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CHAPTER I

INTRODUCTION

Wi th the rapid growth of prospective floating breakwater installa-

tions, there has developed a need to anticipate their performance ac-

curately and cost effectively. Offshore, .oastal , and inland wave-de-

pendent water-born activities have utilized both physical and analyti-

cal techniques to accompl i sh this goal . Analytical computer models ,

which can investi gate breakwater response through dynamic force ac-

countability and ship motion theory, are generall y used in Conjunction

with experimental evaluations for verification of resul ts. Consequent-

ly, cost effective and therefore generally smaller breakwater testing

facilities are sought which can adequately simulate prototype response.

• Kamel and Davidson (reference 9) conducted model tests for a float-

ing tire breakwater (FTB) called the “Wave Maze”. Using six-inch out-

side diameter tires, they compared their laboratory resul ts with “Wave

Maze ” field data compiled by Noble (reference 13). Their resul ts m di-

cated an inability to adequately model viscous and mooring load effects

at reduced scale due to decreased flexibility of the model tires.

A modular floating tire breakwater (FiB) has been advanced by the

Goodyear Tire and Rubber Company and subjected to various fiel d tests

over the past four years. In an effort to develop widely appl icable

FiB design curves, controlled prototype tests of the Goodyear confi gu-

• ration were conducted by the Coastal Engineering Research Center (CERC)

