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~E_This inveﬁtidn relates to marine vertical wall ,
breakwaters and more particularly relates to g hollow
caisson'étructure having a perforated sea wall and an
adjacently connected storage chamber for dissipating the
energy of Ilncident: waves and for reducing the amplitude
of clapotis on the seaward side of the structure.

Waves generated at sea by a wind, as when a strong
on-shore breeze is blowing, approach the shore-line as
mixed trains of?different wavelengths, directions, and
heights., When the waves impinge upon an obstacle such as
a sea wall or vertical breakwater, they are raeflected ang
glve rise to a system of stationary waves on the seaward
WAUW,  Bidah ARU¥NFBaNEN L Wl TAARNEUAN ) el W Eha PR ae
terized by oscillations whqsb amﬁlitude aﬁproaches twide
the height of the incident waves, For the majority of
ocean waves having perlods between about five and fifteen
seconds, it is necessary to builld extremely heavy and strong
Sea wall structures in order to resist the varying dynamic
and hydrostatic pressures due to this perturbation. Usually
breakwaters constructed in shallower waters, for example in
depths lying under eighty feet, are simply piled masses of
stone or rubble laid on the sea bottom, presenting a porous
upper surface structure of larger blocks plled at random in
the openings of which wave energy 1s partly dissipated. Wave
run-up for waves lncident upon rubble mound breakwaters of
typlcal slope may be such that the structure requires to be
built twenty to thirty feet higher than mean sea level, with
a base often spanning two hundred feet or more,

In many harbour locations the great mass of stone of the
range of slzes sultable for construction Bf either vertical
wall breakwaters or of capped rpbble mounds 1is not available

locally. The wave-resisting upper layers of rubble mounds
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of a broad spectrunm of tave periods, having the form of a

horizontally extended uncoversq tank or chamber comprisad of

apertured over its face, the rerforations cémmunicating with
the tank or chamber volume, |

Applicant has discovered that by exposing a perforated
Planar vertical frqnt wall of such hollow caisson to be
impinged by gravity water waves, the wall having the
barameters of thickness and hole dimensions so chosen in o
conjunction with the dimensions of a connected chamber or chambersf}'
a8 to produce optimunm attenuation‘of wave energy in a glven
Spectrum of wave petiods, a highly efficient breakwatar
structure may be realized with great economy of materials.

clapotis whose amplitude is very much less thén the amplitude
of clapotis attending any conventional breakwater, and

provides a calm harbour on the landward side of the chamber
pernitting ships to be mopréd there, |
According to the invention in its simplest embodiment,?
an improved vertical wall breakwaﬁer comprises a pair of
horizontally extended verfical wall slabs uniformly Spaced o
apart and integrally Joined with a horizontal base memberel o )

braced with each othér, one wall being pérforated by a gre}
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number of transverse phannels or ducts uniformly distributed
over the area of the wall, the perforated wall being located
in the path of waves. Fach wall of the breakwater extends
above mean sea level and extends downward for a distance
corresponding to from about one-eighth to about one-quarter or
more of the wavelength of a wave whose energy 1s to be attenuated.
Such wave may for example have a period of eight seconds, as
would be found by observations at a particular location to be
protected to be the periqd of waves_having the highest energy
among trains impinging on the shore. The spacing between the
walls is‘chosen to be somewhat less than the wall‘height, and
for the example given may bekfrom about twenty five to about
forty feet, to form a chamber of any desired length. The ends
of such chamber may be c;osed, by end walls, or they may be
left open, particularly where the horizontal length of the
structure 1is large. _ ‘ -

The maximum effectiveness of a hprizontally extended
breakwater structure of such form has been discovered‘to
depend upon the combination of a suiltable ratio of total duct
cross-sectional area to wall area of the frontal (i.e. seaward
facing) wall together with a suitably chosen transverse dimension
for the connected chamber and the absence of any perforations
in the inner (i.e. landward facing) wall of the chamber. Such
structure provides a means for»absorbing.wave energy, a part of
the energy of motionﬂof_water particles forming an incident wave
being periodically transfprmed.into‘popential_epergy within
the chamber, alternating with periods when the potential
energy is transformed to kinetic energy, each transformation
being attended_by»epergy ;nggs phrpugh tgrbu;ence resulting
in its ultimate dissipaﬁipn_asvheatf7»When‘a wave of a train
impinges against and Trises up the frontal_gpgrtured wall, a
series of water jets flowigg in the apertures is developed due

to the hydraulic head of the

-4 .
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rising mass of water, inducing turbulent flow within the
Jets and throughout the chamber. The: energy of fluiad motion
is rapidly dissipated in vortices, eddies, and like motions,

