CHAPTER 101

FORCES ON A PONTOOW IN THREE DIMENSIONAL WAVES
by

J. EIE, Research Engineer X

A TRATTEBERG, Senior Research Engineer X

A. TPRUM, Senior Research Engineer *

1. INTPODUCTIQV

Wave forces on a long pontoon (floating breakwater,
floating bradges etc.) depend to a large extent on the
three dimensional wave pattern. There 1s no determinis-
tic method for calculating wave forces for such struc-
tures 1n a three dimensional sea and laboratory equip-
ment for testing long structiures in lrregular three
dimensional waves does hardly exist

Forces, bending morents etc on floating structures may
in principle be calculated on basis of a transfer func-
tion K(f,8 ) and the two dimensional wave power spect-
rum E(f, &) giving the one dimensional force power spect-

rum B(£f) according to

BE) =j}<2(f,9 YE(E, © )de 1
where (]
f = frequency
© = angle between mean wave direction and direc-

tion of the 1ndividual wave component
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This concept, which 1s being used to a certain extent
in ships hydrodynamics, 1s based on a lancar relation-
ship between wave heipght and forces, bendiang moments

etc.

The force distribution 1s calculated from the relation-
ship derived by Longuet-Higgains (2) and 1s freauently
used 1n wave statistics. This relationshaip i1s the fol-

F =k }jﬁ(f)df (2)

f

lowing

where

las]
"

force
k = coefficient, dependang on which statistical

force 1s wanted.

The force F 1s the zero-upcrossing force as defined an
Fag. 7. (see chapter 3 1). For the significant force
F1/3, k = 2,83, (23, (3).

The whole concept 1s shown in Fig. 1.

The transfer function K(f, @) can be found analytically
or by model tests,

The purpose of the investigation described ain thas pa-
per was to obtain some experimental data on the validi-
ty of the concept applied to a pontoon of rectangular
cross-section. As the transfer function for such & pon-
toon, partly reflecting and partly transmitting the
waves, 18 not so easily obtained by calculalions, the
force transfer function was found experimentally in re-
gular waves. The wave forces in three dimcnsional waves
were obtained in a wand wave flume, The scalar wave
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power spectrum has been measured, but unfortunately we
have not had the opportunity to measure the directional
power spectrum of the waves. We have therefore in the
calculations had to make assumtion of the directional
spread of the spectrum.

2. MODEL TEST ARRANGEMENT

The tested pontoon had a rectangular cross-section with
width, draft an length of 0,44 m, 0,12 m and 3,00 meters

respectively.

The two dimensional transfer function was obtained in
tests using repular waves 1n a test arranpgement as
shown in Fig. 2 Tig. 3 shows details of the pontoon
and 1ts instrumentation. The total lateral forces were
measured by use of strain gauges placed at both ends of
the pontoon Except for the small motions necessary to
obtain a response of the strain gauges the pontoon was
fixed.

The tests in three dimensional waves were carried out
in a wind/wave channel This channel 1s 78 meters long,
and 3,8 meters wide. The water depth at the pontoon wvas
0,37 meters, while the depth in most parts of the chan-
nel was approximately 1,0 m. The test setup in the wave
channel i1s shown in Fig. 4,

The waves were generated by wind with a velocity of ap-
proximately 10 m/sec. The ratio between wind velocity :
and wave celerity in such wind wave flumes 1s generally
high, and the waves tend to have a steepness which 1is
higher than normally found in fjords and in the ocean
In order to reduce the wave steepness a wave filter uas
placed some distance in fromt of the pontoon as shoun
an Fig. 4,
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3 TEST RFSULTS

3.1, Transf{er function

The transfer function was obtained by running tests with

different vave periods, wave heights and wavc directions.,

The wave pattern in the test basin was as indicatcd in
Fig 2. All measurements were made before the secondary
reflected waves from the walls of thc test basin reached

the pontoon,

Fig 5 shows samples of the test results The diagrams
show wave force vs wave height The angle between the
direction of the wave propagalion and the direction of

force 1s indicated.,

The relation hetween wave force and wave hecight i1s fair-
ly linear and "best-fit" lincs showing thce lincar rela-

tion 1s drawn by eye. This relation 1s given by

F¥= ke, £)H (3)

where
F¥ = force
H = wave height
K#(é,f) = coefficicnt depending on wave frequency and

wave direction

It 15 seen that the forces towards the "lce" direction
of ihc waves are slightly larger than touards the "wind-
ward" side, Thas 1s also revcaled in the force recordings,

a sample of wnich 1s shovn an Fig. 6.

