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- Introduction

~either must be postponed or proceed under unfavorable conditions unless the

MODEL STUDY OW AMPHIBRIOUS BREAKWATERS

ABSTRACT S A

Curves have been developed from Jaboratory experiments whlch indicate R
the effectiveness of various orientations of & type of model floating break—
water., Comparisons are shown between the. model orientations and some arrange-
ments of rectangular blocks. The major variables have been identified., The
results presented heréin are based upon a two~dimensioral study in & 1 foot
x 3 feet x 60 feeot wave channel. Thé prototype conditions which have been
represerted 1n‘these model tests ares

(1) weves ranblna &s high as 7 feet with a 12 sécond period,
16 feet with a. 6 second period, and 25 feet with a 1O second
periods - -

(ii) water depths ranging from 30 t5 60 feet° : ‘

(11i) = Navy Lighter pontoon structure 175 feet long and of
wnit w1dtho

Bréakwater efficiencies up to 90% were noted in & feéw cases for some of the
shorter period wavese. Qualitative observations indicated mooring stresses
ranged from.very sm&ll to zero in'a large number of instances., These. re-

sults are encouraging, but additional experiments. and analyses are needed. =

LS

l

The height -of waves and breskers is of prime: importance in amphibious -o=
militery operations and is one of the factors controlling asseult landings,

- cargo handling, salvage, etc, In addition, the feasibility of many cone

struetion operations along waterfronts and offshore is determined by wave ¢
heights Marginal and limiting wave and breaker heights have been established
for many amphibious..and marine operations. When the actual. (or predicted)

weave heights exceed the desirable heights for a given operation, the operation

P
S - R

actual heights cen be reduced sufficiently. A breakwater mey be dSéd to re- SN
duce wave heights. : o : -

-

i

Extensive informatior, both from theoretical analyses and from practical )
usége, is availablé on some forms of breakwaters. For amphibious operations ;
many types of breakwdters are unsatisfactory. The two distinguishing .
characteristics of smphibious breakwaters ares = '

al

{1) Mobility ~ the-ability to bé transported from afar and
set in operation in a matter of days or perhaps hours - 1s

RS
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(ii) Timited life of the breakwater - perhaps only a féw months.
or less = is satisfactory.

Ca

Thus rubble mounds, concrete blocks and the more ‘permensnt types are eliminated,

as are the types which require extensive preliminary work at the site such as
pile driving, elaborats moorings etco
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The major source of prototypse information on emphibious breakwaters
is in the accounts of the Normandy landings in 1944o The mobile break-
waters which were used were of two types: the Phoenix and the Bombardon.
Successful breakwaters must resist the horizontal forges of waves. The
“Phoenix type was sunk to the bottom and was designed to withstand these
forces by resistance to overturning and by friction on the bottom develop-
ed by the mass of the structure. The Bombardon type was floating and was
designed t¢ withstand these forces by use of the mooring system and
momentum of the float (netural period of the structure long compared to
the wave period). The fact that these structures were so large ahd ex-

U - Densive; yet failed during & storm shortly after installation led meny to. .

believe that mobile breakwaters would not prove practicale

A somewhat more obscure prototype attempt to utilize a floating break-
weter was described in the U. S, Navy Civil Englneer Corps Bulletin
(®Pontoon Break-water;" 1948). A 7 x 30 N. L. pontoon drydook [ B0 feet
x 175 feet deck area) was tested at various depths of submergence and

>\;: —with the deck inelined at various angles° The conclusions drawn from this

study were thaty

. 1) Ocean swells could be made to break offshore (thus
dissipating energy) by letting them run up the inclined
d@ ck o:

e

(11) The length of the structure must be cons1derablv
= greater than the wave length.

! - More recentlys a complete and detailed eval.ation ofthe various

mobile breakwaters based on laboratory and theoretical analyses was re=-.
i ported by Carr (1950), wherein it was concluded thats : —

(i) Pneumatic breakwaters (dissipation of the weve energy
- by diffusion of ‘air upward from the bottom) were impracticéal
S ] - and 4id not merit further consideration.

- (i) Wave motors (attempts to harness the enérgy of the waves)
were not practical in the present stages of developmento

(iii) ¥Floating and submsrged barriers, hough reasonably effective,
could not prove practical until better moorings were devised
because of the large horizontal forces developed.

Lo All of these previous studies do not rule out the possibility that

. some ideas have been overlooked or even that a sigller breakwater with

a very large moorlng system mlght have appllcatlon for ‘some of the de~

[ENEES JUU- SV S

- - 7>relat1ve1y small axtent through the surf zone or prov1d1ng protect;on
over & small arsa for construction operations such as oil well drilling.

= Althsugh the idea of floating breakwaters is old, the mathematical

analyses of warious relationships is not well advanced. Nevertheless,
. some qualitative conclusions can be inferred from present knowledge of

- waves which should aid in the development of successful floating breask-

waters. Some empirical model tésts were conducted to substantiate these
‘ : conclusionso,

P PN e i - ot L oy me e
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Quaii%ative Anaiytiéal-Considerations - : }
The klnetlc energy of waves: is manlfested by orbltal motions of'water
partlcles° The £7t 't _petterns for deep apd shallow water yaves aré in-
. dicated in Flgure 1z One can see that the orbits are practically the same
- from top to bottom.in the very shallow water wave, but are much larger nearer
. the top in & deep-water wave. Accordingly, in order to be effective in shallow
| -water, a breakwater must disrupt virtually all of the orbital motion from top
. to bottom; whereas, in deep water a large percentage of the orbital motion can
% ' " be disrupted in & region comparatively close to the surface. The shallow
-

