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ABSTRACT
: ) o R ; .
/ Datawell waverider ‘buoy instellcd at 27 m watey- denth o Daman
successfully recorded the waves c¢erina Kovember 1982 cyclone. Puring 7 -
10th kovemper 1982, 3¢ sets of wave data of each 20 minutes duraticn re-

corded at every 1% hclirs were an:”ysnd tc ovtzin rcrecoirea, For b.:tter
understanding of tne stages of c¢rouih and decay o the sea-stcte, wove
spectre were computed for :zll the wave recorde. It was observed Irom the

results of enelvsis that the peak freguencies of speczre at the wive de-
caying stage ore in cenerecl hicner than those cesrespendinc to the wave
growth stege ifior sprro:iimately the same significcocnt wave nzicht., This

indicetes thet the wave sznergy is dominant in- lonq:r uave-len:tns ‘or
crowing stage < the cyclione waves, The observed spectra were also com-
" pered with vericus tneoreticsl spectra. The Scott spectra cnnera17
yvielded a better £it, wherezs at the peak Zrzecuency regicn, however
JONSVAP spectra fitted well, . -
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INTRODUCTION

) . . .

For planning, designing and constructing of an ocean siructure
it is very important to heve an accurate evaluation of the wave climste
at the site. Wave activity.has been found t0 be severe along the west
coast of india during the monsoon period (June to September). Worst wave
cofpditions however, may occur during the occurrence of severe cyclones.
Vaves observed during cyclones are generally higher and steep=2r, thereby
causing severe loading conditions on the structures in the region. There-
fore, from the safety point of view, wave data measured during the cyclo-
nic storm are of vital importance and are of very great value in the
engineering de51cns of the nearshore as well as oLfshore structures.,

Wave measUrements were undertaken off Daman’ on the west coast of
India by the ©cean Engineering Division of the Rational Institute of Ocea-
nography, Goa under the sponsorship of ‘the 0il and Natural Gas Commission,
Bombay Offshore Project, Bombay. Durlng the course of measurement, a
severe cyclone occurred in the Arabian Sea in November 1982 moved towards
the coast of Gujarat with the landfall point occurring near Veraval, High
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- wsves aene:at;ed due to cyelonic storm were recorned tnroughout cvclonic
- berioo at the wave r*aer station esf Daman. . L

SR This paper p:esencs the results of. the soectral ane.ls'sis on waves

carried out on wave records pertzining to the cyclonic period.. For better

. upderstanding of the waves generated due to cyclones, tne variation of =

vave spectra during the stages of growth and Gecay of the . ‘cyclene has been

- studied. Tne measured spectral ectimates wer.e con'oa*ec with .ne vzrious.
‘theoreticszi spect.al sormnuletions. ‘ _ S

 WAVE osssavano:a Duamc "'"r!E CYCLONE

A cyclonic storm occurred in the Arabian Sea durinc 7 = 10th Nove

. gmoer, 1982 =nd hit the coast of Gujarat between Veraval and Diu with a
ind speed. varying from 170 to 180 Jm/hour: on .Bth November, 1982 as- shmm
iin Fig. 1. : A Dutch Daeawell waverider nuay ‘was aeployed off Damen et a™
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FIG. 1. CYCLONE TRACK
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- wzter depth of 27 meters and the shortest distance of the buoy froxm the
* +rack of tne cyeclone was apout 200 m, m1m° seriess cata on waves uere
collert=R at 1% . nhourly intervzle for = Guration.of 20 minutes ezch.

BPta:ﬂEtejtelemeterec to the shore station in Daman at 2 distence of 18

3on Fepgm e buoy.. The telemetered data were raceﬂvec b WAREP Marii II

reveiwerfrecorder system vith a procrammzble strip chert recordsr, &

Edpita) ymenetic tape rece*cer {DI13) was interfzcsd with the WARST unit.

