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ABSTRACT

During the generation of any wave in the tank wergkevant primary wave component
along with bounded wave components if the inciqanmhary wave has more than one
frequency. Inevitably we also get interacted wawemgonents, natural frequency
components of the tank and other free waves. Birgport the natural frequency energy
components in the OEB were investigated using séeases of mono- and bi-chromatic
waves in the tank. These natural frequency compgenersre compared with the total
energy and bounded wave energy measured in the Taekreason of this investigation
is to understand the extent of the natural frequesrergy components of the tank of
different modes in the measured wave data and taklsalamping rate of the residual
surface undulation components in the tank with tiResults are showfor both mono-
and bi-chromatic waves. It is found that the prigndrequency components are
interacting with each other in different forms amedve energies are transferred to the
interacted frequency bands. Also from the datajobeerved that the natural frequency
components for both longitudinal and transverseadtions of the tank were too small
compare to the primary wave components at lea$igiitases that we considered here.

1. INTRODUCTION

We need to generate correct wave in the wave tankgany model test. So it is very
important to know every wave component availabléhie wave tank before starting a
“run” in the tank in any model test. We need to enstand the characteristics and
magnitude of the residual surface undulations éntéimk over time after the wave making
is terminated. This information will help the watesk (OEB) users to reduce or increase
the waiting-time in between consecutive “runs” ive tvave tank. The model test results
would be jeopardized due to the presence of thgelamplitude residual surface
undulations. So we have to be sure that the avaikrface undulation is small enough
not to contaminate the next “run”. When we genevaee in the tank we obtain primary
wave components, bounded waves, interacted waveauents, unwanted free wave
components (Zaman et al, 2011) and some contributfonatural frequency energy
components of the wave tank. Interactions of theen@mponents are numerous but not
necessarily as important due to their small amgdéitu Low frequency bounded waves
are obtained for frequency differences. Tank natinemuency energy components are
obtained from the data measured after the wavengakas stopped. We measured data
for 20 minutes where the wave making was ended fft¢ 3 minutes. The reason is to
observe the residual surface undulations in diffetene segments over last or extra 17
minutes of measuring time and also to identify nhéural frequency energy components
of the tank. Several mono- and bi-chromatic waveswested over three different water
depths (O, 0.5mand 0.6n) in this experiment.

2. EXPERIMENTS

The Offshore Engineering Basin (OEB) is a worldssl8D wave tank in the National
Research Council, St. John’s Canada where the iexgrerwas carried out. The top view
of the basin is shown in Fig.1. The OEB is 75m len§2m wide and 56 independently
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controlled segmented wave generators installednenwest wall generated the waves.
Each segmented wave generator is 2m high and 0iflm Wassive absorbers, made of
expanded metal sheets with varying porosities @ading, are installed on the east wall.
The water depths for the experiments were 0.4nm @ad 0.6m.

2.1 Experimental setup

During the experiment, 14 wave probes installedslaswn in Fig.1 and Table-1
measured the location of the wave probes througti@ubasin. All the wave probes are
capacitance type. All the data was acquired usiDg\G (GEDAP Data Acquisition and
Control) client-server acquisition system, devetbpey National Research Council
Canada. The bottom of the basin was flat and thekohg plates were deployed to cover
the north beach.

10.744m _

South wall

Fig.1: Top view of the experimental setup in the OEB

Photo 1: Setup of 14 wave probes in the OEB
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Table 1 Location of the wave probe in the OEB

Number of probe Distance from the east wavBistance from the
paddle(m) south wall ()
1 26.891 13.475
2 27.221 13.475
3 27.731 13.475
4 27.731 12.955
5 27.731 12.635
6 27.731 14.825
7 27.731 18.365
8 29.081 13.475
9 32.621 13.475
10 41.621 13.475
11 2.0 12.635
12 2.0 13.475
13 2.0 18.365
14 10.744 13.475

2.2 Natural frequency componentsin a closed basin

The OEB is a rectangular basin with significamigh (= 72n), width (= 26n) and
depth (= 8). The natural periods and frequencies can be attonusing following
equations (Mei, 1999):

1

e o] e e

fon = — ®)

nm

whereT, andf,, are natural period and frequenby= 3m) is the deptha (= 72m) is the
length andb (= 26m) is the width of the basin.

We can compute the transverse and longitudinal ncodgonents as follows:

Transverse Ist mode component is

1
Ty=—=
0

. n=0 andm=1 (3)
1

2
——[b
Jgh
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Longitudinal Ist mode component is

:ica ; n=1andm=0 (4)

1
f10 \/E

Ty =

Transverse 2nd mode component is

-2 P © n=0 andm= 2 (5)

1
fo Joh 2

Longitudinal 2nd mode component is

Tox =

T20=—=—Bé : n=2andm=0 (6)

fa0 @2

Transverse 3rd mode component is

=—£ ; n=0 andm=3 (7)

1
foo o 3

Longitudinal 3rd mode component is

Tos =

-2 p - n=3 andm=0 (8)

1
fo Joh 3

The transverse and longitudinal natural frequerymonents for different modes can be
computed using Egs. 3 to 8:

T =

To = fi =9578 T, = fi =4.78% Tos = . 3.192 [Transverse] (9)
01 02 03

To=-— =265  T,=_—=13263  T,=- =884 [Longitudinall (10)
10 20 30

2.3 Methodology, scope and limitations

This paper reports the first phase of the projecidentify and quantify the natural
frequency components in the OEB. The first phasémged to the investigation of
monochromatic and bichromatic waves. Irregular gaaee planned for next phase.
Wave splitting described Mansard et al. (1987) Zadhan et al. (2010, 2011) was used
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to separate the different wave components — primaye(s), bounded wave(s) and free
wave(s). Natural frequency components in the lamntyital and transverse directions were
identified using Equations 9 to 14. The amplitudéghe different components were
estimated using spectral analysis. For typical lsggand bichromatic wave tests, our
clients are interested in the 5-10 repeat cycles, zero-crossing analysis, spectral
analysis, response amplitude operator analysidewhinimizing wave reflection. Thus,
3 minutes is adequate time to allow for 10s rampewanescent wave component, 5-10
repeat cycles and 10s ramp down. As an example amesee Case-2, the longest
monochromatic wave that we have used here wiedel05s. In 3 minutes, we have 43
cycles.Af=0.0055Hz.

3. EXPERIMENTAL CONDITIONS

In the experiments both mono- and bi-chromatic wavkevarying wave periods, wave
heights and water depths were used. Table 2 shiffi@sedt incident wave conditions for
bi-chromatic waves that we used in the experimedtsthe other hand, Table 3 shows
different conditions for mono-chromatic incidentwea. In the tables beloWw, T, andT
are wave periodg$ is the wave heights ariis the still water depth.

Table 2 shows incident wave conditions for bi-chaticmwave

Water depth | Wave period| Wave period] Wave height
Cases h (m) T1 (S) T, (s) H (m)
Case-1 0.4m 1.55s 1.45s 0.06m
Case-2 0.4m 2.22s 2.00s 0.06m
Case-3 0.5m 1.55s 1.45s 0.06m
Case-4 0.5m 2.22s 2.00s 0.06m
Case-5 0.6m 1.55s 1.45s 0.06m
Case-6 0.6m 2.22s 2.00s 0.06m

Table 3 shows incident wave conditions for monoofatic waves

The bottom of the basin was flat and the blankilaggs were deployed to cover the north

beach.

