1 A HARBOR STRUCTURE AND A METHOD OF BUI LDI NG SUCH A STRUCTURE The
present invention relates to the field of coastal engineering, and nore
precisely to the field of 5 harbor engineering. The present invention
relates nore particularly to a nethod of 1building a harbor structure that
is suitable for comunicating with a stretch of water. The stretch of

wat er can be an ocean, a sea, a lake, 10 a dock, a harbor, or any other
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cylindrical cells. 1 he present |nven€|on %o provi de a
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harbor is generally limited by topographical and
environmental constraints.

15 The feasibility of building a harbor is usually
dependent on the existence of a suitable natural
geographical configuration.

For example, 1t is necessary for the land to form a
roadstead, a fjord, or a natural breakwater, in order to

20 serve as a basis on which to build the harbor.

In addition, some kinds of terrain prevent harbors
from being built. In particular locamy-sand and silty
terrains prevent quays from being built under
economically acceptakble conditions.

25 It can thus be understood that locations lending
themselves to harbor building are in limited supply.

Document US 3 124 935 is also known and that
document describes a harbor structure having a continuous
wall of sheet piling, which wall is made up of a

30 plurality of arches whose concave sides face outwards
from the harbor structure, the ends of the arches being
connected to cylindrical cells.

A first cobject of the present invention is to
provide a harbor structure that is not dependent on

35 coastline topography or on the kind of terrain.



35 coastline topography or on the kind of terrain. 2 A second object of
the invention is to provide a harbor structure that is obtai ned by

i npl enenting the nethod. The invention achieves its objects by the fact
that 5 the nmethod consists in nmaking, in2a piece of ground, at |east one
curved continuous wall having a closed outline and conprising at |east one
arcuate wall segnent whose concave side faces towards the inside of the
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rectilinear segnents ut t tot al engt 0 such recti ear segnments
must not excééd I5E%Y( pref emssliyng 2BYtiv edet tweaks | eagth ofidherentnbne of

the continuoys kiwaf lit possible to cause said volume to communicate
with the stretch of water.
15 The term "pilece of ground" is used herein to mean
any surface in which it is pocssible to make a wall, i.e.,
for example, a piece of land, a layer of fill, a
foreshore, a seabed, or any other type of surface.

A wall that is said herein to be "curved" 1is a wall

20 having an outline that is essentially made up of curved
lines.

That is to say, in accordance with the invention,
the total length of said curved lines represents more
than 50% of the total length of the cutline of the wall

25 and, preferably, the total length of said curved lines
represents more than 75% of the total length of the
outline of the wall, in order to improve the self-
stability of the continucus wall.

In other words, the continuous wall of the invention

30 can have rectilinear segments, but the total length of
such rectilinear segments must not exceed 50% (preferably
25%) of the total length of the outline of the continuocus
wall.

In the meaning of the invention, when the harbor

35 structure comprises a single arcuate wall segment, the
harbor structure is in the shape of a cylinder provided

with an opening.



In the nmeaning of the invention, when the harbor 35 structure conprises a
single arcuate wall segnent, the harbor structure is in the shape of a

cylinder provided wth an opening. 3 Preferably, the continuous wall is
made whil e also providing the opening in said continuous wall, and then
all or a fraction of the volunme defined by the continuous wall is dug out.

However, it is also possible to provide 5 the opening after the vol une

defined by the contidwuorg,1ywalindasobeen.dug outy {8 hhgemeaninga0kot he

invention, the term "cantinuous wall" is use to include_both Il that
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of water. into the ground in a substantially vertical direction.
As a result, in accordance with the invention, the
15 harpor structure can be buillt equally well on land and in
a stretch of water.

Thus, the continuous wall can be surrounded entirely
or partially with soil (or with some similar material) or
with water, so that the continuous wall forms an

20 interface between water and land, or indeed between two
volumes of water.

It can be understood that the continucus wall forms
retaining means making it possible fto retain the cutside
environment disposed on the outside periphery of the

25 continuous wall, which outside periphery is preferably
constituted by the convex side of the continuous wall.

In an implementation of the invention, the ground in
which the wall is made is the bottom of a stretch of
water, so that the wall is suitable for being partially

320 or entirely immersed in the stretch of water.

In a preferred implementatiocn of the invention, the
volume defined by the continuous walil is dug cut over a
fraction of the height of the wall.

Since not all of the volume defined by the inside of

35 the wall is dug out, it can be understood that the lower
portion of the wall is surrounded by ground so that the

wall is anchored in the ground, the anchoring depth thus



In a preferred inplementation of the invention, the volunme defined by the
continuous wall is dug out over a fraction of the height of the wall.
Since not all of the volune defined by the inside of 35 the wall is dug
out, it can be understood that the | ower 4portion of the wall is surrounded
by ground so that the wall is anchored in the ground, the anchoring depth
thus 4 corresponding to the fraction of the height of the wall that is

not cleared byodigghdgiow . tdhend niapm anchortng depthti srachungkiion both
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plurality of cast plles ing cast piles’is aPready
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to support its sides, and then in casting concrete in
said trench segment in order to make a wall element or
15 panel.

Then, another trench is dug adjacent to the
previously-formed trench segment so as to make another
segment of the continuous wall.

That process is repeated until the continuous wall

20 of the desired shape is cbtained.

By means of the technique of making diaphragm walls,
it is easy to make continucus walls in pieces of any
shape and outliine, and in particular of curved outline.

In another implementation, the continuous wall is

25 made up of a plurality of cast piles.

The technique of making cast piles is already known
and consists in driiling a well in the ground, e.g. by
means of an auger, and in filling the well with concrete.

It is also possible to use an auger equipped with a

30 tube making it possible to inject concrete regularly into
the well while the auger is being withdrawn.

