CHAPTER 5

THE SEA & WAVES

Dl Introduction

The sea and climate are the external enviroment

which mainly atffect th \ . a whole and all exposed
equipment. M erfo &pan also be influenced by

It shou internal environment

AN

can affect the anel ‘and internal equipment as well.

AN

To some exte s f ki \i"‘-nt is controllable,

eg. The tempera o

Ll 1 : S ' 1
: . PR
means of an air cond 3] .

{ -.--'- J:'f'

an be controlled by

The human ;Eﬂﬂ nent overed by what 1is termed
— ‘, II' -.u

Human FactorSe (HF) & a full Stucy v ofiwhich involves multi-

discipline teiw ?-ychologlsts, engineers

0

and s01entlsts.
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5+2 The sea

Certain physical properties of the sea are of

considerable importance to the study. They are : -
a) Density : The density effects the ship’s

ght and trim and depends mainly

temperature and salinity.

éd values of density of
salt water at various
RQQH

re given in Table
(5« 2.) s which are
rom [69].
b) Kimemat e ;{_: sity & = This is particularly
- s‘ to the frictional resis-
experienced by a ship as it

he Reynolds number. The
/ Ej’es of the kinematic
'Scou 1ty@f fresh and salt water
at gwvarious temperatures are also

AU ¢ ANY DI WIS eers wos e o

¢ Table (5.3) and (6J4)

‘qug mm ua“:]g w&gaeﬂas the ratio
of solid dissolved in one unit mass
of sea water. Values for actual
samples of sea water will vary
from area to area. Standard calcu-
lation assumes 3.5% of salinity to

be used.



TABLE (5.1) Mass densities for fresh water

(last decimal figure is doubtful)

<P < P e f
0 999.79 10 999.59 20 998.12
L 999.79 21 997.92
2 999.89 22 997,12
3 999.89 43 997.43
4 999.89 24 997.24
5 299,89 25 996.94
6 299.89 26 936. 75
7 999...79 27 996.45
8 999,79 28 996.16
9 0990.6%5 29 995.87
30 995,57

Metric units; © inj
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TABLE (5.2) Mass densities for salt water (salinity 3.5 percent)

(last decimal figure is doubtful)

Metric units; §) i

AULINENINYINT

*C P c °c P
0 1028.03 20 1024-70
5 & 1027.93 21 1024.40
2 1027.83 22 1024.11
3 1027.83 23 1023.81
4 1027.74 24 1023 .52
5 1027.64 25 1023.23
6 1027.44 26 1022.93
’7 1027.34 27 1022.64
8 1027.15 28 1022.25
9 1027.05 29 1021.95
30 1021.66