: - water conditions ars of most interest in ‘amphibious operations = ga
L ' o A plain floating structure such as & barge, which extends over hailf o T
a. wave length will be acted upon by horizontal components of the orbital

forces both in the direction of wave advance and oppesite to it. Consequently,

the forces in the mooring will be lsss tham if the structure is very short .
compared to the wave length. : . ) T4

L S Considering the facts thet (i) virtually all of the orbits from.top ‘to e
= o bottom must be disrupted, and (ii) stress on the mooring will be less if the

[ structure is as long as practicable comvared to the wave length, a solution -
was suggested namely, a structure hav15g one end resting on the bottom and N
the other end floating with the projected length of the structure equal to at 5
least half the wave length. A float may be brought to such an inelination by 4éf‘

Thars s

W

~ proper use of ballgsto ' 7 7 v

b

P s

4

“&n unkimites numb~; of comblnatlons of welght and distribution of ballast -
is possible for & given slope, i, of the model. Im fact,- the upper limit for )
weight of ballast approaches infinity as the distance from the submerged emd
T to the resultant downward force of weight of float and ballast approaches zeros
. The lower limit for weight of bsllast is @ little more definite. The model may
be brought to a position with one end floating and one end resting on the bottom
by a small amount of ballast distribuked throughout almost the entire length
it with only enough flotation léft at one end to hold it upe. . A reasomable starte" -
j ing point for the ballasting,: then, appears to be to make the density of the “ 1
28 ballasted portion just equal to the density of weter. In other words, the = 3
ballasted section would just displacé its own weight of watere: !

-

b ) mriJ&@r'ﬂLM@ R

H

|
F Accordingly, the major variables which determine the breakwater
efficiency were presumed To be: -

it

¥ L (1) ‘the charasteristics of the waves, d/L and H/L.

(ii) the characteristics of the breakwater such as arranges=
ment .6f mooring, shape.of the btructure, MASS of the structure.

[N A e T s A s e

(i11) +the relatlonshlps between certain characterls+1cs of the v
structure and the wave characteristics such as hl/L and D/d. R

S Rl Enmpirical Procedure
e R = "

[ Valid conclusions could not be justified on the basis of thé above - o
T qualitative analysis only, So an experimental program was outlined tog o

(1) Establisﬁ‘relationships between length and draft, -
and transmitted wave heights using rectangular blocks,

. (1i) Determine the effects of grids and transverse cutoff Y
panels attached to the bottom of rectangular blocks, o
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- Preliminary Results

- 4.

(1ii) 'Test various orientations of a médel sloping float
combining the informetion gained from items (i) and (ii) .
aboves '

Quantitative determinations of the breakwater efficiéncy for vaFious
conditions of the variables were mede. It should be noted that the breaks
weter efficishcy actudlly i§ I minus Hi_/H o and Hy Hi* is not & true transe
mission coefficient. The measure of bré’i&water efficlency is the wave
height with the structure in place, divided by the wave height with no
structure in place. (Consequently H; is the initial wave (using no breek-
water), not the incident wave on the seaward side of the breskwater. This
distinction is particularly imporitent in shallow water where wave character-
i5t18S ave changing with depth. Alsc the incident wave seaward of the
structure becomes complicated by reflections from the structure.

Qualitative determinations were made of conditions of mooring aund —
other factors which could not be measured readily,

. Laboratory BEquipment

The equipment ésonsisted of & glass-walled channel, with a level bottom,
1 foot wide, 3 feet high and 60 feet long, with & wave generator at oné end
and an absorber beach at the other; a 2-channel Brush recorder recorded
water surface profiles by means ¢f wire resistance eléments. A sketch of
the equipment is shown in Figure 2. The blocks and models which were used
-are. detailed in Appendix #As. I ' T

The eiperimen’cal_ procedurs-was tog-

(i) Generate-waves in the c;ha'.nhe‘l énd record thé charactere

isvics of thesa initial waves on the Brush recorder.

(ii) Insert various test objects
1ii) Compere initial weve heights (before test objects.were
. inserted) with heights transmitted past the test objects.

In each ruh, a series of about one dozen waves was recorded; then the
wava mechine was stopped &nd the water allowed to become quiets then the
succeeding run was started. Each combination of wave and float conditions
was tested by three separate runs. Then the maximum and average wave
heights were computed separately for each run., These in turn were averaged
for the three runs to determine a single meximum and single average transe
mitted height for that condition. By this means experiméntal errors were
believed to bé reduced,

O

g o b g e e e e e

4

A. Rectangular Blocks: Blocks of various lengiths were tested in
three different depths of water at a constant wave steepness, Hi/'Lp and
a constant Q/L to show The relationships between the block=length to wavee
length ratiob'hl/L& and the transmitted-initial wave height ratio, H%/Eio
The blocks were tested both free floating, and restrainéd by a string
(of length equal to 6d) which was secured at the bottom of the channel
and to the bottom of the block. These results are presented in Table I
and Figures 3, and 4. e
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The analyses of the records shoWed secondary wavés in many caseés and
variatious in transmitted height with distance away from the fléoat., Both of.
-these phenomena are 1Ilustrated in the facsimile record, Figufe 5. The varia-
tion in heights is illustrated graphically in Figure 6. The period of the : «
major transmittéd Wa¥e wes the same as the initial wave for all of the large —
number of records sampled for period. Close inspection of the Hecordary wawé
shown in Figure 5 shows that although it has the same pericd as the primary
wave it travels at & different velocity and thus is of different wave length, :
The analysis of Figure 5 is summarized in Table II. ' |

