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Titl e*of the Invention Fl ow Perneabl e Breakwat er Structure Background of
the .fnvention (Technical Field] The present invention relates to a

f1 dw per meabl e breakwater structure which is enployed to forma water area
of calmess in a port or harbor, or to decrease entry of waves into
water-inlet and water-outlet of a thermal electric power plant in a coastal
area. [Background Technol ogy] In cases-where piers or marinas are
constructed in ports or harbors, where places for increase in planting or
for curing eselesbEbkhahedvenbess t he operating efficiency for offshore
construction operations, or where noored structures are protected, it is
necessary to i nsFabiv-Rexmeablenpreakiateiruseructareequired area of water

- and thereby ensure a desired | evel of calmess in such area of water. An

ordi nary gr Beckarbupnd bfetheafnventiiopases in cost as the water depth

I ncreases, whereby a limtation is inposed on the use thereof. In addition,
since such ljFesknical Bhbelddcts inflow and outflow into and fromthe

rel evant water area, in sone cases a limtation is also inposed on the use
t her eof from t heTRPevBERAERB! INvRNtPRt melat@son toheaenflewnpenmeable
cases where the water depth is relatively large or stress is placed on the
i nfl ow and BEERKYRLSE ﬁégBFtPﬁFowﬁhﬂhf%én?FBéOYed to form a water area

of calmness in a port or harbor, or to decrease entry of
waves into water-inlet and water-outlet of a thermal electric
power plant in a coastal area.

[Background Technology]

In cases where piers or marinas are constructed in ports
or harbors, where places for increase in planting or for
curing are established, where the operating efficiency for -
offshore construction operations, or where moored structures
are protected, it is necessary to install a wave damper
structure in a required area of water and thereby ensure a
desired level of calmness in such area of water. An ordinary
gravity-type breakwater increases in cost as the water depth
increases, whereby a limitation is imposed on the use
thereof. In addition, since such breakwater obstructs inflow
and outflow into and from the relevant water area, in some
cases a'limitation is also imposed on the use thereof from
the viewpoint of placing stress upon the environments. 1In
cases where the water depth is relatively large or stress is

placed on the inflow and outflow of water into and from the



-2 water area as nentioned above, the use of a flow perneabl e breakwater
structure which would not conpletely interrupt the water flow in the depth
direction has been being considered and studied. Exanples of a

conventional ly enpl oyed fl ow perneabl e breakwater structure are illustrated
in Figs. 12 and 13. First, Fig. 12 is a &ide view of a flow perneable
breakwat er structure of a type called "curtain wall type", conprising an
orthogonal plate structure (a) which is disposed in such a manner as to

pierce thr Oaglee&-hsf@%t s ?gx{t&%ﬁeﬁn‘iﬂo%mﬁé‘q{éé"’aé{f pa?SH' Do&imddi51 gat er

depth. This Type of wave nper structurd is designed To obstTUCt, anobng

the revol vi BoedRiheRE StrhECu¥e Wiidibhil oot Horifldti y'a4e8rrhpe the

revol ving notions thereof occurring near the water surface and to thereby

decrease thgapeeP#latk 0A ehe! REprAVaSrbetDEAI st Beefit bEThy ' €onsidérédi S
type of wave danper structure, 1n cases where the waves have a | ong

wavel engt h, gggagtiudiedr.e taken to i ncrease the anount of piercing as viewed
in the water-depth direction. And when it is desired to suppress the

transni ssi on coekkampdes @f (aheonwentiohallly tempiloyead efilomvpeimégbleHt to
.the incident wave height H, nanely Hi/H ), which is an indicator of the
wave- danpi nprpekwateansdrucsugesave Lilustrated ionPiasi obadl aydkhdwn t hat
in such cases the amount of piercing of the curtain wall needs to _ be
approxi mately 1Firss, Fha. Adveleng hside view of a flow-permeable
breakwater structure of a type called "curtain wall type",
comprising an orthogonal plate structure (a) which is
disposed in such a manner as to pierce through the water
surface and reach a halfway position of the water depth.
This type of wave damper structure is designed to obstruct,
among the revolving motions of the water particles due to the
waves, the révolving motions thereof occurring near the water
surface and to thereby decrease the propagation of the waves
to behind the structure. In this type of wave damper
structure, in cases where the waves have a long wavelength,
measures are taken to increase the amount of piercing as
viewed in the water-depth direction. And when it is desired
to suppress the transmission coefficient Ct (the ratio of the
transmitted wave height Ht to the incident‘ wave height Hi,
namely Ht/Hi), which is an indicator of the wave-damping
performance, to 0.5 or less, it is conventionally known that

in such cases the amount of piercing of the curtain wall

needs to be approximately 1/7 of the wavelength.



-3- Accordingly, while the amount of piercing may be slightly smaller than
4 min case of and with respect to the wave having a wave period of 8
seeonds and a wavel ength of 25 m the anount of piercing needs to be as

| arge as 14 min case of and with respect to the wave having a wave period
of 8 seconds and a wavel ength of 100 m 3As a result, the scale of the wave
danper structure di sadvantageously increases. Furthernore, in a water area
where the tide level difference is great, the scale of the wave

danper strycture, .di sadvant.ageously further .ingreases. Further, .if _the
amount of p%ﬁﬁﬂﬁ%jHQQXWK: cﬁh?rﬂﬂ?ﬁ? oRfaRi TG PY BBt SLightd¥and
fromthe wa r n gt he.res e ngtion as
that of the r%ﬁg%as%n?ygeigggéﬁr# d%relé ﬁ%%ﬁs%pé%ﬂ#@ ﬁ%%k%ave
Further, al QH?& 13 Sy 0 IWGREN L W3S 2S ' S and with
respect to ?ﬁ% e%ﬂgﬁ%%iaggﬁgﬁéggd%mg&ggﬁﬁgv%ﬁg g g%%%%b%§$§-§g??gd?“the
reflected wayRs Aol e2@inguneeal! o Wal 6B 183kl as' A4l B in cas,

di sadvant age of obstacle occurring for ships or operdting boats to sail in

a water areaf rardd onitlof réfpectir t8i Bhuakiaveh datrindCidlapveapesioador 8
refl ected waves are overlapped with each other. Fig. 13 is a side view of a

f 1 ow per nealdercdnd=nlancdt ar wavelengile off 100 wpe A8l & eceswlbage ddalid vt al
plate type", conprising a horizontal plate structure (b) which is disposed
in such a neulveer wasre o daapeanysduickuseb rdigadvaatagamisiydeincreases.
Furthermore, in a water area where the tide level difference
is great, the scale of the wave damper structure
disadvantageously further increases. Further, if the amount
of piercing is increased, the inflow and outflow of water
into and from the water area become unsmoothed with the
result that the function as that of the transmission type
structure does not sufficiently work. Further, although the
transmission coefficient is small in case of and with respect
to the frequently generated waves having a short wave-period,
the reflected waves thereof are non-ignorable, which results
in the disadvantage of obstacle occurring for ships or
operating boats to sail in a water area in front of the
curtain wall where incident waves and reflected waves are
overlapped with each other.
Fig. 13 is a side view of a flow-permeable breakwater
structure of a type called "submerged horizontal plate type",
comprising a horizontal plate structure (b) which is disposed

in such a manner as to be completely submerged near and under



-4- the water surface. This type of wave danper structure is designed to
cause the wave energy to be consumed utilizing the action or function of
obstruct the revolving notions of the water particles by nmeans of a flat
plate b, or of causing the wave to be broken on the flat plate b, or of
causing vortexes to be generated by the £nds of the flat plate b. In cases
where a | ong-wavel ength wave is an object wave to be danped, the w dth of
the flat plate needs to be increased correspondingly. In addition, in cases

wh it ' t t | SSi fficient b djo 0.5
or | oss,  nENT) NSS! MHTLes. | (R REBDSOL o BYS ARMPRE; TUPUTUAAR 19 no

I t h. : | | | 0 th
wdin of tnaepiaficd Sbolnlss e (AIEepdORyT o Be BiAEIE WiRLIATRAL i
' di sad t okh ,
cases whor e PhorC o SEor MAPHER O ShEtFure OB R kL Ao TS F (1o

fllat plate pReORBEet apaleL Ikl dd) by indnks 8- CFEAt Y418 b, BrSbBdcabsPng e
probl em that the wave-danpi ng pérfornmance deteriorates. Object of the

I nvention ThRepk@veNitd Nv@nbiokehSonnttdizdeei 410 pPAYE bhe cdb®e-carsingned
probl ens that are inherent in the conventionally enpl oyed fl ow perneabl e

br eakwat er sbrtiekasetarioe tgenexzytani byf theecepdesefttheflat @late bo pIavi de .
a flow perneabl e breakwater structure which while keeping its good water

cases where a long-wavelength wave is an object wave to be
damped, the width of the flat plate needs to be increased
correspondingly. In addition, in cases where it is desired
that the transmission coefficient bg suppressed to 0.5 or
less, the width of the flat plate needs to be from 1/3 to 1/4
of the wavelength. Accordingly, in cases where the
wavelength is 100 m, the width of the flat.plate needs to be
approximately 30 m or so, which results in a disadvantage
that the structure scale becomes vary large. Furtﬁer, in
cases where the tide level difference is large, the submerged
depth of the flat plate becomes large during high tide-level
period, raising also the problem that the wave-damping
performance deteriorates.
Obiject of the Invention

The present invention is intended to solve the above-
mentioned problems that are inherent in the conventionally
employed flow-permeable breakwater structure and the object
of the present invention is to provide a flow-permeable

breakwater structure which while keeping its good water



Substttute sheet - 17 July 1998 -5- transm ssion characteristics enables a

—_—

suf fi ci-ent wave- danpi ng effect upon the | ong- wavel ength waves to be
obtained'w%& &l e of structure than in the prior art and which

DoiRerEBRARRe | t and w
can decreas waves and can al so cope with the variation in
the tide le g‘mmu Summary of thg Jnvention In order to attain the
above obj ect}, I nvention adopts a fl ow perneabl e breakwat er
structure. having the foll ow ng constructions. A subnerged horizontal plate
which is lajd in the.horizontal direction intersectin e 10 advanci ng
direction o ?ﬁﬁmﬁﬁﬁtgnsLéﬁﬁ%ﬁﬁ?%ﬁ*iF%ﬁsri%ﬁ%Sifﬁbl55 gﬁ%?é?be?g d_FBsed
substantial L,y | ] e er sunf a i a n as to
be conpl et e‘flémég%ﬁgégfe%&f n"mé{g gm% &%§ﬁga3 %?@%Sbg’%ﬁgf f'§fgﬁl%ﬁ£ﬁ\ﬁé‘éh i's
evected al 2pgh!bXgflai Pof' 8UATe8s CRErOELLAE EHRNPIAChd P70 dxe Pailg e ON

t he upwave or downwave side 1 n such a nmanner as to pass through or pierce

the water synfafecanUderddV@the) rdE1 8618 WaPes i SRPTRG: al3o cope witRne

aspect, flow perneabl e breakwater structure according to the preéesent

i nvention ceRar&8sa8isHpPRAr thadtid@neefeeCci€dwe1 @ Sea bottom and
permtting the passage of sea water therethrough, a submerged horizontal

pl at e suppoghmflalpy bcthaephnvéhbilonr ane and | ocated under the water
surface, and an orthogonal flat plate disposed to be rigidly connected to
around an end of Ihheoxdérmerged atérinonthé MmElxiwe owlijestjowtheyepoeseptave
side in such a This is the replacenent sheet
invention adopts a flow-permeable breakwater structure having
the following constructions.

