PROCEEDINGS OF THE EIGHTH INTERNATIONAL
-CONFERENCE ON OFFSHORE MECHANICS
AND ARCTIC ENGINEERING

~1989-

presented at

THE EIGHTH INTERNATIONAL
CONFERENCE ON OFFSHORE

MECHANICS AND ARCTIC ENGINEERING

THE HAGUE, THE NETHERLANDS
MARCH 19-—23, 1989

organized by
Conference Organizing Committee

sponsored by

The American Society of Mechanical Engineers, USA
Society of Naval Architects of Japan, Japan
Norwegian Society of Chartered Engineers, Norway
Netherlands Industrial Council for Oceanology.,

The Netherlands

Dansk Ingeniorferening, Denmark
Korea Committee for Ocean Resources
and Engineering, Korea

Te chnlcal Research Centre of Finland, Finland

VOLUME 1l

OFFSHORE MECHANICS
Numerical Simulation of Flows
Vortex Shedding and Vibrations
Ocean Waves and Motions

- Hydrodynamic Forces
Higher Order Effects

- Structural Mechanics/Analysis
Structural Reliability
Stress Analysis

edited by

J. S. CHUNG v
Colorado School of Mines
Golden, Colorado, USA
H. MAEDA

University of Tokyo
Tokyo Japan

T. HUANG

University of Texas

Royal Flemish Engineers Association, Belgium
Deutsches Komittee fur Meeresforschung and
Meerastaechnik, e.V., Federal Republic of Germany
Institution of Mechanical Engineers, United Kingdom
Chinese Society of Ocean Engineers, China

Chinese Saciety of Naval Architects and

Marine Engineers, China

Canadian Saciety for Mechanical Engineers, Canada
Swedish National Industrial Board, Sweden

The Japan Society of Mechanical Engineers, Japan
Institution of Engineers of Ireland, Ireland

National Science Foundation, USA

Arlington, Texas, USA

TH.E AMERICAN SOCIETY'OF”MECHANICAL ENGINEERS

Unrited Engineering Center

345 East 47th Street

New York, N.Y. 10017



i

MONSOGN WAVE

GROUPS OFF NORTH-WEST

COAST OF INDIA

S. S. A. Bhat, S, Mandal, and B. U. Nayak

Ocean Engineering Division

National Institute of Oceanography
Dona Paula, Goa, India

ABSTRACT

Wave data collected at four different
locations along North-west coast of India is
analysed to determine extent of wave groupi-
ness based on wave height series. Two diff-
erent statistical methods proposed by Goda
(1970) and Kimura (1980) are tested for
computation of wave groupiness. Longest run
of high waves contained S5 waves with H>Hg and
14 waves with H*H,, Correlation coefficient
between successive wave heights noted is as
high as 0.6 indicating high dependency and
is found to be an important parameter in the
analysis. . Computational results show that
the probability of occurrence of a group is
predicted reasonably well by theory of Kimura
which accounts for the memory between the
succesisive wave heights. Data set for all
locations is separated into growing and
decaying states and analysis is extended to
compare the groupiness parameters, This is
also verified using peak spectral energy
variation during growth and decay states.
More pronounced group formation is observed
in growing state in all four locations.
Relatively smaller run length is observed in
shallow water location than deep water region.

NOMENCLATURE
kB! Average run length
gz Average of total run
P Spectral kedness parameter
2/(m°*m%fse (£)%¢ ag
. [
ﬁ;*(l) Correlation coefficient with lag
number one
o Standard deviation of wave heights
N Number of zero-upcrossing waves
e Spectral width farameter
(1-m2°2/(m0*m4) )4 .5
Hg Si¢gnificant wave height
Mean wave height
max Maximum wave height
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MONSOON WAVE DATA

