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ABSTRACT

This report presents the results of the analysis of a limited sample
of wave spectra obtained for Station 'Kilo' in the North Atlantic (93
records). Correlation of measured parameters, such as wave height and
period, with surface log data (wind speed, observed wave height) is pre-
sented.

Wave spectra were grouped by height and by period and resulting aver-
age parameters compared. Plots are given of the spectral families. Be-
cause of the limited sample available for Station K, results are less con-

clusive than for Station I.

FOREWORD

This report is a supplement to, [2Wave Data Application for Ship Response
Predictions', by D. Hoffman, which is the final report under Contract No.
N0O0014-73-C-0101. . It is similar in scope and format to the SNAME report,

"Analysis of a Stratified Sample of Ocean Wave Records at Station 'India',"

by D. Hoffman and M. Miles, based on (1) and (4).
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I. INTRODUCTION

The object of this study was to select a limited stratified sample of
wave records from Station 'Kilo' in the North Atlantic in a similar fashion
to that used in selecting the Station 'India' sample (4). Thus equal prob-
ability of seasons was maintained, and all records of Beaufort No. 6 and
above were automatically included. A spectral analysis of each record was
performed, and the maximum mean-to-peak value and mean period were determined.
The spectra were then used to study the statistical properties of various
spectral parameters and were correlated with parameters of log book data,
such as wind speed, direction, etc. Finally, a spectral family based on
Station 'Kilo' was obtained, limited somewhat by the data sample available.
This was then compared with the similar, more extensive, spectral family gene-
rated for Station 'India', and the effect on several ship responses was
studied.

The location of 'Kilo' was 45° N., 16° W.

II. METHOD OF SELECTION

The 93 records from Station 'K' used in this wave study project were
selected to reflect an equal breakdown into seasons. They were all recorded
at noon, and constitute a fairly representative sample of wind speed varia-
tions. The seasonal distribution of data closely follows that of Station
'India' described in (1).

The wave records were obtained by two different weather ships fitted
with Tucker wave meters over a period of 13 years (1955 to 1967). The data

from the two weather ships (OWS Weather Explorer and OWS Weather Reporter)

were selected by Webb Institute from the files of the National Institute of
Oceanography in Great Britain. The data were obtained in the form of photo-
copies of paper strip charts.

A list of the records selected, with their appropriate wave parameters

and corresponding surface log data, is presented in Table 1.
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Record

N No.

Explorer

1 2001

2 6006

3 2002

4 2003

5 2004

6 2005

7 2006

8 2007

9 2008

10 2009

i 4 2010

12 2011

13 5001

14 2012

15 2013

Reportexr

16 2014

17 2015

18 2016

- 19 2017
20 6005

21 5002

’ 22 2018
23 2019

24 2020

25 2021

26 2022

27 6004

- 28 2023
f 29 2024
30 2025
% 31 2026
; 32 2027
i 33 2028

¥

f

Date
Dy-Mo-Yr

4-9-55
5-9-55
6-9-55
9-9-55
12-9-55
16-9-55
17-9-55
23-9-55
26-9-55
9-3-56
12-3-56
13-3-56
21-3-56
24-3-56
26-3-56

11-3-59
12-3-59
23-3-59
26-3-59
28-3-59
29-3-59
17-9-59
19-9-59
20-9-59
21-9-59
23-9-59
26-9-59
27-9-59
1-10-59
2-10-59
3-10-59
5-10-59

4-4-60

H(1/3)
(Feet)

3.990
7.524
6.171
10.875
8.283
5.497
8.756
11.014
4.642
14.742
16.411
16.622
32.905
17.525
8.964

21.436
12.836
14:571
8.251
14.019
29.635
4.640
4.399
3.298
7.759
7.139
9.943
6.073
8.921
7.088
8.452
16.059
10.281

Table I
Wave Characteristics and Surface Log Data

T(-1)
Sec.

