, systematic experimental investigation of
hydrodynamic parameters including their turbulent component inside SPBs under wave action
is still lacking, and a large amount of data is required to do so, thus this study attempt is only

a step in the ongoing process of addressing and solving the issue.

Methodology

During the preliminary investigation in regard to literature, that preceded the methodology
approach as is presented in this section, it became obvious that experiments providing
accurate measurements were needed. Given the available information, it was concluded that
experimental data of the hydrodynamic field in physical models of rubble mound SPBs with
steep slopes as well as studying aspects of their stability should be the main features to be
addressed.
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In the above framework, assessment of the environmental value of SPBs, requires a solid
understanding of its interaction with water waves, especially for rubble mounds with
relatively steep slopes, addressed herein. In order to obtain useful information on the eco-
hydraulic efficiency of SPBs, a series of laboratory measurements of orbital velocities and
hydrodynamic pressures developing inside SPB natural models due to wave action, were
acquired and frame thisgraduate dissertation. In particular, and for pore pressures the primary
data of the laboratory measurements carried out by Metallinos et al. (2014) were processed.
As for orbital velocities in 3 dimensions, unprocessed data of the laboratory experiments
performed by Metallinos et al. (2016a) were acquired and contributed substantially to the
purpose of this study. Both series of experimental data were produced within the framework
of doctoral studies (Metallinos, 2016). As the challenge of SPBs’ design improvement for
serving as a multi-purpose coastal defensive structure has nowadays emerged, the author
reclaimed this data, aiming in applying a thorough and detailed analysis, in terms of their

average and turbulence components.

The main reason for working with these two series of data (one for velocities, and one for
pressures), was the significant primary and “un-averaged” data amount of timeseries (for
many locations inside SPBs natural models under various sea state and wave conditions), not

to be found elsewhere in the literature, fairly suitable for the realization of this study.

Specifically, the hydrodynamic field inside the structure was studied. Experimental data of
orbital velocities’ timeseries, in three dimensions, developing inside a natural 3D SPB model
under wave action, were acquired (Metallinos, 2016, Metallinos et al. 2016a), and analysed,
including and focusing on turbulence levels, parameters that give a solid background to
marine scientists for their performing of relevant habitation studies. As for pressures,
experimental data of the hydrodynamic pressure component, evolving inside a 2D natural
SPB model due to incoming wave trains over the bar, were extracted by laboratory timeseries
measurements, provided by Metallinos et al. (2014). These were also analyzed, aiming in
obtaining useful information to marine biologists as there is, although seeming indirect in the
first place, a relation with the intensity of the forces induced by the moving water upon the
stones’ surface. Thus, and despite that the hydrostatic component is the most commonly
concerning marine-life pressure parameter, hydrodynamic pressures, and their turbulence
levels should not be neglected. Additionally, the above pressure measurements were analyzed
in order to investigate the stability of SPBs, as previously discussed, in the direction of a

preliminary stability assessment and possible failure positions on these structures (as denoted
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by Kapsalis & Memos 2008). In fact, there are studies addressing the development of meso-
scale eddies along the leeward slope of a SPB probably due to the recirculatory nature of the
flow inside the structure that leads to significant energy loads in their core as well (Garcia et
al. 2004, Metallinos et al. 2014).

Summarizing, and considering results that should be sought, the above methodological

approach was followed, as it served in:

1. Attempting a step in providing quantitative information useful to marine biologists for
their ecological assessment of the SPBs.
2. Addressing stability issues of SPBs associated with recursive flow in the insides of the

structure.

A detailed description of the above two independent experimental set-ups (rubble mound
models, wave state, measuring equipment and locations can be found in the section

“description of the experimental model set-up”).

Description of the experimental model set-ups

Experimental data needed for conducting this study, were gathered by two different
existing/previous laboratory investigations on SPBs, and the relevant set-ups are summarized

below.

1. Laboratory measurements of pore pressures (300 timeseries for various locations and sea
state), induced by regular waves’ action over a SPB 2D model, of a scale roughly to 1:10,

with steep seaward and leeward slope, in a wave flume (Metallinos et. al. 2014).

2. Laboratory measurements of hydrodynamic velocity in 3 dimensions (240 timeseries for
various locations and wave scenarios), induced by regular waves’ action over a SPB 3D
model, of a scale roughly between 1:15 to 1:20, with steep seaward and leeward slope ,

constructed in a wave basin (Metallinos et al. 2016a).

Laboratory experiments by Metallinos et. al. (2014)-Pressures

Experiments involving regular waves under breaking and non-breaking conditions were
performed by Metallinos et al. (2014) in order to obtain data, additionally serving to the
verification of a novel Boussinesg-type model. These small-scale experiments on a SPB (scale
roughly up to 1:10), were conducted in the Laboratory of Harbour Works, National Technical
University of Athens, in a 27mlong, 0.90mwide and 1.53mhigh glass-walled wave flume

equipped with a flap-type wave-maker, generating regular waves. Specifically, the height of
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the physical model was 0.40m and the crest width 1.0m (Fig. 1). The structure’s material was
natural stones with dso = 0.08m and sloping 1:2 at both sides. Measurements of hydrodynamic
pressures were taken over three sections in the interior of the structure at 19 points with 0.05m
intervals along the vertical (Fig. 1). Pressure data were also taken at a reference section

upstream of the mound.
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Figure 1 Layout of a 2D small-scale (roughly up t01:10) SPB model for measuring hydrodynamic

pressures towards the streaming flow, location of measurements (dots) for two water depths,0.45 &
0.50 m (lengths in cm), Metallinos et. al (2014).

Wire-mesh cylinders were placed to protect the pressure probe used, by taking into account
minimum effect of the cylindrical gap inside the porous medium to the water flow. The
porosity of the mound was set to 0.52, close to real life applications of SPBs. Seven
monochromatic wave cases were used as given in Table 1. Two typical water depths of h =
0.50m (4 wave scenarios) and 0.45m (3 wave scenarios) were used to model sea state, and the
location of measurements are also shown in Fig. 1. The total amount of the data, are 300 pore

pressure timeseries measurements of 2 minutes each.

A resistive type pressure transducer (KYOWA BE-5KC), with capacity up to 5 kg/cm2, was
used. Its diameter 3 cm and thickness 0.5 cm. The pressure gauge recorded total pressures.
Data at the section and for calm conditions outside the structure were collected in order to
calibrate the measuring system by comparing with the hydrostatic component. The minimum
duration of point measurements both out- and inside the structure was 4 min with 0.005 s

sampling interval.
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Table 1. Cases tested, with Reynolds numbers ranging from 3212 to 7056, Metallinos et. al (2014).

Case# Wave height H(m)  Period T(s) = Water depthh (m)  Breaking occurrence

1 0.065 2.12 0.5 No
2 0.080 1.85 0.5 No
3 0.095 1.58 0.5 Yes
4 0.107 131 0.5 Yes
5 0.040 2.12 0.45 No
6 0.057 1.85 0.45 Yes
7 0.075 1.58 0.45 Yes

Laboratory experiments by Metallinos et al. 2016)

In relevance and in sequence to the work mentioned in the previous section (Metallinos et al.
2014), small-scale experiments on a 3D SPB model (scale between 1:15 to 1:20), were
conducted in the Hydraulic Engineering Laboratory, University of Patras, in a 12.0x7.0 m
surface wave basin able to manage with water depth of 1.0 m, and equipped with a flap-
paddle-type wave-maker of DHI, generating both regular and irregular waves (spectra of
Jonswap type). Specifically, the height of the physical model was 0.20 m and the crest width
0.50 m (Fig. 2). The structure’s material was natural stones with dsg = 0.04 m and sloping 1:2
at both sides. Measurements of hydrodynamic velocities were taken over two sections in the
interior of the structure, namely section (I) SPB central section, and (I11) SPB head. Measuring
locations were determined on 10 points with 0.02m intervals along the vertical for each of
these sections (Fig. 2). The structure was placed on a mild slope sea bed, with steepest
offshore bottom slope in the area of wave generation. An acoustic Doppler velocimeter (a
SONTEK ADV instrument), was used to collect the experimental data, i.e hydrodynamic
velocities in three dimentions (Vy, Vy, V). The duration of each point measurements inside

the structure was 3 min with dt = 0.02 s sampling interval.
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Fig. 2. Layout of a 3D small-scale (roughly between 1:15 to 1:20) SPB model for measuring
hydrodynamic velocities in three dimentions (V,, V,, V,), location of measurements (dots), one water
depth, 0.25 m (lengths in cm), ADV instrument was used. Measurements refer to 2 typical sections: (I)

SPB central section, (1) SPB head (Laboratory experiments carried out by Metallinos et al. 2016a).

Wire-mesh cylinders of 0.05 m diameter were placed to protect the velocity probe used, by
taking into account minimum effect of the cylindrical gap inside the porous medium. The
porosity of the mound was equal to 0.52, close to real life applications of SPBs. Four
monochromatic wave cases were tested as given in Table 2. Water depth conditions in the
middle of the structure were set to h = 0.25 m over the crest (4 wave scenarios, 2 breaking and
2 non breaking), and the location of measurements are also shown in Fig. 2. The total amount

of the data, are 240 orbital velocity timeseries measurements of 3 minutes each.

Table 2. Cases tested, Metallinos et al. (2016a).

Case# Wave height H(m)  Period T(s) Water depth h (m)* Breaking occurrence

1 0.045 1.25 0.25 No
2 0.045 2.00 0.25 No
3 0.080 1.25 0.25 Yes
4 0.080 2.00 0.25 Yes

* At the bw axis

Analysis of the experimental data

The parameters processed herein are:

= orbital velocities (in three dimensions: Vy, Vy, V. ), and turbulence levels inside a 3D

small-scale natural rubble mound SPB.

= hydrodynamic pressures, and turbulence levels inside a 2D small-scale rubble mound
SPB. Even so on the level of the SPB pores, thephenomenon is developing in 3

dimensions.

The technique for measuring velocities, an acoustic Doppler velocimeter, and in regard to
pressure measurements in the 2D layout, provided a level of adequate accuracy in capturing
turbulence fluctuations in the tested turbulent wave flows. A lot of discussion is put on which
is the best technique to apply for meausuring turbulence accurately, with Laser Doppler
velocimeters gathering attention (Voulgaris & Trowbridge 1998). It can be said, that in this
study, ADV measurements were quite satisfactory. Even for the pore pressures measured
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through a resistive type pressure transducer (KYOWA BE-5KC) of a rather large diameter (3

cm) significant turbulent fluctuations were captured as well.

It should be added that significant scale effects may appear in such small-scale model tests
(Heller 2011) especially when investigating the flow conditions inside the porous medium.

The range of the model structure’s grain-related Reynolds number is also a concern, in order
to ensure turbulent flow characteristics. A relation given by Hughes (1993) can be found in
the literature, but it is rather difficult to implement, since the structure-related Reynolds
number does not take into account the effect of wave breaking in the production of
turbulence. In general it can be said that for the experimental data used, turbulent flow was

generated.

For pore pressures, spectral analysis was used for analysing the noise floor, and determining
the extent of filtering that should be applied. After processing also measurements for calm

conditions, a low pass of 10 sampling segments filter was selected.

For orbital velocities, noise floor was significantly low and similar to pressures, a low pass of
2 sampling segments filter was selected. Due to the measuring inability of the ADV
instrument when encountered air bubbles in the flow, (the main mechanism of introducing
bubble flows in the water mass is wave breaking), a small level of contamination with spikes
was observed for the data. For this cleaning process, a 3D phase method was applied (Goring

& Nikora 2002), before removing noise floor.

By using the experimental data of Metallinos et al. (2014) and Metallinos et al. (2016a), it
was evidenced that for both hydrodynamic pressure and hydrodynamic velocity
measurements, showed that deviation of maximum values compared to average quantities is

quite significant but in most relevant studies this is not taken into account so far.

In the following figure an example of deviations of local maxima from their average value is
given, for a regular wave scenario, showing a 10 seconds horizontal hydrodynamic velocity
timeseries. Similar observations were made for all the timeseries processed, for both orbital

velocities and pore pressure.
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Core of a SPB, regular wave
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Fig. 3. Timeseries of hydrodynamic horizontal velocity measurement in the core-central
section of permeable SB 3D natural model, z=0.10 m from sea bottom, regular wave of T=2.0

s and H=0.045 m (laboratory measurements, Metallinos et al. 2016a).

Moreover, as previously mentioned, an investigation on direct turbulence extraction methods
for velocity timeseries was carried out focusing on the separate works of Jensen et al. (2015)
and Cheng and Wang (2015). Despite the in a first view, similarities of these studies with this
research, a lot of questioning about the accuracy of these methods remains, especially on the
issue of separating the mean undisturbed component in total. After some tests, and
specifically for the SPBs examined, it can be said that for a rough estimation in every time
segment of the timeseries, implementing a simple low pass filter of about 10-20 time
segments, and abstracting it from the initial data, may support reasonable values for

“turbulence” extraction.

Results

Shorting in a usable manner the derived hydrodynamic values

Processing of raw data and shortening the values, was implemented in terms of providing
usable Tables with orbital velocities’ and pressures’ average and turbulent components
(specific values for the two -possibly applicable- layouts and for various sea state in
laboratory conditions). An upscale version of these values based on Froude analogy is also
attached in the Annex, serving accordingly to marine biologists. Additionally, diagrams of the
height-wise profiles of these hydrodynamic parameters, in terms of average and maximum
“heights” are provided for the different sections inside and around the SPB models selected to

frame this research study.
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Especially for velocities as there are cases of different wave height, of the same period, for
similar sea state conditions to compare with it can be verified that the wave period is the

crucial factor defining the overall amount of the mean orbital velocity values.

As for pore pressures, the derived values could be reduced to hydrodynamic forces, also
concerning the habitat efficiency of SPBs, in a simple expression in correlation to an exposed

surface of reference (surface of a rock unit, or a marine species).

Proposed methodology based on normal probability distribution approach

Based on rather statistical than turbulence extraction methods, derivation of probability
distribution functions describing the turbulent and mean part of these parameters was
perceived. The concept applied, as regular wave cases were managed, was by isolating for
each period-cycle and for each one of the timeseries, a velocity or pressure height
respectively, in accordance to wave height. Regression analysis of the timeseries showed that
for the majority of timeseries, the time length was adequate for a reliable statistic analysis. As
for the ratio of average and turbulent components for both orbital velocities in 3 dimensions,
and pore pressures, the simple normal distribution approach was observed to retain most of
the valuable information (Fig. 4). This is a strong indication that apart from the complexity of
the water flow processes inside rubble mounds, randomness governs. However, small
asymmetries could be observed, possibly in accordance to the asymmetry of the phenomenon
due to wave propagation; despite that the porous medium has an overall symmetry, it is
attacked by waves, breaking in most cases, from one side, its windward exposed area,
generating water drifts over and inside, along with ellipsoid flow when shallow-depth
conditions are favoured. Finally and for calculating for each timeseries the coefficient of
variation, defined as the ratio of the standard deviation to the mean value, a tendency in
approaching values within a certain ratio area in relation to the SPB section and wave scenario

was observed.

Despite that the amount of the wave cases is not enough for producing a semi-empirical
model (7 regular waves for pore pressures, 4 regular waves for orbital velocities), the large
amount of locations permitted the observation of a persisting repetitive pattern in the ratio of

average and turbulent components around certain values.
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Fig. 4. An example of a normal probability distribution approach, extracted by a 3 minutes
timeseries of hydrodynamic horizontal velocity measurement in the core-central section of
permeable SB 3D natural model, z=0.20 m from sea bottom, regular wave of T=2.0 s and

H=0.045 m, (laboratory measurements, Metallinos & Klonaris 2016).

Results in relevance to future research

The previously mentioned methodology, based on estimating coefficients of variation for a
hydrodynamic parameter fluctuation, showing to follow deviations under a normal
distribution pattern, is proposed to be a suitable and simple way to process relevant data, in
order to support the eco-hydraulic design of SPBs by producing a semi-empirical numerical
model for SPBs useful to marine biologists. Investigation of indications for probability

distribution asymmetries is proposed to follow the same technique.

In order to investigate the ability in general of the numerical models existing up to date, to
cope with the possibility of integrating accurately and beyond averaged values of the
hydrodynamic parameters, their turbulent components as well, the (simple) 2™ Stokes theory
was applied for the cases tested (free flow over a mildly sloping sea bottom). It was found,
when compared to the experimental data, that even this improper numerical model may
roughly capture the scale of developing mean hydrodynamic parameters inside a porous
medium, leading to the notion that a accurate numerical model for marine-ecology purposes is
probably possible to be produced and verified through relevant experimental or/and field data

, with quite simple mathematical formulations.

However, considering the complexity of the phenomenon, this research reaches to the
potential of a case specific study. Parameterized predictor semi-empirical formulation on the

development of the hydrodynamic dimensions inside and around the SPBs, i.e. u+Au, p+Ap,
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requires a large amount of data and for several different layouts, wave conditions and

measuring techniques.

Stability of SPB

Processing the experimental data of Metallinos et al. (2014), pore pressures’ vertical profiles
in the leeward slope section (section 3, Fig.1), led to a by-product. The technical-resilience
issue of SPBs’ instability was denoted, probable to appear due to rubbles’ undersizing in the
leeward slope of these structures. In the following figure subpressures are observed, due to
back flow with the weak spot of the structure being around and below mid-height of the

leeward slope.
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Fig. 5. Observation of subpressures development in the leeward side of a small scale SPB natural
model, hydrodynamic pressure component (Laboratory experiments carried out by Metallinos et al.
2014).

It can be seen that for all cases (with or without wave breaking and despite the level of wave
load) subpressures are generated. As the free board increases (wave cases with, free board of
0.05 m, compared to cases with a free board of 0.10 m), the curve of subpressures becomes
steaper (Fig. 5). For the cases of breaking occurrence a relation to this phenomenon, cannot be
obtained by the data used, as there are no cases of waves breaking and non-breaking of

different wave height, of the same period, for similar sea state conditions to compare with.

Summary and conclusions

For the type of Submerged Permeable Breakwaters (SPBs) with steep slopes, it has been
observed that apart from defying beach erosion, it may enhance, under specific circumstances,
marine life conditions in the nearshore. This function of SPBs is implemented by providing
shelter and suitable conditions for attracting marine life in and around the porous structure. To
decide on the suitability of the hydraulic conditions for specific marine species, data are

needed on such parameters as velocities, turbulence levels, pressures.
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Considering the turbulent nature of the hydrodynamic field developing due to wave action
around and inside SPBs, and in order to investigate the phenomenon experimentally, existing

laboratory measurements were processed, for regular wave conditions.

Within the framework of this postgraduate thesis, measurements of natural models of SPBs,
were used/analysed/processed in an attempt of positioning the need for quantifying not only
the averaged values of the core hydrodynamic parameters (average values of mean and
turbulence component), in particular orbital velocities and hydrodynamic pressure developing
inside SPBs, but also their maximum deviation due to their turbulent component as well, as in
most of relevant studies researchers tend to omit. It was observed that such fluctuations are
not negligible when addressing the level of marine life support in SPBs. In this direction, and
apart from collecting and shorting the values of the above parameters for the experimental
data mentioned above, a simple methodology in quantifying deviations due to turbulence in
conjunction to the average values is proposed, based on observations of their probability
occurrence distribution as perceived during processing. In conclusion, the author believes that
this study may be a minor but worthy step in providing information, useful to engineers and
biologists, in assessing such structure’s eco-hydraulic behaviour. A by-product of this study
was to denote once again the technical issue of SPBs’ instability, probable to appear due to
rubbles’ undersizing in the leeward slope of these structures. Although the proposed average-
turbulent component correlating methodology applies for the cases of the experimental natural
rubble mound models investigated herein, two characteristic cases of steep sloped SPBs(and
in a rather statistic view for regular waves), further investigation is needed in order to verify
and produce a generalized (empirical) model correlating a wider range of structure layouts
and sea states, with the induced by wave action average and turbulent components of orbital

velocities and hydrodynamic pressure.
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1 EIXAT'QI'H

1.1 Avtikeipevo g gpyociog

Avtikeipevo g mopovcag epyaciog amotelel 1 depehivnomn Tov vdpoduvapkoh tediov mTov
SLHOPPOVOVTAL KUPIOG OTO €0MTEPIKO €VOG VOOAOL dlOmEPATOV KLHOTOOpOLGT 0o
MOoppunr] kol yivetor pio TPOomAOE TMOLOTIKNG  OmMOTUT®MONG  UeEYebmV  Ommc ot
VOPOOVVOLIKES TECELS KOl Ol TPOYLOKES TOYVTNTES, OMMG £EEAMOGGOVTOL VIO TNV KLUOTIKN

dpdon.

Nuepa o CRTNUO TOV GYXESIOGHOD TOPAKTI®OV EPYMV TPOoTaGiog yopaktnpiletar o¢ éva amd
To TAEOV TOADTAOKO 7OV €YEL VO OVTIUETOMIGEL O UNYOVIKOS. AQEVOC 1 dlepevlvnon TV
QULGIKAOV JEPYUSUDY OV SUUOPPOVOLY EVa KOTEEOXV OLVOUIKO GUGTNUO KOl OPETEPOV
GALEC UM QUOIKEC TOPAUETPOL TTOV TO €MMPEAloVV dPacTiKd, KaBIGTOOV TV TPOsTACia TNG
napdktiog {dvng €va ToAAG vTooyouevo medio épevvoc. [Ipovimdbeon yia v emituyio £vog
EYYXEPNLOTOG OKTOUNYAVIKNG Y10 TNV ETIALGN 0L GEPAS OVOYKADV (TPOGTAGIo TOV TOPEKTION
UETOTOV Ao TNV KLUOTIKY OpAoT, OvAYKES EAAEVIGLOV K.0.), AmoTEAEL 0 0pBOG GYedoUOG
TOV TEYVIKOV £pymV oL amoutovvtal otn Pdon twv Avcewv mov viofetobvtol. Zvvemmg
Baocuo péAnpo Ko cuvapo TpoPAnpe eival 1 e£oymyr| EUTEPIKOV | NUEUTEIPIKOV LOVTEADV
Yy TNV TPOPAEYN TG Asttovpyiag Kot TG amdooomg TV 0aAdcsimv avTdv Kotacokevdv. Ot
AMOCTOGUEVOL £E0A01 KOUATOOPAVGTEG OMOTEAOVY GLVION TTPOKTIKY| TOPAKTIOG TPOGTAGING,
pe v eumepion mov €xel amokOel G GXEGN UE TNV OKTOUNYOVIKT] GUUTEPLPOPH TOVS VL
KOAOTTTEL €val €vpy Tedio epapuoyng. Q¢ ek tovtov €yovv peietndel ko alodoynbel oe

oNUOVTIKO Babpo TOCO EUTEPIKA OAAL KO TELPUUATIKAL.

Qo1660, o TeEAEVTAiN YPOVIO pia GEPA TEPParAovTiKOV (nTnudTtomv €xel 1ebel oe oyéom pe
™ Jweipon g mopdaktog C{ovng. Kotd m oepedhvnon pog mo opBoloykng kot
OIKOAOYIKNG TPOGEYYIONG, AdpPavovtag vwoyn Oyt LOVO TNV OIKIGTIKY avamtuén Kot v
avayvyn oAAd Kor to BoAdoclo owooLOTHHOTA, Ol cLpPatiKol amoomacuévol EEaAot
KopotoBpaoteg divouv orloéva kot TePocHTEPO NG BEON TOVS GE £pya TPOGTAGING YOUNANG
oTéYNG Kol ovykekpyéva oe veaiovg kvpatofpavoteg (Y.K.). Kepdilovv édagpog apov
amOTEAODV UETPO TPOCTOCIOG TWV OKTOV omd JiPpmon 7Tov mopovcstdlel o GEPE
TAEOVEKTNUATOV pE TEPPUAAOVTIKA OETIKO TPOOUO. ZVYKPITIKGA HE TIC OLUPATIKEG

KOTOGKEVES, Elval JUKPOTEPES KOl AOY® TOV LTOOAAACGION YOPAKTHPO TOVG OEV OAAOLDVOVY



aoOnTika v weproyn mapéupaonc. Emrpénovy enapkn avavéwon twv BoAdcciov vddtmv
Ko emnpedlovy o onuavTIKd pKkpotepo Pabuod tig mapakeipeves aktés. 'Exel mapatnpnOel de
OTL TETO1EG KATAGKEVES 101G 01 damePaTEG EAKDOVY Kot evBappuvouy T Boddooia Lon Kot
UTOPOVY VO AEITOVPYNGOVY MG TEYXVNTOL 0O1KOTOTOL. L26TAGO AV TPATO UEANLO GTO GYESOCUO
€lvVOl 1 OVTILETOMION oG aKTNG armd ddPpmon, to medio epappoyng tov Y.K. meplopileton
o€ TEPLOYES Le LuKpO gvpog marippotag (Mesoyelog, Bodtikn, Kapaifikn), kot otig omoieg dev
amovTatol akpaio Kopatikd kKAipa. Ot 0g domepatés KATOOKEVEG TOPOLGLALOVY KPATEPT

QTOULELMOT TNG KVUATIKNG EVEPYELOG GE GYECT LE TIG AVTIOTOLYEG AOUTEPUTEG,.