In order te make a wall that is continuous, it is
possible, for example, to make two non-intersecting
primary cast piles and then, after the concrete has set,

35 to drill a well that is secondary to the two primary

piles, and to fill it with concrete.



means of an auger, and in filling the well with concrete. It is also

possi ble to use an auger equi pped with a 30 tube making it possible to
inject concrete regularly into the well while the auger is being

wi thdrawn. In order to make a wall that is continuous, it is possible, for
exanple, to nake two non-intersecting primary cast piles and then, after
the concrete has set, 35 to drill a well that is secondary to the two

prinery piles, and to fadddo igodd fith £ONGTRL Lo %Mhté@éé&ﬁ@smé@ to
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the panels 51 having a curved outline is made up of a plurality of
individual segments of short length, two adjacent

15 individual segments being slightly inclined relative to
each other.

In the meaning of the invention, the individual
segments of a curved wall do not constitute rectilinear
segments and are not Taken into consideration when

20 calculating the total length of rectilinear segments of
the continuous wall.

In particular, when the curved continuous wall is a
diaphragm wall, it can be undersiood that a curved
segment is made up of juxtaposed rectilinear panels that

25 are inclined relative to one ancther, each of the panels
presenting a length that is short compared with the total
length of the continucus wall, so that the curved segment
corresponds to the envelope of the juxtaposed rectilinear
panels.

30 Without going beyond the ambit of the present
invention, it is possible to make provision for the
continuous wall to be made by combining the four above-
described techniques.

An advantage of the above-described techniques is

35 that it is easy to make continucus walls in wide variety
of kinds of terrain, ranging from rocky to muddy or

sandy.



presenting a length that is short conpared with the total Iength of the
continuous wall, so that the curved segnent corresponds to the envel ope of
t he juxtaposed rectilinear panels. 30 Wthout going beyond the anbit of
the present invention, it is possible togmake provision for the
continuous wall to be made by conbining the four above- descri bed

techni ques. An advantage of the above-described techniques is 35 that it
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rangi ng fromrocky to nuddy or sandy. can thus be understood that an
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i nsi de cpening width can be imagined, even though an opening

width that is small compared with the perimeter of the

wall is preferred.

15 Preferably, the opening is in the shape of a notch
formed in an upper portion of the continucus wall.

Said notch has side edges that can be vertical or
inclined so that the notch is V-shaped, or indeed
trapezoid-shaped, the small base of the trapezoid being

20 situated below the large base, or else it can be stair-
shaped.

Once the harbor structure has been built, its inside
volume 1s filled with water, e.g. by using pumps and/or
via the opening that communicates with the stretch of

25 water,

Once the harbor structure is full, 1t can be
understood that the opening forms an access enabling
boats to go between the stretch of water and the inside
of the harbor structure.

26 Naturally, the depth of the opening is dimensioned
as a function of the draughts of the boats that the
harbor structure is designed to receive.

On reading the above, it can be understood that the
harbor structure of the invention can be built on land.

35 In accordance with the invention, it is alsc

possible to build the harbor structure in a stretch of



volume is filled with water, e.g. by using punps and/or via the opening
that communicates with the stretch of 25 water. Once the harbor structure
is full, it can be wunderstood that the opening forns an access enabling
boats to go between the stretch of water and the inside of the harbor
structure. 30 Naturally, the depth of the opening is dinensioned as a
function of the draughts of the boats that the harbor structure is

desi gned to repeive,r OLd eadifig, the above, étsgf:‘@t@ﬁ H?d§é§&90gn8hat the
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a plurality of cast plles.

In order to make a continuous wall that is disposed

partly on the ccast and partly in the stretch of water,

15 it can be understood that a fraction of the wall is made
in the coast while the other fraction is made in the
£i11,

In & preferred implementation of the invention, the
continuous wall extends to a depth greater than the depth

20 of the seabed so that the harbor structure is anchored in
the ground.

In addition, in the invention, it is possible for
the volume defined by the continuous wall to be dug out
to a depth greater than the depth of the seabed

25 vertically in register with the continuous wall.

Preferably, the opening is provided in the fracticn
of continucus wall made in the £ill, and the fill is dug
cut, at least in register with the opening, in a manner
such that the volume communicates with the stretch of

30 water.

It can thus be understood that the fill that is dug
out is the fill that is situated on the outside periphery
of the continuous wall in addition to the fill situated
inside the volume defined by the continuocus wall.

35 Since the fi1l1 has been put down in the stretch of
water, 1t can be understood that, when the fill is dug

out, that fraction of the continuous wall that was made



the ground. In addition, in the invention, it is possible for the volune
defined by the continuous wall to be dug out to a depth greater than the
depth of the seabed 25 vertically in register with the continuous wall.
Preferably, the opening is provided in thg fraction of continuous wall
made in the fill, and the fill is dug out, at least in register with the
opening, in a manner such that the volune comunicates with the stretch of

30 water. It gcan fhusebe; undesst ood,thatntbe £l luaEQ?*t | $pdugpeout is the
fill that is sjtuated on the outside periphery” of the_continuous wall in
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with the stretch dfhevgtersdmt enabdret Boboat sot prpassethaobghbotthe har bor

structure bmé%%d%%ﬂfgnéﬂégggmmrises at least one curved continuous

wall having a closed outline and sultable for making a

15 deck, said wall being provided with at least one opening
communicating with the stretch of water to enable a boat
to pass through, the harbor structure being characterized
in that the continuocus wall comprises at least one
arcuate wall segment whose concave side faces towards the

20 inside of the structure so as to present an arch effect
relative to the ocutside of the structure.

Preferably, the continucus wall is made as a
diaphragm wall, but it could also be made of cast piles
or of reinforced concrete.

25 In a preferred embodiment, the continucus wall is
anchored in the ground so that the depth of the dock is
less than the total height of the walil.

In addition, a wall that i1s salid to be "continuous"
alsc includes a wall that is plece-wise continuous.

30 Advantageously, the continuous wall is cylindrical
in shape.

In accordance with the invention, the terms
"cylindrical" or "cylinder" are to be understood in their
broadest sense, namely as designating a set of parallel

35 straight lines defining a "directrix" curve that, in this

example, is closed.



in that the continuous wall conprises at |east one arcuate wall segnent
whose concave side faces towards the 20 inside of the structure so as to
present an arch effect relative to the outside of the structure.