and Lh Sastiheg aumped Wy She ﬁrd-en-- ol -ntrqtnad‘qtr.
When the duct dimensions and chamber breadth ,are

properly related to the wave period the chamber . fills “with

a time lag between the time when the ascending incident

wave reaches its crestuand the time the chamber level rises to
its highest. point. The chamber empties as the amplitude of
the incident wave falls below the chamber level, in a manner
similar to the fiiling action except that the direction of
Jet flow is reversed to spill fluid out into the seawarad
zone, thereby inducing an intense turbulence and entraining
air at the trough of the waveeadJacent the sea wall, the
turbulence extending throughout the region in which clapotis
would tend to be developed by rerlection. The result is
therefore to dissipate the wave enorgy ultimately as heat
produced from kinetic energy through turbulence while the
wave amplitude at the front wall is increasing and while it
1s decreasing, and thereby the amplitude of the clapotis is
greatly diminished in comparison with that produced by
conventional breakwaters.

The invention may also be put into effect with a
chamber subdivided transversely, i.e. in the direction
perpendicular to.the frontal wall, by a number of apertured
vertical walls sﬁeced between the frontal wall and the

hAAwY wedd 8 iau aARsMWEw ) wﬁiﬁitv "he snusay Abewbpaiten
is more gradual.;

In order that the practice of the invention may be more
fully understood?it will be particularly described hereilnafter
with reference tofpracticalfembodiments illustrated by the
accompanyling figures-of the drawing, whereins

Fig. 1 is a perspective view of a section of a vertical
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wall breakwater aocording‘to the invention, having two walls;

Flg. 2 1is an elevation view of a vertical transverse
section of a breakwater as in Fig. l, shown in superimposed
relation on a partial cross section of a prior art rubble
mound breakwater of equivalent protective function;

Fig. 3 is an ei?vation view of a transverse vertical
sectlon of a prior art solid vertical wall breakwater, showing
total reflection of'an incident wave at its crest;

Figs. & to 10 inclusive are elevation views of a
transverse section of the breakwater of Fig. 1, showing
progressive stageé of an impinging wave over the half-period

from crest to trough; : '

Pig. 11 1s a graph describing the reiationship of
water ALleveis eutnide and inli§9 the ohambar fopr a single

period wave; ,
Fig. 12 is-o cross-section taken on the line A--A of
Fig. 1, in a diamotral'plane through a duct in the sea'wall;
Pig. 13 is ; graph snouing-rerloction coefficlents for

‘the breakwater of Fig. 1 for a wave of any period of interest

with varyling wave. camber, and the phase relation of chamber
level with respecf'to incident wave amplitude;

Fig. 14 1s on elevation view of a transverse vertical
cross section through an alternative form of breakwater
having a chamber subdivided by two intermedlate apertured
walls;

Fig. 15 is on elevation view of a transverse vertical
cross saction of ; two;chamber breakwater for absorbing
wvave energy arriving from elther side and,

Fig. 16 is a modification of the breakwater of Fig. 15 ¥
to provide a bypass for current flow through the breakwater.

Wave motion in wave.trains“propagating in deep water
is made up of circular orbitai movaments of water particles,

the orbits having radil at the surface equal to the wave
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height and difmindshing with depth below the levol of the
mean sea surface. At depths below a half wavelength the

particle motion is negligibly small, so that the surface
layers of the sea possess the greater part of the wave
energy. For example, ﬁ?r waves having a heisht of twelve
feet the zone of appreciable energy of wave motion lies
above a depth of about fourty feet.
The propagational velocity of unimpeded waves 1is

expreésed by the relationship:

eq = V g]_:‘d.tanh_(Qh H)

T
where cd 1s the propagational velocity measured along

ooogoooo..‘ooo(l)

the surface, and hereinafter referred to as the celerity,

g 13 the acceleration due to gravity,

Ly 13 the distance between successive wave orests of
the same period; and, ' _

H 1s the vertical distance between mean sea level and

the sea botton.