at Fort Bel vo ir, Virg inia (reference 6). Model study verification of

the CERC findings was conducted by Harms and Bender using 6- and 3-inch 

~~~~~~~~~~~~ -- ——-- - ~~~~~~~~~~~~~~~~~~~~ . ..~~~~~ . _ _ _ _ _
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model t i res  (reference 7 ) .  In a draft report they ind i cate adequate

model response for both model sizes , whi ch d i f fer s  from K~mel and Da-

vidonson ’ s conc l usion . Some question as to the l imi t of scaling ade-

quacy therefore exis ts .

It  is the primary obje ctive of th is  study to ta ke advantage of

CERC ’ s recent (1978 ) research and to investigate the similitude validi-

ty of further reduced scale ratio tests as appli ed to the Goodyear FTB.

Since the CERC prototype data was obtained in a large lab facility with

mo nochromatic waves , th is  al lowed the uncomo n oppor tunity to test pro-

totype and models under similar , controlled conditions. Tests were

conduc ted with 1.6-inch and 6-inch model tires which corresponc respect-

ively wi th nominal 1:18 and 1:5 scaling ratios. Accountability of

Froude scaling and dynamic similitude suppositions are compared at

these two scales with the prototype resul ts deri ved by CERC . Break-

waters which had 3, 4, and 6 modules in the direction of wave advance

were tested at water depths of 2.75 and 1.5 feet for the 1:5 scale.

Depths of 0.67 and 0.33 feet were s i m i l a r l y  used for the 1:18 scale.
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CHAPTER II

BACKGROUND

As outlined In the Introduction , this study applies the tech-

niques of dimensional analysis to compare the performance of a rela-

tively new floating breakwater. In this chapter, the pertinent theo-

retical model i ng considerations are reviewed. Additionally, floating

brea kwa ter nomencl ature , their attenuation mechanisms , and the Good-

year prototype are introduced . 
-

II - 1. TheoretIcal and Physical Modeling Concepts

Dimensional analysis has been employed for three centuries to cor-

relate measurable quantities associated with various natural phenomena

reference 2). By providing appropriate dimensionless groupings of

varia bles , the technique suggests pertinent ways of linking the re-

sui ts together. Its application to physical hydrodynamic model i ng has

provided both rapid and economical inquiries into engineering problems .

Al though this technique does not generally provide a complete analysis

as in an analytical equation of motion solution , acceptable correspond-

ence between model and prototype performances usually will exist if

the basic l aws of physics are considered in model desi gn. Theoreti-

cally , dynami c similarity must be achieved to attain viable model data .

This condition exists when the prototype to model ratio ~f flu id par-

tid e forces and masses are preserved . Tacit to this condition are

geometric and kinematic similarities. That is , corresponding dimen-

slons must be in proportion and the motion and paths of homologous par-

—-—--.

~

—-- —,~~~~~~~~~~~ 
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tid es comensurate (reference 15). Analytically stated, two dynami-

cafly similar fluid motions are described by a coordinate system relat-

ing the fundamental units mass (rn), time (t), and d i stance (x), by the

transformations:

~ am 2-lA

t’~~~8t 2—lB

~ ~x 2- iC

where a, B, and ~p are scal ing relationships , and (‘) Indicates the

transfo rmed un i t .

Appl i cation of dynami c similitude to hydraulic modeling Is compl i-

ca ted by the presence of several natural  forces , a l l  of which could

only be accounted for In a prototype i nvesti gation . They i nclude:

gravity , pressure, viscosity , surface tension , and elasticity forces.

• Besides the customarily used “inertial force” , onl y one other forc e

generall y predominates. In the case of gravity wave model s with a

free l iquid-surface under aIr , the gravity force generally prevails.

There fore , as in this study, the conventional Froude relationship of

Inertial to gravity forces is utilized to determine pertinent model

parameter dimensions. Some of the important relationships are :

F1 pV 2L2 
____ 

2-2A
F
9 pL’3g L’g

L’r 
Lm 2-2B
p

Tr ~
L’r/9r 2-2C

_ _ _ _ _ _ _ _  . ~~~~ ~~~~~~__ _ _ _ _ ___ _ _ _ _ __  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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• L’,?og 2-2D

where,

• conventional Froude number for free l iquid-surface
flow under a i r

Ft • inertial force

F
9 

gravitational force

fluid density

g - gravitationa l acceleration

V veloci ty

T I . ’  • time and l inear  dimensions

m ,p,r subscripts for model , prototype , and rat io values

Several simplif icatlons and assumptions are necessary in the di-

rect application of conventional Froude modeling . For example , the

mode l to prototype ratios of fluid dens i ty and gravity are generally

considered as unity . In models, viscous forces are relatively greater

than In the prototype, wh ich can lead to alterations In the flow pro-

cess. Since i t is Infeasible to simul taneously model Reyno l ds and

Froude criteria in the same fluid, viscous effects are Ignored due to

thei r secondary importance. S imi lar ly ,  surface tension effects are

usually considered as negl igibl e , especially for wavelengths greater

than 0.5 feet ( reference 15). Model structure e las t ic i ty  parameters

also must be assumed to respond such that a l l  relat i ve force magnitudes

are preserved. Aberrations due to some of thece assumptions are in-

vestigated in this physical model i ng study of .loating breakwaters.
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U - 2 FloatIng Breakwaters

Float ing breakwaters are essentially displacement vessels at an-

chor which pro tect their lee via the at tenuation of inc i dent wave ener-

gy fl ux . Performance of these structures Is a funct ion of both the

local wave clima te and their own I nherent structural response. Wave

attenuation and the reduction of wave energy transmi tted In the direc-

tion of wave propagation are generally a combination of one or more of

the fol lowing mechanisms :

1 - wave reflection and the regeneration
of waves seawa rd

2 - the transfo rmation of wave orb i tal mo-
tion into random turbulent  motion

3 - the production of wave breakin g condi-
tions

4 - hydraulic damping via the i nteraction
of water particles wi th the breakwater

5 - out-of-phase damping

6 - viscous damping

7 - w a k e  drag

In order to minim i ze transmitted wave power a t t r i b u t a b l e  to structure

motion , breakwaters must have natural frequencies that are very low

compared wi th the wave frequencies to which they will be subjected.

Floating breakwaters have severa l advantages (p r im ar i l y  econ omic)

over their gravity counterparts since ins tallation is only slightly

dependent on depth and bottom condi tions. Unaltered hydrography and

the non-Impedance of tidal and littoral flows is to their advantage in
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the maintenance of water quality . Additionally, they can provide a

substratum for marine growth wi thout obstructing no rma l f ish  mi g ration .

However, floati ng breakwaters are not a panacea. Complete Inc ident

wave attenuation Is rarely achieved as In many fixed structures. Con-

servative designs and therefore increased project costs are often the

result of loading uncertainties and maintenance costs.

Since floating breakwaters have the potential to fail instantane-

ously, for example by the parti ng of a mooring line or the fracture of

some Interconnecting hardware, their design is a critical procedure

dependent upon local condi tions . The nomenclature appl icable to float-

ing breakwaters is graphically portrayed in Figure 1. Parameters In-

ci ude:

H1 • incident wave height

Ht - transmi tted wave height

Hr • breakwater reflected wave height

Hb • beach reflected wave height

L • Incident wave length

y - breakwater draft

h • breakwater freeboard

W - breakwater width

d a water depth

M • breakwater mass

Some comparati ve relations of Importance are:

C
~ 

• Ht /H j • transmission coefficient
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W /  L • non-dimensional breakwater width

H1 / I • wave steepness

y/ d • relative breakwater draft

II - 3 Goodyear’s Floating Tire Breakwater

The Goodyear Tire and Rubber Company has proposed and tested a

modular floating tire breakwater (FTB) system (reference 5) which uti-

l i zes worn ti res to provide small-harbor and marina protection. It

was this FIB configuration which was used exclusively throughout the

current scali ng Investi gation . The easy-to-construct modular unit Is

composed of 18 indivIdual tires tightly bundl ed to fonhialfeet x 6-1/2

feet x 2-1/2 feet module. A sketch of the completed uni t is provided

in Figure 2. Any number of these modules may then be interconnected to

form the desi red shape required of the particular protective structure.

Flotation can be provided by naturally entrapped air In the torus

shaped crown, rigid urethane, polystyrene foam, or empty half-gallon

plastic bottles. When entrapped air is utilized , yearly maintenance

for Its replenishment is required. Similarly, removal of biofou ling is

necessary on an annua l basis to ensure that proper buoyancy is provided.

The FTB’s mooring arrangement Is typicall y provided by catenary anchor

lines attached to every third module along the breakwater’s l ength.

The modules are reusable and are suited for mul tiple use and fl exible

plan forms.

In addition to the normal characteristics of a floating breakwater,

this structure Is especially cost effective. Estimates of up to 1/10th

the cost per lineal foot of other protective structures have been
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quOted (reference 5). Primary expenses Invol ve labo r and anchor hard-

ware. It shoul d be noted, however, that Initial cost Is not the only

criterion for floating breakwater selection. As a flexible assembly,

the degre, of wave protection provided by the FTB’s may often be sig-

nificantly less than that obtained by other floating breakwaters at

comparable W / L  ratios .

_ _  

I
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CHAPTER III

TES T FACILITIES AND PROCEDURES - SERIES A

The first portion of the experimental work involved appropriate

scaling and desi gn for the adaptations to both the breakwater model

section and flume. Since the primary work of this investigation was to

test the reliability of Froude scaling as appl i ed to breakwater model-

ing, close adherence to the theory presented in Chapter II was para-

mount. Six-Inch outside diameter rubber tires provided by the Goodyear

Tire and Rubber Company were used for the Series A experiments. Their

application imposed a nomi nal 1:5 scaling factor on all linear dimen-

sions for this test series, since a 29-inch prototype diameter was as-

s~.mied. This scaling relat ionship Is accounted for in the paragraphs

to follow which discuss the modeling apparatus , condi tions , and test-

ing procedures.

III - 1 Flume Description and Instrumentation

Series A tests were conducted in the C. W. Harris Hydraulic Labo-

ratory ’s sub-floor concrete fl ume which is unifo rmly 3.5 feet deep, 4

feet wide, and 182 feet long (Figure 3). Channel water depths of 2.75

and 1.5 feet were used based on the linear scaling of CERC ’s test con-

ditions of 4 and 2 meters (reference 6). Beaches are located at both

ends of the flume; a 1:10 slope beach Is l ocated behind the wave gener-

ator to attenuate standing waves and a 1:16 slope beach is located at

the far end of the test section which adequa tely absorbs transmi tted

wave energy. A beach reflected wave (Hb) was therefore considered in-

consequential. The wave generator consists of a hinged-flap plate g
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dri ven by a fi ve horsepower electric motor and controll ed by a Reeves

Van -Speed M~to Dri ve (Figure 4). This uni t has continuousl y variable

f requency and stroke over the ranges 0.6 to 1.25 Hertz and

0 to 12 inches , respectively. It produces waves of unifo rm hei ght and

period within approximately three wavelengths of the generator plate.

Wave conditions were measured by two fi xed , resistance-wi re wave H
gages which each form a partial arm in a Whea tstone bridge c i rcu i t .

• Output si gnals , prop ortional to the gage immersion depths , were ampli-

fled by two Sanborn gage amplifiers and recorded on two channel s of a

four channel Sanborn oscil l ograph .

Each gage was calibrated stati cally by immersing it In a vertical

p osition to a known depth and recording the defl ection of the oscillo-

graph styl us trace. Al though linear response was noted throughout the

experiment, a brief test was conduc ted to scrutinize the effects of

wave gage dynamic response. Tests were conducted using essentially

vertical harmonic motions over the range 0.7 to 3.2 i nches. Frequen-

des were varied in the range between 0.35 and 2,5 Hertz. A tendency

to yield a decrease in measured amplitude was noted for increasing fre-

quencies . Errors of less than 2% were observed at frequenci es below

1.0 Hertz . At greater frequencies , errors of ±5% were observed, which

supported the findi ngs of Wiegel (reference 19). Dynami c response t
error was therefore considered negligible , gi ven general wave gage re-

solution of 0.01 feet.

One gage fIxed between the generator and test section measured in-

cident wave height and period. The second gage, fixed approximately 10

_________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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feet in the lee of the test station , measured the height and period of

the transmi tted wave. Actua l gage and test section locations are in-

cluded on data sheets provided in the appendices.

III — 2 Model Description

Three floating t i re brea kwaters , containing 6, 8, and 12 Gcodyear

modules respectively, were tested at the 1:5 scale. For consistency ,

model configurations will be referred to by the number of modules in

the di rection of wave advance. Since this series of tests was conduct-

ed with an incrementa l breakwater length (
~

) of 2 modules parallel to

wave crest, these are referred to as 3, 4, and 6 module tests.

The modules were constructed as described in Chapter II and refer-

ence S using 6-inch rubber tires supplied by the Goodyear Tire and Rub-

ber Company. Number 4 nylon cord was used to ti ghtly bind each module

in a 3—2- 3—2-3-2-3 arrangement. Figure 5 portrays this 1:5 Series -~~

modul e and also the smaller 1:18 Series B scaled module.

Model ing apparatus analogous to CERC ’s prototype test section (re-

ference 6) was required for the subsequent similitude study . Parallel-

ing these CERC tests, breakwater modifications presen ted in Figure 6

included utilization of 0.25-inch diameter aluminum stabilizer bars at-

tached to the frontand rear modules to provide module alignment when

secured to the anchor lines. Similarly, double loop pattern coil chain

surge l ines were attached along the long i tudinal extremities of the

test section to simulate restra i nt by adjacent modules. Buoyancy cor-

rected wooden bumpers (4 inches x 4 inches x 6 inches) were fastened

to the two outsi de tires of each module to prevent the tires from

—
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scraping or binding on the tank walls.

Proper module flotation requiring only periodic replenishment was

achieved via air entrapment In the ti re casing crowns. An anchor line

yoke simi l ar to field installations was fabricated from No. 45 bronze

sash chain and affixed to the end modules and stabilizer bars . Sing le

number 4 nylon mooring lines were then attached to these yokes and

threaded through 1-1/2 Inch turning sheaves secured to the flume floor.

Placement of these turning sheaves yiel ded roughly a 1 to 7 mooring

line slope for a test depth of 2.75 feet and 1 to 10 slope for the 1.5

feet test depth . Each mooring line was attached to an overhead re-

straint by two pliable springs (spring constant ,k~1.O lb/in) which just

mainta i ned mooring line tension under still water conditions. This

best simulated the CERC mooring line conditions which had been instru-

mented with load cells for the purpose of documenting anchor line

forces. Figure 3 schematically displays the locations of all these

model components.

III - 3 Wave Characteristics

The original intent for the test program was to reproduce scale d

monochromatic waves equivalent to the prototype periods (1) rangIng be-

tween 2.6 seconds to 8.3 seconds employed In the CERC tests. These

periods correspond to 1.2 seconds and 3.7 seconds when 1:5 Froude scal-

• ing is applied. Upon the completion of flume calibration tests at the

requi red linearly scaled depths of 2.75 and 1.5 feet, it was found that

productIon of reproducible un i form and stable waves having periods

greater than 1.2 seconds was not possible. Consequently, 1.2-second
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waves represented the longest ones tested, while the shortest were

roughly 0.8 second as limi ted by the generator.

- Non-linear effects of these appl i cable waves were scrutinized in

order to confirm Linear Wave Theory calculations of wavelengths (L).

All stable wave continations at both depths were compared agai nst Le

Méhauté (reference 21) and Komar (reference II) wave theory application

criteria. Whereas at both depths in the Le Méhautê realm , the waves

coincided wi th Stoke’s second and third order waves, Komar’s cri teria

classifi ed the majority of waves as deepwater Airy waves. Those waves

indi cated as second and third order Stokes waves wrre therefore speci-

fically reexamined In the flume for adequacy of wavelength calculation

by Airy theory. Linear distances measured between wave gages record-

ing in-phase wave traces on the oscillograph favorably compared within

±5% with those calculated using the theory.

According ly, Ai ry theory was appl ied un i versally for data reduc-

tion as explained In Chapter V. It should be noted that the majority

of test waves analyzed in Series A were characterized by depth to wave-

length ratios ultimately classifyi ng them as transitional water waves

(0.04 < d/ L < 0.50), wh ich coincided generally with the prototype con-

dit ions modeled by CERC. These waves did , however, tend toward the

deepwater end of the range. Viscous side-wall effects of the flume

were also Investigated by passing incident waves past two wave gages In

the test section. SInce no marked difference was apparent between the

recorded traces , side-wall effects were determi ned to have neg l ig ib le

impact on wave conditions.
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Wave parameters were varied over the maxi mum practical range per-

mitted by the wave generator and flume. Their ranges are tabulated In

Table 1:

Table 1

Depth Cd )

1.5 Feet 2.75 Feet
Period
C T) 0.82-1.21 seconds 0.76-1 .21 seconds

Incident
Wave Height .02-.l9 feet .05— .63 feet
(H1 )

Wave
Steepness .00-.03 .0l- . lO
(H1/L)

d /L .22-.53 .38-.93

III - 4 Test Procedures

The procedures used in this test consisted of: apparatus prepara-

tion, wave generator activiation , wave and breakwater monitoring, and

verification through test reproducibility . For each test confi guration

the model was lowered i nto the flume and the wave gages positioned ap-

proximately 10 feet in either direction f rom the test section. Place-

ment of the Incident gage was especially important since its distance

from the test section had to be long enough to allow for incident wave

• height recording before return of the breakwater’s reflected wave creat-

ed an i rregular wave envelope oscillograph trace. Particular place-

men t locations are noted in the data sheets presented in Appendi x A.

Similarly, turn ing sheaves , mooring line tension/slope, breakwater
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draft, fl ume depth, and water and air temperatures were periodically
checked and recorded.

Following a warm-up period and Wheatstone bridge circui t balance

procedure, the wave gages were statically calibra ted. The wave gen-

erator eccentrici ty and frequency were then adjusted to pre-determined

settings and the wave plate was acti vated by a remote swi tch near the

recorder. Oscillograph incident wave gage monitoring began when the

established wave train first impinged on the test section . A tape ad-

vance speed of lOnin/second was used to trace several of the regular in-

ci dent and transmitted wave forms or unti l an i rregular wave trace was

noted. Oscillograph speed was then ininediately increased to l0~tr/sec-

ond so that the wave coul d be ultimately measure d more accura tel y for

i t.s period. Figure 7 shows a sample oscillograph record. The wave

generator and oscillograph drive were then turned off and the residua l

waves allowed to damp out In the fl ume.

During this time, values for H1, Ht~ an d I were scale d from the

trace and recorded on a data sheet. When values di ffered from those

anticipated, the generator settings were readjusted to yield the desir-

ed incident wave. When the wave was deemed satisfactory the wave gen-

erator was reactivated to reproduce the test unti l C~ (H t I H~) values

varied less than 5%.

The tests were continued at all successive generator settings in

this manner for restrained lee configurations of 3, 4, and 6 modules in

a water depth of 2.75 feet. Addi tionally, a 6 module configuration

test was perfo rmed in 1.5 feet of water and a 3 module test was
