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DESCRIBE THE HYDRAULIC AND STRUCTURAL RESPONSE TO
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To assess the hydraulic performance of coastattsties — viz. wave run-up, overtopping
and reflection — and to evaluate the stability lné &armour layers, use is made of the
dimensionless surf similarity parameter, as intcatliby Battjes (1974). The front side
slope of the structure and the wave steepnessarbiced in this parameter, also called the
Iribarren number. The introduction of the waveepteess was based on the wish to include
the effect of the wave period, in the surf similarity parameter and hence in thdous
methods that describe the hydraulic and structeisponse to waves. The wave steepness
to be used in the various methods is ticdtious wave steepness: the ratio of the wave
height at the toe of the structuté)(and the fictitious deep-water wavelendtb)( or rather,
the squared value of the local wave period, midtipbbyg/2x. In deep water the fictitious
wave steepness equals tteal wave steepnes$i{/Lo), but this is not the case in shallow
water,H/L, # H/L. The characteristic wave period of a wave fiel/¢lling into shallow
water is subject to change, due to bathymetryialnwave breaking, etc. Using the real
deep-water wavelength in the expression for thtibos wave steepness may, therefore,
lead to incorrect conclusions when evaluating teg kesponse characteristics in (very)
shallow water. To avoid ambiguities and mistakiess, therefore suggested to refrain from
using the wavelength in the expression of thetfaats wave steepness, but to rather only
use the local wave periog; = 2tH¢/(gT?). A logical next step would be to use “as the
notation for the fictitious wave steepness.

INTRODUCTION

Various methods have been developed in the last 25 yeassdss the wave
run-up and overtopping on coastal structures; and to evaluatathikty of rock
and concrete armour layers on structures such asvibmeak, seawalls and
revetments. Hydraulic performance and structural stabiépgedd on the wave
height and wave period as well as the structure front sigesiThe wave
parameters are in many instances described by the (fishtiwave steepness
parameters, = H/L,, whereH is the wave height at the structure toe Bpis the
deep water wavelength, equal tai(gT?), where T is the wave period.
Combining the fictitious wave steepness or dimensionless pened with the
slope of the structure, given as ¢amesults in a description of the way the waves
break (Battjes, 1974). This parameter is called the ssonifarity parameter or
the Iribarren number, given here as Equation 1:
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The introduction of the fictitious wave steepness was basettieowish to
include the effect of the wave period in the surf sirtifgparameter and hence in
the various methods that describe the hydraulic and gtalicesponse to waves.
The wave period together with the wave height determine thigyeimethe wave
train attacking a coastal structure. For relative dedprweonditions it was
convenient to express the (fictitious) wave steepness irs teirmave height and
wavelength, but this may easily lead to confusion in tise cd conditions with
shallow foreshores.

Considerations and motivation

Many authors conveniently express the fictitious wave stesspneshallow-
water conditions also as; = H/L,, in which casé , easily may be interpreted as
the real deep-water wavelength (see Figure 1). Actually howevdictiious
local wavelength is meant, equal t@/2m)T?, with T being the local
characteristic wave period. The reason to keep the emrgttl in the expression
of the fictitious wave steepness might be to show thatghrameter is a (kind
of) steepness, i.¢d/L. This may, however, easily result in mistakes in theeca
of shallow foreshores. Using the term “dimensionless waveqgievwould have
solved this problem of misunderstanding and confusion. Even wbese, are
also many authors who conveniently use the term “wave stegpnehereas
actually thefictitious wave steepness is meant. Also this may easily lead to
confusion and mistakes when shallow-water conditions are concefiedreal
steepness of the waves is illustrated in Figure 1. |d¢e fictitious wavelength,
for the sake of clarity to be denotedlascannot be shown in this Figure 1, but
its value is usually larger than that of the wavelength at tharideat maximum
equal toL,.
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Figure 1. The real wave steepness in deep water an d in shallow-water conditions.
Note that the scale in this sketch is distorted by a factor of about 100; the wave
steepness is usually in the range of 0.03 to 0.04, with a maximum of s = 0.14 for
individual waves in deep water, derived from: [ H/L]max = 0.14 tanh(2 th/L), where h is
the water depth (Miche, 1944).