8.86
7.30
10.08
10.49
8.95
7.44
10.04
10.27
4.71
8.44
13.53
9.28
11.23
9.30
8.25

12.08
12.33
10.56
9.75
11.87
14.16
8.90
8.34
9.16
11.98
11.82
11.11
9.97
8.33
8.95
10.46
9.81
10.03

=

T(1)
Sec.

7.73
6.36
8.91
8.76
7.68
6.79
8.68
8.97
4.54
6.97
11.56
8.07
9.17
8.29
7.28

10.37
11.13
9.26
8.83
10.53
12.36
7.82
7.46
8.25
11.05
10.70
10.14
8.91
7.46
8.16
9.37
8.68
9.12

T(2)
Sec.

7.18
6.00
8.21
7.78
7.10
6.46
7.93
8.23
4.49
6.36
10.24
7.41
8.10
7.76
6.81

9.40
10.30
8.60
8.27
9.61
11.19
7.29
7.06
9.81
1037
g9
9.51
8.32
7.00
7.74
8.45
8.09
8.56

Wind
Speed

18
24
13

8
22
10
15
15
11
24
10
18
37
35
16

31
13
40
22
19
28
26
22
14
16

5
16
38

8
14
Zy
22
7

Wind
Direc.
(Deg.)

250
340
200
320
0
340
80
280
0
180
140
290
300
290
270

250
200
290
200
230
280
290
320
220
220
130
290
320
180
200
0
50
210

0Ob.
Wave

Ht.
(£t.)

3.0
5.0
5.0
11.0
8.0
6.5
6.5
8.0
5.0
7.25
14.0
13.0
14.0
14.0
8.0

9.5
8.0
9.5
6.5
6.5
13.0
14.0
9.5
1.5
5.0

3.0
3.0
11.0
8.9

Ob.

Period

Sec.

g3

8.5
10.5
10.5
10.
10.
32.
10.

14.
12.
12.
10.
10.
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Table T

Cont 'd)

Ob.

Wind Wave Ob.
Record Date H(1/3) T(-1) ~ T(1) T(2) Wind  Direc. Ht. Period

N No. Dy-Mo-Yr (Feet) Sec. Sec. Sec. Speed (Deg) (ft.) Sec.
34 2029 11-4-60 7.388 31:30 10.10 9,51 8 340 8.0 10.5
35 2030 13-4-60 7.911 12.05 11.03 10.31 18 280 8.0 12.5

36 3001 1-4-63 9.168 9.08 7.95 7.40 6 180 0 0
37 3002 3-4-63 4.506 9.36 8.19 7.63 13 110 3.0 6.5
38 3003 7-4-63 15.795 7.94 7.18 6.77 37 90 11.0 10.5
39 3004 8-4-63 6.873 8.89 8.00 7.00 8 160 1.5 6.5
40 3005 14-4-63 10.381 ; 9.11 7.86 7.29 35 210 11.0 10.5
41 3006 17-4-63 13.453 10.24 9.23 8.60 19 270 9.5 8.5
42 3007 20-4-63 25.588 11.28 9.80 8.89 40 270 1.5 10.5
43 3008 22-4-63 18.914 10.74 9.50 8.77 42 300 11.0 10.5
44 3009 25-4-63 7.795 9.43 8.59 8.12 8 30 3.0 8.5
45 3010 29-5-63 6.562 9.55 8.25 7.58 71 40 5.0 6.5
46 6003 1-6-63 11.295 10.39 8.90 8.11 21 50 6.5 8.5
47 3011 7-6-63 4.970 6.43 5.95 5.73 14 190 9.5 6.5
48 3012 9-6-63 5.222 7.87 7.33 7.06 2 10 0 —=
49 3013 10-6-63 3.599 5.70 5.20 5.02 15 160 9.5 6.5
50 3014 13-6-63 3.661 9.02 8.10 7.65 25 250 1ie5 5.0
51 3015 15-6-63 3.184 11.66 10.59 9.84 10 320 1.5 6.5
32 3016 28-11-63 11.316 7.70 6.95 6.59 18 340 5.0 5.0
53 3017 29-11-63  10.075 8.90 8.10 7.64 7 180 0 0
54 3018 30-11-63 19.072 14.11 11.73 10.34 25 320 6.5 8.5
55 3019 2-12-63 26.124 11.67 9.92 8.95 36 20 5.0 12.5
56 6002 3-12-63 9.084 9.54 8.52 7.96 J 40 0 0
57 3020 4-12-63 14.202 10.20 8.77 8.00 2 290 6.5 6.5
58 3021 5-12-63 12.521 9.32 8.40 7.88 30 50 5.0 6.5
59 3022 6-12-55 10.318 9.06 8.38 7.99 25 90 5.0 6.5
60 3023 7-12-63 _ 9.511 9.00 8.22 1.77 12 50 6.5 65