For waves in very deep water the argument (21TH2

becomea large and the expression (1) simplifies approximately

toa
Ca gno 890000060000 LI W I Y 2
-V g )
which reduces to: '

I TY L WV 7 Meianennnansencernecace (i)
where L, 1s the deep water wavelength of the wave. '

As waves move into shallower water, where H becomes
smaller than L,, the celerity is much decreased to a lower
value, which 1s related according to (1) with depth, and
1s written co. Thé period T:and-wavelength'Ld;for”any'giﬁen
shallow depth d are therefore related accordipg to the

equation:

cd - Ld
= T

While a wave has its celerity, length, and period

; .Qooo..oooq.oo0000000000(4)
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determined by (h), it may have any height, except that for

a wave camber 1arger¢than La/12, the wave breaks and 1ts
energy Qissipatee. Consequently for wave trains composed of
waves having per%ods within.fhe-range‘from about seven
seconds to aboutitwelve seconds in shalloﬁ‘waters the
maximum wave heights are such that most of the energy of
motion is contaiﬁed in the zone extending twenty to fourty
feet in depth, ;

Referring.aow to the drawing,}one form of a breakwater
according to theginvention for attenuating energy of incident
waves 1s generaliy deslignated at 10, comﬁrising a horizontal
Suppoirt slab 11 ﬂaving integrally joined vertical sea wall
12 and soltd verﬁical parallel wall 13 rising therefrom.
Preferably the wails are braced together intermediate the
support slab and;ﬁheir upper margins, as by a transverse _
1ntegra11ysfermed beam 14 extending between them about ten
feet above mean sea level.

The structﬁre may be integral as illustrated, and such

unitary form may be realized as a cast sbpfucture of reinforced
NIAWERES Pavined tn MHRGLERE ) HNN NNARANWKENY BOLAE ANNeaRLed

as adjacent sections suitably joined together with cemented
Jolnts. The sea»ﬁall 12 and inner wall 13 shown in the
perspective view; Fig. 1, are made generally coextensive and
are extended considerable distances along their length as
required. The walls rise a constant distance above the mean
sea surface 15, and extend also below. the surface, the
distances being chosen appropriate to the wave conditions
which, pertain to the location of the breakwater. In general
the horizontal 1ength of the structure will be hundreds or
even thousands of feet, and the exposed height will be from

.about ten to twenty feet above mean sea level so that for the

combination of highest tides and waves the upper margins of the
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walls will substantially remain above water.

The structure is preferably placed on a mattmess 15 of
broken rock or like q?terial,_laid upon the sea bottom 20 to
extend beyond the: sea wall 12 and inner wall 13 a sufficient
distance to ensuré stabllity. The depth of such layer is
not critical, and the layer need not necessarily be impervious
to water, )

Chamber 16 formed between the extended pair of opposed
walls and bottom slab 1l will be seen to contain a volume of

water when raxz«a to0 mesan sea leved, indiented at A5, which
i1s separated from the leeward zone 17 except at the chamber

ends, and which is in direct communication' over the whole of
the submerged part of wall 12 with the seaward zone 18
through a multiplicity of duq@; 19. Each duct is substantially
coextensive with the transverse dimension of the wall 12 and
constitutes a short tube as best shown in Fig. 12, having a
length equal to o; a small multiple greater than one, of
thé diameter, In;one practical embodiment the diameter was
three feet, and had a 1ength of 3.5 feet, In general the
ratio of length to diameter may range from about 1l:1l to about
3.5:1. :

The breakwafer 1s located in a position as may be
understood by refgrence to prior art rubble mound 30 shown
in Plg. 2, and 1sjso disposed that seaward wall 12 1s exposed
to trains of 1ncoﬁing waves ﬁhose energy is to be absorbed
at least in part. Unlike prior art rubble mound breakwaters
which require to have a large-mass, and which cause the
incident wavé to break upon‘iérge randbm stone blocks,
resulting in plun;ing breakers and high dynamic forces, the
breakwater 10 seeis,to avoid épﬁrecigble wa&e'run-up by

transforming potential and kinetic energy of wave motion into

controlled kinetic energy and stored potential energy, and by
"

-9 - ;
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dissipating the pqtential energy of a volume of water -
temporarily stored in chamber 16 throughout the seaward zone
18, as will be dééﬁribed more particularly hereinafter,
When a wave gt 1ts peak amplitude impinges upon the
perforated front wall 12, as in Fig. 4, the non-apertured

areas thereof ind;éated at 22 1lmpede the circulatory motion

WA SERANALIY MNGAAE WANEE PENBLELINE, WRLEN A% ENEN sNaEw wF
the wave have substantially horizontal motion into the wall.
as a result the water levels of chamber 16 and seaward zone
18 adjacent wall 12 will be uﬁequal. Due to partial
reflection of the #ncident wave 1ts crest height at the wall
willl be somewhat higher than the iaximum wave height in the
open sea, but the increase in height will be hinor as
contrasted with Fié. 3 showing td the same scale the phenom-~
enon of wave helght doubling aha leaping resulting from
total reflectipn aéainst a vertical sea wall 12 having 1its
apertures sealed ﬁo simnlate prior art structure.