1herein The anzlog signal rom ths WAREP reéceiver was Sigitized &t every |

{J-’S-seccnc ;.nterval and recorded on'a c::.::;tsl cis cse-t : BT

: ﬂa? ’The h;ﬂhest.%mx;mum<wave helght s anc n° nlgnes

haﬁe helﬁkt fs‘mgasu:ec gurlnc the. cvclonc were B. 1_‘m anc ..il m red- _

pect:i..vel? 3 This ’o&é&r‘ed on Qhovemer 198” evenz. g-&t bou,, 18;11_ nrs.

mz:ea zcm. snzc;ﬂka &

. : There’are‘various.mathEmitxcal ddrm&hfigons % tbea:et;c*i?yaQ§3
enﬂctra avallaole.u host éommon snnq;ragpsez hero ar CE S

a;, rp’h v

{a) I-’a.e"son-hosxovlth saqurum g i

;The one-parameter Faerson-ﬁoskcwzta@sngctrun {1964) is

‘ .7"\.‘-’;

E{£) = O. 00319 (én) :5-xn( 1,255 ‘/= ) Fv

R
,H

where, E is the energy. denflty in hz-sec‘ o
g ir the crsvitational acceleration (9, Elm/sec )
£ is the Zreguency in H: ‘}
Iq is“the.. oeax frecucnc\ An Lﬂ
: {p) JOSSHLP spectrum L
L oes . enct by . . . -
: : "The five-pardmeter JOS AP (unsselma nn et cly 1973) speoczoum is
 bzsed on the measurement of wind generatsd ‘weves curing Joint kort: Sea

Project, 1966-1969. It can be wEiften as

B(z) =d =X BhaPat - »o(-l 255/ --v( {£-£ ) /(20""‘)

iﬁhere, d is the Pnillip's constant ' ’ : oy
? Y is the rztio of svectral energy to the nax1mum of the. co:re"mon-
ding Pierson-Moskowitz: spectrum, called peak enhancemen factor,
O is the width of the spectral peak ‘ o
g = o.a J-Orf<fm
0 = qg for £) £,
{c) Scott snectrum
The two—parameter Scott spectrum (1965) based on the extensive
measurement of wave data using a ship borne wave Lecorder can be expre~

ssed as

p R 4 y° (f-f )2
E(f) 0 428;1 H Exp J° oss(zrr(f-f )+o.263
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©, where, Hs is the significant wave height'in meters.,

(&) :retscwnezcer soacter E“"f

Theltuo-paramater -ret=cnn=iaer s Ctrumf{ieig)ﬁis.ﬁfi;;ehgas_
B —.  S/( Gfm/’s "xp(--.ZS‘r/,

RISULTS ;-.:\D uxsm_szuh.,-f

The varlauion of . 51cn1L1cant wave neicrts cu:’nc c;:ferea ctaces
of the cyclone are compared witn the radial distancé of the. eve of c¥clone
Zrom-the .wave rider station as shomn ln ¢1c. 2. It ln,lcahes thzt there
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FIG. 2 VARIATION OF SIGNIFICANT WAVE 'HEIGHT "AND RADIAL
DISTANCE WITH. TIME. o

was a rapid decrease in the signxf;cant wave height during the wave decay
stage whereas the increase in waye height during the growing stage,houever,
was relatively slower, 1In order to present the overall picture of the
‘growth and decaying state. of waves due %o the cyclene, conteur lines of
spectral energy densities vere drawn from 34. sets of wave records in the
form of frequency—tlme plot of wave spectra as shown in fig. 3, Each
contour in the figure represents spectral density of a certain level and -
inner’ portions of the enclosed conteours correspond to higher spectral den-
sities. The most severe sea state in which highest significant wave height
obtained represents the innermost contour line. In general, the freguency-
time plot of wave spectra would be useful in illustrating characteristics
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FiG. 3 CONTOURS OF SPECTRAL DENSITY

"of swell and locally generatsd waves (the seal) it vas not possible to use
figure 3 to identify the swell ané the sea characteristics probably
because the cyclone track was quite far away from the wave rider station
and waves . at this station were guite complex due to interference of diff-
erent wave trains coming from different directicns. The maximum enerqgy
density measured was 33.72 m2-sec at peak frecuency of 0.0898 Hp,

Tne temporal variation of spectral width, zeroth spectral moment
etc. due to the effect of cyclone have been presented in table I.