Water depth | Wave period| Wave height
Cases h (m) T(S) H (m)
Case-7 0.4m 2.145 0.08m
Case-8 0.4m 4.105 0.08m
Case-9 0.5m 1.977 0.08m
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4. DATA ANALYSES

We used the igor6 software routines to analyzeotitained experimental data. We have
analyzed two sets of data, one for bi-chromatid(@®2) waves and the other one is for
mono-chromatic waves (Table 3).

All the data are analyzed and the results are shiowegrms of surface elevations and
interacted wave components. Comparisons of thegoyinvave energies with bounded
and natural frequency energy components along emmgsthe wave tank at Probes 12-1-
2-3-8 (P-12, P-1, P-2, P-3, P-8) and at ProbesAGB-6, P-3, P-4) are also shown, see
Fig.1.

4.1 COMPARISONS-1: Bi-chromatic waves

In this typical comparison six cases have beemsidered. Table 2 summarizes the bi-
chromaticincident waves that we considered in this papeblerd, 5, 6, 7, 8 and 9 show
the comparisons of the total energy (TE), boundexvevenergy (BE) and natural
frequency energy (NE) components (includes f01, fap, 20, fO3 and f30) at probes P-
1, P-2, P-3, P-4, P-6, P-8 and P-12. The compai$®rbounded waves energy/total
energy*100 or, natural frequency energy/ total gpérl00] are done with respect to the
total energy at each probe location. The tablesvsiesults obtained from all 20 minutes
experimental data. P-12 was located justa®vay from the face of the wave maker.

Table 4 Comparisons of bounded wave, natural fnrecpand total energy for Case-1

Probe NE/TE*100%
jocatio] & [BE/TE100% 7 | f10
Longitudinal probes
P-12 | 0.00008p 0.48117% | 0.026559 0.05317%
P-1 |0.00010f 1.02105% | 0.033389 0.01198%
P-2 |0.000098 1.19002% | 0.034519 0.01070%
P-3 | 0.000079 2.23456% | 0.037109 0.01364%
P-8 | 0.00007p 2.49807% | 0.027869 0.01231%
Transverse probes
P-4 |0.00007¢6 2.13836% | 0.041039 0.02480%
P-3 |0.000079 2.23456% | 0.037109 0.01364%
P-6 | 0.00007¢ 2.17022% | 0.037469 0.03795%
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Table 5 Comparisons of bounded wave, natural fnecpand total energy for Case-2

Probe
location

TE

BE/TE

NE/TE*100%

*100%

fo1

f10

f20

30

Longitudinal

probes

P-12

1.00E-0

11.06917%

0.01783%

0.02440%

0.01190%

0.056489

P-1

9.31E-0

b1.23413%

0.02866%

0.00743%

0.00805%

0.12175%

P-2

8.57E-0

b1.57034%

0.03072%

0.00591%

0.00897%

0.13851%

P-3

8.07E-0

p2.04555%

0.02694%

0.01144%

0.01113%

0.136129

P-8

1.08E-01

12.413949%

0.01806%

0.00845%

0.01136%

0.09030%

Transverse

probes

P-4

8.72E-0

p1.92386%

0.03129%

0.02386%

0.01562%

0.141719

P-3

8.07E-0

b2.04555%

0.02694%

0.01144%

0.01113%

0.13612%

P-6

7.10E-0

b2.27652%

0.03484%

0.03246%

0.00915%

0.15946%

From the comparisons it is observed that boundadevenergy is just 0.5% to 2.5%
compare to the primary waves of different casesidaned here. On the other hand, the
energies of different natural frequency componerts 0.01% to 0.15% compare to
generated primary waves. In all cases it is alseoked that the natural frequency energy
components in the transverse direction are obtaimeepligible for higher
modeg fy, = fy; =....=0). We did not show those values when the naturajuacy

components are exceptionally small.

Table 6 Comparisons of bounded wave, natural frecpand total energy for Case-3

Probe 1000/ NE/TE*100%
locatioj E |BE/TE100% 10 20
Longitudinal probes
P12 | 1.47E-04 0.16246% 0.07720%0.03273%
P1 | 1.49E-04 0.76671% 0.01700%0.02036%
P2 1.48E-04 0.98104% 0.01279%| 0.01878%
P3 | 9.70E-0% 1.69553% 0.02069%0.03945%
P8 | 8.68E-0% 1.77684% 0.01899%0.06007%
Transverse probes
P4 | 1.05E-04 1.55102% 0.01671%0.04152%
P3 | 9.70E-0% 1.69553% 0.02069%0.03945%
P6 | 9.63E-0% 1.40465% 0.02893‘*)0.03962%
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Table 7 Comparisons of bounded wave, natural frecuand total energy for Case-4

Probe 10/ NE/TE*100%
locatior TE BE/TE*100% f01 f10 20
Longitudinal probes
P12 | 1.48E-04 0.65984% | 0.07571% [ 0.03183%
P1 |1.47E-04 1.64787% 0.12764°}p 0.01757%
P2 | 1.52E-04 1.56269% | 0.11487% [ 0.01347%
P3 | 1.40E-04 1.55534% 0.11027% 0.02271%
P8 |1.52E-04 1.68559% [ 0.08304% | 0.02667%
Transverse probes
P4 |1.49E-04 1.41643% | 0.10241% | 0.02193%
P3 | 1.40E-04 1.55534% 0.11027% 0.02271%
P6 |1.17E-04 1.68081% 0.11471% 0.02671%

Table 8 Comparisons of bounded wave, natural fnrecpand total energy for Case-5

Probe 1000/ NE/TE*100%
jocatio] & [BETEL00%E—15 720
Longitudinal probes
P12 | 1.09E-04 0.02604% 0.07159%0.01148%
P1 | 9.23E-0% 0.44812% 0.01821%0.00657%
P2 | 8.77E-0% 0.38763% 0.01689%0.00514%
P3 | 1.09E-04 0.30642% 0.01204%0.00742%
P8 | 1.05E-04 0.28397% 0.00949%0.01004%
Transverse probes
P4 | 9.58E-0% 0.30787% 0.01429%0.00956%
P3 | 1.09E-04 0.30642% 0.01204%0.00742%
P6 | 9.92E-0% 0.31892% 0.01825%0.00712%
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Table 9 Comparisons of bounded wave, natural fnecpand total energy for Case-6

Probe TE NE/TE*100%
locatior BE/TE*100% fO1 10 20
Longitudinal probes
P12 | 1.05E-04 0.80368% | 0.01422%0.06418%| 0.01197%
P1 | 1.05E-04 2.27455% | 0.01573%0.01232% 0.00620%
P2 | 9.65E-0% 2.09494% | 0.01416%0.01279%]| 0.00613%
P3 | 1.07E-04 2.15163% | 0.01443%0.01130%]| 0.00762%
P8 |1.11E-04 1.65550% | 0.00885%0.00892%] 0.01014%
Transverse probes
P4 | 1.09E-04 1.87963% | 0.01088%0.01099%] 0.00946%
P3 | 1.07E-04 2.15163% | 0.01443%0.01130%]| 0.00762%
P6 | 9.35E-0% 2.24964% | 0.01470%0.01620%] 0.00945%

4.2 COMPARISONS-2;: Mono-chromatic waves

In this typical comparison six cases have beersidened. Table 3 summarizes the
incident wave parameters for mono-chromatic wave.
Tables 10, 11 and 12 show the comparisons of Hdn@guency components and total
energy components at probes P-1, P-2, P-3, P-4,AR&and P-12. The comparisons
[natural frequency energy/ total energy*100] is elamth respect to the total energy at
each probe location. In this case also naturaluaqy energy components are found
very small compare to primary wave energies.

