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ABSTRACT.

Wind waves in tﬂe Qicinity of Cape ToWn, South Africa,
were measured by means of an N.I.O. (England) ship-borne wave
recorder, in water depths varying from 12 - 140 metres. One
dimeﬁsional frequency spectra were cdmputed from the recofds, bY 
power spectrum analysis, baseéd on the method of Blackman and

Tukey, using an I.B.M. 1130 Computer,

, Assumpfions of normality and stationarity were tesfed.
. The Gaussian assumption»bf the waves was‘found to be acceptable
for the waters off Cape Town. At the 5% critical level, using
the chi-square test, 3 out of 23 records tested wefe found to be
non-Gaussian. No significant difference between the Gaussian
'properties of the deep and the shallow stations was found. Tests
- . for stationarity applied to 3 selected records showed 1 record as
clearly non—statiohary. However, this recording was obtained

under fluctuéting wind conditions.

Comparison of the total variances of the power spectra
obtained in shoaling water showed a systematic decrease of var-
‘iance with depth. Normalised spectra did not show a systematic
selective attenuation of the variances with frequency.  Factors
.which might have caused the systematic reducfion of the tofal“

variances with depth have been examined.

The bottom friction factor for this coast was estimated,
The mean value of the bottom friction is 0.22. This is'higher

than found by other workers.
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INTRODUCTION,

' The purpose of this thesis is to record some wind wave
'studieS'made, using one-dimensional wave spectrum analysis, of
waves recorded on the research ship "Thomas B. Davie" near Cape
Town (Fig.. 1.l) from 1968 until the middle of 1970, These wave
stﬁdies comprise an inVestigation into the Gaussian properties of
the.waves, aspects of stationarity and mbdifications of the wave

~spectra in shoaling water.

‘Powerlspectrumlanelysis of sea waves has only become
possible since 1952, although Tukey (1949) and Rice (1944) had, at
a much earlier stage, successfuily applied this technique to the
- analysis of noise in electronic circuits. Before 1952 the pred-
iction and analysis of sea waves was based on a semi—emperical/
semiétheoretical'apﬁroach. Sverdrup and Munk, during the second

world war, developed the signifieant wave theory,. based on work by

Jeffreys which made it possible to forecast the characteristics of
sea waves in terms of significant wave heights and periods, for a '
given wind speed. Barber and Ursell (1948) using frequency spec-
trum analysis, showed thaf the frequencies of the waves generated
by a storm form a continuous spectrum, As the lower frequency
‘waves travel faster, a narrow baﬁd of.low.frequencies appeared

suddenly and shifted towards high frequencies as time passed.

The change from the cla551c approach to a statlstlcal
descrlptlon of the sea surface is primarily due to Plerson (1952).
He strongly advocated the study of sea waves in terms of stoch-

astic processes and spectra and the resulting wave spectrum method

(Pierson, Neumann, James, 1953) has been a very important contrib-—

ution to wave forecasting and wave. research,

' ' Since 1955 the discussions in the study of waves have
centred upon the precise form of the wave speetrum to be associated
with a given wind., Varieus spectral forms have been proposed by
‘BretSChneider (1959), Roll and Fischer'(l956) and many others,
Darbyshire (1963) presented formulae to represent spectra .of pure
wind waves, measured in the Atlantic Ocean and the coastal waters.
The differences between'the proposed spectrel forms are quite

striking when the different forms are plotted together on one dia-

3/10.-00.00.0
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gram as Walden (1963) has done. However, Moskowitz (1964) and
Pierson and.Moskowitz (l96h) by computing averages of glected
spectra were able to show that the spectra for various wind

' speeds formva;nested family of curves with the.peak shifting to-

" ward lower frequencies with increasing wind speed.

- Discussions upon theAmodifications necessary to adapt
the linear'models used to predict the wave spectra to the non- .
linear conditions have been in progress since 1958, Particip-
-ahts in the'nohlinear discussions include Longuet;Higgins,

Kinsman (1961) and many others.

The_recording of waves off Cape Town was started by .

‘Wilson (1959) who studied ‘range action in Table Bay Harbour.

In 1958, some wave measurements were carried out in
Table Bay by the Société~Grenobloise d'Etudes et d'Applications
Hydrauliques (SOGREAH) and since 1962 wave measurements haﬁe-
regularly been made on board the Division of Sea Fisheries

research ship "Africana II" and also on other research ships.

A study of long waves on the coast of the Cape Penin-
sula was made by Molly Darbyshire (l963)vusing a Long Period
Wave Recorder, Two types of wave periods were found to exist :
the shorter one having a period of 30 seconds to 6 hinutes and

the longer one having a period of 15 minutes.

In 1964 J. and M, Darbyshire published the results of
an analysis of data collected'on'board the "Africana II". . Ih ’
this paper maximum wave heights, together with mean and dominant .
wave periods>were determined and a few examples of wave épectra
were given, This paper was followed by a study by Darbyshire
and Pritchard (1966) of waves recorded in South African waters
also using data collected on the "Africana II". For various
areas near Cape Town, the wavé parameters of height, period and

wind speed and direction were analysed statistically.

- In 1967, a special wave study was initiated on a nat-
ional basis and is now being carried out by a research team:
established in the C.S.I.R.'s Hydraulics Research Unit,'StelLen—
bosch, '»The purpose of this national programme is to record and
analyse wave conditions éloﬁg‘the coastline of South Africa and

South West Africa and to correlate these wave data with existing

/e,
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meteorological conditions. Initial findings of this Unit were
published in progress reports (1968 and 1969). However, no
specific wave study was’made in the test area covered during

this survey.

In 1968, the research ship "Thomas B.WDavie" of the
University of Cape Town, participating in the National Oceano-
graphic Programme, initiated by the Council;for'Scientific and
Industrial Research (C.S.I.R.) in 1966, was equipped with a
ship-borne wave recorder, developed by the National Institute of

COceanography,_England.

Through the National Oceanographic Programme it became
possible to systematically collect and analyse many wave records.

This thesis reports some of the results of this study. -
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Chapter 1. THEORY OF ‘POWER SPECTRUM ANALYSIS,

1.1 ~ Amplitude line spectrun.

If a wave record X (t) is stafistically stationary and
repeats»itself exactly every interval'T, the procdess can be de-

scribed by the amplitude line spectrum of the waves.

The amplitude spectrum can be obtained by applying the

Fourier series analysis to X (t) within the interval T.

X(t) -‘—'Ac‘o""?-,al Cos l-TTt/T +-;Lcll.C05 L{ Wt/_l_+~-.'-
. . t . t .

.+l b, 8in A T A +2 b, sin 4T S F

. (1.1)

The Fourier coefficients are given by

. _1'.__/ X (t). cos ;fh t/T_._dt'

o) | for n=0,1,2 efec.

0
W

b, -;-/ X(t). sin 2T n 2. dt
) |

(1.2)

By plotting the amplitudes a, and bn corresponding to each fregu-

ency, a line spectrum can.be obtained.

1.2 Band spectrum.

If the record is comsidered to be truncated and replaced
by zero outside the interval T of X (t)) the Fourier integral
technique can be applied and the resulting spectrum A (f) would

be a continuous amplitude or a band spectrum.

XU:)-:OOI A [f) exp Glﬂ{t) d 1C ' (1.3)
p(]c)z'/oéX(E) .IQ?P(*LlW‘Ft) Lot | (i'h).'

However, the sea surface does not repeat itself periodically, nor

6/ e
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may the wave record be considered zero outside an arbitrary inter-
val T.  Therefore, as neither the amplitude spectrum nor the band
spectrum can ever describe the waves satisfactorily a different

‘approach, based on the statistical properties of sea waves must be

usede

L3 . Power spectrum.

The following statistical assumptions are the basis for

this modern approach - -to wave analysis,.

It is assumed that the process which’genefates the waves’

“is 3 ‘

a. a random,proéeSS and therefore governed by.
probability laws.

b, a stationary process.

c. a Gaussian process, and therefore governed
by a Gaussian law. The distribution of
the wave heights are therefore determined
by the first and the second moments.

‘"d. an ergodic process, i.e, the time averageée
across an ensembie is the same as the
avérage along a single record at a given

time.

Using this statistical approach, wave records‘can be
analysed by selecting a large number of sections of length T from
a record 6f sufficient dgration, and obtaining an amplitude
‘ speétrum for each seétiono Although the resulting amplitude
:spectrum is different for each séction, statistically they show
the same properties. Therefore, the variability of the amplit-
udes of the spectra obtained is used to déscribe the properties
of the waves. As variability is measured statistically in terms
of variance and variance being proportional to wave energy, this
cbncept makes it possible to describe waves in terms of a power

spectrum,

. Alternatively, instead of using a number of sections of
length T from one long record, it is'possible to use a large number
of different recordings of length T, recorded under exactly similar

conditions and obtain an amplitude spectrum for each record,
Unfortunately both methods are impractical as a very

T/ e oncnonne



long recording can never be made under stationary circumstances,
nor can a number of wave records be obtained under'exactly similar
conditions.'- However, by introducing the concept of the éuto-
covariance function it becomes possible to obtain the energy spect-

rum from a single record in -a practical and reliable way.

The autocovariance function, in ensemble terms and ass-

uming a zero mean is defined. as

C:(T) = ave {XU) X (t+rT) (1.5)

where T is the: dlfference in time . (lag) of the two values X (t)

and X (t + L) which. are con51dered together.

In terms.: of a single wave record the functlon can be

expressed as

. % |
C(t): lim L [ x(t). x (£+T).dt
{= 0 T : '
‘ | (1.6)'

- 141 :
The normalised’ functlon c(T)/c(0) is known as the auto—

correlation function.

The autocovariance function C(Tf) may be expressed by

the Fourier series

"

JC: -
: ( ) (1.7)

d —1 ~L.
Lﬂ-(HJ‘ exp TN =
SIS , . .

where A (f) is the amplitude density.