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conducted at a 2.75 feet depth without a leeward mooring line to In-

vestigate unrestrained lee performance. Al though not performed by

CERC, 3-module tests were conducted to yield smaller non-dimensional
breakwater width ratios (W/ L), since the maximum generated wavelength

was limi ted to roughly 7.5 feet. At the concl usion of each configura-

tion test, wave gages were statically rechecked to ensure that cali-

bration dri ft had not occurred. Complete tabulated values for all

Series A tests are presented in Appendix A.
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CHAPTER IV
TEST FACILITIES AND PROCEDURES - SERIES B

Series B experimen ta l work essentially paralleled that of Series

A, but at a reduced scale. Again , compliance with Froude scaling was

mandato ry for tests to be meaningful . Plastic toy tires with a 1.6

inch outside diameter were provided by the Goodyear Tire and Rubber

Company for this series of tests. Correspondingly, a nominal linear

scaling ratio of 1:18 was therefore appl ied to this series of tests as

per Froude scaling rationale. Appropriate applications of this factor

to the flume and breakwater section are discussed in the paragraphs to

follow .

IV - 1 Fl ume Description and Instrumentation

Series B tests were conducted in the C. W. Harris Hydraulic Labo-

ratory’s elevated rectangular flume which is uniformly 1.5 feet deep,

2 feet wi de, and 54 feet in overall length (Figure 8). Water depths of

0.67 feet and 0.33 feet were utilized based on the linear scaling of

CERC ’s test depths of 4 and 2 meters (re fe rence 6). The channel has

transparent sidewalls from the generator to a station 30 feet away. A F
beach wi th a 1:10 slope is located at the far end of the test section

which adequately absorbs transmitted wave energy. A reflected wave

(Hb) was therefore considered negligible. The wave generator is a ver-

tical-face piston type dri ven by a 2 horsepowe r electric motor and con-

trolled by a Reeves motor drive unit. The unit has continuously van-

able frequency and ampl i tude of stroke over the ranges 0.2 to 2.0 Hertz
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and 0 to 6 inches , respecti vely. The generator produces waves of uni-

form heigh t and period within approximately four wavelength s of the

generator at high frequency settings. Uniformity was observed within

a wavelength at very low frequency settings.

As in the Series A tests, wave condi tions were measure d by the

same two fixed resistance wire gages. Their cri teri a for placement

were identical to that in the previous series wi th the exception that

sl ight mounting modifications were necessary. Similarly, the same re-

cording circui ts and procedures were used for these reduced scale tests.

IV — 2 Model Descripti on

Three floating tire breakwaters, containing 12, 16, and 24 Good-

year modules respectively were tested at the 1:18 scale. Since the

- 
flume width dictated the use of 4 modules across the tank, these aga in

correspond wi th the prototype and 1:5 scale 3, 4, and 6 module tests.

The modules were constructed as described in Chapter II using the

1.6 inch plastic tires and number 18 nylon cord to tightly bind each

unit. Reference is again made to Figure 5 for a relative size compari-

son. As in the previously described test, breakwater modi fications

were necessary. In this case, 0.25-inch diameter wooden stabilizer

bars were attached to the front and rear modules. Wooden bumpers (2

inches x 2 i nches x 1/2 inch) were again provided and fastened in an

analogous manner to the modules. Number 18 nylon cord was used univer-

sa l ly ,  for surge l ines  along the long i tudinal  direction of the model

extremities , as well as for the mooring l ines and mooring line yokes.

~ 

. ..~~~ 
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A plan photograph of this breakwater model is presented in Figure 9.

Turning sheaves of 1/2 inch diameter were fastened to U-braces

and mounted along the flume in order to yield a 1 to 7 mooring line

slope for the 0.67 foot test depth and 1 to 10 slope for the 0.33 foot

depth. Each mooring line was attached to an overhead restraint by a

single spri ng (spr ing constant , k 1.0 l b / i n )  which just  main ta ined

mooring line tension under still water conditions . Figure 10 schemat-

ically displays the locations of these model components .

Artificial flotation was required during this test in order to

achieve the proper relative breakwater depth (y/d). Since these

tires were much smaller and composed of plastic they were just neutral-

1,y buoyant under an entrapped-air flotation condition. Therefore, sty-

rofoam units (1/4 inch x 1/4 inch x 1/2 inch) were placed into the

crowns of 10 tires per module. This modification then provided enough

buoyancy to satisfy the scaled relative depth criterion.

IV - 3 Wave Characteristics H

In order to appropriatel y test CERC ’ s wave conditions at a 1:18

scale, periods of between roughly  0.6 and 2.0 seconds were required.

Upon completion of fl ume ca l ib ra t ion  tests at the required linearly

scaled depths of 0.67 and 0.33 feet , i t  was determined that reproduci-

ble unifo rm and stable waves in the range 0.50 to 3.00 seconds were at-

tam able. Some limitations at low frequency, small amplitude waves

were created due to viscous side-wall effects of the channel. Similar-
• . ly, a tendency toward the generation of cnoidal waves was observed for

some combinations of generator frequency and amplitude , especially at

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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the 0.33 foot test depth . Waves exhibiti ng these two characteristics

were according ly eliminated from the Series B tests.

Non-l i near effects of the selected waves were similarl y scruti-

nized as in Series A to verify the applicability of Airy theory in the

calcul ation of wavelengths (L). Le Méhauté (reference 21) and Komar

(reference 11) wave theory applications were compared and the highest

order waves tested . As i n Ser ies A, Ai ry wave theory estimations of

wavelength were deemed j us t i f ied .  The majo ri ty of waves in the Series

B tes t were ul timately c lass i f ied as transit ional water waves (0.04 <

d /  L < 0.50 ) and a very few as shal low water waves ( d /  L < 0.04).

These wave conditions , therefore , were able to effectively model the

CERC conditions .

Wave parameters were varied over the maximum practical range per-

i~itted by the wave generator and fl ume . Their values are l is ted in

Table 2.

Table 2

Depth (d )

0.33 Feet 0.67 Feet

Period
(1) 0.53—3.00 seconds 0.52-1 .52 seconds

Inc ident
Wave Height .015- . 110 feet .041-.280 feet
(H i )

Wave
Steepness .0O- .08 .01 - . l O

• (H 1 /L)

d/L .03- .25 .10- .48 

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~
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IV - 4 Test Procedures

The test procedures for this series of tests closely paralleled

those of Series A. Essential steps again incl uded: apparatus prepara-

tions, wave generator act iva tion , wave and breakwater monitoring, and

reproduction of the test results.

Due to the wave generator control location , the oscillograph re—

cording procedures were s l igh t ly  altered from Series A. Upon activa-

tion of the generator, some time (approximately 10 seconds ) elapsed

befo re the recorder was activated. I n i t i a l l y ,  tape advance speed of

lO~nm/ second was used for subsequent wave period computation. Oscillo-

graph dri ve speed was then imedi ate ly reduced to lm/secon d an d stylus

sensitivity increased . While the operator spent roughly 15 seconds in

the evolution of turning off the wave generator, un i form wave hei gh ts

were still bei ng recorded by the two oscillograph channels. Initial

values for ~~ Hti and T were then scaled from the trace while any re-

sidual waves were allowed to damp out in the flume.

All  other ins trumenta tion cal ib ra tion , appl i cation , and procedures

remai ned the same as t ;ose conducted in Series A and previously de-

scri bed in Chapter III. Tests were conducted at all feasible wave gen-

erator combi na tions for the 3, 4, and 6 modules configurations at the

0.67 foot test depth. Figure 11 is that of a 6 module test in progress.

Additionally, a 6 module test was performed in 0.33 feet of water. In

order to exami ne unrestrained lee response a 3 module test was conduct-

ed at 0.67 feet. Complete tabulated values for all Series B tests are

presented in Appendix B.
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CHAPTER V

EXPERIMENTAL RESULTS AND ANALYSIS

The experimental data and reduction suninaries for the breakwa ter

sections tested in Series A and B are tabulated in Appendices A and B

respectively. Linear wave theory was employed exclus i vely to ca lcula te

the deepwater wavelength :

L0~~ 
gT2

Then, knowing water depth (d), the ratio d/ L0 was transformed using

tables (reference 21) to the appropriate d/ L ratio which is listed on

the data sheets. The ratios W / L, y / d, H1 / L, and C~ were then com-

puted di rectly from the tabulated values . Experimental results for

the prototype testing condition used in this study were computed at

CERC in a similar fashion. It should be noted that although all data

p oints  of the present study and the CERC study are l is ted in  the ap-

pendices and reference 6, only well grouped points were utilized in

this scaling i nvesti gation. Where too few data points existed to show

a trend , they were omi tted from the plots presented in this chapter.

It is the purpose of this chapter to present the observable break-

water performance trends conta i ned in the data and to note the infl uence

of parameter adjustment on scal i ng effec ts.

V - 1 Breakwa ter Performance Trends

Both theoretical and physical analysis of floating breakwaters

have substantiated the significance of several functional performance

- - —S ~~~~~~~~~~ - ~~ ~~~~~~~~~~~
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relationships. One method of data Investigation has utilized the II-

Theorem which can hel p indicate the relative importance of non-dimen- 
H

slonal parameters. Since it is a mathematically absol ute sol ution ,

the theorem has the tendency to lead researchers into hypothesizing H

that their model s l ikewise have absol ute val id i ty . This is not the

case as discussed in Cha pter II , sinc e the simulta neous scaling of al l

phenomena in  phys i cs is not possible. As such , physical intuition

supported by test data when coupled wi th the I - Theorem has general-

ly concl uded that, for a particular breakwater configuration:

C~ = f ( W / L, H1 /L , y/d)

- where, f is a dimensionless functional relationship.

The si gn i fi cance of each dimensionless parameter , as determined

by several investiga tions , is represented by its position in this func-

tional expression (references 6,7,9). The effect of these parameters

was initially examined to ensure that proper breakwater response was

being achieved. Fi gure 12 depicts the trends of these three dimension-

less parameters as observed throughout this investi gation. Values for

the 6 module , Series A (1:5) test only were plotted to provide response

data purely at tr ibutable to y /  d and H 1 / L changes . The trends are:

1 - The transmission coefficient (Ci) decreases for increasing

non-dimensio nal breakwater width (W/ L). This decline is rapid in the

range of W I L values less than 2.0. Ct asymptotically approaches unity

for small values of W / L, as anticipated. -
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2 - The transmission coefficient decreases for increasing val-

ues of wave steepness (H
~ I 

L).
3 - Relative breakwater depth (y/ d) has only a sli ght tend-

ency to effect the transmission coefficient. As y/d increases, C~
may only decrease sli ghtly in transitiona l water. In a deepwater case ,

y /d might have a more signifi cant effect on C~. Thi s , however , was
not investigated in the present study since only depth (d) was varied .

Trends similar to those noted above are comparable to the response of

other floating breakwater configurations (reference 9).

V - 2 Comparati ve and Scaling Effects Analysis

As previously mentioned , the experimental data was scrutinized for

its representative adequacy in the analysis 0f speci fic parameter al-

terations. Consequently, specifi c combinations of H~ / L , y/ d, scal-

ing ratios , module configuration and restraints were selected for com-

parative analysis to determine the scaling effects inherent to this in-

vestigation. For each comparison three i tems were investi gated:

1 - The effects of the vari ed parameter on breakwater perform-

ance, C~ , for each i ndependent scale.

2 - The tendency for data taken at all model scales to form a

continuous and smooth performance curve at each of the varied parame-

ters , as a check for any gross scaling errors. That is , at each va l ue
of the vari ed parameter, data taken at all scales was analyzed to see

i-f it would be possible to superi mpose an imaginary band over the range

of points . Although not deemed appropriate for this study, further

-
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statistical analysis could expand on this concept.

3 - Any observable trend affecting scale correlation due to

the particular varied parameters. This was accomplished by compari ng

the change in “band widths ” for the two pa rameter val ues noted in i tem

2. As “band width ” becomes smaller the trend is toward better model

scale correlation. It is re-emphasized that this  par t icu lar  compari-

son is the primary objective of this study . Each of the above mention-

ed relationships is discussed separately and annotated by (1), (2), and

(3) In the fo l lowing paragraphs .

V - 2.1 Effects of Wave Steepness (H .1 / L)

Perfo rmance curves were prepare d which held as consta t the rela-

tive breakwater depth (y/ d), the number of modules examined , while

varying only wave steepness (H 1 I L ) .  These spec i f iL comparisons are

presented in this section.

V - 2.l.a H1 /L : .0150- .0349 vs. .0550- .0949 , 6 Modules, y/d .15

(1) Fi gure 13 indicates that C~ at a specific W/ L is not affected

by a variation in H 1 / L range at each of the 1:1 and 1:18 scales . The

1:5 scale, however, tends to show only a s l i ght C~ responsiveness to

these H 1 / L compari sons . This could be interpreted to mean that H
~ 
/ L

effects on C
~ 
are more sign ificant at higher wave steepnesses. (2) At

each H~ / L considered , the compos i te of all three scales woul d , aga in,

tend to form a reasonabl y continuous and smooth perform ance curve. A
• band bordered by solid l ines  indicates this realm for H 1 / L values be-

tween .0150 and .0349. Similarly, dotted lines bound the H
~ 
/ L range

S. —— - --- 5-- - — — ----55---- ~~~~~~~~~~~~~~~ - --5.—
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of .0550 to .0949. These bounda ry l ines are incl uded to clar i fy  the

comparison technique and will not be drawn on subsequent graphs.

(3) The 1:18 model has a consistently lower C~ i ndica ting less trans-

mission than that of the other scales. As H~ / L increases there is a

trend toward better scale correlation. That is , for the steeper wave

condition , variations in C~ between scales tend to reduce as depicted

in the generally narrower dotted band. It shoul d also be noted that

this also occurs at increased W I  L values , although for these values

correlation might  be a ttributable to the asymptotic l imi t of fl oat ing

breakwater performance (typically C.~ = 0.2).

V - 2.l.b H~ IL : .0000-.0l49 vs. .0150-.0349 , 6 Modules , y /d .30

• (1) Figure 14 indica tes C~ response to wave steepness similar to

that reported in V-2.l.a. The 1:5 scale, however , tends to indicate

the anticipated decrease in C~ at greater H1 /L va
1 ues. A likely ex-

planation of this is that the Series A shorter wavelengths were closer

to higher order waves than those at the other scales. (2) At each

/ L cons i dered, the composite of all three scales would tend to form

a reasonably continuous and smooth performance curve. That is , all
scales of data points are wi thin a narrow band on the performance curve.

This seems to indicate that no gross scaling effects exist. (3) It

should be noted that the 1:18 scale has consistently lower C~ values

than the other scales for W/L values in the range 0.4 to 0.7. No ob-

servable effect on scale correlation seems to be attributable to this

K 1 / L comparison, s ince the “bands ” of data do not alter si gnificantly

between each H 1 / L.
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V - 2. l .c H1/L : .0l50-.0349 vs. .0550- .0949 , 4 Modul es, y /d .15

(1) Figure 15 indicates C~ response to wave steepness similar to

that reported in V-2.l.a. (2) Since for each H1 /L cons i dered the

composite of all three scales would tend to form a reasonably continu-

ous and smooth performance curve , gross scaling effects are assumed to

be nonexis ten t .  (3) Again , as noted in V -2 . l . a , when H~ I L  increases

there is a tendency toward improved scale corre la t ion.

V - 2 . l . d  H .  / L : .0 l 5 0— .0349 vs. .0350— .0749 , 3 Modules , y / d . 15

LRestrai ned)

This comparison considers only the 1:5 and 1:18 scales .  ( 1)  Fi g-

ure 16 indicates  that C~ is not affected by a var ia t ion  in  K~ / L for

ei ther  scale.  (2)  For each H~/L range considered , the composite of

both scales would tend to form a reasonably cont inuous and smooth per-

formance curve. (3) No appa rent r e l a t i o n s h i p  is observed between H 1 / L

and s c a l i n g  correlat ion , since data for each scale are grouped at d i -

vergent W I  L values .

V - 2 . l . e  H~ I L  : .0150- .0349 vs. .0350- .0749 , 3 Modules ,  y/ d .15

(Unre stra i ned Lee.)

The 1:5 and 1:18 scales are again  the only  ones compared for th is

unrestrained lee s i tua t ion .  ( 1 )  Figure 17 indicates  that C~ is not af-

fected by a l te ra t ions  in wave steepness at each scale. (2)  Gross scal—

ing effects seem nonexistent  for the same reasons as stated in previ-

ous cases . (3) There is , aga in , a tendency at the greater wave steep-

ness to have improve d scal i ng corre l a ti on. 

5, .
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V - 2.2 Effects  of Re la t ive  Depth (y/ d)

A performance curve was prepared whi ch  compa red two re la t ive

depths (y/d) for the same wave steepness (H 1 /L) range and module

configuration.

V - 2.2.a y/ d : .15 vs. .30 , 6 Modules , H
~ 
/ L ~ .0l 50— .0349

(1) FIgure 18 indicates that C~ is not affected by a variation in

y / d  at any scale.  (2 )  For each y / d  considered , the comp osite of a l l

three scales would  tend to form a reasonabl y cont inuous  and smooth

perfo rmance curve i n d i c a t i n g  no gross scaling effects . (3) Series B

(1 : 18)  performance resul ts Ind ica te  less transmission at that scale.

There i s .  however , no observable change in  scale cor re la t ion  s inc e

data “b ands 1’ for each y /  d do not d i f f e r  si gn i f i c a n t l y .

V - 2.3  Effects of Breakwa ter Wid th  (W )

Performance curves were prepared which  he ld  as constant the rela-

- tive depth (y / d) and wave steepness (H~ / L ) .  vary ing  only  the number

of breakwater modules in the direction of wave advance. These specific 
S

comp arisons are presented in  th i s  section. Wave steepness of .0 150 to

.0349 was sel ected for consistency of comparison at the 3 , 4 , and 6

modul e breakwater w id ths .  I t  i s  noted , however , tha t  t h i s  p a r t i c u l a r

wave steepness (e.g. 0.7 to 1.6 feet for L ~ 45 feet)  is l ower than

tha t of most design waves .

V - 2.3a 6 vs. 4 Modules , y/ d .15 , H 1 / L .0150- .0349

( 1 )  F igure  19 depIcts that decreases at all scales as breakwater

non-dimensional  wid th  ( W I  L)  increases.  Wide  f l o a t i n g  breakwaters gen-

e ra i ly  at tenuate waves better than narrow breakwaters . The opposite 

—--—~~- . • ~~~~ • - - - — ..- ‘ -~~~~~~~~~ - - - -
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was observed in both this and the CERC Investi gations. That is , Ct values

pl ot l ower (fo r a given re lat iv e width W / L )  for the 4 module sec-

tion than for the 6 module case. Since the 4 module section has fewer

modules for the same absolute width It  is less “ f l e x i b l e ” and there-

fore tends to be less of a wave rider. Better attenuation could simi-

larly be attributable to an inherent natural stiffness and dynamic re-

sponse of the FIB unable to be measured in th is  study . Frequency re-

sponse in other modes (e.g.  sway , heave , and surge) woul d have to be

studied to account for this  unant icipated phenomenon. (2)  At each

breakwater width considered , the composite of all three scales tends to

form a reasona bly continuous and smooth performance band. The smal les t

model (1:18) agaIn exhibits lower transmission results . (3) Mo trend

in  scale correlation seems to be a t t r ibu tab le  to var ia t ion  in break-

water wi dth In this comparison.

V - 2.3.b 6 vs. 3 Modules , y/ d .15 , H ,~ / L = .01 50- .0349

Figure 20 depicts spec i f ica l ly  the same trends presented in

V-2 .3.a .  Only two scales are abl e to be compa red owing to the lack of

prototype 3 module test results .

V - 2.3.c 4 vs. 3 Modules , y /  d .15 , H1 / L .01 50- .0349

Figure 21 depicts generally the same trend of results as the two

previous compari sons. I t  was observed that  most at tenuat ion was the

resul t of mechanisms of wave breaking occurr ing over the f i r s t three

modules . Scal ing trends do not seem to be a funct ion of breakwa ter

width . 