Table 10 Comparisons of natural frequency and tatalgy for Case-7

Probe TE NE/TE*100%
location fo1] 0 | f0 | 30
Longitudinal probes
P12 8.00E-05 0.08939% 0.0494B313059
P1 5.16E-05 0.02293% 0.06720434389
P2 6.14E-05 0.02390% 0.0639P9429999
P3 7.90E-05 0.01629% 0.0441P9419959
P8 6.80E-05 0.01743% 0.0741p84)19569
Transverse probes
P4 9.01E-05 0.02388% 0.0460p3424359
P3 7.90E-05 0.01629% 0.0441P3419959
P6 7.45E-05 0.03369% 0.0579594)24059
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Table 11 Comparisons of Natural frequency and &nakgy for Case-8
Probe NE/TE*100%
jocation| 1" fo1 f10 f20 f30
Longitudinal probes
P12 |7.91E-0b 0.06373%0.03103%40.012069
P1 |1.01E-Of 0.01190%0.01952%0.013289
P2 | 1.06E-Of 0.01047%0.01961%0.012809
P3 | 1.04E-Of 0.01029%0.01964%0.011359
P8 | 1.48E-Of 0.00624%0.01653%0.006639
Transverse probes
P4 | 1.02E-Of 0.01117%0.02183%0.013519
P3 | 1.04E-Of 0.01029%0.01964%0.011359
P6 | 1.02E-Of 0.02265%0.02897%0.013409
Table 12 Comparisons of Natural frequency and tertakgy for Case-9
Probe NE/TE*100%
ocatio] = [Tor f10 f20
Longitudinal probes
P12 | 9.35E-01 0.11631940.025869
P1 | 6.11E-05 0.02562940.003229
P2 | 6.96E-05 0.01933940.028529
P3 | 8.03E-05 0.01471940.027059
Transverse probes
P4 | 9.40E-05 0.01836940.023919
P3 | 8.03E-05 0.01471940.027059
P6 | 8.08E-05 0.03700940.031819
5.RESULTS

In this experiment 3 different water depths=@.4m, 0.5m and 0.6n) were used.
Results of 3 different depths are shown and desgtitere. The incident wave parameters
are shown in Table 2 and Table 3 for bi- and mdm@matic waves, respectively. From
the measured data, we can find out the relationbleigveen the primary frequency
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components and interacted frequency componentsndtueal frequency components are
found very small.

5.1 Bi-chromatic waves

In Table-2, Case-2 represents the shallowestentidiave condition for bi-chromatic
waves. We have chosen this case to comprehend dkie propagation and damping
duration with the existing tank/beach conditioreathe wave making is terminated. Figs.
2a to 13h show the surface elevations for diffeprnpagation time segments (0s2Q0-
11.33%, 15-16.33 and 18.67-28: each segment has 4096 data) and their corresmpnd
energy spectra for Case-2 at probes P-1, P-2 P43 P-5, P-6, P-7, P-8, P-9, P-10, P-12
and P-14. It is observed in the results that te&lual surface undulations are dumped out
over time naturally. It is also perceived that imihutes after the wave making stopped,
the surface undulation becomes negligibly smél{1p™*) compare to the generated
primary frequencies]. Se®ppendix-I for figures.

Figs. 14a to 19d show amplitude spectra of theemt primary wave frequencies,
different interacted frequency componentgfg, f1+2f,, 2f1+2f, ....) and wave tank’s
natural frequency components( fio, foz,....) and are normalized by the incident wave
heightH. Figs. 14a to 19d show results for Case-2 at mrébé2, P-1, P-2, P-3 and P-8
along the longitudinal direction in the tank foffeient time segments (0-2010-11.33,
15-16.33 and 18.67-2€§). Appendix-11 shows these figures.

Figs. 20a to 20h show comparisons of the wavege®eiamong Case-1, Case-3 and
Case-5. In these three different cases wave peandsvave height remain constant but
water depth varie€0.4m, 0.5m and 0.6n). The results are shown along the longitudinal
probes P-12 P-1 P-2 P-3 P-8 and along the tramsyeobes P-4 P-3 P-6. Fig. 20a
shows the comparisons between the Total Energy #éhE)Bounded Energy (BE) among
above three cases along the longitudinal direaticthe tank. On the other hand, Fig. 20b
shows similar comparisons along the transversectthre Figs. 20c and 20d show the
comparisons among the BE of waves and natural émcuenergy components (NE) in
the longitudinal and transverse directions for Chs€igs. 20e and 20f show similar
comparisons among the BE and NE in the longitudarad transverse directions for
Case-3. Figs. 20g and 20h show similar comparisen€ase-5. Figs. 21a to 21h show
similar comparisons as described above but for -Qasas-4 and Case-6. In these cases
also a different set of constant wave period andewseight is used over varying water
depths. Figs. 22a to 22r show similar comparisdrenergies between Case-1 and Case-
2, Case-3 and Case-4 and, Case-5 and Case-6. Ibenalyserved from the Figs. 20a to
21h that BE i90(10“) compare to TE and NE 3(10°) compare to BE. That is the NE
in the OEB is exceptionally small to be account&daft least for the cases we considered
here. Table 4 to Table 9 show the energies of rdiffie undulations in the OEB for
different incident wave conditions mentioned in BaB. Appendix-111 illustrates all
figures.

5.2 Mono-chromatic waves
In Table-3, Case-8 represents the shallowest ncbmamatic wave. This case is
adopted to analyze and understand the wave prapagatid required damping time after
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the wave making is ended in the tank. Figs. 2384joshow the surface elevations for
different propagation time segments (G28-9.33%, 10-11.33, 15-16.33 and 18.67-2§)
and their corresponding energy spectra for Caséi8.results are shown at probes P-1,
P-2, P-3, P-4, P-5, P-6, P-7, P-8, P-9, P-10, R+kP P-14 Appendix-1V demonstrates
above figures.

Figs. 35a to 39d show amplitude spectra of thedemt frequencies, different
interacted frequency components 2 3f, ....) and wave tank’s natural frequency
componentsfg, fio, foz,....) and are normalized by the incident wave helghFigures
show results for Case-8 at probes P-12_P-1_P-2PP8&long the longitudinal direction
of the tank for different time segments (0s2Q0-11.33, 15-16.33 and 18.67-2¢).
Appendix-V shows these figures.