A submerged horizontal plate which is laid in the
horizontal direction intersecting the advancing direction of
the waves substantially at right angles thereto is disposed
substantially in parallel with the water surface and in such
a manner as to be completely submerged in the water and an
orthogonal flat plate which is-erected at and fixed to around
an end of.the submerged horizontal plate on the upwave or
downwave side in such a manner as to pass through or piercé
the water surface and be upwardly directed are disposed.

Namely, the - flow-permeable breakwater structure
according to the present invention comprises a supporting
frame erected on é sea bottom and permitting the passage of
sea water therethrough, a submerged horizontal plate
supported by the supporting frame and located under the water

surface, and an orthogonal flat plate disposed on around an

end of the submerged horizontal plate on the downwave ox



Substitute sheet - 17 July 1998 manner as to intersect the advancing
direction of the incom ng wave substantially at right angles thereto and to
pdss through fhheneelifBeaReplaee and thereby to reflect the water which noves
al ong the uppe he subnerged horizontal plate to cause said
water to pass [Mﬁglﬂﬂ t he subnerggd horizontal plate. 5 As a
result, in the e breakwater structure according to the present
invention, in cases where the orthogonal flat plate is erected at around
the end of the subnge hor i.zont alﬁgl ate on the downwave_side, the

i ncom ng WRRYaN& hsa’t‘{%g’gn R B PRRRSEREJEBNIRHETREFE  thEr AIYANGINGor s
St ructure. SRAPLIEN O, oRds hrahingrVeve Sthm AP T o Aar hAsesa 10
Subner ged HASEH Hnd ¥ Pk $Ruar IneP VBB AR |°0 Dol ged
horizontal plateg @Q:eisﬁlg:"%s n%ne %ﬂ@-é%&(}f@ﬁﬁ%ﬁ@ is‘EQ?xtét(;ﬁ}/:‘”e[ sed

fromthe notions nentioned above ar’e pertorne 'S way, pa he

vave has | loqliaptndlelsy othdpralai! Aoust iolVan | BEsUR! Sindie e

subnerged horizontal  plate, whiich resu Int e wave energy is partly
15 consuneriifci«l ef1dteplare iBakrettoa RE tdrvifid tidl &Rdobgh thiee
structure is effectively danped. Further, in the case where the orthogonal
flat plage submempécdd horizontad tprated ovi tthe sdbwawged heidepnt althe ate
on the upwave side, owing to the synergetic effect of the orthogonal flat

pl ate and tirecomingrwaveh®r ithatt dapl abmeuppn pitipagatedheon ephac eiaber sheet
Dat e: -7- the incom ng wave the transm ssion wave is also sufficiently
danped. surface performs the following motions. Namely, it once

attempts to pass through the structure along the upper
surface of the submerged horizontal plate and then is
reflected by the orthogonal flat plate and then turned back
on the submerged horizontal plate, and thereafter passes
under the submerged horizontal plate. And in case of such a
return wave, the motions reversed from the motions mentioned
above are performed.

In this way, part of the wave has its phase delayed and
simultaneously moves the water on the submerged horizontal
plate, which results in that the wave energy is partly
consumed. Therefore, the wave that is being transmitted
through the structure is effectively damped.

Further, in the case where the orthogonal flat plate is
erected on around the end of the submerged horizontal plate
on the upwave side, owing to the synergetic effect of the

orthogonal flat plate and the submerged horizontal plate upon



I.n anot her flow perneabl e breakwater structure according to the present

i nvention, a plurality of partitioning plates 3 each connecting the

suibner ged horizontal plate and the orthogonal flat plate are juxtaposed at
space intervals along the advancing direction of the incom ng wave. And if,
as nentioned above, a plurality of the-partitioning plates for connecting

t he submerged horizontal plate and the orthogonal flat plate are juxtaposed
in parallel relation to the advancing direction of the wave and at space

i nterval s, 3 | ' fo 3 Y a :
subner ged hgggz%ﬁ?gﬁlgﬁg?%a??%ﬁﬁgééﬁ%ﬁﬁﬁéi) p@“%%r 0?258 %ﬁgg%éggﬁgﬁﬁing
of the tranggipaygQn wave is effectively performed but is also the strength

of bond betweenh the two plates increased by intervention of the

partitioning pl afasandthéh Flow-periichbleBioskwa t W RTINS aBESRYIAGCT

structure according to the present invention, each of the partitioning
plates is febneHel pkesenti Pfivertipbed d rﬁl&iﬁl&ﬁya‘dfnga&niitmehiiﬂ?d?ihﬂés

obl i quely extending from around an upper edge of the orthogona | at pl ate
to around t Be eawh edgenettihg shlenssupmbiged zhoridkontal e platea amdutheof
this, by the inclined side of the right- angled triangle obliquely

ext endi ng f pothogonad fhatuphbate @ane juxtdposefl ahsspacehdgdeaivalllsaalphgte to
around the end edge of the subnerged horizontal plate, the strength with
whi ch the the advancing direction of the incoming wave.

And if, as mentioned above, a plurality of the
partitioning plates for connecting the submerged horizontal
plate and the orthogonal flat plate are juxtaposed in
parallel relation to the advancing direction of the wave and
at space intervals, the above-mentioned motion of the wave
moving along the submerged horizontal plate is not only
smoothly performed and the damping of the transmission wave
is effectively performed but is also the strength of bond
between the two plates increased by intervention of the
partitioning plates.

Further, in still another flow-permeable breakwater
structure according to the present invention, each of the
partitioning plates is formed like a right-angled triangle
having an inclined side obliquely extending from around an
upper edge of the orthogonal flat plate to around the end
edge of the submerged horizontal plate.

As a result of this, by the inclined side of the right-

angled triangle obliquely extending from around the upper end



partitioning plates per se are nounted is maintained to be at an
appropriate level. Further, in a further flow perneable breakwater
structure according to the present invention, the width of the subnerged
horizontal plate is set to be greater than the height of the orthogonal
flat plate. As a result of this, the rat8o d/B of the subnerged depth d to
the wwdth B is decreased with the result that it is possible to nmake | arge
t he maxi num val ue of the wavel ength [err] at which the transm ssion

3%327 ength. £349,6%, 0 EXihciay 118 e%&%@%?,&tﬁhﬁyﬁﬁﬁ ' ﬁédg’ﬁéeaa o2 g
el attvel e itdsel S eitatat faedy, SHBTEERRHORA ESH, BniRhokRe |
structure C?&fﬁ% lateB s&2lSe 14 ﬁhtehnl ﬁ(&iné&!iﬁ&?rto be at

f | ow per nea structure according to the present 1nvention, to

end of the g r@&%ﬂggﬁgq@v@]_ plate at which the orthogonal flat plate is
not erected there is attached a protrusion nmenber so as to obstruct the

flow of the watermgetigr Al 0§ a8 UpREFthr | Oi\gﬁwS?@fﬂé@Lé t beeaithvareged

horizontal plate. As a result of this, by neans of the protrusion nenber,

-9- vort exestruwrterengpteording ataechelt pregemy ifeehtibon pf théewidth of
the submerged horizontal plate is set to be greater than the
height of the orthogonal flat plate.

As a result of this, the ratio d/B of the submerged
depth d to the width B is decreased with the result that it
is possible to make large the maximum value of the wavelength
A at which the transmission coefficient is 0.5 or less.

Namely, even when the incoming wave has a long
wavelength A, the wave-damping effect thereupon is obtained
by decreasing the transmission coefficient by use of the
submerged horizontal plate with a relatively small value of
width. Thus, the flow-permeable breakwater structure can be
made small in scale.

Further, in a yet furtr;er flow-permeable breakwater
structure according to the present invention, to end of the
submerged horizontal plate at which the orthogonal flat plate
is not erected there is attached a protrusion member so as to
obstruct the flow of the water going along an upper or lower

surface of the submerged horizontal plate.

As a result of this, by means of the protrusion member,



wat er* around the submerged horizontal plate, thereby the action of
positively reducing the energy of the wave is perforned. Accordingly, the
above-nenti oned action is remarkably perforned to effectively reduce the
refl ected wave because the protrusion nenber is provided at a position
where the above-nenti oned resonance phehenena on the subnerged horizontal
pl ate are not obstructed and the speed of the water flow is high. Further,
in a yet further flow perneabl e breakwater structure according to the

Clbmor ged MEPToaRea £Bro eRap N dhe” Admiod hhhuRind, i % BF fhe’ "
d i h ' I
ol at o and URdERe (RESAR. oS, qunifer F RO RS ER] "BRRNSTTIEReRY. BRRT L

acts in the ' e ; t a = i O uskon
morber to horipn TeR Hodbrifelyireangitly s ABAUERYC UL CERY Readd U2 TN

yet furtherpétpyrmedeabl e breakwater structure according to the present
i nvention, a plate structure is disposed in such a nmanner as to be spaced

away from the subgesgeingly| zentahbivel-medit ibhedupidior| T8 fafatRapl ¢d

under the water surface. As a result of this, as in the case of the above-

- 10 - performed to effectively reduce the reflected wave because
the protrusion member is provided at a position where the
above-mentioned resonance phenomena on the submerged
horizontal plate are not obstructed and the speed of the
water flow is high.