~~~- • ~~ ..
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V — 2.4 Effects of Mooring Restraint

Performance curves were prepared which held as constant y/ d ,

H1 / L, and W , varying simply the lee mooring situation. Restrained vs.

unrestra ined lee compar i sons are presented in thi s sec tion for sca l es

of 1:15 and 1:18.

V — 2.4a Restrained vs. Unrestrained, 3 Modules , y/ d .15,
H1 / L = .01 50— .0349

( 1 ) Fi gure 22 indicates that C~ is not affected at the 1:5 scale

by a change in  restraint , al though this  response can be attributed to

the asymptotic effects at increased W /L values where the data were

obta i ned. At reduced W/ L, where only 1:18 scale values were avai la-

ble , the model tends to y ie ld  consistently lower C~ values for the re-

strained lee case. (2)  For each moori ng s i tuat ion , the composite of

1:5 and 1:18 scales would tend to form a reasonably continuous and

smooth performance curve. (3) No change in  scale correlat ion trends is-

observed as a resul t of mooring l i n e  al terations , since the data bands

of each conditi on are s imi lar.

V - 2.4.b Restrained vs. Unrestrained, 3 Modules , y/ d .15,
/ L .0l5 0— .0349

( 1)  Figure 23 indicates that C .~ reduces sl i ghtly when res tra ined

for the 1:18 model . No apparent change in  perfo rmance was observabl e

for the 1:5 model as a resul t of moori ng l i n e  a l terat ion.  (2) Again ,

for each mooring situation the composite of 1:5 and 1:18 scales woul d

tend to form a reasonably continu ous and smooth perfo rmance curve .

(3) No di rectly di scernible variat ions i n scale correla tion seem to be

-, - - .- . .—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
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attributable to the type of mooring restraint.

V - 3 Sun~nary of Analysis

Investi gation of perfo rmance trends indicates the genera l v a l i d i t y

of the 1:5 scale model , w h i l e  poin t ing  to several inadequacies in the S

1:18 model. In view of the dominance of iner t ia l  and gravi ty  forces ,

the Froude s i m i l i t u d e  cri terion adopted for the study is subs tant ia ted .

However , neglect of Reynolds s i m i l a r i ty is cons is tent ly  apparent for

performance of the 1:18 scale.  Fi gure 24 shows that the 1:18 model

displayed consis tent ly less t ransmission than the prototype . Viscous 
-
~~

damping not accounted for in  Froude sca l ing  may have had an effect of

incr easing the 1:18 model at tenuation , thereby y i e l d i n g  l ower va l -

S ues. The most likely explanation for this  is that  re la t ive  viscous ef-

fects at small scale are dispro port ionately larger than for the proto-

type , a condi t ion contrary to Froude dynamic s i m i l i t u d e  cri ter ia .

A brief  check of the scaled Reynolds number magnitude will empha-

size this point. Assumi ng similar fluid properties for model and pro-

totype and recalling that V x~[~~under Froude scaling, it can be

shown that the relati ve Reynol ds number or prototype to model ratio is:

_ _ _ _ _  — 
V~L~v~ 

— ( L )_3/2fR m 
- 

Vm Lmvp 
- r

Sign i f i cance  of Reynolds number for each model is presented in T able 3.

-S. .-- -

~
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Table 3

Scale Lr Relative ~~~ of Uni t  Tested

Prototype 1/1 76.4

Ser ies A 1/5 11.2

5j Ser ies B 1/18 1.0

It can readily be seen that the impo r tance of viscosity is altered

by roughly an order of ma gnitude for each of the sca l es in quest ion.

Therefore , viscous effects at smaller  scales have the effect of in-

creasing drag. Drag coefficient and Reynolds numbers ar~ frequently

plotted on log-log paper. In this  exampl e the effect of increased rel-

a t ive  Reynolds number is equivalent  to a two cycle abscissa displace-

ment.

These Reynolds number fl uctuations coul d be of vi tal concern if

the part icular  fl ow process has cha racterist ics approaching  separat ion.

Under this  condit ion , a very small Reynolds number a l t e ra t ion  can cor-

respond to a major change in dra9. Increased drag on a f l oa t ing  break-

water would yield less transmitted energy and therefore a scaling dis-

parity . This may have been a major cause of the 1:18 scale ’ s i nade-

quacy to model prototype performance.

Inadequate geometric model i ng of surface roughness mi ght similarly

cause al terations in the boundary l ayer pressure gradient and hence in-

duce separation at non-homol ogous locations . The lack of ability to

adequately model turbulence is tacit to this problem.

Simi la r  problems in accounting for simul taneous viscous and gray-

ity effects have been h is tor ica l ly  noted in  sh ip  model testing . Due
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to the appa rent gravity force predominance , Froude model i ng is fre-

quently thought to govern. However , the viscous effects of hul l skin

f r ic t ion often are of mo re s i g n i f i cance. Therefore each model requires

pr el imi nary testing to determi ne the importance of each force account-

ab i l i t y  cri terion.

Scaled elast i ci ty effects must also be cons i dered in  a dynami c

model . The 1:18 scale tires wer ’~ less l i k e l y  to consume inc iden t

ene rgy through p l i a b l e  t i re  wal l  defo rmation. Both th eir  p l a s t i c  com-

position and size are involved in this consideration. Conversely,

thei r relative stiffness afforded a more rigid and therefore efficient

breakwater performance. Candle (reference 4) notes that proto type

transient elongations in the di rection of wave advance of up to 30%

S have been observed under severe loading condi tions . The decreased

l i k e l i hood of such elongation at the 1:18 scale is another physical  in-

terpretation of the resul ts . A more fl ex ib l e  model at the smal l e r

scale therefore is needed.

Another point  that migh t  be considered is the re la t ive  amount of

void space in  each t i re  casing.  Since the 1:18 model t i re  crowns had

small  portions of styrofoam placed ins ide , a portion of the t i re  vo i ds

potent ia l ly  a v a i l a b l e  for the disrupt ion of orbi tal  motion was reduced.

This argument mi ght be app l i ed  to support a s i tua t ion  analogous  to the

one observed. However , Sutko ’ s (refe rence 17) research has shown that

f loa t ing  breakwater permeabi l i ty  does not seem to affect  a t tenuat ion .

After wrapping a previo usly porous net and sphere breakwater wi th  a

th in  impermeable p las t ic  sheeting , Sutko perfo rmed model a t tenuat ion

—5- --- .- _ _
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—-. 5

I) t~

t~’st ~~. Result s of the ti’sts ind 1c~i ted no sl y nl  f l c a n t  ch an~e in break-
wa ter performance. Therefore, in this FIB mode l study . any aberrations

thought ~ t t r i bu tab i e to p’n~e~ t-’ i l l t~ art ’ co ‘is ~k’rt’d neg 1 1  &~ b 1
Another si qn I fi ~

-
~in t trend was the ob~~’rv ~i t ion  o f  I inproved sca it ’

corrt’latlon w th increas~’d wave s tt~t.’pn ’~~~. This can he ~t ttr lhut ed to

increa se d br eak i nq wavt’ I n~- I dence at r~’~it~’r wavr s t. tt ’ r i ’s S t ’ ’;  • or

t h~~ e wa vt’s . tht’ ‘t ’~ w~i rd’’ ~‘~I~ t ’ o I the F TB w.t ‘ ob\Crvt•d to ~t~~
- t ~i ‘. a

R~i~ h upo ii wh I ~-h t he i dent w~i ye wou 1 d i m~ nqe and break.

Ano t h er  po m t  wh ich brie f ~ men t - ‘ con~u ent  is the e t tc c t W / L h~i~i

on ‘.cale  dis~ai -i ty. Al t ho u ~ n s~-.~1 m u  correl ation ~ippear ed to imp rove

w i t h  I . r~ non— di n~ ns i ona I b ~~ kwa t or w i  d th . th I s t r end c~i ii he

~it t r ihut . iNIe  to the  ten den~- v tow a rd .i~~ m p t o t i c  p o r t or m a n c e  ~, t~~)I~ .I1 1~

• 0 . . ’) at  h~t’ jt’r W /  L v a l ue s . Rare ly arm ’ t ran s mnis s ion ~- o e f ( i c i ent ~
I ‘‘.c than C . _‘ i ch 1 evi ’~l by fi ~. ‘a t m u  hreakwa t e r ’

~

5 ,
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cHAPTER VI

- 

• 

CONCLUSIO NS

The conclusions of this investigation are as follows :

1 - The genera l validity of Froude modeling as applied to float-

ing tire breakwaters has been shown . Resul ts substantiate the theoret-

ical considerations of i nertial and gravity force domi nance , while

simultaneously confi rming the intuitively physica l significance of vis-

cous effec ts a t sma ll sca les .

2 - The 1:18 breakwater model was characterized by cons is ten t ly

l ower wave t ransmiss ion.  This trend is ascrib able to increased relative

viscous forces at reduced scale , unaccountability of complex fl ow pro-

cesses and an i nability to scale breakwater elasticity . The 1:5 break-

water model performed adequately, providing performance da ta which

plotted as an extrapolation of the prototype data points. Harms and

Bender indicate valid model response using a 3-inch tire , yielding

roughly a 1:10 scale (reference 7) .  It is therefore felt that the

smalles t scale for which fl oat ing t i re breakwaters can be accurately

modeled l i e s  in the range 1:10 to 1:18.

3 - Steeper waves displayed a tendency to reduce scaling disparity .

Steeper waves were observed to primarily exhibit breaking arid orb i tal

motion in terrupt ion a t tenuat ion mechanisms . As such , the relative sig-

ni f icance  of v iscosi ty  at sma l l e r  scales and i t s  effect on energy trans-

mi ss i on was reduce d .