Due to the hydraulilc head prbduced by that portion of
the wave which 1lles above the liquid level of the chamber 16,
part of the potential energy 1s transformed into relatively
high velocity flow through ducts 19 in the form of large jets .
spllling into theuéhamber 16, and the remainder of the energy
including the kinetic energy of particle motion is partly
disbipated in heat losses in fluld friction at the front wall,
and partly reflectéd seawards, as stated. The supply of
water tends to bef@aintained in part by virtue of the inward
horizontal motionsiéf7water particles throughout zone 18.

Fig. 5 111ustrates the wave state shortly after that
shown in Fig. 4. ,A small clapotis peak 31 has moved avay

'rrun wiriil Any wu&mu n uﬁuu A0 WASHLA SRAmNEE A8 Han sMeved S

the inner wall 13 3 At the stage shown the orbital motions of
the particles in zone 18 are generally in directlions inward and
slightly downward’ and the Ilow in all of the submerged ducts

- 10 -
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19 is at its highe;st rate, so that the level of water
adjscent the inle; endsvo: tne ducts falls while the
chénber level is rising.

Fron an inspection of Figs. % to 7 inclusive 1t will
be made evident tnat.the chamber level continues to incfease
vhile the amplitude of the incident wave falls and that at
a time when'the ofbital motions .have become vertically
downwards the chanber level begins to fall. Thereafter, as
will be seen by reference also to Figs. 8 to 10 the chamber
level falls further, lagging behind the wave height at wall
l2. Therefore a'phase shift'may-be adduced between the
chamber level and the level of the incident wave at the
perforated barrief'lz. The curves 35 and 36 in Fig. 1l

respectively show the height above mean Sea level of water
at the outside of wall 12 and the helght of water in chamber

16, referred to mean sea level shown by the broken horizontal
line 25. The curves illustrate:the system operating in
equilibrium with Qaves of constant period and amplitude,
but are illustrative in generai:of the differences in level
between opposite sides of a perrorated vertical wall having
a connecting chamber of fixed:plan form serving as a
tenporary'storagefror water injected from the seaward zone 18,
for a broad Spectfum of wave perlods,

Without in eny way restricting the description of the
actual relationships and phenomena responsible for the

erficaceous Operation of a breakwater as shown, 1t is

; possible to represent”an electrical analogue of the hydraulic

system in an embodiment of the invention by a terminating
impedance for a transmission 1line along which a slnusoidal
electric wave is prOpagating.f Those skilled in the artwwill
understand that .the avoidance of reflection of wave energy

in the line requires that it. be terminated in a characteristic

i

- 11 - ;
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impedance, usually a resistance.’ While the actual
explanation of tnefbehaviour of' the hydraulilc system is

undoubtedly far more complicated, the analogue of a
complex terminating impedance comprised of lumped
inductance, resist;nce, and capacitance connected in
series, may be con51dered as beihg connected to the
transmission line having its counterpart as the sea, for
absorbing a part of the energy propagating as ocean waves.'
It may be shown that the force acting upon a cross-
section of fluid filling any duct tending to produce rluid
Joets therethrough is: ‘
F zQs R A ¢
where § is the density of the fluid, 1 e., sea water,
S is the‘orifice cross-eectional area, and
V 1s the velocity of’fluid moving in the duct.
The hydrostatic heed D respomsible for accelerating the fluid
1sg oo - %hj!
| D=Q. (B = h2)  ceeerernnernnennaann(6)
where hy and hp are reepeotively the depths between the
axis of a duct 19 :_end the fluid free surfaces on opposite sides
of wall 12, hy being taken on the seaward side,
The velocity may be determined from (5) and (6) to bes
V2 = k. (hy - hg) ...,................(?)

where k is e oonatant.;'
The relationship holds for all of the ducts formed in

sea wall 12 which’ liefunder water at any instant, and the
velocity of freely spllling jets is found directly also.
The parameter hy for unimpeded Stokian waves without
a reflection component is time-varying in accordance with the
harmonic relation-
hl = Aw.sincum R €53

where A, 1s, ‘the wave amplitude measured from crest to

i

- 12 - ;
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mean sea level, and W = 2T

, SE——

The uppermost holes, i.e. those slightly above and

below the mean sea level 25 are submerged only part of

‘the time and takeépart in the‘energy disslpation process

only at intervals. As will be shown hereinarter, the
entrainment of large amounts of air by reason of free fall
of the fluia streams from the upper holes provides an
effective mechanism for damping energy of fluia motion,
both within chamber 16 and in the zone 18,