Further, in a yet further flow-permeable breakwater
structure according to the present invention, a plate
structure is provided at around the end of the submerged
horizontal plate at which the orthogonal flat plate is not
erected in such a manner as to be located above the submerged
horizontal plate and under thé water surface.

As a result of this, the plate structure acts in the
same manner as in the case of fhe above-mentioned protrusion
member to thereby remarkably reduce the energy of the wave.

Further, in a yet further flow-permeable breakwater
structure according to the present invention, a plate
structure is disposed in such a manner as to be spaced away
from the submerged horizontal plate on the upwave side and

located under the water surface.

As a result of this, as in the case of the above-



mentioned protrusion nenber and plate structures, vortexes for exanple are
generated utilizing the flow of the water around the subnerged horizont al
plrfate, thereby reducing the energy of the wave and effectively decreasing
the reflected wave* Nor are the resonance phenonena on the subnerged

hori zontal plate obstructed. Further, Lmga-yet further flow perneable
breakwat er structure according to the present invention, there are provided
a supporting frane erected on a sea bottomand permtting the passage of

sea water theret.hrough suhner ged, hori zont | at e supported by the

‘ng REBROREY Hrchraelon, Hember i oLang EErackiFesy | KeFreRes p
erjgf:)?(rafjl 2’? QU f‘é‘da é &? #g rged h(r)rizo al Iatefon;the d va/a\allfae
or upwave Si & a pwar d’?y_énc‘i’rrs eggtgﬁﬁ}ngﬂ%_ g%ﬁmﬂ\%’ §’| de IT% gﬁg Ta
com ng. v 80 g el Subherlbl’ AGEt sbiEaT UTREL SchEEEE)y £REELMITRRE (e
apparent w %h@%ffﬁﬁa@es%%r aqd E@F?é%ﬁ%ﬁhgpéﬁéﬁesgfﬂeeﬁné nﬁ%flect

d
correspondence si mul t aneous ange In“the s nerge% dept h

d, so that thageval Ugoel &¥él €RES Mol REhdRkrh 2681 e AsGhREHEgedN L he

tide level. Accordingly, the value of B/d at which while, as it incfeases,

the struct uhorizontaflf gllatecbpsdipsetiie i ncom ng wave with a |arge val ue
of wavel ength, the structure becones

Further, in a yet further flow-permeable breakwater

structure according to the present . invention, there are
provided a supporting frame erected on a sea bottom and
permitting the passage of sea water therethrough, a submerged
horizontal plate supported by the supporting frame and
located under the water surface, and an inclined plate
erected at around an end of the submerged horizontal plate on
the downwave or upwave side and upwardly inclined toward the
downwave side in such a manner as to substantially intersect
the advancing direction of the incoming waves and pass
through the water surface.

As a result of this, the apparent width B of the
submerged horizontal plate char.lges in cori‘espondence with and
simultaneously with a change in the submerged depth d, so
that the value of B/d does not change so much against a
change in the tide level.

Accordingly, the value of B/d at which while, as it
increases, the structﬁré more effectively dumps the incoming

wave with a large value of wavelength, the structure becomes



nore likely to pernit the passage therethrough of the incoming wave with a
smal | val ue of wavel ength can be nmaintained to be optinum Further, in a
yet further flow perneabl e breakwater structure according to the present
invention, there are provided a structural body which is constructed of a
subnerged horizontal plate |ocated underi a water surface and an orthogona
flat plate erected at around an end of the subnerged horizontal plate on

t he downwave or upwave side in such a manner as to substantially intersect

h d [ di | f the_i ) d h h
Sur face. 1 HBOEEr (EERPY iy DREMRG <ERRorRAAPaSF o SERBSECRGH Bk Ehec od
b | ttj.ng t f t t hereth
Chat the subhEPRERS ORETS | Wt & BBEFOxathey e Satmist iRy P et do

level . As apLesvbingh ggige Bﬁgiﬁagperged dept h of the submerged hori zont al
pl ate can be maintained to be constant and freed fromthe variation in the

e oo oy P Ao 08 UG ARSI SR e,

corresponding to the wavelength” In a

gi ve a bett gtrvayfrdagidirdiid otsangme cg&eaen%dem{ytmtséeby
changi ng the subnerged depth of the subnerged horizontal plate according to

the wave pepro¢idédt ha istouttgrabydodiuwhikh owst r adastzaceadcosff i gi ent
can be obtalned with respect to short-period waves and, in addition, a
submerged horizontal plate located under-a water surface and
an orthogonal flat plate erected at around an end of the
submerged horizontal plate'on-fhe downwave or upwave side in
such a manner as to substantially intersect the advancing
direction of the incoming waves and pass through the water
surface, the structural body being supported by a supporting
frame erected on a sea bottom and permitting the passage of
sea water therethrough, so that the submerged depth thereof
may be controllable according to the tide level.
As a result of this, the submerged depth of the
submerged horizontal plate can be maintained to be constant
and freed from the variation in the tide level and the B/d
can be maintained to have an optimum value corresponding to
the wavelength. In addition, a submerged depth which can
give a better wave-damping performance can be advantageously
selected by changing the submerged depth of the submerged
horizontal plate according to the wave period of the incoming

wave. Thus, a low transmission coefficient can be obtained

with respect to short-period waves and, in addition, a



-.12 * desired transm ssion coefficient can be al so obtained with respect
to relatively-long-period waves. Besides, the wave:danper structure can be
sdiled as a floating body, the structure installation water-area or
direction can be easily changed. As nentioned above, according to the

f | ow per neabl e breakwater structure of-tf@e-present invention, the follow ng
advant ages and effects can be obtained. (1) Wth respect to the

| ong- wavel engt h maves is possible to decrease the transm ssion waves

h I h I f
TR 2 oy, scalecahontaps L epbbenc Lk enhl Lo ik, G Ui
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(2) By installing the additional structure conponents used for decrea5|ng

the refl ectgtribrvede iMstadblarich AtdreafR@e or0direation San e WaHPBF ati ng
boats to sail in front of the wave danper structure. And, (3) Since a

subst anti al thangedt ant | evel of wave-danping action is almays per f or ned
I ndependently of the variation in the tide |evel, the wave danper structure
is effective as Abamenfiioned | abeveat eccerdinghete the tfltswipemiedlleel y
vartes. breakwater structure of the present invention, the following
advantages and effects can be obtained.
(1) With respect to the long-wavelength waves, it is
possible to decrease the tranémission waves with a smaller
scale of structure than in the prior art. As a result of
this, the manufacturing cost is not only decreased but is
also the water-flow transmission characteristic at around the
structure, i.e.,the inflow and outflow of water into and f£rom
the relevant water area to be calmed improved. This provides
very useful effects in the industrial field.
(2) By installing the additional structure components used
for decreasing the reflected waves, no obstacle can be made
to rise for ships or operating boats to sail in front of the
wave damper structure. And,
(3) Since a substantially constant level of wave-damping
action is always performed independently of the variation in
the tide level, the wave damper structure is effective as

that for use in a water area where the tide level largely

varies.



- 13 - Detailed Description of the Preferred Enbodi ments Enbodi nents of the
present invention will be described hereunder with reference to the

dr-awi ngs affixed hereto, in which:. Fig. 1 is a perspective view show ng a
fl ow perneabl e breakwater structure as a whole according to a first
enbodi nent of the present invention, R d3 2 presents graphic diagrans

showi ng the wave- erasing performance of the flow perneable breakwater
structure showmn in Fig. 1 W|th respect to regular waves; Fig. 2(a)

il lustrating i e £ase wherethe rati o of
the depth CCES=Ef e TR Dot SHBHET- et HOUPF RO sl s s s 1/3 while, on
t he ot her hand, & I t I t he
case where the ra %&Q%Tﬁé %HS%%QO&ESQQ%}E% ‘%’m k%érlg';;fg d%%%'%

s a graph'ﬁeﬂéaﬁaa@ when ESféP@nc‘!@Vﬁ‘o JER dichopfiigs rammee PindfRo,

transm ssion type wave eraser structure shown in th respect r%o
irregul ar wgNesnh:Fig. 4 presents views show ng fi rst m)dl fied enbodi nents
of the rovv-perrreabIe breakwat er structure shown in Fig. 1; Fig. 4(a) being
a typical side spgglonalisviae'perspeictive Wi shliied ISlowinsdicatle Fig.
4(b) being a typical side sectional view showing a first nodified 2nd -
enbodi ment , baedkwater4(sirbeture a dg/piaakvhollée aecbrding view shofixrgt a

first nodi fi ed 3rd enbodi nent,
embodiment of the present invention,

Fig. 2 presents graphic diagrams showing the wave~
erasing performance of the flow-permeable breakwater
st_:ructure shown in Fig. 1 with respect to regular waves; Fig.
2(a) illustrating the wave-erasing performance in the case
where the ratio of the depth 4 to the width B of a submerged
horizontal plate is 1/3 while, on the other hand, Fig. 2(b)
illustrates the wave-damping .performance in the case where
the ratio of the depth d to the width B thereof is 1/2,

Fig. 3 is a graphic diagram showing the wave-damping
performance of the transmission type wave eraser structure
shown in Fig. 1 with respect to irregular waves,

Fig. 4 presents views showing first modified embodiments
of the flow-permeable breakwater structure shown in Fig. 1;
Fig. 4(a) being a typical side sectional view showing a first
modified 1lst embodiment, Fig. 4(b) being a typical side
sectional view showing a first modified 2nd embodiment, and
Fig. 4(c) being a typical side sectional view showing a first

modified 3rd embodiment,



- 14 > Fig. 5 presents views show ng second nodified enbodi nents of the

fl ow perneabl e breakwater structure shown in Fig. 1; Fig. 5(a) being a
typi cal side sectional view showing a second nodified 1st enbodi nent, Fig.
5(b) being a typical side sectional view showi ng a second nodified 2nd
enbodi nent, and Fig. 5(c) being a typi<dl4 side sectional view show ng a
second nodified 3rd enbodinent, Fig. 6 presents views showng third
nodi fi ed enbodi ments of the fl ow pernmeabl e breakwater structure shown in

Fig. 1, Fig. 6(&),bei | id ' |, Vi howi hisd
rodi 1615 i meng, bty *LUFRRS, eimind o aCRlT T s hid,

fied 15t emdod e ) _ _ T
secti onal sl %élg%ik R T R L g
secti onal oW Ng & o Tred3rd ebod (9) BeMo
Pl Co(e) ool i rag el SRLCBR AL R IR Fad SeRE el s

enbodi ment ,sidwling d Ssdcdiftd SRATILANER] s il ier: | 1F9W PS5 (BRH&ing a
breakwat er structure as a whol e according to a second enbodi nent of the

present inveypical $ide 8eptionalsvieewshdasigitat secondr aodiifdedl e
bet ween the fl ow perneabl e breakwater structure shown in Fig. 7 and the

wat er surf cambadindret ; iangd Fighi §hcareimyva typilcalebidersgetBimal beiewy a
side view showi ng the correlation therebetween at the tine of a low tide
| evel , and shawirgf® second modified 3rd embodiment,

Fig. 6 presents views showing third modified embodiments
of the flow-permeable breakwater structure shown in Fig. 1;
Fig. 6(a) being a typical side sectional view showing a third
modified l1lst embodiment, Fig. 6(b) being a typical side
sectional view showing a third.modified 2nd embodiment, Fig.
6(c) being a typical side sectional view showing a third
modified 3rd embodiment, Fig. 6(d) being a typical side
sectional view showing a third modified 4th embodiment, and
Fig.lG(e) being a typical side sectional viesthowing a third
modified 5th embodiment,

Fig. 7 is a perspective view showing a flow-permeable
breakwater structure as a whole according to a second
embodiment of the present invention,

Fig. 8 presents views showing the correlations each
between the flow-permeable breakwater structure éhown in Fig.