4 - Scal ing  dispari ty displayed an apparent tendency to reduce at

increasing breakwater non-dimensional widths (W/ L). This was deduced 

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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to be a function of the l i m i t i n g  asymptotic perfo rmance level (appr oxi-

mately C~ = 0.2 ) for larger values of W / L

5 - Transmi ss ion coeff ic ient (Ce) has been shown to be a func tion

of (in decreasing order of importance) breakwater non-dimensional

width (W/ L), wave steepness (H
~ 
/ L), and relative depth (y/ d) for

each of the three scales inves ti gated. Incident wave hei ght attenua-

tion was primarily attributable to orbita l motion degradation and

breaki ng wa ve phenomenon.

6 - Restraint of breakwater lee for long wavel engths CL) displayed

a tendency to reduce incident wave transmission when compared with an

unrestrained lee condi t ion.  This response was attributable to the in-

creased relative breakwater rigidity and surge restriction. Transmis-

s ion performance was generally independent of moori ng techniq ues for

steeper incident waves . This response is ascri bable to the large rela-

tive significance of the breaking mechanism observed at the most sea-

war d modules .

7 - A need i s seen for future i nves tigation into breakwa ter elas-

tic response at small scales . Model ti re alteration or looser module

binding techniques mi ght provide the means for more accurate model re-

s ponse.

8 - Less energy transmission was exhibited where fewer modules pro-

vided the same absolute wi dth . This response should be investi gated by

monitoring the FTB ’s heave and surge characteristics. Such a study

would provide an excel l ent opportunity to perform tests at the 1:5 scale

and then to check the resul ts aga i nst prototype res ponse.
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O~ te : 5/13/78 Tested by: ~J. nelson

• Se r i e s :  A ~ ~odu 1es :  6 ta ter dept h (d): 1 .5 ‘t

Breakwater width (w): 8.8 ft Sea~-:ard edge: Sta 52 ft
- 

Water temperatu re : 14.5° c Air temperature : l6~ C
Mo or ing line turning sheaves: ~1 - S t a 33 f t  ~2 

- St~ 80 t

y/ d: 0.28

Wave gages: H 1 
- St3 44.5 ft Atten ua t ionX5 1 mm = .0073 ft

N t 
- Sta 68 f t  rm~ttenuation

XS I ~~~~~ .O073 ft

e T H 1 N t C d L  L 
~~/ L - - -~( in )  F (sec) (ft) (ft) 

____ 

/

6.0 .00 1.13 .13 .09 .52 .23 6.5 .~~~~
6.0 .03 1 .18 .19 .39 .51 .23 6.52 .03 1.25
5.0 .00 1.20 .17 .07 .43 .22 6.82 .02 1 .20
5.0 .00 1.1 9 .16 .07 .45 .23 5.52 .02 1.35
4.0 .00 1.14 .14 .07 .53 .25 5.00 .22 1 .~ 5
4.0 .00 1.1 8 .14 .07 .47 .23 6.52 .fl2 1.35
4.0 .25 1.01 .15 .04 .24 .30 5.00 .03 1. 77
4.0 .25 1.02 .15 .04 .25 .29 5.17 .03 1.~~3.0 .00 1.19 .10 .05 .50 .23 5.52 .0 1 .35
3.0 .00 1.18 .10 .05 .50 . 3  5 . 5 2  .02 l . 3 S
3.0 .75 1.02 .11 .04 .33 29 5.1~ .22 ] . 7~3.0 .25 1.00 .12 .03 .23 .30 5.30 .02 1 . 77
2.5 .00 1.19 .0 9  .04 .50 .2 3  6.52 .01 1. 35
2.5 .00 1.19 .09 .05  .58 . 2 2  5 . 5  .21 1 .35
2.5 .25 1.01 .0-; .04 .35 . 30 5.C~ .~~~~
2.5 .25 1.01 .10 .03 .32 .30 5.00 T O 1.77
2.5 .50 .92 .14 .02 .16 .36 4.17 .03 2.12
2.5 .50 .90 .15 .02 .15 .36 4.05 .24 2.18
2 .0 .00 1 .20 .07 .04 .67 .22 6 .32 .01 1 .3~
2.0 .00 1.20 .07 .04 .67 .22 6 .82 .0 1 1 .30
2.0 .25 1.00 .09 .03 .38 .30 5.00 .02 1. 77
2.0 .25 1.00 .09 .03 .38 .30 5.00 .02 1 . 77
2.0 .50 .90 .10 .02 .18 .37 4.05 .22 2.13
2.0 .50 .90 .10 .02 .18 .37 4.05 .02 ~~2.0 .75 .85 .09 .01 .17 .41 3.70 .02 2.30
2.0 .75 .84 .09 .01 .13 .42 3.61 .02 2.43
1 .5 .00 1.19 .05 .03 .65 .23 6.52 .01 1.35
1 .5 .00 1.17 .05 .03 .61 .23 6.52 .01 1 .35
1.5 .25 1.02 .06 .02 .42 .29 5.17 .0 1 1. 71
1.5 .25 1.00 .06 .02 .42 .30 5.00 .01 1.77
1.5 .50 .90 .07 .01 .20 .37 4.05 .02 2.1-3
1.5 .50 .91 .09 .01 .19 .36 4.17 .02 2.12

-. -S.- - -
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Con t inua tio n 66
Series: A ~ j d u l~~s :  6 ~Lit e r de~tb (d): 1.5 ft

H H
e r I t C~ L

- - ~- ; L  - .I~~~. ~~/
___  

( S e ~~~) (~~
) (ft) 

— ____  
(~~~~~ 

1

1.5 .75 .93 .07 .01 .21 .35 4.29 .01 2.06
1. 5 .75 .85 .07 .01 .1 9 .41 3.70 .02 2.39
1.0 .00 1 .19  .03 .02 .80 .23 6.52 .00 1.36
1.0 .00 1.21 .03 .03 .82 .22 6.82 .00 1.30
1.0 .25 1.01 .03 .02 .50 .30 5.00 .01 1.7 7
1.0 .25 .99 .03 .02 .50 .31 4.84 .01 1.82
1.0 .50 .90 .05 .01 .19 .37 4 .05 .01 2.18
1 .0 .50 .90 .05 . 3 1  .18 .37 4.05 .31 2.18
1 .0 .75 .33 ..7 .0~ .21 .53  3.53 .01 3.52
1.0 •

75 .53 .05 .0 1 .13 . 33 3.53 .01 2.5-0
.50 .00 1 .2 3  .02  .02 .36 .22 5.S .00 1 .33
.50 .00 1 .19 .02 .02 .79 .23 6.52 .00 1.3 5
.50 .25 1.00 .02 .01 .53 .30 5.00 .00 1.7~
.50 .25 .00 .02 .01 .57 .32 4.50 .00 1 . 2 ~
.50 .50 .9(2 . I 33 .0 1 .2 7 .36 4.05 .01 2. 1.0
.53 .50 .°0 .03 .01 .20 .37 4.05 .0 1  2 . 15
.50 .75 .53 .02 .01 .25 .46 3.25 .01 2.59
. 53  . 5 .32 .02 .01 .29 .44 3.44 .01

S. - - 
- 
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Date: 5i13/78 Tested by: W . Nelso n

Ser ies :  A ~ M o d u l e s :  6 Water depth (d): 2.75 f t

(3r~akwater ~-.idth 
(~-~) : 8.8 ft Sc’~iw~ rd t~J i e :  S ta 52 f t

Water tei~per~ture : 15° C 
A i r t e r p e r a t u r e : 17° C

Moor ing l ine turnin g sheaves : #1 - Sta 33 ft ~2 - Sta 80 ft

y/ d:  0.15

Wave gages : H~ — Sta 44.5 ft Attenu ation X lO 1 miii = .0155 ft

N t 
- Sta 68 ft Atte nuation X 10 1 mm .0101 f t

F 
~~~~ _ _ _  

~t d/L 
~~~ _ _

t~.0 .00 1 . 2 0  . 43 . 19 .39 .38 6.24 • r 1 .30
3.0 .03  1 .20  .4 ( 2 . 1 ( 2  .39 .38 6.24 .37 1 .23
6.0 .12 1.05 .54 .17 .31 .49 5.54 .10 1
6.0 .12 1.08 .55 .1E .27 .46 5.97 .C-~ 1. 42
5 .0  .00 1 .20 .40 .19 .46 .38 6.24 .06 1 .22
5.0 .00 1 .19 .41 .18 .44 . 3 ( 2  0 .2 5  • 25 1 .2 5
5.0 .12 1.10 .46 .14 .30 . 44 6.20 .27 l .-~:T
5.0 .12 1.09 .46 .14 .30 .45 6.00 .09 1 . 45
4.0 .C0 1.19 .33 .16 . 47 .39 6 . 0 5  .35 1 .25
4.0 .00 1.20 .32 .16 .42 .30 7.2~ .74 1 .22
4.0 .25 1.05 .34 .07 .20 .43 5.64 . ‘~~

- 1 .57
4.0 .25 1 . 3 3  . 35  .02 .22 .51 5.43 .o- 1 .53
3.0 .00 1 .19 .26 .13 .50 .3(2 6.05 .C~ I
3.0 .00 1.1 9 .25 .13 .52 .3(2 5.05 .7-: 1 .25
3.0 .25 1.02 .38 .36 .21 .52  5 . 3 3  .25 .05
3.0 .25 1.03 .30 .06 .2) .51 5.33 . I
2.5 .00 1 .20 .22 .12  .54 .38 7 .2 4 . 23 1.22
2.5 .00 1.19 .22 .12 .54 .3(2 7.05 .33 1 .2 5
2.5 .25 1.03 .25 .05 .20 .51 5.43 .3- 4 1.52
2 . 5  .25 1.04 .25 .05 .20 .50 5 .5 1 .2 5  1 . 59
2.5 .50 .92 .28 .04 .14 .63 4.33 . 05  . 4
2.5 .50 .91 .23 .04 .14 .65 4 . 2 4  ..7 2 . 2 3
2.0 .00 1.20 .17 .11 . 63 .05  7.24 ..7 ~.22.0 .00 1 .1(2 . 13 . 1 1  .55 .2 9  .05 . ~0 ~.25
2.0 .25 1.22 .32 .04 .20 .62 5.33 .- ‘4 I .56
2.0 .25 1 .00 .20 .05 .24 .54 5.12 . 0-1 1.72
2.0 .~ 0 .92 .25 .03 .12 60 4.33 .C~- 2 . 2 1
2.0 .50 . 92  .2 4 .03 .13 . 63  4.33 . ‘~
2.0 .75 .35 .2 9  .02 .03 • 74 3 . 7 3  .02 2 . 5 - ~2.0 .75 .85 .28 .03 .11 . 73 3 . 7 0  .05 2 . 0 9
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L O n t n i u a t i o n  68
S e r i e s :  A 1~~JUlCS 6 2~i t er  d e p t h  ( d ) :  2.75 ft

e U.  Ut C - L
_ _  

c) J ~~L ~~~~~~~~~~~ t J 1 L ±L) N I L

1.5 .00 1.17 .13 .09 .76 .40 6.88 .02 1 .7’S
1.5 .00 1.17 .14 .09 .73 .40 6.88 .02 1.28
1.5 .25 1.02 .15 .03 .22 .52 5.33 .03 1.66
1.5 .25 1.02 .15 .03 .22 .52 5.33 .03 1.66
1 .5 .50 .90 .20 .03 .16 .66 4.15 .05 2.13
1.5 .50 .92 .21 .03 .14 .63 4.33 .05 2.04
1.5 .75 .82 .22 .01 .07 .80 3.44 .06 2.4 7
1.5 .75 . . 0 3  .19 .02 .09 .76 3.61 .05 2.45
1.5 1 .3 .79 .17 .32 .12 .86 3.20 .25 2. 75
1.5 1. 2 ’ .77 .17 .01 .09 .91 3.34 .Ct-’ 2.00
1.0 .30 1 . 2 6  .12 • ( 2 7  .65 .3 5  ‘ .55 .0 ~ 1. 12
1.0 .00 1.18 .10 .37 . 65  40 6 .55 .01 1 .2 5
1.0 .25 1.02 .12 .04 .32 .52 5.33 .02 1.66
1.0 .25 1.20 .12 .03 .27 .51 5.12 .02 1 . 72
1.0 .50 . .0(2 .13 .02 .16 .53 4.06 .00 2.17
1.0 .5t) .(20 .15 .02 .17 .66 1 .15 .Q4 0 .12
1 .3 .75 .54 .14 .01 .11 .76 3.61 .04 2 . 45
1.0 .75 .34 .15 .02 .12 .76 3.61 .24 2.45
1 .0  1.0 .7(2 .13 .01 .0 ’ .25 0 . 2 0  .14 2.76
1 .3 1.0 .79 .13 .01 .09 .86 3.20 •