1.2 TomoBétnon Tov wpofinnortog

Mo cepd epyasumv mov e€etdlovv pavopeva yopw amd tovg Y.K. pmopet va avalnmOei
ot oebvn Piprloypapio. H kopatiky petadoon (Panizzo & Briganti 2007), n kvopotoyevig
avoywon ¢ OdAaccog oty Tpootatevduevn katdven meproyn (Calabrese et al. 2008a), o
Tpémog Bpavon tov kupaticpmv (Calabrese et al. 2008b), n dwadpour KvKAoEopiag TOL VEPODH
(Johnson et al. 2005, Johnson 2006, Hur et al. 2012), n avaxioon KLHOTICUOV Kot T
petapoin oto edoua tovg (Myrhaug & Ong 2010, Young & Testik 2011), eivon pia ogpd
QOLVOUEVOV TIOV €XOVV ATOGYOANGEL TOVS €PELYNTEG. 2GTOCO TO VOPOIVVAUIKO TTEdi0 GTO
€0TEPIKO dlamepatov Y.K. elvar éva oyetikd Tpoc@aTo avtikeipevo HEAETNG. Xe oyéon e ™)
Brotkn moapdpeTpo, Tapodro mov N avtidpacn TV BeAUCTimY 0PYOVICUOV GTNV TAPOLGIO TMV
Y K. dgv éxet diepevvn et onpavtikd, to vdpoduvapkd nedio mécemv (Ps) kot tayvtitov (U)
€VTOG NG KOTOoKELNG KaBopilel onuavTiKG TNV IKOVOTNTO AVATTLENG EVOLOLTILOTOG HEGOL KO
Yop® ovtg. Ewdwd avaeépetor m avoykoldmta amdKTnong mAnpoeopiag yw to medio

méoswv evtog Tov Y.K. (Kontaxi & Memos 2005, Moschella et al. 2005).

YTOYEVUEVEG UEAETEC EXOVV TTAPOLGLACTEL PE GTOYO TNV AS0AOYN O NG OKOAOYIKNG POONG
tov Y.K. and 11g omoieg kot avayvopiotnke 1 avdykn oAl kot 1 SuvaTdTnTo Y10l GLVOVACUO
TEYVIKNG emapkelag pe mepiforroviikés amontnoelg (Jensen et al. 1998, Jensen 2002,
Bacchiocchi & Airoldi 2003, Siddon & Witman 2003, Moschella et al. 2005, Burt et al.
2013). H @bon tov peretdv avtdv Tapapével e peydio Pabud molotikn. Amd TAELPAG
BloAoyiog ®otd6c0, 1 evasnoia twv Bordociwv opyavicudv (10img Tov Pevlikdv) oTIC
SLIKVUAVOELS TOV VOPOOLVOUIKOV TESIOVL (Tr.y. 0Pl AVOYNG OTNV TPOYLOKT TOYVLTNTA) EXEL
dwmotmbel and oepd epevvntdv (Eckman & Duggins 1993, Kawamata 1998, Alfaro &
Carpenter 1999, Siddon & Witman 2003, Steffani & Branch, 2003, Hammond & Griffiths
2004).



O 1pOTOG e ToV 0010 avoarTOGGETOL (AOY® 0140001 KUUATIGU®VY ETOvm amo évav Y.K.) kot
eEeliooetanl 10 VOPOdVVOUIKO TTEdI0 €vTOg Ko Yup® omd Evav damepatd Y.K. mapovcidlet
ONUAVTIKEG SLOKVUAVOELS YOP® amd o egtaldpevn “uéon” tipn. Qotdc0 1 ToOALTAOKOTNTA
oV awvopévovy (aviymon g Bdhaccag Aoy pywong, VOPAVAKS dApa AdyY® ToL VALV
avafaduov, Opavon KLHOTICH®V, PO Kol ETOVOKVKAOPOPiIN VOOTOG GTO E0MTEPIKO TNG
KOTOUOKELNG, OVATTTUEN VIOMECEMV GTOV KOTAVIN TOdA, OKOVOVIOTO oTEPEG Opla otn B€om
ToV £€pyov, avamtvén kot oAANAemidpactm otpoPirwv, TPPEg, avoakAdoslg, SuabAaom,
nepibAaon K.o. koB®Og Kot 1 oAANAEmOpac] OA®V TV TPONYOLUEVOV) KAOIoTA TNV
pobnpotiky poviedonoinon opketd dvokoAn (Makris 2014). Mo cepd poviédov yo v
TpOPAEYN TOL VOPOSVVAUIKOD TTEdIOV VIO TNV EMOPACT KLUOTIGUAOV GTO ECMOTEPIKO EVOC
dwmepatod Y.K. éxer mpotabel av kot 1 emoAnbevor] TOvg HE TMEPOUOTIKEG UETPNOELS
napapével mepopiopévn (Chan et al. 2007, Losada et al. 1995, Garcia et al. 2004, Lara et al.
2006, Metallinos et al. 2014, Van Gent 1995).

Kown ocvvietapévn g enaAnfevons Tov Topandve TpocTodeidv e TEPOUATIKO Oed0UEVA
amotedel TO yeyovog g ovykplong pe “‘péoa’ petpovpeva peyedn. Emumpdcbeta, ota
HOVTEAQ OLTO EVOGOUOTOVOVTOL NUIEUTEIPIKOL GUVTEAEGTEG OL OTOI0l £YOVLV TTPOGOIOPICTEL
Katé kopovg melpopaTikd oAAd  €xovv  efoyBel kol avtol yu “pécec”  ocuvvOnkeg
vdpoduvapkod mediov. Katd cvvéneio kot ta apBuntikd pLoviélo mpocopoumvouy “péoa’”
peyén. Mia celpd 1€touwv cuvtedestdv N omoio £xel mpotadel Kot ypnolpomoteital eVPEMS
elvar amd tov Van Gent (1995) o omoiog mpoondbnce oe pio opkeTd AETTOUEPT| EPYOGIO VO,
EVOOUATOGEL KOL TNV SaKOUAVGT) AOY® TUPPOdGV @avopsvev yia teptodikn por (oscillatory
flow) o mopddeg PEG0. Q6TOGO N PVON TOV TEWPAUATOV (POT) GE TOPDIES LEGO G GLVONKEG
KAEIGTOD Oy®YOV) OVOTOPEVKTO TOPEAEUTE TNV TANPOPOPIO TNG TANPOLS AVATTLENG NG
TPLEOIACTOTNG OOUNG TNG TVPPDOOVE PoNS (por) o€ TOPDOES HEGO AOY® O1AO00N G KUUATICUOD
pe erebBepm empdveln). InUovTkd 0PN TG GVYKEKPIUEVNG £PYOCING TO OO0 Kol Ogv
éxel mepatépw dlepevvnbel Yo Tig epoppoyés towv Y.K. amotehel m mopatipnon og
GUOTNUOTIKOTNTOS OTOV TPOTO 7oL OLVaTOl Vo dwkvpovlel m mieon kot M ToyLINTA

(VOpodVVOIKE peYEON) amd TN HECT TOVG TIUY.

Me fBdon to mopamive oElOTOIOVTOG TEPOUATIKE OEOOUEVE Y10  LOVOYPOUATIKOVG
kopatiopovg (Metallinos et al. 2014, Metallinos et al. 2016a, Metallinos 2016), emyeipeiton
L0 TOLOTIKT OAAQ KO TOGOTIKY OTOTOITMOT) TMV SIUKVUAVGEDY TOV VOIPOSVLVOLUK®OV UEYEDDV

GTO E0MTEPIKO VPAA®V SOTEPATAOV KLLATOOPOVGTOV.



['a tov 6po “péco” péyeboc, n Pacikn Bewpntikn Tpocéyyion eEeTdlel TIG TAPAUETPOVS WG
Toyoieg cvvaptoelg ypovika kot yopwd (U~Xt, Ps~xt) omdte ooppovo pe v eéicwon
tOopPng Navier-Stokes Oswpovpe éva otrypaio péyebog a g twpPpddovg pong ico pe a = a +
a’ (6mov a m péon Tun ko @' 1 xpovikd Kvpovouevn T M dakduavon), (Jensen et al.
2015, Cheng and Wang 2015).



2 YDAAOI KYMATOOPAYXTEX

2.101 Y@aior KOpOTOOPAVGTES, HI0. EVOALUKTIKI] OTT] GUYYPOVI] ETOY]

Av kol OTNV TOPOVGH  UETAMTUYIOKN €PYOCiOt TO €VOLUPEPOV  GLYKEVIPAOVETOL OTIG
OLOKVUAVOELS TV HEYEODY TOL VOPOSVVAUIKOV TTEDIOV OTTMC aVTO EEMOGETOL GTO ECMOTEPIKO
evog DEOAOL domepaTod KLUOTOOPADGTN KLPIOS Y OKOAOYIKOLG AOYOLG Kol TV
evBappouvon g Bardacciag Long, dev Ba mpémel va mapafAénetor To yEYovog Ot o1 HPAAOL
Kopotobpavoteg oxedtdloviol TPOMTIOCT®MG Ylo. TNV TPOCTAGIN TNG OKTAG, OPOL TO GYETIKA
pikp6 Pabog tomoBETNoNG Tovs, 6V ELVOEL TNV AVATTLEN ATOIKIOV Yo ApKETA €101 PevOkmv
OPYOVIGUOV.

Me avtd TOOKETTIKO, TO VTOKEPAANIO OVTO £xEL GKOTO v vrTevOvpicel Kot avTtd 10 {NTNUa,
a@oL 1N Pacikn PLAoGoEia Yol TO TEI0 EPAPLOYNG TETOIWV KATOCKELMV, VoL oV TPETEL KO
UTOPOVV VOl ATOTEAEGOVV 10 BLUOGIUN EVOALOKTIKY] TPOKTIKY] Y10l TIG GLUUPATIKES KATOOKEVES.
2g OTL 0POpPA TOVG POCIKOVG UNYAVIGUOVG NG GUONG ONUEPO €val KOWA OTOdEKTO OTL M
Opavon TV Kopdtov otnv mapdktio {ovn kot 1 dadikacio TG amdGPeons TG EVEPYELNG
oL pPeTadidovy, ovvdvdletan pe mowihovg kdBetovg Kol oplOVTIONS GYNUATIGHOVG
TAPAKTIOV PEVUATOV LE OMOTEAECUO. TNV UETAPOPA TV mopdiov inuatov. Katd v
wapotpnon ™G e£EMENG €vOg TETOOL GLGTHWATOG Yivetol avTIAnmTd 0Tt 1 KAlpoko
avOoOlOVOUNG VAIKOD dlopopomoleitor amd TomKoL yapoktinpo ovoPfaduods kot koiheg
oatdEers Inuatov £mg OVOKATAVOUEG GE TTOCOTIKOVS OPOVG EKOTOVTAI®MVY YIAAO®MV KLPIK®V
UETPOV DAIKOV KOTO UNKOG TOV aKTOV. To evolapEpov NG Katavonomng TG €K TPMTNG OYEMG
OTOXACTIKOTNTAG TNG QUONG £yKertonw otnv avolitnon potifov. Xe cuvovaoUd HE TIG
TPOCTAOEIEG LOOMUOTIKNG TEPLYPAPNG TOV BoAacsimv dtaTapay®V (KOUUATOV), 1 enaAnfevon
N U 1@V VTobécemv  TOPATNPOVUEVIC TEPLOOTKOTNTOS TOV POIVOUEVOV ATOTEAECE PaCIKO
gpyoreio g mpoomdbelog epunveiag TV ELOIK®OV Olepyoctdv. Ot TeYVIKEG TOv £YouvV
avamTuyOel avaEEPOVTOL GTNV EKTIUNGT TOV PLOUOL GTEPEOUETAPOPES KATH UNKOG OKTHG TTOL
onuepa elvar Kowd 0amodeKTd OTL OMOTEAEl TNV MO ONUOVTIIKY TAPAKTIO dlepyasio
Olpdpemong  €vog  axtaiov WNUATOYEVODS GLOTAUATOS. YTO TNV Jdikacio avTh
kaBopiletan oe peydro Pobud M popeoioyia oe Opovg OaPpmons, ocvooc@pevons 1)

otofepoTnTOS. Mo Pacikn K®IKOTOINGT T®V oUTiV TOV GLVTEAOVV GTN SUVOLIKY LG



aktng Koataypagovtor otov Iliv. 1.A. H xoatavonon tov yopoktnplioTik®v TNng K.J.o.

OTEPEOUETAPOPAS KPIVETOL OTAPOLTITN YO TV EPAPLOYT AKTOUNYOVIKOD GYEOAUGLOV.

ITiv. 1.A Boowkd aitio LeTaBOANG OKTOV G YPOVIKA SOLOGTILLOTO OPOTE —GE OPOVG
avOpOTIVNG SpacTNPLOTNTOG-TOV GYETICOVTOL LE TN YOPIKY| KoL YPOVIKY OATOEN TV
Wnudtov oy yepcoaia kot Boddcoia (o).

AlTwo peTafoing aKTOV

. Y opoduvapikd medio dvowkd

. Metapoin otdOunc g 6dAaccog

. KApa

. I"'emloyikd vtoPabdpo

. Koataockeun epyov AvOpomoyevi|

. Appoinyieg

. Zuvovacpdg Puoikdv Kot 2UvVovaopog
AvOpomoyevov

H onpaviikdtepn katnyopio axtoypappdv mov ypilovv avaykng tpoctaciog ival avtég mov
yopaktnpiCovrar og Wwnpatoyeveis. Kot avtd 016t | oyetikd pikpn €og kaBOA0L cuvoyr| Tomv
VAMKOV OV S10HOpPOVOLV TETOW TOPAKTI CLGTNUATO TO KOOIGTA €VAAMTO GTn dlopkn
OpAoT TOV KUUATIGUAOV KOl TOV PELUATOV (XOPOKTNPIOTIKY £ivol 1 S1PpmTiky enidpaom g
B0A0coOG OTIC KOKKMOEG-OUUMOELS okTEC). Tavtdypova O ot tuyaieg avBpdmiveg
napepPacels (mapaiiokoi dpOUOL, OKNUATE, TOWIN K.0.) GE TETOLEG MEPLOYEG CLVETEAEGOV
dpopatikd oty dPpotikny dpdon g Bdiaccac. H mAéov yopaxtnplotikn Tepintmon mov
€Yl VO AVTIUETOTICEL CNUEPA O UNYOVIKOG €ivar To. TPOPANUOTA TOV TPOKVLITOVV GE LN
QUU®OON oK) AOY® TG GLVIVAGUEVIG Opdomng TNG BGAACOG Kot TG OCPUKTIKNG avOp®ITIVNG

Tigong mov datapdooel T Asttovpyia tov appodvov (Xy. 1.1).

Ot ovppatikot £€arkot kupaToBpavotes (Tov omoimv dnAadn 1 otéyn damepvd v Bokdcoia
EMPAVELD) KOTOOKEVALOVTOL TLUMIKG £TCL MGTE VO KOTAGTPEPOLY OAOKANPWOTIKE KOTE TO
SVVATOV TNV KLUOTIKY EVEPYEWD. OTN LANVEUN TAELPO TOVG Y10, GUYKEKPLUEVEG KVUOTIKES
ocuvOnkeg oyedouopod. o TiIc TePIocdTEPEG TEPMTOGEIS TO. £pY0 OVTA €lval OyKdON Ko
YovOpoedn). Ot peydre S100TACELS KPIvovTal avaykaieg Yo To oKpoiol KOHOTIKA QOVOLEVOL
To. OOl LPICTAVTOL OVTEG Ol KOTAOKEVEG 101G OTOV 1 VTAPEN TOLG GLVOOEVEL AVAYKES
elMpeviopod. Opmg o texvntd ovtd oTEPEd OPLOL AVOKOTNG TNG PUGIOAOYIKNG KUKAOPOPLOG
TOV VEPOL OMNUIOVPYOLV GLVONKEG HAAOIMONG TOV TOLOTIKMV YOPAUKTNPIOTIKMY TOL VEPOD Kol
tov BvBod oV VIO Tpootacia BuAdoolo TEPLOYT, EVD TOVTOXPOVOL EXOVV TOAAEC (QOPES
anpOPAENTEG CULVEMEIEG O KOVTIVEG 0KTEC. EmumAéov 1 omtiky] pOmOvVemn TOv TPOKLITEL

amotelel medio ocvl{Nong, WIS o€ TOVPIOTIKEG TEPLOYEG. ZUVEMMS 1 PlocudTTa TV
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OKTOV MG 0TafEPA PUGIKA OIKOGLGTIUATO Y10 TIG AVAYKES TNG avOpOTIVING OpacTnPLOTNTOC,
gyelpel InTUOTO TOL KATA TO TPOGPATO TOPEAOGV Oev giyov emonuavOel.

Pobiudg Yaoywpnong v-Etiag

1 OYZIKO ZYXTHMA

Avvapuxo Evpog ol : iy 0
| IMapaliac Avvauukog PrBuo e Axtie/Aupobivn
AT <= C et
TEXNHTQ ZYETHMA
Avvapko Evpog Kalvyn-Kataotpogn
Hapaliag Appobivng
<P ——— e ———

PuBuoe Yroywpnong v-Etiac A A

AKTOMNYAVIKT)
I kl“L N{m m
+

Y

e
g v = X - {(xwpic kAipaxa)
_— S I e
Xy. 1.1 Awtdpaén Tov pucstoroykol Badpov d1dfpwong oG KOKKMOOVS aKTNG AOY®
OIKIOTIKNG avATTUENG, amovcio TEPBAALOVTIKAOV Op®V.

21 oOyypovn noyN Ol TaPomdve TPoPANUATIGHOl EKONADVOVTOL EVIOTE MG avTidpacn oIV
Tomofétnon oKANPOV £pYOV TPOCTAGING 6€ amOGTOoT omd Kol KOTé PUNKOG TG OKTNG Yo
nepoiroviikodg Adyovs. Qotoco mn avaykn moapapével. O avortuElokdg dpORog mov
EMOIOKOVV Ol GUYYPOVEG OIKOVOMHEG ~ GLVOVTE TNV OVOyKOOTNTO EKUETAAAELONG TNG
napaktog Lovng. Kotd m diepevvnon piog mo opBoloyikig Kot 0koAOYIKNG TPOGEYYIoNG,
0G0 1M OKICTIKY] OVATTLEN KO 1 AvayvyT, 0G0 Kot T0. OAAGCCL0L OIKOGLGTHLLOTA GUVAVTOVY
MG KOWN GLUVICTOUEVT TNV SpOpP®on mpoimofécemy yia €va vylég, PrdoIHo Kot 060 TO

SVVOTOV PLGIKO TEPIPAALOV.

Q¢ andppola TOV TAPUTAVE SOTICTOCEMY, To TEAELTAIN YPOVIOL TO CMUEID EVOLUPEPOVTOG
TEPIOTPEPETOL YOP® OO TNV AVATTUEN EVOALUKTIKAOV £PY®V TPOCTOGIOG TO OTO10 GUVOAMKA
umopov va Katnyoprorombodv mg VAol Kupatofpadoteg. AVTEG 01 KOTAGKEVES EXOVV TN
GTEYN TOLG KAT® 0td £va OpIGIEVO VYOG TO omtoio opiletal m.y. omd ™ MEH ko Tpospépovv
TAVTOYPOVE, KATO0 TOGOCTO TPOCTUGIOG omd TNV KULUOTIKA TPOCSPOA NG  OKTNG
EMTPENOVTOG TOPAAANAO TNV ATPOCKOTTN KVKAOQOpia Tov BaAdooiov VO0TOC KATE UNKOG
¢ okte. Emmpoctétmg tétoteg Kataokevés £xouv Ppet epopuoyn Kol MG TPOKATUPKTIKY
QULVTIKG PETPOL GE aKpaio KOPOTIKE KAIpoTa Yo TN Helmon TG KUUATIKNG EVEPYELNS TPOTOV

aLTH TPOCEYYiGEL Ta KVUpLa £pya mpootacioc. [Ipog avtiv v katevBouvon ot Y.K. pmopovv
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va TapEYovV pio TOAD KA EVOALAKTIKN AVOT 6TV TPOcTacio mopakTiov (ovov Le 060 TO
SuvaTdv AMyotepec mEPIPAALOVTIKEG EMNTMOOELS. 26TOCO KOTA TNV (ACN ETAOYNG OWTNG NG
Adong yivetor avTiinmm 1 avaykn yio €paproyn GUVOLAGUEVOV HEBOSWV OTT®G 1| TALTOHYPOVN
EMOVATPOPOSOTNON TV TPoPANUaTiK®V mapoktiov (ovov pe inuo. T va yiver mo
KaTovonTtog o mepfailoviikog yapaktipos tov Y.K., mapatibetor 1 mepintmon g aktmg
™G Ootia oty dvtikn Itadio TAnciov g Poung, 6mov Adym tng avaykng xpnong g 7.5 yu.
TAPOAMOG OC YOPOL AVOYLYNG, Ol cuveyeic mapepupdoelg amd ™ dekaetia tov 70 Pfordncav
oV e€aymyn KATOumV YPNGILOV GUUTEPAGUATOV Yo TNV Tpoontikn Tov Y.K. o¢ mpog v
avTikatdotoon Tov EEalmv Kopatodpavatdv pe veaiovg (Ugo Tomasicchio 1996). H ontikn
POTTAVOT KOL 1) SUOPO®OT TNG OKTOYPOUUNG HE GLVEXOUEVO KPOL TAdTovg tombolo wg
amoppole. TV £E0A®MV  KLHOTOOPOVGTAV, TOL OLGYEPAVAY  TOGO TS KOALUPNTUKES
dpacTNPLOTNTEG OGO KoL TNV TOLOTNTO TOL VEPOV, PprKav amdvinon HECH® HI0G GUVOAIKNG

dwaxeplotikng avabedpnons cuvugacpevng pe toug Y.K..

Y. 1.2 Tpoktikn éEaAmVv amoonacuévav Kopatodpavotov T dekaetio tov 70 kot
dnuovpyia tombolo (onpowoueva pe kokkivn ypapuun) oty Ootia, Avtikn Itaiio.

ZVYKEKPIUEVO TTPOEKVYE OTL cWOTA Gyedtacuévol Y. K. duvavtal vo Tpostatéyouy Ty ok
amd TV OPPp®oT TOV TPOKAAOVY 01 KLUOTIGHOT, ETTPETOLY TV OVOVEDGT TOV VIATOV Kol
TNV DYIEWN TOL VEPOL Yo KOAVUPNTIKEG SpacTNPLOTNTEG, WITOPOVV VO GLYKPOTGOLV
nuotopeTopopd, £pdcov vrapyel, cVUPAALOVTOG GE €va PLGIKO, YOUNAOD KOGTOLG Kot
apketd otabepd mopdktio cvotnua. Emiong dev adhowdvouv to tomio kot dev epmodilovv
TOVG KOALUPNTEG Q0TOGO 01 VPOAES OVTEC KATOOKELES owv&dvovv T dfpwon otnv
eEMTEPIKN TOVG TAELPE AOY® ™S Bpahong TOV KLUATIGUAOV GTIC ONUEln YOPoBETNONG TOVG
evo Pacikn mpodmodeomn g emttvyiog Tov Y.K. arotelel to pikpd e0pog marippotog (E101kd
v v wepoyn g Itariog n péylotn mAquun dev Eemepvd ta 30 cm). Qotdco Yoo TNV
EMTUYIOL TOL EYXEPNUOTOS ATOUTOOVTOL MK GEWPEA TPOGHETOV Kol SOmOVNPOV OUVVTIKMV

£PYOV KATA PUNMKOG TNG oKTNG AdY®m amovoiog emopkovg wtnuotoc. ‘Eva 6épa to omoio Oa



umopovoe vo 1ebel eivar avtd TOL EMOVOCYEOIAGHOD NG TAPEUPAONG OVTNG DOTE V.

Aertovpyel 610 PEY1oTo duvato Pabuod Kot wg TEYVNTOS OIKOTOTOG,.

YUVETMG MG YEVIKO cvumépacua mpokvmtel 01t ot Y.K. dev pmopodv va amoddcovv ta
OVOUEVOUEVO €POGOV 1| KOKKOUETPioL Kol 1 TocOTNTO TV NUATOV-To. factkdtepa (0mg
QULOIKO TOPAKTIO. OUVVTIKA OTOlYEld- OgV avTamoKpiveTol otV KAMUOKO TNG OKTNG TTOV
0élovue vo cuykpaticovpe 1 va dapopemcovpe (Aminti,1987). Xtn cvvéyelo mopatifetan
g agpoemtoypagio pépovg tov Y. K. mov ovvavidvior oty meployn kot £ovv
aVTIKOTAGTNOEL TV TPakTik) TV £odmv (Ewk.1.1). Xapakmpiotikn eivol n eEopdAvven g
OKTOYPOUUNG OV €xel emTevyBel CLVOPALOVTAG GTIS dPACTNPLOTNTES TV AOVOUEVEOV. Na
onuewwdel o6t mépa amd tov ovveyduevo Y.K. mov omoterel 1t Pacikn dopn tov
GUYKEKPLUEVOL AKTOUNXAVIKOV £PYOV, Y10 TOV TANPEGTEPO EAEYXO TNG GTEPEOUETAPOPAS KOTA
UAKOG TNG OKTNG VIAPYOLV MG CUUTANPOUOTIKG €pyo KAOETO 68 avTNV oTolyEln, €miong
veara dnuovpymvtag evomreg (blocks). Tevikdtepa Opmc 1 otk pvToven amd avTd T

épya éyel pelmbel dSpaotucd.