Bo Cuboff Panéls: Because the draft to depth ratios were found to be
finjor vAriables, & series oftésts was completed in which transverse wooden
strivs were: rigldly attached underneath the wood blocks. For three srrange- - - - =
ments tested, the overall thickness was made the same as the rectangular )
blogk thickness above, but since the volume of the block was decreased con=
siderably, the draft was much deeper, and the freeboard correspondingly lésss — -—- - - - -
The results listéd in Table III, when compared with curves of Figure 4,
show that, on the besis of D/A, the floats With the cutoff panels were rot
quite as effective-as the solid blocksg~but the mass was very much les§ -
an imporiant consideration in prototypes. The measurements also suggested : A
that addition of imberior cutsff panels in addition to the end panels did not -
change appreciably the trarsmitted wave heights,

C. Initial Studies with Model Structure;s With a view to possible
prototypes’ readily available, the model structure chosen had the general
characteristics of a Navy Lighter pontoon structure of unit width by 175 . =
feet (B0 pon+oons; long = the longest standard pontoon strings now fabrlcateuo S -
The scale factor selectéd was 60, Thé piimary aim of these investigations was

- o study the effects of the different variables. Therefore, an expensivse,
detailed model which corresponded exactly to prototype did not seem warranted . ;
at this timé., If the results of these investigations proved promising, they @
could hardly be considered as more than possibilities for further experiments.

An indication of the prototype conditions represented by the experiments
mey be obtained by multiplying the linear dimensions H;o dp, L, and hl by 80.. .
The prototype period is-a& function of the square root of the linear Scale ) ) : ]
ratio and may be computed from the tabulated data by multiplying the modél
periods by {60 or 7. 75, Thus at prototype depth of 30 feet the period range.
represented is -about 6% to 12% sec; at depth 45 feetp from about 8 to 10 séc.s -
at depth 60 feet; from absat 8 to 9 Sece B :

The effect of adding two model pontoon bridge strings as a cutoff. panel
also was investigated because of the conclusions in paragraph B abovésw

Ballasting of the poﬁ%oonsvto obtain the vérious orientations was simulat= b
ed by adding lead strips which had beeh'weighed under water. Initially, three. !

T Tt e

conditions of vallastiug were simuiateds The first 18 of The 30 pontoons or i
0060 hy, thé first 22 or 0.73 hy, and the first 26 or 0,87 hjs As noted 1

previously, the ballasted portion was welghted to just displace its own'weight
of water.

The preéliminary results have been summerizsd for comparison Table IV

Results Using Model Structure

'Study.of Table IV and ﬁhe.1abﬁféﬁbry:é%SGr&atio§s.sﬁowe& that the most
promising orientations were those with the shoreward end of the float submerged.
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Thosa #With the seawdad end svbﬁefge&'%ended to oriént &t reducéd slope
under wave &ction 'so that duch Water passed over and under the float.
Accordingly, & second "screenlng investigation Was undertaken to study
theé effects of changes in. ballast, changes in pogition of mooring; use
and position of cutoff panels, and effect of revérsing the float &nd
submerging the end with the cuteff panels, These selected orientations

were marked as Cases I through<XIIA and are detailed in Appendix A,

This secondary screénihg was for three diffierent depths~an& four

different wave leiigths, & total of twelve different waevé conditions Ffor
.each orientatior. All the records were not ‘analysed in detail; those for

the three cases most effective for reducing wawve heights being selegted.
For éach wave condition the most efficient three orient&tions were among R
cases VII to XII, inclusive, showing the desirability of orilentating the.

float &t an angle and using the transverse cutoff paensls. Accordingly
a supplementary study was made %o establish more clearly the affect of
wave steepness for these last six orlentatlonso

Ao Quantltatlve Resultss: Thesé results cons;ste& of measuremen%
of wave height, lunguh_uhd period Tor the initial eondition withoub any
model and for eac¢h orientation of the model (Cases VII through XII).

The still-water slope of each crlentatlon, i, alsc was recorded. These
results have been listéd in Tables V, VI, and VII, The results at gage

stéation 22,0 (feet) are shown s aphlcally for each of thé six orientations
in Figures 7 through 1ll.

- Comparison of the wave heights at both gages SdeS that the initial

* “heights at the giges are seldom equal nor are the ratios of Ht/Hl equalo

The initial heights might be expected to vary becauss tne‘waves are in
shallow water. The trapsmitted héights might be expected to vary both
because the waves are in shallow water and the géges are dt different.
distances from the structures. 1In -all cases the shore énd of the structure
was placed at station 28 (feet) and the gages placed at station 25.0

and 22,0 regardless of depth or wave length. An indication of theé

differences in Hb/H1 between gages may be seen by comparing Figure 8
with Figure 12,

Inspectien of Tables V, VI and ViI indicated that & relationship
6xists between the average Hﬁ/ﬁ« at each of the gages and hl/io For

_%he range of h: /i betwesn about 0:75 or less and about 0.56, the average

Hi is lessg‘ln general, at the distance shoreward from thé shore
qnd of the £leat equal to 1.03 hy (gage station £5, @)3 but for h. /i
eithér greater or less than this range, the average H /H, is less at
thé -distance equal to 2506 hy (gage station 22.0), From these observa=
tions one can infer that the. transmltted'waves are changing shédpe to a
stable form as they procsed shoreward. Accordlngly9 optimum breakwater

efficiency at a point apparently requires that. the breakwater be placed

seaward Of -Lhe Pvln't some dis: Gancewdensmﬁwmcr P”lmrla‘y‘ on LLJJJJOA;A e e o e

continuous history of +the. transmitted wave would be necessary to es=
tablish more definite relationships.