61 3024 9-12-63 5.062 10.73 9.51 8.80 17 180 0 0
62 3025 11-12-63 18.663 12.45 10.69 9.64 6 300 1.5 | .0
63 3026 12-12-63 19.915 13+20 11.94 11.00 13 340 6.5 6.9
64 3027 14-12-63 25.747 9.75 8.71 8.07 37 80 11.0 0.3
65 3028 15-12-63 22.559 10.43 9.28 8.61 35 100 13.0 Sed
66 3030 16-12-63 24.961 9.86 851 7.88 38 110 11.9 8.5
67 3031 17-12-63 17.074 9.92 9.01 8.48 38 140 65 8.5
58 3032 18=12-63 18.455 3217 10.69 9.84 5 180 0 0
69 3033 19-12-63 12.756 10.86 9.65 8.99 18 80 3.0 5.0

_3...
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Table I (Cont'd)

Wind Ob. Ob. '
Record Date H(1/3) T(-1) T(1) T(2) Wind Direc. Wave Period 1
N No. Dy-Mo-Yr (Feet) Sec. Sec. Sec. Speed (Deg.) (?E:) Sec.
70 3034 20-12-63  11.341 9.97 8.90 8.29 16 40 5.0 6.5
71 3035 23-12-63 12.206 9.69 8.77 8.23 19 50 3.0 5.0
72 3036 23-12-63 10.022 13.35 10.90 9.49 31 160 9.5 6.5
73 3037 24-12-63  17.299 13.14 11.18 10.02 37 200 13.0 5.0
74 3038 6-6-64 3.885 6.47 5.97 5.77 22 220 5.0 5.0 !
75 3039 7-6-64 5.217 9.58 8.21 7.46 10 210 1.5 0 |
76 3040 8-6-64 6.444 7.31 6.71 6.43 18 180 5.0 5.0
77 3041 11-6-64 6.628 12.93 11.20 10.11 23 170 5.0 5.0
78 3042 15-6-64 11.663 10.20 9.41 8.90 8 260 0 0
79 3043 18-6-64 3.280 8.23 7.50 7.06 4 320 3.0 5.0
80 3044 19-6-64 2.462 9.36 7.76 7.09 14 40 5.0 5.0
81 3045 21-6-64 3.730 8.66 7.75 7.28 22 80 9.5 8.5
82 3046 22-6-64 3.222 8.38 7.38 6.92 14 40 6.5 6.5
83 3047 28-6-64 6.051 7.86 7.15 6.81 7 20 0 0
84 6001 1-7-64 6.125 5.92 5.60 5.46 22 60 6.5 6.5
85 3048 2-7-64 6.258 6.23 5.81 5,62 22 60 5.0 8.5
86 3049 3-7-64 5.264 9.03 8.11 7.60 19 60 1.5 8.5
87 7007 27-2-67 13.674 8.19 7.19 6.75 27 230 9.5 8.5
~ 88 7006 28-2-67 13.746 10.10 8.91 8.28 20 240 6.5 8.5
89 7005 2-3-67 12.335 11.27 9.89 9.04 9 80 1.5 5.0
90 7004 3-3-67 11.298 11.77 10.87 10.26 Y 150 L.5 5.0
91 7003 4-3-67 7.144 10.08 9.00 8.44 11 260 1.5 5.0
92 7002 8-3-67 20.199 8.83 7.79 7.28 37 330 13.0 10.5
93 7001 9-3-67 16.558 10.21 9.13 8.45 25 250 6.5 8.5