7 and the water surface at the time of high and low tide

levels; Fig. 8(a) being a side view showing the correlation

therebetween at the time of a low tide level, and Fig. 8(Db)



- 15 * being a side view showi ng the correlation therebetween at the tine
of a high tide level, Fig. 9 is a graphic diagram showi ng the wave-danpi ng
per f or mance of the f1 ow per neabl e breakwater structure shown in Fig. 7 when
the tide level varies, Fig. 10 is a graphic diagramshow ng the

wave- danpi ng performance of the flow pertgabl e breakwater structure having
orthogonal flat plates when the tide |evel varies, Fig. 11 is a perspective
vi ew showi ng a fl ow perrreabl e bréakwat er structure as a whol e according to

2 cortai BT b Eied SRV Eifelag M deRtntarton EpRefipfien A g e 0

exanpl e of.;@a COpV. gﬁ%;&é%@&i rreabl e breakvvater structure, and Fig.
13 is a si de VI ew s g a subnergel-horizontal - plate type flow perneabl e

br eakwat er struc e 8s h n %npé abl e
br eakwat er struc%‘ﬁée gFller%QEH @faﬂf?gﬁg?g%%ﬁwgfﬁg}gé&gft\?%gqgas‘;éto a I{He
per neabl e d@é?ﬁ&fﬂéﬁée &f HHd lﬂl@w—@@&ﬁbﬁb‘lﬁ bi8akRatét St redeek BHEwn

[

illustrate n Fig. 1. The reference nuneral 1 denotes a subnerged
hori zontal phaFegdi Tpwhen the atidsi léwsl opaxisondi ng to a depth (d) as

measured downwardly fromthe water surface. The wave danper structure is

conposed of the Fig. 10 is a graphic diagram showing the wave-damping
performance of the flow-permeable breakwater structure having
orthogonal flat plates when the tide level varies,

Fig. 11 is a perspective view showing a flow-permeable
breakwater structure as a whole according to a third
embodiment of the present invention,

Fig. 12 is a side view showing a curtain-wall type flow-
permeable breakwater strucf;ure as an example of a
conventional flow-permeable breakwater structure, and

Fig. 13 is a side view showing a submerged-horizontal-~
plate type flow-permeable breakwater structure as another
example of the conventional flow-permeable breakwater
structure.

First, an explanation will be given as to a flow-
permeable breakwater structure according to a first
embodiment illustrated in Fig. 1. The reference numeral 1
denotes a submerged horizontal plate disposed at a position
corresponding to a depth (d) as measured downwardly from the
water surface. The wave dampér structure is composed of the

submerged horizontal plate 1 and an orthogonal flat plate 2



subnmerged horizontal plate 1 and an orthogonal flat plate 2 - 16 -
erected at an end of the subnmerged horizontal plate 1 on the downwave side.
Thi s wave danper structure is supported by a supporting frame 4 erected on
the sea bottomso as to permt the transm ssion of sea water therethrough.
As mentioned above, the orthogonal flat 1plate 2 is provided so as to cross
the advancing direction 5 of an incom ng wave Wsubstantially at right

angl es thereto and to pass through the water surface. And the ratio (d/B)

i set oSBRHh ko ed, o Hegsrpueregt her Sdageiratety bioa che” °°
titioni I . Ll th B d hori tal plat dth
or thogonal | FPurasT, 81885, Bitd bevaCaRigRE, dEburehrhols ipuRodt Epd Y i nec

' th t | t; al th ' o] ' L of th
Spact 19 e SBELERRG Bedife P dUdiely B0Ua! REnRUBRGN Mo he cEb B T (e
triangle haﬂﬁ&%f&‘n&?ﬁ%ﬂf@nsﬁ%e”@ Méﬂ%{%&ﬁf&gﬁmg from around an upper

an en

end of the orthogona lat plate 2 to aroun edge of the subnerged

horizontal platead. ndftdcned dbGy&UPRAL! Id¥tHdqsmaY FlatorgkekOf 26l ppgate
menbers such as, for exanple, iron bars or rods, iron pipes, or the |ike,

t her eby t heppeiededr aosrasston cHoasactins | aivantingniliisttion 5 of an

incoming wave W substantially at right angles thereto and to
pass through the water surface. And the ratio (d/B) of the
submerged depth (d) to the width B of the submerged
horizontal plate 1 is set to be approximately 1/2 to 1/3.

Further, a plurality of partitioning plates 3 connecting
the submerged horizontal plate 1 and the orthogonal flat
plate 2 are juxtaposed with each other with a predetermined
spacing therebetween so as to direct along the advancing
direction 5 of the incoming wave W.

Each partitioning plate 3 is formed like a right-angled
triangle having an oblique side 3a obliquely extending from
around an upper end of the orthogonal flat plate 2 to around
an end edge of the submerged horizontal plate 1.

Note that the supporting frame 4 is formed of elongate
members such as, for example, iron bars or rods, iron pipes,
or the like, thereby the water transmission characteristic is
enhanced.

Note also that the wave damper structure is disposed

such that the longitudinal direction 6 thereof intersects the



Note al so that the wave danper structure is disposed such that the

| ongitudinal direction 6 thereof intersects the - 17 - advanci ng
di'rection 5 of the incom ng wave Wat right angles thereto. In the figure,
the reference synbol B denotes the width of the subnmerged horizontal plate
1, the synbol D denotes the height of th¢7erthogonal flat plate 2, the
synbol s denotes a free board portion of the orthogonal flat plate 2, and
the nuneral 10 denotes the water surface |evel. Since the flow perneable

b k i ' mhodi. ' d
e inL BAHHECEHE BB AT o SRR, RS LR E e,

t t e t t t t
voler ST aEgePGEL "hp! e £ LEUNOL B! L0BSronclORRLICY ) SBRSAL RS 10

norizontal BLELR Lenthos Stkleatiend Muriieneit Np9Ral 1] otng! Fmrpiany then

turned back on the subnerged hori zont te 1 rearter passes

under the S&éﬁatesdtmrﬁéﬁualoﬂol:hbeoéthé?ensn £P5€ PlatdQ) eneesphboyave,
the notions reversed fromthe notions nmenfioned above are perfornmed. In

this way, paréefibtbébeawviyreehbdartiisppitsondefayrd 6pthégonal aptatspyat@ves
the water on the subnerged horizontal plate 1, which results in that the

wave energy2i,sapdr the numewaddlOTHenetesethéhwaterestrfasai 1¢eellt hr ough t he
structure is danped. Further, in the case where the orthogonal flat plate 2
Since the flow-permeable breakwater structure according
to this embodiment is constructed as mentioned above, the
incoming wave W that has come up propagated on the water
surface performs the following motions. Namely, it once
attempts to pass through the structure along the upper
surface of the submerged horizontal plate 1 and is reflected
by the orthogonal flat plate 2 and then turned back on the
submerged horizontal plate 1, and thereafter passes under the
submerged horizontal platé 1.. And in case of such a return
wave, the motions reversed from the motions mentioned above
are performed. In this way, part of the wave has its phase
delayed and simultaneously moves the water on the submerged
horizontal plate 1, which results in that the wave energy is
partly consumed. Therefore, the wave transmitted through the
structure is damped.
Further, in the case where the orthogonal flat plate 2
is erected on around the end of the submerged horizontal
plate on the upwave side, owing to the synergetic effect of

the orthogonal flat plate 2 and the submerged horizontal



I s erected on around the end of the subnerged horizontal plate on the
upwave side, owing to the synergetic effect of the orthogonal flat plate 2
and the submerged hori zont al - 18 - plate 1 upon the incom ng wave the
transm ssion wave is also sufficiently danped. And if a plurality of the
partitioning plates 3 for connecting thg subnerged horizontal plate 1 and
the orthogonal flat plate 2 are juxtapo gd’in parallel relation to the
advancing direction of the wave, the above-nentioned notion of the wave
novi ng alogﬁithe éybnerﬁgg hori zqnt al glate 1 is not oply snoothly
performed HRA2FR QIURPT H'S ARSTTERIFaFEnENE cEFRRFMEFRLIODOVRT S 13 aledd 2

I ncreased. Further e partitioning plate 3 is fornmed like a
right-angléﬁuf#+%&$ﬁ€i£av?%é&%h obl i que side 3a obliquely extending from

around N UPPeragadiadee plLin & BPOSRE LIS, bRaRREUY 4 O
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conput ati ons and” water-tank experinents. e abscissa represents the
val ues obt atpeghdyadvdhoingi ABF6EEIbN | 86 Sthd vy £ et dbdwé ket i dried

i ncom ng wave (regul ar wave) by
motion of the wave moving along the submerged horizontal
plate 1 is not only smoothly performed but is also the
strength of bond between the two plates 1 and 2 increased.

Further, since the partitioning plate 3 is formed like
a right-angled triangle having an oblique side 3a obliquely
extending from around the upper end edge of the orthogonal
flat plate 2 to around the end edge of the submerged
horizontal plate 1, the strength with which the partitioning
plates 3 per se are mounted is maintained to be at an
appropriate level.

