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The analysis of wave records originated by phys@allation experiments in wave flumes or tanks fbeydone considering suitable
wave parameters, either using spectral or timeyaisaimethods. The first type of analysis was maagiable in the SAM application,
Capitdo (2002), an integrated software packagehigmbeen in use at LNEC for some years now. Hovavéme analysis method was
lacking in this software package. This paper dbssrihe implementation of this time analysis metfatigtct method) into the existing
SAM software, and the testing procedures to vehft it performs as intended. In order to test the of analysis and to compare it
with the spectral analysis, a number of numerical physical tests were performed using SAM and sewflume. A comparison
between time-domain and frequency-domain methodsth& main result obtained with this work. The carmgons made use of the
parameters wave height, mean wave period and signifwave period, obtained with both methods.
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1. Introduction

The analysis of wave records originated by eithemerically simulated wave records, nature wave ndscmr
physical simulation experiments in wave flumes amks is a common task in coastal engineering stualiel in
hydraulic laboratories. The wave records may bearigally simulated to feed some wave model, measur@ature
in measurement campaigns or from a physical exgerintike a wave flume or tank (Figure 1).

Figure 1. Numerically simulated and physically mead wave records

Several wave parameters may be calculated fromva wecord, i.e., a time series of the water surédeeation.
These parameters may be calculated using time-ciomathods (so-called time analysis methods) oruiaqy-
domain methods (so-called spectral analysis mejhods

The aim of this paper is not describing or detgilany of these methods since these are very wellkrfor a
long time (see Carvalho, 1973). However, it mustpoénted out that the time analysis method staytditstly
defining individual waves, using a certain waveirigbn criterion, and then calculating a numberstdtistics on the
total number of waves existing in the record. Omdther hand, a completely different approach eapdsformed on
the wave record by doing a frequency analysis eftithe series. For that, the so-called spectruthefecord, which,
broadly speaking, represents the way the enerdlyeofvaves are distributed along a range of frequenmponents,
is computed. Once the spectrum of the record isdpseveral parameters may be determined fromei¢ (Soda,
1985).

Some important wave parameters normally calculatethe wave records are identified for wave heiginid for
wave periods, in particular the significant wavéghg Hs for the time analysis, or }d for the spectral analysis, the
mean wave period,zTfor the time analysis, or] for the spectral analysis, and the significant evgeriod, Ts for
the time analysis, or the peak periogfdr the spectral analysis (IAHR, 1989).

In order to validate the different methods considga number of wave records, the probability dgrfsinction
of its wave heights was analysed. According to Gdi85, the histogram of wave heights of a waveonckc
containing a small number of waves usually exhiéitather jagged shape because of the relativedyl sample size.
However, we can obtain a smoother distribution af/@ heights by assembling many wave records wihwave
heights normalized by the mean wave height andooyiing the relative frequencies of the normalined/e heights
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in the respective class-intervals. The ordinatéhefplot is the relative frequency, n/N (n is themnber of waves in
each class-interval and N is the total number ofegan the assembled wave record), divided by kesednterval of
the normalized wave height, so that the area utigerhistogram is equal to unity. In most cases Rlagleigh
distribution, given by Eq. [1] provides a good appmation to the distribution of individual waveigbts defined by

the zero up-crossing method.
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In this paper, the comparison between the histogofrthe analysed signal and the Rayleigh functicas w
quantified by computing the so-called "deviatioglven by Eq. [2], an average of squared deviatioetsveen the
relative values, taking as reference the Rayleigtridution values.

2
deviation = averagelZ(S;RRj } 2]

where,
p = probability density function of;
(H /ﬁ) = dimensionless wave height;
H = mean wave height;
s = histogram value for eacﬂh-l /ﬁ) class; and

R = Rayleigh distribution value for ea({hi /ﬁ) class.

2. Timeanalysis

The time analysis of a wave record depends mainlythe used criterion for defining what a "wave"insthe
"oscillations" observed in the sea surface recgft), The zero up-crossing, or down-crossing criteciansists in
identifying a wave based on consecutive up or dovassings of the mean level (zero) of the sea saréevation
record. Each wave is thus limited by any two oftheeros (Figure 2).
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Figure 2. Time analysis of a wave record

Here, the wave period is the time interval between successive crossimgsz whereas the wave heighis the
vertical distance from trough to crest, i.e., tifeedence between the heights of wave crests angjtrs.

3. Spectral analysis

The short term stationary irregular sea states leagescribed by a wave spectrum; that is, the pspectral density
function of the vertical sea surface displacemg(f},the Fourier transform of the autocorrelation fiime of Z(t), the
random process from which(t) is one of its many realizations. Broadly speakioge can say that the spectral
analysis is a technique to transform a given fumcfrom the time-domain to frequency domain an@-wiersa, using
the Fourier transform. Spectral parameters areutzdéd based on the moments of the spectmygiven by Eq. [3],
(Bendat and Piersol, 1986):

mn=Tf"S(f)dezN:fk"S(fk)Af 3]
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The sea surface is assumed to be stationary faratian of 20 minutes to 3 hours, so that a setnefronmental
parameters such as the significant wave helitilgf the mean periody, and the spectral peak peridg may be
computed according to Egs. [4], [5] and [6]. Hefeis the frequency at which the wave energy specthas its
maximum value.