5
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III. SPECTRAL ANALYSIS OF WAVE DATA

The analysis was accomplished in essentially three steps:
1) The records were digitized and recorded on magnetic tape.

2) The digital tape was loaded on a time-sharing system and
a raw estimate of the power spectrum was calculated.

3) This raw estimate was corrected for the effects of white
noise and then was multiplied by a calibration factor
for the particular ship in order to obtain the spectrum.

The procedure closely followed that described in (1) in analyzing the 323
Station 'India' records.

The first step was to digitize the records by using a Noratron Manual
Curve follower, a 12-bit analog-to-digital converter and a real-time clock
connected to a PDP-8E mini-computer. The analog output of the curve follower
was sampled at a rate of 0.205 seconds, corresponding to a ship sampling rate
of 0.3059 seconds. A total of 2073 data points were taken for each 12-minute
record. These points were recorded on digital magnetic tape.

A raw estimate of the power spectrum was obtained using the procedure
given by Bendat and Piersol (2). The following steps were taken:

1) The data sequence was truncated to 2048 data points.
(The first 20 points were ignored, and the last five,
to allow for start-up and shut-down error).

2) Linear trends were removed by a least-squares procedure.

3) The data sequence was multiplied by a cosine taper
data window.

4) The Fourier coefficients were computed using a Fast
Fourier Transform technique.

5) The spectrum was computed and scaled.

6) The cosine taper data window was compensated for by
multiplying this estimate by 1/0.875.

7) The resulting spectrum was truncated below a selected
cut-off frequency, in order to remove the effect of low-
frequency rumble in the shipboard recorder, as suggested
in (1).

8) This spectrum was then smoothed by taking an average of
11 frequency components centered at a frequency spacing
of 0.05 radians/second. This gave 40 spectral estimates,
from 0 to 2.0 radians/second.
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The last step in this analysis involved the last seven freuency components
which were smoothed using a three-point average of 0.25, 0.5, 0.25. The
smoothed last seven points were then averaged to obtain an estimate of white
noise. This estimate was subtracted from the spectral estimate (negative
numbers being set to zero) to obtain a new estimate of the power spectrum, Sl.
This estimate was then multiplied by a calibration factor for each individual
ship to obtain the final spectrum, S2. Various spectral parameters were then

calculated, using the following formulas:

2

Variance = J 82 () dvw = 02 = m
0
Sig. Wave Height, H, 2.83 Y202 = 4 /mg
2m m_l

T_l = M o (energy averaged period)

o

2m mo

T = — (average wave period)
1 ml

(average zero-crossing period)

(5
N
]
N
=)
/\
’ =]
o
\/
=
S~
N

where 2
m = J Wt S2(w) dw
0

The spectral analysis by the method described was compared to that done
by the National Research Council (Canada), Marine Dynamics and Ship Laboratory,
by using wave record 303 (8 December 1966) from Station 'India'. The compari-
son of significant wave height (Hl/3)’ the mean average period, Tl’ the zero

crossing period, T, and the energy-averaged period, T_,, are tabulated in

i
Figure 1. The percentage differences between the NRC and Webb results are:
H1/3 = G497 %
T1 I R 1 (B
T2 L2874
T_l = 117 %

The + and - refer to the deviation of the Webb results from that of NRC, which

is considered to be the base value.