Figs. 40a to 43d show comparisons of the wavegggeamong cases, Case-7, Case-8
and Case-9. Here Case-7 and Case-8 have similar @epth and similar wave height
but different waver periodsT€2.14% and T=4.10%). The results are shown along
longitudinal probes P-12_P-1 P-2 P-3 P-8and albaegransverse probes P-4 _P-3 P-6.
Fig. 40a shows the comparisons between the Totatgyn(TE) and Bounded Energy
(BE) among above three cases along the longitudimattion of the tank. On the other
hand, Fig. 40b shows similar comparisons alongrdmesverse direction. Fig. 40c shows
the comparisons among measured natural frequeraergyeicomponents of the OEB for
Case-7, Case-8 and Case-9 at wave probes P-12 -B-P-B P-8. On the other hand,
Fig. 40d describes the comparisons among measueddrah frequency energy
components of the OEB for Case-7, Case-8 and CasevQve probes P-4_P-3_P-6.

Fig. 41a shows measured total wave energy (TE)namgral frequency energy (NE)
components of the OEB for Case-7 at wave probe? PP-1I_P-2_P-3_P-8. On the other
hand, Fig. 41b shows the measured total wave er@kgyand natural frequency energy
(NE) components of the OEB for Case-7 at wave maébd P-3 P-6. Figs. 41c and 41d
describe only the measured natural frequency ermmponents of the OEB for Case-7
at wave probes P-12_P-1 P-2 P-3 P-8 and P-4_P-3IeBgctively.

Figs. 42a to 42d show similar comparisons as al@mv€ase-8 and Figs. 43a to 43d
show comparisons for Case-9.

It may be observed from the Figs. 40a to 43d Kais O(10“) compare to TE. So to
speak the NE in the OEB is exceptionally smallecalscounted for at least for the cases
we considered here. Table 10 to Table 12 show tieegees of different undulations in
the OEB for different incident wave conditions mened in Table 3Appendix-VI
displays all these figures.

6. CONCLUSIONS

Several cases of measured wave data in the OEBdaop- and bi-chromatic shallow
water waves are analyzed. For bi-chromatic waves found that the primary frequency
components are interacting with each other in obffe forms. From both the mono- and
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bi-chromatic waves, we have observed that the akaftequency components are very
small regardless of varying incident wave condgiom the analyses Case42=0.4m,
H=0.06m, T;=2.22s andT,=2.0s] and Case-8hf0.4m, H=0.08m andT=4.105s] are
watched more closely than any other cases as tineseases are most shallow water
cases that we considered here.

It is observed that for most of the mono- and lyematic cases the residual wave
energies are 0O(10%) of the primary wave energies after 8 or 10 minutes wave
making is terminated. So the traditional waitinges, 20 minutes in between two runs is
not necessary for all cases. So NRC can save andvea@e money by accommodating
more commercial projects. According to FY2013-20h4, savings could be 190.4 hours
of OEB time with wave makers (in average of 20%haf total OEB usage, 952 hours).
In terms of money this saving has a value of $56K ®GD projects or $100K for
external client projects.

From the comparisons it is observed that boundadevenergy is just 0.5% to 2.5%
compare to the respective primary wave energy. l@ndther hand, the energies of
different natural frequency components are 0.019%0.i%b% to the generated primary
waves. It is also found that the natural frequeangrgy components in the transverse
direction are negligible compare to the longitudlcheection for higher modes. However,
the natural frequency energy components in botkections are found too small in
magnitude to be taken into account for shallow waftgves that we considered here.
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Appendix-1

Surface elevations for different time segmentdfechromatic waves and their corresponding energy
specta for Case-2.

[h=0.4m,H=0.06m,T;=2.22s and»,=2.0s]
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Fig. 2a Measured total surface elevation at P-1. Fig. 2b Energy for total set of data at P-1.
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Fig. 2c Surface elevation (10-11.33 minutes) dafxA. Fig. 2d Energy for 10-11.33 minutes da@®@ldata used) at P-1.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 2e Surface elevation (15-16.33 minutes) daih Fig. 2f Energy for 15-16.33 minutes dai@9@! data used) at P-1.
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Fig. 2g Surface elevation (18.67-20 minutes) dai & Fig. 2h Energy for 18.67-20 minutes da@®@data used) at P-1.

(Measured leftover surface undulation data whenewasking stopped after 3 minutes)
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Fig. 3a Measured total surface elevation at P-2. Fig. 3b Energy for total set of data at P-2.
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Fig. 3c Surface elevation (10-11.33 minutes) daz2. Fig. 3d Energy for 10-11.33 minutes da@®@data used) at P-2.

(Measured leftover surface undulation data whenewasking stopped after 3 minutes)
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Fig. 3e Surface elevation (15-16.33 minutes) dax2 Fig. 3f Energy for 15-16.33 minutes daf@9@! data used) at P-2.
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Fig. 3g Surface elevation (18.67-20 minutes) dai2. Fig. 3h Energy for 18.67-20 minutes dat®@data used) at P-2.

(Measured leftover surface undulation data whenewasking stopped after 3 minutes)
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Fig. 4a Measured total surface elevation at P-3. Fig. 4b Energy for total set of data at P-3.
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Fig. 4c Surface elevation (10-11.33 minutes) dafa. Fig. 4d Energy for 10-11.33 minutes da@®@ldata used) at P-3.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 4e Surface elevation (15-16.33 minutes) daxa Fig. 4f Energy for 15-16.33 minutes dai@9@! data used) at P-3.
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Fig. 4g Surface elevation (18.67-20 minutes) dai-a. Fig. 4h Energy for 18.67-20 minutes da@®@ldata used) at P-3.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 5a Measured total surface elevation at P-4. Fig. 5b Energy for total set of data at P-4.
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Fig. 5¢ Surface elevation (10-11.33 minutes) daf4 Fig. 5d Energy for 10-11.33 minutes dat@®@data used) at P-4.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 5e Surface elevation (15-16.33 minutes) dax4 Fig. 5f Energy for 15-16.33 minutes da@9@ data used) at P-4.
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Fig. 5g Surface elevation (18.67-20 minutes) dai-4 Fig. 5h Energy for 18.67-20 minutes da@®@ldata used) at P-4.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 6a Measured total surface elevation at P-5. Fig. 6b Energy for total set of data at P-5.
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Fig. 6¢ Surface elevation (10-11.33 minutes) daia. Fig. 6d Energy for 10-11.33 minutes da@®@data used) at P-5.

(Measured leftover surface undulation data whenewasking stopped after 3 minutes)
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Fig. 6e Surface elevation (15-16.33 minutes) dax% Fig. 6f Energy for 15-16.33 minutes da@9@ data used) at P-5.
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Fig. 6g Surface elevation (18.67-20 minutes) dai5a. Fig. 6h Energy for 18.67-20 minutes da®@data used) at P-5.

(Measured leftover surface undulation data whenewasking stopped after 3 minutes)
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Fig. 7a Measured total surface elevation at P-6. Fig. 7b Energy for total set of data at P-6.
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Fig. 7c Surface elevation (10-11.33 minutes) daf-a. Fig. 7d Energy for 10-11.33 minutes da@®@data used) at P-6.