Preferably, the continuous wall is nade as a diaphragmwall, but it could
al so be made of cast piles or of reinforced concrete. 25 In a preferred
enbodi nent, the continuous wall is anchored in the ground so that the
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a cl osed curve th%; éﬂn#%g&ﬂ) %(Néﬁgjéql Psgy . an ov tﬁﬁsag¥ﬁ ggﬁapclosed

curve. In a preferre con i huous™ wal e of a
cyl i nder haviang <an iatd4 pti calciorcle 5 < rcarthbasaockni ot hercwbedsert he
directrix isgimndhis,exanple, an ellipse or a circle, so that the dock is
circular or elliptical. An advantage of a dock having a circular outline
10 lies in the fadt" (32T 2 Ifakds 3 19906 SFbY B¢ of t akECWPeT dPRFeLPRcal | y

opposi t & (f or aes: Pries iy it hghpontd Nuorss  wal Eb@séﬁbaereéutak_et hps
particul ar shape advant.ageous it possible to og$t addhtlonal means

..makes
for supporti g lfe e |?ﬁﬂ#%ﬁﬁ? €§59?ﬁl%ﬁﬁssb?gc??c ar “¢oht 'REYdts

wal | . wall.

As a result, this particular shape advantageously

makes it possible to omit additional means for supporting
i5 the cylindrical, elliptical, or circular continuous wall.

In other words, such a continucus wall is self-
stable in that it is not necessary tc add support means
to it in order to secure stability for it.

Furthermore, it can be understood that such self-

20 stability exists both when the continucous wall is
disposed in land, and when it is disposed in a stretch of
water.

Advantageously, the continucgus wall comprises a
plurality of arcuate wall segments connected together via

25 their ends, said arcuate wall segments having their
concave sides facing towards the inside of the structure
S0 as to present arch effects relative to the outside of
the structure.

It is also possible to build harbor structures that

30 extend over large areas by juxtaposing arcuate walls.

Preferably, the harbor structure presents at least
one plane of symmetry so that an arcuate wall is suitable
for taking up the forces to which the arcuate wall that
is symmetrical to it is subjected.

35 For this purpose, the ends of two symmetrical
arcuate walls are advantageously interconnected via force

take-up elements such as, for example, beams.



I n other words, such a continuous wall is self- stable in that it is not
necessary to add support neans to it in order to secure stability for it.
Furthernore, it can be understood that such self- 20 stability exists both
when the continuous wall is disposed indj@nd, and when it is disposed in a
stretch of water. Advantageously, the continuous wall conprises a
plurality of arcuate wall segnments connected together via 25 their ends,

sai d arcuate wall ;seqments having | Neida CONgaYEs Sidesq{achndoFovALds the
inside of the structure so as to present arch effects_ relative to the

outsi de of tHFEITF R urd:e 1905 B Ibl o s B 1@ Hurd 4L haf bBF 8t f8et ur es

that 30 extendrovercdafgen-alreas by 4ixd apesi Ogof cyatiee Wahl s. inPreferably,

t he harbor struyctur.e presents at | east one plane of s try so that an
arcuate wal | % %gﬁh% e?aWQﬁrtEﬁ&%ﬁfYﬁ)E%egh%r%%EeT%Mmﬁ c%gFﬁE'arcuate
wal | thats is symftafieccalbiyg idaids cudyect eteadd donpthss pugpose, the ends

of two symetri.cal,, arcuat g&ﬂA&;@g@fﬁgng%§g§8H§Ly i nterconnected vi a
force take-up el'enents such as,” for exanple, "beans. 10 In a particularly
advant ageous enbodiviientrcgfe thee fanadnty onsa thegadoe ke $op ni figs canbenadus wal |

I's provided WilthiLloOsW:e BANY SHtale fors£losing thesyathein
wat erti ght manner relative to the stretch of water. 5 Preferably, said
cl osure nean$F&opYd-se a gate suitable for closing off said opening. Even

nmore prafeerably, saivérgaleGOTpr,i sS85 avpanet ssuidabte fortavying
vertically so as to close the opening. 10 Advantageousl he _har bor
structure qutOWéjlrlsce&nﬁ’ﬁnépe?e@ﬂ% %Esd?%“%gst?%neéﬁpﬁ %%t%é?%eoaog “of the
water it is suitkablie fier scortadile Nghr containing.

Naturally, the pump means are designed to be
activated once the opening is closed off.

15 Preferably, the continuous wall is in the shape of a
cylinder having a circular directrix so that the
structure can withstand the pressure exerted by the soil
flanking the convex side of the diaphragm wall, which
pressure is particularly high when the dock is empty.

20 Optionally, it is possible to make provision to make
a floor forming a slab at the bottom of the dock, thereby
making it possible to improve the support for the
continuous wall.

Such a dock can advantageously serve as a basis for

25 building a structure of the graving dock or dry dock
type.

Advantageously, such a structure further comprises a
ramp extending along the inside periphery of the dock
froem the vpper porticn thereof to the lower portion

30 thereof.

In this example, provision is made for the width of
the ramp to be large enough for a vehicle to be able to
access the bgottom of the dock when said dock is in the
emptied state.