The periods of the initial and transmitted waves were equal within
limits of measurement. Case VIII generally transmitted the most complex
wave, S0 periods were ineasured for all conditions of Casgs Viile The
primary transmitted wave always could be identified and had the .sane
pericd as the initigl wave,
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The trué efféct of the depth of water may be obscured somewhat by the
arrangement of the parameters in Figures 7 through 11, Conssquently, Figure
13 {Case VIII) has been plotted whefe the chamges in depth appeaF to be re=
Ta%iVely'unimportant for'q/hl between 0,17 and 0.34.. The curves of ‘wave steep~
ness for Hy/H; at values of The ratido hy /L are reasomable when the variations T
in depth wi'thin the limits investigated are ighored. Similar:graphs for Cases S
VII, IX, XI, and XTI showed the same general trends. An explanation may be -
that although the slope of the: float with the bottom, i, varied considerably, |

.- the p?éjéétedvlength, Hy cos 1, changed only 6 or %

The effect of wave steepness ig indicated\clearly on @ll the graphs, L =
‘ . Th@-ﬂt/ﬁ.:generallyséegfegsadfﬁqr'ascfééﬁiﬁg‘ﬁféépheéé, Hi/i, at e givén d/L.
o " The notable exception is case XII, Figure 11, where this relatiénship was
reversed at the larger valiués 5f d/L. The upper limit.of wave steepness tested
was selectedf&rbitrarilylas that steepness where disturbance at the crest was
noticeable in the channel.

The most efficiént orientations in general were Cases VIT and IX -which

RSSO

oy , hagdly‘eanwba—sepa;gﬁads‘ & graphical comparison of all casés is presented in
T Figure 14 for H{/i*ﬂ »05 and Q/ﬁl 2 .26,

' B, Qualitative Results: Several variables did not lend themselves to

numerical detérminetion readily. The three most important of these appeared
to be ‘ ‘

(i) the stress on the mooring,. - : -
S e (i) the actions of the submerged end of the model,
' (iii) the eamount of water which passed owver the model,

L Characteristics of ‘the secondary waves als
Lo manner. Many laboratory wave records sho

80

where*Rl upward force a% submerged i '
: end
Rq = reduliant upward force of
water disPIacgd

- T WE Tesultant downward fores of
%*i¥ . ' weight of float snd ballast

i Some of these forces 8re fixed in location. The force~R1 must be at the
; . Submerged end of +the float. For a float of uniform seotion throughout its
o length the force Rg will be located in the middie of the submerged length,
N " i ot V If W is great
: » then x miay not exceed o or thé wrong end will

. submerge.. Theoreticallyy the minimum limit for X is zero when W is infinite,
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" for Remarks, préceding Table V.
__those in which +the- transport of tThe structure wus seaward, i. e, no
This occurence was observed for several conditions
Tt waes true for all the investigated conditions
with Case VIII, and since the méoring Was the only variable betweéen Cases
VIII and X, Case X was oliminated from the graphs and tabular summaries.
‘Careful obsérvation showed that under certain conditions the float moved
when the crest of the wave

.the bow tended to "dig in."

but practically, the limit is a short dlstaqu‘when wery heavy ballast
is concentrated near the end.
Rd and ¢ are detérmined.
will inerease as x decreases because W must bé increased,
dynemic forcés will at times act to increase thése bending moments even
more. Aside from impact forcés which may be high if the submerged end
raises from the: bottom, then slans down as the next wave arrives, the
bending moments in the strucbure résulting from both static and dynamic
forces appsar to be less for well distributed ballgsta

The breakwater efficisncies fof the ballastlnv tested probably were

From the sketgh, for a given i ahd depth,
Then the static herdijg moments in the strugture
Presumably the

less than if heavier ballasting hés been used as thls arrafigement allowed

~ Wwatér to raise the submerged end and pass undér as the waves advanced.
Note from Tablés V, VI, VIII that the submerged end did not, stay on the
bottom under any conditions.

The stress in thé mooring wes SStlmated &5 1isted in the Code Key
Perhaps the most noteworthy cases-were

gtress on the mporlngo
of various orientatlonss

reached the se&ward edge (gtern) of the model, the stern was raised and
Thus the shore-ward movement of the model
was prevemted, not b¥ the moorings; but by thé bow. As the crest of the
#wave passed the submerged end, it was Faisad and the Following trough
(with its seaward direction of water) caused a slight movement to sea.
In this manner the model was transported seaward. The implications of
this phenomenon for prototype installetions are quite interesting
because much more favorable mooring conditions are indicated than have
been reported for other types of floating breakwaters. The fact that

other orientations (except Case XII) were transported seaward some of the

time stggests that & significant part of the horizontal force was being

resigted by the submerged end even over the smooth wood-to-metal contact

in the channel, Hence, the stress in the mooring for thé ocasés which
were not transported seaward probably was reduced. Particularly;, come
paring Cases VII and IX where the only variable was the mooring, (coma
pare sketches in Appendix A) in the cases which were not transported
seaward, the breakwater efficieneciés are practically equel, indicating
that the charige in mooring had little efféct. Considering that ths
trensmittéd wave height (all other conditions being equal) is &
function of the changs in slope of thé model and considering that this
change ir slope could be limited 6nly by the weight of the structure
and the stress in the mooring acting as- turning momsuts &@bout the

- —— —gubmérred end, the only instance in which the transmltted wave heights '

could be virtually equal is when the stress in the mooring is small,

Summery and Conclusibns

Considerable data weére collected and a large number of variables

were investigated in this series of tests on model amphibious breakwaters.