(Measured leftover surface undulation data whenewaaking stopped after 3 minutes)
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Fig. 7g Surface elevation (18.67-20 minutes) dai-@&. Fig. 7h Energy for 18.67-20 minutes da@®@ldata used) at P-6.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 8c Surface elevation (10-11.33 minutes) daiza Fig. 8d Energy for 10-11.33 minutes da@®@ldata used) at P-7.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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(Measured leftover surface undulation data whenewasking stopped after 3 minutes)
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Fig. 9a Measured total surface elevation at P-8. Fig. 9b Energy for total set of data at P-8.
[h=0.4m,H=0.06m,T;=2.22s and»,=2.0s]
10" —
05
4 -
0.0 _
£ £ 77
E 05 —> £
g 24
1.0
1 -
15
T T T T | 0= | | | |
BO0 620 640 BED BB0s 0.0 0.5 10 1.5 2.0Hz
time(seconds) Frequency(Hz
Fig. 9c Surface elevation (10-11.33 minutes) dafz-&. Fig. 9d Energy for 10-11.33 minutes da@®@data used) at P-8.

(Measured leftover surface undulation data whenewaaking stopped after 3 minutes)
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Fig. 9g Surface elevation (18.67-20 minutes) dai-&. Fig. 9h Energy for 18.67-20 minutes da@®@ldata used) at P-8.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 10a Measured total surface elevation at P-9. Fig. 10b Energy for total set of data at P-9.
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Fig. 10c Surface elevation (10-11.33 minutes) dafa-9. Fig. 10d Energy for 10-11.33 minutes @4f®6 data used) at P-9.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 10e Surface elevation (15-16.33 minutes) daf9. Fig. 10f Energy for 15-16.33 minutes 496 data used) at P-9.
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(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 11a Measured total surface elevation at P-10. Fig. 11b Energy for total set of data at P-10.
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Fig. 11c Surface elevation (10-11.33 minutes) daf-10. Fig. 11d Energy for 10-11.33 minutes (4086 data used) at P-10.

(Measured leftover surface undulation data whenewaaking stopped after 3 minutes)
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Fig. 11g Surface elevation (18.67-20 minutes) dafa-10. Fig. 11h Energy for 18.67-20 minutes (4086 data used) at P-10.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 12c Surface elevation (10-11.33 minutes) dafa-12. Fig. 12d Energy for 10-11.33 minutes (4086 data used) at P-12.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)



36 OCRE-TR-2014-013 N3C-CN3C

100 10" o

200 - 4

E 0 E 3
= —> E
fromad

-200 F 24

-400 1

T T T T T 0 E— T T T |
800 920 940 96D 9803 0 2 4 B 8 10Hz
time{seconds) FreguencyiHz)
Fig. 12e Surface elevation (15-16.33 minutes) daf-12. Fig. 12f Energy for 15-16.33 minutes 4G96 data used) at P-12.
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Fig. 12g Surface elevation (18.67-20 minutes) dafa-12. Fig. 12h Energy for 18.67-20 minutes (4086 data used) at P-12.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 13c Surface elevation (10-11.33 minutes) dafa-14. Fig. 13d Energy for 10-11.33 minutes (4086 data used) at P-14.

(Measured leftover surface undulation data whenewaaking stopped after 3 minutes)
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(Measured leftover surface undulation data whenewaaking stopped after 3 minutes)
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Appendix-11

Interaction of the primary wave components and nahfvequency energy components for Case-
2.
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Fig. 15b: Probe-1: Spectrum after [10-11.320 misiatg wave making stopped

[h=0.4m,H=0.06m,T;=2.22s and»,=2.0s]



46 OCRE-TR-2014-013

NC-CN\N3C

5x10° —
4 —
53f2-53f1
p215
3 17f1-14f2
p54
o
o
&
61f1-5112
p162
2 —
17 88f2-86f1
63f2-67f1
0108 75(1-61f2 p431
269
moll|9'|  [29f2-3011] |Bf2:3M 2 8fi+2f2
o1 (B3 081 p135 |[95f1-81f2|[11f1-4f2 p377 74f2-69f1 56f1-22f2| [50f2-38f1] [3612-21f1
p188 p242 A p485 p592 p646 p700
0 T I — I A AI A I A
43f2-4711
p27 2 4 6 8
Hz

Fig. 15c: Probe-1: Spectrum after (15-16.33 minafgsvave making stopped

[h=0.4m,H=0.06m,T;=2.22s and,=2.0s]



s(f)/a2

NC-CN\N3C

OCRE-TR-2014-013 47
5x10° —
4 —]
17f1-14f2
54
3 P 61f1-51f2
p162
35f2-331
p216
2 —]
1 88f2-86f1
63f2-67f1 p431
p108
29f2-30f1 | [6f2-3f1
f10 - 81 135 - 75H-61f2 81212 74f2-69M1
Pt ggf; e - 2%2997“ p269 p377 p485 23f2-811] [3672-21f1 312
J o L I\ p647 p700 0808
0 A J I L A AI I — I
0 2 6 8 10
Hz
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Fig. 17c: Probe-2: Normalized amplitude spectrutargfLl5-16.33 minutes of) wave making stopped

[h=0.4m,H=0.06m,T;=2.22s and»,=2.0s]
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Fig. 17d: Probe-2: Normalized amplitude spectrutardfL8.67-20 minutes of) wave making stopped
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Fig. 18a: Probe-3: Normalized amplitude spectrubnmiutes wave data
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Fig. 18b: Probe-3: Normalized amplitude spectrutargfLl0-11.33 minutes of) wave making stopped
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Fig. 19a: Probe-8: Normalized amplitude spectrubnmiutes wave data

[h=0.4m,H=0.06m,T;=2.22s and»,=2.0s]
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Fig. 19b: Probe-8: Normalized amplitude spectrutargfLl0-11.33 minutes of) wave making stopped

[h=0.4m,H=0.06m,T;=2.22s and»=2.0s]
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Fig. 19d: Probe-8: Normalized amplitude spectrutardfl8.67-20 minutes of) wave making stopped
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Appendix-111

Comparisons of Total Energy (TE), Bounded Enerdy)(8nd Natural frequency Energy
components in the tank for Bi-chromatic wave cdSase-1 to Case-6).

[h=0.4m,H=0.06m,T,=1.55s and’,=1.45s] Case-1
[h=0.5m,H=0.06m,T;=1.55s and’»,=1.45s] Case-3
[h=0.6m,H=0.06m,T,=1.55s and’»,=1.45s] Case-5
[h=0.4m,H=0.06m,T;=2.22s and»,=2.0s] Case-2
[h=0.5m,H=0.06m,T,=2.22s and»,=2.0s] Case-4

[h=0.6m,H=0.06m,T;=2.22s and»=2.0s] Case-6
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[h=0.4m,H=0.06m,T;=1.55s and»=1.45s] Case-1
[h=0.5m,H=0.06m,T;=1.55s and»,=1.45s] Case-3
[h=0.6m,H=0.06m,T;=1.55s and»,=1.45s] Case-5
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Fig. 20a Measured total (TE) abdunded wave energies (BE) for Case-1, Case-3 and Case-5 at
wave probes 12-1-2-3-8.
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Fig. 20b Measured total (TEhd bounded wave energies (BE) for Case-1, 3 and 5 at
wave probes 4-3-6.
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Fig. 20c Measured bounded wave (BE) and nafteguency energy components of the OEB for
Case-1 at wave probes 12-1-2-3-8.
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Fig. 20d Measured bounded wave (BE) and natural frequency energy compbndifsdf the
OEB for Case-1 at wave probes 4-3-6.
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Fig. 20e Measured bounded wave (BE) and natural frequency energy comphgdsfsaf the

OEB for Case-3 at we probes 12-1-2-3-8.
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OEB for Case-3 at wave probes 4-3-6.