3$ 2 . 76
.53 .00 1.1 5 .06 .34 . 72 . 43 5 . 35  . 01 1 .25
. 53  . 2 3  1 . 1 ’  .75 .34 . 7 4  . 1-3 6 .5 5  .3~ ‘ .20
.50 . 2 5  1 .0 1  .77 .3 3 . 10 .53 5 . 2 2  . 3 1  1 5 9
.50  . 2 5  1.0 1 ..7 . Q 3 . 13 .53 5.72 .0 1 I . 5 ~
.5 ( 2  .50 . 2 0  .03 .32  . 2 ( 2  .~ 6 4 .15 .7? 2.13
. 5 2  .5 - 3 .57 . -2~ . 02 . 15 . 7 1 3.02 .3 2 .‘.22
.5 0  . 7 5  .5 2  .03  . 2 1  . 1 3  .70 3.55 .32 2 . 5 7
-2 ~5 ~4 0 2 ~1 ‘2 S.
.53 1 .3 .S0 .7 . 31  . I  .54 3 .2 3  . 2 2  2 . 7 -~
.50 1 .0 .78 .37 .01 .16 .8.0 3 .12 .Os 2.03

_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Date:5/l2173 Tested by: W . Nelson

Series: A ~ Modu l e s :  4 t-Jater depth (d): 2.75 tt

Breakwater width (~.:) : 5.7 f t Sea~-ia rd edge : S ta 54.5 ft

t-~ater temperature : 14 ° C Air te -”era tu rc 16° C

~1ooring line turni ng sheaves: #1 - st~ 33 ft ~2 - Sta 53 f t
y/d: 0.15

Wave gages : H 1 
- Sta 46 ft Attenuation X10 1 mm .0167

N t - S ta 68 f t  Attenuat ion x i Q  1 ~~ .0 10 0

H.  H1 t C d/ L L
(i nk 

F (s ec) ( f tj  ( f t )  
_ _  — 

(~~i 
- i 

_ _

6.0 .00 1.20 .52 .24 .46 .38 T’.24 .0” . 78
6.0 .00 1.18 .55 .24 .44 .40 6.88 .08 .02
6.0 .12 1.09 .57 .17 .30 .45 6. 0 8 .09 .93
6.0 .12 1.09 .58 .18 .31 .47 5.86 .10 - 9 ”
6.0 .12 1.0 (2 .58 .18 .21 .47 5.86 . 10  .r
5.0 .00 1.19 .45 .21 .47 .30 7 .05  .06 •(2 1)
5.0 .00 1.20 .44 .22 .50 .38 7 .24 .06 . 7 1
5.0 .12  1 .09  .48 .15 .31 . 46 5.77 .08 .7-3
5.0 .1 1 .07 .50 .16 .32’ . 47 5 .36 ..7 97
~.0 .00 1 .19 .35 . 17  .44 .39 7 .35 .05 .50
4.0 .00 1.22 .37 .15 .41 .37 7.43 .25 . 7~4.0 .12 1.07 .12 .13 .31 . 47  5 .86 ..7 .
4.0 .12 1.07 .43 .12 .28 .47 5. 56 .37 .
4.0  .25 1.05 .37 .11 .28 .49 5 .6 3  .77 1 .3 1
4 .0  .25 1.00 .38 .1 1 .28 .53 5 . 1 ?  .07  1 . 1 1
3.0 .00 1 .18 .26 .12 . 44 . 30 5 .50 .04 .00
3.0 .00 1.17 .28 .12 .44 .40 6.33 . 

‘- .0 2
3.0 .25 1.01 .31 .11 .35 .53 5 . 2 2  .05 1 .05
3.0 .25 1.00 .30 .09 .30 .54 5. 12 . ?  1 . 11
3.0 .25 1.02 .28 .10 .34 .52 5.33 . 2 5  1.75
2.5 .00 1.15 .22 .11 .53 .41 6.77 .3 3 .3 1
2.5 .00 1.19 .23 .12 .50 .39 7.05 .03 .50
2.5 .25 1.00 .28 .10 .74 .54 5 . 1 2 ’  .35 1 . 1’
2.5 .25 1 .01 .27  .10 .37 .53 5.72 .35 1 .09
2.5 .50 .91 .30 .07 .22 .65 3.24 ..7 1.3 1
2 . 5  .50 .92  .30 .07 .23  .6 4  4 .33 ..7 1 .3 1
2.0 .30 1.1 5 .15 .10 .53 .1~ 5 . 71 . 2 3  .55
2 . 0  .00 1 . 1 9  .18 .09 .50 .39 ~. -35 .33 .53
2.0 .25 1.00 .21 .3 (2 .~~0 . 5 4  5.12 31 1 . 11
2 .0  .25  1.00 .21 .09 .3S .74 5 . 1 2  .0 1 1 . 7 1
2.0 .50 .90 .27 .05 .19 .66 4.15 .07 1 . 37
2.0 .50 .92 .25 .05 .20 .63 4.33 .06 1.3 1

-~~ 

S

-- S . ---

- 
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Cant i nu ati on
Se r es :  A 

~cj.~lcs: ~ s~ ter i~ :’t’~ (i) : 2.75 ft

Ii . H,

(. _1 
F (sec ) (ft) (ft) t uj L ,~~~~~~~~ fL ~~L

2.0 .75 .85 .28 .03 .13 .74 3~73 .08 1 .53
2.0 .75 .82 .31 .03 .10 .80 3.44 .09 1.65
1.5 .00 1.17 .13 .08 .60 .40 6.88 .02 .82
1.5 .00 1.18 .13 .08 .72 .40 6.83 .02 .02
1.5 .25 1.00 .17 .07 .41 .54 5.12 .03 1 .11
1.5 .25 1.00 .17 .07 .38 .54 5.12 .03 1 .11
1.5 .50 .90 .20 .0-1 .21 . L 6  4 . 1 5  .115 ‘ .37
1.5  .50 .92  . 19 .7.1 . 2 1  .63 4.35 ‘4 1.30
1 . 5  .75 .33 . 3  . 03 .14 -~~~~~~ 3. 73 . 2 6  1 .53
1 .5 .7 5  .34 . 1 ( 2  .03 .~ 5 “5 3 . 6 1  .25 1 .3 7
1.5 1.0 .79 .19 .02 .1 1 .06 3.20 .06 1 . 7 7
1.5 1.0 .77 .18 .02 .11 .91 3.05 .06 1 .5”
1.0 .00 1.20 .09 .06 .68 .38 7 . 74 .01 .75
1.3. . 2-0 ‘ .2 3 .09 .25  .55 .35 “ .2 ~ . 2 1  . 75
1 . 0  .25  1.01 . 1 2  . 26  . 45 .53 3.72 .32 1.09
1.0  . 2 5  1.02 .12 .05 .45 .52 5.23 .02 1 .06
1.0 .50 .90 . 16 .03 .1-? .66 4.15 . 114 1.37
1.0 .5 -3 .9 1 . 15  .03 .18 .65 ~.24 .71 1. 114
1 .0  .75 .84 . 1 7  .03 . 15 .76 3 .61 .05 1 .5 7
1.0 .75 .83 .16 .32 .13 . ‘3 3.53 .3- 5 1 .61
1.0 1.0 .79 .13 .02 .13 .06 3.20 .01 1.77
1 . 0  1 .0  .78 . 1 2  .02 .15 .55 3 . 1 2  .34 1 .52
. 3 2  .03 1 . 1 ?  .05 . T 4 “ 2  . 1 ?  ~.05 . C 1  .31

5~ 00 1 25 2 ’ - -

.50 .25 1.00 .2 7  .74 .53 .51 5 . 1 2  .0 1 1 . 1 1

.50 .25 1 .00  .07 .34 .51 . 5 - 1  5.12 .01 1 .1 1

.50 .50 .71 . 2 ?  .02  .1~ 55 4.71 . 2 2  1 .31
:3 50 .3 C 

-

.50 .75  .51 .11  .02 . 7 1  .7Th 3 . 5 1  .11 3 1~~~~~~

.50 .75 .54 .1 1 .02 .13 • 75  3.61 .0-3 1 .5

.50 1.3 .77 .0(2 .0 1 .17 .71 3.35 . 0 3  1 .2 7

.50 1 .0 .73 .39 .0 1 . 15 .58 3 . 1 2  .33 1 .52 ’
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Sate:  5J21J78 Testej by: -1.

Series: A ~~~u 1es: ~ ~.3 t e r  de Ctb ( : ~ .7~ f~.

Breakwater wi dth (~- - ) :  4 . 5  f t  Seaward edqe : Sta 55 ft

Water temperatu re: 16.5° C Air temperatu re : 18~ C

Mooring l ine turn ing sheaves: # 1 — Sta 33 ft cO - Sta 80 f t

y/ d:  0 .15

-~~ve gages: N~ — Sta 44.5 f t  $~t t e n u a t i o r ~( l 0  1 mm = . 01 2S  f t

- ~~~ ~ -~t te rua t ie~~~
0 1 r-~ 

.01 5 f~

H .  H L
F (sec) ( t ~ 

( i t )  ~t d /L  
~~~~~~~~~~ 

H . / L  w L

5.0 .00 1 .18 .3? .32 .54 . 10 c .88 .11 -?
6 . 0  .00 1 .1 9  .53 .74 .54 .39 7 . 3 5  .7?
6 . 3  .10  1.12 .49 .30 .61 .43 6.42 .0-~ .7
6.0 .10 1.12 .46 .33 .65 .43 s . -12 .07 .70
5.0 .00 1.18 .53 .27  .54 .7(2 6.88 . 47 .65
5 .0  .00 1 .18  . 5 2  .25 . 5 3  .40 6.55 .115 .05
5.0 .12 1.03- .46 .23 .5(2 .75 5.27 . 23  .7
5.0 .12 1.08 .13 .25 .50 . 46 5.37 .2-5 .75
4 ,0 .00 1 . 13  . 4 3 . 1 ( 2  . 4 5  . 40 5 .0 8 .75 ‘55
4 .0 .00 1 .18  13 .21 .42 .70 5.88 .05 .05

~.0 .25  1 .0  -13 .17  . 4 3 . 5 4  5 . 1 2  . 0 0  .0.2

~,0 .25 1.0 .40 .15 .39 .54 5. 12 .118 .00
3.0 .00 1.18 .32 . 1 7  .52 . 43 6.88 .05 .55
3.0 .00 1 .18  .32 . 15 . 43 .43 “ .55 . I’5 .55
3.0 .25 1.01 .32 .12 .36 .53 5..7 .25 .36
3.0 . 2 5  1 .00 .31 . 12 . 3 ( 2  .52  3 . 1 2  .75 .55
2.3 .30 1.20 .23 .12 . 5 2  .33 .724  .0 3 . 5 2
2.0 .00 1.2 .26 .14 .51 .38 . 7 2 - 1  .34 . 62
2.0 .25 1.00 .2~ .09 .33 .52 5. 12 .71 .38
2.0  . 5  1 . 0 1  .2 7  .08 .31 .53 5..7 . 05 .0 (2
2 . 0  .50 .9 1 .25 .35 .2- I  .65  4 . 2~ , .7 ’ 1 . 7
2 . 3  .50 .91 .25  .06 . 25  .65  ~ .2 1 .35 1 . 2 0
1 .5 .00 1 .18 .13 .10 .7-1 . 40 b .8 S . 113 - C D

1 .5 .00 1.70 .la . 10 .54 .32 7 . 2 3  .73 .7.’