ARIANTAUNNIING 1A Y
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"TABLE (5.3) Values of kinematic viscosity for fresh water, v, in metric units of
(m2s~1) x 10°. Temp. in degrees Celsius
Deg.C 0.0 0.l 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 1. 78667 1.78056 1.77450 1.76846 1.76246 1.175648 1.75054 1.74461 1.73871 1.73285
1 1.72701 1.72121 1.71545 1.70972 1.70403 1.69836 1.69272 1.68710 1.68151 1.67594
2 1.67040 1.66489 1.65940 1.65396 1.64855 1.64316 1.63780 1.63247 1.62717 1.62190
3" 1.61665 1.61142 1.60622 1.60105 1.59591 1.59079 1.58570 1.58063 1.57558 1.57057
4 1.56557 1.56060 1.55566 - 1.5507 ‘ 585 1.54098 1.53613 1.53131 1.52651 1.52173 "
5 1.51698 1.51225 1.50754 "W 1.49356 1.48894 1.48435 1.47978 1.47523
6 1.47070 1.46619 1. 46 1.4 | 4844 1.44405 1.43968 1.43533 1.43099
'J e —
7 1.42667 1.42238 1.418 0543 1.40125 1.39709 1.39294 1.38882
8 1.38471 1.38063 y 1.36045 1.35646 1.35249 1.34855
9 1.34463 1.34073 1.32149 1.31769 1.31391 1.31015
10 1.30641 1.30268 - 1.28430 1.28067 1.27706 1.27346
11  1.26988 1.26632 - 1.24874 1.24537 1.24182 1.23'838
12 1.23495 1.23154 Y.2%471 1.21146 1.20816 1.20487
13 1.20159 -1.19832 1.18225 1.17908 1.17592 1.17228
14 1.16964 . 1.16651 1.15109 1.14806 1.14503 1.14202
15 1.13902 1.13603 1.12417 1.12124 1.11832 1.11542 1.11254
16 1.10966 1.10680__1.10395 f?ii&‘]fiom ?I"’ 1.09265 1.08986 1.08708 1.08431
17 1.08155 1.0788 l”:x J.06523 1.06254 1.05987 1.05721
18  1.05456 1.05193 I- 93 ] ] 4 | 1.03889 1.03631 1.03375 1.03119
19 1.02865 1.02611 12359 1.02107 1.01857 1. OlGQ 1.01359 1.01111 1.00865 1.00619
20 1.00374 ﬁ ﬁ % 927 0.98690 0.98454 0.98218
21 0.97984 ﬁ:ﬁ 75 i] gw El}j 592 0.96363 0.96135 0.95908
22 0.95682 0. 95456 0.95231 0.95Q08 0.94786 d 94565 0. 94345y 0.94125 0.93906 0.93688
23 0.9&1%./932@ ﬁ9ﬂ0§0m2yowgq ’g.é?g}aﬁlot-%za &]91971 0.91760 0.91549
24 0.513’30 0.91132 0.90924 0.90718 0.90512 0.90306 0.90102 0.89898 0.89695 0.89493
25 0.89292 0.89090 0.88889 0.88689 0.88490 0.88291 0.88094 0.87897 0.87702 0.87507
26 0.87313 0.87119 0.86926 0.86724 0.86543 0.86352 0.86162 0.85973 0.85784 0.85596
727 0.85409 0.85222 0.85036 Q.84851 0.84666 - 0.84482 0.84298 0.84116 0.83934 0.83752
28 0.83572 0.83391 0.83212 0.83033 0.82855 0.82677 0.82500 0.82324 0.82148 0.81973
29 0.81798 0.81625 0,81451 0.81279 0.81106 0.80935 0.80765 0.80596 0.80427 0.80258
30 0.80091 0.79923 0.79755 0.79588 0.79422 0.79256 0.79090 0.78924 0.78757 0.78592




TABLE (5.4) Values of Kkinematic viscosity for salt water, v, in metric units of

(mzs_l) x_106. (salinity 3.5 per cent.) Temp. in degrees Celsius

101

0.9

Deg.C 00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0 1.82844' 1.82237 1.81633 1.81033 1.80436 1.79842 1.79251 1.78662 1.78077 1.77494
1 1.76915 1.76339 1.75767 1.75199 1.74634 1.74072 1.73513 1.72956 1.72403 1.71853
2 1.71306 1.70761 1.70220 1.69681 1.69145 1.68612 1.68028 1.67554 1.67030 1.66508
3 1.65988 1.65472 1.64958 1.64446 1.63938 1.63432 1.62928 1.62427 1.61929 1.61433
4 1.60940 1.60449 1.59961 1.59475, 1458992 1.58511 1.58032 1.57556 1.57082 1.56611
5 1.56142 1.55676 1.55213 ‘ /f .53838 1.53383 1.52930 1.52497 1.52030
6 1.51584 1.51139 : '1.&49388 1.48956 1.48525 1.48095 1.47667
7 1.47242 1.46818 !!.45@ 1.44735 1.44325 1.43916 1.43508
8 1.43102 1.42698 ‘ﬁ“"‘5544ﬂ£21 1.40709 1.40317 1.39927 1.39539
9 1.39152 1.38767 . 1.37246 1.36870 1.36496 1.36123 1.35752
10 1.35383 1.35014 1.33195 1.32837 1.32481 1.32126
11 1.31773 1.31421 1.29685 1.29343 1.29002 1.28662
12 1.28324 1.27987 1.26330 1.26003 1.25677 1.25352
13 1.25028 1.24705 1.23112 1.22798 1.22484 1.22172
14  1.21862 1.21552 1.20027 1.19726 1.19426 1.19128
15 1.18831 1.18534 1.17356° 1.17068 1.16778 1.16490 1.16202
16  1.15916 1.15631 1.14228 1.13951 1.13674 1.13399
17 1.13125 1.128524 .11500 1.11232 1.10966 1.10702
18 1.10438 1.10176 ~1.09914 1.0965: 08876 1.08619 1.08363 1.08107
19 1.07854 1.07601 ;Ei7350 1.07099 1.06850 l.OGGJE] 1.06353 1.06106 1.05861 1.05616
20 1.05372 1.05129 1.04885. 1.04645 1.04405 1.04165 1.03927 1.03689 1.03452 1.03216
| QAl