In exceptional situations, also with shallow foreshores,deep-water wave
period is the same as its value at the toe of the struchisgstnot only true for
monochromatic waves, but also in some instances wheava field (with a
wave spectrum) is propagating towards the shore. An dgaisphe situation
occurring during tests in a 2-D wave flume: in many instarteeshange of the
wave spectrum from the wave maker to the toe of the steugduimited to a
general decrease of the top of the energy density. The wewee pé& the wave
board is then called the ‘deep’ water wave period, amedaded aspect is the fact
that in such models no refraction, breaking over foresslooals and diffraction
are occurring. The differences in the values of the cheriatic wave period at
the wave board and the toe are often that small, thatctiiteofis wave steepness
is conveniently expressed HgL, (and thisL, value is even defined as the deep-
water wavelength). In such cases the fictitious wave stegges 2rH/(gT?),
may also be expressed &s:= H/L,. The near-shore wave conditions of the
majority of the structures with shallow foreshores are, howese much
different from those offshore that it may be dangerous to indisately use the
general expressios, = H/L, for the fictitious wave steepness in the surf-
similarity parameter, as presented here as Equation 1.

Objectives

1. to illustrate the differences when using either theevpsriod at the toe of
the structure with a shallow foreshore or the real desterwave period
(L) when assessing the hydraulic performance of structurésililow water
and the stability of its armour layers.

2. to promote that the wave period at the toe of thecttra is used in the
expression of the fictitious wave steepness and the detatd-similarity
parameter and tha" is used as notation for the fictitious wave steepness.

3. to show that comparisons between methods specifically aleeeifor deep-
water and those for shallow foreshores may lead to incocoratiusions,
“comparing apples and orandeamay not be justified.

WAVE PARAMETERS AND NOTATION FOR WAVE STEEPNESS AND SURF
SIMILARITY PARAMETER

Except for situations with monochromatic waves — one vweaight, period
and wavelength — the waves that travel from deep waterdswibe coast are
part of a wave field, which can be described by a wawrggnspectrum.
Depending on which characteristic wave height at the ta@eoktructure and
which wave period are to be used in which method, diffeexpressions for
both the fictitious wave steepness and the surf-similgatyameter are part of
the different methods to evaluate the key response chasticteriA few
examples are given, each with its specific definitiontlod surf-similarity
parameter. An important aspect is that a distinctioftasbe) made between
deep-water conditions at the toe of the structure and shidleshores.



Normal practice is to use the significant wave height(either from the
record, equal tddy3 or H.o from the wave energy spectrum, equal tnd).
Various researchers use the mean wave pefiqdBut the spectral peak wave
period, Ty, is also used. More recently developed methods make ulse ofean
energy wave periodl,10 from the wave energy spectruriy, ;o is defined as
the ratio of the wave energy spectral momemis and mg. Consequently,
different parameters for both the (fictitious) wave steepnasd the surf
similarity parameter are to be used:

*  smandé&, when usingHs (from wave record) and mean wave perigg,

*  Spandé, when usindds (from wave record) and peak wave peridg,

*  Spioandé&nao When usingHny and the mean energy wave perifg; o

from the wave spectrum

* S0 andés;o When usingHs (from wave record) and the mean energy

wave periodTm10

* 5, when indicating the real wave steepness at the tdedfttucture: the

ratio of Hs from wave record and the local wavelendth, associated
with the peak wave period,,.

Note 1: The subscripts of parameters used in this paper diffesome
instances from those used in literature, but its useisconsistent across the
range of references and books discussed here.

Note 2: Only in a limited number of methods use is made of the deter
wave steepness, egp = HsdLop, and related surf-similarity parameigp, while
the structure is in shallow water. The same applies tausbeof the local real
wave steepness, e.Bl/L,. The reader is therefore advised to be careful in
applying a method that makes use of the fictitious waaepstess.

Note 3: The use of eitheld,/; (from the wave record) df,, (from the wave
spectrum) hardly makes any difference when hydraulic or tatalcresponse
characteristics are evaluated in deep-water conditiblis = Hs 00 Hpy). In
shallow-water conditions, however, the value$igf H; ;3 andH, are no longer
the same; the ratio ¢f;,5/H,x may become as large as 1.2.

WAVE PERIODS

The fictitious wave steepness in deep water is equahéoreal wave
steepness, defined &f/L,, wherel, is the wavelength, equal tg/2m)T>. For
irregular waves typical characteristic values for ttevevperiod are used, such
as the mean value from the wave record or the peakdpdm the spectrum.
Normal practise is to use the significant wave heiblgtas characteristic value
for the wave height.