The autocovariance function'C(T ) can be expressed as

the Fourier transform of a function of frequency P(f) by

.C.(T) = P [w‘) exp laT fr. ot

~-00 l g . o ' : (1.8)

8/ e



Comparison of expression (1.7) and (1.8) shows that
the function P(f) behaves like the energy density (A(f))2 and .
that it is'a set of Dirac delta functions located at intervals
of %o'
The function P(f) can be obtained by taking the Fourier

transform of the autocovarlance function C( 7).

. 'Since P(f) and the autocovariance functibn c(T ) are-
even functions of their respective arguments, the relation between
them may be expressed by the Fourier cosine transform, and because
of the symmetry of the resulting spectrum; the one-sided cosine
transform may be used., ' | '
P(f) =2 [ C(x) cos amiT. dr

0 | ‘ | N . (1.9)

1.4 The analysis of continuous records of finite length.

- In practice, the autocovariance function C(T‘) can
never be estimated fqr'arbitrary long lags, as the longest possible

lag is determined by the finite length of the record.

Following Blackman and Tukey (1958), the autocovariance

function as defined in (1.6) is therefore reduced  to

(T - 1Tl )/2

gm(T')'zFi'_l_T_‘- - X(t-Z) XU*:E)“,dt

- (To- 1Tl 2 | (1.10)

where COO(T ) is called the apparent autocovariance function and
Tn is the total length of the record. Since COO(T') is small fbr
large values of T » and large for small values of T , the value of
C O(T') for T greater than the @aximum Iag whichYWill‘be used are
ignored. This is done by mqltiplYing the apparent autocovariance

function Coo(l')_by a lag or masking function Di(T')

Y



(1.11)

The resulting function Ci(T‘) has been named the.modified appar-

ent autocovariance function by Blackman and Tukey (1958).

The masking function Di(T') is defined as follows =

0, (%)

f
O
—
o)
=
A
AV4
—I

3

1"
el

]

@

(1.12)

where Tm is the maximum lag which will be used.

The masklnb function D, (t’) as defined above does not
deflne D. (T‘) for 0L T Tm. A number of alternative shapes of
D(~ ) w1th1n the interval have been proposed, each function hav-~

ing its own merits,

In the following analysis the lag window, whose use is .
called "hanning" will be employed. This function, named after

Julius von Hann, is defined as

"

iR (l + Cos IE—) {or l’f‘< I
2 Tm

o | Tl > 7,,

D (7]

(1.13)

. The modified apparent autocovariance functlon C. (f )

can be calculated for any wave record However, ‘because of the
finite length of the records, Ci(L ) turns out to be a poor est-
imate of the true autocovariance function c(t). Fortunately,
by Fourler transformlng expression (l ll) very good estlmates of-‘
the smoothed values of the true power spectrum P(f) are obtalned,

(Blackman-and Tukey, 1958).

Transforming expression (l.ll).yields K

lo/oq.tnototo
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’ P‘;U)‘ =&, “).'% oo (£]

'(1.14)

where P (f) is the transform of C, ( "), Q. (f) the transform of
Di('f) and Poo(f) the transform of C (T'

dicates convolution.

i
). - The asteérisk in-
Writing expression (1.14) explicitly

e (RN =[Gt o

Since the function P(f) is composed of discrete Dirac

(1.15)

spikes at intervals of %, the function Qi(fl ff) may be considered
as a weighing factor of spikes near each frequency, the weighing
being cérried out with weights‘proportioﬁal to Qi(fi-f); . For

this reason Qi(f1~f) is sometimes called a frequency window.

The resulting smoothed two-sided spectrum Pi(f) is .therefare a
smoothed. average of the energy contained in the true power spectrum
P(f) at frequencies near fl. A
The avefage'smoothed power spectrum for a one-sided

spectrum can, according to Blackman and Tukey (1958), be found from

Ave {l.PL'(f,) = Hy “:)]c‘> JPU')'.’_CI_F
'whefé ) | | | }_ . (1.16)

(£34,) = & (§+f1)+ & (f-f)

The smoothed power spectrum Pi(f) is still é blurred
imitation of the true power spectrum P (f) because of the result
of convolution, Only a finite number of Dirac spikes can be
used as.an-gstimate of the true power within each interval and
this causes sampling errors. The error of_the fesulting weighted

power spectrum therefore depends on the number of spikes.
One way to reduce error would be to increase the number

11/ ceeeeinnn.



~- 11 -

of spikes in each interval by widening the frequency window
‘Qi(fl—f). Unfortunately, widening the frequency window would:
in effect mean a narrowing of the lag window'Di(I*), and this
could lead to a loss of meaningful information as waves having a
relative short frequency may not be detected. The best way to

reduce sample error is therefore to increase the sample length.’

1.5 . The analysis of egually spaced records of finite length.

If it is required to obtain a power spectrum for data

~in digitel form, the above derived formulae must be adapted.

The process of dlgltlZlng produces unlformly spaced val~
ues of X(t) at X, (A t), .... X(ant) only and there is there-
fore no p0551b111ty of calculating the autocovarlance funotlon

c(T) other than for C(o)’ (l).....oc(M)

: The effeot of digitizing X(t)'at equally spaced intervals
is effectively to multiply the autocovariance function C(T ) by a
"comb" of equally spaced ordinates of value unity and intermediate

values taken as zero,

Consequentiy, the final result of the multiplication is
not the energy spectrum P(f), but rather a convolution of the
Fourier transform of the‘antocovariance'function C(T’) and the
' ﬁoomb" of equally spaced ordinates of value unity. This can be
seen in Figure 1.2 taken from Barber (1961) where the convolution

is presented diagrammatically.

The figure shows that the result of digitizing can be
obtained by multiplYing the.arbitrary autocovariance function C(T‘)

represented in the figure as a by a "comb" with intervals of

l’

JA) t(bl)° The result of this multiplication is shown in cl.' The

transform of a; shown as its cis spectrum only; is shown in aé

while the transform of b, is another "comb", whose ordinates lie

2 .
at frequencies O-) T ) i _ etc, (b2)
' DE Ak

The convolution theory shows that the convolution of a,

and b2 is obtained by spreading the spectrum of ay out into the

spectrum of b2. The result is shown in Cye It can be seen that

02 contains essentially a sum of copies of the spectra located at
N + 1 '

frequencies 0, 1 it o- by

prevent a11a51ng or overlapping of these spectra care must be taken

etc.  Therefore, .in order to

12/ iioiceane



"~ Functions

Cis spectra

| \/ (a) \/ - . ..’“\\/' (22) \/
| — (b,) | | ] f=.£_* | _ ,.(bz) o _ | hT‘t-

i(cl)

Fig

1.2

. CONVOLUTION OF A DIGITIZED FUNCTION
| [from BARBER (1861)]




- 12 -

that the waves have no substantial energy at frequencies greater

than ! . This frequency
LAt :

——

LAE ' o L (2.17)

is known as the Nyguist frequency.

In the analysis of a continuous record the apparent'
autocovariance function COO(T') is first modified by a masking
function and the resulting modified apparent autocovariance

function'Cl(L ) is then transformed in order to get the smoothed

power spectrum Ave{Pi(fl%.

The analysis of digital data can be carried out by
first transforming the sample autocovariance function CR and then
.convolving, as convolving in this case means only smoothing with

certain weights (Blackman and Tukey, 1958)°

The sample autocovariance function C with an adjustment

R’
for the mean, can be obtained from

_ -~ N-R - N ‘
o o, - | _
C:Q_ T N-=R _ X,k "X’t+ R~ ( N X't )‘
| | | (1.18)

' where N is the number of observations, X, the bbservations, M the

t .
lag number and R = 0,1....M. The variance of the observations is

given bY‘COe

As a consequence of havihg the data in digital form, the
finite Foufier cosine series transform must be used instead of the
'infinite.Fouriérnintegral-fransform. The finite cosine transform
.VR' which gives.thé "raw" estimates of the spectral density'as_a

"function of R, can be found from

M-

VR = — | C, +2 C:3. cos ié%z + CN]c¢$R~W
-é:l o ' '(l.l9>.f

The raw estimates.V_ are smoothed for the effects -of distortion

R
P . . lB/'O.OOOQQA-oo
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introduced by reading off the record at.discrete points, and by

the finite length of the record.

Several methodé_of smoothing the estimates are avail-
able (Blackman and Tukey, 1958). The method used in the sub-
sequent anaiysis smooths with weights 0.25, O.50'and 0.25, and
its use is named. "hanning". Thevfinél smoothed estimates of

the spectral density as a function of R are then given by Uo’ U

R
and Ub‘]’_‘ ’ .
N ' ‘
U, =% (v, + V) |
. 1 L L 1 ' \
UR = % vR—l +2VR + 7 VR+1 ] < R < M-
Uy = % Vg +3Ve '_ | (1.20)

The transformatlon of the U values as a functlon of R to a functlon

of the frequency can be found from

o R _ .
£ (eps) = mm ~ | | (1.21)
where At is the sampllng 1nterval of the observatlons and R and M

'deflned as before.

" Tukey (1949) has shown that the errors in the estimation

of U, Uy and Uy
ibution with f degrees of freedom, where df is given by
N - 1M . |

T M - , . , (1.22)

are distributed accordihg to a chi-square distr- -

df =

Following Kinsman (1965) and using his chi-asquare table,
80% confldence llmlts have been calculated for some of the spectra-

obtained,

The smoothed estimates U ’ UR and U are cstimates of fhe

average energy contained in a frequency band of width /wam

. Therefore, the choice of M and At will determine the resolution of

the spectrum.

lll'/'-oooo'naoo
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© Chapter 2, RECORDING AND  DIGITIZING OF THE WAVE DATA.

2.1 Introduction.

The recordlng of sea waves is compllcated by the fact
that the sea surface normally consists of waves having a wide
range of frequencies. Ideally, a wave recorder ‘must therefore
be equally sensitive over all the frequencies which happen to
be present. No such inStrument exists at present, . Wave rec-
‘orders normally only cover a limited frequency range. 1r'Towever‘,
.even within this restricted fquaency range, the 1nstrument can’
-never'give a true représentation 6f the sea surface, Distort-

" ion will always take ‘place because of the limitations of the

instruments,

For this reason the calibration of a wave recorder
presents a problem, as no absolute standard for comparison is
available. ~ As a substitute, different types of recorders are
often used simﬁlténeously and the resulting‘records compared

with ‘one another.