The primary aim of the laboratory progrem was t¢ test certein general
codclusions. Nevertheless, the data do cover réasonable prototype

By



o7

[ U U W

e
ranges. One of the variables which was not examined in the leboratory, bub

which probably hed: some -effect was the matural period of pitch of the float

for different ¢asds., These date on natural periods were Bot available readily

fot the prototype and did not lend themsel¥es to easy computatiens However,

the prototype is reasomably uniform throughout its length with fegurd to mass
gistribution. Th¢refore, dynamical similarity of model &ahd prototype is more
apt té follow geometrical similarity than in a craft which, has large concéntrated
masses built in it such as the engines 1n a boat or amphlblan vehicles

Much wave channei work has found appl;catlon t6 full §eale applications and
the génersi validity of the conclusions of this study appears reasonable. One
point of ecncern, however; may be the -uniform héight, length, petriod and dlrectlon
of the molel waves compared to the pon-uniform corre5pond1ng characterlstlcs
of waves ih nature. Whereas the pitehing of a ckaft, for example, is functlon
of individual wave characteristics, the effmclency of the breakwaters 1nvest1gatu
ed here probably is a function of both individual and group wave characteristics -

especially so6 becauss the length of the breakwater is. appreciable eompared to

wave length. Therefore, the regular waves in the channel are less apt to mirror

prototype conditions for group wave phenomena thén for individual wave phenomens,
be¢ause waves in nature are not regular - in height, length, periad, or direction.

Netertheless, some valid conclusions may be formed on the basis of this study
as followss |

(i) Considergble breakwater efficiency can bé realized and the
" sbress in the mooring cen bé reduded considerably by using &

structure submerged at the shoreward end and floating at the
seaward end.

(_i) ‘The ma)or variables affectlng the efficiency of such =

. floating breakwater appear to be hl/i d/L, H, /i the character-

isties of the: float, and the distance shoreward from the floate
(113) Cu+off panels at bhe end of the float are effective in in=

creasing the breakwater efficiency but addltlon of interior

penels does not appear to increase efficiency much over end

panels alones N

(iv) The transmitted waves appear %o be unstable in form,and
changing in characteristics as they proceed shoreward from the
breakwater., The primary transmitted waves have- substartlally
the same period as the initial waves, but do not necessarily
travel at the seme velocity. Secondary transmitted waves
sometimes are generated and usually are more erratlc than the -
prlmaryo

(v) of the model orlentatlons +ested Cade. VII provedgio ‘be

N e N -

- generally mo¥t efficient, but Case VIII was. bes® with respect

to moorings because 1t was transported ‘seaward under all conditions
testedo -

Recommendations

On thé basis of the above conclusions and a review of these experiments
- one. can see that additional observatiohs coutd have been made and that additional

studies along these general lines probably would be fruitfule. Specifically,
these recommendations are submitteds
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l, Thet some prototype conflrmatlon of the genera1 feasibility of
using & sloping float be obtained, possibly by using & 2 x 30

(1% feet by 175 feet) Navy Lighter pomboon causewsy. IL.E. chesk
the model observetions in re ballasting, meorifg and sction of the
flost. Actual guantitative determinations of breskwater efficiency
probably ars not justified at bhis stage of the studv Yecause of
the excessive effort and eguipment which would be regquireds

2. That a threﬁédimensionglfhodel study precede full.-scale tedts
if a limited number of prototype obsérvations confirm the c¢one
clusions of this study.

3. That the weight on the . ubﬁe&gedAggdrbe increased to reduce
the flow of water under the floate

4° That for the prototype, a spud be con81dered for the submerged
aﬂd*“““__”““”” B
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SYMBOLS AND NOTATICNS

ave ~ average
a depth of water = ft
D draft - Tt
aist distance shoreward from shore end of float = ft
By chargctéristic length of blocks - f% ‘
130 initial wave height (without a test object in place) = £t
Hy transmitted wave height (at a point shoreward of & test
' object) - ft
i . inclination of medél frem -herizontal - dsgress
L averagé wave length betwéen two measuring points = £t
L, deep-watsr weve length - f% (from Wisgel, 1948 - see referemces)
max maximim
sta station, distance from a reference point .- ft :
CSWL - -ostiliewater—level—— -~ - — - oo oms s
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TABIE I DATA SUMMARY FOR RECTANGUﬁAR BLOCKS

ﬁ}/i =
4*@“;

0
£ D

/L & 0.167

 d/Ls = 0.131

D/a -

| Bo/E
Maex | Ave

RESTRAINED

Dist

5.1

315

20

+25 |

15

431 |1.372

#7581

.586
1 «581

T 411 4
«396.

| <8297

- «658.

853 -
| .809
748 |
2] .60L ]

e B B
[ N ¢ LOO. . J ¥ Y | N
-y wo8& 5282 S iOo I ]

A
| =

TABLE IT

Daté Summary for Analysis of & Primary and Secondary
Transmitted Wave - Restrairned Rectangular Block

d
DED
T

"o

0.50

125

L = 5.9
hyj= 4.5

__H;/L ® 0.035

1447 for initiasl, primary end secondary

weves at all measuring points

-%ran§mittqd

. Dist

Hy

max

ﬁai
ave

|1nitial

Traﬁsnitted“L
primery| secondary

51,870 -

<820

709 |

<765

-.830 |

5.1

e I R i A i
8.0.731 |.698| 99 5.9 643
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TABLE III Data Summafy for Restrained Floats

a3, oo 4L
= ;190 :
0064 H‘
.167 &

at d = 0:50 %

- Sketeh

T T e o e } il o ;__1{ Wfﬁ' -

: 324 .65 3.0\ 67 555 .495
> 353 W71 8.0 || .67 470 .43q| .32

125 .25 5.0 | +565

‘*ﬁ‘”“‘E”“' N“__i_ -v198 «40 5.5.5
m

496 .47g|

JI98 440 3.5 555 .485|

.198 40 3.5 575 .51q] -

.612"

Transport Seaward Estimated at .1 ft/sec.

i th ;:A :

2549

2924
+936
876

1406

.488*

«849
+884
«836

1.00
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i
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Table IV Compariﬁbﬁ of Préliminary Results

d 20,50 £t
Arranged in increasing order .