Ew.1.1 Amoyn g onuepvig eiovag g tapariog g Ootia (Avtikn ItoAio) petd omd
nmopepupaocec Y.K..
Onwg mpokdntel Aowmdv amd v ovopacia Toug ot Y. K. dev elvan mapd povipwg fubiopévor
KopatoBpavoteg (submerged breakwaters) mov kKatackevalovrar cuviBwg and Abopputn e
TEYYNTOVG M PLOIKOVS 0YKOAIBoLG. Zkomdg g ypnone tov Y.K. eivor va peuwoet Tig
VOPOVAKEG QOPTIoELS KOTAVTN 0LTOD AOdY® TOL KLUATIKOV TEdIOV GE TETO0 ONUEI0 DOTE VA

dlnpettal P @EEAMUN SLVOULKY] 1ooppontiae oty mapdktio (ovn. Ot Y.K. mpoceépovv



IKOVOTIOINTIKY]  TTPOOTOGio &vavtt NG OWPpwone e okTg Kot otafepomolodv  Tnv
axtoypouun. Tavtdypova emitpénovy TV anpOGKOTTH KUKAOPOPIK TOV VEPOL OPTVOVTOG TO
TOPAKTIOL PEVUATO VO TTEPACOVY WAV omd TNV OTEYN TOVG KOl UETOEL  LEAAOL
KOUHOTOOpa o™ KOl AKTOYPUUUNG, pmodilovtag TeAKA TV dlapdppwon (ovav Mpuvaloviov

VEPOV.

2.2 Baowkég mapapetpol oyeoroopod Y pariov Kopatodpovotov

2.2.1 Enepyopevo kopa kot o1 facikéS TaPANETPOL TOV TO GVVOIEVOVY

To mo onuavtikd mopapeTptkd péyebog amotedel to emepyduevo Vyoc kvpatog (incident
wave height) Hi. v nepintoon cuvletov Kopotiopdv ek@paletol ®g T0 oNUAVTIKO DYog
kopotoc Hs 1 Hyo (significant wave height). [Ipogavadc ta pikpd og Dyog kdpoto mepvodv
o gukoAa Tave armd tovg Y. K. kot divouv peyaddtepoug cuvteleoTés HETAGOOTG Omd OTL TOL
VynAd kopata. Extdc Opoe tov duecov kaBopiopod Tov GUVIEAECTH KUUATIKNG LETAOOGNG
K: (Ki=Hsi/Hsi), to péyebog tov vyouvg tov  emepyoduevov  kvpotog Hi kabopiler Paocikd
oyedoTiKG peyedn omwg n dapuetpog Tv oykoAibwv Bwpdriong Dnpso, o eAehBepo Pdbog

Bdraccoc FB ndve and ™ otéyn tov Y.K. 1} 10 mAdtog otéyng B.

Qotdc0 va avapepbel Kor  onuacio g meptddov emepyoevoL kvpatog (incident wave
period), T;. Me tov 0po avtd cvviBmg evvoovue TV TEPIOS0 TOL KVUATOG TOV OVTIGTOLYEL
oTNV KOpLEN TOL Egvepyelakov @dopatog, T, (peak spectral period),omA. Tp=Tpi. Ta
NUOATEPATEG VOOAEG KATOOKELES amd ABoppurny, KOHOTA pHE HEYOADTEPES TEPLOOOVG
owdidoviar €VKOAOTEPO HEGO KOl TOVEO Oomd OUTEG, EMOUEVOS Oivouv  PEYOADTEPOLG
ocvvtereotés Ki. O Van der Meer (1990) katédnée 0t ta pokpd kopota otadidovrar oyedov

avémaga, evod ot Y.K. emmpedlovv kupiog ta Bpaya kouata.

H enidpaomn ¢ yoviog 61ddoomg Tov emepydpevov kvpartog (angle of incidence), B kot kot’
EMEKTACT] TNG YOVIOG TPOGKPOVOTNG TOV HETAOTOV TMV ENEPYOUEVOV KOUATOV GTOV KAOETO
d&ova tov épyov e€aptdtar amd T dumepaTdTnTa 0TV 'Eyovpe dNA. oplokny @g Undevikn
EMPPON QLTINS TNG TOPAUETPOV GTIC OLOMEPATEG KATACKEVEG, EVA Y10 TIG AOUTEPATES EYOVILE
po oyeTikn emidpaon g yoviag mpoéckpovons. [lpoteivete yio kopatobpadoteg yopnAng
oTéYng omd Aboppum] OTL 1] YOVIKL TOV HETONOV HE TNV KOTAGKELN] TOL UETASOOUEVOV
KOpatog etvar mepimov to 80% TG yoviag TPOGKPOLONS TOV EMEPYOUEVOVL KOUOTOG

(B=0.8*B;).
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Mo qmieg, Aeieg ko adromépoteg Kataokevés B=Pi yio Bi<45° ko B=45° ywo Bi>45°.

JUVoMKA Yoo kKopatobpovotec and ABoppur) KOTOAYOUV GTO GUUTEPACUO OTL M YOViK
EPOPUNONG TOL UETMOTOV TOV EMEPYOUEVOL KVUATOG TPOG TOV AEOVO TNG KATOGKELNG EYEL
OpPLOKN OC UNOEVIKN EMOPACT GTOV VTOAOYICUO TOV GUVTIEAECTH KLUOTIKNG peTadoong K.
Movo meploptopld 6e avtd amotedel To yeEYOovog OTL To. TTEpApata ot omoia Pacileton M
TPONYOLLEVN AVAAVOT) KOl GUUTEPAGLOTA APOPOVV VPAAEC KATAOKEVESG KO YOUUNANG OTEYNG

LE OYETIKA 6TEVO TAATOG OTEYNG, ONAadn pkpd B.

[Ma t1c avaykeg g TopovGag PYNGIag TO KUHOTIKA GEVAPLN EKTEIVOVTAL GE €va €0POG OO
Bpayéa €mg paxpd Kopato eved Bewpodpe To KOUO OTL TPOCTINTEL KAOETA GTNV KATOGKELT
pog (1D). Xto mhoiclo TtV gpyastnplak®v HeTpnoemv mov e&fybnoav yia didpopa
EMEPYOUEVO VYN KOUOTOG, TO GYESOOTIKG Heyédn kot o Tpdmog kaboptopod g yevikoTepNg

YEOUETPLOG TOL PLGIKOV HOVTEAOL Ttapatifevtal 6To KeQAANLO0 4.

2.2.2 Tpaydtnto Kol olumepaToTNTU TS KOTUCKEVS

Ot évvoteg g TpaydTag TS empdvelng Kot g dlamepotdtrag (surface roughness and
permeability) eivan dpeca cvvdedepéveg e v ovopaotikny oduetpo Dpsp T@v oykoAiBwv
Bopdxionc. Oco peyaddtepn eivor 1 tehevtaion TOG0 Mo Tpoyelo Kol damepatny €ivar m
KOTOOKELY] UE OMOTEAEGUO OTIC TEPIGGOTEPEG TEPWMTMOELS 1] OMMAELN EVEPYELNS Vo givor
peyorvtepn. (Van der Meer & Daemen, 1994; Seabrook & Hall, 1998). Xta épya youning
otéyng (LCS) mailovv moAd onpavtikd poro, EMOPOVTAG OVIOYOVIGTIKA GTO QOIVOUEVA
VIEPTNONONG KOl aVOpPiyNoNs. ZTa VPAAN £PY0 POIVETOL TPOGSPATMG Vo emnpedlovy e&icov
AMOy® PG otov Tpoyd mubuéva kol TupPddovg OMBNoNE oIV TOPMON  GTPAOGCN
Bwpakxiong (Siladharma & Hall, 2003).

H dwmepatdmta to0 moupnvae g KataoKeL g 0ev gival akoOpo omoAdTmg EeKABapo Thg
emnpealet T peradoon tov koparog o Y.K. ‘Evag adanépatog mupnvag mopepmodiler v
EMEAOOT] TOV KLPATOV Kol To wOel og Opavon AOyw pywons, HEIDOVOVTIOG TOV GUVIEAEGTN
petadoons Ky, evod tavtdypova Evag damepatdg TupnvaG ETITPETEL TN OLEAELOT TOV KULATOV
HEG® TOL TOPMOOVG TPOKOADVTIONG TNV KOTAGTPOPY EVEPYEWS OUMG AOY® LN OTPOTAV,
TUPPIGV podv ol omoieg avamtiocovior oto gomtepikd tov Y.K. H gpyoasia avty

TpocavatoAiletor o akpldg avtinv v ovaykn. To TEPAUNTO TOV TPAYUATOTOM 0KV
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GTOYEVOVV £0TM VO, dMOOVV UL GOPESTEPT EVOEIEN Yo TV KatevOLVoT TPOGEyyIoNng g

TOPAUETPOV AVTNG,.

2.3 Oe®pio KVPLATIGPOV

Ot ypoppukol KopaTIGHOl OT®G Kol Ol TEMEPACUEVOL EDPOVG UTOPOLV VO TEPLYPAPOVV
1pocd10pilovtag 6Vo USIACTATEG TOPUUETPOVS, TO GYETIKO BAbog vepoy h/L kot tnv Khion tov
kopatog H/L. To oyetikd Babog h/L vepod mpocdiopilel edv ot kupatiopol givar TAHPoVG 1
peptkng dwaomopdg kot moHTE M TOLTNTO, TO UNKOG KOUOTOSC, KOl TO VYOG KLUOTIGUOV
emnpealovtar and 1o Pdbog tov vepov. H wAion tov wdparog H/L eivar éva 6pog mov
pocdopilel v eEAPTNON TOV KLHOTIGHOL ad TO VYOS TOL Kol Kabopilel edv ot mapadoysg
™G yYpappikng Bewpiog woydouv.
"Evag tpitog 6pog mov ypnotponoteitoan otn B€om tv mponyoduevov dvo givol o Adyog Tovg,
OnAaon:

HL_H

h/L  h (2.1)
Kot ovopaletor oyetikd vyog kbpatog. Meydreg Tipég g KAIoNG Kot Tov oYeTIKOD Vyoug
KOHOTOG dNA®VOLY OTL M| TaPAdoYN WKPOL €0POVG KLUATIGU®V dgv gival KATAAANAN. Mo
TETAPTN OOLIGTOTY TOPAUETPOG TTOL YPNGLLOTOIEITOL GLYVA Yia TV emAoY Bempiog dadoong
KOUUOTIGHOV, LE YVOOTO UNKOG Kot VYOG KOUOTOG o€ éva opiopévo BdBog D, eivar o apBuodg

Ursell | Ug.

2 2
LYH L'H
U, =|=| —==—= 2.2
K (hj h @2)
Meydlec téc tov ovvieheot Ur TPOKOITOVV Yol TEMEPAGUEVOL €VPOVLS, MO UOKPOLS
KOUOTIGHOVG GE Pyl vepd dMADVOVTOG OTL 1 TPOGEYYION TOVS TMPEMEL VO YIVEL HE Un-
YPOLLUIKE YOPOKTIPLOTIKA.

Ot enektdoelc T Heoplog Tov Stokes wydovv dtav: H/h « (kh)? yia kh<l xat H/L « 1. Avtéc
ol amantnoelg opilovv évav apBud Ursell, Ur<79. Kot €161 vt n ovuvOnkn mepropilel ta
VYN KOUATIGUAOV oTo. pnyd vepd Kot mteplopilel v epappoyn tov Bempiov Stokes (mpémet

h/L>1/8 1| kh>0.78). Zvykekpiuévo mopaderypa ivar 1 LEYIGTN TIUH TOL VYOLS KOUOTOC, TOV
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unopel va meprypoagel amd ™ Oswpio Stokes 2™ taéng, kou givon fon pe to pwed Tov Pabovg
tov vepov (Fenton 1985). To medio 1oybog g Bewpiag Cnoidal h/L<1/8 kou 0 cuvteAeoTnC
Ugr>20.

O Dean (1968,1974) moapovoiace po. avdAvcn, otnv omoio Ople TIC TEPLOXEG EPAPUOYNG
KkéOe Bewpioc, ¥PNOIUOTOIDVTOS TOVS OPOVE H/T? kot h/T? (to T? givau OVOAOYO TOL UNKOVG
xopatog L). O Le Méhauté (1976) mapovcioce o eEALa@p®S SLPOPETIKT OVAALCT Yl VoL
npocdiopicet o Opla kKatarAnrdtrog e kabe Oewpiag diddoong kopatioudv. H 4™ 1aéng
Bewpio. Stokes avtikadictotar pe avty g 5™ TaENG a@ov 1 TeAgvtain ypPNOILOTOIEITOL
ovyvotepa og TOALEG epappoyés. Or Dean ko Le Méhauté mpoteivouv kot ot dvo 1 Bsmpia
Cnoidal v kopoticpovg e pnyd vepd pkpng kiiong, kot m Bewpia Stokes vymAdTEPNS
TAENG Yo peydAng kiiong xopatiopovg dtdddpevoug ota Pabid vepd. H ypappkn Bewmpia
TPOTEIVETOL Y10 KPS KAToMg kOt Kot yopnAés Tnég oeiktn Ursell. ta «evoldpeco» kot
«Babua» vepd n ypoppikn Bempio elvar emapkng, ®otdc0 Ko Ahdeg Bewpieg cupmeprpépovtal
wavoromtikd. H Bempia g poikng cvvaptnong 1 kot n tapdpote Osmpio tov Fenton (1988)
elvol KATAAANAESG Yo LEYAAT TTEPLOYT TOV KLUATIKOV TOPOUETp®V. ['a yvootég Tipég tov H,

h kot T to Xy. 2.1 ypnolomoteiton ooy 00Myog Yo TV ETA0YN THG KATOAANANG Oswpiag.

Eivar amapaitnto va yvopilovpe tig oplakés THéG Tov DYous Kot TG KAMOoNG KUUATICUADV GE
Suapopa Béon vepov, yia va kabopiotel n katalinAdtra kdbe Bewpiog mov ypnciponolel v
avéivon Stokes. Avtd emttvyyavetar cvykpivovtag to péyefog kdbe dtadoyucod dpov otV
avéivon Stokes, 6mov kéBe dpog mpémel va givar PiKpOTEPOG 0O W TOV oV Tponyeitat. [a
Tapadetypa dv o deutePOg Opog eivorl pkpdtepog amd to 1% tov TPdTOL OpPOL NG Bewpiag

Stokes 2" ta&ng, n optaxn kAion divetar amd Tov TOTO:

1 sinh*kh
80 cosh kh(3+ 2sinh”kh)

H
T < (2.3)

Edv o 6pog g tpitng t4ENG ivan pukpdtepog tov 1% tov avtiototryov devtepNS TAENG, M

oplakm KAion elvat:

sinh’kh

H_1_snh’kh
L 7 \1+8cosh’kh

(2.4)
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Opoiwg, ypnowomowdvog Ty 5™ 1ééng avéivon, ot acvumtmtec otny 3 1déng Oewpio
eivar H/Lo<0.1 kon H/h<3/4(kh)? yia Bobid kon pnyé vepd avtictoyre. Avtd emtpémel TV
enéktacmn Tov gOpovg TG Bewpiag Stokes, mpocBitovtag pikpég Sladoyikés mePLOYES OTO
nedilo ™G YpoppIKng Bewpiag 0nwg paivetol oto ddypoppa (Xy. 2.1), uéxpt va mpoceyylotet

T0 Op10 Bpavong.

().()'r 1 T T 1] 1 T T
’ l |
0.02 ~ ().1: Stokes|4' order J

0.01

e s . e e

0.005

H
72 0.002

g
0.001} & 26 b

0.0005

0.0002 + > |

th(}()ry

_/“intermediate depth |deep.
water /7 waves water
\\v"’cl‘\'l'(‘.b' /1 . i ! l\\:&l\" es

0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2
h
97"
Y. 2.1 Tleproyég epappoyng srdpopwv Bempraov dtadoong kopaticpav. (Le Méhauté, 1976)

0.0001

0.00005

Ot xopaticpotl ov omoiot e€etdotnKoy Kol OTMG KATOYPAPNKOY Ond TO TEPAUATO TOV

avaktOnkoy kot a&lomomdnkay £pepav yopaktnpiotikd stokes 2™ kot avdtepng Taéne.

Me Bdon to mtapondve, 6To TAAIG10 TG epyaciog emtyelpOnkKe 1 cuoyEtion TV Vo e€étaom
TEWPOUATIKOV OEOOUEVOV e €va OmAO  HOOMUOTIKO HOVTEAO TEPLYPOPNG KUUATIKOV
diepyaciwv. EmdéyOnke m Oeopio Stokes 2™ 1éénc. Xto onueio avtd yivetar pio
EMYPOLUOTIKY Topovoioon g Oewpiag Stokes 2™ tdénc n omoia pe Pdon v Bewpio Stokes
1™ 14Enc amotélese HOYAO Yo TNV OVATTLEN KOl TOV VIOAOITOV 1N YPOUUK®OY OE®PLOV EVD
010 Xy. 2.2 mopotifetor 1 kataToun TG eAevBepng emeavelag yuo Tig ddpopeg Bempieg

KULOTIGU®V.
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Ot Osmpieg Stokes avaotepng tééng Sivouv o TPOGEYYIOTIKY] ADGY GTO UN YPOUUIKO
mpofAnua Pacilopeveg ommv KAooowkn HEBodO TV Uikpov dwtapoy®v (perturbation
method). Koatd t pébodo avtn, «dbe eCaptmuévn petaPinty ekepdletor ocav pio
TENEPACUEVT] GEPA dSuVALE®V (SVVAPOGEPG) Hiog HKPNG adldoTaTng TapaUETpov €= Ka , N

omoio, oTNV TEPIMTOOT TOV KLHATICU®V, GYETICETAL PLE TO VYOG KOl TO UIKOG KOLLATOG.

O=e®,+ D, +... (2.5)

Omov @1 n ypappikny OBewpio, P2 n Bewpia devtepng TAENG Kok. O Opol TG GEPAC
vrohoyifovior amd Ty ADCN TOV GUOTNUATOS TOV €EIGMCEMY, TOV TPOKVITOVYV Ond TNV

1KOVOTOINoT TV 0pLKOV GLVONKAOV 6Ty eAehBepn empdvela.

Zopemva pe ) Osopia Stokes 2™ 1aEng n cvvapnon dvvautkov divetat amd T oyéon:

_Hg coshk(h+z) N 3nH* cosh2k(h+2)

@ in(kx — ot in2(kx— ot 2.6
20 coshkh OO T R e (26)
H e&iomon ¢ ehedBepng empdvelag xetl T popen:
H nH? coshkh
=—cos(kx—ot)+ . -(cos2kh+2)-cos2(kx— wt 2.7
6= costx ot e ¢ ) cos2(kx-ot) @7)

H oyéom dwacmopdg ¢ Bempioag devtepng 1aEng tavtiletal pe v aviiotoryn g TpaTNg

TéENG, elvarl ONAadn:

©” = gktanhkh (2.8)

Ot cuvicT®oeg ™G ToOTNTAG EVOG PEVGTOL GTOLYElOV, G€ omoladnmote Béomn X,z g palog

TOV PEVGTOV, ElvaL:

21712
u :ﬂ' coshk(h+z) -cos(kx—cot)+g n°H .cosh 2k(h+ z).

: — cos2(kx—mt) (2.9)
T sinh kh 4 TL sinh“kh
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. 2v72 .
w :E. sinh k(h+ z) -sin(kx—cot)+§n H” sinh 2k(h+z)

: — -sin2(kx— wt) (2.10)
T sinh kh 4 TL sinh“kh

AIRY WAVES

W

STOKES WAVES

CNOIDAL WAVES

SOLITARY WAVES

Xy. 2.2 TIpoeik ¢ eledbepnc empavelag yio Tig Bewpieg dtadoong kvpaticpumv (CEM 11-1)
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24 H évvown g mpooTaciog TNG OKTNG omd £vav VQAA0 OWOTEPATO
Kupotodpavoetn

Ta épya yopnAng otéyng Kor ovykekpiuéva ot veoiot kvpatobpavoteg (Y.K.), mov
OmOTEAOVV [0 TPOTOTOINCY, TV  TOPASOCIOK®OV  OTOCTACUEVEOV  KUUATOOPALGT®V,
KOTAGKELALOVTAL Y10 VO KATATOAEUN0el TPOTIGTA 1 JEAPPOCT TOV OKTOV HELOVOVTAG TNV
TPOCTUMTOVGO KVUATIKY EVEPYELN KATM OO GUYKEKPIUEVEG KUUATIKEG GUVONKEG GYEOIAGLLOV.
Y& ovuemvio HE TO POAO OLTOV TOV KOTAGKELAOV, £XO0VV KAT Koipovg exkmovnOel mAnboc
gpyactov mov e&etdlovv o povopeva mov cvuPaivovv mhve Kol yopw amd toug Y.K. H
dnpooievon tov Metallinos et al. 2016b amotelel Eva kakd 0dNYd avalTnong TG OXETIKNG
Biproypapiag, 10img O pHE TO €VOLNPEPOV VO GTPEPETAL GTOLG SOTMEPATONS VPOUAOVG

KopotofpadoTes.

Avo givar ot facikol unyavicpol pe Tovg omoiovg duvatal o damepaty] VEAAN TParefoEdNg
MBoppun) vo. amocsPécel PEPOG TG OAOIOOUEVNC KVUATIKNG OpAoNG, Kol KOTO GUVETELD V.
AmOTELESEL £VOL LETPO TTPOGTACING TNG aKTNG omd TN SdPpwon. Kabrpiotikde givor o thmog
g Opavong. ‘Exet mapatnpnBel 011 0 TOTOC OV KVprapyel mhveo and domepatods VOAAOVG
Kopotobpavoteg givar avtdg g kvuhicewg (Spilling), mov eivor oyetkd fmog. Eivor cagpég
0Tt évag VeaAog damepotdg Kupotofpadotng de pmopel va mpocseépel tov 1010 Pabuo
OTOUEIMONG TNG KVUOTIKNG EVEPYEWNS GE GYECN LE TOVG OVTIGTOLYOVG AdAmEPATOVG. Q26THGO,
1 GLVEIGPOPE TOL TOPMIOVS GTNV OTOUEIWMON TNG KLUOTIKNG EVEPYELOG OEV Elval apeANTEN
Kol M pon OOUEGOVL TV KEVMOV GTOV KOPUO €vOg TETOov €pyov amotehel Tov de0TEPO

UNXOVICUO OVAGYECNS TOV KUUATOV.

[Tépa amd 10 YeEYOVOS OTL UTOPOVV VO AVTILETOTIGOVY TOV Pacikd BEpna g Tpoctaciag g
aKTAG, €xel TAEOV avTIANTTO OTL €101k o1 dromepartol AMBOppuTTOl VPOl KLUATOOPAVGTEG,
€YOUV TNV KOVOTNTO VO AELITOVPYNCOLV GE OVTIGTOLKIO LE TOVS PLGIKOVS VPAAOLS KOOMDG
tetvouv va mpocerkvovy T Boddooio (o1 Kol KaTd cuvERELd B TPENEL VO VITEIGEPYETOL GTO

GYEOUG O TOVG Kol 0VTOG O TAPAYOVTOG. .
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3 IMIEIPAMATIKA AEAOMENA KAI INPAI'MATIKEX
YXYNOHKEX

3.1 Exhoyn KAipokag opordtnTog

o v exhoyn ™G KAIHOKOG OUHOIOTNTOS TMV OLOUDUAT®V OLOTEPATNE KOl OOTEPATNG
VOUANG KOTAGKELNG Y10 TN SIEVEPYELN TOV TEPOAUATOV GTO TAOIGLO TNG TAPOVGUS EPYAGIAG, 1|
TPOCOUOI®MON VIPOSLVOUIKADV LNYOVICUOV OTwg 1 avakiaor, otdbAacn kor mepibioom
amattovy opotoTnTo Kotd Froude tov Tpocopotdotog Tpog To TPOTOTO:

F=" (3.1)

" (gp)”

OmoV U givo yopaKTnPloTIKn TayvTnTo, (M/Sec)
g 1 emdyovon e PapoTnrag (m/sec’)

D to yopaxtnpiotikd punkog (M)

H opn mpocopoiwon tov pnyovicuov omoutel to opoiopo va €yel v 10w kAMpoxo
oHowOTNTOG TPOG TG TPelg OevBivoeic. H kAipoka pe tv omoio. mpocopoudvovtol ot
YPOUUKEG OUGTAGELS TOL OLOLDUATOG EIVAL YVOOTN MG YEOUETPIKT KAILOKO TPOGOUOUDCEMG
).