Basically, wave recorders can be divided into three
groups : instruments which measure waves from below the surface,
instruments which measure waves at the surface and instruments

‘which measure waves from above the surface.

Instruments which are designed to measure waves from
below the surface usually record the fluctuations of pressure
induced by the surface waves, However, for any glven—depth
;,of water and wave height the amplitude of the pressure fiucte
uation depends on the wave period in such a manner that waves

of a very short period may be virtually eliminated.

Instruments designed to measure waves at the surface
are mostly of the accelerometer, resistance or float type.
Again the characteristics of each instrument are such that

distortion of the wave records takes place.

Wave recording from above the sea Surface is mnot very.
well developed yet, although it appears to be a very promising
approach. Forx insténce, stereophoto pairs have beéen used aé
a means of getting instantaneous configurations for large aréas

of the sea surface.

l5/oooooi-ono
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The wave recorder used for this investigation was an
N.I.O. ship-borne wave recorder (Tucker, 1956), fitted on the

hull of the research ship "Thomas B. Davie".

2.2 " Principle of operation of the wave recorder,

~ The N.I.O. ship-borne wave recorder measures the
height of.fhe water surface above two pressure units, one on
each side‘of the ship. An accelerometer mnear each pressure
unit measures the acceleration and this is integrated twice
electronically to obtain the vertical displacement from an
imaginary reference level. The sum of the height of the
water surface and the displacement of the accelerometérs gives
the height of the surface above the reference levei.V ‘This

height will thus be independent of the motion of the ship.

If only one measuring head was used, short waves
approaching the side of the ship remote from the instrument
might be partially reflected and thereby not fully measured,
or approaching frbm the.instrumeht sidé, they might have

their height increased by reflection.

For this reason two measuring heads are used and the

- average of the outputs taken.

Following the N.I.O. Handbook for the wave recorder,
-a brief description of the main components of the instrument

is given below.

2.2.1 'Pressure‘unito

v The pressufe unit connects with the sea through a
small hole drilled in the ship's hull. An oil-~filled chamber
is separated from the sea water by a rubber diaphragnm. The
0oil takes up the pressure of the sea water and applies it to
the outside of a metal capsule. The resulting deflection of

the capsule is measured by a mechano-electric transducer,

1 2.2.2 Mechano-electric transducer.

. This consists of an E-type transformer of which the
primary coil is wound round the base of the centre limb.
This coil is'supplied‘with lOOOvc/sﬂat_SO volts. - The second-

ary coil, which is thévﬁigk—up'coil,'has a vcltage induced in -

16‘/....."..00.0
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it, which varies linearly with its displacement in the‘gép be-
tween the limbs, Thus, the transducer is in effect a trans-
former with variable coupling controlled by the position of the

. secondary coil.

. The output voltage ranges from 6.3 to 13,7 volts and

is 10 volts in the central position,

' 2.2.3 Accelerometer unit.

This consists essentially of a weight hung on a spring
"and coupled to a transducer such as described above.

The body of the accelerometer is filled with transformer .

0il to provide sufficient dampihg and is hung in gimbals in a

bowl to keep it vertical as the ship rolls and pitches.

The full deflection of the accelerometer is reached

by an acceleration of between 0.4 and 0.5 g. .

2.2.4 Bridge-stabilised oscillator.

The osciliator is basically a stabilised Wienbridge
oscillator., The amplitude of oscillation is ¢ontrolled almdst
entirely by the bridge characteristics and is independant of
power supply changes. - '

_ It is essential to use a high—quality bridge-stabilised
“.oscillator because the sensitivity of the wave recorder is prop-

-ortional -to the oscillator voltage which has to be kept stable.

Variations in the frequency are comparitively unimportant.

2.2.5 - - Computer circuit.

The computer receives the signals from the two acceler-.
ometers and the pressure units. The 1000 ©/s output of the.
‘acéélerometer is amplified, fectified and integrated twice.:
Rectification of the stérboard accelerometer rectifier is diff-

erent in sense to the port accelerometer rectifier.

The signals from the pressure units are reétified and

electronically added to the integrated signals from the accelef—

ometers. The resulting voltage'représentsvphe height of the
water surface above the reference level. This voltage is fed
to the recorder. The rafé of recording, checked by stop-watch

timing, was about 2 inches per minute,

17/ ceeoencons
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2.3 - - Calibration of the wave recorder.

According to the hydrodymamical theory, the relative
response of a pressure instrument to waves of different periods
T depends on the depth of the pressure units below the water

_line as follows,

(-4 TTv“h'/sf‘v),
r = &

(2.1)

where h is the actual hydrostatic depth of the pressure units

and g the acceleration due to gravity.

Molly Darbyshire (1961) found that the pressure units
behave as though they are at a depth of more than twice the

actual hydrostatic depth,

‘ Although the precise vaiue of h may depend on the ship's
characteristics, it.hés been assumed,.that for the "Thomas B. Davie",
having a'net tOnnage of 53 tons; overall length of 96', beam of 23!
and a dfaft of 9', 2.5 d instead of h must be used in the formula,
where d 1is the hydrostatic depth obtained‘from the dimensions of

the "Thomas B. Davie'.

The overall attenuation curve must also take into acc~-
ount the electronic characteristics of the instrument, According
to Molly Darbyshire (1961) the general expression can be given as

; 32 amifikd

t h =nt . . ~2 } e K<
rue neiso, = 0,83[11-(&3 x;TT{) J . e /9
recorded height _(202)

where f is the frequency, k a constant. The first term repres-~

ents the electronic characteristics of the instrument, and the

exponential term the hYdrodynamical effect,

As the pressure units on board the "Thomas B. Davie"
are normally 3 feet below the water surface, expression (2°2)
reduces to

, 4 3, 9 l]cl
true height  _ . g4 [l t(8.8x1Tf) ] -+ < |
recorded height -

(2.3)

lS/aococo-ooo
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This expressionAis graphically presented in Fig. 2.1.
The spectra presented in the subSequeht chapters are

‘therefore corrected accordingly.

2.4 Digitizing of the wave records.

The instrument designed to obtain readings from the
wave record at equally spaced intervals can briefly be des-

cribed as follows :

A piece of perspex, on which a thin line is engraved
is attached to a moving carriage, the movement of which is

controlled by a threaded rod.

The rod can be rotated by a knob, each complete rev-
olution of which is indicated by a click and corresponds to

the line's displacement of exactly %" along the wave record,

The wave record, torether with the line is suffic-
iently enlarged. by a magnlfylng glass, ‘which is’ attached to

the carriage.

The observations were read off to the nearest 0O. l'

and it is estimated that the sampling 1nterval was accurate

to - 5%. Brror due to parallax was considered to be neglig=-
ible, '
2.5 | Choice of the sampling interval.

As the readings were taken at intervals of exactly %",
the correspohding sahpiing interval was approximately 2.secohds.
- This sampling interval limits the frequency range of the eet-‘
imated power spectra, as a result of the Nyquist freduency, to

the range 0 - 0.25'cps.

"In the following analysis it is assumed that for the
spectra no appreciable energy is found at frequencies greater
“than the Nyquist frequency and that therefore no appreciable

-aliasing has blurred these spectra.
The reasons for the assumption are :.

a) : ~ Spectra obtained by other workers (Walden, 1963) show
that for a fully arisen sea at the energy levels obtained, mog
of the energy is found at frequencies lower than the Nyquist

| Heque

frequency resulting from the above sampling interval. = If the

1_9/..‘.:.......
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sea is not fully arisen at‘the energy levels obtained, rel-
atively more energy may be expected near the Nyguist frequency
(Pierson, Neumann and Jamés, 195h) but 4t seems unlikely that

‘much aliasing will occur.

b) The spectra obtained in the area show that only a
‘small proportion of the energy is found in the neighbourhood

of the Nyquist fregquency.

c) Experimental data, discussed in Chapter 3 confirm the
" assumption. - The data show that a substantial decrease in the

sampling interval does not significantly alter the spectrumu

2,6 Computation of the wave data.

The Algol Computer Progrémme for spectral analysis,
as obtained from Professor J. Darbyshire of the Marine Science
" Laboratories, Anglesey, England, was translated and extended.
The resulting IBM 1130 Computer Programme is listed in Appendix
I. '
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Chapter 3. PRELIMINARY INVESTIGATIONS.

3.1 Introduction.

In this chapter an expériment to show the effect of the
lag number on the resolution of the spectrum is discdssed, and
the results are applied to the res¢lution chosen for most of .the

following spectra.

- Secondly, experiments to test.the assumptions of station-
arity and normality are discussed.. Although the theory of power
spectrum analysis assumes that the process, which describes the
flqctuatidn of the water'height at a particular point on the free
surface, is also an ergodic process,vthis assumption will be ass-

umed as a hypothesis, as it can mnever be tested.

' Finally, an analysis is made of a wave record which was
analysed by using different sampling intervals. The effect of

aliasing is discussed.

3.2 v Effect of the lag number on the resolution of a spectrum.

Increasing the lag number M for a particular set of
observations, decreases the number of degrees of freedom accord-

ing to expression (1.22) and increases the resolution.

As the resolution increases, the average energy contained
in each frequency band decreases, bécause the total energy of the
record must remain constant. = Consequently, the confidence,limits

will increase.

The effect of changing the lag number M, for a particular

spectrum, is shown in Fig. 3.1. §

It éan be seen that a high resolution brings out more
detail, but it is doubtful that this increase in detail reflects
a better knowledge of ‘the spectrum, as the corresponding confid-

ence band has also increased in width.

The only way to prove the reality of this detail for a
fixed sampling interval is to ponéiderably increase the number

of observations N, thus decreasing the band width,

3.3 ' Choice of resolution.

According to Tukey (1961) it is often desirable to make

21/.‘00.’.-.090“‘
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analyses of the same data at different fesolutions. Kinsman
(1963) thinks it a good practice never to let M exceed 0.1 N

and if it can be afforded, to make it even smaller.