' INTRODUCTION

Offshore activity along the West coast of.
India has considerably increased in recent
years in connection with production of oil
and natural gas, proposed installation of
ocean energy plants etc. North-west coast
of India has become a thrust zone from a
strategic point of view as varieties of
of fshore platforms tand rigs are installed for
oil and gas exploration. Analysis of waves
and evaluation of environmental parameters
is of immense value as far as functional,
operational and economy aspects of these
structures are concerned. Kanowledge of
spectral density and probability distribution
of wave maxima may not always provide an ade-
quate description of random behaviour of
ocean waves (Sarpakaya and Isaacson, 1981).
Different types of damaging effects can occur
due to grouping phenomenon even when energy
spectra and wave height distribution patterns
are identical (Johnson, et al. 1978). Wave
group phenomenon is considered as an impor-
tant factor in the analysis related to off-
shore structures, stability of rubble mound
breakwaters, overtopping of waves above
seawalls, slow drifting oscillations of
moored vessels etc., In arriving at return
period, correction factor needs to be accoun-
ted corresponding to the groupiness extent,
considering the fact that the occurrence of
large valued wave heights which tends to
group together making average duration between
successive storms containing a design wave
larger than true return period (Nolte, 1973).

Present study on wave groups has been car-
ried out considering these facts in view and
efforts are made to determine the various
groupiness parameters.

Wave measurements are carried out using
Datawell Wave Rider buoy at four locations
along the North-west coast of India (Fig. 1).
For' the present analysis total of 135 monsoon

605



i

wave records are utilised. In Table 1, geo-
graphical feature of site, site code, period

iof wave data collection, number of records/

waves and highest wave recorded are given.
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FIG.t LOCATIONS OF RECOROMG STATIONS OFF NORTH-WEST
COAST OF INDIA

Tadble 1 Location map showing buoy stations

KANOLA HAZIRA DAMAN BOMBAY
station HIGH
Location A} )] Q o)
coda
Water 0 “ b e 60
depth (n)

Distance [ ] 5 50

Peried JuL eS| AN p I R
13 AUG 85 02 83

He. of 32 2y 23 [¥]

records

He. ef e 5601 L87 6602

vaves

Haex (m) 00 461 [ - 10

It is obvious that Bombay-High area belongs
ito deep-sea region, Daman belongs to interme-

diate water depth and other two locations are
‘hallow water nearshore areas.

METHOD OF ANALYSIS

| Statistical and Spectral Analysis: Digiti-
jed records of 20) minutes each on computer
2ompatible tapes are analysed by zero-upcross-
‘ng and spectral methods. Specially developed

i
i
i
i <
i
i

‘'software which checks raw data for spikes,

steepness, constart signals, same signs etc.
is used for the analysis. Samples with 2048
data points in 1024 sec. and number of waves
between 40 and 600 and significant wave
height less than 0.9 times maximum height
are included. By using FFT algorithm raw
spectrum i1s computed. Smoothed spectrum is
computed by taking moving average of 8 raw
spectral estimates., Various statistical
wave parameters are obtained apart from
spectral width and peakedness parameter.,

Wave groups: Run occurs when wave heights
exceed sequentially a level of significance
Hg or Hyp. Run length j; is the number of
successive waves exceed}ng certain level and
is a measure of groupiness. Goda (1970),
proposed a theory of run length statistics
based on the assumption that successive waves
are independent. Average run length can be
theoretically computed as,

j; = 1/(1-p) ces (1)
and probability of wave group occurrence as,
P(§) = (1-p)(p)I-2 (2)

Total run j, is defined as the number of
wave heights between the exceedence of two
successive group of waves above a certain
level and is an indicator of frequency of
occurrence of runs, ¢

3y = 1/p + 1/(1-p)

Kimura (1980) presented a theory of run
length for the case of mutually correlated
wave helghts on the basis of characteristics
of Markov process. Following equations are
used to obtain wave group parameters.

(3)

31 = 1/(1-py,) e @
and

P(3) = (1epyy)py,td-1) cer (5)
where .

pzzzqgag(ﬂl,ﬂz)dﬂl dHJL?<ﬂgdH1

p({H;, Hy) is the joint probability densitg‘
function for two successive wave heights

and Hy, assuming wave heights follow Rayleigh
distribution and Q(H;) is the probability
density function.