-6-
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IV. CORRELATION ANALYSIS

The most significant surface log parameters have been found to be the
wind speed and observed wave height, which along with the calculated mean
average wave period, Ty, and wave height, usually expressed as the signifi-
cant wave height (Hl/3), or the mean of the one-third highest peak-to-trough
excursions in a sample, make up the basic components of the correlation
analysis. Also important in such an analysis are the frequency, wo> at which
the spectral ordinate is a maximum and the wave slope parameter, K, which

is defined by:
A
o
=t e SgiaE
1/3

where 39.2 is a constant and

A, = BT

o 2m w

i

The correlation of wind speed and significant wave height, as shown in
Figure 2, is the most basic relation and has the most potential value since
it is the most often used method of describing wave generation. Although
the trends in the plot are relatively consistent, there is a scarcity of
data in the plot for the larger wave heights higher and wind speeds.

The relationship of observed wave height (Hy), and significant wave

height (H ) is shown in Figure 3. Unfortunately, there is no data for the

1/3
larger wave heights and thus a significant trend cannot be established over
a full range of values as has been done in the analysis of data from Station

'India' (1) and Station 'Papa' (3). The basic assumption that Hy = H is

3
also shown, and the deviation of the data about it can be readily detiﬁmined.
The trend of underestimating the observed height at the lower wave heights
which was discussed in (4) is clearly indicated in this limited sample. The
standard deviation is also shown, indicating the typical scatter of signifi-

cant wave height over the range investigated.

The relationship between the significant wave height and the mean average
wave period, Ty, is shown in Figure 4. The sorting was accomplished on the
basis of wave band periods of one second, and a range of 6.5 to 11.5 seconds

is adequately covered, with an increase in wave height with period as expected.
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However, data above 10 seconds may be inadequate and are not necessarily
correct.

The relationship between W the frequency at the maximum spectral
ordinate, and Ty, the mean average period, is shown in Figure 5. It is of
special interest since it can be compared with the standard spectral formu-

lation through a simple relation between wy and Ty, as shown below:

4.34
T

The actual data do not compare well against the theoretical line, and this
indicates the inadequacy of such mathematical spectral formulations for
describing the possible wave spectra over an entire range of wave heights
and periods. Figure 5 indicates a fairly good agreement in the range of Tl
between 7.5-10 seconds, or a peak frequency range of 0.45-0.65 radians/
second. Outside this, the error is substantial, particularly in the lower
periods. The trend shown is similar to that obtained from Station 'India'
(1) and Station 'Papa' (3).

The last correlation is between Kf and H1/3 as shown in Figure 6. The
trend obtained is that previously illustrated from other spectral data, such
as 'India' (1) and 'Papa' (3).

Tables II-VI illustrate some of the actual values used in plotting
Figures 2-6 as obtained from the computer analysis. The number of samples
in each group is shown in order to indicate the reliability of the data.

Tables VII and VIII were not illustrated graphically, and they represent
the seasonal variation and the directional variation, respectively, of the

wave height.

%
Defined by:

A1
~ 39.2 Ki where A; is the length of a wave having
1/3 +
period T;.
-9~
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; Table II |

Significant Wave Height vs. Wind Speed
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Table III

4 Significant vs. Observed Wave Heights
OBSERVED HEIGHT SIGNIFICANT HEIGHT
BAND WIDTH MEAN VALUE STD. DEVIATION SAMPLE SIZE
<3.0 9.2 556 21
3~ 6 8.2 4.9 23
6~ 9 11.0 3.3 24
9-12 13.1 Iwl 16
12~-16 19.7 7.6 9
- 16-21 - - -
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Table IV

Significant Wave Height vs. Wave Period
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Average Wave Period vs. Spectral Peak Frequency
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Table VI