C'l

(Case VII)

(Case*Ix)”‘

{Cass II)|2

(Case XiI),

A

(Case III)

241 | 6.0 |

| .245*k6.0i

+282 | 6.

Ballas‘tf'i o E~_,_
* Transport: ‘Seaward
**Not Recorded

Fﬁ/ﬁi

max | ave
«220 | .152
;209v <175
248 | ',181 .
e300 | 4187
0306 | 4187
«260 | .208
333 | 216 |
+309
.305 | .245 | 6.
305

| s338

+331 [ 289
«301 | 208 |
«386 | ,359 |

| 4821 .369
419 | 375
424 | 0579
5437 | 382"
.457 .388
.477:~,406::':
6518 | o412
.479“.450‘”
482 | 445 |
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M: Mooring

Gode Key for Remerks for Tables V, VI,

‘l‘ranspor"' "eawa'rd

s by

0
—_ ¥ sTask T
2 Teut. .
k) Tugs every other wave
& Tugs ightly, every wave
5 Tugs heavily, every wave
) ~_SE: Submerged End - -
. 0 Remzdns on bottom
i Raises and lowers eéch WAVe
2 Bumps every othsr wavs
: '3 _Bu .ps lightly,. every wave
4 Biumps heavily, évery wave
T 77T wWo: Water over
’ 0 None )
& Very little
2 Some
3 Much
23 - Secondary Watve
. i i ~-0 - Not apparent on record -
) T 1 Suggestion of
- - 2 Definite, T & that of prlmary, but not in phase
= ) .3 Deflnrbe, T # that of primary, but not in phase
y R 0/1 etc. means 0 at gage sta 22.0, 1 at gage sta 25.0
Teble V Data Summary for Model Orlenfations for 4 = 0.50 £t d/hy = 0.17
(hq = 2492 ft) {Shore end of float at sta 28 for all condltions)
Case| Slope || At Gage Stal22.0 1At Gege Sta 25.0
‘ i |8y (/b | Hy/H; |E Ey/L
higv n;ax |lave [[ft | ‘ max
L -486 /L -0.016 /Lo = 0.071 . hy.=0.67 . _
= JVII | 11le6 || «066].023 [l.152 ’*121 2068 023 152
% YIII 0 |el2ljsooiji | ] Ty
O UUTUTTUTTTIXNSTOYDOO ] +136] 40911 167
% XI .182|.152 .228
i XII | 2881 .258 +318.
] : . 2=
f L=2.9  L=0.070  dffc =0.18&
[viz ;11976040 151,109,127 .043| .134 343 |1 |
VIIiI| o || s1341 084 o134 o013 |2 {
X SO : o .?17& Pt A | 4189 413 |1
- LT JAID J . , 7].355 [ 4418 415 {2 °
-~ -

»

i - W

-

ot , 1 L
RSN
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f
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{ Table V (cont)
Casél Slopse
10

t

L = 292

VII

VIII
. li;[

XII

Akt Gage Sta 29.0

R EE i

max lave
a/L,

<178

0. L7T

a/1. =

.1771.061 «209

.24&}.1b2:

1At Gage Sta 25.0
Hy iﬂn./L l Ht/H1 “
f T mex | ave

2 0,135 1/’L 3 5.00

<189 <065 .286] »180

«328| 4208

- 1 = 3409

] elell .06} .3

aft = 0a162

ﬁ..245
o 18T

l.208l [

+202{ 0685

i

L T 4.36 d/L = 0,115 Q/Lo = 0,071 h,/L = 0,67 T = 1.04
VII ©.193| s044| +342( .301[.212] +049] .288 .2éqj 1431 2| 0 -
VIIT I 440 398 - .392| 354} ofz} 2] 3
IX =343 .297 i «288| .249f 1131 2| 0/
X1 +390} +350 . o349} 329 o|-1 14 O
XII 1 +466| 2430 | 425 392 -18.] 2| of2
L = 4.80 d/L = 0.104 d/L, * 0.060 “hy/L = 0,61 T = 1,20

«042] «433] 395
«432
+495
+472

«200(

«465
+420]

<3911

427
o494}
-~ +425|
o474
<499

«217( 4045

2 S v . Jon
2/L7= 03082 L2

.124f .02Y  .718| .661
«645| .627
734 .683

806 4

720j|

=70.059 n,/L = 048

.116] .01

3#13:#‘0:# o

A O N, X
3

j586 a549

SI% “

Datea Summery for Mode

At Gage Sta 2240
By | /L Hy/H;
£t max | ave

a/L,
.108

<O75[}
-118

= 0.248

4/L
0098[;63i. .151\
i . , 108
] .161
* 0183‘
1. 2259[

.204

lft F /I'

.I&Ol

1 Orientations for-d = 0.75 f%-

At Gage Sta 25,0

Hy,/3;