35 Advantageously, said structure further comprises at

least one floating dock raft suitable for moving



Naturally, the punp neans are designed to be activated once the opening is
closed off. 15 Preferably, the continuous wall is in the shape of a
cylinder having a circular directrix so that the structure can w thstand
the pressure exerted by the soil flanking the convex side of the diaphragm
wal |, which pressure is particularly high when the dock is enpty. 20
Optionally, it is possible to make provision to make a floor formng a

slab at the bmzt&raaoﬂm%c@%né@%@baf ki ng- it pesshbLe tontApPrave the

support for the continuous wall. Such a dock can advantageously serve as a
basis for Zéfb&h%MQRf%istructure of the graving dock or dry dock type.
Advant ageously, suofefa siyluet uitee fardherngompsik sesra i sagpiextiendi ng al ong
t he inside peri he&y of t e dock fromthe %$ er. ortlon thereof to the

r

| ower porti ol 36 é%?’ MH S Exampie - rﬁ?g fisdeFBPYthe wi dth

of the ranpwadlbe | arge enough for a vehicle to be able to access the

bottom of the dock: %o%aelqugdocf %réf‘ttﬂe £IpL ) 1?e§£§m§§d

Advant ageously, said structure her conprlses a one froa i ng
dock raft suifti&tite rfegmansviaigl o der'te dat | kerls @beumctionlofeihefdepeh of

wat er contalm@@eﬁ|¢dﬂygﬂyga<lﬁW@HéH@ggy, the floating dock raft is guided
as it noves by gui de neans co-operating with the continuous 5 wall. The

floating dock raf? iod St eraiiF pHo el 96 ¢h ©F 1 bag h%&%%téﬁngan it to
be kept 1@b0v©rtoh’ddleei\/®a|lt01f dthe e aved efn€ontad neds i Mt dihee doek. cPreferably,
the graving dagk of Lhe JhVeMtIon o A% ATOVided M Lh gt Leapt .ope oradle
and with means for positioning the cradle, so that as the
dock 1s emptying, said means position the cradie under
the boat in order to carry the boat once the dock is in
15 the emptied state.
In an advantageous embodiment, the harbor structure
of the invention comprises a plurality of continuous
walls having closed cutlines and suitable for forming
docks, said continuous walls forming docks that
20 communicate with one ancother via their openings.
It can be understood that, in this embodiment, the
harbor structure is suitable for forming an access
channel for boats.
In other words, the plurality ¢f continuocus walls
25 form an access channel via which a boat can access the
stretch of water by going successively through the
openings provided in the respective continuous walls.
Since the continuous walls of the invention can be
made in the stretch of water or in the ground, it can be
30 understoocd that the present invention makes it easy to
build a channel extending from a zone of the stretch of
water that is remote from the coast to a zone that is
situated inland.
Preferably, one of the continuous walls of the

35 channel has a portion immersed in the stretch of water.



operating with a boat noored to the floating dock raft, and with nmeans for
positioning the cradle, so that as the dock is enptying, said neans
position the cradle under the boat in order to carry the boat once the
dock is in 15 the enptied state. In an agwvantageous enbodi nent, the harbor
structure of the invention conprises a plurality of continuous walls
havi ng cl osed outlines and suitable for formng docks, said continuous

wal | s form ng docks.dhats 20, compunicat e M&i@e@§§n§§0£8eﬁh¥i@oEH?hﬁous
openings. It can be understood that, in this enbodi nent, the harbor

structure is "€t ablF'HS fof nfhfy R aceedsCf chamnelarbelbdat 801 n ot her
wor ds, the plamadddly of o4 huous walls 25 form an access channel via

whi ch a boat can cess. the _stretch of water oi ng _successi vel y through
the onenings. or ol Ha i S HETH Lepadtt v e bt hhote. ReprSoed RLER He
cont i nuous waldesyiofg trernaw eint i e canr biecn naldet | hst hemstsetichwbfchat er or

in the groun j. L. t p, i Lon kes it
easy to buil peélzlnc n%ﬁr%e%esx?%néjdpﬁﬂ?r%%ﬂgﬁgﬁé%ﬁ%ﬁgt}?lggggégt %%g‘g%égvﬁ er that
is renote fréhaiecodstvatea echharceess s¢haaned- i nl and. Preferably,

one of the conti n%‘@fé’@ﬂl%zﬁtﬁ@%ﬁéﬁ&@?%s&%s aap%ﬁ%‘é’ﬂ E{IB?!’L@@QnE” the
stretch of water. 12 Preferably, this wall corresponds to the continuous

wal | sit uat edCaff ¥HeE Ssdme feritf of 4" thannel 2 B2 Y helMBeF8eeh oF water. In
thi s exarnpl epatrthiiswend wal [15ws prawiwesh witd anrebciopeni ngréor red Eprt he
portion that Jis i )L rsed, which opening fornms the main comunicating

passage bet weér the ' STy &tCit'of water and the access channel . Pref erably,
t he channel presefite anvemgtiprsufdn diertetter ansirkesthat gaddipsrtion is

al ways i mrersed, i ges appear more clearly on reading the following
detailed description of embodiments given by way of non-

15 limiting example. The description refers to the
drawings, in which:

Figure 1 is an exploded perspective view of a
diaphragm wall of the invention;

Figure 2 Is a perspective view showing, on its

20 own, a harbor structure of the invention that is made up
of a four diaphragm wall elements;

Figure 3 is a perspective view of the harbor
structure of Figure 2, as integrated into a coastal
environment;

25 + Figure 4 is a plan view of a harbor structure of
the invention that is made of four diaphragm wall
elements, the structure being shown at low tide;

Figure 5 is a side section view of a harbor
structure of the inventicn that is made up of four

30 diaphragm wall elements, the structure being shown at
high tide;

Figure 6 1is a plan view of the harbor structure of
Figure 3;

Figure 7 is a side section view of the harbor

35 structure of Figure 4;

Figure 8 is a perspective view of a wall element

forming a graving dock of the invention;