Hopo = 4/m,  [4]
T2 = \/E (5]
m,
-1
T, = i [6]

4, SAM Software

SAM application is an integrated software packagged in National Instruments’ LabView®, which hah in use
at LNEC for some years now (Capitdo, 2002). Thiskpge contains several routines designed to deélalmimerical
and physical aspects in a laboratory environment.

However, a time analysis method was lacking in suffware package, which eventually was made plessib
the framework of a cooperation project betweenwWRaitand Brazil (Figure 3).

The objective was then to embed into the existiAlylackage a new time analysis module, MOD 6, alaith
another new module (MOD 8) for directional analysisvave records (not shown in this paper). Theetemalysis
panel, shown in figure 3(b), is the main outputhe$ work. Similarly as in the spectral analysigufe 3(a), one can
see the wave record on the top and, at the bodomge wave parameters calculated from the definagsvan that
wave record, according to some wave criterionhitime analysis module, one has to consider sevarnables that
might modify the wave parameters, such as i) tlieeran used for the definition of zeros (up-crossi down-
crossing) and the number of points defining thas®g, below and above the mean level (2 pointsmoidts in this
work); ii) the way the mean level is calculatedgeaged or by applying a polynomial function) anjthe method
used to calculate other minor parameters sudh,as

5. Tests

In order to test the methods, a number of numesndl physical tests were performed using SAM andiee flume.
The tests included different types of target wauesth regular waves and irregular waves. Therefdiéerent
combinations oH and T were used for both the numerical simulations doché simulations. A total of 36 wave
records were numerically simulated (18 regular Bdéregular), 15 regular wave records were sinegan the flume
(not shown in this paper) and a more 27 irregulavevrecords were simulated in another flume. Ferrtbimerical
simulations, prototype values were used, wheraaiiuime simulations model values were considered.

Table 1 shows the parameters used in the compaistwreen target values (labeled “Target”) and olethitime
and spectral values (labeled “Time” and “Spectrad$pectively).

Table 1. Parameters used in the comparison

COMPARISON Target Time Spectral
Significant wave height Hst Hs Hio
Mean wave period Tzt T Toz
Significant/peak wave period Tiat Ty T,

The comparisons were made between target wave thegghwave periods (subscript and corresponding
(comparable) parameters as obtained from speatedysis Hyo, Too and Tp) and time analysisHs, T, and Ty3).
Results on time analysis are calculated for therdomssing-4 pt criterion.

One should note that the last paramet@gsd@r spectral analysis anf; for time analysis) are not comparable,
but they were the best approximation for this tghecomparison one achieved. However a comparisothese
parameters may give an indication of the genenaeagent between them.
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Figure 3. (a) Spectral and (b) time analysis malofeSAM software

5.1 Numerically simulated regular waves

One started with regular waves numerically simalaiRegular waves propagate with permanent fornh eanstant
height and period. These characteristics were ddwising the numerical simulation module of SAMwafe.
As expected (see Figure 4), a total agreement leeivagget height and period waves was obtained farmber

of different conditionsHs ranging from 0.5 m to 8.0 nT; ranging from 5 to 15 s). The differences in abesare
negligible.



Proceedings on the Third International Conference on the Application of Physical Modelling to Port and Coastal Protection

9.0
8.0 = HS-t =HS = Hmo
7.0
=E> 6.0
T 5.0
@ 4.0
T 3.0
2.0
1.0
0.0
& G 3 & &
& & F T
‘90 ‘90 ‘9& Q« 0& Q&Q Q QQ
7/ 7/ 7/ 7/ 7 7 7 7/ 7/
ST ST TR
16.0
14.0
12.0
o~ 100
e
80
N
-
6.0
4.0
2.0
0.0
% BB B B B B B BB B B R B E B BB
T W W B B W T T T W T T T W T T T T
Ldudggudooggodoogmﬁodgﬂoéo'ﬂ
EI E| |_I |_I EI EI |_I '_I EI EI '_I ":I EI '_I |_I EI ":'I '_I
888 3 3323838838383 838
r r r r r r r r r r T T T T T T T T
16.0
14.0
12.0
&10.0
@ 80
g
6.0
4.0
2.0
0.0
X BB B B B E R BB B EREBE R BB
T g T T TV T T T T Y T T T T T T T T
mmwmwmmwmmgmwaﬁwouﬁﬁ
EI E| EI EI EI EI EI EI EI EI '_I ":I EI '_I |_I EI ":'I '_I
888 3323838883838 8838
rI r r r r r r r r r T I T T T I T T
Time analysis comparison Spectral analysis comparison

average diff. (%)