A@o¥ opiobel n yeopeTpikn KAIPOKO TPOCOUOIDGE®MS, Ol KAILOKES Y10 TIG VOPOOVVOUIKEG
TAPOUETPOVG UTOpPoVV Vo VTOAOYIoB0OV oOUe®VE pe TOLS VOUOLS OUOOTNTOC. XTO
TPOKEILEVO TOPAOELY LA TPOGOUOIDCENMS EKAEYONKE YepeTpikn kApaka A=10. Ot Tipég tv
AOY®V opo0TNTOG S0POP®V TOPAUETPMV OIVOVTOL GTOV EXOUEVO TIVAKOL.

Ta 1010 woydovv Kol avTIoTPOEMS, ov OnAadr OéAovue va Kévovue oavoymyn omod

EPYNOTNPLOKEG GE cLVONKES TTEdiOL.
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ITiv. 4" Tuég Ady®V opotOTNTOG SLOPOP®V TOPAUETPOV.

Hapdapetpog Kiipoxka Twn
Mnxkog A=A 10
YPOVOC A, = A 3.33

Taydma A=A 3.33
Oykoc Ao =N 1000
Mdéta A= A% x (Mp/Mpn) 114.36

Emitdyovon 1 1
ITicon A =pip/pim A 10.25

["a v tpocopoimon ™¢ palog twv otoryeimv g Bwpdkiong 1oyvet :

ﬂ =22 &
mm Mm
Omnov m, N palo TpoTdTLITOL

Mm M pala opotdUaTog

O Aoyog Mp/Mpy, divetar amd tnv oyéon:

pﬂ_l
M, _ Py | Pm
Mm Psm &_1
P

Omov  psp 1 TUKVOTNTA GTEPEOL GTO TPWOTOTLTO iom pe 2,65 t/m®
Psm M TOKVOTNTO GTEPEOD GTO opoimpa ion pe 2,65 t/m®
Pfp 1N TUKVOTNTA LYPOV 6TO TPWTHTLTO iom pe 1,028 t/m®

ptm M TUKVOTNTO VYPOL G6TO Opoimpa ion pe 1,0 t/m®

3.2)

(3.3)

>10 onueio avtd Bo mpémer vo onuelwbel OTL pmopel vo TOPOVGIOGTOVV ONUOVTIKEG

emdpaocelg khMpokog (scale effects) katd tn devépyslo TEWPAUATOV GE PUGIKA OLOLDULOTOL

1o kKhipoko (Heller 2011), img 6tav diepevvdtar To VIPOSVVOUIKO TESIO 0 TOPDIEG PEGO.

2mv mapovoa gpyoacio. ®otdGo M KAlpaKo mov emAéyOnke kot givor g taéng tov 1:10

TPOGOUOIALEL ETAPKDG TNV OVTIGTOLYT] CLUTEPIPOPA OGS KATOUOKELNG OE PUOIKN KAIHOKO. €

OTL aPopd (NTAHATH TOV EYEIPOVTOL MG TPOG TO E10KO PAPOG TV VAIKOV KOTOCKEVN TMOV
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opolwudTOV, TopotnpnOnke n  evotdbelnr TOVG EvOvTl KOTOMOVNONG TOUG Omd  TOLG
E10EPYOUEVOVS KVUOTIGHOVE GTO TAOIG10 ToV TTelpapatog. Emiong av AdBovpe vwoyn 6t wg
Baoikn oyedlooTIKn TOPAPETPOS YO TNV EIGOYMYY TOV GTO HOVTEAO NTOV TO TOPMOES KOl 1)
GUVETAYOUEVT] GUUTEPIPOPA TOL (LOVTEAOV) GTNV TTEPLYPAPT O1AG00TG KVUATIGUMY TAV®D 0o
VeaAo gUmOdo, UTOpovV vo. ayvonBodv Slopopomooel; AOy®m KMUOKOG o€ oxéon e
KOTOOKELY] 6€ QUOIKO LEYeDOg, MG 1010TNTEG TOL VEPOV GYETILOUEVEG UE TNV TUPPMON

GLVEKTIKOTNTO.

3.2  Ymoloyiopds mOPM®OOVS TOV  QUGLKOD  OMOLONATOS  VYUAOV

Kupotodpavoetn

I'evikd pmopet va tebel Eva RTHa av T0 TOPAOIESG TO OTO10 UETPATE GTO EPYACTNPLO Elvar TO
cwotd, 30Tt cLVNOMG Yo TOV VTOAOYICUO TOV OAAG KOl TV TLUKVOTHT®V TOV DAIKOU TOV
HOVTEAOV, Ypnotponoteite doyelo Kot dgv petpdtar amevdeiog mave otn B€on tov povtédov.

YroAoyiletat o 6ykog Tov doyeiov amd T pala Tov vepov:

V,

dox

‘Eva doyeio (Gde10) minpodveton pe detypa amd 10 VAIKO dpo 0 0OAMKOS GYKOG TOL TOPMOOVG
VAKoD Vg, etvan Vg, O 0MKOG 0YKOG 1600TOL [LE TOV OYKO TMV KEVOV GLV TOV OYKO TOV
GTEPEDV:

V,=V_.+V, (3.5)
Zvyileton xon Bpioketan €161 1 pdlo Tov VAIKOV mov givar iom Kot pe tn Hale TV oTEPEMV:

M, =M,+M_ =M, (3.6)
210 doyelo pmaivel vepod mov katalapupdvel OA0 Tov dyko TV KeVoV Kl ovto Cuyileton mat
M- Apapdvtag toug AlBovg ko Quyilovtag to vepd mov péver My, vroAoyileton o dykog

TOV OMAOT 0 HYKOG TV KEVAOV.

V., =Vw=Mu-p, (4.5)
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To mopmdec ONAAdN 0 AOYOG TOL OYKOV TMV KEVMV TPOG TOV OAMKO OYKOo TOL VoAoyileTon ®g:

V
= iew 4.6
0=y (4.6)

oL

H mokvétta tov cupmaryoig netpmpotog vroloyiletot mg:

P, =~ 4.7)
H mokvédtta tov vAkod vroloyiletot amo:

LY 4.8
P V. (4.8)

Me Bdon to mapomdve 1 d1dtaén Tov LAKOD KOTaoKELNG TV AMBmV Katd T J1dtKacio TG
HETPNONS TOL TOPADOOVG UTOPEL VoL 0dNYNOEL GE TIUEG OYL AVTITPOCMOTEVTIKES TOV TOPDOOVG.
Mo Waitepn Tpocoyn amorteion Yo TG TEPIMTMOGELS OTOL TO VAIKO £XEL TOPDOEG @ peTalD
0.40 xou 0.30, dlott potald avTNg TG TEPOYNG YiveTow 1 HETAPaoN Omd SAMEPUTES OE
pepkag adwomépateg cuvinkec. To ouykekpluévo Bépa eitvar kpioyo €01KG OTaV TPETEL Vo

€100YOVLE TO TOPDOESG OO TOPAUETPO GE Eva aplOUNTIKO LOVTEAO.
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4 TIEPITPA®H IIEIPAMATIKQN AIATAZEEQN &
METPHXEQN

4.1 Mewpaporta toov Metallinos et. al (2014) — Olkég méoerg

[Mo T1g avaykeg dlepeuvNong TG VOIPOSVVOULIKNG TECTS GTO E6MTEPIKOD AMOOPPUTTOL VOAAOV
domepatol Kupatofpavotn a&lomomOnKay ol TEWPAUATIKES LETPNCELG TOL GVAAEXONKAY OTd
™ deEaywyn tov nepoudtov tov Metallinos et. al (2014), Metallinos (2016). Ta wewpduata
aVTE TPpaypaToTomOnkay 6t duwpvyo Kupatiop®v Bapvrag «Anuitpng Kotkdikoc», oto
Epyacmpio Awevikov ‘Epyov tov EMII omyv Iloivteyxveiovmodn Zoypdeov vmd v
enonteion Tov tuNuotog [MoMtikdv Mnyovikov. ZnmOnke kot €ytve m ovAKINON TOV
TPOTOYEVOV OEOOUEVOV OV glyov cLAAeYDOel, Ta omoia amoTeAOVVTOL OO £V OTUOVTIKO
OYKO YPOVOGEPAOV LETPNONG NG VOPOOSLVOUIKNG TieoNS Oomd OOKHEG e JLOOOUEVOVG
LOVOYPOUOTIKOVS KUUATIGHOVS GE (PLGIKO HOVTEAD VQOAOL dtomepatol Kupatodpadotn and

MBoppinr| ko amdTOpUES KAOELS TPOUVOV.

4.1.1 T'evicn Lleprypaen [ewpapotikng Adtacng

H dwwpvya mov ypnoyormomOnke givor oynpotog opfoydviov mopoAAnAoypapov pe Pactkég
dwothoelg: kabopd unkog: 27.00 m, kabapd midtoc: 0.60 m, kabapd Gyoc: 1.53 m, mdayog
toyiov: 0.21 m (Bepvapdaxng, 1990). Eivar Katackevaspuévn omd omAMoUEVO GKUPOSEUD LIE
Swroun aveotpappévov IT kor ompiletor ®g cvveyng dokdg ce PaOpo amd omMcopévo
okvpodepa Vyovg 0.80 m. Zta dVo AKpa NG SDPLYNS VIAPYEL OMOGPRESTNPOS KLUAT®V
(amoppopntikég otolddeg — sponge layers). Xtn 0éom ™G KLUOTOYEVVITPLOG, VTNPYE
OWHOPOOUEVO TpavEG e KpokdAeg péomg Olapétpov S cm  KOALUUEVO pHE  WIAO
CUPUOTOTAEYHO Ylo. Vo gumodileTon m petakivion Tovg. Xto GAAO 0Kpo €miong elyet
olopoppmBel okt pe kpokdieg péong oapétpov S cm kot elye tomobetnOel amoppoPnTIKOd

GTPOUO KOAVOPIK®V GTOBAO®MV GLUPUATOTAEYUATOV.

e amdotaon 5.75 m and 10 aplotepd GKpo, VILApYoLVV dvo dtapovn mapdbupa (fiber glass)
0.95m x 2.90m. Znv mepoyn avtr TomobetnOnke 0 puowd poviéo twv Metallinos et. al
(2014), pe okomd TNV TOPATAPNON KOl QPOTOYPAPIOT OTOWEI®V TNG TEPUUOTIKNG
owdkaciog. Xto de&l dkpo g SpLYNS Elval EYKATECTNUEVN 1 KLUOTOYEVVIHTPLOL TTOL
YPNCLOTOLEITAL Y10 TNV TTOPAY®OYN T®V Kupatiopdv. Katd pnkog g duvpuyag, o€ ondcstoon
éva. UETPO TEPIMOL MO TO WIEPLYO TNG KLUOTOYEVVITPLOG VLTAPYEL KOTOOKELY] OO
TOPAAANAES, O1dTpNTES, HETOAAKEG TAGKES OlaoTdcemy 1.0 m x 1.0 m. Xpnoiuedel oto va

amocPével TIc MAEVPIKEG dtoTapoyéc meplopilovtag To eavopevo g mepiblaons dote va
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amokabictator ot Béom yéveons TV KupaTiop®v 1 embount dodidotatr por. Xto Xy.4.1
armewkoviCovtar 1 kdtoyn Kol 1 TOUN TNG OUOPLYAS LE TO QPUGIKO TPOGOLOUDUO TTOV
EQUPUOCTNKE.

o

Pl

WWHH
‘ I

r

“‘I‘

F R LWL L CC L LLE A L TR LA LEF S AL LT

Xy.4.1 Kdtoyn kot topn g TEPALOTIKNIG SUDPLYOS KOL TOV PUGTKOV TPOGOUOUDOTOG,.

1. OyxolifBor omoppopnong kvuatiouwv 2. Kouatiotipas 3. Dpedtio amoppons voatwmv 4.
Midzpnteg petallixés miokes 5. Oykoiifor pooikod mpooouoiwuotos 6. Xtéyn poviélov 7.
Aywyog mopoyns vodtwv 8. Aywyog omoppons vootwv 9. Kvuotoyevwwntpia 10. [lopaBopa
TopaTHpomN.
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4.1.2 Avatagn euoeikov povrélov Tomv Metallinos et. al (2014)

To mAdT0¢ 6TéYNG TOL VPAALOL KLpaTtoBpavotn tay otabepd ota 100 cm kot To TAGTOG GTOV
mobpéva nrav 260 cm. To vyog Tov kKvpatoBpavotn nrov 40 cm kot 1 kKAion Tov tpavav 1:2.
O voA0YIG OGS TOV TOPMOOVE TNG KATACKEVNC, £YIVE LE TANPWON d0yelov apeAnTéOL PApoug
UE VEPO Kol TO VAIKA KaTaoKeLNg péong owopétpov dso=8 cm.. Tehkd, yio. To VAIKO TOL
Kopotofpavotn petpnnke n T tov Topddovg oe =0.52 (Sramepatéc cuvOnKeg). XTO

Yy.4.2 anewcoviletor n Sidtadn Kot to onpeio AYNg TV LETPNGEMV TG TECTC.

E - {(x)

L S.W.L.
10-"* % ¢ ~0F E 5
'-. -
2 50
" > : 40 | 4s
°
I e e e Nl o o T o N B e e e e B M) B e W B e e e Mo I e s T ] M e e e
Upstream Section Section 1 Section 2 Section 3
J | | gl | | i
1 60 ‘ 40 | 50 [ 50 N 40 | 40 I

Yy.4.2 Adtoén euotkod HovtéAov Tov Y @aiov dtomepatol Kupuatofpadotn Kot onueio
AMYNG HETPNGEDY VOPOSLVOUIKOV TEGEDVY, VITd KApoka 1:10 Metallinos et. al (2014).

H ocvvolkn migon petpndnke yio 600 dropopetikd PAOn g VEAANG KaTaoKELNG KOODS Kot
YL SPOPETIKG oeVAPLO. E16EPYOLEVOY Opavopevav (4 cevapla) kot pun (3 oevdpua)
LOVOYPOUATIKGOV KUUATIGU®V, 7 610 cOvoro, Baboc vepod 0.45 m (3 kupotikd cevapia) Kot
0.50 m (4 xopotikd oevapia), (M. 4.1). Ot petaforéc aVTEC GTOVG KLUATIGHOVG KOl OTO
BaOn tov vepol, oe GLVOLAGUO e TIC 4 JLUTOUES LETPTCEMY, LU0 OTO OVOVTY KOL TPES GTO
E0MTEPIKO TOV KvpoToOpavotn, 0dMyncav ce cvvoro 300 ypovocelp®v HETPNONG TAOTG.
Avaxtinkav ot ypovocelpés avtég, 2 Aemtd m kabepio (uetpnuévec pHE KATAAANAO
TIEGOUETPIKO OPYOVO TUTOL avTioTOoNG NG LOdTvIG Halag vd v ekdotote Boldcoia
ouvOnkn kot 0€om, 19 B€oelg 610 E6MTEPIKO Y10 KATAKOPLOA SOUGTLLATO TOV 5 CM, Ko 6 oTo
avévin puce Katakdpvgoadoaotiuata Tv 10 CM), ot omoieg Kol pe KATOAANAN avaywyn HE
dwdikooio mov axorovdnke katd tovg Metallinos et. al (2014) odnynoav ce avtioTolyES
YPOVOCEPEG OMKOV Tiecewv. [o v mopaymyn TOV KUUATIGU®V YPNCLonombnke n
KOUATOYEVWNTPLL. TNG Stdpvyoc. Ot HETPNOES TO®V VYOV KOUOTOG £YvaV UE avAyvemon o€
KOTOKOPLOOVG KOTAAANAL BaBOUOVOUNUEVOLG YAPOKES, EVD Y10 TNV HETPNON TOV TECEWV GTO
E0MTEPIKO TOV TOPMOIOVS ypMoiponombnke mesopetpo KYOWA BE- 5KC dwpétpov 3 cm

Kot tayovg 0.5 cm. Ot ontikég HETPNOELS OTOVS YVOUoveS BempnOnkav apketd axpiPeic
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Kabmg Eyve peydio mTAN00G¢ LETPNOE®V UE TNV TPETOVGO TPOGOYN KO APKETEC ETAVUANYELS,
Kotd ovvémelwn yvopilovue pe peydio Pabud aflomotiog TO XOUPOKINPIOTIKA TOV

EI0EPYOUEVOV KUUATIGHLOV.

Mo v €000y Kol TOTOBETNGN TOL TIEGOUETPOV GTO ECMTEPIKO TOV PUGIKOD HOVIEAOV,
SlopoppmONKaY 3 KLAVOPIKEG KATAKOPLPEG OTEG EMEVOEOVUEVEG UE GUPUATOTAEYILO Y10 TV
TPOCTAGIO TOL HETPNTIKOV OPYAVOL, GTO HECO KOTA TO TAATOG TNG OIMPVYAS, SIOUETPOV TNG
TAENG TOV LEPIKADV EKATOGTMV, MOTE VO EUCPOAOTEL EMAPKNG YDPOG Yo TO OPYAVO OAAY

YOPIC VO AALOIDVETAL 1) OVOTAPACTOCT) TV TPOYHOTIKGOV GUVONK®OV TNG PONG GTO EGMOTEPIKO.

o ™m AMyn tov petpnoeov and 10 MECOUETPO YPNCLOTOMONKE CVUGTNUA GLAAOYNG
oedopévov g KYOWA, cuvdedepévo pe katdAAnAn cuokeun detypatoinyiog tomov USB-
1608FS dote va petépepovtar ta dedopéva otov voroylot. To mecduetpo KYOWA BE-
SKC mov ypnoomodnke glye evpog mediov tipdv and 0-5 kgf/cm2, dniadn 0-490332.5 Pa
pe To cvuoTNUa GVAAOYNG dedopévev va Asttovpyel Yo péytotn téon SV. To ypovikd Prpa
™G pétpnong frav 0.005 s (200 Hz).

IMivaxag 4.1: Zevaplo Kot TOTOL KVpATIoH®V Kat fdBovg vepov, Metallinos et. al (2014).

"Yyog kdpatog Bé&0og vepov

GEVAPL0 H(m) Iepiodog T(s) h (m) Opavon
1 0.065 2.12 0.5 Oy
2 0.080 1.85 0.5 Ox
3 0.095 1.58 0.5 Nou
4 0.107 1.31 0.5 No
5 0.040 2.12 0.45 Ox
6 0.057 1.85 0.45 No
7 0.075 1.58 0.45 Nt

2uvoyilovtog, ol TEWPANATIKEG LETPNOELS OeENyOnoay Tpokeévon va petpndet 1 GuvoAkn
TEOT OVAVTN KOl GTO €0MTEPIKO VPUAOV OAmEPATOD KLHOTOOpavotn OTmg eéedicooviat
AOY® KOUPOTIKNG OpAoNS HOVOYPOUOATIKOV KUUATIGH®OV, VIO KApoako mepimov 1:10 pe
amoOTopEG KMOEIS TPpavmV, 6T dtwpuya «Anuntpng Kotkdkog» tov Epyactnpiov Aevikaov

‘Epyov, 6to TAdislo ddaktopik®dv omovdmv (Metallinos 2016).
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4.2 TIlewpaporta tov Metallinos et. al (2016) — Tpoyrokég TayvTnTeg

[Mo T1g avayKeg dlePELNONG TOV TPOYLOKADV TAYVTATOV GTO E6MTEPIKOV AMOOPPUTTOL VOAAOV
dtamepatol Kupatofpadotn a&lomomonKay o1 TEWPAUATIKEG LETPNGELS TOL CLAAEYOMKAY OO
™ deEayoyn tov nepapdtov tov Metallinos 2016, Metallinos et. al (2016a). Ta nepduata
avTd mpaypatorombnkayv oto Epyactipio Ydpaviikig Mnyavikig Havemotmpiov Matpdv, oty
deEapevn Kopdtov. Onog kot yio Tig TéEsELS, {NTNONKe Kat £YIVe 1 aVAKTNGT TOV TPOTOYEVAOV
oedopévev mov elyav ovAleybel, To omoio amoteAoVVTOL OmO £va OMNUOVIIKO OYKO
YPOVOGEPOV HETPNONG TOV TPOYKAOV TOYLTNT®V O 3 Ol0OTACELS, Oomd OOKIUES LE
OLOOOOUEVOVG  LOVOXPMUOTIKOVG KLUOTICHOVG GE (QUOIKO HOVTEAO V@aAov dlamepaton

Kopatofpavotn and Mboppiny| Kol ArTOTOUES KMGELS TPAVOV.

4.2.1 T'evieny lleprypoon Mepapoatikig Avatatng

H de€apevy wvpatiop®v  mov  ypnopomombnke  elvar  oynuotog  opboydviov
TapoAANAoypappov pe Bactkég dtaotdoelg: kabapd pnkoc: 12.00 m, kabapd mAdtog: 7.00 m,
kot péywoto Pabog vepod 1.00 m. g OdpvLYASG VTAPYEL OMOGPESTNPOS KLUATOV
(omoppopntikég otolfddec — sponge layers). H deapevn dwabéter kopatoyevvitpro tg DHI

ue Flap Paddles kot cvotnua eEAéyyov evepyntikig andoBeong avakAGoE®mS KULOTIOU®DV.

To @uowod povtéro tov Metallinos et. al (2016), tomoBetnOnke oe PoBO Mmag Khiong Xto
Xy.4.3 aneikoviovtot 1 1 Topn ™G 0eEAUEVNG LE TO PLGIKO LOVTEAO TTOL EPAPUOCTNKE (VO

KAipoka 1:10 pe 1:15).

Tumrua) Aweromi T3 meipapatiks Sudraing
Kuvpartoyavwijrpua

Yy.4.3 Topn ™G TEPOUATIKNG SEEAUEVIG KL TOV PLGIKOL Tpocopotdpatog (Metallinos
2016, Metallinos et al. 2016a).

4.1.2 Avata&n euoeikov povrélov Tov Metallinos et. al (2016)
To mhdtog otéyng Tov VeaAov Kupatodpavotn Nrav otabepd ota 50 cm. To pécodyog tov
KopatoBpavotn Nrav 20 cm kot 1 KAlon tov tpovov 1:2. Ta VAKE KOTOGKELNG TV TETPES

péong owapétpov dsp=4 cm.. o Tov KvpaTofpovotn PETPRONKE N T TOL TOPMOOVG GE
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¢=0.50 (dromepatég cuvOnkeg). 1o Xy.4.4 ancwoviletarl | dSdtan kat To onpeio Aqynmg Tov
UETPNOEDV TOV ToYLTNTOV. MeTpr|oelg eEMedncav ce dVo BEcELS. XNV KEVIPIKT O10TOUY| Kot
GTO OKPOUMDAO, GTO £0MTEPIKO TNG KOTAOKELNG. € KAOe pia amd Tig 600 avtég Béoelc, ot

petpnoelg mapOnkav avd dvo exatootd (10 onueia avd B€on).

WL

5. W.L.=25

P

measuring station

La e [ | ) | N‘K_J B
| 50 I 50 l 32 l

Wave Genarator

Yy.4.4 Adtoén euotkod Hovtélov Tov Y @aiov dtomepatol Kupuatofpadotn Kot onueio
MYNG HETPNOEDV TPOYLOKDV TaXLTHTOV, Vd KApaka 1:10-1:15 Metallinos et. al (2016a).

Ov tpoyuokés tayvnteg petpnOnkav yoo évo PABog vepovy, Yoo O0QOPETIKE Gevdplo
gloepyouevov Bpavopevov (2 cevapila) Kot pn (2 cevépla) HLOVOYPOUOTIKGOV KUUOTIGUOV, 4
010 obvoro, Pdboc vepov 0.25 m oty Béon g otéyng tov kvpatobpavotn (IMw. 4.2). Ot
UETAPOAEC AVTEC GTOVG KLUOTIGHOVG, GE GUVOVAGUO HE TIC 2 SLOTOUEG LETPNOEMY, KOl Yo,
Tpelg Korevduvoelg, 0dMynoav oe cuvoro 240 ypovooelp®dV ToLTHTOV AETTOV 1 Kabepia ot
omoleg Ko oavoktNOnkav. T v mopoyoyn TOV KOULOTICUOV Ypnoomomdnke 1
KOULATOYEVWWN TP TNG O1dpLYaS. Ot HETPNGELS TOV LYAOV KOUOTOG EYIVOV LE KUUOTOUETPNTEG
(wave gauges) g DHI, ev® yia v pétpnomn tov TEcemv 610 E0OTEPIKO TOV TOPDOOVS
ypnowonomdnke dpyavo texvoroyiog ADV (Acoustic Doppler Velocimeter) tng SONTEK
Yo T pETPNOT TG oTrypaiog ToxvTntag (o€ 3 daotdoels: Vy, Vy, V;). To ypovikd Prpna g
pétpnong nrav 0.02 s (50 Hz).

o v ew6doyn kot TtomoHBETNoN TOL OPYAVOL GTO ECMTEPIKO TOL (PLGIKOL HOVIEAOV,
SLHOPPOON KOV 2 KLAIVIPIKES KATAKOPVOES OTES EMEVOEIVIEVES LE GUPUOTOTAEYLO Y10, THV
TPOCTUGIO TOL UETPNTIKOL 0PYAVOV, GTO HEGO KOTA TO TAGTOG TOL LOVTEAOVD, OLOUETPOV TNG
T6&nc tov 10 exotooT®V, ®oTE Vo €EAGPAMOTEL EMUPKNG YDPOS Yol TO OPYAVO GALL Kol Vo
UV OAAOIDVETOL 1) OVOTOPACTACT] TOV TPAYUATIKOV GLUVONKOV TNG POoNG OTO £0MTEPIKO.
EmumpocHitmg ypnoomom|dnke nétpivn mepatn Tama, MOTE VO LEIDVETOL O OYKOS TOV OOV

AVTAOV amd TN GTIYUN TOV TO OpYyavo EEKIVOVGE VoL AELTOVPYEL.
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MMivakog 4.2: Zevdpia kot TVTOL KUPOTIoU®V Kot BdBovg vepov, Metallinos et. al (2016a).