10 particular at low tide when the stretch of water is, for exanple, an
ocean. The invention can be better understood and its advantages appear
nore clearly on reading the following detailed description of enbodinents
given by way of non 15 limting exanple. The description refers to the
drawi ngs, in which: Figure 1 is an exploded perspective view of a

di aphragmwal | of the invention; Figure 2 is a perspective view show ng, on

its 20 own, a harborms;mb@twﬁs oél&@esé@y%ﬁlepe&h@sf tﬁenggsvgﬁg abca four
di aphragm vval | el ements; ure aﬂger spective VI ew of the harbor
[

structure of Fi gurs'E ga(s*? ?"éjg?%t‘élae o< aveRastatl’ environnent; 25
Figure 4 is a plan \Haeymm = h:afﬁbQI’SScﬁeE ucé tit eonf vitheoknyest g@ﬁvﬁ_h@t i's

made of four r gment s t he cture being.shown at |ow
tide; Fi gure% i s%a]@%lm urseec |on VTN of "3 (ﬁ Eo‘?’he@t?ﬂgggfe%%’nt

i nventiorb that is ‘méteywge ofl fmjra 3®l@lm aphewagof wal the}:énemb@dlmhetsbrfuct ure
bei ng shown aty magcl?aotz‘ d:@erué:ﬂ@f’é 0B L8 B Plan, Vi 5?1}[(‘?]8;1% ﬁohar bor structure

of Figure 3; &rﬂe sl de sectl on vi ew of 35 structure
of Figure 4; Figufe @89 sf%llp@fls%c@ww*‘ewmoa P\é@feéréﬁent forming a

graving dock e@fbddl%érft\éerﬁﬂ e Lvdi@ide, %hs shdeiseehkonavhewsof the
gravi ng dock aof Figure show ng the dock when full; Fi gure 10 is a side

section vi ewBf ggr)‘}e‘f{ﬁlﬁg dOORE B Fi Yar B8 CahoWi Ag°TRe dbBR when enpty:
and 5 HOQur &uildisica tamivieye afara bdi rchehiedi ment of the harbor

structure of the H@E§$ﬂhﬁ£ﬂy%§ggﬁgkure concept defined in the present
invention can be implemented in a plurality of
embodiments that can naturally be combined to form more
complex harbor structure configurations.

15 The present invention makes it possible,
particularly, but not exclusively, to build marinas,
graving docks, and access channels.

In addition, the harbor structure of the invention
offers the advantage of being modular.

20 The harbor structure of the invention can comprise
one or more modules forming docks that are
interconnected.

Figure 1 is an exploded perspective view of an
embodiment of an individual module 10 in the meaning of

25 the invention, which module is made up of diaphragm walls
comprising two arcuate diaphragm wall segments 12, 14
that are interconnected via two rectilinear diaphragm
wall segments 16, 18, However, the rectilinear segments
are merely coptional. 1In any event, the tctal length of

30 the rectilinear segments is less than 25% of the total
length of the outline of the module 10.

The technique of building diaphragm walls is already
known, and is not described in detail herein.
As explained below, this embodiment is in no way
35 limiting on the present invention, it being possible for

the module to have any other shape, particularly but not



In the follow ng description of preferred enbodinents of the invention,
the continuous wall is a diaphragmwall. However, as indicated above,

ot her 10 buil ding techni ques can be i mgi ned. The harbor structure concept
defined in the present invention can be iqrmplenented in a plurality of
enbodi ments that can naturally be conbined to formnore conplex harbor
structure configurations. 15 The present invention makes it possible,

particul arly,e:uty ofe BXC Us Vel ¥y i 491 behhde MBEL DA, 2 9 av|:ngrdegks, and
access channegs. In addition,, the harbor structure of the invention offers

the advant age' D il Htiul &F: 98 Fhk- har bor structure of the invention
can conprise one ormgmrie mdulesad D ngveaogksidihat (area Hnkeeeennect ed.

Figure 1 is an .expl.od erspectjyve view o n e di ment_of ap_i ndi vi dual
modul 6 10 1 n DHE reani g o e 1 e T Hebht B0 it & Hoaure rSehadE up of
di aphr agrh waldass econprti siwigd thwoo :ard et et ai apin agen wahbidegaehysqot2atéd t hat
are interconnggted y & two rectilinear diaphragm wall segnents 16, 18.
However, the rectilinear segments are nerely optional. In any event, the
total |ength of 3@ HeTr &t i1GHear segherr s2i sthessndhahdpsd, Bpduhe t ot al

length of thenud inewnfvdhedmdulecdd. wdhe teghng ayecobsbyi bdingndi aphragm
walls is alreg%%:,knomn, and is not described jn detail herein. As

expl ai ned bel" £ SIS ettt Y SHERG SRy 3% $R#Eing on the present
inventidm, it beirng possiddanflor siden mhdul gt oe hayetiaayhot her shape,

base (o & Trcalar ot SRTIS0L A Yodul S Ean teadiTy Pave & rach: (o a

dianeter) | yizngfi khehe acdnde i metars {agnemt 1006 m 18 n gerthph the
module 10 has two openings 20, 22 provided in the upper
portion of the dock-forming module 10.

15 The total height H ¢f the arcuate wall segments
preferably lies in the range 5 m toc 40 m, while the usual
thickness of the wall lies in the range 20 centimeters
(cm) to 200 cm. It can however be greater than 200 cm.

It can be seen that each of the copenings 20, 22 is

20 notch-shaped.

A first embodiment of the harbor structure 100 of
the lnvention that is made up of an assembly of four
modules 10, 10a, 10b, and 10c of the invention is shown
in Figure 2.

25 It can be seen that the first, seccnd, and third
modules 10, 10a, and 19b are identical, and that each of
them is provided with two openings, respectively
referenced 20 & 22, 20a & 22a, and 20b & 22b, while the
fourth module 10c¢ is provided with a single opening 20c

30 cnly.

As can be seen in Figure 2, the modules are disposed
side by side so that the rectilinear wall segments of two
adjacent modules are in contact with each other.

It can thus be seen that the openings of two

35 adjacent modules substantially coincide so as to form a

passage between two adjacent modules.