Fig. 20f Measured bounded wave (BE) and natural frequency energy compbigiags ¢f the
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Fig. 20g Measured bounded wave (BE) and natural frequency energy comphadpisdf the
OEB for Case-5 at we probes 12-1-2-3-8.
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Fig. 20h Measured bounded wave (BE) and natural frequency energy comphadpisdf the
OEB for Case-5 at wave probes 4-3-6.
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Fig. 21a Measured total (TE) abhdunded wave energies (BE) for Case-2, Case-4 and Case-6 at

wave probes 12-1-2-3-8.
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Fig. 21b Measured total (TEhd bounded wave energies (BE) for Case-2, 4 and 6 at wave

probes 4-3-6.
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Fig. 21c Measured bounded wave (BE) and natural frequency energy compfndis£, f30)
of the OEB for Case-2 atave probes 12-1-2-3-8.
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Fig. 21d Measured bounded wave (BE) and natural frequency energy comphnei s, o)

of the OEB for Case-2 at wave probes 4-3-6.
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Fig. 21e Measured bounded wave (BE) and nbttequency energy components of the OEB for
Case-4 at wave probes 12-1-2-3-8.
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Fig. 21f Measured bounded wave (BE) and nafueguency energy components of the OEB for
Case-4 at wave probes 4-3-6.
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Fig. 21g Measured bounded wave (BE) and natural frequency energy comphadpisdf the

OEB for Case-6 at we probes 12-1-2-3-8.
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Fig. 21h Measured bounded wave (BE) and natural frequency energy compfndisi) of

the OEB for Case-6 at wave probes 4-3-6.
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Fig. 22a Comparisons of measured total (&g bounded wave energies (BE) for Case-1 and

Case-2 at wave probes 12-1-2-3-8.
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Fig. 22b Comparisons of measured total (TE) and bounded wave energies (BE) for Case-1 and
Case-2 at wave probes 4-3-6.



NC-CNIC OCRE-TR-2014-013 73

= (Case-3 TE ——Case-3_BE Case-4 TE —Case-4 BE
2.0E-04
1.5E-04 _—
Nv, \
€ 1.0E-04
S \
& P-12 P-1 P-2 P-3 P-8
5.0E-05 Y Y Y Y Y
0.0E+00 ' ' ' Y ' 1
0 1 2 3 4 5 6
Probe locations

Fig. 22c Comparisons of measured total (&&) bounded wave energies (BE) for Case-3 and
Case-4 at wave probes 12-1-2-3-8.
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Fig. 22d Comparisons of measured total (TE) and bounded wave energies (BE) for Case-3 and
Case-4 at wave probes 4-3-6.
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Fig. 22e Comparisons of measured total (&g bounded wave energies (BE) for Case-5 and
Case-6 at wave probes 12-1-2-3-8.
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Fig. 22f Comparisons of measured total (8BYl bounded wave energies (BE) for Case-5 and
Case-6 at wave probes 4-3-6.
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Fig. 22g Comparisons of bounded wave energi€&9 (idth OEB naturafrequency components
(fo1, f10, T20, f30) for Case-1 and Case-2vaave probes 12-1-2-3-8.
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Fig. 22h Comparisons of bounded wave energi€&9 (ath OEB naturafrequency components
(for, f10, T20, f30) for Case-1 and Casea? wave probes 4-3-6.
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Fig. 22i Comparisons of bounded wave energids) (Bith OEB naturafrequency components
(fo1, f10, f20) for Case-3 and Case-4vaave probed2-1-2-3-8.
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Fig. 22) Comparisons of bounded wave ener{s) with OEB naturbfrequency components
(f10, f20) for Case-3 and Case-4 at wave probes 4-3-6.
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Fig. 22k Comparisons of bounded wave energi€9 (&th OEB naturafrequency components
(f10, f20) for Case-5 and Case-6 at wave probes 12-1-2-3-8.
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Fig. 221 Comparisons of bounded wave energids) (Bith OEB naturafrequency components
( f10, f20) for Case-5 and Case-6 at wave probes 4-3-6.
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Fig. 22m Comparisons of OEB tu@al frequency component( f1o, f20, f30) for Case-1 and

Case-2 at wave probes 12-1-2-3-8.
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Fig. 22n Comparisons of OEB tuaal frequency componenty( f1o, f20, f30) for Case-1 and

Case-2 at wave probes 4-3-6.
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Fig. 220 Comparisons of OEB tuaal frequency componentfy( f1o, f20) for Case-3 and Case-4
at wave probes 12-1-2-3-8.
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Fig. 22p Comparisons of OEB tuaal frequency componenty( f1o, f20) for Case-3 and Case-4
at wave probes 4-3-6.
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Fig. 22q Comparisons of OEB tuaal frequency componentiy( fio, f20) for Case-5 and Case-6

at wave probes 12-1-2-3-8.
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Fig. 22r Comparisons of OEB tumal frequency componentfy( f1o, f20) for Case-5 and Case-6

at wave probes 4-3-6.



NC-CN3C OCRE-TR-2014-013 81

Appendix-1V

Surface elevations for different time segmentdfechromatic waves and their corresponding energy
specta for Case-8.

[h=0.4m, H=0.08m andT=4.105]
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Fig. 23a Measured total surface elevation at P-1. Fig. 23b Energy for total set of data at P-1.
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Fig. 23c Surface elevation (8-9.33 minutes) dafa-at Fig. 23d Energy for 8-9.33 minutes data ¢4@&ta used) at P-1.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 23e Surface elevation (10-11.33 minutes) dag1. Fig. 23f Energy for 10-11.33 minutes 496 data used) at P-1.

[h=0.4m, H=0.08n andT=4.105]
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Fig. 23g Surface elevation (15-16.33 minutes) dafa-1. Fig. 23h Energy for 15-16.33 minutes ¢4f®6 data used) at P-1.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 23i Surface elevation (18.67-20 minutes) @ata-1. Fig. 23] Energy for 18.67-20 minutes q4@96 data used) at P-1.
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Fig. 24a Measured total surface elevation at P-2. Fig. 24b Energy for total set of data at P-2.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 24c Surface elevation (8-9.33 minutes) dafa-at Fig. 24d Energy for 8-9.33 minutes data ¢4@&ta used) at P-2
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Fig. 24e Surface elevation (10-11.33 minutes) dag2. Fig. 24f Energy for 10-11.33 minutes 4G96 data used) at P-2.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 249 Surface elevation (15-16.33 minutes) dafa-2. Fig. 24h Energy for 15-16.33 minutes ¢40®6 data used) at P-2.
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Fig. 24i Surface elevation (18.67-20 minutes) @ata-2. Fig. 24j Energy for 18.67-20 minutes q4@96 data used) at P-2.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 25b Energy for total set of data at P-3.
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Fig. 25a Measured total surface elevation at P-3.
4 —

4 T T T

480 500 520 540
time(seconds)

Fig. 25c¢ Surface elevation (8-9.33 minutes) dafa-at
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Fig. 25d Energy for 8-9.33 minutes data (4@8ta used) at P-3

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 25e Surface elevation (10-11.33 minutes) daf3. Fig. 25f Energy for 10-11.33 minutes 496 data used) at P-3.
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Fig. 259 Surface elevation (15-16.33 minutes) dafa-3. Fig. 25h Energy for 15-16.33 minutes (4f®6 data used) at P-3.