21 1.02981 1-@14”1&15’1) nglwi;w ]ﬂlglﬂ.§589 1.01360 1.01132 1.00904
22 1.00678 1.03&52 1.00227 1.00003 0.99780 ,0,99557 0.993370.99115 0.98895 0.98676
23 0.9 7WQ@@@§MN%&] ’gﬂ&}sﬂ.’;}@ E.jaegso 0.96737 0.96526
24 0.96316 0.96105 0.95896 0.95687 0.95479 0.95272 0.95067 0.94862 0.94658 0.94455
25 0.94252 0.94049 0.93847 0.93646 0.93445 0.93245 0.93046 0.92647 0.92649 0.92452
26 0.92255 0.92059 0.91865 0.91671 0.91478 0.91286 0.91094 0.90903 0.90711 0.90521
27 0.90331 0.90141 0.89953 0.89765 0.89579 0.89393 0.89207 0.89023 0.88838 0.88654
28 0.88470 0.88287 0.88105 0.87923 0.87742 0.87562 0.87383 0.87205 0.87027 0.86849
29  0.86671 0.86494 0.86318 0.86142 0.85966 0.85192 0.85619 0.85446 0.85274 0.85102
30 0.84931 0.84759 0.83739 0.83570 0.83400

0.84588 0.84418 0.84248 0.84079 10.83910
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d) The sea surface : The sea presents are ever

changing face to the observer. In
the long term, the surface may be
in any condition form a flat calm

to extreme roughness. In the short

the surface may present the

//j of a fairly steady level
o r@ but the actual surface

continuously varying.

The s ) ~-‘~ confused picture
which define . a 7 $\\\ ttempts at mathema-
tical definitig h*{{w Sir th* Newton had made some
study of wave é?;%?t-apyxt that the generally

accepted theory o nf"f’; er was initiated in a work

publishing durin:_ggigﬂwfﬁl_ Z Gerstner, Professor of

Mathematic Mr-Prague from +780 to ] . In U.K. the
‘ﬁ \‘

theory was deﬁ OT ym simultaneously and

independently bf Professor Macquorn Rankine and William

_— w*ﬂ LN NSNS = vork 1391,
ﬂﬁmﬁ ?]ﬁsﬂriﬁatg] wind, the

exten* sturbance epending upon strength of
the wind, the time for which it acts and the length of the
water surface over which.it acts. These three qualities
are referred to as the strength, duration and fetch of the
wind respectively [37; 38]. The disturbance also depends

on tide, depth of water and local 1land contours. Wave

characteristics become practically independent of fetch
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when the fetch is greater than about 300 miles.

Once a wave has been generated it will move away
from the position at which it was generated until all its
energy 1is spent. Waves generated by local winds are

termed sea and those which have traveled out of their area

of generation are well [31]. Sea waves are

characterised b‘, e :‘j-kky crests and the crest
length seldom "E€XEeeds mew three times the wave-
length. Swell / 3‘ﬁ:3h Ly lower with more rounded
tops. The c¢ Y six or seven times
the wave-len variation in height

between succes ‘ 7S : Chen in the case for sea

are 5§ =

b) T sinusoie
B 105 T T froer s ot oo

described]in more detall

ammnimumawmaﬂ
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503 Trochoidal waves

The trochoidal wave theory has been adopted for
certain standard calculation, eg. that for longitudinal
strength. By observation, the theory appears to reflect

many actual ocean wave phenomena although it can be

regarded as only an Approyi ion to the complex wave form

The ( i \ rochoidal wave surface 1is
A, S \\M“g-ath traced by a point

RR\‘ cle is rolled along and
\ N\
(5.1).

below a straigh g
' ! mdﬂ \

fl‘;{ i.:_.l-"'

defined mathe

fixed within

& WE

Fig. 5.1 Generation of trochoidal wave form
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Suppose the height and length of the wave to be
generated are hw and A respectively : then the radius

of the generating circle is R, say, where

Let erating circle at

position Cj wrough and angle 0 by
the time it

C,C

Relative phe ‘xly _axes shown in Fig. (5.1) the

X

r - r 9 = hw(l - cose)
ﬂ‘lJEl’J‘VIEWlﬁWEf’]ﬂ‘i
As the circle g rolls ' turns, unstantaneously,

i i Bl ‘«iﬁH:NaW]@ Pb H Berasone 1ane.