5 cases, its wdth or dianeter can be considerably greater than 100 m As
can be seen in Figure 2, the individual nodule fornms a curved continuous
wal | having a closed outline that is substantially elliptical in shape. 10
In the exanple shown in Figure 1, the height Hof the arcuate walls 12, 14
is greater than the height hl, h2 of the rectilinear wall segnents 16, 18,
so that the nodule 10 has two openi ngs 20, 22 provided in the upper

portion of the dogkdaram ng. gkl & d0c: 10 Thgndotabohebght Hobothe arcuate

wal | segments preferab(ﬁ% les in the range 5 mto l e the usua
t hi ckness of ftHeGkiae I ﬁ$1%Wﬁ??%ﬁﬁﬁ?ﬁZUT%%nihﬁe@@@§ta%cﬁ?v%602@9“5n1 |t
can however legngﬁneuﬁﬂﬁg1gggh@n1 It can be seen that each of the

openi ngs 20, 22 i nat ch- A first enbodi ment of  the harbor
Pt ire 100 of Wit MR 1on Rk 1 G b St A S eibl e BE L aar
nodul es 10, ﬁﬁackﬂﬁhﬂ,&ndxﬁOc of the invention is shown in Figure 2. 25 It

can be seen that Hﬁ@ ﬂ§rStqan%qﬂﬂknﬁﬂgnéh%{gﬂ n?g %mgugg 198mp9Qge%0b are

i dentical, and that each T em’is provi ehi ngs,
respecti vel y a refegrterided RE & 020 & 225 andt 20bCc Qwaav\hrl e8t he

fourth nodul Q\,h]i% [ S_LrprtqlVl'sdE‘e@(é’fﬁéﬂb a sd n‘:_g(ll &,0pening 20c 30 only. As can be

seen in Figure 2, 'the nodul es are disposed side by side so that the
rectilinear wall dégifdit S8 thdjacehtotiuf £5arepadtBatact Thft h each

ot her. Ity camatdmes @mﬁ&aéxﬂélﬁi@pﬁumra of hd Wor 35t @] agentt apduhas

bst ant II to f bet t dj
ool oo, 15 HECOGE 3 s VL AT T o ot of S bt tof “CRFEELUiE 100
as i ntegrat edhentopetrieogcddstial wrvifrioreeniodule.

As can ke seen in Figure 3, the second, third, and

fourth modules 10a, 10g, 10c are sunk into the ground,
15 whereas the first mecdule 10 is sunk into the stretch of
water 28,

Furthermore, the second and third modules 10a, 10b
are built on the foreshore, while the fourth module is
built on the coast which is never under water regardless

20 of the tide.

It can be seen that the opening 20 in the first
module makes it possible to cause the inside volume of
the harbor structure 100 to communicate with the stretch
of water, thereby in particular making it possible to

25 fill the harbor structure 100 with water on putting the
harbor structure in place.

In addition, and as can be seen in Figure 3, said
opening 20 has a bottom edge 30 immersed at a depth
sufficient to enable boats 32 to enter or leave the

30 structure of the inventiocon. Fill can be used to protect
and/or reinforce the self-stability of the structure.

In this embodiment, the fourth module forms a dock
for docking beats, and can be equipped with floating dock
rafts {not shown}.

35 It can also be seen that, by means of the invention,
beoats 32 can reach the fourth module by passing through

the first, second, and third modules which, in this



in which it is built. The nmethod of building such a structure is described
5in detail below The coastal environnent shown in Figure 3 conprises a
coast 24, a foreshore 26, and a stretch of water 28 which, in this
exanple, is an ocean. It can be seen thatygin this first enbodi nent, the
10 harbor structure extends between the stretch of water and the coast,
and communi cates with the stretch of water via the opening 20 in the first

nodul e. As c encin, Fi t n t hi u dul es
o oo 1o R o e e e L e O b R e

sunk into théattleét cif%of water 28. Further more, the second and third
nmodul es 10a, 10b mare dpididon dhesKioneshoreiqwhil e, theef strtibropdube is

built on the coast which is never under ter. regardl ess 20 of the tide.
o Be e e g e S o o S a S9E T B Do R e e P SCekPar e
to cause I he dinsirdel wlnore wdfe dpenhar bor st ruied uf erd00mboutomiuni cate with

the stretch f i I r king.it possible to 25 fil
the har bor staﬂwca%‘gjrﬁ%p%ﬁg%&ieesﬁ)%%ﬁ?iEg:%#;ft%}%?bor structurg in
place. In additionifarmhfagycary beewoeh ie FRigure 3f sheédinepehing. 20thas a
bottom edge 30 iAersetaly A Jepdy ;51 {61 &l Lo epap! faboatse32 Lo enter

or |eave the 30 structure of the 1 nvention, can_be used to protect
and/ or rei nf R G LEFERGGI1a 18 BICthelsthaetbeelarnifntBeehdbarient

t he fountth nedwed ergee@ @ock for docking boats, and can be equi pped with

floating dock rafts (not4 shown). 35 It can alﬁg be seen thaf b[\_/ means of
the invention, bdats 32 Lar read 11 Fourt i hotlif e BY° phsst hgCtAr Sugh
the first, séddnét drdv tthided ammdudres whicthican phinse extending between

the stretch of water 28 and the coast 24, while Figure 5
shows the same view at high tide.

i5 In both figures, the dashed lines represent the
ground level on either side of the structure 100, while
N1 and NZ represent the water level in the fourth module
respectively at low tide and at high tide.

As can be seen in the twoe figures, the diaphragm

20 walls of each of the modules 10, 10a, 10b, and 10c¢ are
advantageously anchored in the ground by the fact that
the diaphragm wall segments 12, 14, 16, and 18 extend
vertically to a depth greater than the depth of the
bottom of the dock.

25 In addition, it can be understood that, in
accordance with the invention, the number of modules
provided is sufficient for the end module (the first
module in this example) always to have its opening 20
sufficiently far under water for boats to be able to

30 enter and to leave the channel regardless of the tide.

Furthermore, the passages constituted by juxtaposing
the openings 22 & 20a, 22a & 20b, and 22k & 20c¢ are
dimensioned so as to present respective bhottom edges that
are always far encugh under water for boats to pass

35 through said passages at low tide.