(Measured leftover surface undulation data whevewaaking stopped after 3 minutes)
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(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 25i Surface elevation (18.67-20 minutes) @at@-3. Fig. 25] Energy for 18.67-20 minutes 496 data used) at P-3.
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Fig. 26a Measured total surface elevation at P-4. Fig. 26b Energy for total set of data at P-4.
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Fig. 26¢ Surface elevation (8-9.33 minutes) dafa-at Fig. 26d Energy for 8-9.33 minutes data (488ta used) at P-4
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Fig. 26e Surface elevation (10-11.33 minutes) daf4. Fig. 26f Energy for 10-11.33 minutes 496 data used) at P-4.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 26g Surface elevation (15-16.33 minutes) dafa-4.

Fig. 26h Energy for 15-16.33 minutes ¢40®6 data used) at P-4.
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Fig. 26i Surface elevation (18.67-20 minutes) @ata-4.
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Fig. 26j Energy for 18.67-20 minutes q4@96 data used) at P-4.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 27a Measured total surface elevation at P-5. Fig. 27b Energy for total set of data at P-5.
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Fig. 27c¢ Surface elevation (8-9.33 minutes) dafa-at Fig. 27d Energy for 8-9.33 minutes data (40&& used) at P-5.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 27e Surface elevation (10-11.33 minutes) daf5. Fig. 27f Energy for 10-11.33 minutes 496 data used) at P-5.
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Fig. 279 Surface elevation (15-16.33 minutes) daf-5. Fig. 27h Energy for 15-16.33 minutes (4f®6 data used) at P-5.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 271 Surface elevation (18.67-20 minutes) @ata-5. Fig. 27] Energy for 18.67-20 minutes 46 data used) at P-5.
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Fig. 28a Measured total surface elevation at P-6. Fig. 28b Energy for total set of data at P-6.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 28c Surface elevation (8-9.33 minutes) dafa-ét
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Fig. 28e Surface elevation (10-11.33 minutes) daf6.

Fig. 28d Energy for 8-9.33 minutes data (4@8ta used) at P-6
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Fig. 28f Energy for 10-11.33 minutes 496 data used) at P-6.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 289 Surface elevation (15-16.33 minutes) dafa-6. Fig. 28h Energy for 15-16.33 minutes @(4f®6 data used) at P-6.
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Fig. 28i Surface elevation (18.67-20 minutes) @atRa-6. Fig. 28j Energy for 18.67-20 minutes 46 data used) at P-6.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 29a Measured total surface elevation at P-7. Fig. 29b Energy for total set of data at P-7.
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Fig. 29c¢ Surface elevation (8-9.33 minutes) dafa-at

Hz

Fig. 29d Energy for 8-9.33 minutes data ¢4@&ta used) at P-7.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 29e Surface elevation (10-11.33 minutes) dag7. Fig. 29f Energy for 10-11.33 minutes 4G96 data used) at P-7.
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Fig. 299 Surface elevation (15-16.33 minutes) dafa-7. Fig. 29h Energy for 15-16.33 minutes (4f®6 data used) at P-7.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 29i Surface elevation (18.67-20 minutes) @ata-7. Fig. 29] Energy for 18.67-20 minutes q4@96 data used) at P-7.
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Fig. 30a Measured total surface elevation at P-8. Fig. 30b Energy for total set of data at P-8.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 30d Energy for 8-9.33 minutes data (M8&ta used) at P-8.
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Fig. 30e Surface elevation (10-11.33 minutes) daf8.
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Fig. 30f Energy for 10-11.33 minutes 496 data used) at P-8.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 30i Surface elevation (18.67-20 minutes) @ata-8.
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Fig. 30h Energy for 15-16.33 minutes ¢40®6 data used) at P-8.
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Fig. 30j Energy for 18.67-20 minutes q4@96 data used) at P-8.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 31a Measured total surface elevation at P-9. Fig. 31b Energy for total set of data at P-9.
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Fig. 31d Energy for 8-9.33 minutes data (8&ta used) at P-9.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 31g Surface elevation (15-16.33 minutes) dafa-9.
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Fig. 31f Energy for 10-11.33 minutes 496 data used) at P-9.
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Fig. 31h Energy for 15-16.33 minutes ¢4f®6 data used) at P-9.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 31i Surface elevation (18.67-20 minutes) @atR-9. Fig. 31j Energy for 18.67-20 minutes 496 data used) at P-9.
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Fig. 32a Measured total surface elevation at P-10. Fig. 32b Energy for total set of data at P-10.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 32c Surface elevation (8-9.33 minutes) dafa-40. Fig. 32d Energy for 8-9.33 minutes dat®@@ata used) at P-10.
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Fig. 32e Surface elevation (10-11.33 minutes) daf10. Fig. 32f Energy for 10-11.33 minutes 4696 data used) at P-10.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 32g Surface elevation (15-16.33 minutes) dafa-10. Fig. 32h Energy for 15-16.33 minutes ¢&0®6 data used) at P-10.
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Fig. 32i Surface elevation (18.67-20 minutes) @data-10. Fig. 32j Energy for 18.67-20 minutes 4696 data used) at P-10.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 33a Measured total surface elevation at P-12. Fig. 33b Energy for total set of data at P-12.
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Fig. 33c Surface elevation (8-9.33 minutes) dafa-ap. Fig. 33d Energy for 8-9.33 minutes dat®@@ata used) at P-12.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 33e Surface elevation (10-11.33 minutes) dafx12. Fig. 33f Energy for 10-11.33 minutes 4696 data used) at P-12.
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Fig. 33g Surface elevation (15-16.33 minutes) dafa-12. Fig. 33h Energy for 15-16.33 minutes ¢&0®6 data used) at P-12.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 33j Energy for 18.67-20 minutes 4696 data used) at P-12.
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Fig. 34a Measured total surface elevation at P-14. Fig. 34b Energy for total set of data at P-14.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 34c Surface elevation (8-9.33 minutes) dafa-a4. Fig. 34d Energy for 8-9.33 minutes dat®@@ata used) at P-14.
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Fig. 34e Surface elevation (10-11.33 minutes) dafx14. Fig. 34f Energy for 10-11.33 minutes 4696 data used) at P-14.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)
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Fig. 349 Surface elevation (15-16.33 minutes) dafa-14. Fig. 34h Energy for 15-16.33 minutes ¢&0®6 data used) at P-14.
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Fig. 34i Surface elevation (18.67-20 minutes) data-14. Fig. 34j Energy for 18.67-20 minutes 4696 data used) at P-14.