"Yyocg kdpatog Ba0og vepod

GEVAPLO H(m) Iepidog T(s) h (m) Opadon
1 0.045 1.25 0.25 Oyt
2 0.040 2.00 0.25 Oyt
3 0.080 1.25 0.25 Nat
4 0.080 2.00 0.25 Nat

Xvvoyilovtog, Ot mEPOROTIKEG HeTpnoelg oeénydnoav mpokeyévov va petpnbodv ot
TPOYLOKES TAYVTNTEG GTO EGMTEPIKO VPAAOV SATEPATOV KLUOTOOpAVoTN OTMC eEeMacovTal
AOY® KOHOTIKNG OpACNGC LOVOXPOUOTIK®Y KUUATICUOV, Vo KAlpako mepimov 1:10 pe
amOTOUES KMOES TPAVMOV, 6T deEOUEVT] KOLATOV TOL gpyactnpiov YopavAtkng Mnyavikng
oto IMavemomuio Iatpdv, oto mAdco ddaktopikdv &v eEedién omovddv (Metallinos

2016).
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5 ANAAYZXH HEIPAMATIKQN AEAOMENQN.

5.1 Ewoyoy

Y10 mopodv Kepdlowo meprypdeovion To. Prjpoato pe to omoion £ytve 1 avdAvorn TV
TEWPALOTIKOV dedopévav Tov avaktnOnkov arnd tovg Metallinos et al. (2014), Metallinos et
al. (2016a), Metallinos (2016). Ta oamoteAéopato TOL TPOEKLYAV £YOVV KOTOPTIOTEL OE
Swypaupota kot mivakeg (Ke. 6, kot Mapdaptnua). Onmg £xet NN avoaeepbel 6to KeQAAoo
4 1o mewpdpoto dtakpivovtal oe dvo kotnyopiec. H mpdtn avagépeton og pétpnon olkaov
TEGEMV GTO ECAOTEPIKO KL GTO AVAVTY VOAAOV damePATOV ABOppUTTOL KLLOTOOPAHGTN V1o
dodidotateg ovvOnkeg (Metallinos et al. 2014), kot 1 dedTEPT GTNV KOTOYPAPT| TPOYLAKADV
TAYVTNTOV OE TPEIS OOOTAGELS Yo OVTIGTOLYO VPaA0 dlamepatd AMBOppuTTo KupaTodpavot
v tprodidotateg ovvfkeg (Metallinos et al. 2016a). Kat ot 600 Tepntdoelc ovapEpovTat
0€ GLVONKEG EPYACTNPLUKES, Y10 LETPNGELS PLGIKAOV GLONK®V VIO KATaKE, KoL VO TN Opdom

YPOUUIKAV KULOTIGUMV.

5.2 AvaAvon TEPORATIKAOV OEO0UEVEOV

Ot xpovocelPéC TV VIPOOLVOUK®V TEGEMV €YoV ANEOel ®G HEGES TMES Yoo EMLQAVELN
avoQEOpAg ion HE 0T TOL TECOUETPOL OV ypnotponomdnke (Stpetpog mepimov 3 cm).
AVTIoTOlY®MG 01 TPOYLOKEG TOYVLTNTES £YovV AneBel w¢ péces Tég Y OYKO avapopis o€
eMeWYOEES €K TTEPLOTPOPNS (3MM X 9 mm mepimov). AvTd £xel MG GLVETELD O1 LETPNCELS VOL

unv eivon onuetakés. Exet yiver dnladn tpwtoyevog éva averaging.

31



5.2.1 Iiéoeig - lpmTtoyevi ocdopéva Tomv Metallinos et al. 2014

H nepopatikn dtdtaén meprypdeetatl avaivtikd oto kKeediato 4.1. H ohkn miéon -abpoicpa
VOPOCTATIKNG KOl VOPOSVVOUIKNG TTieoNc- amoteAel T Pacikn VO €EETOON TAPAUETPO TNG
oelpdg avtov Tov tepapdtov (Metallinos et. al 2014).

Kot’apyv mpaypotonombnke n avoywyn TOV HETPNGEMV GE GLVOAIKEC MECELS OMMG
epapuootke amd tovg Metallinos et. al 2014. I'a 1o okond avtd a&lomomONKaY HETPNGELG
oL EAMEON GOV Y10 KATAsTAoT NPERiog ava dtaotnpota Twv S ¢m kb’ vyog. I'vopilovtag to
BaOog kol TV TLKVOTNTO TOL VEPOD, £YIVE KOAUTPAPICUO (DOTE VO GLGYETIGTOLV Ol
UETPOVUEVES TAGELG LE TNV AVTIGTOLYT OALKY| TTiEDT).

To enduevo ovolooTikd Pua amotédece 1 Tpoomdbeia KaBuPIGHOL TV dedOUEVOV AOY®
BopvPov. I'a 10 okond avtd a&lomomBnKay ot HETPNGELS Yo KATAGTOOT Npepiag, Kol pe
QUGLOTIKY avaivon emAéyOnke N néBodog kabapiool Toug.

210 akOA0V00 oyNuo SIOETAL 0L TUTTIKY] YPOVOCELPH TEGEMV GE MPEUIR OOV TOpATHPEITOL
£vTovr JlKVUOVG YOP® OO [o. PECT) TN, TPOKTIKA 1oMG UE GVTAV TNG VOPOCTOATIKNG

nieong. Etvon gavepn 1 avaykn tov kafapiopod twv xpovoselpov.

ps(pa) Hpepia, z=-0.30 m (white noise)

O T T T T T 1
$ 20 40 60 80 100 120
-500
-1000 t(s)

-1500

-2000

-2500
-3000
-3500

Xy. 5.1 Evoewctikn xpovocelpd oMKV TEGEMV Yia katdotaon npepiog z=-0.30 m,
amokAioeglg ¢ Taéng tov 400-500 Pa.

"o tov vmohoywopd tov @iktpov kabBopiopod TV YPOVOCEP®V YPNCILOTOONKE 1
pebodoroyion NG QACUOTIKNG OVOALONG O©€  OVTIOTOWYioL WHE TNV TMEPITTOON  TOV
YOPOUKTNPLOTIKOV VYOV KOUATOG. MEG® AT TPOGIOPIGTNKE PAGLLO Y10 OAMKEG TIEGELS TTOV
eKQPALEL TNV KATOVOUT| TNG -OE OVTIOTOLYI0 [LE TO YOPOKTNPLOTIKO VYOS KOLOTOG- “eVEPYELNGS”
™G Tigong oTig d1apopec cvyvotnteg (Xy. 5.2). Ot aryuéc mov epeaviloviol ovIIGTOrY0VV O

00pvPo LOY® NAEKTIKGOV GTOOEPOV CNUATOV TOV SLOTEPVOVCAY TNV TEPOLATIKN O1dTaln.
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0.01

®dopo - Hpepia, z=-0.30 m
Pa?/Hz
100
r T 1 T 1 HZ
0.10 1.00 10.00 100.00

Xy 5.2 Evdektikod Oacpo xpovocselpdg mEcEmV Yo Katdotoon npepiag, z=-0.30 m,

AoyopOpkn KAipoKa.

21 ocuvéxeln mpaypatomominke 1 101 S1adIKaGio Yol TIG TEPIMTMOGELS OOV AVATTUYONKOV

TAMNPOG KUUOTIKEG CUVONKEG HOVOYPOUUATIKOV KLHOTIop®V. o Adyovg emainbevong n

dwdikacio epapuodcTNKe TOG0 o€ EMMESO TAGEMV ALY KOl OVOYOUEVMV OO OVTEG OAIKMOV

mécewv. [Tapakdtom akorovBovv o1 Tp®ToYEVELS (APIATPAPIGTES) YPOVOGELPES Y10L L0, TUTTLKN

nepintoon (Xy. 5.3-5.5).

V (volts)
0.035

Voltage

0.03

0.025

0.02

YUYV

AV VWYY UV

0.015

0.01

0.005

0

60

70 80 90 100 110 10O 120

Xy. 5.3 Xpovooelpd tdoemv (dtotopun) 6to Tpoonvepo tpaveg, z=-0.30 m, H=0.065 m,

T=2.12 s), mpwtoyevn dedopéva twv Metallinos et al. (2014).
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. | _ Pressures e
60 70 80 90 100 110 120

-500

-1000

-1500
-2000
-2500
-3000 -
-3500 -
-4000

Ps (Pa)
-4500

Xy 5.4 T xpovooelpd oMKV mEcewy (datop| 6To Tpoovepo mpaves, z=-0.30 m,
H=0.065 m, T=2.12 s), mpwtoyevn dedopéva tov Metallinos et al. (2014)..

Pressures ‘o

70 70.2 70.4 70.6 70.8 71 71.2 71.4 71.6 71.8 72

-2000

-2200

-2400

-2600

-2800

-3000

-3200

-3400 -

-3600

-3800

-4000; (Pay

Xy 5.5 Evdewktikn ypovooeipd mécewv yia 2.0 s (section 1, z=-0.30 m,H=0.065 m, T=2.12
s), Tpwtoyevn dedouéva tov Metallinos et al. (2014).

AxolovOei tomikd mapdderypo (Xy. 5.6) QAcUATOC Yoo OMKEG TEGEG MOV EKEPALEL TNV
KOTOVOUN TNG -G€ OVTIOTOUYiO LE TO YOPUKTNPLOTIKO VYOS KOUOTOG- “evépyelag” TG mieomng
ot dwpopeg ovyvomrec. Ilap’ 011 o1 eloepydUevol KvpoTicpol Bempntikd elval
LOVOYPOUOTIKOL, VOIGTAVTOL LETOCYNUOTICUOVES KOl OOKTOOV EAQQPA U YPOUUIKOTNTO, T

omoiol Kot ETTPENEL TNV EQAPLOYT POCUATOV.
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®aopa - ETiopacn kopatiopov
1000000 P27HZ
\ 10000 \
4 1UUUU
1660 \ |
r T 1 T 1 HZ
0.01 0.10 1.00 10.00 100.00

Xy. 5.6 ®dopa gpovooelpdc oMKV TEcemV (dtatopn 6To Tpoovepo mpavee, z=-0.30 m,
H=0.065 m, T=2.12 s), AoyoptBpukn kAipo
Télog kat HoTtePO amd e 6P doKImY Onmg Qaivetar oto Xy. 5.7 pe ypnon low pass

filtering method, emAéxOnke n avayoyh g kébe uétpnong (ava dt) oe péco dpo twv enopévov 10
KATOYPOQ®V, LE YVMDLUOVA VO UMV omoppebel yprioiun Tinpoeopia.

0.04
V (volts)

0.038

0.036

0.034

0.032

0.03 -

0.028

0.026

0.024

0.022

0.02 T T T T T T T T T )
40 41 42 43 A4 45 46 47 48 49 &)

= Apyx1] Métpnon

Epappoyn @iktpov (Apykn Métpnon)

Epappoyn ®idtpov (ZvvOnkeg npepiog)

------------- YuvOnkeg npepiog

Xy. 5.7 Xpovooelpég mEcemv: eMiOPAoN KUUOTIGLOV, OLOTOUT GTO TPOCNVELO TPOVEG, Z=-
0.30 m, H=0.065 m, T=2.12 s, Ko KatdoToon NPeRiog TPty Kol LETE TV EQapUOYN GIATPOV
v Tov Kabapiopd toug amd tov 06pufo.
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A6 TN oTiyun mov £ywve 0 KoBoPIoUOC TOV TEPAUATIKOV d£00UEVOVY ovalntonke o Tpdmog
ene&epyaciag ToV HEYAAOL OVTOD OYKOV YXPOVOCELPMY OAIKOV TEGEMV.

AOY® g cvveyobe petaforng tov Babovg oe o Béon pétpnong, (AMdoy® g dddoong tov
KOUUOTIOU®V, por| He eAeVBepn empdaveln), 0 VIPOSVVOUIKOS OPOC NTAV APKETE SVGKOAO V.
amopovwbel pe omAn aQoipecn NG VOPOSTUTIKNG MG KOl OEV VINPYE TOVTOYPOVT
KaToypaen e avoywong g eAE0epng otdbung amd v otdbun npepiag. Katd cvvénsia
aKoAOVONKE M VPEWMS EPAPUOLOUEV TPAKTIKY], OVTH TNG AVTILETOTIONG EVOG VOPOSVVOUIKOD
HEYEDBOLG TTOV JAKVUOIVETOL, GE OVTIOTOLYIO [LE TNV TEPITTMGN TOV YOPOKTNPLOTIKOD VWYOLG
xopatoc. Kot avtiotoryio opiomnke n évvota Tov Dyovug g LEGNS VOPOSVVALIKNG TTiEGNS Kol
oV pEYIoTOL VWYous mov umopel avt va AdPel. Me Bdon avti ™ Bsdpnon, v v Kabe
YPOVOCELPE EeYmP1oTd, LVITOAOYIoTNKE UE akpifela 1 Teplodoc, e amapifunon TV KUUATIKOV
KOKA®V, KOl €0TOCE O OVTIOTOLES MUIKPOTEPEG XPOVOsEpES TG 1 meptodov. o v kdbe
VILO-YPOVOGEPA NG piag TEPLOOOV EVIOMIGTNKE 1) HEYIGTN KO 1] EAAYIGTN TULY. XTH GUVEXELL
VROAOYIGTNKE TO VYOG TNG LOPOSVVAUIKTG THEGTS MG 1] KAT™ amdALTO H10.popd TV 6VO AVTAOV
Tipnav. H dadikacio emextdOnke axpifog pe tov 1810 Tpomo aAld pe dlapopd eng teptodov.
Me tov 1p6mo avtd VIOAOYIoTNKE TO VYOS TNG VOPOSVVAIIKNG Tieong HeTAED KOPLENG Kot
emopevng Kotloc. Ot PeTpNoELS OVTEG OMOTLTAOBNKAY KOl GE  OPOLG VYAV Yot Kb VoG
KOTOVOUES TV  HECMV  VOPOSLVOIK®OV TIECEMV KOl  TOV  OVTIOTOY®OV  UEYIGTOV
EUQOVICOUEVOV TILDV TOVC.

Axolovbel éva tuomikd mapdderypo g Swakvpavong ava mepido (T) tov Vyovg g

vdpoduvapkng wisong. (Xy. 5.8).

Ps Hydrodynamic
700

600
500
400
300
200
100

0

0 20 40 60 80 100 120 140 160 180 200 220 240
""" o+ Ebpoc YOpod. Ilieong = = = Méon Yopod. Ilicon t (s)

Xy. 5.8 Tomkd TopAdeLy Lol VTOAOYIGHOD TOV HEGOV VWYOLS Kot TNG 10KV LOVETG DYoL
vdpoduvapukng wicong ava mepiodo(H=0.075 m, T=1.5 s, z=-0.05 m, kevtpikn SroToun).
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To endupevo PAua NTOV vo yivel pio TPOGTAOEIL VO GLUGYETIGTOVV Ol TOPUTHPOVUEVES
amOKAGELS TOL VYOLG TNG LOPOSVVOUIKNG TTECTG LLE TN KOTAYPAPOUEVT LEon T tov. ['a to
oKomo ovtd ypnotponomdnke to Aoyioukd EasyFit 5.6 (standard) to omoio emétpeye v
TOPOTNPNON KOl TNV avAAvon o€ eninedo mOBavoTIKOV Kotavoudv. Afloonueimto givatl 1o
vYeYOVOG OTL Y10, OAEG TIG TEPIMTMOGELS TMV YPOVOCEIPMY, GYETIKA LWKPOVD UnKovg (4 Aemtd), M
TPOGOPUOYY] UE TNV KOVOVIKN KOTOVOUN TEPLEYPAPE LE IKOVOTOMTIKY okpifeia tnv
dwkdpavon. H xoavovikny katovoun tng Owakvpoavons Adym topPng eivar dAlmote
OVOUEVOUEV] GOUOOVO KOl UE TOV KAOGGIKO OPIGUO NG, KATL Tov €xel damoTmOel Kot
nepapatikd ce mAnboc mepmtodcewv TVpPmdoovs pone. Kdmoleg acovuetpies ®oTOGO
TapoTNPNONKAV TOL TOAVOG 0OPEIAOVTAL GTO GYETIKEA KPS TANOOG TMV VYOV VOPOSVVOLUIKNG
mieong (HepIKég eKTOVTASES) KADE YPOVOCEIPAG KOl GUVOEOVTOL EMIONG E TNV OOCLUETPIO
™mg Odtaéng. Anioadn évav €16EPYOUEVO KVUOTIGHO ONd TNV TPOCHVEUN TAELPA TNG
KAtooKeLg Owdwddpevo kot eviote Opavdpevo maAved amd 10 VEOAO OVTO  EUTODIO.
AxoAovBohv yapoKTNPOTIKE Topadelylato TG KOVOVIKNG KOTOVOUNG TOL VWYOUG TNG

vOpodLVaLIKNG Ttigomng (Zy. 5.9).

2y, 5.10 Tumkd TopAdEYLOTO KOTAVOUNG TOV DYOLG TNG LOPOSVVALIKTG TTiEGNG Ko
TPOCAPLOYT KAVOVIKTG Katavoung (apiotepd, z=0.40 m andctacn amd tov mubuéva, deEid
z=0.35 avtictoyyo, 6eVAplo 5, KEVIPIKY dlaToun)

Téhog vohoyioTnke o cvvtedeotng petafantomtoag CV (tumikn andkiion Tpog uéon Tiun)
®OoTE Vo OomoTOOEL av LVANPYOV KAVOVIKOTNTEG, ME TNV TPOONTIKY Vo, mpotadel pio
pebodoroyia yio pior LEAAOVTIKY] TPOOTAOEID. TEPLYPOUPNS TG UEYIOTNG TOOVIG amdKAoNG
(ko SrokvUAVOTC) TOV VYOVS TNG VOPOOVVOLUKNG TECTC MG oL OTAT] OB UATIKT cLuVEPTHON
o€ oyéon pe 1 péon . ‘Eva amdd poabnpatikd poviédo ovtod tov tvmov Ba ntav eHkoAo
va aglomomBet amd Proddyovg yio T0 6KOmO TG TEPPAALOVTIKNG AElOAOYNONG EVOS VOAALOV
dwmepatol kupoatobpavotn. Tavtoxpovog Ba enétpene Kot TNV avdntuén Ko emainBevon
TOV VPLOTAUEVOV OPLIOUNTIKOV HOVTEA®Y GTO VO TPOGOUOIMGOVY Kol TIG TUPPMOOEIS por| GTO

€0MTEPIKO VOAAOL S1ATEPATOV KVUOTOOPaVoTN. O EVIOMGUOC HOG oYE0oNG avVOAOYing NG
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HEONG TIUNG O€ oY€om HE TN UEYIOTN OmOKMOT], 101wg O UE TNV TANPOPOPI TNG KOTAVOUNG
™G OOV G VTG B0 LTOPOVGE VO, ETITPEYEL KOL TNV OVOLYMYN TOV OTOTEAEGUATOV TMOV
VOOTAREVOV HOVTEA®V To omoio Kot cuviBme avagépoviar oe péoa peyédn. Qotdco 1
eMOIMEN QTN Y10 TOPAUETPOTOINGN TNG AvaAoYiog HESTG TYUNG Kot UEYIOTNG ATOKAIONG, OF
OoY£0N HE TO KLUOATIKO Tedlo Kot TN YEOUETPIOL HIOG OOMEPATNS VPUANG KOTACKEVNG OEV
umopel va tporypotorombel Hoo e To TEWPOUATIKE dEGOUEVE TTOVL TAUIGLOVOLY TNV TaPoHGA
gpyocio. Amouteitol (o GUOTNUATIKY OlEpedvNon Yo HEYOAVTEPO TANDOG OlUTOUMV Kot
ocevapiov, kol OT®G OomioTdveTal Ko amd TG eEetalONeves UETPNOELS TOV TPOYLOK®DV
TOYLTNTOV GTN GLVEXELD, Elval ovoyKaie 1 TOLTOXPOVI] KOTAYPOUPY] TEGEMV KOl TOYVTNTOV
wote va mapoydel Eva agomoto andd nuiepnelpkd apduntikd poviéro. Eniong amotteiton n
KOTOypoP] TV VOPOSVVOIKOV HEYEOMV Kol Yoo M. GEPE GEVOPIOV  TPOYHOTIKMV
KOUATIGHOV, Ommg avtol eEgdicoovian otn evon. Ta mopandve aroteAéopata akolovfodv
avaAvTikd oto KepdAato 6.

[Top 6Aheg TIG MOPATAVED EMONUAVGELS, Ol GYECELS OVOAOYIOG TTOV EVIOMIGTNKOV GE OPOLG
ouvteleot peTafAntotnToc, Oo pmopodoay Vo EQPUPUOGTOVV GE TEPITTMCELS KATUGKELMOV
KOl KOHOTIKOV cLVONK®OV OTmg avTég Tov EETAGTNKOY GTNVY TTapovoa epyacia. ['a 1o okomd
avtd To anoteléopata £xovv avoydei kat’ avaroyia Froude 6mwg teptypdpetatl 6To KEQAAMLO

3 Yl TPAYLLOTIKES AVTIGTOLYES GLVONKES Kol TOPaTIBEVTE GTO TOPAPTNLLOL.
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5.2.2 Tayvtntes - llpotoyevn dedopévo tov Metallinos et al. 2016

H mepopotikn didragn meptypdeetor avolutikd 6to ke@aioto 4.2. Ot TpoyloKES TOYVLTNTES
(oe 3 dwotdoels: Vy, Vy, V;) anotehodv Tic Bactkéc vrnd e&étaon mopapéTpovg g Gepag
avtov Tov tepapdtov (Metallinos et. al 2016a).

To npdto Prjuna, kot oe aviiotolyio e tovg Cheng & Wang (2015), epapudotnke pébodog
aQaipeSNG TOV aYUOV TOV ep@avifoviav oTig ypovocelpés (Xy. 5.10). Avtég sppaviCovtan
AOY® eYKAOPIOHOV PUGOAAId®Y aépa TNV VIATIVI LAla dNUIOVPYDOVTOS TAPEUPOAES KATA TN
dwadikacia g pétpnone. Eeappootke n 3D phase-space despiking method twv Goring &
Nikora (2002). Me ) pébodo avti vroAoyifovtat To Sopopikd TpdTNG Kot dvTEPNG TAENG
petald dadoyikmv petpnoewv (Au kot Azu) Kot VTOAOYILOVTOG TIG TUTIKES ATOKAIGELS T®V U,.
Au kot A%u, kou pe ypron katdAdnhov cvviedeoth (universal threshold Au) oynupotiiovtat
erMetyoedn pe a&oveg mov e€aptavot and o mapamdve. Oceg TIHEG CEVYDV TV SLUPOPIKOV
AUTOV HE TIG OPYIKES UETPNOES EVTIOMIGTOVV £E0 amd Ta Opla TV eAAéyewv avtav (3
Kprtnpla-eALelyelg yio kébe ypovooelpd), Bempodvtar atyuég Kot Un TPOYUATIKEG LETPNOELG
kol avtikaBiotavior and péco 6po TV ekatépwbev TV, [paenke KMOOIKOG G YADOGGA
Fortran, kot epappdotnke n mopondve dwdkacio. Xto akoiovdo oynuata tapatibetal Eva

YOPOKTNPIOTIKO TOPadETYLOL.

Ve Xevapuo 4, akpopdiro, h=0.10 m, V, (m/s)
04

" LN A A A
IO L by L sl AL A LA )

o8
-0.8

t(s)

2y. 5.10 Evoeiktikn| ypovoselpd TPOYLOKODV TOLTHTOV APIATPAPLOTNG A0 OyUES, Zevaplo 4,
axpopdito, h=0.10 m and tov mubuéva, Vy (M/s).

Q061060 TApPATNPOVUE OTL TAPOUEVOLV KATOLEG UETPNOES €KTOC NG EAAEWYNG TOL £YEL
vrohoylotel. AvTtég amalelipovTot pe SadoYIKES ETAVOAYELS TG LeBOOOL.

211 GLVEKELD TPOKVTTTOLY VEQPY] Y10 TO TAPOTAVED TOPAOELYLLO TOV TKOVOTOLOUV TO KPLTHPLOL
™G nebddov. Axolovbel €va mapdderypua kot pe to dgVTEPO Omd TO Tplo KPP TNg
uebodov (Zy. 5.11).
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Né@og: Despiked (mpot emavainyn)
0.6 -

AV (m/s)

-0.6 -

Xy 5.11 Evoeiktikd vEQOG TPOYLOKADV TOYLTHTOV APIATPAPLOTT YPOVOCELPH OO QY UES
(Hopeg oTrypég) Kot amaAloypevng amd arypég (KOKKIVEG OTLyEG), ZevAplo 4, aKpPOUMALD,
h=0.10 m a6 tov mbuéva, Vy (M/s).