As can be seen in Figure 5, the first module 10 is

under water at high tide. For safety reasons, it is



16 exanple, forman access channel for accessing the fourth nodule 10c.
At lowtide, as shown in Figure 3, the structure of the invention stil
enabl es the boats to enter the access 5 channel since the opening 20 in
the first nodule is always under water, regardl ess of the tide. Wthout
goi ng beyond the anbit of the invention, it is advantageously possible to
connect two adjacent nodules together via a lock, in particular if the

terrain 10 5 I Fi 4 | c1 .0 i .t he ba r
Structure 100 S o o AL RERE S Ty R PER L BN Y BN 0L LR ERERT the
stretch of wetRENBI aHfd- t he coast 24, while Figure 5 shows the sane view

at high tide. 15 In: both fhgures, otdherdasbed-hines, tepresent; the ground

| evel on either side of the structure 100, while "Ni and N2 represent the
wat er |evel iHPYheEd JUEH modu? eSS Yekpett T9RF 9980 F bW EPd&*aAdHE RPgh
tide. As Tan the: seen:fal tde=gww- 4+ guses, the di aphragm 20 wal |l s of each of

t he nodul es 10, 1 10b,. a 10c_are dvan eousl| y anchor in_the
reund by the f ot e 1Bt o acresin Bar e L AE B 5 e 09  ee - "k s
extend vertiicaldosdidle deptiragreat ex ddapws herdepahnel fhem boftomof the

dock. 25 In agdition 4i)canbe unslerss 990 Lhat ok, AGEPT dance wi th the

invention, thé nunber of S provi is sufficrent for the end nodul e
(the first Rl MaHY eicapledcmwaysl t ehaaveterssbpeni Aignnot
sufficiently detfetungder watertHOomdpatss 11908, 30! €nk 030 ERLEr saRd to | eave
t he channel regard ggs,of the tide. Furthermpre, the assages cg&stltuted
by j uxt aposi r?g‘go"”t pehiTitfs WP RAE 5228 g2 bobl e andn 22U B0k 2418 -

di mensi oned so as It quresErdo nespecid ve: dod t o edges Lbatthar ehal ways far

enough underﬁ%&éﬁ,féHdl¥%gsﬁéé{ﬁmg? the channel vary as a function of
the slope of the foreshore, and can be adapted to match

15 any configuration by providing the necessary number of
modules to reach the desired natural depth zone.

Figures 6 and 7 are plan views of the first
embodiment of the invention, diagrammatically showing a
boat 3Z entering the channel respectively at low tide and

20 at high tide.

In accordance with the inventicn, the channel is
advantageocusly built in the following manner: a layer of
fill 34 is put down from the coast 24 to a zone of the
stretch of water 28 that is always under water regardless

25 cf the tide.

The layer of fill 34 (represented by dashed lines in
Figures 6 and 7) is in the form of a spit of land rising
to a height greater than the level of the stretch of
water 28.

30 Then the fill is flattened over its entire length,
sc as to form a plateau extending the coast towards the
stretch of water.

When the ground slopes steeply, it is also possible
to form a plurality of plateaus having different heights,

35 thereby forming terraces.

The wall could also be made from a barge.



35 through said passages at low tide. As can be seen in Figure 5 the first
nodule 10 is wunder water at high tide. For safety reasons, it is 17
possi bl e to add beacons indicating the position of the opening 20. It can
t hus be understood that juxtaposing the -wdules nmakes it possible

advant ageously to lead out to 5 the natural deepwater zone. In particular,
assenbl ing the nodul es together nakes it possible to protect a deepwater

channel from siltifng hp.{Widy,sidis Dotsproduced, by sedhment ahior) )i nce
terrai n having weak nmechani cal” characteristics canhot 10 genetrate Into the

nodul es beca®& the dperfi s r@rel PrdovierRdti A%t he Bppeslpert Péns of the
conti nuous Walilzphrddm Gan Al Syhen thdes s§ 90dot hatnmt heel epgthyukhepwkdth,
and the depth of the channel vary as function of the slope of the
foreshore, aftf He’ t8Y t'P'Wet ch® 15 any configuration by providing
t he necessary nuniier «ofn ttodulles dodeeachod hehaestnedfhhtural depth zone.

Figures 6 and Vi e t ir od] t i i on,
diagrannatic%qﬁﬁﬂgéggég}%g %ﬁ%ﬁg% %h%é??%% fﬁg @%g§ﬁ§|9$%s§gékﬂ%§p§ at
| ow tide andwa2@ sat i grentiidelldn accoredaheeewhehethe andehni dbhe t he

channel is agvantagepus)ybuidd in the follow ng manner: a layer of fill
34 is put dowmn fromthe coast 24 to a zone of the stretch of water 28 that

i s always under watiSESERAntl s Ads BFIRpel i ee Jne tayerdspthill 34
(represant ed dredashetdd nese ineidigusestibe andl 7) isei nchbetbenanof a spit
of | and risin%g to.a eater than the level of the stretch of water

.heigrt
28. 30 Then tHEEIH 4% 154 (BHed oVl i 13 et t ret Pendt A tU8654s to form a
pl at eau ext emdinmg tthhe: heodsitl it owardsidiheco anchor the diaphragm wall

inte the natural ground.

When the concrete of the diaphragm walls has set,

15 the soil situated inside the volume defined by the
continuous wall, i.e. inside the modules, is dug out,
preferably cover a fraction of the height of the wall so
that the continuous wall is blccked between the soil
remaining at the bottoms of the modules and the ground

20 flanking the outsides of the modules,.

Preferably, the fill that is situated arcund the
outside peripheries of the modules built in the stretch
of water is also dug out so that theose modules are
surrounded by water.

25 When designing the structure, it 1s also necessary
to take account of the scil mevements due to the tides
(silting up, and washing out).

With reference to Figures 8 to 10, a description
follows of a second embodiment of the harbor structure of

30 the invention, relating to a graving dock or dry dock.

This harbor structure 200 includes a module 40 that
is in the general shape of a circular-base cylinder that
is sunk into the ground, which module is preferably made
of diaphragm walls.