Fig. 2 illustrates the wave-damping performance curve
with respect to a regular wave that is obtained from
simulation computations and water-tank experiments. The
abscissa represents the values obtained by making dimension-
less the wavelength A of the incoming wave (regular wave) by
the width B of the submerged horizontal plate 1 while, on the
other hand, the ordinate represents the transmission

coefficient of the wave.

While Fig. 2(a) illustrates a case where the ratio of



the width B of the subnerged horizontal plate 1 while, on the other hand,
the ordinate represents the transm ssion coefficient of the wave. Wile
Fi'g. 2(a) illustrates a case where the ratio of - 19 - the subnerged
depth d to the width B of the subnmerged horizontal plate 1 is 1/3, the
maxi mum val ue of the wavel ength A at whith-the transm ssion coefficient is
not greater than 0.5 is eighteen tinmes as great as the width B of the
subnerged horizontal plate 1. Further, while Fig. 2(b) illustrates a case

e T
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performance curve With respect to irregular waves by using

Schnei der/ | yeleht@StRbnt §PS SPGightedn eimklCa¥ayfesle il R WildhBEE
curve with respect to regular waves. As a result] the wavel ength at i ch

the transm thangabmerged hogakontabapiQté tan be understood to be at up to
fifteen tinmes as great as the width of the subnerged horizontal plate 1.

Specifically, f@Eurtherpl ehilief Fige 8ol cllfivstratdddra casel whéxel yhenal |
scal e of wave- danpi ng )
ratio of the submerged depth d to the width B of the
submerged horizontal plate 1 is 1/2, the maximum value of the
wavelength A at which the transmission coefficient is not
greater than 0.5 is about twelve times as great as the width
B of the submerged horizontal plate 1.

Fig. 3 illustrates the result obtained by computation
determining the wave-damping performance curve with respect
to irregular waves by using Bread Schneider/light-easing type
spectra, from the wave-damping performance curve with respect
to regular waves. As a result, the wavelength at which the
transmittance is not greater than 0.5 can be understood to be
at up to fifteen times as great as the width of the submerged
h_orizontal plate 1. Specifically, for example, if the
wavelength is 100m, a relatively small scale of wave-damping
structure wherein the width of the submerged horizontal plate
1l is approximately 7 m and the submerged depth thereof is a
depth which slightly exceeds 2 m would sufficiently serve the

purpose.

For the above-mentioned reasons, even when the submerged



structure wherein the wdth of the subnerged horizontal plate 1 is
approximately 7 mand the subnerged depth thereof is a depth which slightly
exceeds 2 mwould sufficiently serve the purpose. For the above-nentioned
reasons, even when the submerged - 20 - depth of the subnerged

hori zontal plate 1 varies due to the var2@tion in the tide level and the
ratio of (d) to Bis resultantly varied within the range of from1/2 to
1/3, it would suffice that a relatively small scal e of wave-danpi ng

2ppr ox| ot eTSPER oL End) Sulindiacd hSLERBRERE PALE PN bl dus eﬁ ?h%m 2.7
to 4 mbe evai-szaeﬂow iR rasPecideVESve . ahal teA RS0 APE | ?&ﬂ

having a period of 8 seconds and a wavel ength of 100 m Fu as regards

an i ncom ngrusyetan¥lggvarped 48thlnb theceangeaE QMQ@%& 973 Poig it
suffices that the width of the subnerged horizontal plate

appr oxi nat ebgubdnsufifiee thathe pélatively, sBallegealls &f waeenaaﬁpmy
having a period of 12 seconds and a wavel ength of 225 m it is necessary

that the w dtbutbareoihére e wldthl gf 2fhensuliniergddahontizbatall pbatéi s
enbodi nent the subnerged horizontal plate 1 and the orthogonal flat plate 2

have each bgensf @appapximatediyn enf and phet submergednydepthh thefavfredlsusi ng

a somewhat |argely thickened steel plate structure or
approximately from 2.7 to 4 m be employed with respect even
to, for example, an incoming wave having a period of 8
seconds and a wavelength of 100 m. Further, as regards an
incoming wave having a period of 6 seconds and a wavelength
of 56 m, it suffices that the width of the submerged
horizontal plate 1 be approximately 5 m while, on the other
hand, as regards an incoming wave having a period of 12
seconds and a wavelength of 225 m, it is necessary that the
width thereof be approximately 20 m.

Note that although in this embodiment the submerged
horizontal plate 1 and the orthogonal flat plate 2 have each
been formed of a simple flat plate, they may each be formed
using a somewhat largely thickened steel plate structure or
a concrete-clad block structure, for example.

Further, although in this embodiment the sectional
configuration of a combined structure of tﬁe plates 1 and 2
has been shaped like a character L, no inconvenience occurs
even when one of the two plates 1 and 2 may be slightly

partially projected from the other.



a concrete-clad block structure, for exanple. Further, although in this
enbodi ment the sectional configuration of a conbined structure of the
pfates 1 and 2 has been shaped |ike a character L, no inconveni ence occurs
even when one of the two plates 1 and 2 may be slightly partially projected
fromthe other. - 21 - Furthernore,- @ithough in the illustrated

enbodi nent an exanpl e has been shown in which the orthogonal flat plate 2
is provided at the end of the subnerged hori zontal plate 1 on the downwave

ide, it i fi d f th t i f
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enbodi ment havi ng been formed of the above-nenti oned subner ged hori zont al
plate 1 andephdPDaones that ab@ﬁel.e vhé! foemebeptupbapned. ptoeridedelatngt h

[err] of the wave when the water depth is deep can be expressed using the
wave periodcfeaéndiNofhehe plate 1 on the upwave side, the same effect

can be obtained. Note that in the case where the orthogonal
flat plate 2 is provided at the end of the submerged
horizontal plate 1 on the upwave side, the incoming wave in
Fig. 1 changes to the one which is indicated by the symbol
W

The principle of_the wave-damping action performed by
the flow-permeable breakwater structure of the first
embodiment having been formed of the above-mentioned
submerged horizontal plate 1 and orthogonal flat plate 2 will
now be explained.

The wavelength A of the wave when the water depth is
deep can be expressed using the wave period T as in the
equation (1).

g T '
A=__ —m———— (1)
2w

where g represents the gravitational acceleration and w
represents the ratio between the circumference of a circle

and the diameter thereof.

On the othéer hand, when the water depth is very shallow,



equatfon (1). g T2 [err] where g represents the gravitational acceleration
and [err] represents the ratio between the circunference of a circle and
t He di anmeter thereof. On the other hand, when the water depth is very

shal | ow, - 22 - the wavel ength Ah of the wave with the effect of the
wat er depth h thereon being taken into-c@hsi deration can be expressed as in
the equation (2). [err] = [err] Accordingly, the smaller the depth is, the

shorter the wavelength is. In the present invention, utilizing the
-called " y ' t 1b d ' tal plat
L that the e HaveteRAERc R8s REC wAYD A Vs # PRt of "Eh Frdnsbonal
flat plat t t i d h d of th
subrer god hAPEEIn B rereh Hlat EakSnsriFre coeRir i Eba; Jan e
di ssi pat ed, oLReLER¥ATRE B9 the Egagggbﬁskgﬁ.coefficient smal | . Nanely,
eno

considering a“case where the resdnance p menon i s caused in which the

wavel ength on the submgrgeﬂwhgﬁjstufd-ﬂlaff 1 is four tinmes as large as
the width thereof, the relation between the %avelength Ad on the subnerged

hori zontal Rlkeb2dingl¢,thehe smaller the depth is, the shorter the
wavelength is.

In the present invention, utilizing the so-called
"resonance phenomena" occurring on the submerged horizontal
plate 1 that the antinode of the wave is made by the front
face of the orthogonal flat plate 2 and the node of the wave
is made by the other end of the submerged horizontal plate 1,
the energy of the incident wave is dissipated, thereby making
the transmission coefficient small. Namely, considering a
case where the resonance phenomenon is caused in which the
wavelength on the submerged horizontal plate 1 is four times
as large as the width thereof, the relation between the
wavelength A; on the submerged horizontal plate 1 and the

width B of the same can be expressed as in the equation (3).

In the above-mentioned structured mode of the flow-
permeable breakwater structure, since the water depth h on
the submerged horizontal plate is regarded seemingly as being
the submerged depth d of <this horizontal plate, when
replacing the water depth h in the equation (2) by the depth

d and substituting this depth d into the equation (3) and



width B of the sane can be expressed as in the equation (3). [err] In the
above-nentioned structured node of the flow perneable breakwater
structure, since the water depth h on the subnerged horizontal plate is
regarded seem ngly as being the submerged depth d of this horizontal plate,
when replacing the water depth h in the @qguation (2) by the depth d and
substituting this depth d into the equation (3) and - 23 - thereby
determining the relation between the width B and the wave period T at the
time of res | i ( S 3 T &

LTPE) s noleiEy SOCerlatl] he doideton Bocieichiiatn B 0t he
motion of Waigs QPdSigE Theaet idfe cdn8l dHe HmRinded NehbZF¥Plowimf e 1
is left out of consideration, in actuality the following corrected edquation
(5) can be g@ﬂgtﬂ@ﬁe@4§ohbgdgnsb@§d available. 4 BT

(5) Since thé water that exists outside the other end of the submerged

hori zontal plate 1 has effectévBness as additional nmass, the resonance
period needs to be cofrected to be sorewhat-+ofdper. Therefore, the val ue of

a becones | arger vV (gd)

Since the equation (4) is an approximate equation in
which the motion of water outside the other end of the
submerged horizontal plate 1 is left out of consideration, in
actuality the following corrected equation (5) can be
considered to be instead available.

4B

T=oq ——————— (5)
vV(gd)

Since the water that exists outside the other end of the
submerged horizontal plate 1 has effectiveness as additional
mass, the resonance period needs to be corrected to be
somewhat longer. Therefore, the value of o becomes larger
than 1.

In case of off-land waves (incoming waves), since the
equation (1) is established between the wave period T and the
wavelength A, when eliminating the T using this expression
(1) and the equation (5), the equation (6) can be obtained

after all.