The ratio of the different deep-water wave periods dependbe shape of
the wave energy spectrum. Universal relationships betwesnmian wave
period, T, and the spectral or mean energy wave peiipd,, or between the
mean periodT,, and the peak period,, do not exist. The ranges of the ratios



(or conversion factors) for these three wave periods ép deter are presented
in Figure 2, based on work of Goda (2000) and the rafig ahdTm,10= 1.1 for
single-peaked spectra.
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Figure 2. Ranges of ratios of three wave period mea  sures, for single-peaked spectra

in deep water

Effect on hydraulic performance and response

The relationship between the wave run-up (and overtoppimd)ttze wave
period (and hence the wave-similarity parameter), is motesgsrlinear. This is
shown by means of Equation 2, the method proposed by Owen (1980):

= SH =aexp-bR*/y) with R* = RC/(Tm,/gHS) )

m S

whereq is the specific overtopping dischardg,is the crest freeboard relative to
still water level,a andb are empirically derived coefficients that depend on the
profile andy is correction factor for the influence of the slope roughness

As can be seen in Figure 2, a relative error of 15 to 2€epein the wave
overtopping discharge may occur if the mean wave period is osezhd of the
mean energy wave period. Similar effects occur when taigj aT,, value
(e.g. in Owen’s method) to B, value to be used in the method developed by
TAW (2002), given here as Equation 3 (for breaking wavesi&,1 0 <=2):
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whereA andB are coefficients, ang, andyz are factors for the influence of the
existence of a berm and oblique wave attack respegtivel

A similar influence applies to the stability of rock-armedislopes of coastal
structures. This is shown by means of Equation 4, the ¢yalidrmula
developed by van der Meer (1988), for plunging wa¥gs<(&):
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whered is the relative buoyant density of the armourst@ig, is the median
nominal diameter of the ston&3,is the damage level parametdrthe number
of waves andP the notional permeability factor.
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The relative error that may be made in assessing the récaineourstone
size is less than when assessing the wave overtodpigg,] VT versusg O T,
but still appreciable because the required mass is wihatsMso = (Drso)® o,
where g is the apparent mass density of the rock. For exampleg aswave
period measure that differs 15 percent from the measateshould be used,
means that a relative error of 25 percent is made irdébermination of the
required mass of the armourstone, e.g. 3-6 tons grading basadcalculated
Mso of 5.1 t versus 6-10 tons grading based on a 25 perceviehbk, value,
which may imply considerable cost consequences (higheryinugritransport
and handling costs).

Intermediate conclusions

 Each method has been developed with its own specific weviod
measure. So, use the prescribed wave period parameter aradelid
when applying another wave period measure;

» Each method (for assessing hydraulic performance andviduating
stability) has been developed for certain conditionsai@ertain range of
validity applies to each of them. Do not compare the varioethods
indiscriminately, in particular those developed for deepemvaith those
developed for conditions with shallow foreshores.

From deep to shallow water

The change of the wave conditions and hence the wave energyuspect
when travelling into shallow water depends largely on theybstry; but also
on the spectrum itself (single or double-peaked), initiate breaking, on the
occurrence of long-period waves near-shore (such as sud)lmad on the
degree of peakedness and skewness of the waves in the sejfetc. The
characteristic shallow-water wave period may becomelam@lhich is mostly
the case), but due to e.g. surf beats and or refraction shais this is not
always so.

The use of wave height and wave period parameters assetisedcst of the
structure is also normal practice when evaluating conditigite shallow
foreshores. This approach is logical from physics point of viewit has also a
disadvantage: an advanced spectral wave propagation modeb&&WAN) is
needed to calculate the local spectral wave parameterapproximation using
linear wave theory is only partly solving this probleime shallow-water wave
height may be approximated rather well, but this does noty dppthe wave
period. The deep-water value of a wave period measurg, (pes@n or mean
energy period) is not necessarily the same as ite valshallow water at the toe
of the structure. The degree of deviation depends on thatisit, which is
shown here with two examples. Comparing results of overtoppidgstability
calculations with those of other methods that are basedeep-water wave
period parameters, may lead to incorrect conclusions.