Significant Wave Height vs. Normalized Wave Period

ol Hel~ :-; a
EAMT WIDTH MEAN YALLUE ITANDARD DEY.  TAMPLE ZITE

-=
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D.00~ 0.20 0.0 QL0000 i ’
0.o0=- .40 . a0 0.aua 1) !
0.30- 0ol .00 oo n} i
N .nl- .30 23.33 3,372 2 1
0.20=- S 17 .89 S .29 1z '
1.00- 1.20 13.03 T.500 21 \
1.20~- 1.40 10.33 $.1553 c4 {
1.40- 1.0 7 .87 2.328 12 ?
1.50- 1.30 .15 1 .715 3 |
1.30- 2.00 3.73 1.718 3 }
2.00- 2.0 = cE] 1.453 3 |
2.20- 2.0 2 .35 0.00a0 1
2.40- SRl 0.0 0.000 I
2.00- 2.50 3.13 0,000 1 !

DATR QUTSIDE RRNSE
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Table VII

Significant Wave Height vs. Season

~
. X
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Table VIII

Significant Wave Height vs. Predominant Wave Direction
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V. ANALYSIS OF RECORDS CHARACTERISTICS

A manual analysis of the wave strip charts was performed in accordance 1
with the procedure described by Hoffman in (6) and in accordance with a me-

thod suggested by Draper (7). For each record, a 720-second period was se-

lected and where the record's length was shorter than 12 minutes, the full
use of the wave strip chart was made. The number of crests (N.) varied be-
tween 166 and 62, while the number of zero crossings (N,) varied from 144 to
54. The maximum height (Hp,y), Which is the combined sum of the highest wave
crest and lowest wave trough in a given record, varied from a high of 46.70
feet to a low of 3.07 feet.

The comparison between the H values calculated by the two methods is

1/3
summarized in Table IX and shown graphically in Figure 7. The overall agree-
ment is fairly good. Approximately 607% of the standard data is larger than
that calculated from spectral analyses.

Some values of the derived H by the measured spectral analysis were

greater than the H,, values readléiom the wave records. An analysis was
made of this phenomenon to determine the cause. Record 6001 from Station K
was selected since it also differed some 757 from the Hl/3 using the analog
digitizer. First, an analysis of extremes was made of the record in which
the highest wave height in each minute of the record was recorded. The maxi-
mum height was 8.91 and the lowest was 4.11 feet with a mean of 6.20 feet.
Another analysis using one-third the 15-minute recording intervals was used.
This time all the wave heights were recorded and the 1/3 highest were finally

selected. Then mean H from this approach produced a mean height of 5.25

feet. This verified tié3digitizer results which produced a wave height of
6.13 feet. Further examination of the wave records indicated that the periods
were extremely short and the frequency correction for the Tucker wave meter
very high, causing the large discrepancies between the measured and digitized
spectra.

Table X is a summary of the calculated parameters of the 93 spectra.

Each record is designated by number and date and parameters included are as

follows:
H1/3 significant wave height = 4vm0
T, mean average period = 27T m,/m
= O

B Dl e R A, B e e




T_1 energy averaged period = 27 m-1/m,

T2 zero-crossing period = 27 /5;7ﬁ;~ ;
TA average apparent period = 27 (m?_/ma)l/2