Figure 4. Comparisons for numerically simulatecutagwaves

5.2 Numerically simulated irregular waves

Now the records were numerically simulated as doimg irregular waves using the numerical simulatioodule of
SAM software again. A JONSWAP spectrum was useth Avi 3.3, using the same values of height and persad a
previous section. Here non-negligible differences/rhe observed, which are higher for higher wavghte and for
higher periods (Figure 5).
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Figure 5. Comparisons for numerically simulateddular waves

Concerning the heights, small discrepancies atbeobrder of 0.3 to 0.4 m, when the heights ar8 of (about
5% difference). For target wave heights less th@m®, the agreement is almost total. For higheglitsi the spectral

method (darker plot) seems to better agree withatget heights (lighter plot).
Concerning the mean wave periods, both methodsresiitmate the target wave periods and this is wiorst

higher periods. For the peak/significant wave msjahe agreement is better than for the mean grathough
there is a somewhat uniform underestimation oftithe analysis method relative to the target peakengeriod. This
is due to the fact thdty; (time analysis) and, (spectral analysis) are not completely comparable.

5.3 Physical flume smulations of irregular waves

A number of irregular wave records coming from pbassimulations were also considered. Here, th&CN COI1

experimental wave flume was used. The wave recoodgng from wave gage n° 3 (see Figure 6) were usdis

study. The results of the comparison are presentédgure 7, where “m_all” is the complete (conceted) set of
wave records coming from the wave flume.
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One observes in Figure 7 that the target valuebdtn the wave heights and wave periods are géndrgher
(about 15%) than computed values for both analysih,the spectral method giving slightly betteregment with
target values (about 14%). These differences aralynaxplained by the fact that, for such a longnile, there is
always some loss of energy in the walls. Also,altth an AWASYS active absorption system is usefieated
waves still exist in the flume, which may adversatfect the results.

Concerning the comparison of mean periodsT,), one observes that some wave records (*_T094 ahtlO6)
produce very low spectral parameters. The sameemasgpthe time analysis is used although in aelesgtent. These
odd values appear mainly in the mean period valugisthe peak/significant period values still sufiom this same
behaviour, although not so acutely. For this conspar the spectral method is about 28.5 % off (lowadues) the
target values, whereas the time analysis methalast 15.0 % off (higher values).

6. Discussion

Numerical comparison tests with regular waves shtwvexactness of the methods. For irregular wabesresults
show some small discrepancies due to the way tlvesvare defined.

In the flume irregular waves, one observes smaliéuwes than target for both analyses, with the tspeanalysis
method giving slightly better agreement with targgues. These differences are mainly explainethbyact that the
real obtained waves in the flume are smaller thartarget ones, and therefore the observed diffeseare not totally
justified by the analyses. Actually, for such additume, there is always some loss of energy invthads. Also,
although an active absorption system is used,ateffewaves still exist in the flume, which may adety affect the
results. Finally, the significant/peak period com@ans give good agreements, with the spectralyaiamethod
giving better values, as some wave records givepewed values for the time analysis method. Anyvegart from
6 records, the significant/peak period compariggime a quite good agreement. The spectral methoté&ly more
accurate (2.8% diff. only) than the time analysitimod (10.2% diff. only).

Observed differences may indicate that some ofagsumptions made for the comparison analyses dre
correct. In particular, the wave heights may ndofe the assumed Rayleigh distribution. In ordemteestigate it, the
complete set of wave records coming from the wéwmd (“m_all” in Figure 7) was considered and theyRigh
distribution was fitted to the set. Figure 8 shdhis comparison representir(gl / ﬁ) from Eq. [1] with the symbol
(H/Hmed).
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Figure 8. Comparison of the dimensionless histogsamave heights (signal) with Rayleigh distributivalues (Rayleigh).

The computed value for the deviation between samalees and values obtained from Rayleigh distidimst
(Eq. [2]) is 0.106, which confirms the good agreatr@bserved in Figure 8.

no
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7. Conclusions

Globally, the results show that both methods predgagite similar values for the wave height paransetalthough
significant differences are likely to occur for tivave periods, mainly if high target values aregénuAlso globally,
the spectral analysis method is better to estirhiatéusually a slight underestimation exists) and tthee analysis
method is better for mean periods. For the peatifiggnt periods spectral analysis method seemgite better
results also. The time analysis method is moreitbemdo records where very small oscillations dwur. In these
cases, some odd low values are computed. By chaitiggrwave definition criterion, these may charigaiicantly.

Both methods are now available in SAM. This enables to quickly and effectively produce results osaally
deems necessary for the everyday tests of a hycsdaboratory in an interactive and friendly way.
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