Hence NP is the normal to the trochoidal surface and the

instantaneous velocity of p is

NPd6 normal to NP
dt

Surfaces of equal pressure below the water surface

will also be trochoidal. Crests and troughs will lie
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vertically below those of the surface trochoid, i.e. the
length of the trochoidal wave is the same in all case and
they are all generated by a rolling circle of the same
diameter. At great depths, any surface disturbance is not
felt so that the radius of the point generating the

trochoidal surface mu cduce with increasing depth.

Fig. 5.2 Sub-surface trochoids
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By definition, no particles of water pass through
a trochoidal surface. Hence, for continuity the space

shown shaded in Fig. (5.2) must remain filled by the same

volume of water.

nstant- values of ©

allel and, provideddz is

small, ﬁfﬁuarallel. Resolving

along PN w

ﬂﬁﬂﬁmﬂmwmm

= Oz cos¢® + OPN, wherebPNy, = P’'N’ - PN

ammnftfuum BUEREE

tPN = Oz (R - r cos 8) + PN-OPN

Also

PN2 = R% + r? - 2 Rrcos ©

Differenctiating and remembering that R and 6

are constant
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2PN 5PN 2rOr - 2R cos 6 ér

1]

tPN = Oz (R-rcos®)+ rdr-Rcos 6r

= R5Z+r5r—cose(r5z+R5r)

Since tPN is constant for all values of O

i & 52 + R 6r = 0

in the limit

*\\g\ = constant

i.e.,

Thatﬁls to say, of the point tracing

out thﬁﬁﬁ%ﬁ Hﬁ“ﬂﬂﬁm exponentially with

increasilhg depth. T%is expoz:ntial dea?y is often met
“RRINEATUHNINGINY

Although it has been convenient to study the shape

'
the radius

of the +trochoidal wave wusing the artifice of a point
within a rolling circle, a particle in the water surface
itself does not trace out a trochoid. The absolute motion
is circular and neglecting bodily movement of mases of

water such as those due to tides, is obtained by
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superimposing on Fig. (5.1) an overall velocity of C from

right to left such that

C = A
T

of a constant velocity in no

This superposi

way invalidates:

follow. The use, 01 ﬁnary trochoid as in Fig.

(5.1) is mer

by considerin "“- ‘".J 18 w{ a particle at P in Fig.

convenience.

vq expressed in terms of A

(56.1). Such afps 16 i F1 st fer a downward force due

to gravity and in the line CP.

If the particle is m, the gravita-

tional force i 8= rdnd B rifugal force mrw2 where

w = de/dt. ’r_— IE"
I

Sinﬂ the surface is one ‘?] equal pressure, the

resultaﬁﬂ‘ﬂﬁﬂg ﬁp j normal to the
lie in e direc

surfaceqll.e. it mus ion of NP

ﬁwwaﬁfﬂimwmmﬁﬂ_

Resulton! force

Fig. (5.3) Forces on particle in wave surface
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mg = mrw?
NC CP
i.e.
mg = mrw?
R r
whence
w
Now C = ve period = 2T /w.
C =
Hence
c? =

Relationship gt centre and the

undisturbed. s

In Fig. hoidal wave form is super-

1mp°sed onswtnNe sti1lt water —surt: T - 4 a Crest sy as ]neasured

2. ~d

above the s-h tmoe equal to the volume
i i
of a trough mﬁasured below this level. Put another way,

the arﬂﬂﬂq ‘V}H‘wuﬁwg'}ﬂ‘s the area of the

rectdn e PoP’olL’ 11 or; ior 31mp11 ication of the

ARIANNI LU N%’TJV]&I’]@H

T

1

Fig.(5.4) Line of orbit centres in relation to

the still water surface



111

=R
j)(zdx= TR (r + O2z)

Where 62 = distance of still water surface below
the line of orbit centres. Since x = RO - r sin 6 and

zZz = r - r cos &, we obtain

o=7
[(r-—r cos 8)

(rR -rRecos~€ - 2 ) = MR(r+ O2z)

= MR(r + 5z)

This d in the past as a wave

pressure correctc

5'4 Si '-l_ e — -
\7 i
Mathfyat 3 «.cho'nal wave is not easy to

manipulate. andt e basic upits from which an irregular sea

. assuﬂduﬂgmymwmn@ N
QW“I Mﬂ‘im U912 mna d
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-
|

z=% sin(gx+wt)

vz

2N
ST
- ey : =
X =
, i ¥ )
e v
AU ENINE ,_

PIAATUAMINYAE

Fig. (5.5) Profile of sinusoidal wave
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For a wave travelling with velocity C in the
direction of decreasing x, Fig. (5.5) the profile of the

wave can be represented by the equation

z = H sin (gqx + wt)
2

In this expressio 2N /A is known as the

n as the wave frequency.