The flow of fluid in all submerged ducts is a mass
b¥anspost aetien; resulting i the horisontad dispiseement
of .a relatively large volume of ‘water in unit time, when the
totel cross-sectional area of all submerged ducts 1is of the
order of the total non-apertured areas 22. The ratio of

apertured to non-apertured frontal area of wall 12 is not

‘critical, but should not depertgmore;than about 154 from

a ratio of unity for a two-walled hollow caisson as described.
by choosing reletévely 1argeidiemeters for the ducts 19,

for example of tbe»order of 0.0l wavelength for the more
energetic waves ot a Spectrun of periods encountered, the
head loss in the‘channels through fluld friction may be kept
small. For waveS?or elght second period a diameter of three
feet or slightly.more is suitable, and has been found
satisfactory ror'e b%oad spectrum of wave periods.

For all appreciable values of (hl - h2) when the struc~
ture has the axes: of ducts 19 horizontal and the duct length
lies 1in the range! from 1.0 to 3.5 times the diameter, the
velocity of the water Jots will be several feet per second,
ranging upward to’ 30 feet per second or more for highest heads,
so that the flow will be turbulent In a system in equilibrium
with a sea excited to wave activity the Aincident waves will

already have some ; turbulence and entrained alr, so that turbe

ulent flow in the’ ducts will be the ruls, and the flow vill be St

/
;

t ' - 13 - n




10

15

20

25

30

i 869955

at high Reynolds{numbers. The jet of water moving through
the duct will thérefore have substantially uniform velocity
over any cross séction in avdiametral plane except very
near the walls 33. The jet velocity in wholly subﬁerged
ducts for a harmonically varying difference of heads

acting on Opposife ends of the ducts, may be shown to be;

v = AWJ_.SinL&)t e 0e 000000000000 (9)
. w
where A,y represents the harmonically varying head

at its maximumn amplitude.

Throughout the entire cycle from incidence of the crest
of one wave on wéll 12 to the arrival of the‘creét of a
succeeding wave,.it will be apparent from.Figs. 4 to 10
that energy of oscillatory motion of particles constituting
the wave is tranéformed first:to kinetic energy of inflowing
Jets, until a time when the wave height and chamber level

roughly coincide, and that theraaftef the~chambér retains
NGUFaR OneNgY A6 & HOGM Lungee BRRA SRe . wave heigne, unsai

reverse Jjet action again transrorms‘the‘energy to kinetic
form. The figures of drawing illustrate only about 180 .
degrees of a wave period, i.e., from crest to trough, but
the operation for the remainder of thé cycle may readlly be
inferred. :

A very subs#antial degree- of entrailnment of air in the
masses of water_édjacéht the -wall 12 and within chamber 16
will be evident,%this effect resulting from the free falling
streams of water;Spilliné from such ducts as have one end
uncovered, The-éction'which occurs Jtst prior to and
shortly after thé»tfpugh of the wave-reacheévwall 12 is
particularly efféétive to diffuse air thropgﬁnut the seaward

zone 18, since tﬁe chamber contents are substantially permeated

by air bubbles and all ducts injeet air by entrainment into
the wave trough.l The effect of éuch alr injection is

- 14 - ;
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undoudbtedly to pro@ote and accelerate dissipation of energy
of motion as heat, |

It is also to be noted that the instantaneous directions
of water particles undergoing orbital path motions in the
incident wave are fo an important degree aligned with and
in the direction of the fluid jets inflowing (Figs. 4 to 6)
while the outflowihg Jets (Figs. 8 to 10) approximately
track the orbital paths of particles of the waves at its
trough amplitude. 'The relationship just described may be
inferred t6 contrléute largely to the reduction of clépotis.

The presence,t;f air bubbles and vigorous currents of
water noving through ducts 19 ﬁay in time erode certain
materials of wﬁichgwall 12 may be const?ucted; for example,
concrete should beéprotected bxisuitable linings, as
illustrated in Fig. 12, showing a metal cylindric tube having
cylindric wall 33 forming the boundary of duct 19. The ends
of the tube are preferably flanged radially to 1lie closely
against the front and back faces of wall 12, thereby to
protect the edges of thg circular Openings ané to lock the
tube in place. Any sultable metél having corrosion-resistant
properties in sea water may be employed which will withstand
the abrasive forces to which such tube may be subjected due

4o detirds and sadd entrained 1a the water, .
For a given relationship of chamber breadth and front

wall perforation, itthas been found that for any period of
interest, e.g. in the rénge froﬁ about one second to about
seventeen seconds, the phase shift increases with increasing
wave camber up to values of camber associated with a breaking
wave, Fig. 1l graphically shows the phase shift between the
amplitude of water outside wall 12 (curve 35) and the
amplitude of the water inside chamber 16 (curve 36).