Né@og: Despiked

0.6 1 A2V (m/s)

V (m/s)

-0.8 -0.6 -0.4 0.4 0.6

-0.4

-0.6 -

Xy 5.12 Evoetktio vEQOG TPOYIOKADV TOYLTHT®V APIATPEPLOTI XPOVOCELPA OO OLYES
(nadpeg oTiypég) Ko omaAhoyevng amo arypég (KOKKIVEG OTIYLES), ZevAplo 4, aKpOUMALO,
h=0.10 m oznd tov mvbuéva, Vy (M/S).
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To emnduevo onpavtikd Prpo amotérece N mpoomdbelo KoBupoHoy TV dedOUEVOV AOY®
BopvPov. T'a 10 okomd avtd aomomnkov ol UETPNGEIS YO KOTAGTAON mMpepiag, Kot
em éxOnke n pébodog kabapiopod tovg and dudikacio cuykpicemv pe epappoyn low pass
filter.

Y10 axdrovbo oyfuo (Zy. 5.13) Sidetar pio TUTIKY YPOVOCEPA TECEMV OE TMPEWio. OOV
napotnpeitor Evrovn SwakdHoven yopw omd poa péon tn. Efvor eavepn n avaykn tov
KaBapiopod TV xpovocelpdv Ommg £xet dtumotmbel kol and oyetikég epyaciec (Voulgaris &

Trowbridge 1998, Cheng & Wang 2015).

0.005(™'S)

0.003

Ll ;e
0001 | M . wl'”W”W‘H"'”tmm!ﬂmm ”T‘H |

IH' v || =

MMMM | MIMM N .ul.“l L »h\.m | “ .

-0.001 9

-0.003 +

-0.005

®d6pvPog Katd X ®6pvfog katd y

Xy. 5.13 EvOektikn| ypovosEpd TPOYLOKOV TOYLTHTMV Yo KATAGTAOT NPEULNG.

Mo v emioyn tov @iATpov KoBOPIGUOD TMOV YPOVOGEPDOV, TPAYLATOTOMONKE Lo

dwadikooio cuykpicewv pe epappoyn low pass filter.

0\0/55(”“/5) Kevrpikn dwatopn), Hpepio, OdépupogV, (M/s)
0.003
0001 =52 SR === === g | S | W P R —— gy | g | " i P
-0.001 92 N0t 0.6 — 508 g V_S_* : P 2
-0.003 VT )
-0.005

——LPF10 ——NoLPF ——LPF2

Xy 5.14 Evoeiktiki {povocelpdcs Yo KOTAGTAON NPERIOG Kot SOKLES YioL TNV EMAOYN TNG
ta&ng Tov Low Pass Filter (emloyn yio avaywyn TGV 6€ HEGo 6po 2 1080 KOV OTIYUL0ImY
LETPNOEWDV).
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2 ovvéyela mopatifeTor £vo TapAdELYIO TN TEMKNG XPOVOGEPAS OTMG TPOEKLYE Omd TN
ddkacio Tov kKabapiopuot. Opoing Tpaypatoromdnke N Topowdve dtodkoacio yio OAEG TIg

yxpovooelpég (240 oo ohvoro).

v (mfs) Xevapro 1, kevrpu) dwaropn, h=0.10 m, V, (m/s)
0.09 )
0.07 d—\
0.05 /
0.03 "
0.01 - v — Y\ An
so ma WY s G w mr e k] W
-0.03
-0.05

——NoLPF ——LPF2 ——HPEMIA

Xy. 5.15 Xpovooelpd tpoytak®dv tayvthtov (oevaplo 1, kevipikn datoun), h=0.10 m, Vy),
npwtoyevn dedopéva tov Metallinos et al. (2016a).

Ao ™) otiypn| mov £ywve 0 KaBAPIGHOG TOV TEPAUATIKOV ded0UEVODV avalntminke o Tpdmog
eneEepyaciag Tov HEYEAOV AVTOV OYKOL YPOVOCELPOV TPOYLOKDV TOYVTHTMOV.

Onog ko o11g mECES aKOAOVONKE M €VPEMG €QPAPUOLOUEV TPOKTIKY, OVTN TNG
OVTILETOTIONS €VOG VOPOOLVOUIKOD pEYEBOVG OV dSlaKLUOEVETOL, GE avTloTolyio pE TNV
TEPIMTOGT TOV YUPOUKINPIGTIKOV VYoug Kopatog. Kat’ aviietoyyio opiotnke 1 €vvolo Tov
VYOLS NG HEGNS TPOYLOKNG TOYVTNTOS KOl TOV HEYIGTOL VWOV oL Umopel ovth vo, AdPet.
Qotoco emedn M HETpNON Umopel va OdGEL TV TANpoopio. OETIKOV Kol OpVNTIKOV
TayutNTeV, N enefepyacia £ytve Ko oe Opovg pEcwmV péyoTev (BeTikdv) Kor pécmV
eMoTeV (OpPVNTIKOV), Kol EVTOTICTNKE Yo KAOE éva amd avtd n HEYLOTN GLVEICPOPA TNG
TopPng.

Me Baon ta mopomdve, yioa v ke ypovooelpd Eexmwplotd, vroAoyionke pe axkpifela n
nepiodoc, pe amoapifunon TV KLHOTIKOV KUKA®V, KOl £0TOCE GE OVTIOTOLYES WIKPOTEPES
ypovooelpég g 1 mepiddov. o v kdbe vd-ypovocelpd g piog Teptddov EVIOTIoTNKE N
péytotn (Betiknr])) xor M ehdyotn (apvntikn) . Me vmoroyiopd v HEGHOV Op®V TMOV
HEYIOT®OV KOl TOV EAOYICT®OV OVTIOTOL(O TPOEKVTITOV VO avtioTolyeg péoeg Tuég (BA. Xy.
5.16, moapdderypo) Xt oLVEXEL VTOAOYIGTNKE TO UECO VYOG TNG TOYVLTINTOS ®G 1 KT
amOAVTO O10PoPd TV dV0o avtdv TIH®V. H dtadkascio exextdOnke axpiPag pe Tov 1610 tpdmo

aALG pe Slopopd pong meptddov. Me tov Tpdmo avtd VITOAOYIGTNKE TO VYOG TG TaXOTNTOS
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HETOED KOPLONG Kol EMOUEVNC KOWMoG. Ol HETPNOELS OVTEC amOTLVITOONKOYV Kol 6€  OpPOvg
VYOV Yo Koh DY KOTAVOUES TOV LEGMY TPOYIOKAOV HEYIOTOV KOl EAAYIGTMOV TOYLTHTOV Kol

TOV OVTICTOLY®V HLEYIGTOV ELPOVICOUEVOV TILOV TOVG.

Kevtpuci] drvatopn)
u, (mf/s)

0.12 + U, max Max

0.08

0.04

3E-16 -
6
-0.04

Mém’/ Ux min

-0.08 -

Ux min? max

-0.12 -

Xy 5.16 [Topdodstypo VTOAOYIGHOD TOV HEGMV TILAV TOV UEYIGTOV KOl TV EANYICTOV
TPOYIOKADV TAYLTTOV.
To endpevo Prua NTav vo yivel po TPOSTAOEL VO GUGYETICTOVV Ol TOPOTPOVUEVES
QOKAIGELS TOV VYOG TNG TPOYLOKNG TOYVTNTOG LE TN KaTaypoeouevn péon Ty tov. [a 1o
okomd avtd ypnotpomomdnke to Aoyiopukd EasyFit 5.6 (standard) to omoio emétpeye v
TOPOTPNON Kol TNV avaAvon o€ eninedo mbavoTik®v katavopmv. Agloonueioto givol to
YEYOVOG OTL Y10, OAEG TIG TEPUTTMOGELS TMV YPOVOCEIPDV, GYETIKA [kpol unkovg (3 Aemtd), n
TPOCOPUOYY] WUE TNV KOVOVIKY KOTOVOUN TEPEYPOPE HE TKAVOTOMTIKY okpife v
dwkbdpovon. H xoavovikny katovoun tng OSwkdpoavong Adym topPng eivar dAimote
OVOUEVOUEVT] COUP®VO KOl HE TOV KAAOGIKO 0opopd NG, kATt mov £xel oamotwdel kot
mepopatikd oe mANBog mepumtdcemy TVpPmdoovg pone. Kdamoleg acovpetpieg wotdG0
TapoTNPNONKAY TOL TOAVMOG OPEIAOVTAL GTO GYETIKE kPO TAND0G TV VYOV VOPOSVVOUIKNG
mieong (HLepikég eKOTOVTAdES) KAOE YPOVOCELPAS KOl GUVIEOVTAL EMIGNG LE TNV OLGGLUETPIN
™G owtaéng. Aniadn évav €16epYOUEVO KVUOTIGUO Omd TNV TPOCHVEUN TAELPE TG
KOTOOKELNG O0100100peEVO0 Kot eviote Opovdpevo miveo omd T0 VEOAO avTd EUTOOL0.
AxoAovBohV YOpOKTNPIOTIKA TopadelypaTe TG KOVOVIKNG KATOVOUNG TOL VWOULG TNg

TPOYLOKNG ToyvTnTaG (XK. 5.17).
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Xy 5.17 Tomkd mopaderyaTo KOTOVOUnG TOL DYOVS TNG TPOYLOKNG TaOTNTOG Kot
TPOGOPLOYT KAVOVIKNG Katavoung (aptotepd, h=0.20 m andctaocn amd tov tubuéva, de&id
h=0.06 avtictola, ceviplo 1, kevtpikn dtotoun)

Téhog vohoyiotnke o cvvtedeotng petafantomtoag CV (tumkn andkiion mpog péon tun)
MOOTE VO SOMGTOOEL OV VITNPYOY KOVOVIKOTNTES Ol 0T01EG 0k0AOVOOVGAV TPAYULATL TOPOLOIEG

TOPOTNPNCELS LE TNV TEPIMTMOOT TWV VIPOSVVOUKDV TEGEDV.
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6 AINOTEAEXEMATA AIIO THN ANAAYXIH
HEIPAMATIKON AEAOMENQN.

6.1 Ewcayoyn

Ot povocElPEG TOV VIPOSVVALIK®OV TECEDV €00V ANeBel ¢ péseg TIEG Yoo EmpaveLn
avoQOPAg o1 HE 0T TOL TECOUETPOL TTOV ypnotuonodnke (Sidpetpog mepimov 3 cm).
AvTioTolY®G 01 TPOYLOKES TaYLTNTES £YovV AneBel w¢ pécec Tég Y OYKO avapopis o€
eMenyoeldéc ek TePIoTPoPng (3Mm X 9 mm mepimov). AvTd £)El MG CLVETELD O1 LETPNOELG VOL
unv eivon onuetakéc. ‘Exet yiver dnhadn mpotoyevadg éva averaging. Qotdéco Aaupdvovrog
voyt v KAipoako Colmogorov, dev dnpovpyodvrar diaitepo TpoPAaTe otV akpifeia

TV peyebmv mov petprnkay.

6.2 Yopoovvapikés mécelg

2e OLVEXEWL LE TO TPONYOLUEVO KEPAAOIO KOU TNV TPOGEYYIST TNG OVTIUETOTIONG TG
VOPOSLVOIKNG TEONG O avTIoTOWYioL HE TNV TEPIMTOGN TOL YOPUKTNPIGTIKOD VYOUG
KOUOTOG, OYPNOLLOTOIMVTOS TNV £VVOL0 TOV VYOVS TNG VOPOSLVOLUKNG Tieons, okoAovBovv
L GEPA S0y POUUATOV KOt TVAK®V TOV dtakpivovtan oTig e€1g Kot yopies

Awypappoto pe mpo@il kab dyog Kot ylo to péca Kot PEYISTO VYN TOV LOPOSVLVIUUIKAOV
TECEDV Y10 TIC TECGEPLG OLATOUES GTO HOVTELD OTt™C paivovion 6to Xy. 6.1. Mia ota avévin,
KOl TPES OTO EGMTEPIKO TNG KATACKEVNG, OTO HEGO TOV TPOGNVEUOL TPOVOVS, GTO UEGO TNG
GTEYNG KOl 6TO LEGO TOV LANVEUOL TTPavovg (Xy. 6.2.-6.12), yio ta 7 ceviplo KUHOTIGUOV
omwg cvvoyiCovtat otov Iw. 6.1.

AvrtioTtolyol mivokeg LE TIG TIHEG TV TOCOGTMV AMOKAONG TOV UEYIGTOV omd To LEGO VYN
TV VEpodVVOUK®OV TEcEwV (TTv. 6.2).

[MopatiBevron dwaypdppota oto omoia eoiveror 1 EEMEN TOV HECHOV Kol HEYIGTOV VYDV TOV
VOPOSVVOUIKOV TECEMV KATA WAKOG TG KATACKEVS. (Xy. 6.13-6.19)

Téhog mapabétetor oelpd TVAKOV PE TOVG VITOAOYILOUEVOVG GUVTEAECTEG UETAPANTOTNTOC
TOL TPOEKLYOV YLl TO. TOPATAVE HeYEDT, Pacilopevol otnv mopadoyn NG KOVOVIKNG

KOTOVOLNG TOV VYDV TV VOPOSVVAUKOV TEGEDV amd TN péon Toug Tiun (Iw. 6.3).
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ITw. 6.1. Kvpotikd yopaktnploTikd, Lovoyp®UOTIKOL KOUOTIGHOl, 7 cevapia (cases)

Kuponka
FOPUKTI| PLOTIKG
Eevapwo # H (m) T (s)
1 0.065 2.12
2 0.08 1.85
3 0.0%5 1.58
4 0.107 131
3 0.04 2.12
] 0.057 1.85
7 0.075 1.58
7 wave > ((x)
propagation
X vl e SWL
0" e 50 case 12,34
—{-. \/ / . <\ / )‘.‘%{Sﬁ‘
- AN foed T 45 case 56,7
Y _/: :\iks/?j i\__’ 7 A ‘§ 45
*“ /(1 957 \(“‘?7 (’"'_Td\r"‘“\/ 40
oL, b SN T \/} A
. el o\ N\ ’Fﬁ
4" / -~ Z Z ::ij -‘?\ﬂ.‘\ 4’/_\“_\{ I{V‘:——Q\,\ .‘ /_'“
rj; .'.rnm Section 1 Section 2 Section 3 =
Section
L . sle | . I |
{ 60 l 40 | 50 | 50 | 40 | 40 |

Xy. 6.1. Awdtaln @uokod poviéAov Tov Y @alov damepatoy Kupotofpadotn Kot onueio

AMYNG LETPHOEDY VOPOSVVAIKOVY TEGEWV, VIO KApoka 1:10 Metallinos et. al (2014).
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Xy. 6.2. TIpoeid ko’ HYog TOV HEGHOY VYOV TOV VOPOSVVOUIKOV TEGEDV GTNV TPOCTVEUN
mAevpd Tov Kupatodpavotn, Babog vepoo 0.50 m, cevapa 1,2,3,4.
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60 - ]
—~ upstream section case 1
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cocopece upstream upstream max
60 - ]
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— section 3 case 1
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Xy. 6.3. IIpooid kaB’ VYoC TV HECHMV Kl HEYIOTMOV VYOV TOV DIPOSVVAUIK®V TEGEDV Y10,
TIC TEGOEPIS OLUTOUEG TNG TEWPAUATIKNG OtdTaEnS fabog vepol 0.50 m, cevapio 1.
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60 - .
= upstream section case 2
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Xy. 6.4 TIpogik kaB’ VYog TV HEGHOV KOl HEYIGTOV VYOV TOV VOIPOSVLVOUIKOV TIECEMV, Y10,
TIC TEGOEPIS OLUTOUES TNG TEWPAUATIKNG O1dTaéng fabog vepov 0.50 m, cevdpro 2.
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—_ upstream section case 3
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Y. 6.5 I[Tpoeid k0B’ VYog TV HECHV Kol HEYIGTOV VYOV TWV VOPOOVVOLIK®V TECEDV, Y10,
TIG TE00EPIS OLATOUES TNG TEPANOTIKNG dtdTacns PdBog vepov 0.50 m, cevapio 3.
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2. 6.6 TIpo@id ka0’ Kyog TV HEG®VY KOl LEYIGTOV VYOV TOV VOPOOVVOLUK®DV TECEDV Y10l TIG
TEGGEPLG SLTOUES TNG TTEPAPATIKNG Otdtagng Baboc vepov 0.50 m, cevdpio 4.
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Y. 6.7 TIpo@id KaO’ Kyog TV HEG®VY KOl LEYIGTOV VYOV TOV VOPOOVVOLUK®DV TECEDV Y10 TIG

SlTopéG EVTOG NG KATaoKeLNS, faBog vepov 0.50 m, cevapia 1,2,3.4.
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Xy. 6.8 TIpopik xaB’ VYOC TV HECOV VYDV TOV VOPOSVVALKOV TEGEMY GTNV TPOCTVEUN
mAevpd Tov Kupatobpavotn, Baboc vepov 0.45 m, cevapia 5,6,7.
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2. 6.9 TIpoeid k0B’ Hyog TOV HECOV Kol HEYITTMV VYOV TOV DOPOSVVUUIKOV TIECEMV Y10 TG
4 SLTOUES TG TTEWPAUOTIKNG dtdTaéng, fabog vepov 0.45 m, cevdpro 5.
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Xy. 6.10 TIpo@il k0B’ VYOG TV PHECOV Kl HEYIOTOV VYOV TOV DOPOSVVAUIKAOV TIECEDV Y10,
T1G 4 S10TOUEG TNG TEPAUATIKNG dtdTaENG, BABog vepov 0.45 m, cevdpio 6.
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2. 6.11 TIpopid kaB’ VYOG TOV HECHV KOl LEYIGTOV VYOV TV VOPOSVVAUKDOV TIECEMV Y10,
TIC 4 STOUES TG TEWPAUOTIKNG dtdTaéng, fabog vepon 0.45 m, cevaplo 7.
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2. 6.12 TIpopid kaB’ VYOS TOV HECHV KOl LEYIGTOV VYOV TV VOPOSVVAUIKDV TIECEMVY Y10,
TIC OLOTOWEG OTO E0MTEPIKO TOV Kupatofpavotn, Bdbog vepov 0.45 m, cevdapia 5,6,7.
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ITw. 6.2 [Tocootd amdKAong pEYioTov VYoug omd PEGO VYOG VOPOSVVOUIKNG

nieong, ocevapwa 1,2,3,4,5,6,7.

Yevapwo 1 Améxlion péyrotov YYovg oo péco vVyog %
z (m) Ps section 1 Ps section 2 Ps section 3
0.4 24.92
0.35 28.71
0.3 76.21
0.25 64.57
0.2 44.80 48.88 34.15
0.15 29.25 68.30 63.86
0.1 38.59 70.40 56.21
0.05 27.94 103.92 82.21
0.015 48.84 55.69 71.16
Yevapro 2 Anéxion péyriotov HYyovg ané péco vYWog %
z (m) Ps section 1 Ps section 2 Ps section 3
0.4 36.39
0.35 73.44
0.3 87.43
0.25 94.93
0.2 48.71 83.66 54.04
0.15 46.05 93.95 57.84
0.1 35.86 98.12 78.50
0.05 42.58 138.31 92.52
0.015 46.32 103.74 116.92
Xevapuo 3 Améxlon péyrotov YYovg oo péco vyog %
z (m) Ps section 1 Ps section 2 Ps section 3
0.4 25.00
0.35 44.29
0.3 61.76
0.25 76.13
0.2 33.88 45.71 31.42
0.15 35.99 58.52 41.52
0.1 29.96 56.37 68.34
0.05 24.68 104.22 50.40
0.015 38.62 69.83 68.69
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Yevapuo 4

Améxlon péyrotTov YYovg oo pnéco vyog %

z (m) Ps section 1 Ps section 2 Ps section 3
0.4 31.45
0.35 42.38
0.3 53.76
0.25 68.52
0.2 29.75 48.24 41.10
0.15 38.92 71.91 56.86
0.1 43.17 74.16 72.29
0.05 38.50 122.30 75.35
0.015 24.84 85.55 60.33
Yevapuo 5 Anéxion péyteTov Yyovg od péco vyog %
z (m) Ps section 1 Ps section 2 Ps section 3
0.4 38.58
0.35 45.08
0.3 50.06
0.25 53.90
0.2 40.10 51.53 51.63
0.15 41.59 81.26 38.55
0.1 24.12 78.35 56.35
0.05 32.90 84.92 59.73
0.015 73.15 50.40 92.19
Yevapuo 6 Amléxion péyrotov YYovg amod péco vyog %
z (m) Ps section 1 Ps section 2 Ps section 3
0.4 60.06
0.35 72.48
0.3 74.59
0.25 54.73
0.2 49.05 55.19 43.90
0.15 44.89 130.90 65.41
0.1 43.69 98.26 103.43
0.05 59.13 137.37 111.08
0.015 81.73 128.82 102.91
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Yevapo 7 Améxlon péyrotov YYovg oo pnéso vyog %
z (m) Ps section 1 Ps section 2 Ps section 3
0.4 64.17
0.35 57.38
0.3 75.82
0.25 58.72
0.2 35.27 60.44 56.52
0.15 31.06 36.15 46.04
0.1 33.41 82.54 86.78
0.05 39.14 101.15 78.14
0.015 44.61 69.86 80.30
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210 oynuoto mov akoAovBovv gaivetar M e£EMEN TOL EOIVOUEVOL KOOMG O KLUATIGHOG
dadidetan oo aprotepd mpog ta de&id. (Ty. 6.13-6.19)
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S n tomky aréxAion ko SIM o cvvteleotic uetafAntotnrac.

ITiv. 6.3 Ilivakeg pe Tovg cLVTEAEGTEG LETOPANTOTNTOG OT®G LITOAOYIGTIKAV Y10 TOL VYT TV
VIPOSVVOUIKDV TIECEMV, Y10, TIG 4 SIUTOUES TNE TEWPAUOTIKNG ddtaéng (oevapa 1,2,3,4,5,6,7)

Xevapuo 1
s (average) s/m (average)
section 1 90.506 0.121
section 2 86.444 0.194
section 3 79.266 0.193
Yevapuo 2
s (average) s/m (average)
section 1 110.745 0.134
section 2 90.121 0.223
section 3 79.899 0.198
Yevapo 3
s (average) s/m (average)
section 1 94.738 0.121
section 2 79.338 0.189
section 3 73.301 0.173
Xevapuo 4
s (average) s/m (average)
section 1 84.608 0.108
section 2 66.950 0.194
section 3 63.315 0.174
Xevapro S
s (average) s/m (average)
section 1 100.491 0.163
section 2 82.337 0.198
section 3 65.891 0.222
Yevapro 6
s (average) s/m (average)
section 1 106.118 0.162
section 2 85.048 0.242
section 3 56.945 0.207
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Xevapro 7

s (average) s/m (average)

section 1 88.866 0.132
section 2 66.482 0.215
section 3 43.424 0.189

Avavtn dwotopr) (Upstream section)

ocvapio s/m (average)
1 0.105684
0.146674
0.108985
0.124277
0.153519
0.176946
0.126541

~NOo ok wN
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6.3 Tpoylokég TayvTNTES

Y& OCLUVEXEWL WHE TO TPONYOUUEVO KEPAAOLO KOL TNV TPOGEYYION TNG CVIUETOTIONG TOV
TPOYLOKAV TOYLTNTOV GE AVTIGTOLYIO LE TNV TEPITTMOGCT TOV YOPOUKTINPIGTIKOV VYOLG KOLOTOG,
YAPNOLOTOIOVTAG TNV €VVOlD TOL VWYOLS TNG TPOYLOKNG TaxvTNTaG, akoAovbodv pio oepd

Sy POUUATOV KoL TIVAK®V TOL dlokpivovTol oTig EENG KaTnyopieg

Awypappoto pe Tpoeih Kob dyog Yoo TG HEGES Kol UEYIOTES KOl EAN(IOTEC TIWEG TV
TPOYLOK®Y TOYLTATOV Yo TIG 000 Statopéc 610 povtého (Xy. 6.20). Mia otnv KevIpiKn
dwatopn] Kot pion 6to akpopdAo(Xy. 6.21.-6.28), v 10 4 GEVAPLOL KLUOTIOU®OV OTOG
cuvoyifovtat otov . 6.4 kot yia 115 Tpelg katevhuvoers.

Téhog TapaBETETOL TIVAKAG LE TOVG VITOAOYILOUEVOVS HECOVS CUVTEAESTEG HETAPANTOTNTAG
ava dwatoun kot avd uéyebog mov mpodkuyav Yo o Topamdve peyédn, Pacilopevol otnv
TAPodoYY TNG KOVOVIKNG KATOVOUNG TOV DYAOV TOV VOPOSVVOUK®OV TEGEMV Omd TN LESM
tovg Ty (M. 6.5).