1.5 .25 1.01 .21 .0~ .31 . 53 5 . 2 2  .3 1 ..7-

1 .5 .25  1 . 0 1  . 13 .35 .33 .53  5 . 2 2  ..7 .36
1 .5 .50 .90 .22 .05 .23 .66 4.15 .05 1.08
1.5 .50 .90 .22 .05 .23 .66 3 .15 ..05 1.08
1 . 5  .75 .82 .25 .05 .21 .30 3. 44 .77 1 . 3 1
1.5 . 75 .83 .25 .04 .21 .7-3 3 .53 . 117 1 . 2 7

-- — ~~~~~~ - . - ~~~~~~~~ - - - - ~~~~~~ ~~~~~. ~~~~~~~~~~ _ _  .~~~~~~~~~ S.
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C o n t i n u a t i o n  72
Seri es: A ~~aule s: 3 l a t e —  de pth  ( c ) :  2 . 7 5  ft

F (sec ) (~ _ _  

d / L  N i L  iL

1 .0  .00 1 . 1 9  . 14  .08 .55 .39 7.05 .02 . .64
1.0 .00 1.18 .14 .07 .52 .40 6.88 .02 .65
1 .0 .25 1.00 .15 .05 .35 .52 5.12 .03 .3?
1 .0 .25 1.00 .15 .05 .33 .52 5.12 .0’~ .33
1.0 .50 .90 .18 .05 .25 .66 4.15 .04 1 .08
1 .0 .50 .90 .19 .05 .24 .66 4.15 .05 1 .08
1 .0  .75 .85 .18 .05 .27  .7 4 3 .7  . 65 1 . 2 2
1.0 .75 .85 .18 .05 .25 .74 3.7 .05 1 .22
1 .0  1 . 0  .31 . 1? . 4-3 . 1 4  .82 3 .3 6  .05 1.7-t
1 . 0  1 .0 .32 . 19 .02 .o2 .20 3, t l  .05 1 . 3 1
.5 0  .0 0  1 . 1 5  .07 .31 .5 2  . 41 5 , 7 1 .31
.50 .00 1 . 1 7  .06 .03  . 17 ~~~~~~ 6 .33 .0 1 .55
.50 .25 1 .00 .08 .03 .39 .52 5.12 .02 .88
.50 .25 1.00 .03 .2-4 .47 .52 5 .12 .02 .88
.50 .25 1.00 .03 .04 .43 . 5 2  5 .12 .32 .88
.50 .50 .90 .09 .03 .31 .66 4 . 15 .02 1 .03
.50 .50 .90 .10 .03 .2 ?  .66 ~. 15 .02 1 . ’”13
.50 .7 5  .83 .09 .03 .32 .78 3.53 .0 3 1 . 2 7
.50 .75  .33 . 1 0  .03 .32 .78 3 .53  . 2 - 3 1.77
.50 1.0 .73  . 13  .0) . 10  .83 3.12 .~~~~~ 1 .44
.50 1 .0  .76 .13 .01 . 10 .93 2 .96  .34 1 . 5 2

L
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:~~t~- :  C - OC . 7.3 T~~. t t ’U 1 - - , .  - , ,  1~- -1 ~ rn

-~~ ~ a J u l e s :  3 Oa te r  O :,t t

~~~a t r r  ~ i d t u  ( s- . ) :  45 f t  ~~- a t ~~t t d  ~‘J i e :  5 t ~ 55 t

~‘ t a  ‘ -
~ 

A r t ei~~t t’ a u re - 2 2 — ’ C

~n r i t 1 t ~ 1 i n c  t u r n  int 1 s eavt ’s : d - t ~ . 33 ft urlres t t ,i i tied lee ’

y/ 1 . 
~~~~~~ ______________________

Wa vt ’ ~1~ 1es: H~ - 0ta45 ~t 
At t en tia t ~ 1 mm .0103 ¶ t

H — S ta ~~~~ A t  e f l t a t iOn \ 10 1 T~~~’I . Dl 0 1

N H
e I t - L )

~ 1 T ~~ L ~~~~~~~ _~i.~5L~ 5j±~i_ _S S . S  — .L~± ~ii ~~_

S - 0 . 05 . 20 . 1 7 . ‘a , - 32 7 . 2 - ‘ . .

- 0 .03 1 . 13 . 1 - . 00 . 53 - -30 . (2 . 0. ’ - t o
.0 . 12 1 .0 . 14 . 5- . 1-1 - .I~ .0  . ~~ ‘

. 12 1, .7  . 1 4  .3 , ’ . 4”  . 4.-’ 5.0 .~~~~.‘ -

5 .0  . 10 1 . . ’0 . 10 ..7 . 11’ .72 “ . 7  . 03 . t’~
5.0 .3(2 3 . 2 )  . 3 3  ..7 .51 .3~ 7.2 .0.1 . i ’

5 .0  - 1 2  1 . 5 . 1 3  . 3 . . 40  . 4u t_ ’ . (2 . 3 :  -

0.7 . 1 0  1 . 7  . 1 - .7 . 4 3  . 17 5 .7 ‘ “ .
5 

-

3 .3 ~13 1 : 3  . H  .Os  . l~’ .40 ~~ . 02 4
I. .3 . 2-3 1 . . 1 1  - 

‘
~~ . 13 - .33 - (2 - - -5

-1 . 3  . 2 0  1 . 0 1  . 1  . 3-1 . 2 2  - . 7  k - . . ’ 3~’ - - - - 7
.2’s 1.3(2 Hi , ‘3 .711 31 :‘, l .5: .0

3 . 3  .2 ( 2  1 . 1 5  . 2 0  ,(24 . .7 . 73  5 , 5 .31
3 ( 2  5~ t 1 . 2 ’  .3 - ~ .61 . 3 2  7 . 2 .111 .7
3. 0  . 2 3  -

~~~~ ~3 1  . 3 3  , .T0  . ‘ I -1 . 4 .3 .’ 1 . ’’
3 . (2 . 2’s 1 . ill - 0- . 02 . 23 . ‘0 - - -

-

2 . 0  .00 1 .13  . 2 1  . I . ’ .5s  . 1- ’ .7
.‘ .O .00 1 . 2 1  , 1 t  . 1 1  .50 . 3 2  . 7 2  .73 .~
.70 .2 5  1 . 0 1  .24  . Cu . 2” . 5 3  s. 2 - 2” . 0 7
2 . 0  ..25 . -~~ . .14 . .7 .2 ’ .5 7  -1 .0 . 33 -

.2.0 .50 ~4 .75 .03 .710 .7 1 .5 . :r ’ 1. 13

.‘ . 0 . 5(2 . 11 .1 . _ . t~ . 3 ’  . 23 -.7 .3 - -i . ( i t -  1 .
1 . S . 3(2 1 . 1 ~ . 1 .1 ,.7  . i” ~ , - 10 - 1 - 

1 ’  ,

s .03 1 .  1 t ~ . 13  . 13 . s .’ . 12 t~. ‘~ - 0. ’ -

25 1 - .73 . 1 .1 . .7’ , .7’ . ~‘ 1 5 .3 3 1 : 1
1 - . 25 1 . 01 . 1 a - .7 . 1~ ’ 

- ~I ‘
-
‘ - .1 - (2 . 0

1. 5 .30 .~~.1 .1 ’ .1 .7.1 , .7  -1 . 1 1  - ‘4 I ’ S
1 .s .70 , a~ .13 .:‘I . . ‘7 .t0 ~~ 33 ‘15
1 .5 . 75 . 2 3  . . 0-i . .7 . ‘ t -  3 .  - 3- 3 1

7- ’ . 013 . 1 3  .7 . 2 3  . t ’ ’~ 4 0  ,3 _1 I LI
.1 .7(2 13 .11 3’. . 3 2  . t ’ .’ .1 . .’. . 2 3  1 . 7 2

1 . 1 1  . “l’ .7 . 12  .1.7 .2-3 - -1 4 . 3  . 2 2
L I  .7 .55 . lt ~ .7 . 16 .74 3. 11 . 21 1 . ._ 2
L I  . 2 - 5  .7’ .lo .01 . 1 0  . 81 3. 4 .33 1 . 3 2 ’

- -~ —S 
~~~~~~ L~~-—
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Pate : 6, 25/4-8 Tested 0, : 1 1 .  Ne )  son

5~’r1 es: # Medul es : 5 U.t t er 1~’et n (3 ~ : - 33

~3 r e a k - .- a t e r  i~i~I t h  ( w ) :  2.3 ft Sea \ . ’rJ e.7e: S t a  1~ 3 t t
1- l it er t e I : I 1’ e r at u r c :  19° C Ai r te~ ‘ r i  atui ’C: 20° C
Mo or i ng l i n e  t u r n i n q  sheaves: ~1 — Sta 15 ft ~2 — Sta 23 f t