The wave velocit  f e db!!qgathe trochoidal wave,

Other si i fea s of the wave are

E 2 |
SULANUNINYANT e 1o e
RO S A

r = H exp (-az) for'depth Z
2
From this it can be deduced that at a depth
z = +A /2, the orbit radius is only 0.02H so that for

all intents and purposes motion is negligibly small at



114

depths equal to or greater than half the wavelength. The
proof of this relationship is similar to that adopted for

the trochoidal wave.

The hydrodynamic pressure at any point in the wave

system is given by

(ax + wt)

The averégg-—-’ A g ic energies per unit

area of the wave fe ‘equa _ xd the average total

energy per unit a

The energy, Wave : -a~m'is transmitted at
half the velocity o :;T;ﬁfn‘ c waves. Thus, when a

train of regular anﬂggﬁf.- J- . water, the front of the

.\.J
imthis velocity and

transmission, and
the individual

disappear through the front.

f13 E! ANUNINYIDT o s
SR T A

studying the response of a ship to regular waves [3; 9;10].

Differences in response to a trochoidal wave would be

small if the waves are of the same height and length.
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5.5 The wind [37: 38]

The main influence of the wind is felt indirectly
through the waves it generates on the surface of the sea.
As stated above, the severity of these waves will depend

upon the strength (i.e. velocity) of the wind, the time

it acts (i.e. its durati the distance over which it

acts (i.e. the fact

The str oadly classified by

the Beaufort S 2 were introduced by
Admiral Sir 6. O referring to a
calm and force e force. Originally,
there were no S wssociated with these
numbers but in 1 in Table (5.5) have
more recently bee rnationally. The figures

relate to an anemomewei: j;g._ ‘ht of 6 m. above the sea

surface.

No file relation exists bet@ken the spectra of a

sea and ? Jﬂ a&jﬁrﬁ d Figure (5.7)

shows a xﬂlatlons ip agreejﬂ‘ but it applies

onlﬂtmaﬂﬁ?m mh ﬁgﬂnd fetch are
s 3] & pr b

larges Figure (5.8) oOwWS exceeding a

given wind speed in the North Atlantic.

The wind velocity varies with height. At the
surface of the water, the relative velocity is zero dueto
a boundary layer effect. Reference [64] defines a

nominal wind at 33 ft above the waterline, and the



117
TABLE (5.5) The Beaufort Scale

Limits of speed

(Kts) (m/s) (£t/s)
0 Calm L 0.3 2
1 Light air 2-5
2 Light breeze 6-11
3 Gentle breeze 12-18
4 Moderate breeze 19-27
5 Fresh breeze 28-36
6 Strong breeze 37-46
7 Near gale 47-56
8 Gale 57-68
9 Strong gale 69-80
10 sStorm 81-93
11 Violent Storm‘ O 637" 7 94-106
12 Hurricane | . 107 & Over

|
-

AULINENTNYINT
RINNTUUNININY
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variation in wiﬁd velocity with height is assumed to be in
accord with Fig. (5.9) which is based on that reference.
It will be noted, that these nominal velocities will be
about 6 per cent less than those defined by the Beaufort
Scale at a height of 6 m. above the surface. Also given

in Fig. (5.9) is a curve on this nominal height.

~

3

=

&

N

Significant Wu;ehe:;ﬂt [metres)
RIS
REENNAN

o

AULINENTNYINT

AR R IE TR &
: N |
& 4 ; \§ Beaufort Scale’
R I S O N T e
a
~|

o

S 100 15 20 25 30 35 40 45 S50 55 60
‘Wind Speed(Knots)

Fig. (5.8)
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Fig. (5.9) Variatiom ef:wi eed with height above

'peed 100 knots)

or nomlgal veloc1t1es other than 100 knots, the

vel«»cﬁaﬂ B HERT HYAR G e

nominal vel ities.

qRIANN AV o o

ship as forces acting on the above water portions of the
hull and the superstructure. The fore and aft components
of such forces will act either as a resistive or
propulsive force. The lateral force will act as a heeling
moment . Thus, standards of stability adopted in a given

design must reflect the possible magnitude of this heeling
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moment, e.g. large windage area ships will require a

greater stability standard.