In Fig. 13 curve 38 is drawn to display the relationship
%

- 15 - :
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between wave camber,}which 15 the ratios
“with respect to phase angle by which
chamber level lsglags the wave amplitnde at the front wall.
Curves 38t and 38™" depict the phase shifts pertaining
to cnambers reepectiveiﬁ smaller and larger than that for which
curve 38 is plotted.
Curve 39 shown in Fig.v13 Trelates to wave camber for

any period with reSpeet to reflection coefficients, showing
that for high wave cambers, i.,e, for energetic waves, the

percentage of the energy reflected in clapotis is less than
for small waves.;

Referring now to Fig. 14, there is illustrated a
further embodiment of the inrention, wherein the space
between a frontal apertured wall 12 and an inner solid wall
13 1is subdivided;by two Spaced'vertical walls 40 and hl. In
thls embodiment the tank or: chamber is realized as three
adjacently 1ocated and interconnected chambers 46, 47, and
48, the partitions or septa 40 and &1 being extensively perf-
orated by openings 19 similarly to front wall 12.

In the construction or such alternative form of break-~
water the ratio of the unperforated total areas 22 to the
area of all duct cross sections for wall 12 may be made o
smaller’ than unity, l.e., 60 or more of the frontal wall
area may be constituted as cireular apertures 19. BEBach of
the partition walls or septa ho and 41 may have equal total
areas of perforated and unperforated wall portions, or the
percentage areas of apertures for the three perforated walls
12, hO and 41 may range in. decreasing magnitude, wall kl
for example having only L40% of its surface constituted by
apertures. Such: form of breakwater will have a phase lag

from ¢hambeyr to ehamber and the motion within the epace

- 16 - ‘ | ' T
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bounded by walls 12 and 13 willibe more controlled thap in
the single chamber embodiment. The percentage coefficlent
of reflection for 1ncident waves may, for suitable relation~
ships of aperture ratio and breadths for each chamber, be
smaller than for the single chamber form.

In some locetions it may be deslrable to protect zones
adjacent a breakwater on either side, as for example a
fe;ry route between 1ahd masses separated by a strait,
subject to storme and high wave conditions from opposite
directions. Theisingle breakwater construction of Fig. 1
may be doubled as in Fig. 15 to provide two back-~to-back
separate breakﬁaﬁers, each having reSpective perforated
walls 12 and 1l2% exposed to incidence of waves from adjoining
seawvard zones 18, 18*, a4 soiid Intermediate vertical
wall 13 extending coextensively with the outer walls in
both the horizontal and vertical directions separates the
respective chambers 16, 16¢%, In all respects this construction

conforms to that previously described, and the cholce of

BhAnS AUHD snd yuvu asbkon ke aw mbatod hereinbefviv. '%7'

It will be hnderstood'that such structure may extend
short of land méeees at opposite sides of a stralt or passage,
or it may be Joined at one end with one of them, to permit
vessels and small craft to proceed along eithar side depending
upon wind and see conditions.

In the medﬁfication shown in Fig. 16, a dual breakwater
comprises the pefforated palr of outer walls 12, 12t as ih
Fig. 16, supported from a horizontal bottom slab 11, which in
turn is supported on a submerged causeway 15 which méy be of
any depth, Sucﬁ'sq§ucture»has epplicatiog to the rebullding
of existing causeways subject to high costs of annual
maintenance of capping stone, eroded by wave action from

either direction along a strait or passage between separated

- 17;-\ ’
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land masses. The 1ntefmediate'wall 53 is made relatively

broad, to support roadways. and/or ra&lways on lts upper

face 5%, Where there is a strong tidal flow transversely

to the breakwater length, or where the structure is erected

across an estuary, provision is made to pass a current of

water through the 1ntermediate wall. This may take the form

of a tiler of ducts o communicating between the chambers 16,

16t and placed adjacent the lower margin of wall 53 to

reduce the transference of wave energy between zones 18, 181;Tﬁ

while allowing a considerable flow through the structure.
Preferably the 1ength to dilameter ratio of ducts 49 should

be large, for example between about 5:1 and about 50:1.