y 5l 0.35

Wa v e gages : H 1 
- Sta 14 ft Attenu atio n xs 1 mm = .3061 ft

N t 
- Sta 22 f t  A t t enu a t i o n  x s 1 miii 

- 0-753 f t

H.
e T . C~ ~~~~~~ L N. ’L - - - ‘1F 

~~~ ( r t l  ~f~J _ _

2.5 0.7 2.89 .01~ .012 .80 .73 9.13 .2(2 . ; :
3 5 0 3 00 -11 4 01 o’ 4 ‘l (20
0.5 0.4 2 . 4 2  .02s  . 02 1 .2 1 ..7 7.86 .C~ .~~~~~~

0.5 0.4 2.45 .321 . 22 0 .5 3 .3 4 . 7 5 6  . 03 . 7)
0.5 0.6 1.98 .335 . 023 .54 .06 5.5(2 .31 -H
0.5 0.6 1 .90 .034 . .73 .60 .7 5.65 .01 . 41
0.5 0.3 1. 75 .03-1 . 0 20 .59 ..7 5.7t’ .01 .41
2 . 5  0 . 3  1 .74 .034 . 022 .55 .~~~~ 5 . S t ’  01
3.5 1. 3 1 ~~ . 03” .027 . 7-I  .1” -1 . .7’ . 0 1  . 4 -

( 2 . 5 1 . 2  1. 45 . 03 3 , 31 ’ H . 27 -1 ..7 . t I  . 10
3 . 5  1.2 1 .24- .043 . 030 .71 .35 4.17 .01 .55
0.5 1 .2 1 .213 .7-12 , (1 . ’~~) . “3 . 02 .1 1 ’ . 01 ‘.7

0.5 1.4 1 .02 .3.10 .029 . 7 3  .10 2.33 .31
3.5 1 . 4 1 .34 .040 . 3 2 - 2  , “ - 1 .10 3 . 3 3  . 3 1  ..7
0.5 1 . 4 1 .03 .040 . 333 .75 . 10  3 . 3 3  .3 1  .5 .7
0.5  1 .6 . 0 3  .Ot’5 .330 .5(2 1- 1 2.33 .11 3  ~
0.5 ‘ .6 .32 .065 .030 .58 . 1 4  2 .3 5  . 2 3  . 3 7
0 . 5  1.8 .D4 . 0 ( 2 9  .03.1 .38 . 1~ 1 . 7 5  . .7 1 ,31
0.5 1.8 .55 ,(2.4 . 03 3  .35 .13 1 .35 ,~~ 1 , 3 - I
0.5 2.3 .51 .096 .225 ..7’ .2 4  1 . 3 - )  37 1 . H
0.5 2.0 .55 .113 , ..7- .2 2  .2 4  1 . 3 9  ‘0 1 . ~~1 0 1 6 57 3~~~1 4 13 5 01 ~
1.0 1. t )  .35 .0.7 .02(2 . ‘s . 1 3  2 . i ’  .7.’ . 00
1 .0  1.8 . ‘4 .058 .022 .2 ( 2 .10 1 .8 .02 1 . 2 3
1 .3  1 .8  .66 .0.7 . .72 .35  . 18 1 . 3  .2.3 1 . 2 1
1.3 2 . 3  . s.i O~~ 331 . 3-1 . 25  1 .-’. .2-2 1 . -’.
1 . 0 2 . 0  .53 .03 -3 .3(28 .2 3  .2 5  1 . - I . 32  1 .s 3

_ _ _ _ _ _ _  _ _ _
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Pate :  6 / 2 3/ 7 8  Tested hi : -i . Nels on

B -~ 1-I .-i . Ij l e s  : 6 Ilitci’ d. ’t i t H  (3 ~~~~~ f t
Ut - rak ~.- .it cr t~ld t h  (t- ): 2.3 ft St ’~ : t ~I td .jc: St a 19.75 ft
‘.la ter tempera t ore : 18.5° C Air tei~ ’erature : 19.5° C

-lao rin j line turnin q sheaves :  fl l - Sta 15 ft r2 - Ota 26 ft

~‘‘d :  0 .1 7
1-la-s e qaqes : H .  - Sta 14 ft A tt enua tion X 5 1 I I I  . 0065 f t

— Sta 24 ft A t te nua tion XS 1 = . 0059 f t

e T i C , L . -
F ( s a c )  ( f t ) 

L d/ L ç~~
0.5 1 .0 1 .46 .052 .047  .91 .1 0  6. 7 .01 .34
0.5 1.0 1 .49 .052 .044  .85 .10 6.7 .01 , 3.1
0.5 1.4 1.03 .064 .058 .90 . 16 4 .2  .02 .55
0.5 1. 4 1.03 .06~ .058 .90 .16 4.2 .02 .~ 5
0.5 1 .6 .81 .090 .064 . 71 - .23 2 .7 •.7 .7
0.5 1 .6  .8 2 -  .090 ..74 .71 .23  2 . 0  .2 3  . 7 2
0 .5  1 .8 .57 . 1 1 4  .056 .50 .30 2 . 2  . 05 1.75
0.5 1 .8  .67 .116  .06 8 .50 .30 2 . 2  .05 1 .05
0 .5 2 .0  .54 . 1 0’-’ .024 .23 . 44 1 . 5  ~-l 7 1. 53
0.5 2.0 .55 .099 .023 .23 .44 1.5 .11 7 1 , 5 3
1 .0 1 .0 1 .48 .107 .098 .92 .10 6.7 .02 .3-I
1 .0 1 .0 1.50 .104 .098 .95 .10 6.7 . 0 2 . 3- 1
1 .0 1.2 1. 31 .107 .089 .83 .12 5.6 .32 • 0’
1.0 1.2 1.30 .105 .0(2’? .86 .12 5.6 ..7 .51
1. 3 1.4 1.00 . 14 13 .133 .89 .17 3~-2 . 34 . 5-2
1 .0 1 .4 1.01 .150 .130 .86 .17 3.0 .04 . 71

1.0 1 .6 .82 .185 .136 .73 .23 2.9 . 6  . .7

1.0 1.6 .82 .189 .133 .70 .23 2.9 .07 .7?
- 1.0 1.8 .65 .221 .106 . 40 .31 2 .7 . 10 1 .0 5

1.0 1.8 .66 .223 .103 . 45 .31 2 . 2  . 1 i ~) 1.05
1.5 1 .0 1.48 .182 .153 .85 .10 6.7 .73 .34
1 .5 1.0 1.50 .182 .148 .81 .10 0.7 . f t~1 .34
1.5 1 .2 1.28 .1 St .’ .107 .131 .12 6.5 . 03 . 11
1 .5 1 . 2  1.73 .15~ . 1 2 3  . 7 ( 2  . 1 2  5 . , - . 0 3  .71
1 .5 1.4 1.07 .1 4 - 5 .153 .87 .15 4 . 4 . ‘4 .5
1.5 1 .4 1.07 .179 .150 3.1 . 1 5  4 .~ . 3~ .53
1 . 5  1 .6  .85 .257  . 183 ..7 .21 3.2 .i)2
1.5 1 .6 .84 . 200 . 1 7 7  .63 .22 3.0 . . 9t i

1.5 1 .8 .67 .163 .033 ~~~~~ .30 2.2 .08 1 .7
1 .5 1 .8 .67 .156 .083 .53 .30 2.2 .07 1 .3 5

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _
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Date :  6/25/78 Tested by: ‘ , .  Nel son

Seri~s: B ~ N~o 1 uleS : 4 Wa ter Lh L t t t t (3  .67 ft
— - 

Bre~kwatcr w id th (v). 1 . 5 f t  Seaw ard rd - i e :  S t a  1 9 . 7 5  f t

W a t e r  t e m p e r a t u r e :  20~ C A i r  ta I’erature : 2O~ 
r

Woo ri ng lin e turning sheaves : #1 — Sta 15 ft .7 — Sta 25.5 f t

y/d: 0.17

Wave gaqes : H 1 - Sta 14 ft A tt enu at ion X5 1 mm = .006 1 ft

H t - Sta 24 ft A tt enu at lOfl x5 1 I~~~i = . 0056

H .e T 1 C~ d/L - H. -‘L ~ L
( i03J _____ 

(sect ( f t .~ J_f t )  
____ _____

0.5 1 .0 1.52 .046 .345 .97 .101 6 .6 3  .01 .27
0.5 1 .0 1. 46 .046 .045 , 07 .10 6 . 7  .01 ..7
0.5 1.2 1.25 .055 .050 .92 .12 5.6 .01 .27
0.5 1 . 2  1 . 2 4  .055 .053 .96 . 1 2  5.6 .0 1  .2 7
0.5 1 .4 1.05 .070 .053 . 7 5  . 1 ( 2  4 .2  . 2 - 2  . 3t.’
0.5 1. 4 1.04 .057 .050 .75 .16 4.2 .~ 2 .2:-
0.5  1 .6  .84 .082 .057 .82 .22  3.0 .03  . 5 -
0.5 1.6 .83 .082 .067 .82 . 2 2  3.0 .73 .70
0.5 1.8 .65 .113 .062 .55 .31 2.2 .~~~~~~ ..7
0.5 1.8 .64 .116 .05 ( 2  .51 .33 2.0 .06 .75
0.5 2 . 3  .53 .092 .039 .43 .413 1 . 4 .09 1.07
0.5 2.0 .53 .095 .036 .38 .4 ( 2  1. 4 .07 1 . 0 7
1 .0 1.0 1.51 .107 .2913 .92 .10 5.” . 0 2  .2?
1 .0  1 .0  1 . 49 .104 .092  .89 .10  6. 7 . . 7  .2 2
1.0 1.2 1.24 .110 .101 .92 .12 5.6 .02 .27
1 .0  1 . 2 -  1 . 2 - 7  .107 .101 .94 .12  5 .6  . 3 2  . 2 4 -
1. 0 1.4 1.02 .140 .115 .32 . 1 7  3 .9  .7-3 .2.
1 .0  1 .4  1 .05  . 134  . 1 1 5  .86 .16 4.2 .73 .36
1 .0 1 .6 .33 . 1 6 2  . 1 3 ”  .85 .22  3 .0  .7’S . 5 3
1.0 1 .6 .83 .156 .134 .135 .22 3. -? . 0 6 , .7
1.0 1.8 .66 .201 .129 .64 .31 2.2 . .7 . t - $

1 .0 1.8 .65 .201 .118 .59 .31 2.2 • Q 4  . 5 0
1 .5 1 .0  1 .43  . 1 7 7  .154 .137 . 10 6.7 .33 ..7
1 .5 1.0 1. 4” .1~ 1 .1~ 5 .56 .12 5.7 - .7 .22
1 .5 1 .2  1 . 2 7  .136 . 1 4 6  . 7(2 . 1 2  S ’ s  .2-2
1 . s 1 . 1 . ~o . 1 -  . 1 ‘~ .80 . I • a
1 .5 1.7 1 .7:3 .1:13 .lsl .3-2 .12 6.6 .23
1.5 1.4 1.05 .201 .174 .86 .1 (2 4 .2  . 05 .3~1 . 5  1 . 4  1.0- ’. .1-93 . 1 7 1  .86 . 1 6  4 .2 ..7 .3 ’s

1.5 1.6 .85 .220 .190 .86 . 21  3 .2  .07 . 3~’
1.5 1 .6 .83 .232 .1-9 6 .85 . 22  3.0 .78 .5 ( 2 

_— —rn.~- . _ -- ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-S.—~~~~~~~~~~~~~ --
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Date:  6/26/ 78 Tested  by: 14. N e 1~ .in

Ser ies: B ~ 1’~a (2u1es : 3 I-later depth (d): .57 ft

Li rcakwa ter w i d t h  ( ‘ - . ) : 1 .1 ft Seaward edue: Sta 19 , 5  ~
~-iate r te~ipe ratu rC : 1g~ C 

Air te~ p e r a t u r e :  20 .5° C
Moor i ng l ine turning sheaves : ‘~1 - Sta 15 ft .7 - Sta 25 ft

y/d : 0.17

Wa ve gages: H 1 
— Sta 14 ft A ttenu ationX 5 1 ~~ = .0058 f t

- Sta 24 f t  At tenuat ion XS 1 :‘rn = .0056 f t

H .  H
e T 1 t C d/  L H L . 7 L
(in) F (sec) ( f t )  ( f t )  

_ _ _  _ _ _  ~~~~~~
0 .5  1.0 1.4o .044 .942 .a ’s  . a O  6 . .  . H .1 ’ s
0.5 1 .0  1 .46 .044 .04 2 .96 . 10 6 . 7  .01 . 16
0.5 1 .2 1.28 .070 .062 .88 .12 5 .6  .01 . 19
0.5 1.2 1.28 .064 .059 .92  . 1 2  5.6 .0 1 . 1 - 9
0.5 1. 4 1 .34  .073 .056 .72  . 15 4 . 2  .02 .75
0.5 1 . 4  1 .34 .078 .055 .72  . 1 ( 2  4 . 2  .32  . 2 5
0.5 1 .6  .87 .073 .053 .7 3  .2 0 3 .3  .02 .33
0.5 1.6 .84 .073 .053 .73 .22  3 .0 .02 .35
0 .5  1 .8 .66 .12 5  .064 .52 .31 2 . 2  . .7 . 6 ( 2
3.5 1.3 .68 .123 .064 .50 .23 2.3 .0(2 . 47
0.5 2.0 .54 .116 •(245 .39 .44 1.5 .08 .72-
0.5 2.0 .54 .122 .0~5 .37 .44 1 .5 .013 .72
1 .0 1.0 1.52 .099 .092 .93 . 10  6 . 7  .0 1 . 1 ( 2
1.0 1 .0 1.49 .096 .092 .96 .10 5.” .01 .16
1 .0 1.2 1.23 .133 .104 .76 .12 5.6 . 02 . 1 ( 2
1 .0 1 .2 1 .29  .133 .104 . 7 13 .12 5.6 . t ’ . 1-1
1. 3  1 .4 1.04 .157 .11 2 . 71 . 16 4 .7 ,.7
1.3 1.4 1.03 .152 .118 ~~ 73 . 15  ~.2 , 74 . 2 (2
1 .0  1 .6  .80 .162 .12 9  .30 .23  2 . ?  . 3 ( 2  .77
1.0  1 .6 .7 - 9  . 157  . 12 3  .79  .23  2 . 9  .05 .3~’1.5 1.0 1 .52 .165 ,)~13 .90 .10 6.7 . 2 2  .16
1 .5 1 .0 1.49 .160 .1 43 .89 .10 6.7 .02 .16
1.5 1 .2 1.28 .1-94 .162 .04 .12 5.6 .03 .19
1 .5 1 . 2 ~ 1 . 2 ”  .203 . 1 4 - 1  .135 . 12 S . t S  .3 4  . 19
1 . 5  1. 4 1.33  . 2 2 5  . 15 7  . 6 ( 2 . 16 4 .7  . 115 . 2 ( 2
1 .5  1. 4 1 . 0 4  .24 0  . 1 7 4  .73  . 16 4 . 2  .25  .25
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Date: 6/26/78 Tested by: ‘-I. l~el son
- Series : B ~ Modules: 3 Water depth (ci): .67 f t

B r e akwa t er  ~i i d t~ ( ‘s- ) : 1 .1 f t  Sea~-:ard edge: Sta 19.5 ft
1-later temperature : ~~ C A i r  t e m p e r a t u r e : 21° C

Mooring line turn i ng sheaves: #1 - Sta 15 ft unrestrained lee
y/d: 0. 17

Wave gages : H~ - Sta 14 ft Attenuat ionX 5 1 mm = .0058 f t

- Sta 24 f t  Attenuation XS 1 mm = .0056 f t

(in) F (sec) (~
j ( f t )  

C t d/ L (f~J H 1/ L w-/L

0.5 1.0 1.48 .046 .045 .97 .10 6.7 .01 .15 (2
0.5 1.0 1.50 .041 .030 .96 .10 6.7 .01 .16
0.5 1.2 1.30 . 053 .050 .86 .12 5 .6 .01 . 19
0.5 1.2  1 .28 .058 .050 .86 .12  5.6 .0 1 . 19
0.5 1 .4  1.02  . 064 .056 .88 .17 3.9 .02 .2 3
0.5 1.4 1.03 .067 .056 .84 .16 4.2 .02 .26
0.5 1.6 .85 .037 .076 .87 .21 3.2 .03 .34
0.5 1 .6 .82 .090 .073 .87 .23 3.2 .03 .34
0.5 1.8 .65 .131 .076 .58 .31 2.2 .06 .4 ?
0.5 1.8 .63 .128 .073 .57 .34 2.0 .06 . :-
0.5 2.0 .52 .116 .045 .30 .44 1.4 .08 .77
0.5 2.0 .54 .116 .045 .39 .44 1.5 .09 .72
1.0 1.0 1.49 .110 .106 .97 .10 6.7 .02 .16
1.0 1.0 1.49 .107 .104 .97 .10 6.7 .02 .16
1.0 1.2 1.28 .119 .109 .92 .12 5.6 .02 .19
1 .0 1.2 1.28 .122 .112 .92 .12 5.6 .02 .19
1 .0 1.4 1.05 .139 .126 .91 .16 4.2 .03 .26
1.0 1 .4 1.04 .136 .126 .93 .16 4.2 .03 .2 3
1.0 1 .6 .83 .212 .162 .77 .22 3.0 .27 .35
1 .0  1 .6  .31 . 209 . 162 .78 .23  2 .9  .07  .37
1.5 1 .0 1.46 .160 .162 1.0 .10 6.7 .02 .16
1.5 1.2 1.30 .171 .179 1.0 .12 5.6 .03 .19
1 .5  1.4 1.03 .226 .196 .87 . 16 4 . 2  .05 .26