Most of the subsequent analyses have therefore been
.carried out with M approximately'equal to 0.1 NN, Only in cases
where comparison with similar spectra casted doubt on the real-

- ity of some of the peaks has the resolution been decreased.

3ok ' Stationarity.
As weather conditions are always changing, no matter

"how little, very. few records are strictly stationary,

Stationarity can be crudely tested by splitting up a
long record and comparing the corresponding spectra with one an-
other. If the proceés is stationary, the spectra so obtained
should be similar, as a stationary process is unaffected by

shifts of the time brigin.

Spectra of non-stationary processes are known as average
spectra. Provided the time interval over which the spectrum is
averaged is not excessive, average spectra are still quite useful

as will be shown below.

In order to test the stationarity of some of the records
obtained, three recordings of sufficient duration were split up
into parts, and the spectrum for each part was determinedi The -

following Tablebshows the relevant data of each record.

Table 1._

Wave recordings used for stationarity tests.

TBO+ 39 ~ TBO 41 - TBO 42
date. 10.9.1969 18,11.1969 18.12.1969
Guration (min). 50 . | 63 4 60
wind (m/s). - | 15 ‘ 9 ' ' 2
wind direction.| . - 170° . | - 190° variable
wind (m/s)*. increased from 11 "unchanged decreased from 5
wind direction.‘ unchanged unchanged - | . - '

+ Table Bay Operation (cruise number).

‘% Wind history over previous 6 hours.

22/&._(..‘.{600
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The record obtained 6n cruise number TBO 39 was split up‘into_

two equal parts ahd the spectrum for‘each part wés'detefmined
(Fig. 3°2). In order to prevent cluttering of the figure, only
one frequency band together with the corresponding 80% cohfidence
band is shown (at an arbitrary energy level), .The lag number M;_
‘the numbervof'observations N, and the cofresponding degrees of
freedom are indicated in the figure. |

Computation shows that the total variance of the first

part of the record is 3.68 X 10 2 cm 2 and of fhe second part

5.44 X 10 2 cm 2. Consequently it may be concluded that the rec-
ord is not stationary.' However, the general distribution of the
energy with frequency is very similar for both spectra. The diff-

erence between theASpectra is primarily found at the peaks,-

The record obtained from TBO 41 was split ﬁp ~into 3 parts
and the spectrum for each part is shown in Fig. 3.3. The total

b 2

variance of the first part of the record is 1.63 X 10 cm T,

the second part 1.76 X 10 * om 2 ‘and the third part 1.90 X 10 Y oem 2,
- The diffefence between the total variance of the first and the last
part of the record is 1&%, and may suggest some degree of non-
stationarity.. However, the general shape of the three spectra

are again very similar, and the'peakvénergy of each specfrum is

found at the same freqguency.

The record obtained from TBO 42 was split up into 2 parts
and Fig. 3.4 shows a good agreément between the'spectra; The var-
iance of.the first part of the record is 2.05 X 10 3 ci 24a.nd of
the second part 2.17 X 10 3 cm 2. The difference is oﬁly'S%o

This suggests a high degree of stationarity.

- Although the peak energies are slightly different, these
differéences are still well within the 80% confidence band and are

therefore probably not significant.
. 3.5 Normality.
In_the analysis of sea records it is generally assumed,

that the wave heights measured at a particular point on the sea

~surface.are distributed according to the Gaussian law.

However, ‘Mac Kay_(l959)'fdund, that one record out of

.fhe sixteen‘teSted;_showed some form of non—ndrmality.}
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If the distribution of the wave heights is not normal,
the autocovariance, .although providing a large amount of useful
ihfbrmation, will not complgtely specify the process (Blackman
and Tukey, 1658).

It was therefore decided to_test'a number of wave rec-
ords, as no tests of this nature had ever been carried out in the

area before.

Testing the normality of data can be done in many ways;
however the chi-square test with seven degrees of freedom was

used, as.a computer programme for this test was locally available,

3.5.1 Minimum interval of independence.

Firstly, the minimum interval of independence was det-
ermined, This is defined as the minimum time interval reguired,
to obtain samples of the wave record which are independant of

one another.

It might be expected that, because of basic periodicit-
‘ies of sea~waves, sampling intervals of the order of a few sec-
onds will not produce samples’' which have this property. A larger

sampling interval will usually be required;

To invesfigate this, two wave records were selected, and
by using sampling intervals of 60, 40, 10 and 2 seconds, the min-
imum sampling interval which must be used for reliable testing

for normality of wave data was determined.

_ As the sample length of the wave record is determined by
the product of the sampling interval (A4 T) and the number of
.sampling points (N), the number of sampling points was-selectively
increased with smaller sampling intervals, to assure that the ’

sample length of the record remained reasonably constant.

Table 2 shows the results pf»fhese tests.

24/ e i
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Table 2.

Minimum saﬁplihg interval which must be used for tests for normal-
ity. '

Number of Sampling Sample Chi-square
sampling points. interval. length,. : value,
() (AT) | (W.DT).
L6 - 60 sec., 2760 sec, S 8,0
68 _ 40 , 2720 7.0
. , -
100 20 2000 14,7
150 10 1500 5.3
- | . o M
1360 , .2 2720 18.3
Wind speed 15 m/s. S TBO 39

Wind direction 170° 'Date 10.9.1969
Depth of water 35 m. ‘

Number of Sampling" ‘ .Sample 'Chi-squarev
sampling points. interval., length. value,
() » (aT) . (N. A T) ,
64 : : 60 sec, ' 3840 sec, ' 4,6
100 o 40 4000 k.5
100 ’ | 20 2000 - 8.6
150 10 1500 19,9 *
756 2 . 1500 . 18,1
Wind speed 09 m/s. o | TBO 41
Wind direction 190° Date 18.11.1969

Depth of water 140 m.

* significant at 5% critical level of chi-
square :

. The 5% critical level of chi-sQuare for 7 dégrees of free-
dom is 14,1. ..The table shows that if the sampling interval is
less than 40 seconds, 4out of 6 samples must be rejected at this
level. The results shown in the table suggest that the minimum
‘sampling interval.which must be used for reliable testing for

normality of wave data, is of the ofder,of LO seconds.,
This result confirms the findings of Mac KXay (1959) who

25/n-ouo°noop
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found with the incorporation of a factor of safety, 37.5 seconds

as the minimum interval of independence,

365.2 BEffect of sample 1ength.

As the sample length (M. A T) must obviously be of import-
"ance in tests for normality of wave data, the minimum sample length
which must be used for reliable testing for normality was invest-

igated,

Using a sample interval of 40 éeconds the number of

_sampling points were gradually reduced as shown in Table 3.

Table 3.

Chi-sqguare values for different sample lengths using a fixed sampl-
ing interwval. :

Number of Sampling Sample Chi-square
sampling points. - interval. length, value.
(v) (aT) (N.AT)
68 : _ Lo sec. 2720 sec, 7.0
60 ' Lo 2ho0o ‘ 5.7
4o , 4o 1600 5.5
30 . | ko | 1200 En 4.9
Wind speed 15 m/s., , : TBO 39
Wind direction 170° | | Date 10.9.1969

Depth of water hj M.

Number of : Sampling Sample Chi-square
- |[sampling points. interval. : length. value.

: (wv) (AT) : (N.AT)
100 Lo sec. 4000 sec. L.s
60 ho | 2400 | . - 3.0
40 : Lo | 1600 . 7-9
30 = Lo 1200 3.7

Wind speed 09 m/s. o o ' TBO L1

Wind direction 190° | Date 18.11.1969

'|Depth- of water 140 m,

The table shows that with a fixed sampling interval of.

LO seconds, a sample length of 20 minutes will still be sufficient

26/0.....00.0
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to determine the degree of normality of the record.

flowever, whenever possible in the subsequent analysis,

Ta larger sanple was used.

3¢5.3 Normality of off-shore wave déta.

The Gaussian properties of the sea surface'in the area
of interest were tested by selecting a number of recordings,

obtained at stations with a water depth of aboqt 140 metres.

The selection was based on the wind history, wind vel-

ocity and direction, and the observed swell during the recording.

The selected recordings therefore cover a wide range of
wave generating conditions : wind velocities varied from O - 18
m/s, wind directions from 010° - 310° while on TBO 34 a heavy.

swell was recorded in the absence of local windse.

, Table 4 shows the relevant data for each recording, and
the chi-square values obtained. At the 5% critical value of
chi-square for 7 degrees of freedom, two out of a total of nine

recordings must be rejected.

3050h Normality of in-shore wave data.

,As the stations covered in this survey varied in depth
from 10 -~ 140 metres, it was decided to investigate if factors |
such as differential refraction, shoaling and damping due to v
bottom friction and circumstances as discusSed in Chapter 5,
can‘possibly lead to a departure of the Gaussian natﬁre of sea

waves,

In order to make comparison between the déep and shall-
ow water stations possible, only those recordings which were made

during reasonably stationary circumstances were chosen.,

Table 5 shows the_relevant data for the four different

tests, together with the’chi—square values obtained.

Only one record out of sixteen must be‘rejected at the

% critical level.

The Table shows clearly, that the Gaussian properties
of the off-shore waves are not altered as the waves move into

shallow water,
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Table 4.

Chi-square values for recordings under different wave generating conditions.

*

N

TBO 34 37 Lo hi I s L 48 L7
date 28.5.69 |[16.7.69 | 8.10.69 |18.11.69 | 23.2.70 | 17.3.70 { 7.4.70 | 20.4,70 8.4,70
wind m/s. calm 3 18 9 6 6 9 7 3
wind dir. - 310° 275°% 190° 10° 140° 160° 170° vars,
swell dir. 225° 250° 290° 230° 220° 200° 220° 170° 220°
80 60 80 100 60 80 60 60 © 53
AT (sec) 37.5 37.5 37.5 ho 37.5 37.5 37.5 37.5 37.5
wind vel.t unch'd, unch'd, unch'd. unch'd, var. var, var. var, unch'd,
wind dir. unch'd. unch'd. unch'd. unch'd. var, unch'd, var., unch'd. var,
chi-square . % % ‘ _
value 10,9 17.2 8.3 h,5 8.5 17.9 10.0 2.5 L.,5

+

*

wind history over previous 6 hours,

significant at 5% critical level of chi-square,
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Table

5.