The reason for the difference betwecn the forces an the
two directions 1s believed to bc higher order effects
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However, 1t 1s not possible within the sarnrle lancar
concept we arc dealing *nnth to ancluae these ragher
order effects Ve have thercfore combined tle two dairec-
tions by definang another cocfficient K(& ,f) as

KCO,I) = KT(O,E)) 4K Co,E) aa ()

The following relationship 1s then obtained
F=K(o ,f) H (%)
where F 1s the double amplatude force
I' 1s comparable to H as indicated an Fag 7
The K(e@ ,f) valucs are shoimn in the diagram of Fig 8

Based on the diagram of Fig 8 we have made a contour

"rap" of the trarsfer function as shown an Fag 8

3 2 Darcctional spectrum

As mentioned in the introductaion we have not had the
opportunity to measure the dircctional spectrum of the
waves in the wird wave flume, howecver, the scalar spect-
rum has becn obtained. The tvaves were measurea at the
pontoon site in the flumec wren the pontoon was taken
away Fip 10 shows a sanple of a papner record of the

vdves.,

The waves vere recordcd on a mapnetic tape This record
was then dagiatized with a time ainterval betwecen samplcs
of 0,128 sec and the power spectrum was calculated.

from a sample of 200 consccutive vaves The ¥

raw" specct-
rum was smoothed by the mcthod of hannang (3) The cal-

culatcd spectrum as sho'n in Fir 11
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It has been ucual 1n theory on wave directional s»ecctra

to assurie a spectrum directionality function

[a(f,O)}2 = [a(f)]2 v, 7 (6)
where (cos o)
y(Q,Z,) = K( #75) (7)
and 4
KC 7o) = (cos © yrto (8)
-7
z

Fig. 12 shovs y vs © for different values of ?s

We have estimated the dircctional power svectrum bascd
on a cosua -law The estimate of the directional spect-
rum 15 shown as a contour map in lipg 13 The arplica-
tion of using a cosue -lav instead of, say, a cosaa -

law will be daiscusscd later,

3 3 Calculated force spectra and force distributions

Based on the transfer functaon and the estimated direc-
tional wave power spectirum, the force porrer specirum
was calculated according to equation (1) The numerical
calculation was carried out by applying 4Af = 0,1 scec
and 40 = 7/86, The result of the calculation is

shown an Taig 14

The force distribution was calculated according to egu-~

ation (2) and 1s shown in Tap, 15.

3 4, Mercured forces and force dasirilLution

The forces were recorded on both a paper and a masnetic

tape A sample of a force record 1s shown an Tig 16



THREE DIMENSIONAL WAVES 1673

1he mecsurca foree power spectrum i3s shown an Fag 14

togcther ath the caleulated spectrum

The measurcd force distribution is showmn in Fag 15
The measured foree as well as the ecaleculated foree is

the zero-uperossing force as defined in Fag 7 d
4 COIMIENTS

There 1s apparently a good agreement betiveen the measur-
ed force dastribution and the caleulatcd foree distri-
bution as shown in Fig 15 however, the caleculated
foree speetrum and the calculated foree distrabution is
based on assumptions on the speetrum directionalaty
funetion The form of the transfer-function i1s such

that a cos2e - directionality law will give loucr cal-

culated forees than a cosué - law

It 1s therefore deemed necessary that the daireetional

wave spectrum should be measured

5 CONCLUSIONS

I'he work deseribed in this paper gaves an indication
that the concent of equation (1) 1s a useful tool for
engineering purposes when dealing with forces on long
floating pontoons like floataing braidges, floating break-

waters ete
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FIG 9 THE TRANSFER FUNCTION K (e,f ),kg/cm,
AS A CONTOUR MAP

FIG 10 SAMPLE OF IRREGULAR WAVES
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FIG 13 ESTIMATED DIRECTIONAL WAVE POWER
SPECTRUM (COS*“6-LAW)
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FIG 16 SAMPLE OF FORCE REGISTRATION IN IRREGULAR WAVES