ITw. 6.4. Kvpotikd yopaktnploTikd, Lovoyp®UaTIKol Kopatiopoi, 4 cevapia (cases)

Kupormikar Y ouporKon pLomisd

Isvapwo # H (m) T(s)
1 0.045 1.25
2 0.045 2
3 0.08 1.25
4 0.08 2
; e 7 ()

propagation ‘_

}‘ 40 50 40 ‘-‘

Xy. 6.20. Adtoén @uotkoy povtéAov Tov Y Poiov dlamepatod Kupotofpavotn Kot onueio

AMYNG LETPHOE®V TPOYLOKDV ToLTATOV, VIO KApako, 1:10-1:15, Metallinos et. al (2016a).
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2. 6.21 Awypappoto pe Tpo@id kKob Hyog yio T HEGES KO LEYIOTESG KOl EAAYIOTES TULES TMV
TPOYLOK®V TAYVTATOV, 6eVaplo 1, kevtpikn datopn|, VX, VY, Vz.
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2evapro 1, akpopoiro, V,
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Xy 6.22 Awypdppota pe Tpo@id ko Vyog i Tig HEGES Kol LEYIGTESG KOl EAAYLOTES TIUEG TOV
TPOYLOKMV TAYVTNTOV, 6eVAp1o 1, akpopdio, VX, VY, Vz.
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Xy. 6.23 Awypdppata pe Tpo@id ko Vyog yia Tig HEGES KOl LEYIOTES KOl EAAYLIOTES TIUEG TOV

TPOYLOKADV TAYLTHT®V, GEVAPLO 2, KEVTPIKN dtatoun, VX, VY Vz.
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Xy. 6.24 Awypdppota pe Tpo@id ko Vyog yia Tig HEGES Kol LEYIOTES KOl EAAYLIOTES TIUEG TOV

TPOYLOKMV TAYVTNTOV, GEVAPLO 2, aKkpoumdio, VX, VY, Vz.
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Xy. 6.25 Awypdppata pe Tpo@id ko Vyog yia Tig HEGES KOl LEYIOTES KOl EAAYLIOTES TILEG TOV

TPOYLOKMV TAYVTNTOV, GeEVAPL0 3, Kevtpikn dtatoun], VX, VY, Vz.
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Xy. 6.26 Awaypdppata pe Tpo@id ko Vyog yia Tig HEGES Kol LEYIOTES KOl EAAYLOTES TIUEG TOV

TPOYLOK®V TAYVTNTOV, GEVAPL0 3, akpoumdio, VX, VY, Vz.
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. 6.27 Awypdppata pe Tpo@id ko Vyog yia Tig HEGES Kol LEYIOTES KOl EAAYLIOTES TIUEG TOV
TPOYLOKADV TAYLTNTOV, GeEVAPL0 4, Kevtpikn dwatoun, VX, VY, Vz.

74



2evapro 4, akpopoiro, V,
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Xy. 6.28 Awaypdppata pe Tpo@id ko Vyog yia Tig HEGES KOl LEYIOTES KOl EAAYLOTES TIUEG TOV

TPOYLOKADV TAYLTNTOV, 6eVApLo 4, akpoumio, VX, VY, Vz.
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210V KATmO TivaKe 01 GLGTNUATIKOTITEG TOV EVIOMIGTNKAV EIVOL ELLPOVEIC.

IIiv. 6.5 Mécot cuvtedeotéc petaPintomrag ovd Sratopr] kot avé péyedog mov Tpodkvyay,
Baclopuevol oty Tapadoyn TG KOVOVIKNG KATOVOUNG TOV DY®OV TOV TPOYLOUK®DOV TOYVTHTOV
amd TN HECT] TOVG TN

Yevapro 1
s/m (average per height)
Vy KeEVTPIKN 0.112
Vx axkpop®iro 0.083
Vy axkpopdiro 0.243
V; KevTpuki) 0.211
V;axkpop®iro 0.167
Yevapuo 2
s/m (average per height)
Vyx KeVTpKkn 0.110
Vyx axpop®iro 0.084
Vy akpopdiro 0.273
V; KevTpki) 0.230
V;axkpop®iro 0.202
Yevapro 3
s/m (average per height)
Vy KeVTpKN 0.117
Vyx axkpop®iro 0.110
Vy axkpopd@iro 0.298
V; kevipikn 0.254
Vaxkpop®iro 0.228
Yevapo 4
s/m (average per height)
Vx KevTpkn 0.119
Vyx axpop®io 0.106
Vy akpopdiro 0.298
V; KevTpuki) 0.218
V;axkpop®iro 0.229
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[ LYMIIEPAXMATA-IIPOTAXEIX

7.1 I'evikOTEPO GUUTEPAOHOTO

2V Topoho UETATTUYLOKY £PYACio. eEETAGTNKE TO VOPOOLVOLKO TESIO GTO ECMTEPIKO

VQoA®V Jmepatdv Kvpuatobpovotdv pe TV aflomoinon VEICTAUEVOV  TEPULATIKOV

dedopévav. Ta yevikdtepo cuUTEPACUATO TOV TPOEKVYOV Elval To EENG !

X/
L X4

X/
L X4

Amd v avackdmnon g PiAoypapiog, yiveTor peavig 1 avaykn yio KaTdoTpwon evog
OYETIKA OAOD HOVTEAOL OV O TPOGOUOUDVEL TIG VIPOSVVAMKO TESIO0 GTO ECMTEPIKO
VOOA®V JATEPATAOV KUUATOOPAVGTOV VO KLpatikn dpdon kot Oa Aopfdver vwoOyn Tov
T1G SKVUAVOELS TV PEYEDDY amd TIG HEGES TOVS TIUES.

H 6pavon cov ouoikd eowvopevo, n omoia kot mpokoiel TOpPn Ko kot €MEKTOON
GUVEIGPOPA GTN OLOKVUAVOT] OO (ol LECT] TIUN Yo OA TO VOPOSLVOUIKE HeyEOn mov
eetdlel n moapovoa epyocio dev €xel kotavonbel mANpPwS, pe amoTéAecpo vo glval
deduakpurn N enidpactn g oto eovopevo. H duokorio avt yivetor mo epgovig oty
nepinTon £pymv He Tpavh amdToung kAlong, ta omoia meptypd@ovial and £vo GHVOAO
YEOUETPIKAOV KO OOUUKDOV TAPAUETPOV KOOIGTAOVTOG TNV TPOGEYYIOT) TOAVTAOKN.

H mopoyoyn mopopeTtpomomuévov HOVIEA®V Yo TPOCOUOI®MGT  VOPOSLVOLK®V
oLVONKOV Yo TV Tepintoon mov eEetaletan amattel ToAD peydio dyko dedopévav. [op’
OA0 OV T dEJOUEVO OV aVOKTNONKOV givol apKeTd ek TPMOTNG OYeMS, LOVO eVOEIEeLS
UTOPOLV VO SOGOLV GTNV TPOCTADELD LLOVTEAOTOINGNG TOV POLVOUEVOV.

7.2 Zoprepdopata og wpog to neipapa tov Metallinos et al. 2014

e 0Tl 0POoPA TIG VOPOSVVAUIKEG TEGELS GLVOTTTIKA AVAPEPOVTOL TO EENG:

Kpioyo péyebog tov oyediacpov givar 1o eredBepo Pabog apol evtomiomnke 4Tt Yo o
dtpopd ¢ TAENg TV 5 CM, 01 VOPOOLVOLUKES TECELS UETARBAAALOVTOL CNUAVTIKO GO
péyebog.

IMa ovvOnkeg 1010V PdBovg Kot Yyl TOVE KVUATIGHOVG 7oL €EETAGTNKAY, N TEPTI000G
QAavnKe vo unv €yel mpmtevovta pOA0. AVTO EVTOMIGTNKE GTNV TPOCVEUN TAEVPE TOV
Kopatofpadotn kat yioo T dwtopr] €@ amd avtdv, 6mov dev €xel mponyndel Opavon M
TUpPDOONG por 610 TOPMIOEG HEGO. Ta mpoPil yio KupaTiKd GeEVAPLa, 100V eAevBepOL
Babovg rav TaporAncia..

Kpioyo otoyeio @aiveror va eivar m Opavdon tov KopaTIGUOV, 1 €VTaon NG Omoiog
e€aptdTor omd TO KOHOTIKA YOPAKTNPIOTIKG Kot T YewUeTpia TG katackevns. Oco mo
€VIOVO TVO QAIVOUEVO TNG Bpavomng 1060 UIKPOTEPEG VOPOOLVALIKEG TTIECELS (LEGO KO
HEYIOTOL VYN VOPOOLVOIK®V TECE®V) eEeMocoviay oTNV VAVEUN TAELPE  TOL
Kopatofpadorn.
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* H katavoun tov Dyovg g vOPodLVOUIKNG Ttieong, avebaptitog Béong (Léoa Kot EEm)
£0e1&e va. akoAoVOEL TNV KOVOVIKN KOTAVOL.

* H avoloyio Tov p€cov kot HEYIGTOV VYOV VOPOSVVALIKNG TEGNS OTAV GUCYETIOTNKE LE
10 cuvteAeoTn petafAntotntog £0e1&e po caen Téor Yyop® ond Eva EDPOG TYLMV.

* Ot VIOTEGELS TOV TOPATNPNONKOV GTNV VINVEUT SLOTOUT WITOPOVV VO, ATOTEAEGOVY €val
YPNOLO epYOrelo KATA TN PAOT S106TAGIOAGYNONG TNG TUTIKNG SIUUETPOV TNG ABoppimng
evoc DEOAOL KLpaToOpadoTY.

7.3 Topmepdopoto oc wpog To weipapo tov Metallinos et al. 2016
e OTL 0QPOoPA TIG TPOYLOKES TOYVTNTEG GLVOTTIKA OVOPEPOVTOL TA EENG:

»  Egpocov eEetdotnkav cuvOnkes id10v ehevBepov Babovg, kpicipo péyeboc tov oyedacpod
EVTOTIOTNKE VO Elvar 1 TEPI0G0C TOV EGEPYOUEVOL KVULOTIGHOV.

= Kpiowo otoyeio gaivetar va givor n Opavdon Tov KOPATIGUOV, GE AVTIGTOU(IO UE TIG
TEGELG

* H xotavopun tov VYovg TOV TPOYWOKAOV TOYLTNTOV Kol OTIG TPES Oevhuvoelg
VOPOSVVOUIKNG TTieons, aveEapTTc BEonc £de1Ee va akolovOel TNV KAVOVIKY] KaTovoun.

* H avoloyio Tov p€cov kot PHEYIETOL VYOV VIPOSVVAIKNG TECTG OTAV GUGYETIGTNKE L
10 cvvteAEoT petafAntotntog £0e1Ee to Gaen Taor Yyop® omd Eva EDPOG TYLMV.

»  [To onuoavtikd peyédn eivar ot oprlovTieg Kol KATAKOPVPES GUVIGTMGEG.

7.4 Tlpotdoelg Y10, pEALOVTIKY £pEVVOL

[TpoteiveTon péBOSOC AVILETOMIONG TEPALOTIKOV OEGOUEVOV OTMG OVTA TOL e&ETAGTNKOV.
Baociletoaw oty extiunon ovvieleotdv petafintotntag (Tvmikn amdxiion mpog ™ péon
)y éva VIPOdLVAUIKO HeYEDOG TO 0moio StakvUAIvETOL Kol EREOVICEL YOPUKTNPLOTIKA
KAVOVIKNG Kotavouns. Eivar oyxetikd amAr] kot katdAAnAn yw vo eneEepyootel Kovelg
0ed0UEVO, OTMOC YPOVOGEIPES VOPOSVVAUIKAOV TECEMV KOl TPOYLOKDY TAYLTNTOV. XTOYXEVEL
GTNV LIOCTNHPIEN TOV OIKOAOYIKOD GYEOACUOD T®V VPAAMY OOTEPATOV KLUOTOOPAVGTOV
oAAd kot Tov opBitEPO oYedOGUO €V YEVEL TTPOC TNV OMOPLYN] KOTOGKELOOTIKAOV Kol
OIKOVOUTKOTEXVIKOV TPOPANUATOV.

Etvon po pébodog mov mapdyetr amoteléopota e0koAa dtayelpiotpo amd TG OaAdosiovg
BloAdyovg kat emtpénel emiong v avamTuEn Ko emaAnfgvon aplOunTik®v HoviEA®Y apov
TPOKTIKA 1 TVPPDOONG CLVEIGPOPA GE £vaL LOPOSVVOUIKO HEYEDOC GYEOACHOD avTipeTOmICETON
pe Vv évvoln (oG OmANG OVOAOYIKNG OYEoMS, Y®pis OUmG vo mopoieimetol Kpiowun
Tnpoeopia. Yo avtd 10 OKEMTIKO N Topovsa epyacio amotehel iomg T0 Evavopo Yo TNV
GLGTNUATIKY TPOGEYYIOT TV e£eTAlOUEVOV QOIVOUEV®VY, ONAAOT TOV VOPOSVVAUIKOD TEGIOV
Omwg eEeAlooETaLl 0TO E0MTEPIKO OAAL KOl YOP® amtd Evay VOAAO JATEPATO KVUATOOPADGTN.
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8 HHAPAPTHMATA

ITAPAPTHMA A: Ilivokeg PETPCE®V KO TOPAOELYRO AVAY®YNG NEYEODV
kot avoioyio Froude (Froude analogy upscaling) ywa Yyn vopodvvapikig
micons YOP® K péca 6€ SUmEPUTO VPUAO KOPNOTOOpavGTN (TEWPOPATIKY
owaraén tov Metallinos et al. 2014).

e 0TL 0popd TO VYOG TNG LOPOSVLVALIKTG TLECT|C TAPOTIOEVTOL TIVOKES LE TIC LETPNOELS OTWG
avtég Tpoékvyav petd v enefepyacia tng mapovoag epyaciog (M. A-A10) kabmg kot éva,
TUTIKO TaPAdEY O avaymyNG o€ Ttpoy otk KAipoko (ITwv. A1-A4).

ITwv. A. Kopotikd xopokmpiotikd, Kol YEOUETPIKE GTOLXEL0 O1amePATOD VOAAOV
kouatovpavotn (Metallinos et al. 2014) , kAipoaxa 1:10.

“Yyog Iepidog T(s) Ba0og Opavon
KUNLOTOG vEPOU
GEVAPLO H(m) h (m)
1 0.065 212 0.5 O
2 0.08 1.85 0.5 Oy
3 0.095 1.58 0.5 Nat
4 0.107 1.31 0.5 No
5 0.04 212 0.45 Oxn
6 0.057 1.85 0.45 No
7 0.075 1.58 0.45 Nat
Avayoyn kat' avaroyio Froude
GEVAPLO H(m) T(s) h (m)
1 0.65 6.70 5.00
2 0.80 5.85 5.00
3 0.95 5.00 5.00
4 1.07 4.14 5.00
5 0.40 6.70 4.50
6 0.57 5.85 4.50
7 0.75 5.00 4.50

miatog otéyng 10.00 m, vyog dwumepatov Y.K. 4.00 m, khion tpavovg 1:2
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ITw. Al."Yyog Yopoduvapikng mieong, Zevdapio 1, Mécso uéyebog.

Ps average (Pa)

z(m) upstream sectionl section2 section 3
0.50 836.1376

0.45

0.40 729.5357 625.7021

0.35 494.0365

0.30 853.9496 390.9389

0.25 523.2258

0.20 709.5765 696.0073 543.7791 550.8215
0.15 742.5402 446.0562 396.1583
0.10 733.668 809.3048 411.1749 353.3501
0.05 872.0857 363.7955 370.7975

0.015 535.6833 696.2412 398.9874 435.1516

Avoyoyn kat' avaroyio Froude, P qyopuarwcomrac = 10.25*Pg povesnon

P, average (Pa)
z(m) upstream sectionl section2 section 3

5.00 857041

4.50

4.00 7477.74 6413.45

3.50 5063.87

3.00 8752.98 4007.12

2.50 5363.06

200 7273.16 7134.07 5573.74 5645.92
1.50 7611.04  4572.08  4060.62
1.00 7520.10 8295.37 421454 3621.84
0.50 8938.88 3728.90  3800.67

0.15 5490.75 7136.47 4089.62 4460.30
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ITw. A2."Ywyog Ydpoduvapikng mieong, Xevdpto 1, Méyioto péyedog

Ps max (Pa)

z(m) upstream sectionl section2 section 3
0.50 977.3777

0.45

0.40 887.5885 781.6078

0.35 635.8843

0.30 1042.144 688.8746

0.25 861.0933

0.20 894.9482 1007.846 809.5749 738.9211
0.15 959.7142 750.6967 649.1319
0.10 903.78 1121.629 700.6503 551.9829
0.05 1115.741 741.865 675.627

0.015 961.1862 1036.256 621.1647 744.8089

Avayoyn kat' averoyio Froude, P ryoyparucsrmrac = 10.25%Ps yovrinon

P; max (Pa)
z(m) upstream sectionl section2 section 3
5.00 10018.12

4.50

4.00 9097.78 8011.48

3.50 6517.81

3.00 10681.97 7060.96

2.50 8826.21

2.00 917322 10330.42 8298.14 7573.94
1.50 9837.07 7694.64  6653.60
1.00 9263.74 11496.70 7181.67 5657.82
0.50 11436.35 7604.12 6925.18

0.15 9852.16 10621.62 6366.94 7634.29
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ITw. A3. Tk andkAion Vyovg Y Opodvvotkng ieong, Zevapio 1.

Stdev, Ps average

z(m) upstream sectionl section2 section 3
0.50 73.03524

0.45

0.40 72.02439 69.95473

0.35 59.80974

0.30 61.52895 92.89458

0.25 84.6783

0.20  59.6298 102.3254  85.9483 69.75742
0.15 91.64591 108.9964 57.50257
0.10 62.41676 76.34143 89.01885 87.73081
0.05 79.51708 98.44112 75.945

0.015 110.8141 102.6977 88.25835 105.3952

Avayoynf kat' averoyia Froude, P qyoyuarucsmrag = 10.25*Pg poveinon

Ps max (Pa)
z(m) upstream sectionl section2 section 3
500 748.61
4.50
400 738.25 717.04
3.50 613.05
3.00 630.67 952.17
2.50 867.95
200 611.21 1048.84  880.97 715.01
1.50 939.37 111721  589.40
1.00 639.77 782.50 912.44 899.24
0.50 815.05 1009.02 778.44

0.15 113584 1052.65 904.65  1080.30
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ITw. A4. Zvvieheotg MetapAntotrag (tumiky] andxkiion/péco) HVyovg Y opoduvapkng
mieong, Xevapio 1.
CV cvvtereotiig pETafAnToTNTOG

0.50 0.09

0.40 0.10 0.11

0.30 0.07 0.24

0.20 0.08 0.15 0.16 0.13

0.10 0.09 0.09 0.22 0.25

0.015 0.21 0.15 0.22 0.24

CV ocvvreheotig petafintomrog

0.50 0.09

0.40 0.10 0.11

0.30 0.07 0.24

0.20 0.08 0.15 0.16 0.13

0.10 0.09 0.09 0.22 0.25

0.015 0.21 0.15 0.22 0.24




ITw. A5. Zroyeio Yyoug Ydpoduvapikng mieong, Xevépio 2.
Ps average (Pa)

z(m) upstream sectionl section2 section 3
0.50 634.7776

0.45

0.40 668.5574 628.1285

0.35 437.9172

0.30 748.2846 407.5809

0.25 419.0826

0.20 639.6286 827.5016 442.4082 482.5647
0.15 742.7836 433.3616 404.7391
0.10 755.5638 900.3625 327.6513 390.8683
0.05 928.0941 315.0041 356.2935

0.015 606.413 759.507 361.9521 410.5356

Ps max (Pa)

z(m) upstream sectionl section2 section 3
0.50 930.2751

0.45

0.40 961.1862 856.6774

0.35 759.5284

0.30 1042.144 763.9443

0.25 816.9347

0.20 1027.424 1230.554 812.5188 743.3369
0.15 1084.83  840.4859 638.8282
0.10 1064.223 1223.194 649.1319 697.7064
0.05 1323.287 750.6967 685.9307

0.015 1074.527 1111.326 737.4491 890.5324

Stdev, Ps average

z(m) upstream sectionl section2 section 3
0.50 104.6958

0.45

0.40 78.78128 88.32927

0.35 75.31325

0.30 87.54414 84.63217

0.25 99.54339

0.20 91.75319 117.1192 82.18412 71.39609
0.15 109.3409 110.9937 57.61114
0.10 83.96376 112.2734 91.08079 86.7863
0.05 101.5529 95.3859 80.53244

0.015 136.8716 113.4368 83.6272 103.1674
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CV cvvrereotiig petafinrotnrog

z(m) upstream section1l section2 section 3

0.50 0.16

0.45

0.40 0.12 0.14

0.35 0.17

0.30 0.12 0.21

0.25 0.24

0.20 0.14 0.14 0.19 0.15
0.15 0.15 0.26 0.14
0.10 0.11 0.12 0.28 0.22
0.05 0.11 0.30 0.23
0.015 0.23 0.15 0.23 0.25

ITw. A6. Ztoyeia "'Yyoug Ydpodvvapikng mieong, Xevapio 3.
Ps average (Pa)

z(m) upstream sectionl section2 section 3
0.50 564.2614

0.45

0.40 792.1949 684.1479

0.35 392.4345

0.30 840.9522 376.7289

0.25 450.4592

0.20 630.1336 776.2136 486.9243 500.6565
0.15 714.3733 423.4154 386.9091
0.10 760.8358 850.6159 410.4101 419.7173
0.05 916.1402 308.4933 398.3236

0.015 679.1561 726.2998 418.6247 425.8245

Ps max (Pa)

z(m) upstream section1l section2 section 3
0.50 928.8032

0.45

0.40 1015.648 855.2055

0.35 566.2549

0.30 1048.031 609.3891

0.25 793.3834

0.20 806.631 1039.2 709.482 657.9636
0.15 971.4899 671.2112 547.567
0.10 958.2423 1105.438 641.7721 706.5381
0.05 1142.237 629.9965 599.0854

0.015 905.2519 1006.817 710.9539 718.3137
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Stdev, Ps average

z(m) upstream sectionl section2 section 3
0.50 69.40895

0.45

0.40 65.43237 66.5511

0.35 59.64476

0.30 73.22038 72.02293

0.25 99.23186

0.20 73.98159 99.51642 77.8668 67.32243
0.15 92.77123 87.03217 60.67445
0.10 66.28638 83.9672 84.00875 78.14681
0.05 88.68716 83.73605 67.64002

0.015 106.4284 108.7491 83.94967 92.72306

CV ovvrtereotic petafintotnrog
z(m) upstream section  section  section

1 2 3
0.50 0.12
0.45
0.40 0.08 0.10
0.35 0.15
0.30 0.09 0.19
0.25 0.22
0.20 0.12 0.13 0.16 0.13
0.15 0.13 0.21 0.16
0.10 0.09 0.10 0.20 0.19
0.05 0.10 0.27 0.17
0.015 0.16 0.15 0.20 0.22

ITw. A7. Ztorgeio " Yyoug Yopoduvapukng mieong, Xevépo 4.
Ps average (Pa)

z(m) upstream sectionl section2 section 3
0.50 714.7312

0.45

0.40 909.4757 639.3967

0.35 362.8744

0.30 864.1229 293.8846

0.25 385.2003

0.20 753.7029 782.7539 362.4201 456.9055
0.15 653.7658 368.1755 356.5946
0.10 755.9403 840.9883 289.8932 315.2552
0.05 858.6984  244.996 317.2996

0.015 665.5336 794.7152 341.1196 401.1893
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Ps max (Pa)

z(m) upstream sectionl section2 section 3
0.50 1027.424

0.45

0.40 1152.54 840.4859

0.35 516.656

0.30 1031.84 451.89

0.25 649.1319

0.20 978.8496 1015.648 537.2633 644.716
0.15 908.1958 632.9404 559.3427
0.10 1040.672 1204.059 504.8803 543.1512
0.05 1189.339 544.6231 556.3987

0.015 1105.438 992.0972 632.9404 643.244

Stdev, Ps average

z(m) upstream sectionl section2 section 3
0.50 76.49678

0.45

0.40 82.88159 70.02751

0.35 54.98599

0.30 75.88051 54.95919

0.25 77.62747

0.20 75.20784 86.57402 60.87396 62.84357
0.15 84.35053 76.28945 51.66097
0.10 119.0184 88.91369 56.86096 63.25396
0.05 90.52031 70.83081 65.66736

0.015 134.7467 72.6813 80.09774 73.15045

CV ovvreheotiic petafintotnrag

z(m) upstream sectionl  section 2 section 3
0.50 0.11

0.45

0.40 0.09 0.11

0.35 0.15

0.30 0.09 0.19

0.25 0.20

0.20 0.10 0.11 0.17 0.14
0.15 0.13 0.21 0.14
0.10 0.16 0.11 0.20 0.20
0.05 0.11 0.29 0.21
0.015 0.20 0.09 0.23 0.18
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ITw. A8. Ztoyeia "'Yyoug Ydpodvvapuknig mieong, Zevapio 5.
Ps average (Pa)

z(m) upstream sectionl section2 section 3

0.45

0.40 571.4424 578.8967

0.35 435.2596

0.30 678.4022 471.8154

0.25 418.9061

0.20 566.932 755.4113 475.9814 447.5225
0.15 740.1635 350.818 275.1646
0.10 468.8985 762.5466 343.3299 296.553
0.05 666.7683 359.7916 269.0859

0.015 369.4875 451.3944 439.4256 258.8749

Ps max (Pa)

z(m) upstream sectionl section2 section 3
0.45

0.40 809.5749 802.2151

0.35 631.4684

0.30 864.0372 708.01

0.25 644.716

0.20 747.7528 1058.335 721.2576 678.571
0.15 1048.031 635.8843 381.2362
0.10 618.2208 946.4666 612.333 463.6656
0.05 886.1165 665.3234 429.8107
0.015 708.01 781.6078 660.9075 497.5206

Stdev, Ps average

z(m) upstream sectionl section2 section3

0.45

0.40 79.59057 68.48191

0.35 68.35956

0.30 80.32412 88.97707

0.25 85.98369

0.20 61.69604 94.75686 77.55337 67.42393
0.15 102.3584 92.07267 50.82686
0.10 48.1638 76.80223 86.68169 65.52519
0.05 81.22854 81.43329 66.97395

0.015 110.2455 147.3099 91.48897 78.70442
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CV ovvrteleot|g petafintotnrog

z(m) upstream sectionl section2  section 3

0.45

0.40 0.14 0.12

0.35 0.16

0.30 0.12 0.19

0.25 0.21

0.20 0.11 0.13 0.16 0.15
0.15 0.14 0.26 0.18
0.10 0.10 0.10 0.25 0.22
0.05 0.12 0.23 0.25
0.015 0.30 0.33 0.21 0.30

ITw. A9. Ztoyeia "'Yyoug Ydpodvvapkng mieong, Zevapio 6.