E@BI[

ave

= 04227

.088|.0§”:

ey T 0.26

Rémarks
\

I . -al L ;l; N .
MSEl wol 2 §

T 20,78

4
| A

|
i |
H |
! !
[ {
! s
‘ |
” J
- T
{
$
3 s
>
* 1
{
i
° <«
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Table VI {cont,)

|case  Slope| At Gage sta 22,0 At Gage Sta 25.0 |
| #lm Jna e e mAL m/m
£t ¥ mex ‘| ave mex | ave l
d/L & 0.242 /L h)/L = 0.97
“ _ . S
0158 6051 0139 0114 ‘ .I58 0123 K l
«252} ,197| .258) 197 1)
<147 5130 ITE 12 0}
.196} .165 - .2160 .181. 0
zgjgﬁ.glsh | 4304 .234 1.
d/L = 0.240 4/L, = _b3/L = 0.93 =0
R - T [ N
VII -268| .086|  300| .258 368 JB2L | 4|-] 2
IX 277 .216 355 309 34| 2
XI .zs4l.234 314| .264 1(-] 0
|11 -202} 3169]| .251| .238 23] 2
L = 3,92 /L = 0.192 4/L, = hi/T-= 0,75 =
VII +196/ .050)| .327|4 374| ,326 3] 1
{vIII | | 356 442|390 (3] 21
X op VIT Do.| VII | |
XI 31{ «394 495 415 3.
XII 1 7 6] +383 447/ .380 2 |-
L = 4,25 d/L = 0,177 @& -0 }wmgo&a
VII .120] .028|  .350| .316 s3esl J322 || 32
VIIT : ..292',275; - 277 - 4250 113
IX «342[ ,292 - - o321 L2861 4|3
‘;XI 9_450. _9416 e -—:—446 - - v384 T :'._:. ] 2 ‘.-
XIT |__.484] 425 4291 ,375 || 3|2
L = 4:34 d/L = 0.173 4/L, = h /1 = 0.67
VII b 2307} 071}  .543|.507 ~327 #450| +392
VIiI ~ +580| 554 | 544 .495
o4 Do.|VII || Do V1l
S 2495 45711 I a3l .53 ||
[XIL | 4[ nJ ,518].476 _ | -488| sa39 |
L=5.21 4k o0.148 &/1, hy/L = 0.56
fviz ‘h.119950224_7.3887.336 376| ,312 ’
VI ' { ] «871|+345]} © 834 .21 f
IX 3881 .319(f | +340[ ,312 l
. XI :l - 35::55; :o449r I { . 0475 : .4]:1
|x¥1I { +5171.4400. - L . L 440 411 |
[ L e - rmnd e e —

e A el o ot e e o ohrne

o endn o A o e




Taole VI (cont.)

- " jcase| Slope| At Gggze Sta 22. o At Gage Sta 25.0 Remarks
- A0 1 Hy Hl/L Hl/ui; /H. r | F
‘ £t l max ‘a* @ max l Hve | M| SE| WO| 2
L = 5.30 a4/L = 0,142 d/Lo = 0.101 hl/L = T = 1.16
viI .2861.054 | .554|.408](.288 .053| .576 | «534l ol3| 2| o
: l‘vm 630 |+580 : 1 +645 | .609 03] 3| ¥_
USSR . » S ¥ e —Dos ) VII | | D6s | VI i
- o XI ‘ 0660 0652 ) | 0659' 0641 0 “3 ) Q 1. o
) XII 0592 0550 ! q608 K 0557 »_4__ 5 _2[__.' 0
L = 6.06 d/L = 0.124 4/L, * 0.081 hy/L = 0.48 T = 1.25.
o vt 19014031 | .700 |.663[.189 031! .755 [.706] o {3] o] o
5 VIII : - 4668 {584 | 718 | +594 ol3]z2]o0
. X Do. | VII Doe | VII| 1 T
X1 o794 |JT4T| 853 | 8101 03| 0| ©
XII o . «684 .651) 707 | 2669 213 1{o0
L = 6,13, 4/L = 0.122 /L, = 0.079 hy/L =048 ~ T = 1,31
_ ‘ : “ : ! : ) )
VII . «316 4052 | +773|.700].317 .052| .802 {735 0|3 1| O
VIII +780 | 4718 | #7983 | .773 03| 2| 1
1IX 1 5 - Doe| VIIf Do. | VIIJj _ 1
X | © ] +810.776 875 | .830 ol3] ol o
X1t | __| 802].706 « 818 o755l 213] 2] 1
o Teble VII Data Summary For Model Orientations for d = 1.00 £t d/hy = 0.34
. _|Case| -Slope ] - ; - s o
d 3 i° | H;  |H /L Hy/H; IH Hi/L; H,t./EIi . -
- ) £t ' max (ave ;|f% ‘ max |ave l M | SE| WO} 2
' L = 3,03 d/L_ = 0.320 hy/L £ 0.96 T £ 0,74
VII 144,214 .070| .256 {184l 3 (2| 0 | 3/2
| VIII 292 416 | J377 olal 2} amy
:}L _ f-ajx » 148 023'1 ol_gr - 21z 1 7_ 1/2 g
. b o177 278 1,281 0|3 0] 1/3
i XII <1631 - o ee80 LA 21z 0112
i L = 3.90 d/L, = 0,236 hy/L % 0.75 T = 0.88
3 Vil «36901.239 <061 o469 | 372 of3 1] 1
T |VIIZ 457 502 | .448 03] 3|1
b . X VII Do. | VII o
3 X1 475 | 497 | 472 o2 |00
{x11 430l | 482 |salof| 4z |1l o




Table VII (cont)

Caseé l Slop

m5751

5 |

&/L = 04197

074

He/Hy

mex | avé ||ft

672
707

- :i;:'iﬁ“"'

Zkg/L |

4/L, = 04166

611

- VIT

le381

«075

«715

26951

.é?ﬁ
2627

hI/L = 0.57

mex riave T

<677 -

-].684
-Da..