HC(1/3) Hjj3 x D

B m3/m23/2 -- skewness

€ /i“i'ag75352“ —- spectral width parameter

D Vi - €2/2

where m, is defined by

n
m 0{ w Sg(w) dw

-
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Table IX

Comparison of Significant Heights
by Draper Estimate and by Spectrum Calculation

Record ' H1/3 H1/3 Percent
N Number Ship (Estimated) (Calculated) Dif ference
1 2001 Explorer 4,32 3.990 +8.27
2 6006 8.23 7524 + 9.30
3 2002 5.61 Gl 7! - 9.08
4 2003 10.59 10.875 ~ 2.62
5 2004 8.24 8.283 = 0i.52
6 2005 4.92 5,497 -10.50
. 7 2006 7.98 8.756 - 8.86
8 2007 12.30 11.014 +11.68
9 2008 3.25 4.642 -29.99
10 2009 14.09 14.742 - 4.42
38 2010 13,87 16.411 -15.48
12 2011 15.38 16.622 = FokT
13 5001 27.14 32.905 =752
14 2012 15-01 17.525 =14.35
15 2013 750 8.964 -16.33
16 2014 Reporter 19.71 21.436 - 8.05
17 2015 13.30 12.836 + 3.6l
i 18 2016 13.75 14.571 - 6.79
19 2017 8.82 8.251 + 6.90
20 6005 10.85 14.019 =22.61
21 5002 30.61 29.635 = 529
22 2018 4.69 4.640 + 1.08
23 2019 4.76 4.399 £ 821
24 2020 Jedh 3.298 + 134
25 2021 7435 7159 - 5.27
26 2022 6.82 6.138 Elidls Bk
Z 7 6004 9.86 9.043 + J.63
28 2023 6.67 6.073 = 9083
% 29 2024 910 8.921 + 201
1 30 2025 730 7.088 - 2.99
i 31 2026 8.35 8.052 - 1.21
1 32 2027 1853 16.059 +15.39
3 -21-
.
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Table IX (Cont'd)

Record Byds B3 Percent
N Number Ship (Estimated) (Calculated) Difference
33 2028 Reporter 12.65 10.281 +23.04
34 2029 ged 9.36 7.388 +26.69
35 2030 9.65 7.911 +21.98
36 3001 9.31 9.168 + 1,55
37 3002 4.18 4.506 = F23
38 3003 19.35 15.795 £27 50
39 3004 6.95 6.873 RS
40 3005 10.41 10.381 + 2.79
41 3006 12,90 13.453 - 4.11
42 3007 25 .39 25.588 = 0.77
43 3008 16.03 18.914 -15.25
44 3009 6.95 71-795 -10.84
45 3010 6.12 6.582 - 6.74
46 6003 11 .61 11.:295 o
47 3011 4.76 4.970 - 4.23
48 3012 5.59 5.222 + 7.05
49 3013 3.69 3.599 + 2.53
50 3014 3.89 3.661 +6.26
51 3015 3.56 3.184 +11.81
52 3016 13.36 11.316 +18.06
53 3017 7:19 10.075 22768
54 3018 1753 19.072 - 8.09
55 3019 24.04 26.124 = 798
56 6002 1079 9.084 +18.78
37 3020 14.06 14.202 - 1.00
58 3021 13.54 12521 + 8.14
59 3022 ey 10.318 +11.98
60 3023 8.48 9.511L -10.84
61 3024 5.78 5.062 +14.18
62 3025 201.56 18.668 +10.13
63 3026 20.01 19.915 + 0.48
64 3027 23.44 25,747 - 8.96
65 3028 24.48 22.559 + 852

L I WS 6 Wt T T e T N S i e B, B0 v e




Table IX (Cont'd)

Record H1/3 H1/3 Percent
N Number Ship (Estimated) (Calculated) Difference
66 3030 Reporter 20.73 24.961 ~16.95
67 3031 23.13 17 .074 +35.47
68 3032 20.35 18.455 +10.27
69 3033 12,31 12.756 - 5.06
70 3034 10.68 11.341 - 5.83
71 3035 13.89 12.206 +13.80
72 3036 10.69 10.022 + 6.67
73 3037 19.86 17.299 +14.80
74 3038 5..192 3.885 +52.38
75 3039 5.-93 5.217 +13.67
76 3040 8.19 6.444 +27.09
77 3041 6.84 6.628 + 320
78 3042 13.62 11.663 +16.78
79 3043 3.65 3.280 +11.28
80 3044 2125 2.462 - 8.61
81 3045 4.96 3.730 +32.98
82 3046 3 1 3.222 +17.01
83 3047 7.75 6.051 +28.08
84 6001 10.76 6.125 +75.67
85 3048 8.89 6.258 +42.06
86 3049 5.24 5.264 - 0.46
87 7007 16.50 13,674 +20.67
88 7006 15.87 13 .-746 +15.45
89 7005 13.01 12 :335 =t St
3 90 7004 12.08 11.298 + 6.92
| gl 7003 8.63 7.144 +20.80
92 7002 23.69 20.199 +17.28
93 7001 19. 31 16.558 +16.41
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VI. SPECTRAL SHAPE ANALYSIS