Example 1

A typical example of the decay of a wave energy specfaman estuary
with offshore shoals is given in Figure 3. Use has besterof the spectral wave
propagation model SWAN. Station 1 is offshore the Dutch caraststation 8 is
near-shore — in the Haringvliet estuary (see Figure 3@a@. deep-water peak
period is 6-7 sff, = 0.15 Hz) and the near-shore value in stationTd is4 s (see
Figure 3b). A similar trend can be observed for the (spcinean energy
period, T 1.0
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Figure 3a. Situation and location of wave gauges fr ~ om offshore (Station 1) to inshore
(Station 8) at the Haringvliet estuary, the Netherla  nds (courtesy WL |Delft Hydraulics)
From this prototype situation it is clear that the desi should make
judicious use of the results of the model, when assessingléheant values of
the fictitious wave steepness,, and the related surf-similarity parametéy,,
The correct value of the fictitious wave steepnessaitiost 8 (withHs = 1.0 m)
is: sp 01.0/(1.564% 00.04. In the case of incorrectly usibg (0 1.56:6%), the

result would bes,, 10.02; and the relative error in tdgvalue would be 40%.
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Figure 3b. Wave energy density spectra for station 1 - offshore (see Figure 3a),
station 5 — near-shore at leeside of a shoal and st ation 8 — inshore (courtesy

WL |Delft Hydraulics)

Example 2
This example refers to a coastline with a relatively steegshore. Figure 4a

shows the cross sectional profile. For this profile aéststhave been done in a
physical model (scale 1:45). However, in this case theéhdepar the wave
board is (on prototype scale) 27 m, so it is not realgpde
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Figure 4a: Profile of Example 2



The real deep-water wave boundary condition is charactdrised,= 5.75
m andT, = 8.8 s. Computations showed that the wave height atXhen depth
contour should be 5.31 m, while at that point the period is tafjeal ¢o the
deep-water wave period. A Jonswap spectrum is used. phrsical model the
spectrum is measured directly in front of the structure (aftemoving the
reflection from the data). This spectrum is given in Fegtul.
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Figure 4c: Variation of the “steepnesses” as functi on of

Figure 4b: Wave height  the distance from the coastline
Hmo and Hay as function

of the distance from the
coastline

In Figure 4b the variation of the wave height as functiothefdistance is
given; as can be expected the wave height decreases.ofisequence also the
fictitious steepness changes, and it is certainly natrestant value as can be
seen in Figure 4c.

For this specific case the following ratios at the db¢éhe breakwater can be
calculated from the measured wave spectrum:

s T/Two 1.08

d Tm.]_,oleo 106

d Tp/Tm-l,O 102

These values should certainly not be considered as “univer$ay. are not
even constant for the whole coastal profile. So, onetdhva®nclude that for a
proper design of a coastal structure along a “non-standaaitline, the local
wave spectrum is needed. This can be determined eitheravétiectral wave
model or with physical model tests. For a number of equsitime needs to use
the H,, instead of theHs. Also for the relatiorH,./Hs one cannot use a fixed
value (see Figure 4b). But one should also realise thatioftte same equation



a fictitious steepness is used. This fictitious steephas to be calculated with
the localHs and not théH g,

Shallow water spectrum
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Figure 4d: Wave energy spectrum near the breakwater

CONCLUSIONS AND RECOMMENDATIONS

The use of the wavelength,, in the expression for the fictitious wave
steepness may introduce confusion and may lead to incowactusions, in
particular for situations with shallow foreshores. tul be good practise to
only make use of dictitious wavelength,L; = (g/2n)T?, where T is the
characteristic wave period just in front of the structusémilarly, the use of the
expression “wave steepness” should be avoided, incpkant for shallow-water
conditions, as this gives the impression that the real wagprstesHJ/L, at the
toe is meant instead of®l/(gT?).



Recommendations for researchers:

¢ Make those methods user-friendly that contain both wakenpeters to
be deduced from a wave record (time series) and paranetszs
determined from the wave energy spectrum;

¢ Use the expression “fictitiousave steepness” when this is meant and
define this as HJ/(gT?) instead oHy/L,, in order to prevent confusion;

¢ Do not compare (results of) methods applicable to deep-saelitions
with those developed for shallow-water conditions; it mpegyof to be
dangerous to compare apples and oranges.

Recommendations for users and researchers:
e Use the local wave period when defining the fictitious wsteepness;
¢ Use ¥ as the notation for the fictitious wave steepnesgawspf &, in
order to avoid ambiguities and possible mistakes.
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