Another direct influence of the wind, including
the effect of the ship’s own speed, is to cause lJocal wind

velocities past the superstructure which may entrain the

funnel gases and bring on to the after decks, or

which may produce _decks to the discomfort
of passengers. ‘ “E-u'ten studied by means
of model experi 1d tunnel, in order
to obtain a sui superstructure

[69].

ons of sea conditions
including both Beau and the Sea State scale.
This‘table has been reprz

]

) )
AULINENINYINT
RIANIUNRINEIAY



2

3

4

5

6

Sea-General ' . Wird ; Sea
Sea ' Description (Bear- | Des- Rang Wind Wave Height Significanl| Periods| Average Average Mini- Mini-
Slate : fort) |cription| (knots) | Velocity : Range pf maxi~{Period Wave- mm mum
Wind ‘ (knots) | Average  Signi- Average| Periods | mum T length Fecth Duration
force ficent % a—x-:-m sec Bﬂgyof L ( ) e
: It unless miles) otherwis
Highest Spectra o . irdlie
T =T indi- catad
e cated
Sea like a mirror U Calm i 0 0 0 0 - - - - - -
Ripples with the gopearance X Light -3 2 0.04 0.01 0.09 1.2 0.75 0.5 10in 5 18min
of scales are famod, but without airs 0.01
foam crests
small wavelets;shart ut }
pronouncad crests have a glossy 2 -1.3 6.7Et 8 3%min
appearance, lbut do not ek
Large wavelets; crests lgin
__to treak. Foam of glossy © -3 2.3 20 9.8 1=
appearance. Perhaps scattlered 2.7 27 10 2.4
with harses.
. ; 3.2 40 18 3.8
__Stall waves, becoming larger; 4 3.6 52 24 4.8
~fairly frequerx white harses 3.8 .59 2 5.2
s g 2 4.3 7L 40 6.6
4.8 90 55 8.3
Voderate waves, taking a more 5 5.1 9 65 9.2
p:unnoad long farm; may white 5.4 m b =) 10
horses are famed (chanoe of same :
sxeay)
5.9 134 100 12
Large waves begin to form; 6 6.4 160 130 14
white crests are more extensive 6.6 164 140 15
everywoere (prabosbly some spary) - 7.0 188 180 17
_ 7:5 212 230 20
Sea hesps p, and white foem from 7 8.0 250 280 23
Jreaking waves being to be blown 8.2 258 290 24
in stresks along the direction of the 8.6 285 340 27
wind (Spindrift begins to be seen)
' k"] 2.8 91 32 40 X
. ¢ 36 13.6 9.6 363 500 34
Moderate hich waves -of greater 8 1309 9.9 37 530 37
léngth; edges. of crests.Jaesk into 38 4 26.3 R 14.3 10.2 392 600 38
spindrift. The form: is hloan in well- 40 18.2 2.1 37.0  6.5-21.7 15.1 10.7 444 710 42
marked. stresks along the direction 4 -
wind. affects. visikility.
of the wind. Sy aftects Viskipd 9 101 @
' 2] d 1.3 492 830 . 47
2 1.8 534 960 52
5 12.3 590 1110 57
=4
12.9 650 1250 63
5 13.4 700 1420 69
3 13.8 736 1560 )
. 30.8 2 6. 19.6 13.9 70 1610 )
tion of the wind. (n the whole, the ' 54 33.2 531 67.4 8-29.5 20.4 14.5 810 1800 81
surface of the sea takes on a white ¢
agpearance. The rolling of the sea
becomes haavy ad shocklike.
le:nhty is affected. %
Exoepticnally hicgh waves. Sea .
capletely covered with long white 11 Stam 56-63 56 35.7 57.1 72.5 8.531 2.1 . 15 910 2100 88
patches of foam lying in directicn 59.5 40.3 64.4 8.8 10-32 2.4 15.9 985 2500 101

TABLE (5.6) DEFINITIONS OF SEA CONDITIONS : WAVE AND SEA FOR FULLY ARISEN -SEA
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of wind. Eva:yhtﬂ:eatﬁsofwave
crestssatehlmmhofmm Visibility
affected.

Air filled with fosm and spary. Sea 12 Bari~ . > ’ 10-35 241 17.2
vhite with driving spary. Visibility cae 64-7L  >46.6 74.5 94.6 .
very seriously affected
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