Ps average (Pa)

z(m) upstream sectionl section2 section 3

0.45

0.40 540.3899 509.4578

0.35 354.1662

0.30 591.9835 440.0868

0.25 354.827

0.20 564.2145 750.5544 386.0442 461.3208
0.15 734.4837 286.2256 299.0019
0.10 456.8377 731.4109 285.1025 222.8574
0.05 647.4872 293.3069 221.7575

0.015 390.9758 505.4301 384.6851 258.9751

Ps max (Pa)

z(m) upstream section1l section2 section 3
0.45

0.40 937.6349 815.4627

0.35 610.8611

0.30 864.0372 768.3602

0.25 549.039

0.20 824.2944 1118.685 599.0854 663.8514
0.15 1064.223 660.9075 494.5767
0.10 733.0333 1050.975 565.2305 453.3619
0.05 1030.368 696.2344 468.0815
0.015 765.4163 918.4995 880.2287 525.4877
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Stdev, Ps average

z(m) upstream sectionl section2 section 3

0.45

0.40 76.96804 83.04119

0.35 65.95603

0.30 87.78355 88.98967

0.25 83.17859

0.20 88.66108 106.0269 68.92513 61.99872
0.15 111.6886 97.45796 56.76342
0.10 74.44321 99.68925 85.62095 51.49185
0.05 93.24166 87.84089 56.30928

0.015 107.095 119.9444 104.4176 58.16193

CV ovvtereotic petafintotnrog
z(m) upstream sectionl section2  section 3

0.45

0.40 0.14 0.16

0.35 0.19

0.30 0.15 0.20

0.25 0.23

0.20 0.16 0.14 0.18 0.13
0.15 0.15 0.34 0.19
0.10 0.16 0.14 0.30 0.23
0.05 0.14 0.30 0.25
0.015 0.27 0.24 0.27 0.22

ITw. A10. Ztorgeia 'Yyovg Yopoduvaukng mieong, Xevapto 7.

Ps average (Pa)

z(m) upstream sectionl section2 section 3

0.45

0.40 711.1277 418.7037

0.35 308.6441

0.30 664.3817 348.2635

0.25 296.7634

0.20 605.7824 745.4043 296.3428 380.8705
0.15 736.7498 313.5263 256.016
0.10 475.2401 697.2858 271.7447 169.4351
0.05 640.035 228.3083  155.343

0.015 449.0009 578.1535 324.0951 234.2993
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Ps max (Pa)

z(m) upstream sectionl section2 section 3
0.45

0.40 1046.56 687.4027
0.35 485.7449
0.30 890.5324 612.333
0.25 471.0254
0.20 852.2616 1008.289 475.4413 596.1415
0.15 965.6021 426.8668 373.8764
0.10 666.7953 930.2751 496.0486 316.4702
0.05 890.5324 459.2498 276.7274

0.015 725.6735 836.0701 550.5109 422.4509

Stdev, Ps average

z(m) upstream sectionl section2 section 3
0.45

0.40 62.33579 83.26061

0.35 61.52844

0.30 7252292 77.49736

0.25 59.61269

0.20 73.80349 96.93929 73.47117 57.35582
0.15 94.00289 43.94529 44.29141
0.10 60.99918 81.47486 71.27482 34.25702
0.05 85.35404 56.34272 32.48481
0.015 83.38084 86.56 71.40185 48.72897

CV ovvreheotiic petafintotnrag

z(m) upstream sectionl section2  section 3
0.45

0.40 0.09 0.20
0.35 0.20
0.30 0.11 0.22
0.25 0.20
0.20 0.12 0.13 0.25 0.15
0.15 0.13 0.14 0.17
0.10 0.13 0.12 0.26 0.20
0.05 0.13 0.25 0.21
0.015 0.19 0.15 0.22 0.21
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ITAPAPTHMA B: Ilivokeg peETPNOE®V KOl TUPAOEIYRO AvOy®OYNS NEYEOOV
kot avaroyia Froude (Froude analogy upscaling) ywo Tpoylokés TayvtnTeg
GTO E6OTEPIKO OLOMEPOTOD VPUAOV KopaToOpavotn (merpopatikny owatadn
tov Metallinos et al. 2016).

Xe OTL 0pOPA TIG TPOYLOKEG TOYVTNTES TopaTiOEVTOL TIVOKEG HE TIG PETPNOELS OMMOC AVTEG
TPoEKLYAV LETE TNV eneEepyacio g Tapovoog epyaciog (Iwv. B-B12) kabmg kat £va tumikd
napaderyua ovaymyne o mpoypatiky khipoko (Iw. B1-B3).

ITw. B. Kvpotikd yopaxtnpiotikd, Kot YE®UETPIKH ototyeio dtamepatol HOAAoV
kopatovpavotn (Metallinos et al. 2016) , kAipoaxa 1:15.

“Yyog Iepidog T(s) Ba0og Opavon
KONOTOG vePOD
GEVAPLO H(m) h (m)
1 0.045 1.25 0.25 (0]
2 0.04 2 0.25 Oxn
3 0.08 1.25 0.25 Not
4 0.08 2 0.25 No

Avayoyn kat' aveloyio Froude (m/s)

GEVAPLO H(m) T(s) h (m)
1 0.68 4.84 3.75
2 0.60 7.75 3.75
3 1.20 4.84 3.75
4 1.20 1.75 3.75

mAaTog otéwng 7.50 m, vyog owerepatov Y.K. 3.00 m, khion mpavovg 1:2
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ITw. B1. Tpoylokég tayutteg kotd v opilovtio d1ievbvvon, V,, Zevdpio 1.
KEVTPIKN oratopn] Vx (m/s)

0.20 0.114 -0.072 0.137 -0.102

0.16 0.084 -0.075 0.123 -0.098

0.12 0.087 -0.031 0.125 -0.056

0.08 0.061 -0.018 0.086 -0.041

0.04 0.037 -0.031 0.058 -0.055

Avoyoyn kot' avaroyio Froude (m/s)

3 0.440 -0.277 0.529 -0.397

2.4 0.326 -0.291 0.477 -0.380

1.8 0.339 -0.120 0.485 -0.217

1.2 0.235 -0.071 0.333 -0.161

0.6 0.143 -0.120 0.224 -0.212

©
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aKpop®@iro Vx (m/s)

0.2 0.170 -0.101 0.202 -0.118

0.16 0.089 -0.115 0.111 -0.142

0.12 0.066 -0.077 0.087 -0.091

0.08 0.077 -0.028 0.105 -0.044

0.04 0.072 -0.014 0.088 -0.030

Avoyoyn kat' averoyio Froude

3 0.660 -0.392 0.783 -0.455

24 0.345 -0.445 0.429 -0.551

1.8 0.255 -0.297 0.335 -0.354

1.2 0.299 -0.107 0.408 -0.172

0.6 0.277 -0.053 0.341 -0.117

©
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ITwv. B2. Tpoylakég Tayutiteg KAt TV KOToKOpL e 01eb0vven, V,, Zevdpio 1.

KEVIPIKT dratopn) Vz (M/s)

z (m) V, max, V, min, V, max, V, min, min
average average max
0.20 0.085 -0.038 0.107 -0.061
0.18 0.072 -0.037 0.096 -0.091
0.16 0.068 -0.038 0.082 -0.072
0.14 0.040 -0.037 0.063 -0.065
0.12 0.033 -0.048 0.059 -0.085
0.10 0.022 -0.053 0.052 -0.077
0.08 0.017 -0.044 0.041 -0.075
0.06 0.014 -0.033 0.035 -0.065
0.04 0.009 -0.021 0.027 -0.055
0.02 0.006 -0.013 0.020 -0.032
Avayoyn kat' avaroyia Froude
z (m) V, max, V, min, V, max, V, min, min
average average max

3 0.330 -0.146 0.416 -0.237
2.7 0.277 -0.143 0.371 -0.353
2.4 0.262 -0.147 0.319 -0.277
2.1 0.156 -0.145 0.245 -0.252
1.8 0.129 -0.184 0.228 -0.327
1.5 0.084 -0.206 0.200 -0.297
1.2 0.065 -0.172 0.159 -0.291
0.9 0.053 -0.128 0.134 -0.253
0.6 0.036 -0.082 0.104 -0.212
0.3 0.025 -0.049 0.077 -0.124
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akpop®dio Vz (m/s)

z(m) V,max, V,min, V, max, V,min,
average average max min
0.2 0.075 -0.062 0.094 -0.087
0.18 0.057 -0.071 0.084 -0.094
0.16 0.054 -0.030 0.076 -0.055
0.14 0.034 -0.026 0.057 -0.048
0.12 0.040 -0.030 0.055 -0.043
0.1 0.043 -0.028 0.059 -0.048
0.08 0.025 -0.049 0.043 -0.077
0.06 0.016 -0.042 0.038 -0.069
0.04 0.008 -0.036 0.025 -0.061
0.02 0.005 -0.028 0.027 -0.055
Avayoyn kat' avaroyia Froude
z(m) V,max, V,min, V, max, V,min,
average average max min

3 0.292 -0.240 0.363 -0.338
2.7 0.221 -0.276 0.326 -0.365
2.4 0.209 -0.115 0.294 -0.211
2.1 0.131 -0.101 0.221 -0.186
1.8 0.156 -0.117 0.211 -0.168
15 0.168 -0.107 0.229 -0.186
1.2 0.097 -0.189 0.166 -0.297
0.9 0.061 -0.163 0.148 -0.266
0.6 0.030 -0.140 0.097 -0.236
0.3 0.019 -0.107 0.104 -0.213
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ITw. B3. Tpoylakés Toyunteg katd v eykapota dievbvvon, Vy, Zevapro 1.

akpopdio Vy (m/s)
z(m) Vymax, Vymin, V,max, V, max, Vy min,
HEGO HEGO max max min
0.2 0.028 -0.033 0.049 -0.062
0.18 0.020 -0.038 0.042 -0.062
0.16 0.027 -0.033 0.052 -0.058
0.14 0.032 -0.013 0.046 -0.028
0.12 0.021 -0.021 0.037 -0.039
0.1 0.017 -0.020 0.033 -0.046
0.08 0.008 -0.028 0.034 -0.048
0.06 0.009 -0.024 0.031 -0.045
0.04 0.009 -0.020 0.029 -0.038
0.02 0.006 -0.024 0.027 -0.043
Avayoyn kat' avaroyia Froude
z (m) V,max, V, min, V, max, V, min,
HEGO HEGO max min

3 0.108 -0.128 0.189 -0.240
2.7 0.077 -0.146 0.164 -0.239
2.4 0.105 -0.129 0.202 -0.225
2.1 0.124 -0.049 0.180 -0.108
1.8 0.080 -0.080 0.142 -0.149
15 0.064 -0.079 0.127 -0.180
1.2 0.031 -0.108 0.132 -0.186
0.9 0.034 -0.093 0.118 -0.176
0.6 0.033 -0.077 0.113 -0.146
0.3 0.023 -0.092 0.103 -0.167
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ITw. B4. Tpoylakég tayvtnteg katd v opildvtia dievbuvon, Vy, Xevapio 2.

KeVTPKY owatoun Vx (m/s)

z (m) V, max, V, min, V, max, V, min, min
yuéco néco max
0.20 0.109 -0.094 0.175 -0.127
0.18 0.093 -0.073 0.120 -0.108
0.16 0.085 -0.093 0.127 -0.118
0.14 0.074 -0.092 0.102 -0.112
0.12 0.062 -0.064 0.093 -0.098
0.10 0.063 -0.053 0.101 -0.084
0.08 0.053 -0.049 0.073 -0.076
0.06 0.053 -0.042 0.073 -0.061
0.04 0.055 -0.035 0.076 -0.064
0.02 0.051 -0.037 0.073 -0.056
axkpop®iio Vx (m/s)
z (m) Vymax, V,min, V, max, V, max, V, min, min
yuéco LUéco max max
0.2 0.121 -0.053 0.163 -0.089
0.18 0.110 -0.041 0.137 -0.063
0.16 0.136 -0.072 0.165 -0.106
0.14 0.080 -0.102 0.113 -0.116
0.12 0.073 -0.076 0.111 -0.099
0.1 0.073 -0.060 0.102 -0.074
0.08 0.069 -0.052 0.092 -0.069
0.06 0.069 -0.042 0.090 -0.058
0.04 0.067 -0.044 0.092 -0.057
0.02 0.081 -0.032 0.128 -0.061
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ITwv. B5. Tpoylakég Tayutiteg Katd TV KoTokopuen dtevbuvvon, V,, Zevdpio 2.

KevTpiki] dwatopny Vz (M/s)

z (m) V, max, V, min, V, max, V, min, min
average average max
0.20 0.049 -0.092 0.093 -0.155
0.18 0.045 -0.110 0.077 -0.149
0.16 0.047 -0.032 0.072 -0.076
0.14 0.051 -0.033 0.069 -0.082
0.12 0.041 -0.043 0.062 -0.091
0.10 0.033 -0.046 0.065 -0.096
0.08 0.036 -0.022 0.055 -0.070
0.06 0.029 -0.014 0.043 -0.045
0.04 0.018 -0.013 0.035 -0.043
0.02 0.009 -0.019 0.029 -0.046

akpop®diro Vz (m/s)

z (m) V, max, V, min, V, max, max V, min, min
average average

0.2 0.045 -0.071 0.070 -0.090
0.18 0.068 -0.080 0.091 -0.103
0.16 0.040 -0.093 0.068 -0.124
0.14 0.037 -0.029 0.055 -0.060
0.12 0.026 -0.032 0.045 -0.077
0.1 0.022 -0.032 0.042 -0.068
0.08 0.017 -0.033 0.036 -0.057
0.06 0.014 -0.027 0.033 -0.051
0.04 0.012 -0.020 0.033 -0.040
0.02 0.012 -0.034 0.032 -0.060
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ITw. B6. Tpoylakés Toyunteg katd v eykapota dievbvvon, Vy, Zevapro 2.

akpop®iro Vy (m/s)
z(m) Vymax, Vymin, V,max, Vy max, Vy min, min
yuéco €GO max max

0.2 0.029 -0.034 0.060 -0.053
0.18 0.023 -0.036 0.050 -0.049
0.16 0.046 -0.023 0.071 -0.042
0.14 0.027 -0.022 0.055 -0.036
0.12 0.030 -0.018 0.077 -0.043

0.1 0.020 -0.012 0.050 -0.031
0.08 0.011 -0.019 0.039 -0.039
0.06 0.007 -0.016 0.031 -0.029
0.04 0.014 -0.011 0.030 -0.035
0.02 0.012 -0.033 0.039 -0.059
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ITw. B7. Tpoylaxég tayvtteg katd v opildvtia dievbuvon, Vy, Xevaplo 3.

KeVTPKY owatoun Vx (m/s)

z (m) V, max, V, min, V, max, V, min, min
yuéco néco max
0.20 0.160 -0.103 0.220 -0.144
0.18 0.140 -0.084 0.198 -0.128
0.16 0.151 -0.136 0.198 -0.167
0.14 0.111 -0.100 0.164 -0.137
0.12 0.095 -0.069 0.152 -0.146
0.10 0.091 -0.063 0.141 -0.114
0.08 0.078 -0.057 0.141 -0.085
0.06 0.068 -0.049 0.116 -0.086
0.04 0.064 -0.048 0.103 -0.088
0.02 0.054 -0.050 0.100 -0.089
axkpop®iio Vx (m/s)
z (m) Vymax, V,min, V, max, V, max, V, min, min
yuéco LUéco max max
0.2 0.261 -0.077 0.309 -0.145
0.18 0.144 -0.165 0.187 -0.220
0.16 0.161 -0.173 0.225 -0.222
0.14 0.123 -0.134 0.177 -0.156
0.12 0.109 -0.119 0.158 -0.195
0.1 0.097 -0.106 0.173 -0.155
0.08 0.085 -0.089 0.128 -0.149
0.06 0.085 -0.058 0.125 -0.093
0.04 0.082 -0.055 0.112 -0.087
0.02 0.086 -0.043 0.127 -0.076
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ITw. B8. Tpoyakéc tayvreg katd TV Katakopven dievbuvvon, V,, Zevdapo 3.

KEVIPIKT dratopn) Vz (M/s)

z (m) V, max, V, min, V, max, V, min, min
average average max
0.20 0.066 -0.130 0.121 -0.184
0.18 0.127 -0.157 0.158 -0.221
0.16 0.059 -0.041 0.089 -0.116
0.14 0.053 -0.039 0.094 -0.077
0.12 0.054 -0.048 0.095 -0.158
0.10 0.048 -0.051 0.087 -0.149
0.08 0.050 -0.044 0.085 -0.130
0.06 0.036 -0.023 0.068 -0.072
0.04 0.023 -0.024 0.048 -0.066
0.02 0.010 -0.021 0.039 -0.076

akpopdio Vz (M/s)

z (m) V, max, V, min, V, max, max V, min, min
average average

0.2 0.099 -0.108 0.145 -0.188
0.18 0.105 -0.157 0.145 -0.215
0.16 0.161 -0.173 0.225 -0.222
0.14 0.054 -0.025 0.079 -0.097
0.12 0.053 -0.058 0.097 -0.116

0.1 0.044 -0.078 0.085 -0.160
0.08 0.035 -0.071 0.083 -0.135
0.06 0.036 -0.050 0.077 -0.118
0.04 0.024 -0.036 0.062 -0.074
0.02 0.018 -0.031 0.053 -0.078
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ITw. BY. Tpoylakés Toyuteg katd v eykapota dievbvvon, Vy, Zevapo 3.

akpop®iro Vy(m/s)
z(m) Vymax, Vymin, V,max, Vy max, Vy min, min
yuéco €GO max max

0.2 0.036 -0.072 0.076 -0.109
0.18 0.055 -0.055 0.143 -0.092
0.16 0.107 -0.019 0.162 -0.053
0.14 0.026 -0.033 0.053 -0.095
0.12 0.027 -0.057 0.109 -0.137

0.1 0.017 -0.061 0.055 -0.153
0.08 0.034 -0.038 0.082 -0.086
0.06 0.018 -0.032 0.053 -0.094
0.04 0.019 -0.024 0.079 -0.055
0.02 0.010 -0.038 0.036 -0.065
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ITw. B10. Tpoyaxkég toyvtneg Katd tnv oploviia oevbovveon, Vy, Zevdpio 4.

KeVTPKY owatoun Vx (m/s)

z (m) V, max, V, min, V, max, V, min, min
yuéco néco max
0.20 0.162 -0.172 0.262 -0.213
0.18 0.134 -0.105 0.183 -0.147
0.16 0.129 -0.110 0.165 -0.142
0.14 0.108 -0.160 0.143 -0.197
0.12 0.115 -0.149 0.156 -0.192
0.10 0.067 -0.136 0.106 -0.169
0.08 0.063 -0.094 0.109 -0.176
0.06 0.058 -0.077 0.105 -0.113
0.04 0.061 -0.067 0.093 -0.094
0.02 0.058 -0.063 0.079 -0.092
axkpop®iio Vx (m/s)
z (m) Vymax, V,min, V, max, V, max, V, min, min
yuéco LUéco max max
0.2 0.234 -0.069 0.280 -0.111
0.18 0.142 -0.157 0.182 -0.180
0.16 0.167 -0.117 0.216 -0.163
0.14 0.147 -0.121 0.181 -0.168
0.12 0.110 -0.132 0.175 -0.179
0.1 0.121 -0.118 0.178 -0.192
0.08 0.101 -0.091 0.152 -0.152
0.06 0.096 -0.084 0.136 -0.134
0.04 0.105 -0.083 0.136 -0.120
0.02 0.130 -0.065 0.198 -0.115
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ITw. B11. Tpoyakég toyvtnteg Katd v katakopuen oevbovvon, V,, Xevapuo 4.

KevTpiki] dwatopny Vz (M/s)

z (m) V, max, V, min, V, max, V, min, min
average average max
0.20 0.128 -0.213 0.183 -0.265
0.18 0.121 -0.167 0.169 -0.217
0.16 0.055 -0.070 0.090 -0.146
0.14 0.033 -0.067 0.075 -0.110
0.12 0.039 -0.080 0.095 -0.127
0.10 0.061 -0.061 0.108 -0.132
0.08 0.051 -0.041 0.087 -0.084
0.06 0.034 -0.044 0.066 -0.120
0.04 0.019 -0.030 0.054 -0.062
0.02 0.014 -0.029 0.041 -0.071

Axkpop®diro Vz (m/s)

z (m) V, max, V,min, V, max, max V, min, min
average average

0.2 0.094 -0.155 0.196 -0.204
0.18 0.099 -0.146 0.138 -0.223
0.16 0.076 -0.188 0.214 -0.241
0.14 0.032 -0.082 0.037 -0.099
0.12 0.026 -0.074 0.068 -0.138

0.1 0.029 -0.155 0.110 -0.249
0.08 0.032 -0.102 0.068 -0.196
0.06 0.027 -0.079 0.064 -0.168
0.04 0.022 -0.050 0.057 -0.113
0.02 0.023 -0.053 0.057 -0.092
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ITw. B12. Tpoyraxég tayvtftes kotd tnv eykdpota dievbvvon, Vy, Xevdpio 4.

akpop®iro Vy (m/s)
z(m) Vymax, Vymin, V,max, Vy max, Vy min, min
yuéco €GO max max

0.2 0.037 -0.060 0.066 -0.099
0.18 0.062 -0.086 0.131 -0.139
0.16 0.031 -0.088 0.063 -0.118
0.14 0.066 -0.029 0.122 -0.059
0.12 0.063 -0.074 0.111 -0.168

0.1 0.060 -0.093 0.125 -0.146
0.08 0.024 -0.072 0.057 -0.151
0.06 0.011 -0.060 0.045 -0.125
0.04 0.020 -0.037 0.054 -0.074
0.02 0.019 -0.045 0.048 -0.077
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ITAPAPTHMA I': Zoykpion perpricsmv pe 0sopio Stokes 2" 1aéng

Xe 0Tl a@opd 1O VYOG NG VIPOSVVOAUIKNG Tieong mapotifevtol dtaypapupaTo 6To omoia
eaivetan To10Tikd 0 Pabudc ™ kovotntag g Dewpiog Stokes 2 1aEng va omoTuTd®OEL TV
avantuén g 010 eomtepkd damepatov Y.K. (mepapatiky ddtaén tov Metallinos et al.
2014). AxoAovBoVV EVOEIKTIKA dtorypapLpLoTaL.

ATIATPAMMA I'l. Z0ykpion petpiosnv pe Bempio Stokes 2" taéng, vyog g
VOPOSVVOUIKNG TTieoNs, Kopatikd cevapia 1,2,3,4,5,6,7.
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section 2 case 1
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upstream section case 2
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60

section 2 case 2
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60

upstream section case 3
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"Yyog mopddovg kotackevig hs (m)
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upstream section case 4
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"Yyog mopddovg kotackevig hs (m)
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"Yyog mop®ddovg katackevg hs (m)
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e OTL 0QOopa TV TPOYLOKN TaXOTNTO TOPATIOEVTOL 1Y PAULOTO GTO OTTO10. POIVETAL TOLOTIKA
0 Babpog g wavottag g Oswpiog Stokes 2™ taEng va anoturd®oEL THY AVATTVLEN TG 6TO
eo0mTEPIKO damepato Y.K (nmepapotikny ddtaén twv Metallinos et al. 2016). Akolovbovv
Sy pappoTOL.

ATATPAMMA TI'2. ZOykpion petpiocnv pe Osopio Stokes 2™ taénc, tpoylokn ToyvTa
Katd v kupro drevBvvon (oplovria), Kopotikd cevapia 1,2,3.4.
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