Chi-squére values for recordings in ranges of different depths.

TBO 39 TBO 41
date 10 . 9 . 1969 18 . 11 . 1969
time 12,27 |10.20 {17.55 |14,25 |18.34 |10.24 [9.28
wind (m/s) 15 10 15 9 10 9 9
wind dir. 170° 170° 180° 1 190° 210° 250°] 230°
swell dir, 190° 170° 180° 230° 230° 250°| 230°
N 68 60 60 100 60 60 | 60
AT (sec) 4o | 37.5 |37.5 40 | 37.5 |37.5 |37.5
depth (m) - 35 10 10 140 10 10 | 10
chi-square ‘ . . ‘ '
value 7.0 3.6 6.8 4,5 1.4 10,2 |{13.0
TBO 42 TBO h7
date 18 . 12 . 1969 8. 4 . 1970
time {12.47 11,16 10.37 09.53]09.24 {7.32]9.15/10,23]11.00
wind (m/s) 2 2 3| calm| 2 3 2 3 5
wind dir. 195% 330° 3259 - 295° |var.|var.| 170°] 190°
swell dir. 1909 210°% 2109 215°| 230° |220°|220°| 225°| 235°
N 90 Ly 38 50 35 53 | 47 Ll L7
AT (sec). Lo 137.5 BB7.5 137.5 |37.5 37:5{37.5{37.5 |37.5
depth (m) 140 Lo 30 15 10 {14o | 80 Lo 20
chi-sqﬁare . , . ‘ wl
value 6.3 (13.0 3.4 j10.0 [11.0 ho5 15,6 {16,5 112.0

*

significant at 5% critical level of chi-square
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3.6 .Aliasing.
Increasing the Nyquist frequency increases the frequency
intefval covered by the analysis and may therefore reduce distort-

jon caused by aliasing.

A wave record having a peak energy at 0.095 cps was

analysed by using two different sampling intervals.

. Fig 3.5 shows the spectra obtained for At = 1,97 sec-
onds and At = 2.49 seconds. The wvariance is expressed in cm2°
3 2

sec, The area under the curves (variance) is 2.21 X 10 ~ cm

and 2.50 X 10 3 cm‘2 féspectively. The difference is 8%.

Although the general shape of the graphs is similar
and the peak energy is located at the same frequency in both

cases, some aliasing might have taken place.

However, the energy level obtained, at the higher fregu-

encies near the Nyquist frequency for the spectrum At = 1.97 sec-
onds is low, It is therefore assumed, that for this sampling

interval no appreciable aliasing has taken place.,
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Chapter k, = WAVE SPECTRA IN SHOALING WATER.

L,1  Introduction.

- When sea waves’ propagate 1nto shallow water, a nunber.

of changes in the characterlstlcs of the waves may take place.

Flrst, the wave front will be affected by'the bottom
"topography. As soon as the waves start to feel the bottom,
which is approximatel& at_the point where the bottom depth‘ie
equal to half the wave length, the waves are slowed down and.a
. change in the direction of the wave front may result. | Because
this is a selective process, depending on the.wave length, a
spectrum of waves is generally_selectively refracted. It is
generally assumed that the wave energy contained between the
orthogonals remains constant as the front progresses, and that
there is no dispersion of energy laterally along the‘front
(Ippen, 1966). Therefore as a result of refraction alone, the
wave height will either increase or decrease, depending on whether

the orthogonals converge or diverge.

Secondly, due to shoaling, the celerity of the wave
decreases, the wave length decreases correspondingly, and ass-
uming no change of energy .otherwise, an increase-in wave-height

must ultimately be the result.

Thirdly,.if the wave front is interrupted by a structure,
such as a breakwater, the portion of the waves incident to the
strﬁcture wili be reflected, -or break. ' The waves moving past
the structure into the region in the lee of the structure will
diffract in approximately a circular arc with thefampiitudes

decreasing exponentially along this arc. -

Lastly, the amplitudes of the waves may be decreased by
bottom friction, bottom percolation,. spllllng of waves and turb-
ulence effects, A brief outline of the 1mportant wave theories

is given below.

L,2 Airy's wave theory.

According to Airy's wave theory, based on a small ampl-

itude wave, the celerlty C may in deep water, as a first approx-

1mat10n be glven "by

i 3.1/'....0.’0005



._ 31 =

(h.1).

n .

 where T veriod of the wave

H

g acceleration due to gravity.

The wave length in deep water, Lo’ is given by

AN
° T
. (4.2)

It is assumed that the ratios-? and.-? ~of the single oscill-
atory wave (where H = wave height, h = total depth of water),

are small compared with unity.

The group velocity C which is the velocity at which

. G’
the wave train propagates, is given by

C - Co-—— . l+ N
G 2 Sinh 2 kh '
N (4.3)
where C = wave velocity
k = wave number
In deep water, the ratio CG/C = % and approaches unity in very
shallow water, -The average energy E, which consists of equal

parts of potentiél'and kinetic energy, is given per unit surface

area according

E - L H 4
} g‘ f ﬂ.‘ | (h.ﬁ)

where P density of the water

9

It

acceleration due to gravity
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When the relative depth.%% 3%, the waves are termed
"shallow water" waves, while if the ratio is greater than 3,
the waves are called "deep water" waves. Foril<<% <'i the
o .

“waves are called "intermediate depth" waves.

. In shallow water, the wave celerity C-is given by

C =.V cjh,.

(4.5)
and the wave length L by
.__1 »
{ .
L .9 Lanh atth

2T L . , (4.6)

. The orbital motions of an Airy wave can be described by the

horizontal and vertical velocity components u and w. At any
depth =z, ' ' '
: agk o cosh k(h+z o S
U o= it (h+2) sin (kx -ot) |
o - cosh kh : - -
| (4.7),
W :.;j:ii-‘ Sinh K(h+2) COSLkXF-dE) .
' o cosh kh .
where A = amplitude of wave
¢ = wave angular frequency f%— _
X = horizontal distance in direction of wave propagation
t = time »

The paths of the particles are in general elliptical in shape.
The horizontal (major) semi axis A of the ellipse and the vert-

ical (minor) semi axis B of the ellipse are given by

A - g cosh k (h+2)
= Sinh kh

(4.8)
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Sinh'k(hfZ)'

& = sihh Kk h

(1.8)

‘As the shape of the orbit depends on the depth of the water h
and the wave length L, changes in the shape of thelorbits‘of.

‘the particles may be expected in shoaling water.

'Assﬁming conservation of energy, the change of wave
height of an Airy wave due to shoaling and refraction can be

found from

H‘ - [ Co o
H, an ¢, b, |
(L.9).
‘where
H, = wave height to which suffix 1 applies
HO = wave height in deep water
n = ratio of group velocity to phase velocity
b = distance between orthogonals in deep water
b = distance between orthegonals to which suffix 1

applies..

. The change in wave height of an Airy wave, due to shoaling,
refraction,_bottom'percolation and bottom friction is given by
Bretschneider and Reid (1954).

‘4,3 . . Solitary and cnoidal wave theory.

In sballow water, due to the relative importance of —

 and {; ’ finite wave theories are often preferred.. .

The solitary wave theory anplles to Tinite waves, ly—
ing wholly above the still water level. The motion of such a
wave is not affected by preceding or following-crests. The
. range in which the solltary wave tneory applles is taken by

Ippen (1966 — —_
ppen ( )aSL<‘50
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The wave celerlty, as derived by Boussinesq,-is given approx-

imately by

C: = V GICP1+CO
| (k.10)

where

a = crest height.

The average energy E; which consists approximately of egual
parts of kinetic and potential energy, per'uhit crest width is

given by

E - jg.’o g h3 X’Vr?gj

‘(4.11)

. where -

Muir Wood (1969) showed that according to Boussinesq's wave
theory, the change of wave height of a solitary wave due to
shoaling and refraction and assuming conservation of energy

otherwise, is given by

2/3 |

-~

. H,
H

5 h b '
85 M (4.12)

The cn01dal wave thcory applies over the range_-<h <_,
This theory, which is not readily appllcable, is descrlbed in
terms of elliptic functions.  The results of this theory show
that limiting cases of cn01dal waves are 51m11ar to solltary

and Alry waves.,
Eagleson (1956), in laboratory studies, found the
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small amﬁlitude theory of Airy satisfactory for the prediction
of celerify of the transforming waves, ﬁp to the point of
breaking.  The theory was also found to be applicable to the
prediction of wave steepnessg However, predictions for wave

héights were found to be smaller than measured experimentaliy.

Munk (1949) carried out laboratory studies to test
predictions of the solitary wave theory. Unfortunately, his
observations exhibited a large degree'of‘scatter. . However, his
overall impression was, that the solitary wave theory provides
a‘useful tool for the study of waves in shallow water, Inman
and Nasu (1956) showed, that the observed maximum horizontal
orbital velocities in gemneral compare more.favourably with vél—
ocities predicted'from'solitary wa&e equations than from equ-
ations of Airy and Stokes. The measurements wére made near
the bottom in water depths ranging from about 5 - 15 feet and
_for.wave bheights as great as 7.5 feet. Calculations show that,
apart from the Airy wave theory, the cnoidal and solitary finite
wave theory sdmetimes apply to waves which might be present at

.the shallower_stations in the test area.

L4 L Transformation of wave spectra.

A wave spectrum, however, normally consists of many
waves having random>phases and different characteristics. Ex—-
isting wave theories, which consider a single wave only, may
therefore be inadequate, as interaction between the various waves
may befpresent° Wave spectra, in shoaling water may therefore,
under certain conditions be quite different from spectra of the
borresponding waves in deep water. It is therefore of theoret-
L ical interest, as well as of practical importance,.ta know the
relationship between the deep and tlie shallow water spectra.
Limited experimental work has been carried out so far. Thev

.results of the following two workers is thought to be important.,

. Walden (1961) measured wave spectra in lO - 15 metres
:of water and compared the spectra obtained with. various "theor-
etlcal"lspectra° He found that the shallow water spectrum‘was
'surpriSingly low in‘eneggy, in comparisoﬂ-with the "theoretical®

spectra.
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Higﬁchi and Kakinuma (1966) studied the changes of
ocean wave characteristics near the coast.of Japan, by photo-
graphing the movements of anchored buoys in 14 -~ 2 metres of
water. Their spectra show that the location of peak energy
as a function of frequenoy-does not change as a result of

shoaling.