S The spectra obtained during the growth and the decay of the
cyclone for the sea state of aooroumately same significant wave height
were compared., It is observed that the peak fregquency during the - wave
decaying stage is larger than °~  that observed for the wave growing

stage for a given significant wave height. As an example, figure 4 shows :
a comparison of wave spectra for the sea state with significant wave

height of 1.60 m. This indicates that the wave energy is distributed in
larger wave-lengths -for the wave growth stage when compared to that occ-

‘uring in the. wave decaying stage.
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TABLE.I: VARIATION.OF WAVE SFECTRAL PARAMETERS DURING CYCLONE

Record Date Time Period of Spectral Spectral Spectral Zeroth

No ; + (IST) . spectral  energy peaked- width spectral
peak "density ness = parameter moment
T (Sec) at T,  parameter e - (mz)
p 5 P :
- (m2.sec) Qp
1 7-11-82 0009 = 3.66 0.08 1,77 0.87 0,011
T8 " 1202 9.48 . 0,98 4,22 0,83 - 0.029
-9 B=11-82 0009 . 12.34 4,15 1.87 0.84 - 04157
+ 11 b - 0612 10,56 ‘ 269 1,43 0.81 0271
12 L 11456 i1.01 9,78 12,53 0.80 " D.488
15 v - 1636 11.51 .15313 1.85 - 0.83- 0,910
1l oo is01 11,13 C33.72 ~1.,92 . 0.82 1,150 .
17 " - 1928 9.06. 33.25. 1.98 - 0.80 1,551
- 18- 9-11-82 0007  10.78° 17.48 - 1,81 - * 0,77  1.155
S22 M 0734 8.61 4.4 1,88 L 0,77 . 10,319
24 " 1206 5.75 1.78  1.65 . 0.77 0.159
2T E n 1756 8.00 1.00 1,91 | 0.83 - 0,074
"’910-11-82 0307 8.46 .. 0.53 1,22 - - 0.52 L +0e0£2
?a.. 3 1224 6.67 . '0f52: : 1;51_ 0.45 . -_.0.040‘
o 3 ‘ . o ‘ T ’
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FIG. 4 WAVE SPECTRA OBTAINED IN THE GROWING AND
DECAYING STAGES OF THE CYCLONE FOR Hs = 1.60m.
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The measurea soectra vere compared with various theer etical
spectra to see how best storm generated wzve spectrz can be: descrinsc Dy
various theoretical spectral formulations., The theoretical spactra used
are one-parameter -Pierson-Moskowitz (1964), two-oaram=:er Secert (19&3
and Eretschneiger (1959), andé Iive-baram°;er JOsvis® (3€73), Theoretical
spectra were obtained by fitting the measured spectra ny the mgunoa of
least sguares as shown in flcures 5a and 5b,

Tne results show that JONSHAP spectra represent the msasured
=o=chr= very well at the peax fregusncy region vnereas the Scott spect
is :ouna t0 give the best f;* bassé on tn° mb_hoa of as; scuare

Ira

CONCLUS Tois

.- The naper'nrecents the results o: the wave spacirzl analysis
carried out on wave recorés measured ofi Daman on the west cosst of India
‘during the occurrence of a severe c-clonlc storm: in tne, krabian Sea on -
7-10 uovenbar, 1982, A comparatlvely rapid decrease in the significant
wave height was observed for the wave decay stzge whereas: there was &
relatlvely slow increase Ln the wave hnlgnt for the wave growth Staﬂeo

g

-
T

It is also found that the Deak frequencies for the wave gro\hh
stage is relatively lower than the neak freguencies occurring for the
wave aecay stage for a given .significeant wave height. Tnis indicates that

the’ wave energy is predominantly distributed in longer wave lengths For
the wave growth stage when compared to the wave energy distribution Zor
the wave decaying stage cduring the cccurrence of a c”clone.

_ The shope o‘ the méasured spectra cin e’ \cll renrcsentcd =y
uuo~paraweter Scott cspectra., The JOKSWAP snoctra, ‘hoviever, is Zoung¢ to
yield a better f£it for the peak freguency regicns of the observed spectra.

o
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