For example, if the value of B/d is 2 with the value of



than-1. In case of off-land waves (incom ng waves), since the equation (1)
i s established between the wave period T and the wavel ength [err], when
etimnating the T using this expression (1) and the equation (5), the
equation (6) can be obtained after all. [err] B [err] For exanple, if
the value of B/d is 2 with the value of 24 =-" 24 - a being assunmed to be
1.5, the resonance phenonenon woul d be caused when the value of [err]/Bis
approximately 11.5. This neans that a structure having a width of

appr oxi mat g} Yoeliny? s¥sunReP tRABRA108 ,  BRe VBN ELFAKES %ﬁe ﬁélﬁ‘eﬁél‘i%téﬂ?l e in

woul d exhi bit the wave-danpi ng performance The val of aisiIn

the strict sansed WHen efits evaMiero®St/BTHlY RpgPodsiaidliyirg g he fluidic
phenonena around the structure by using the nunerical calculation

techni que, it haghi®enmednyedthitt aheptiietusbuchakriBgd ias afERItIXi e el y
from2 to 3, the value of ais from1l1l.4 to 1.5. As nentioned above,

accor di ng tappireximatelenbitRnont less dadeyd tan ctheecwawelengthr evfc etlod
resonance phenonena, an open space, which is open at one side of the
f | ow per meatneoming kre rweukd @xhibit the gevar-damping perkarmance of t he

The value of o is indefinite in the strict sense.
Therefore, when estimating by determining the fluidic
phenomena around the structure by using the numerical
calculation technique, it has been proved that when the value
of B/d is approximately from 2 to 3, the value of o is from
1.4 to 1.5.

As mentioned above, according to the first embodiment,
in order to cause the occurrence of resonance phenomena, an
open space, which is open at one side of the flow-permeable
breakwater structure, is created by a combined unit of the
orthogonal flat plate 2 and the submerged horizontal plate 1.
In addition, the submerged depth of the submerged horizontal
plate 1 is shallowed, thereby the width thereof is narrowed.
As a result, a longer-wavelength wave which could not have
been conventionally erased can be damped by a relatively
small scale of the wave damper structure.

Note that when the value of B/d is increased so that the
wave damper structure may be effective for damping of a wave
having a wavelength which is as long as possible, a wave

having a short wavelength becomes easy to pass through the



orthogonal flat plate 2 and the subnerged horizontal plate 1. In addition,
the submerged depth of the subnerged horizontal plate 1 is shall owed,
thereby the width thereof is narrowed. As a result, a | onger-wavel ength
wave which could not have been conventionally erased can be danped by a
relatively small scale of the wave danpe®d structure. Note that when the
value of B/d is increased so that the wave danper structure nmay be

ef fective for danping of a wave having a wavel ength which is as |ong as

possi bl e, g wavel engt h becones easy to pass through the
- 25 - mave Qﬁé%?u% ﬁ?geﬁ ccordlng to the experinental results or the
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once to twice or slightly nore as wide as the hei ght d

portion)] othéherés tbntedPordidin RE3t 8nd elid RElde aetR1dINEFfbPehBE into
wave-danpi ng principle, the orthogonal flat plate 2 is significantly placed

at the end obnshdesabiongedtheri mddithl Qliatr ,1, Byut oy tise onstbmetrgpedyve
side or on the downwave side. Next, the nDdified enbodi nents of the Fig. 1-
i |l ustratedhbrigontaboplatetl vis shikablyl fnenrencel i thiige or slightly
more as wide as the height [D= d+s(free board portion)] of
the orthogonal flat plate.

Further, according to the wave-damping principle, the
orthogonal flat plate 2 is significantly placed at the end of
the submerged horizontal plate 1, but may be on the upwave
side or on the downwave side.

Next, the modified embodiments of the Fig. 1-
illustrated first embodiment which are illustrated in Figs.
4 through 6 will be explained.

In each of those modified embodiments, the above-
constructed Fig. 1l-illustrated first embodiment £flow-
permeable breakwater structure is additionally provided
therein with a means for damping the wave reflected by the
orthogonal flat plate 2.

Namely, in the first modified embodiment of Fig. 4, in
order to obstruct the flow of the reflected wave along the
upper or lower surface of the submerged horizontal plate 1,

a protrusion member 7 is attached to the end thereof at which

the orthogonal flat plate 2 is not erected.



4 through 6 will be explained. In each of those nodified enbodiments, the
above- constructed Fig. 1-illustrated first enbodi nent flow perneable

br eakwat er structure is additionally provided therein with a nmeans for
danpi ng the wave reflected by the orthogonal flat plate 2. Nanely, in the
first nodified enbodi nent of Fig. 4, imdbrder to obstruct the flow of the
refl ected wave al ong the upper or |ower surface of the subnerged horizontal
plate 1, a protrusion nenber 7 is attached to the end thereof at which the

orthogonal flat gat Eggtﬁs%{ﬂ &l gl yi?rg*’%“l%hgagrﬁgt rusi %rr%or;’g_ 7in

sone cases is provid proj ecti ng upwar e subnerged“horiZzont a

plare 1 as Lldjiteaiephadly Eoal cABOhbASedsA BODOLLOEN ladd g o(2).

and in oth cases 1I's provi déd projecting e subnerged

horizontal jplRidtratasd | Lhutheaifid-dt) hoQifiedt 150di dhresh idhehengedipignt of

Fig. 4(b). Further, in sonme cases, the protrusion nmenber 7 is provided

proj ecting 4@y, ugndr thyoeher deasesr ﬁlbygﬁzbwubhep@ﬁm@n@ ownardly pl ate
1 as illustrated in the first nodified 3rd enbodi ment of Fig. 4(c). In

any case, fromatise cdubinergedthakizontdniplate vas eldustratedadm ehe e

formed utilizing the flow of the water around the wave danper structure, to

t her eby perfiorst mioslifdtedo 2ndf embodiment tde Bigr ¢y(bif. tFerthkér ocirecome e.
cases, the protrusion member 7 is provided projecting both
upwardly and downwardly from the submerged horizontal plate
1 as illustrated in the first modified 3rd embodiment of Fig.
4(c). In any case, by means of the protrusion member 7,
vortexes for example are formed utilizing the flow of the
water around the wave damper structure, to thereby perform
the action of reducing the energy of the reflected wave.

Accordingly, in order to cause the above-mentioned
action to be effectively performed by the protrusion member
7, this member 7 is provided at a position where the above-
mentioned resonance phenomena on the submerged horizontal
plate 1 are not obstructed and the speed of the water flow is
high, namely at the end of the submerged horizontal plate 1
at which the orthogonal flat plate 2 is not erected.
Further, in a second modified embodiment of Fig. 5, in

the vicinity of the end of the submerged horizontal plate 1
at which the orthogonal flat plate 2 is not erected, a plate
structure 8 is provided above the submerged horizontal plate

1 and below the water surface 10.



Accordingly, in order to cause the above-nentioned action to be effectively
performed by the protrusion nenber 7, this nenber 7 is provided at a _
position where the above- nentioned resonance phenonena on the subnerged
hori zontal plate 1 are not obstructed and the speed of the water flowis

hi gh, nanmely at the end of the subnerge2¥ Rorizontal plate 1 at which the
orthogonal flat plate 2 is not erected. Further, in a second nodified
enbodi ment of Fig. 5, in the vicinity of the end of the subnerged

hori tal plat h t
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enbodi nent. I n sone cases, it is attached to the subnerged hori zont

1 orthogonagmiyodimént Bspmtsdrﬁwrﬁéésa,s it |ustdidashdd ddecte Giikheighd | ed
1st enbodi ment of Fig. 5(a) and, in other, is attached to the hori zontal

pl ate 1 oblherEiontal h plateecl tdmdhet;@rﬁalyl | with atrebpett hehaeeedd as
nmodi fi ed 2nd enbodi nent of Fig. 5(b). Further, in cases where the plate
struct ure hillugtrwated hipedher meconek tmadi fi iedat lathembadlinéhustafatmgi n the
second nodified 3rd enbodi nent of Fig. 5(c), the reflected-wave-energy
attenuat|n959@i|§nd, in other, is attached to the horizontal plate 1
obliquely with respect thereto as illustrated in the second
modified 2nd embodiment of Fig. 5(b). Further, in cases
where the plate structure having a T-shaped cross section is
attached as illustrated in the second modified 3rd embodiment
of Fig. 5(c¢), the reflected-wave-energy attenuating action
and effect are also obtained almost similarly.

Further, in a third modified embodiment of Fig. 6, a
plate structure 9 is provided at a position that is spaced
from the submerged horizontal plate 1 on the upwave side, so
that the plate structure 9 may be located under the water
surface 10.

This plate structure 9 is disposed in such a manner as
to be orthogonal or slantwise with respect to the'submerged
horizontal plate 1, or in the form having a T-shaped cross
section with respect thereto, as illustrated in the third
modified 1st-to-3rd embodiments of Figs. 6(a), 6(b), and
6(c). Or the plate structure 9 is plurally disposed

orthogonally at substantially the same depth as that in case



and effect are al so obtained alnost simlarly. Further, in a third nodified
embodi ment of Fig. 6, a plate structure 9 is provided at a position that is
spaced fromthe subnerged horizontal plate 1 on the upwave side, so that
the plate structure 9 may be |located under the water surface 10. This plate
structure 9 is disposed in such a manner2és to be orthogonal or slantw se
W th respect to the subnerged horizontal plate 1, or in the formhaving a -
T- shaped cross section with respect thereto, as illustrated in the third

ot Sirudth e AT fE'se drt»%)&gﬁ%#y Biaghdt e e
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Figs. 6(d) and 6(e). In any case, by providing t ate structure 9,

wave darrperpfééucsva??aaﬁaor@té)q t ot hifyt Bakd, B¢ fd ﬁﬂnﬁlﬁiﬁd'ﬁﬁ't ééewell

can bring about sim actions and effects of efiabling the reduction in
the energy strideuref bectiie Wadet daipese PerictuRs aBdoeliaghed ithide
case of the first nodified enbodi nents. Meanwhil e, although according to

the above- nefirdnedd tfiiedi enbo8imeheswase wadlp&ars thrirg reébowt) Sibwbl &n
ef f ect

actions and effects of enabling the reduction in the energy
of the reflected wave to those performed and obtained in the
case of the first modified embodiments.

Meanwhile, although according to the above-mentioned
equation (6) the wave damper structure can have an effect
upon longer-wavelength waves as the value of B/d increases,
since it becomes more 1likely to permit the passage
therethrough of shorter-wavelength waves, an optimum value of
B/d is selected according to the transmission coefficient
when the structure is put to practical use.

However, since the submerged depth d of the submerged
horizontal plate 1 exhibits variations in a water area where
the variations in the tide level are large, the value of B/d
varies according to the tide level. Therefore, it may happen
that the wave-damping performance at a B/d value which is not
optimum must be utilized, as far as designing stage is
concerned.