Unfortunately, no. theory which takes into account
“all'the possible'causes of spectrumn transforimation is known

at present.. Longuetinggins (1957) gives a theoretical
discussion of the refraction of a continuous spectrum of short-
.crested see waves in shallow water. His results show thet
there is a change of the mean length of the crests. Neumann,
‘Pierson and James (1953)'showed, that by marking 'off the deep
‘water specfrum into a number of frequency bands, the shallow
‘water spectrum can be computed. However, their treatment

does not incorporate the possible effects of bottom friction‘

and percolation.

Putnam and Johnson (19h9) develooed a theory for the
loss of wave energy as a result of friction by the 0501llat1ng
motion of waves at the sea bottom, They showed numerlcally
that the loss of energy for Alry waves could be expected to
cause a reductlon in the wave helght amountlng to as much as
30 per cent on very flat beaches (l : BQO) for wave periods
commonly occurring in the ocean. The per cent reduction was

found to be indepehdent of the wave period.

A theory ‘to account for the loss of wave energy as a
:result of percolation was developed by Putnam (l9h9) for Airy
‘waves., He showed by numerical examples that the reduction may:

be -of the order of ten per cent for very flat beaches (1 : 300).

Bretschneider (l95h), using pressure head wave recorde‘
ers, investigated field measurements in fhe Gulf of Mexico in
10 - 40 feet of water. From the actual reduction in waﬁe energyy -
using significant waves, the'friction factors were computed.
Percolation losses were not considered. As a result of his
study, it was concluded that to estimate the heights of waves in

_shallow water a friction factor f = 0.0llmust be used,
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, ﬁretschneider and Reid_(l95h) investigated theoret-
:ically the transformation of waves in shoaling water due to
refraction, shoaling, bottom friction and percolation, Ex-
ample computations, using £ = 0.01 are given -for an actual

situation in the Gulf of Mexico.

Iwagaki and Kakinuma (1963) used a pressure headv'

.wave recordef, to investigate energy losses due to bottom
friction in water depth ranging from about 15 - 3 metrgs.
These measurements were made off the Akita Coast, Japan.
Using the signifiéant height and ﬁeriod, the mean of the est-
imated bottom friction factors was found to be 0.057.
4.5 , Changé of wavevheight of a progressive

- oscillatory wave of small steepness.due

to shoaling, refraction, bottom friction
and bottom percolation.

Whenever a progressive oscillatory wave of small
steepness'progresses from deep to shallow water, the wave'height
in shallow water may, based on the claésical wave theory, accord-
ing to Bretschneider and Reid (1954), be found from :

H = K.K,..KSI.HO
B (4.13)

H = wave height in shallow water _
K = total wave height reduction factor due to energy dissibation '
Ks = refraction factor
Ky = shoaling factor

Ho = wave height in deep water.

It is assumed that the addition of energy by surface
winds{\qispersion of energy by diffraction, reflection of energy
by a steep slobe,.and loss of energy by breaking are absent.
Since the wave.height reduction factor K- due to energy dissip-
ation is dependant on refraction,.the factors K and Kr may be
combined by introducing a new factor Kpfr’ which is the product-

of X and K . Expression (4.13) may then be written as

38/ i
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the wave height transformation of a simple wave Ltrain. of given

period due to the factors‘mentioneds

L,6 , Observed wave spectra in shoaling water near
: ' Melkboschstrand.

C4.6.1 Description of the test area.

The area liés aporoximately 12 nautical miles due
norfh of Cape Town, off Melkboschstrand (Atlantic Coast).
Fig. 4.1 shows the area with the stations. The area has a
vefy regular bottom topography and the bottom contours run
almost parallel to the coastline. Nautical Charts (S.A. 16
and E hl?l - PRESS 1lc).show that the bottom consists mostly
of'sand, with isolated'rock outcréps. The slope of thev .
~bottom is very gentle'and uniform (1.: 150) and is shown in
Fig, 4.2, It represénts the profile of the bottom from Ou

Skip Rock in a direction 235 degrees from that point.

L,6.2 - Bxperimental procedures.,

In order to study the properties of wave spectra in
shoaling water, recordings were made along lines perpendicular
to the shore as shown in Fig. L4.1. The recording time at each

station was never less than 20 minutes, the time lag between

the recordings was kept as small as possible, No recordings
- were made while the ship wgs under way. At each station the
wind direction and velocity and the swell approach was meas-

ured from a height of about 26 feét, using a Gyro compass and
" a hand cup anemometer. . The air and sea water temperatures were .
also recorded. . Sméll differences in sea water temperatures
between fhe stations were observed. The average temperature
oflthe local sea water was about-lB.OOC._ vAt eachh station

the sea current was measured and the results show that no strong
tidal currents exist and that the currént velocity is generally

less than 25 cm/sec,

Much of the wave data collected stilllneed to be an-
alysed. ‘The following analysis covers data only from 4
cruises., The selection was based bn wave and weather condit-
ions. The data recorded on TBO 29 and TBO 36 were recorded
under Quite calm conditions., The data from-TBO LO were obt-

" ained under fluctuating wind’conditions, while slight to

bofweeeeinaes
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' moderate winds prevailed on TBO 42, The conditions under
which the fecordihgs were made are tabulated in Table 6., The
_calculated variances and the chi-square values are also shown.
The resulting spectra are graphically presented in Figures L.3,
hoh, 4,5 and L4,6. The variances are expressed in cm2 sec, as
é‘fesult of dividing the smoothed estimated variapces of the
frequency bands by the frequency band width __l___ .

: _ ‘ ' amntk

L,6,3 Exverimental results. '

Fig, 4.3 shows that the spectra obtained from TBO 29

for stations 5.and‘7 are very similar.  The peak energy forv
both stations is found at 0.096 cps. The peak energy for
station 6 is located at 0.085 cps. However, in view of the

results obtained from TBO 36, 40 and 42, this difference is

believed not to be significant.
Lt ' P ,
Fig. 4.4 shows the spectra from TBO 36 for stations

17,18,19 and 20, The spectra form a nested family of curves
with all the peaks located at approximately 0.07 cps.  The
spectra in Figures 4.3 and 4.4 are sharply peaked and were
recorded under very calm conditions. These spectra are there-
fore thought to be swell spectra. This possibly also explains

the non-Gaussian character of the waves at stations 5 and 19, -

Fig. 4.5 shows doubled-peaked spectra with the prim-
ary peaks located at approximately 0.12 ¢ps and the secondary
peaks at'approximately 0.08 cps. 'Thé primary peak, located
at the higher frequency probably reflects the local sea waves,
and the secondary peak is believed to be caused by background

swell,

Fig. 4.6 shows the nested family of spectra for TBO
ho, The primary peak energy is found at approximately 0.10
CPS. It is thought that the spectra are basically swell

spectra as the locgl winds were weak to moderate and variable,

b7 . Non-preferential attenuation of the wave heights.

For each line of stations, the spectra show a system-
"atic decrease of peak. energy with depth. This is reflected
in the corresponding changes of the total variances of the

spectra as shown in Table 6.

L



Table 6.

6

"Calculations of variance and chi-sguare

values from wave records

under stated conditions for waves

in shoaling water. -

station. | 5 | 6 7 17 | 18] 19 | 20 21 | 22 | 23 17 | 18] 19| 20
depth (m). 59 | 44 24 44 | 31 16 | 13 48 42 35 45 1 331 15 12
N. | 619 |.599 | 499 720 | 720 | 720 | 560 || 680 | 680 | 630 720 | 760 | 760 | 660
M. 60 | 60 50 70 70 | .70 60 I 70 | 70 70 50 | 50| 70 70
em“). 5.9 | 3.6 |2.3x107) 6.5 | 5.2 | 4.0 |4.4x107|11.0 | 8.6 [6.0x107[13.2 [12.3 8.5 [6.7x10
chi-square ) ‘ ) ‘ ' - : : o

value. 34,47 6.3 [10.4 3.5 | 5.4 [35.4%] 5.8 4,0 | 9.0 | 4.8 13,0 | 3.4 LO.O |11.0
wind vel. o . V ' . . ' ' |

| (n/s). 'nil | nil | nil nil | nil | nil | nil 18 13 | 17 2 3 | nil 2
wind dir. - - | - - | = - | - 310%1 290°( 290° | 330°| 3259 - | 295°
wave dir. 2307 | 250°| 260° || 240°| 240°| 245°| 240° | 310°] 290°| 290° || 210°| 2109 215°| 230°
time.: 10,00 10,30 |{11.00 12.26111.48111.10 110,38 {116.49§15.55[15.04 |]11.16 |10.%7| 9.5%109.24
date. $12.12.1968 9:7.1969 8.10,1969 18.12.1968

TB0. 29 36 40’ 42

spectrum. - Fige.d.3 Fige 4.4 Fig. 4.5 Figo 4.6

-

Significant at 5%

critical level of chi—square.
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In order to investigate whether there is a prefer-
ential attenuetion with frequency of the wave heights, the
spectra obtained were normalized by dividing the smoothed
estimated variances by the total variance of the spectrum
(Figures 4,7, 4.8, 4,9 and 4.10). The normalized spectra
.shown in Flgures 4,8 and U4, 10 are very similar, The peak of
. the spectrum for station 6 (Fig. 4.7) and of the spectrum for
station 21 (Fig. 4.9) show a slight shift to lower frequencies,
However, in general it is concluded that the resulting spectra
do not show a systematlc selectlve attenuation of the wave

heights W1th xrequency.