- 18 -
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

CLAIM 1. A breakwater comprising a pair of spaced-apart

upright walls extending horizontally‘and supported on sea bottom :
and rising above the highest wave level, one ofAthe walls being g
dlsposed in the path of deep water waves and having from about :
40 percent to about 60 percent of its area apertured by transverse
ducts uniformly spaced apart and coextensive with the wall thick-
ness and having a ratio of length to diameter ranging from about

1.0 to about 3.5, the other wall being unperforated and spaced

from sald one wall by from about 16 to about 70 feet distance to
define a chamber between sald pair of walls, said ducts gulding

flow both into and out of sald chamber as Jets in accordance

with the differences in oscillating water levels at opposite

faces of sald perforated wall,

CLAIM 2. A breakwater comprising a pair of spaced-apart upright

Vol ik nuﬁ&nﬁtﬁn ﬁuﬁiuﬁuﬁdaab una,umﬁﬁaﬂﬁuu wih NER Wetihem sne

rising above the highest wave level, one of the walls being

disposed in the path of deep water wave trains and having from ;
about 40 percent to about 60 percent of lts area apertured by ?
cylindrical ducts uniformly spaced apart in columns and tiers and
having diameter and length dimensions of the order of three feet,

the other wall being unperforated and spaced from said one wall

by from about 16 to about 70 feet distance to define a surge

chamber between saild palr of walls having an osclllating water

level out of phase with the oscillating water level at the outside

of saidAperforatedlwall,ysaid ducts gulding horizontal jet flow
therethrough in accordanée with differences in sald osclllating

levels.

19
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CLAIM 3. A breakwater for dissipating the energy of
trains of sea waves having a spectrum of periods in the

range from about one second to about seventeen seconds,
ooinprising a hollow eailsson dpdn over its upper side to

atmosphere and having a closed bottom, and'supported on
the sea bed, and having a front wall and a rear wall spaced
parallely apart, said front wall being vertical and
apertured over its entire area by a large plurality of
ducts of circular cross section horizontally coextensive
with the wall thickness and connecting the interior of the
caisson with thé.sea and extending above the highest waves,
sald front wall having a submerged poition'measuring from
about one-eighth to about three-eigths of the deep water
vavelength of a wave having a period of eight seconds,

sald rear wall being unperforated and belng spaced from
sald front wall a distance in the range from about 0.05

to about 0.15 wavelengths of said wave.

CLAIM 4, & breakwater as claimed in Claim 3 wherein the
front wall has a thickness of the order of 0.0l wavelength
of sald wave and 'said ducts have a diameter from about 0.003
to about 0,01 times saig wavelength, and said front wall has
an unapertured cross-sectional area from about 60 to about

40 percent of its projected elevational area.

20
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CLAIM 5. A structure for dissipating energy of Stokian
type sea waves compr;sing a hofizontally extended vertical
sea wall rising ébove mean sea level and extending downwards
to sea bottom In a depth of from one-eighth to about three-

whitbhl ok dhie auap watek wivedength of a weve having a
period of about eight seconds, said wall lying in the path

of sea waves and having a tranéverse dimension of the order
of 0.0l wavelength of sald period, and an open-topped
chamber comprised of said wall and a parallely spaced
vertically extending unperforated back wall, said chamber
having a breadth dimension of from about 0,05 to about 0.15
of sald wavelength and belng connected wi%h the seaward side
of sald sea wall by a large plurality of ducts distributed
uniformly over the sea wall' area and coextensive with the
thickness of the s&ld sea wall and'héving a ratio of length
to diameter raqging from about 1.0 to about 3.5 and a duct
cross-sectionaltdimension of the order of 0.008 wavelength

of saild period.

CLAIM 6. A structure as claimed in Claim 5 including a
horizontal bottom slab closing the chamber and joined with
the lower portionsl9f sald walls, said structure being

supported on a rubble mattress 1aidion sea bottom.

CLAIM 7. A stfucture as claimed in Claim 5 .wherein a
horizontal bottom slab is supported on a rubble mattress
laid on sea bottom and said chamber is divided by a
plurality of further walls spaced parallely between said

sea wall and aaid back wall, each of said further walls
being perforated over their entire surface and sald further

walls belng connected at thelr bottom margins with said
bottom slab andfbeing connected with each other and with
said palr of walls by means of transverse bracing members.

[
‘
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CLAIM 8. A structure as claimed in QlaimAé wherein saiq

chamber has transverse vertical walls closing its ends.

CLAIM 9, & structure as claimed in Claim 6 wherein said

chamber is open to the sea at its ends.

CLAIM 10. & structure as claimed in Claim 6 wherein said sea
wall has an unapertured cross-sectional area in a vertical plane
lying in the range from about %O‘tp about 60 percent of the
projected elevational_area of the wall. ;

CLAIM 11. 4 structure as claimed in Claim 7 wherein sald sea
wall has an unapertured cross~sectional area in a vertical plane
constituting from about_SO to aboup 65'percent Qf its projected
elevational area and said further walls each have apertures
whose areas comprise.from about 40 percent to about 55 percent
of the projected elevational cross-section areas of respective
further walls.