Sequence of wave heights for a typical
wave record is shown in Figure 2. This plot
depicts the formation of wave groups with
average run length j; and total run J for
waves exceeding significant wave heig%t, Hg.
Pigure 3 shows variation of Hg over selected
period of observation at different locations.
For each location total data is divided into
two groups, based on H; recorded during grow-
ing wave height condition (G) or decaying
condition (D} (Rye, 1974). Wave group para-
meters observed during these two cases are
compared to identify the difference if any.,
in groupiness characteristics. .
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RESULT AND DISCUSSION

Run length statisticss In Table 2, average
values of ordinary run, j4 total run j, and
length of conditional run containing Hpax
with waves exceeding Hg and H; for each
location are tabulated. Average run length

Table 2. Statistics of wave group parameters

H>Hs H>He
) ., Corr.
Location Run [Total [Run [Run |Totsl | Run |Coeft.
. - Run with | - Run with n
Pl |mexip | R | e din
@ [125 | 1670 [ 172 {233 | 525 { 444} 0325
xanowa 127 | s 170|233 [s20 | 22 | o310
o (129 | w70 |170 j233 |sm | 393 | o3
16 (119 [ 1600 | 146 J2% |43 | &7 | 0221
HAZRA | 177 [ 1603 | 141]207 | 461 | 38y | 0202
0 |14 | 4607 | 136 | 19y | 440 | 285 | o.M
G) 125 | 1689 | 169|209 | 452 400 | 198
DAMAN [ 120 | 1634 | 154 209 | 455 | 386 | 0.176
W 1% [ 1549 | 140] 209 | 460 [373 | o463
1) [ 143 857 | 253(230 | 4.06 | 500 | 0273
BOMBAY
HGH |138 | &67 | 21 | 229 4.06 | 461 | 0271
o | 135|077 | 203( 229 | 406 | 438 | 0262
THEORY
(GOOA| L8] 741 | 116 | 200 | 400 | 200
1%70)

3, (H>Hg) of Bombay High region (deep sea) is
found to be slightly greater than that of Y,
relatively shallow water locations. Total
run jp of shallow water is as high as twice
the values obtained for deep sea indicating a
comparatively infrequent occurrence of -
groupimess " in shallow water region.
Thompson and Seelig (1984) showed that' the
shallowness of recording site has significant
influence on the wave group parameter in surf
zone.

Wave Spectra: Figum4 is 3-D plot of
spectral density showing actual picture of
sea state during monsoon period for Bombay-
High location. Early and later part of the
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Fii.6 MONTHLY VARIATION OF WAVE SPECTRA

month July 1983 sea state is found to be of
reasonably high wave energy with a calm state
in middle of the month. This phenomenon is
also seen in Figure 2 D, showing variation of
Hs over the month. 1In order to distinguish
the varjation of spectra, contour lines of
spectral densities are drawn for each loca-
tion. Figure 5 is a frequency-time plot of
wave spectra (Draper, 1976). Peak period for
all records are ranges from 8 to 12 sec,
Ridge line corresponding to peak frequency
indicates the location of peak of energy
spectra (Fig. 5 D). Maximum spectral energy
which was 5.05 m*2.H, on 1st of July 's3
1500H grew to 12.75 m*2.Hzat 1500H on 11th
and then decreased gradually to 2.36 m~2.Hy
at 1500H on 21st of July. This phenomenon is
repeated with increase in spectral density

to 26.6 m™2,Hz at 1500 on 24th of July. Wave
energy is distributed over a wide band of
frequency ranging from 0.05 to 0.3H, with
spectral width parameter 8 varying from 0.78
to 0.80, Very low and multipeaked energy
spectra with maximum density of 2.5 mA2,Hg
are observed at intermediate and shallow waters
as confirmed by Mandal and Nayak (1988). Dig-
tinct secondary peaks observed are due to

2nd and 3rd harmonics of main peaks caused
by non-linear interaction of spectral com-
ponents in shallow waters,

The average run length J1 for H¥Hg and
H>Hnm during growing state is found to be
higher compared to that of decaying state.