Thus, the flow-permeable breakwater structures which

have been improved so as to cope with the variations in the



upon-l onger - wavel ength waves as the value of B/d increases, since it
becones nore likely to permt the passage therethrough of

shorter-wavel engt h waves, an optimum value of B/d is selected according to
the transm ssion coefficient when the structure is put to practical use.
However, since the submerged depth d of 20he subnerged horizontal plate 1
exhibits variations in a water area where the variations in the tide |evel
are large, the value of B/d varies according to the tide |evel. Therefore,
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fl ow perne & nts ructures which have been inproved so as to cope
with the vﬁ%mns I n the - 29 - tide level are those according to the

fol I owi ng secondyand, bhildwepberbabé briivater stoucberaniidsrdimglosat er

structure according to a second enbodi nent of the present invention wll be
expl ai ned V4 t lsdRii e@dIdinkend &£ Athel | ppésaied invdritgion/, wild be
fl ow perneabl e breakwater structure according to this second enbodi nent is
const r uct edogpll #itedd avith esfdiwaicen toulmiry.ggd horizontal plate 11 di sposed
subnerged under the water surface 10 and an inclined plate 12 erected at
around an end ofAs hidl hustratedlinpFige 1] the flow-permeable breakwater
structure according to this second embodiment is constructed
in such a manner that a submerged horizontal plate 11
disposed submerged under the water surface 10 and an inclined
plate 12 erected at around an end of the horizontal plate 11
on the downwave side in a manner upwardly inclined toward the
downwave side are supported by a support frame 13 erected on
the sea bottom so as to permit the passage therethrough of
the sea water. The inclined piate 12 is provided in a
direction intersecting the advancing direction W of the
incoming wave 5 substantially at right angles thereto and in
such a manner as to pass through the water surface.

Fig. 8(a) illustrates the correlation between the water
surface 10 and the inclined plate 12 during low sea-surface
level (low tide) while, on the other hand, Fig. 8(Db)
illustrates the same correlation therebetween during high
sea-surface level (high tide). The symbols d; and dg
represent the submerged depths of the submerged horizontal

plate 11 during the low tide and during the high tide,

respectively, and the symbols B, and By represent the



on the downwave side in a manner upwardly inclined toward the downwave side
are supported by a support franme 13 erected on the sea bottomso as to
permt the passage therethrough of the sea water. The inclined plate 12
is provided in a direction intersecting the advancing direction Wof the

I ncom ng wave 5 substantially at right .aggles thereto and in such a manner
as to pass through the water surface. Fig. 8(a) illustrates the correlation
bet ween the water surface 10 and the inclined plate 12 during | ow

- f I | (I tide) while, the oth d, . Fig. .8
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tide and at ace lev uring the tide, respectively. In

the case of thisypecepd esdedi BNt thikNCEebbRd NEMbREheNE] € slihdes ¢heardly
inclined toward t he downwave side, the value of dL is smaller than the

val ue of [efpk13ndd iPlad@ respos d1e’ Bné1inedL towasds ehemdolavaiian
[err] As a result, the difference between BL/dL and [err] beconmes smaller

side, the value of d; is smaller than the value of dg and, in

correspondence therewith, B, is also smaller than Bz. As a

result, the difference between B /d; and By/dy becomes smaller

than in the case where the inclined plate 12 is not inclined.

Assume, for example, that the tide-level difference

between during low tide (low sea-surface level) and during

high tide (high sea-surface level) be 2 m with the width By

of the submerged horizontal plate during the high sea-surface

level being set to be 16 m and with the submerged depth dy of

the submerged horizontal plate being set to be 8 m. Then,

during the high sea-surface level, By/dg= 2.0, whereas, in

case that the orthogonal flat plat 2 is used as in the first

embodiment, during the low sea-surface level, By/d;= 16m/6 =

2.67. In contrast, in case that the inclination angle of the

inclined plate 12 is set to be 53 degrees (in case that the

i)late 12 is orthogonally disposed, the inclination angle is

assumed to be 90 degrees), during the low sea-surface level,

B,= 14.5 m, and d;= 6 m, and therefore B./d;= 2.42. Thus, it

Pl



than-in the case where the inclined plate 12 is not inclined. Assume, for
exanple, that the tide-level difference between during low tide (low
sea-surface | evel) and during high tide (high sea-surface |evel) be 2 m
with the width Es of the subnerged horizontal plate during the high
sea-surface |level being set to be 16 m®nd with the subnerged depth [err]
of the submerged horizontal plate being set to be 8 m Then, during the

hi gh sea-surface level, [err] 2.0, whereas, in case that the orthogonal

flat plat 2 is used.as. in the first enbqdi nent, . during. the |ow sega;surface
| ovel * BL/ dis- PRERABLE 300D TAACh NS Sa1 4o oL LhE R A Ti0 At fon e A

N angl e
of the inclined plate 12 is set to be 53 degrees (in case that the plate 12
S orthogor?a‘l vy disposed, the inclination angle is assuned to be 90

degrees), during,t W sga- s |l e , =.1 an _:ﬁna{x;‘i nd
tpe[ ﬁfore Eerr] %ﬂrﬁé‘gﬁus{‘a@i tyéég{?&"éﬁ ¥'ﬁlgs %‘srgi é;tgf?ggap re%lafgoh th ge\a/lal ue
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per f or nanceéb&%%eﬁdegav‘\-ﬁ[ht Ehthhés%soeé:%?l tet ﬁgm%%%%{rl?gé ca%%ﬁ%yﬁ%n tecgrgni que,
as is indi ed.b ; fq,é,madj@e 2iSnaticd | heh pr @seHidmhe
transm ssi gar?]é cgsef ?lnglggﬁiegadu I ng tt?c;&l(ow seef—é:sﬁ?ﬁ%\gbfegg? (brokéln i nes
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figure), respectively, the both transm ssion coefficients can be nade
surface level (broken lines in the figure){and during the
high sea-surface level (solid lines iﬁ the figure),
respectively, the both transmission coefficients can be made
substantially equal to each other. Namely, it is seen that,
irrespective of the tide-level or sea-surface-level
difference, the transmission coefficient of 0.36 or less can
be achieved with respect to the wave having a wave period of
12.5 seconds or less and a wavelength of 244 mm or less.

In contrast, Fig. 10 illustrates the calculated results
obtained concerning the case of the first embodiment wherein
the inclined plate 12 is not adopted but the orthogonal flat
plate 2 having an inclination angle of 90 degrees is adopted.
The Fig. 10 illustration presents the performance curves
obtained under the conditions wherein, with the width B of
the submeréed horizontal plate being set to be 16 m, during
the high sea-surface level the submerged depth dy of the
submerged horizontal plate is 8 m and B/dg= 2, and during the

low sea-surface level d;= 6 m and B/d;= 2.67. Although when

the Fig. 9 performance curve and the Fig. 10 performance



substantially equal to each other. Nanely, it is seen that, irrespective

of the tide-level or sea-surface-level difference, the transm ssion
coefficient of 0.36 or |ess can be achieved with respect to the wave havi ng
a wave period of 12.5 seconds or |ess and a wavel ength of 244 nmor |ess.
In contrast, Fig. 10 illustrates the cal32utated results obtai ned concerning
the case of the first enbodi ment wherein the inclined plate 12 is not
adopted but the orthogonal flat plate 2 having an inclination angle of 90
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di fference e>gsts_ regardi ng the | ow sea-surface |evel roken lines in the
figure), inKkaseadthbugh it thes par e eesenshissipr heobfghcsents wiftdce

| evel (solid lines in the figure) indicates that although it has a | ow
transm ssi ofegett i toenshortttpercispbcivairesshattie pef fedt ime e ssavehgeafifcet i ve
wave-period region is narrower. Since in the stage of designing it is
necessary txegiomaie harrowér:i oSinber dnt thessitageobft designing it is

necessary to compare the inferior characteristics of the both
performances, it can be said after all that the flow-
permeable breakwater structure according to this second
embodiment is superior to that according to the £first
embodiment.

Note that regarding the flow-permeable breakwater
structure according to this second embodiment as well it is
confirmed by the calculations and experiments that even when
the inclined plate 12 is provided at the end of the submerged
horizontal plate 11 on the upwave side, similar effects to
those obtained when the plate'lz is disposed on the downwave
side can be obtained as in the case of the first embodiment.

An explanation will now be given as to a flow-permeable
breakwater structure according to a third embodiment of the
present invention with reference to Fig. 1ll.

The flow-permeable breakwater structure according to the
third embodiment of the present invention comprises a

structural body 17 which, as shown in Fig. 11, is constructed



performances, it can be said after all that the f | ow perneable
breakwat er structure according to this second enbodi nent is superior to
that according to the first enmbodi nent. Note that regarding the -

fl ow perneabl e breakwater structure according to this second enbodi nent as
well it is confirmed by the cal cul ati ors33ard experinments that even when the
inclined plate 12 is provided at the end of the subnerged horizontal plate
11 on the upwave side, simlar effects to those obtained when the plate 12
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conprises a structural™ body~17 which, as showmn in Fig. 11, is constTucted

- 33 - of aherbsentel Pt oIl dn Ahel dovhwivepgiae substeped mangertas
“wat er surface 10, an orthogonal flat plate 12a orthogonally di sposed at

around an etd dhtelrsestbrohegediveordingtdirediaien 14 £ otcheha momivey ewavee in
such a manner as to intersect the advancing direction of the incom ng wave

subst ant i al sybstantihllyrat exightcangdeantherebasmnd hopgisst khroaghrthe

surface, an tes s ng Sl pgréiggs. l7abot<;.) mégtt]igr?; h17a to which both
water surface, an ing Y P
sides of each of the horizontal plate 11 and the orthogonal
flat plate l1l2a are mounted respectively. This structural
body 17 is supported so as to have the submerged-depth
controlled according to the _tide level, by four .legs 16
serving as supporting frames which are planted in the sea
bottom so as to permit the passage therethrough of the sea
water.