In order to: 1nvest1gate the systematlc changes in the
total variances as shown in Table 6, the influence of the factors

which may contribute to these changes is next considered.

a. Non—statidnerity. It is thought that the waves rec-

orded on TBO 29 and TBO 36 were reasonably stationary, as calm
weather prevailed and the time differences between the record-
ings were always less than two hours, For TBO 40 and TBO 42
the situation is‘different,-because of the variable'winds.

Some of these data might therefore be non-stationary.

b, Diffraction and reflection. Figure 4.1 shows that

the effects of diffraction and reflection may be neglected, as
no obstacles obstruct the path of the waves and the lepe of.

the beach area is only 1 : 150 (rlg. 4, 2)

C. FPercolation., Thls represents the energy losses through

actual infiltration of the wave motion into the semi-fluid mass
of certain finely suspended sediments of the permeable sea bottom.
Evidence from the charts shows the sea floor in the area to be
sand with occasional rock outcrops° " In situ inspection on two
dccasions showed the sand to be firm, It is therefore assumed‘
that percolatlon will not be a significant factor under the

stated circumstances.,

Sd.. Wave spilling. No evidence of wave spilling was noted

on any of the cruises, except possibly on TBO 4O. It is.there-

fore unlikely that this might be a source of energy loss.

- - Snoaling, Refraction and Dottom friction.‘ All the

spectra obtained will, to an extent, depending on the wave
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characteristics; the wave approach and the bottom, be affected

by these factors.

In view of the above mentioned considerations it is
therefore concluded that for the spectra . obtained from TBO 29
~and TBO 36 shoaling, refraction and bottom friction are the
only important factors which may account for the changes in
variances as listed in Table 6. From a knowledge of the shoal-
ing factor,Ks, the refraction factor Kr’ the wave height H, the
period T at two or more positions along the wave path, and the

bbottpm slope m, the friction factor f can be calculated.

As wide differences exist between the theoretical
values of the bottom fficfion, based on the small amplitudel
wave theory and the experimental values measured directly and
indirectly (Iwagaki, Tsuchiya and Sakai, 1965), calculations to

determine the friction factor for the area were undertaken.

4,8 Calculation of friction factor from wave data.

According to Iwagaki, Tsuchiya and Sakai (1965), in
the absence of percolation, the bottom friction factor f can be

approximated by

H |. | ( N r )1 %’)& h
o T U ) P
b _ o (1'-3, . (4.16)

Thedretically, (k.16) is only valid for a small amplit-
ude wave, having a single wave height H and a period T. In

practice, the significant wave height and period are often used.

- Unfortunately, no single sine wave can be extracted
from a wave spectrum, as.the estimation of the height of such a.

wave could be grossly in error due to the width of the confidence

band of'the spectrum, For this reason, a different approach was
used. For the periods T, the periods corresponding'to the peaks
of the spectra were used. If the spectra differed slightly in

. the position of the peak energies, an average value for T was taken.

Bfoerunnnnn,
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. About the chosen veriods, small period bands were selected in.
such a manher that they contained'most of the energies of the
peaks. By measuring the areas under the spectrum within the
selected period band, the integrated variance for a particular
peak of 2 spectrum was obtained. From the variance obtained,
 the average wave height ﬁ was calculated by making use of the

relationship for a narrow spectrum (Dorrestein,1963).

— .
H = 8.0 Vvariance

(4.17)

In order to obtain the refraction factors Kr’ refraction dia-
grams, using the wave front method, were constructed for TBO

29 and 36 (Fig. 4.11, 4.12), The periods corresponding to

the peaks of the spectra were used, Table 7 shows, among

other relevant'data, the average periods T, the'period bands,

the variances and the corresponding average wave heights H for

TBO 29 and 36. The data listed in Table 7 were used in ex-—
pression (h.l6) and the integral part of the expression was '
evaluated by making use of the graphical solution by Bretschneider
and Reid (1954). | '

"The friction facfors f obtained from data ffom stations
5 and 7, 17 and 19, 17 and 20. are respectively 0.38, O.l9nand
0.10, having an average vaiue of £ = 0.22. No attémpt was made
to calculate fhe friction factors for adjacent stations as better
results may be expected by using stétions for which the diff-

erences in variances are as large as possible,

5/,
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‘Table 7.

Data used ‘in the calculation of friction factors. .

‘swell approach.
average period (SOC-) .
period band (SGQ. |
bottom slope.

station,

variance (cm2) X 102,

average wave height (m).

refraction factor,

‘shoaling factor.

TBO 29 © TBO 36

230° 240°

11.0 . 14,3

9 - 13 11.1 = 17.5
1 : 150 1 : 150
5 7 17 19 20

19.5 11.5 36 22,5 24,5
1.25 0.96 1.70 1.34 | ‘1.40
1 0.900 0.973 }0.932
0.9526 10,9176 30,9151 | 1.023 {1.059

YA
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Chapter 5, DISCUSSION OF RESULTS AND SUGGESTIONS FOR -
FUTURE RESEARCH. |

5.1 : Reliability of téchnique.

For the interpretation of the results obtained, it is
-of importance to know the limitations of therreéording instrument,
"and. the extent of possible errors introduced by the processing
iof the data.

The limitation of the N.I.0O. recorder can be seen from
the computed correction curve for the instrument (Fig.»2.l)n
The period range for which the instrument apparently records most
satisfactorily is from about 5 - 20 seconds., Therefore, if
higher or lower periods are of imporfance, a differént type of
recorder must be used. Aé the actual performance of the instrument
may be influenced by the ship's characteristics, it is possible |
thaf the correction'curve used, may be slightly inaccurate. The
" instrument was regularly tested electronically and in situ, ahd
on the whole, it has performed in a very satisfactory manner.
waever,'on.several,occasions, it was noted that the speed of the
"recorder méy vary slightly, and becauSe the analysing technique is
rather sensitivevfor small'errdrs ih timing, a stopWafch was always
'ﬁsed to determine'the'correct time interval of the recordings.
cThe wave heights were read off to the nearest 0.1' and it is estim-
ated that the sampling interval obtained by using the simple read-
off device was accurate to approximately 5%, As the read-off
line during the digitizing of the data almost touched the record,
error due to parallex was found to be very small. The overall

error involved in digitizing the data was therefore small.

The data were not pfewhitened. Prewhitening is some-
tiﬁes applied to reduce error introduced by the recording and
digitizing of the data. The nature of this error is‘thought to
be "white" and can therefore be removed by seiecting a filter with
a carefully chosen.frequency response function. However, as thé
nature of the error was unknown under the circumstances, no attempt

at- prewhitening has been made.

Due to roughness intfoduced into the calculations from:
‘the digital form of the data, the"raw" estimates'were_smdothed by

"hanning" as shown by Blackman and Tukey. Other ways of smoothing

L/
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the data are available and the best way to smooth the data is

still Opeh'to discussion (Jenkins,1961).

5.2 'Normality of data.

The wave generating areas Tor South African waters
‘usually lie to the south of the continent. Théy are mainly
associated with the passing of cyclones, which according to
weather maps and satelite pictures move in quite a regular path
from the South Atlantic to the Indian Ocean. In'wintér, the
waters around the coast reflect the passing of many cold fronts,
whiclh are associated with the cyclones. In summer, fewer cyclones
are forned and very few actuaily pass over the continent, This
is reflected in findings by Molly Darbyshife (1966). She showed
thaf the most frequent swell along the south coast of South Africa

is from the south west.,

In view of the fact that the generating areas often lie
T a gfeat distance from the coast, it is expected that, particularly
under calm summer conditions, the local waves will be stable,

consisting of a narrow band of frequencies,

To ascertaiﬁ that the technique of power spectrum analysis
-will, under these conditions, be applicable in the local waters of
South Africa, tests for the Gaussian properties of the waves have '

been carried out,

Firsf, the minimum sampling interval for this test was
determined and found to be of the order of 40 seconds. This
result is in good agreement with the result obtained by Mac Kay

(1959). His value is 37.5 seconds,

Secpndly, the minimum sampling length to be used for a

reiiable outcome of the chi-square test was determined (20 minutes).

The total percentage of the records found significant at
‘the 5% critical level of chi-square (3-out of 23), is slightlyA
higher than observed by Mac Kay (i out of 16).  |Thé Gaussian
broperties of the deep_wéter stationsvcompared»with_those of the
'correSponding shallow water'Stations'were found not to be signif-

'icantly'different{

Further tests for normality (Table 6.) showed that out

of the 14 records tested, 2 must be rejected at the 5% critical

L"8/o.-c_aiovnoo
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level, - Tables 4, 5 and 6 show that the records réjected are

associated with calm to moderate winds.

Although the technique of spectral analysis appears to
be applicable in the local waters, it seems that caution is nec-

essary, especially under calm weather conditions.

‘ ﬁowever, sea waves can, of course, never be strictlz"
Gaussian.' Kinsman (1965) points out, that waves are limited in
height and therefore very high waves cannot exist. Secondly,
from theoretical‘considerations, modifications of the Gaussian

structure must occur.in'the high frequency components,

5.3 Stationarity of data.

‘Tests carried out for stationarity of the data (Table;l):
showed that the data from TBO 42, recorded under almost calm
conditions, are stationary while the data from TBO 39 (wind vel-

ocity 15 m/s) are non-stationary.

“Although a locally geneérated sea may, of course, be
stafionary, the data suggest that conditions for stationarity ére
more favourable under calm conditions. (For this reason, the
frietion factors f have only been calculated from data recorded

under quite calm conditions (Table 6))..

564 Comparison of spectra.

The presencé of a spectrum of waves, instead of a single
wave, makes comparison of the experimental results, with any

theoretical predictions based on single wave theory, difficult.

The -purpose of obtaining the spectra was therefore
primarily to study possible changes in the location of the peaks
of.the_épectra, and to investigate if selective attenuation of

wave height with frequency takes place under the conditions stated,

The calculation of the friction factor must be seen as

" an attempt to measure this factor directly from actual wave spectra.