The 33 (H>Hg) for growing state is 1.29, 1.19,
1.25 and 1.43 for dgndla, Hazira Daman and
Bombay-hilgh respectively whereas correspond-
ing values for decaying state-are 1,25, 1,14,
1.16 and 1.35. Another statistics of interest
is the length of run containing maximum wave
height called conditional run which indicates
whether high wave comes singly or stick toge-
ther. Observations noted in Table 2 confirm
that higher waves come only in a group (Goda ,
1970 ; Zuengi and Quihua, 1987). Analysis
indicates that longest run contains 5 waves
for H>Hg and 14 waves for H>Hp at all loca-
tions. sStudies carried out by Dattatri (1983)
for waves off Mangalore and Thomas et al.
(1986) for swell waves off Trivandrum identi-
fied more than 5 waves in a longest run for
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H H, (for locations refer Fig. 1).

grobability of run length: Figures 6 A,B,
C and D are plots for probability of run
length of waves exceeding Hp and Hg. Theore-
tical probabilities of Goda (1970) (Eqn. 2)
and Kimura (1980) (Egn. 5) are also superimp-
osed. The observed probabilities for total
data with growing and decaying states are
also marked. Average probability of group
formation for the observed data indicates
that Goda's (1970) theory predicts lower

5.

X

100 (A)
b . HrHg H>|

Growth ,15 A“.
Decdy = o
Average o o
Kimura Th.
Goda Th, —-~-

(8}

'PROBABILITY OF RUN, P ¢ j)

RUN LENGTH,

FiG.6 FROBABILITY OF OCCURRENCE OF RUN LENGTH, P { j )
FOR WAVES EXCEEDING Hgq ANO H WITH THEORY
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values whereas Kimura's (1980) theory seems
to be in good agreement at correlation co-
efficient ), (1) = 0.2.

Considering the set of growing and decay~-
ing records separately, it is found that a
trend of observed probabilities is higher in
the former case for both H»Hg and H>H . This
is in agreement with results of Rye (1974).

Figures 7 A, B, C and D show the variation
of average run length j;(H>H_) with peaked-
ness parameter Q_. No signi%icant difference
is found between the two states. But data as
a whole, show a trend towards an increase in
j1 1s observed with an increase in Q .
Similar observations have been made Goda
(1970), Dattatri (1983) and Thomas et al
(1986) . Deep water data of Bombay High (Fig.
7 D) shows relatively a better trend than
that for shallow water data (Figs. 7 A, B and
C). Thomas et al (1986) suggest that this
departure may be due to the non-linear effect
in shallow water. But Elgar et al (1984)
explain that this is due to the neglected
correlations of waves in a narrow band
spectrum rather than non-linear effects and
recommend the linear theory. However, spec-
tral width parameter showed no systematic
trend with variation of j;(H>Hg) for all
locations and hence, not presented here,
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Correlation coefficient: Correlation
between the successive wave height (Rye, 1974)
is calculated using equation given below
and average values are tabulated in Table 2.

NA
Yaa(n) = 1/00=2(8-1)) Z (H, -Fim) (1, ) H)

On comparing )ﬁh(l) for growing and decaying
states greater values are obsdrved in the



cage of former indicating pronounced groupi-
ness, It is observed that data points in
Figure 8 for V(1) v/s j;(H>Hg) are less
scattered and more organised tg

as observed by Thomas et al (1986). An inc~
rease of (1) is also observed at all loca-

an in Figure 7 ‘

tions. It may also be noted that theory pro-

posed by Kimura predicts reasonably well,
especially in deep water region.
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Explanation for pronounced group forma-
tion in growing state may not be cobvious
because theoretically wave group formation
tends to be more pronounced for narrow band
spectra representing swell dominated decay
state (Longuet-Higgins, 1957). Based on
analysed field and simulated data Goda (1970)
reccommended Qpas the controllin? factor
which is also supported by Rye (1974).
However, relationship between jj and )V (1)
explains the two states more meaningfully.
This phenomenon may be due to the energy
input to waves from wind during growing
state which would result in’generating higher
wavds with greater tendency to exceed certain
wave height. Probability of group formation
seems to be less in the case of decay state,
in which the epergy redistribution and trans-
formation takes place.

CONC1US IONS

1. Wave heights are mutually dependent. Co-
rrelation coefficient noted is as high as
0.6 and is an important factor in wave group
analysis,

2. Wave groupiness is found to be slightly
high in deeper water than shallow water and
occurrence of groupiness in shallow waters
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is comparatively infrequent.

3. More pronounced group formation is ob-
served in the case of growing state due to
the higher correlation between successive
wave heights,

4. Kimura's theory seems to be a better
fit for groups of waves off North-west
coast of India.
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