(Measured leftover surface undulation data whenewagking stopped after 3 minutes)



112 OCRE-TR-2014-013 N3C-CN3C

Appendix-V

Interaction of the primary wave component and ratiuequency energy components for Case-
8.
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Fig. 35a: Probe-12: Full normalized amplitude spaut 20 minutes wave data

[h=0.4m, H=0.08m andT=4.105]
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Fig. 35b: Probe-12: Normalized amplitude spectriber §10-11.33 minutes of] wave making stopped

[h=0.4m, H=0.08n andT=4.105]
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Fig. 35d: Probe-12: Normalized amplitude spectriter §18.67-20 minutes of] wave making stopped

[h=0.4m, H=0.08n andT=4.105]



N3C-CN3C OCRE-TR-2014-013

117

amplitude/H

1.0x10" —
0.8
0.6 - o
. D585
0293
0.4 —
3f
0878
41
0.2 p1169
120
5
P31 p1461
f10 30
AN n"l‘“m,.. w}\»\ .
0.0 7 I | T i | | |
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Hz

Fig. 36a: Probe-1: Full normalized amplitude speutr20 minutes wave data

[h=0.4m, H=0.08n andT=4.105]
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Fig. 36b: Probe-1: Normalized amplitude spectrutardfi0-11.33 minutes of] wave making stopped

[h=0.4m, H=0.08n andT=4.105]
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Fig. 36¢: Probe-1: Normalized amplitude spectrutardfi5-16.33 minutes of] wave making stopped

[h=0.4m, H=0.08n andT=4.105]
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Fig. 36d: Probe-1: Normalized amplitude spectrutardfi8.67-20 minutes of] wave making stopped

[h=0.4m, H=0.08n andT=4.105]
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Fig. 37a: Probe-2: Full Normalized amplitude spsotr20 minutes wave data

[h=0.4m, H=0.08n andT=4.105]
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Fig. 37b: Probe-2: Normalized amplitude spectrutardfi0-11.33 minutes of] wave making stopped

[h=0.4m, H=0.08n andT=4.105]
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Fig. 37c: Probe-2: Normalized amplitude spectrutardfi5-16.33 minutes of] wave making stopped

[h=0.4m, H=0.08n andT=4.105]

10



124 OCRE-TR-2014-013 N3IC-CN3C
6x10°
5 —
4 —
T
3
= 3
[oX
£
©
2 —
1
")
3
LSl AL
0 I | | i |
0 2 4 6 8 10
Hz

Fig. 37d: Probe-2: Normalized amplitude spectrutardfi8.67-20 minutes of] wave making stopped

[h=0.4m, H=0.08n andT=4.105]
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Fig. 38a: Probe-3: Normalized amplitude spectrubnmiutes wave data

[h=0.4m, H=0.08n andT=4.105]
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Fig. 38b: Probe-3: Normalized amplitude spectrutardfi0-11.33 minutes of] wave making stopped

[h=0.4m, H=0.08n andT=4.105]
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Fig. 38c: Probe-3: Normalized amplitude spectrutardfi5-16.33 minutes of] wave making stopped

[h=0.4m, H=0.08n andT=4.105]
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Fig. 38d: Probe-3: Normalized amplitude spectrutardfi8.67-20 minutes of] wave making stopped

[h=0.4m, H=0.08m andT=4.105)]
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Fig. 39a: Probe-8: Normalized amplitude spectrubnmiutes wave data

[h=0.4m, H=0.08n andT=4.105]
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Fig. 39b: Probe-8: Normalized amplitude spectrutardfi0-11.33 minutes of] wave making stopped

[h=0.4m, H=0.08n andT=4.105]



N3C-CN3C OCRE-TR-2014-013

131

6x10™° —

amplitude/H
w
|

Hz

Fig. 39c: Probe-8: Normalized amplitude spectrutardfi5-16.33 minutes of] wave making stopped

[h=0.4m, H=0.08n andT=4.105]
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Fig. 39d: Probe-8: Normalized amplitude spectrutardfi8.67-20 minutes of] wave making stopped

[h=0.4m, H=0.08m andT=4.105)]
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Appendix-VI

Comparisons of Total Energy (TE), Bounded Enerdy)(8nd Natural frequency Energy
components in the tank for Mono-chromatic wave sd¢€ase-7 to Case-9).

[h=0.4m,H=0.08m andlr=2.145s] Case-7
[h=0.4m,H=0.08m andr=4.105s] Case-8
[h=0.5m,H=0.08m andlr=1.977s] Case-9



134 OCRE-TR-2014-013 N3C-CN3C

[h=0.4m,H=0.08m andl=2.145s] Case-7
[h=0.4m,H=0.08m andl=4.105s] Case-8
[h=0.5m,H=0.08m andl=1.977s] Case-9
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Fig. 40a Comparisons among measured total eneigygmergies for Case-7, Case-8 and Case-
9 at wave probes 12-1-2-3-8.
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Fig. 40b Comparisons among measured total energydgn&rgies for Case-7, Case-8 and Case-
9 at wave probes 4-3-6.
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Fig. 40c Comparisons among measured natural fregusmergy components of the OEB for
Case-7, Case-8 and Case-9 at wave probes 12-1-2-3-8
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Fig. 40d Comparisons among measured natural freguamergy components of the OEB for
Case-7, Case-8 and Case-9 at wave probes 4-3-6.
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Fig. 41a Measured total wave energy (TE) and nbfigguency energy components of the OEB
for Case-7 at wave probes 12-1-2-3-8.
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Fig. 41b Measured total wave energy (TE) and nhftegquency energy components of the OEB
for Case-7 at wave probes 4-3-6.
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Fig. 41c Measured natural frequency energy comgsradithe OEB for Case-7 at wave probes

12-1-2-3-8.
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Fig. 41d Measured natural frequency energy compsradrihe OEB for Case-7 at wave probes
4-3-6.
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Fig. 42a Measured total wave energy (TE) and nbkfigguency energy components of the OEB
for Case-8 at wave probes 12-1-2-3-8.

= Case-8 TE ——Case-8 10 Case-8 f20 ——Case-8 f30
2.0E-04
P-4 P-3 P-6
1.5E-04 ¢ ¢ ¢
NU?
£ 1004 — —
R
(%)
5.0E-05
0.0E+00 1 . ! .
0 1 2 3 4
Probe locations

Fig. 42b Measured total wave energy (TE) and nhftequency energy components of the OEB
for Case-8 at wave probes 4-3-6.
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Fig. 42c Measured natural frequency energy comgsradithe OEB for Case-8 at wave probes

12-1-2-3-8.
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Fig. 42d Measured natural frequency energy compsradfrihe OEB for Case-8 at wave probes
4-3-6.
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Fig. 43a Measured total wave energy (TE) and nbkfigguency energy components of the OEB
for Case-9 at wave probes 12-1-2-3-8.
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Fig. 43b Measured total wave energy (TE) and nhftequency energy components of the OEB
for Case-9 at wave probes 4-3-6.
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Fig. 43c Measured natural frequency energy comgsradithe OEB for Case-9 at wave probes

12-1-2-3-8.
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Fig. 43d Measured natural frequency energy compsradrihe OEB for Case-9 at wave probes
4-3-6.