CLAIM 12. = 4 breakwater structure comprising a hollow

calsson having the form of a chamber opening upwards and
bounded by a pair of spaced upright walls and by a horizontal
base structure supported on sea bottom, sald walls rising to a
helght at least as high as peak wave height and being horizont-
ally extensive, one wall being exposed to incldence of deep water
waves and being apertured by a large plurality of uniformly spaced
transverse horizontally‘extending‘ducts,_said ducts_having a
total cross-sectlonal area of frgm‘#o%‘to.éo% of the elevational
area of the wall, and the other wall being unapertured.

CLAIM 13. B structure as claimed in Claim 12 wherein said
base structure comprises a mattress of stone laid on the sea bed
and whereiln said chamber has a depth of at least fwenty feet,
CLAIM lhf 4 structure as claimed in Claim 12 wherein séid

ducts have a length and diameter of the order of three feet.
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CLAIM 15, ~ & structure as claimed in Claim 12 wherein said
walls are joined with said base_structure along their lower
margins and are braced_by transverse planar vertical structure

disposed between said walls.

CLAIM 16. A structure as claimed in GClaims 13, 1%, or 15
wherein sald chamber has its ends closed by transverse vertical
walls.

CLAIM 17.‘ ,A breakwater st;quure_gomprising a hollow open-
topped caisson having a sea wall exposed to wave incidence
formed as a thin vertical slab which is horizontally elongate
and has a submerged depth such that the orbits of water particles
undergolng sea wave motion are substantially elliptical, and
having a solid lee wall parallel with and spaced from the sea
wall by from about 16 to about 70 feet to define with the sea
wall two sides of a chamber, sald chamber having a closed bottom
and sald sea wall being formed with a large plurality of
distributed transverse Qucts :oruguiding_cyclig flow of water
therethrough into and out of sald chamber by horizontally
directed jets.

CLAIM 18, A structure as claimed in Glaim 17 wherein sala
ducts have length-to-diameter ratios of about unity and a cross-
sectional area comprising from about %0% to about 60% of the

sea wall elevat;onal area. .
CLAIM 19, A structure as claimed in Claim 17 or Claim 18
wherein said chamber has vertical end walls and the lower
margins of sald sea_and lee walls are integrally joined by a

horizontal support slab.
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CLAIM 20, A breakwater having a low reflection coefficient
comprising a pair of horizontally extensive spaced-apart
vertical walls supported on the sea bed defining a chamber
located 1in a deep body of water comprising a front wall disposed
for Incidence of deep water waves and a solid back wall, said
front wall having a large plurality of short ducts opening there-
through spaced uniformly over its area for freely directing flow
of water as horizontal jets alternately into and out of said
chamber whenever the wave level adjacent saild front wall 1s

respectively greater or less than the water level in the chamber.

CLAIM 21. A breakwater as claimed in Claim 20 wherein said walls
are parallel and extend above highest wave level so that the

upper Jjets splll alr-entraining free streams alternately into and
out of sald chamber at times when the wave level is respectively

rising along and receding from sald front wall,

CLAIM 22, A breakwater as claimed in Claim 20 whereln said walls
are Jolned by a slab base resting on the bottom of said body of
water and are further Jjoined by transverse bracing structure

above mean water level.

CLAIM 23, A breakwater as clalmed in Claims 20, 21 or 22 wherein
the duct cross-sectional areas comprise from about 40 to about 60
percent of the front wall area, the ratio of duct}length to
dlameter lies in the range from about 1 to about 3.5, and said
solid wall 1s spaced by from about 16 to about 70 feet from the

front wall.,

CLAIM 2k, A breakwater comprising a pair of horizontally elongate
spaced=-apart vertical walls defining a chamber located in a deep
body of water having said walls:extending from the bottom above

the surface of the body and having a front wall thereof

24
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lying 1n the propagation paths of advancing deep water waves

in sald body and having a large plurality of openings therethrough
spaced uniformly in tiers and columns over its entire area, the
other wall of the pair being solid and spaced by from about

16 to about 70 feet from said front wall, said front wall having

a thickness about three feet and sald openings being cylindrical
tubes with a length-to-diameter ratip in the range from about

1l to about 3,5, sald tubes having horizontal axes.

CLAIM 25, A breakwater as claimed in Claim 24 wherein said-
tubes are terminated by integral flanges radilally out-turned

and secured to opposlte faces of sald front wall,
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