‘ It is thought, that sufficient evidehce has been presented..
to conclude that the location bf the peaks'of'the spectra of waves
in shoaling water does not change under the conditions stéfedo
Although each spectrum has a confidence band associated with it, |

based on an average of about 20 degrees of freedom, the positions
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of the peaks are thought to be real in view of the fact that
they are based on a large number of eatimates of variance. A
total number of 14 spectra were comnuted and the largest deviat-
jon of a peak from the mean position was found to be O. Oll CpPS,
The sllght -variations in the location of these peaks mlght have

been caused by the observed non-normality of the data.

Although no. attempt has been made to provide statisfical
proof, it is thOught that the normalized spectra show'sufficient
evidence to conclude fhat'the}e’is no apparent selective attenuat-
ion of wave height with frequency under the conditions stated. '
Although the normalized spectra showrdifferences, these are thought
to be-primari;y due to the statistical nature of the analeingv

technique,

The reason for non-preferen%ial attenuation of the wave .
heights .with frequency may possibly be ... that according to
refraction diagrams, the spectrav(especially from TBO»29 ahd 40)
were not seriously affected by refractioh. Calculations by Putnam
(l9h9), based on Airy's wave theory, end assuming a bottom friction
factor £ = 0.01 are of interest. ‘He calculated the change in
wave height of waves due<to_ehqaling and bottom friction on flaf
beaches for waves commonly found in the ocean, His calculations
showed that there was no preferential”attenuation of wave heights,
because the effect of shoaling was roughly cancelled out by'the

effect of friction. .

When a spectrum of waves is-strongly refracted, differ-
ential refraction of waves of different periods may lead to areas
of relative predominance of waves of certain periods and under

these circumstances, .the spectrum will be affected.

5.5 Calculation of friction factor.

. The values for the friction factor obtained for the
test area are by'no'means thought to be conclusive. The follow~

.

ing factors may have caused the estimates to be in error :

aj the 'simple sine wave theory was applied to a part of the
spectrum' _ » : -

b)'. ' slight variations existed in the location of the peak
eénergies
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c) : the average wave height associated with a particular
period band has been used and the refraction factor Kr

and the period T used, are therefore not strictly valid

'd) the existence of confidence bands associated with the
spectra. Also; if the nower sPectrum is rapidly vary-
ing over a range of frequencies, the degrees of freedom
as given by expression (1.22) will be too large.

(Neumann and Pierson, 1966).

On the other'hand,vthe following circumstances favour an
éccurate and realistic estimate of the friction factdr. Firstly,
. refraction was very small, therefore an accurate estimate of the
refraction factors could be made. Secohdly, the effect of local
winds on :the waves did not have to be considered, Thirdly, the
estimates are obtained from experimental values obtained from

spectra in the field.

Preliminary caléulétiohs, using less reliable data,

showed the friction factor to lie between 0.10 - 0,20,

Inspection of the sea bottom in 6C and 90 feet of water
was carried out on one occasion under calm weather conditions. |
Sand ripples, haVing é pitch of about' 8 cm and a general crestl"
direction east - west were found to exist at both statioms, The
fine white sand at the bottom was thrown in suspension to a

height of about 4 feet at the passage of each surface wave,

Eaglééon (1962) performed laboratory measurements of
" bottom shearing stress due to oscillatory waves, and found that
the experimental values of the bottom friction coefficient were
twicé to fourteen times as large as the theoretical ohesp

Accofding tg Eagleson's study, the average bottom friction co-

efficient 'f can be obtained from

‘ -“‘
s a
F - 9057 R .
(5.1)
where R'= Reynolds number.

A later laboratory stugy by Iwagaki, Tsuchiya and Sakai (1965)

obtained f = 6§}9 R* instead. . This relationship agrees well

Sl/ouov-.oo.oluo



- with theoretical values from linearised laminar boundary layer

" theory.

- The high values obtained for the friction factors may
be partly due to non—linear interaction effects of the orbital
paths.of the water particles near the bottom, -For an Airy wave,
g interaction between the various orbits of the water particles is
- thought to be small. However, when a spectrum of waves is

considered non-linear interaction effects of the water particles

may become important.

A survey of the most important non-linear interaction

theories is given by Kinsman (1965).

5.6 Sugpgestions for future work.,

It must be stressed that the conclusions presented in
this thesis are of necessity based on the analysis of limited
data only, Therefore, more qonfirmatory‘experimental work needs
to be done. Circumstances which would favour the experimental
work are : stable weather conditions, a narrow-peaked swell,"
absence of refraction, longer recofding times to reduce the
confidence Iimits, and smaller time lags between the recordings
to exclude possible non-stationarity effects, .= To meet the létter
requiremenﬁs,'simultaneous wave recordings by a number of research

ships may be considered.

" The collection and processing of wave data may be consid-
érably improved by feeding the signai from the wave recorder to a
digitizer. The results can then be recorded on magnétic or
punched paper tapes, compatible with the IBM 1130 Cqmputer° - The

calculations may be speeded up by using the TFast Fourier Transform,

) Because of the variability of the coasts of South Africa,
other types of coastal wave research can possibly be carried out,-.
The coasfs vary from very flat and sandy beaches to steepband rocky
cliffs, = Wave réflection studies could possibly be made off thé

latter coastai types.

The propagation and decay of the waves generated in thé

South Atlantic and Indian Ocean may be studied by siting a number

of recording stations along the coast. b

. As a number of South African research ships have been
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equipped with wave recorders, it is strongly felt that, after
proper simultaneous calibration of the recorders, combined
‘studies into the changes of wave spectra, due to the Agulbas
Bank and the Agulhas Current, shoﬁld be made., It has been
noted that the Agulhas Bank éeems to have a quieting effect on

the heavy seas that roll up to it.

The results of the suggested studies will be of theor-
etical inferest and of great practical importance for the coastal

engineer, shipping and off-shore drilling operations.,

_ It seems obvious that the waters off South Africa offer
a wide range of interesting possibilities for basic wave research.
"Not only do the Qave generating conditions suggesf promisiﬁg and
rewarding opportunities for wave Studies, but the characteristics
of the very long ahd varied coéstline combined with the’uniqueness
-of the geographic location also seem.to offer almost unlimited

scope for wave research,

t



Conclusions.

In view of the possibility that wavé conditions in the

waters off the coast of South Africa may be different from those

.found elsewhere, the assumptions of normality and stationarity of

waves'off Melkboschstrand, near Cape Town were tested, Under the_

circumstances stated, it was found that

Qe

t.

~the minimum sampling interval which must be used for

reliable testing for mnormality of wave data is of the

order of 40 séconds.

" the minimum sample length which must be used for reliable

testing for normality is of the order of 20 minutes.

fhe number of wave records rejected for normality (3 out
of 23 records) is siightly higher compared with fiﬁdings
elsewhere, The records rejected were recorded under

calm to moderate wind gonditions,

- no significant difference in normality was found between

waves recorded at the deep and the shallow water stations.

tests for statiomarity applied to 3 selected records,
showed that one record was cleariy»non—stationary.
However, this record was obtained under variable wind
conditions, The average spectra obtained were still
quite useﬁgl,', '

In view of a, b, ¢, d and e above the applicability of
the technique of power spectrum analysis in the local
waters of South Afrida‘may,.with suitable caution, be

accepted,
N

One-dimensional wave spectra computed from wave records

obtained in deep and shoaling water, using power spectrum analysis
based on the method of Blackman and Tukey, showed that

ag.

the total variances obtained from recordings athg,lines

perpendicular‘tobthe shore decreased systematiéally with

“depth. The normalized spectra did not show a systematic

selective attenuation of the variances with frequency.

the mean bottom friction factor, estimated from corres-

‘ponding values of the heights, averaged about the peaks

of the wave spectra, was 0.22, This is higher than
found by.other workers, As this factor is.baséd oﬁ the
average of 3 estimates only, raﬁging from 0,11 - 0.38,
the. value obtained should be treated‘with caution,

\
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,Appéndix I,

The IBMViiBO'Cbmputer Programme,‘ﬁsed for the spectral '@ =

analyses of'theZWQVe'daﬁa,iis 1i$tedvon the foilowing_pages.
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tests for'normality.

Chi-square values for different sample lengths

using a fixed sampling interwval.

Chi-square values for recordings under different

wave generating conditions,

Chi-square values for recordings in ranges of
different depths.

Calculations of variance and chi-square values
from wave records under stated conditions for. '

waves in shoaling water..

Data used in the calculation of friction factors.



c(T) /e (o)

‘Coo(T )

e, (7)

P (f)

(£)

LIST OF NOTATIONS. *

continuous amplitude spectrum,.
Fourier coefficients.

distance between orthogonals.
amplitude of wave,
wave velocity.

group velocity,

" autocovariance function. ‘

autocorrelation function.

apparent autocovariance function.

‘modified apparent autocovariance function.

sample autocovariance function.

masking function.

_hydrostatic depth of pressure units.

base of natural logarithms = .2,7183.

frequency or dimensionless friction coeff-
icient for the bottom (as defined),

Nygquist frequency,

accelération due to gravity,
wave height.
total depth of water.

-total wave height reduction factor due to

energy dissipation.

refraction factor.
shoaling factor,

product of K and Kr'

wave number Eﬁl .

wave length.

lag nﬁmber.

number of samplihg points,

ratio between wave and group velocity.

wave energy transmitted in the direction
of wave propagation per unit time through
a vertical section of unit width.

true power spectrum,

approximation of true power spectrum.

unless otherwise specified.
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Q, (f)

n
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X (t)

N

o ™ A g

.

AT
At

]

Fourier transform of C (T').
Fourier transform of D, (7).

Reynolds number.

.relative response of wave recorder,

wave period.,

time,

maximum lég used.,

total 1ength of recérd.

émoothed estimates of'spectral denéity;

"raw" estimates of spectral density.

‘value of time function.

horizontal dlstance in direction of wave
propagation.

. vertical distance from free water surface.

kinematic viscosity of water,
3.1416.
density of water.

| o 2 T
wave angular frequency T

difference in time of two values X (t) and
X (t +‘T) which are considered together,

: h
function of T related to the frlctlonal
damping orocess.

function of T2 related to the percolatlon :
damping process.

sampling interval‘used for chi—squaré tests.

sampling interval of observations.

Suffix o applies to deep water.

Suffix 1 applies to any other point.