Certain aspects of a spectrum, such as its s?gnificant wave height (Hl/B)
and mean average period T1 can be reduced to finite values, but the shape and
distribution of the wave energy content cannot be expressed in simple mathe-
matical terms. A method of classifying spectra into groups or ''families" of
equal wave heights or periods was discussed in (8). A similar approach was
taken in analyzing the data from Station K. The 93 records were divided into
groups of wave heights and periods as shown in Table XI. The details of the
mean spectra representing each group are given in Appendix C, along with plots
illustrating the mean spectra, one third highest and lowest means and the
envelope of the highest and lowest ordinates in each group.

Figure 8 illustrates the distribution of Ty and H1/3 based on the alter-
nate sorting by wave height and period. As expected, the two lines do not
1/3 14-19

feet. Due to the different records used in each sort, including records of

coincide and cross one another between Tl = 8.5-9.5 seconds and H

storm growth or decay, and swell,for example, the lack of perfect correlation
is not surprising. The nature of the physical phenomenon represented by the
spectra is rather complex and is described by the standard deviation of the
variables within the band intervals selected.

Comparison with similar data analyzed for other stations such as 'I'
(4) and 'P' (3), indicates that the small sample of data is the cause for
the lack of consistent trends in the data. Nevertheless, the general trends

are maintained.
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Table XI

Principal Parameters of Spectra Arranged in Groups

STATION K

Wave Height Sort

Wave Height H1/3 T(1) No. of
Group Band Width Fe. Sec. £ Records
1 >3 2.46 7.76 0.674 1
2 3-6 4,35 7.18 0.625 19
3 6-9 735 8.24 0.669 23
4 9-12 10.45 8.76 0.690 16
5 12-16 13.64 8.64 0.693 13
6 16-21 17.95 9.70 0.727 13
7 21-27 24 .47 9.35 0.720 6
8 27-34 31.31 10.36 0.787 2
Period Sort
Period H1/3 T(1) No. of
. Group Band Width (ft.) Sec. € Records
1 >6.5 5.45 St 0.484 7
2 6.5-7.0 10.21 6.92 0.618 4
3 7.0-7.5 9.29 720 0.609 8
4 7145-8:0 9.05 780 0.639 9
5 8.0-8.5 9.56 8.22 0.663 14
6 8.5-9.0 327 8«72 0.688 17
7 9.0-9.5 17.84 9.19 0.723 ' 9
8 9.5-10.0 18.42 Y.78 0.738 6
9 10.0-10.5 14.09 2034 0.731 3
10 £0-5~11.0 12.22 L85 0. 793 12
R Lk <1l 21.84 2203 0.783 4
]
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VII. CONCLUDING REMARKS

The format chosen to present the Station 'K' wave data selection and
analysis is based on experience gathered throughout the an:lysis of Stations
'I' and 'P' over the past 7 years. While in these cases methods were de-
veloped and tried out as the project was proceeding, the Station 'K' analysis
is a typical example of the conclusions reached in (3) and (4). Unfortunately,
the amount of data which was available for Station 'K' was 1/3 to 1/4 of that
used in Stations 'L' and 'P'. Hence, the presentation cannot be expected to
yield a conclusive result as in the previous cases. However, the type of ana-
lysis applied to the data is typical of what may be considered as the necessary
information required in documenting wave data for engineering applications.

No attempts were made here to compare the data derived with the previously

obtained information from other ocean locations.
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Spectra Plots
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Appendix B

Spectral Families

A. Wave Height Basis
B. Period Basis
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