That is, in the case of this third embodiment, the wave
eraser structure has a submerged-depth controlling mechanism
so that the submerged depth of the submerged horizontal plate
11 may be kept to be substantially constant. |

As the above-mentioned submerged-depth controlling
mechanism, there can be adopted a so-called rack-and-pinion
mechanism wherein while, on one hand, teeth (straight teeth)
for example are formed on each leg 16, the gears meshed
therewith are, on the othér hand, formed within the

structural body 17 and, according to the tide level, those

gears are each rotated to thereby control the vertical



sides of each of the horizontal plate 11 and the orthogonal flat plate 12a
are nounted respectively. This structural body 17 is supported so as to
have the subnerged-depth controlled according to the tide level, by four

| egs 16 serving as supporting franmes which are planted in the sea bottom so
as to permt the passage therethrough .of34the sea water. That is, in the
case of this third enbodi nent, the wave eraser structure has a

subner ged-depth control ling nmechani smso that the submerged depth of the
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Al so, besi egs 1b may be each fornmed™into an
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16 is controllable by operation of a hydraulic jack. And by operating the
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(depth) of the leg 16 nay be
controlled so as to keep the submerged depth of the submerged
horizontal plate 11 to be substantially constant. Further,
an arrangement may be given in which the submerged depth can
be maintained by the floating body portions 17a of the
structural body 17. With such axi arrangement, the structural
body 17 may be fixed to the legs 16 according to each
specified oﬁe of the tide levels.

Note that it is confirmed by the computations and
experiments that in this third embodiment as well even when
the orthogonal flat plate 12a is attached to around the end
of the submerged horizontal plate 11 on the upwave side,
similar actions and effects to those performed and obtained
when it has been attached to around the plate 11 end on the
downwave side can be procured.

According to this third embodiment, in addition to the
advantage that the wave damper structure is not influenced by

| the variation in the tide level, when saying with reference
to, for example, Fig. 10, a submerged depth which can give a

better wave-damping performahce can be advantageously



controlled so as to keep the subnerged depth of the submerged hori zont al
plate 11 to be substantially constant. Further, an arrangenent may be given
in which the subnerged depth can be nuaintained by the floating body
portions 17a of the structural body 17. Wth such an arrangenent, the
structural body 17 may be fixed to the-136gs 16 according to each specified
one of the tide levels. Note that it is confirmed by the conputations and
experinments that in this third enbodi mrent as well even when the orthogonal
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period of the incom ng wave. Therefore, a |low transm ssion coefficient

can be obt at¢sseot tto nesianiivd 1y -AReig-peaticd waress. aBésildessdd ey, by
desired transm ssion coefficient can be also obtained with
providing the structural body 17 the wave damper structure
can be sailed as a floating body with its legs being
uplifted, the installation water-area or direction can be
easily changed.

Note that although the above explanations have been
given such that with the width of the submerged horizontal
plate being set to be 16 m the relevant wave damper structure
can have effectiveness up to the wave having a wave period of
approximately 12 seconds, the width of the submerged plate

may be narrower if the wave period of the object wave to be

damped is short.



respect to relatively-long-period waves. Besides, Since by provi-dgirg-the

structWéTTody 17 the wave danper structure can be as a floating
bedy wi egt genlg ghistgd upl i fted, the installation ,mm@& muﬂ ection
can be Note t hat although t he above been
gi ven suc e wi dth of the sggnerged hori zontal pI ate béi ng set
to be 16 wave danper structure can have effectiveness up to

t he wave havi ng a vvave peri od of approximately 12 seconds, the width of the
subnerged plate may be narrovver i f the wave peri od of the object wave to be
danped is Mt is claimed WSt is clained is: A fl ow per neabl e
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surface, ang ag?giﬁgggoggi,egl apgpl ehqm%egoseqtmnbe thiedi YatezonngedLd to

around an end 0 e submer ged orlzontal pl ate on the downwave or upwave

side in SUCEh&réggafﬁﬂéd B éomprifis@d dSpasvanyi fitanib re@teted drbe

i ncom ng wave substantially at Tight angles thereto and to pass through the
water surfage gl Wy hadr epéenittingVeties \Wassageoves aseag waeempper

surface of the subnmerged horizontal plate to cause said water to pass

t hr ough undehet&thsotgh| gedubmerned hbrpzehtal plate 1 supported by the
supporting frame 4 and located under the water surface 10,
and an orthogonal flat plate 2 disposed on around an end of
the submerged horizontal plate 1 on the downwave or upwave
side in such a manner as to intersect the advancing direction
of the incoming wave W substantially at right angles thereto
and to pass through the water surface 10.
2) A flow-permeable breakwater structure according to claim
1, characterized in that a plurality of partitioning plates
3 each connecting the submerged horizontal plate 1 and the
orthogonal flat plate 2 are juxtaposed at space intervals
along the advancing direction of the incoming wave W.
3) A flow-permeable breakwater structure according to claim
2, characterized in that each of the partitioning plates 3is
formed like a right-angled triangle having an inclined side
3a obliquely extending from around an upper edge of the

orthogonal flat plate 2 to around the end edge of the

submerged horizontal plate 1.



15 2y A flowperneabte breakwater structure according—to-claiml,
characterized.in that a plurality of partitioning plates each connecting

the subgesieatiabibeen Replcedl . pl ate and the orthogonal f1 m l posed
at spac ng the advancing direction of: j* "Jﬂﬂﬁmﬂﬂmw 20
3) AE\ breakwat er stru@fuwe according to clainf2° *

char act ey nthat each of the partitioning plates is forned |like a

right-angled triangle having an ‘inclined side obliquely extending from
around an upper e of the.qrthoganal flat plate t round t d _edge of
t he subrrer"gﬁd rfb&ﬂ%&’ﬁtl’ﬁmﬁagﬁ& Egaolg\yater Eqﬁoc%u%:& %g%g?ﬁ J‘ggeg‘g\/\glt%elrnF
structure accaqrdi to clali . 3, Charact ephzedh 44 t Bat oEh | dt h of
t he subnerﬁ’edaﬁor{ggon al cg‘?%&"‘?%%g? tj(')nbteﬁg?:eatefel% ?ﬂ'én t he h%%gﬁ%ﬂéof t he

el osEopentfthor b, st il

accordi ng aracterized 30 in that to an end of the

subner ged lflé’i%ﬂ'@rﬁ% PLRS CoRthddbdL tfPrgiagonal flat plate is not This
plrac

is the re nment sﬁeet 37 - erected there is attached a protrusion

menber so @5 t Oop GOYwW-lfdrmididlld Brefkwaber i Rictgnie @ ctoxidd ngntoprkaimr
| ower surface of the subnerged horizontal plate. 6) A fl ow perneabl e

breakwat ery st yct 81y e caccdy dichgraetelrdizedl, ir?, thatortd, anheemtt ofi zZele 5 in
that a plate structure is provided at around the end of the subnerged

hori zont al sgbméeged hbirizontaloplatgorial at | whighatthe onthoganadk efla® such
a manner as to be | ocated above the subnerged horizontal plate and under
the water platec2.ig)not exdqtnd thexeaiscabtaghad: 8r PEPELRELPR BRWRPRI ng to
claiml1, 2, 3, or 4, characterized 10 in that a plate structure is di sposed
in such a Waseer@sist® oobetspatedhandlion @f  Hhe sWBKEX PinG i ASR%I 3B at e
on the upwave side and Iocg%gd under t he syrface.
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wat er 6) A flow-permeable breakwater structure according to claim
1, 2, 3, or 4, characterized in that a plate structure 8 is
provided at around the end of the submerged horizontal plate
at which the orthogonal flat plate 2 is not erected in such
a manner as to be located above the submerged horizontal
plate and under the water surface 10.
7) A flow-permeable breakwater structure according to claim
1, 2, 3, or 4, characterized in that a platg structure 9 is
disposed in such a manner as to be spaced away from the
submerged horizontal plate 1 on the upwave side and located
under the water surface 10.
8) A flow-permeable breakwater structure adapted to ensure
inflow and outflow of water into and from a water area and to
decrease the wave height of incoming waves and thereby ensure

a desired 1level of calmness within the water area,



i nt o ~and—froma-—water—area and to decrease the wave hei ght of i ncom ng

waves and thereby 15 ensure a desired |evel of cal Mmesspui M r.
ar ea, B eplacedc onpri si ng a supporting frame eﬂ“ll&ﬂ"'ﬂ“@@ﬁﬁ'@
bottom m t he passage of sea water therethreugh, @ subrerged
hori zont rted by the supp@8t+ng frame and | ocated under the
wat er surface, and an inclined plate erected at around an end of the
subnerged horizontal plate on the downwave or upwave si de and upwardly
inclined t [ s SJj:qde. i_n 3 S{kO : lally

I nt ersect %%aﬁ%ﬁ%,g%% rects on 12@ Sﬁgﬁ’(@&%lw\%‘é‘g %%f%%ggé R{’%ugh
the water gsur e. I abl e a t pygct agapbed to
ensure inf ov%%énd bﬁ%ﬁ%wég t%ﬁ'{ﬁ'@anﬁi?r?ﬁfgasear\ga%egﬂarggsand to:6
decrease: téﬁefeﬁﬁraﬁgﬁbt a0kubeLgbadndRy ¢ontad P1ARbY XS Wisoreed Bgsired

| evel of calmess wThin the water area, characterized by conprising a
struct ur al thedyupbbsbihg £r4Rd 5 add Qbcatedbanagedther waestasuptate,

| ocat ed under a water surface and an orthogonal flat plate erected at
around an ghd ah titfckifteerpkatdol2zereetef aite atowhd dnwendvedHrthewave
-side in such a manner as to substantially intersect the advancing direction
of the incsubmgrgedchonidoptal plateidil tdre thet dowssmairecor upwaveraideral 30
body bei ng supported by a supporting frane erected on a sea bottom and

per ni t t i ngahde upiwaxrdly t irclipdictowardsither dowrsiane | side dRedguchi1a Jyly
1998 -38 - passage of sea water therethrough, so that the subperged depth

t her eof nepapaesods: 6P| sphstantdaldindntensect; the pgyapcing direction

of the incoming waves and pass through the water surface 10.

9) A flow-permeable breakwater structure adapted to ensure
inflow and outflow of water into and from a water area and to
decrease the wave height of incoming waves and thereby ensure
a desired 1evel of calmness within the water aréa,
characterized by comprising a structural body 17 which is
constructed of a submerged horizontal plate 11 located under
a water surface 10 and an orthogonal flat piate 12a erected
at around an end of the submerged horizontal plate 11 on the
downwave or upwave side in such a manner as to substantially
intersect the advancing direction of the incoming waves and
pass through the water surface 10, the structural body 17
being supported by a supporting frame 16 erected on a sea
bottom and pérmitting the passage of sea water therethrough,
so that the submerged depth thereof may be controllable

according to'the tide level.