CAS

,.716
| 738

«602
<625

N,JTTT .

.675'

26510

.404[

=O65:

d/L, = 04119

1e8235 b l o797

1 .788

.069

,hi/i = 0.46

«755 1
e TO8Y

715/
VIT
. T78
2688]
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72
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SIDE END

Block A © 8 required (for intermediate lengths & cut-off
panéels)

RECTANGULAR BLOCKS (os in Table I)

[

=T
*

~—48

APPENDIX A - DETA!LS OF FLOATS
DIMENSIONS IN FEET

.‘
0.042' | le— i’ 4 09— g
B IR L i
- - SIDE S 9 END ,
Block B - 2 required (for cut-off panels) |
Block C - 5 réquired |
|
E:
_ L‘ L |
e B e
7 |
2.0’ ‘ > TF—————O 94 —————-[_i—
© ¥
Block A, each end ¥ N
- S ®
SiDE , END SF
BLLOCKS WITH CUT-OFF PANELS (as in Table II)
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T

= B e

=3
4

5 I . ] L Ll o Lyt /4/_/7’_4;43___1—", . 7 '
o e o e ~ ﬂf ,/[//L;//;?~ A//‘z/ﬁ/___‘//éﬂ § _:
R 2.0 ﬁ !“ -0.94° -1 i
Block B, each end T 2 i
S S
— S : SIDE — ——END _ ;
———--—-,——-—-:———~—'—-———————-—--— 4 ‘—7[77—-@*_—%/“—‘-:6"- i 5
72 \\X\\X] 2 s . - N g ]\v\ ,\\>/ B N N
B o F y S e T
. oY T » T 7% ©
Block C, 2 each énd, | in middle §‘ 3 ‘
(see note) o ‘ |
SIDE END
I o
3
i)
, L | é
L - Note: Blocks C mounted thus so :
s /1.5 = > that mass ond droft will be :
the same as for following 3
BOTTOM two arrongements. R : ?
' ¢ R
Tt = ——— \—;\;— } L7 7 wfﬁ—nﬁ%ﬂ-#}éxy‘-’%ﬁcﬂfi . {
. o 1 i
o 1.5 - —é‘_l-*— 0.94" ; |
N < ; |
SIDE N END 2 Co
_ — R - = R —
; .
- = ket s . '-;:l::‘ o T T "“l _g
) —_—— = — == a = =] R e «;’/«a@—t !
‘ - E] Tl — l ‘:TF ( ! !
4 equal spaces ——j * M 0.94 R |
¢ N — ~ |
1.5 o - N . z
SIDE END i
BLOCKS WITH CUT-OFF PANELS (cont) -
~ - - e pvy - - —_— ~ = - H g
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APPENDIX A ({cont) :



‘MODEL OF NAVY LIGHTER PONTOON BRIDGE STRING
14" (2 PONTOONS) WIDE BY UNIT LENSTH

Note: Bridge string used on edge as cut-off panel

APPENDIX A (cont)

it

B S e

- - "
IF - 2.92' = . -
SIDE '
3 3} B T 1
! bl ‘
| 5 { “
A —= = S S e e e e 1 E
_ il R = ‘
. ' l ~
]
H : : K
3 B \ {o
. Pl
o ]
s |l A . -
' i
I 5 , B
[ _l;' S —— = s T S . L —J'—- -,
!* 2.92' = - J
BOfT‘TOM
0177 —> _ , ‘ 0.083r _L
/8¢ B ' ) S 1T 77\ ] |
- le-0.086" 1 A
S Ny {
¥ - :
.DETAIL A - g- DETAIL B~ S :
] i
MODEL OF NAVY LIGHTER PONTOON SECTION OF UNIT WIDTH F
BY 175' (30 PONTOOWNS) LONG P
Mode! scale factor 1/60 : ‘
B [ _— = T
- — - 7 : |
, D
| X P
% i -
j
0.083'—| b ’FT_Q.:QS’—uf:!II ,_;:J{’ -
- n
, o !
SIDE .E[\{ ?“;#4,__._.9:.@ : |
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Detrdils of orientations fested: =

Note |I. Length of mooring =6 x depth for all dases

2. Except for Cases I and MI the «density of the modél dver the ballosted
length equals approximately the -density of water.

By =2.92' . —

003 hy —~ p——

it
N

J) - ———Ballast full length —— - - >\
" m
SN ” 1
S A Mooring —

hy ,_
! 1/1 -

i (varies with d)

CASE I

APPENDIX A (_vCo‘nt-.")r




) CASE X

//// T T7777777 A 7

| CASE W

////////////////// ////7////////// 77777

-Ballast full length -

o 003 H— |

~rr > g v a0 & vowsmo T v v v S o 1 7 2t 2 PP o0 20 2 A 27 0 05 v 2 0 2 4 zr>

Ballast bridge string—.— 7 o 1 : |
' ‘ a‘05ﬂi-—3- VS

/ ///// ////////// ///////////////// 7
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PROFILE OF DEEP WATER “WAVE

Bottom

ORBITAL PATTERNS. OF WATER PARTICLES .
FIGURE | !

- Wove Absorber - —

Beacﬁ =~

_Resistance Elements.
To Wave
Recorder

(4 %?aj%

B b 7est Ai?a -

} . S [P -
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