35 In a variant, it is also possible to imagine that
the base can have an elliptical, oval, or substantially

circular shape.



stretch of water. Wen the ground slopes steeply, it is also possible to
forma plurality of plateaus having different heights, 35 thereby formng
terraces. The wall could also be made froma barge. 18 The next step
consists in making, both in the fill and i# the ground of the coast 24, a
plurality of diaphragmwall segnents so as to formthe four juxtaposed
nodul es shown in Figure 2. 5 It can thus be understood that the fil

advant ageousl y SeﬁMﬁsa@ﬁéﬁiﬁE%&EfCﬁnﬂ@%énﬂhéhﬁo@u?@Qr§9”£h$ﬁkh§st'n
particular on the foreshore 26 and in the stretch of water 28. Preferably,

trench segmeff® e Wiy tio'a Hepite 4D YreaterorRanPhelRenght sofathe fill,
i.e. the tremﬁ1oﬁegmﬁmméd;@ﬂéﬁhﬁﬁ@hlﬁhlheoﬁg ur al ground si tuat ed

beneath the fill in order to anchor the di hra into tEe nat ur al
ot Wien the CohaS i I et A T hae, Lot uotest PR bl
S|tuatedfinmdﬁiaﬂmabﬂﬂqmm defined by the continuous wall, i.e. inside the

mdul es, i dug ol g Rreferably ayer @ fraction of the beight of the vall

so that the contifuous wa i s bl rena?nlng at the
bottons of tK®Grodules it ddte Wridunh zcﬁpématmcklﬁ@ fchemwt s§ihdekeofipphe

nmodul es. Prefgyablyn diedfd Ialgmagﬁ wi 1 pat gd &Egypﬁn hghe%gab@l@ 40

peri pheries of the nodules built 1n the stretch I's al so dug out
so t hat thos§QnﬁﬁﬂQ%¥%%QBt%ﬂﬁ?@ﬂHﬂkﬁP%@ Wik lere ?@IW%%% %@swgﬁ?ﬁg4ﬁhe

structur®, itvhHisrgl S, necessaianp 1o, takes agsounie of the soil novenments due
(g the Lides (sthiingdn. and deshing oui),, Wihteleronce Lo Raures 8 tc
of of the invention, or a structure of the first embodiment

of the invention, or any other sort of stretch of water.

The module 40 is further provided with closure means

15 48 shown in Figure 8 designed to close the opening 42 in
watertight manner.

The closure means 48 are in the form of a double
hinged gate. It i1s also possible to provide a sliding
gate having a vertical opening system, or with any other

20 type of suitable watertight gate.

The graving dock 200 is also provided with a
floating dock raft 50 to which boats 50 can moor.

As can be seen in Figure 8, the floating dock raft
50 forms & circular arc following the inside periphery of

25 the module 40, the floating dock raft being provided with
an opening 54 for enabling the boats to enter and to
leave the graving dock.

The flecating dock raft 50 is further provided with a
plurality of beoat-mocring and landing piers 56 extending

30 orthogonally towards the center of the dock, two
successive plers co-operating to define a boat mooring.

The graving dock 200 is also provided with pump
means 58 disposed at the bottom of the dock 200 and
enabling said dock to be emptied while the opening 42 is

35 closed off by the watertight closure means 48, as shown

in Figure 10.



30 the invention, relating to a graving dock or dry dock. This harbor
structure 200 includes a nodule 40 that is in the general shape of a
circular-base cylinder that 1is sunk into the ground, which nodule is
preferably made of diaphragmwalls. 35 Ima variant, it is also possible
to imagine that the base can have an elliptical, oval, or substantially
circular shape. 19 1In other words, unlike the nodules of the first

enbodi ment, the nnmazp trh@a§§c9@dc§r@99é@e£'tthﬁe”@geopgglﬂﬁ eu@ugzed
dlaphragn1mall only n advanta of this conf |gurat|on Is described in 5

det ai | bel ow. “Sailf fgdul &F 407 %% |§h%uY¥%%I@ fBeifrer APRGeatedock, di s
provi ded wi thaip cgrenimg 42 4 o i®ehd Rgé hei popes openthgncat thevdiaphragm
wal | and enabl ing .t he nod be cauggd to communicate with a stretch

of water 44, {0 ?ﬁﬁnqréﬁ?ﬁ%gﬁx%. 1257 s?% dock 46. However, the stretch
of water £an be arat hern npdwe:n ofnthegurwenti on, 10y a stmuctdre of the

Tirst embodi O”é%{’ctenfoglﬁ'beeéd‘e"e‘%{“ﬂﬁ uppe o PLDSE 89r{h§5m§§[1§%09005 ppater.

The nodul e 4 rovi ded wi cl'osure nmean wn I'n Figure
8 desi gned t&hﬁ(ﬁﬂiﬁ@%<h£éﬁﬁhgﬂwﬂnQﬂouww@ﬂl¢g@lsqaﬁhéendihé glosdre neans

48 are in the forimafga M%k?er%h'&g%&%@duié 1§, aé§9b19@§8b@h§c§@spr ovi de
a sliding gate having a vertica openlnqag stem or with any other 20 type

of suitabl e wat dr it Sfat'd® B Hraw hgtldocko2p02Pe- al so provided with a

fl oati ngadock raf twred: ttheaf &y bopt S0 TEM 0L Ase Canpbeegesnakn, Figure
8, the floati. Wi ng the_inside

periphery of Qg docg)raft%5%%§é§[5§$%g@%?#é%ﬁéﬁf?;g?aBefﬁge5?55F§e8nmﬁth
an openi ng 54 heordiemdiblaong wehiel bofattshd oneiites ahdi ¢ ogreater than when
the dock is full.

By means of the cylindrical shape of the diaphragm

15 wall, the module 40, even when it is empty, is suitable
for taking up the forces exerted by the ground. This
effect is further accentuated if the continuous wall of
salid module 40 is given a substantially circular shape.

Opticnally, the dock 200 of the invention can be

20 provided with a flocor forming a slab (not shown) making
it possible fto improve the supporting of the diaphragm
wall of the module 40.

In addition, the floating dock raft 50 is suitable
for moving vertically as a function of the depth of water

25 contained in the graving dock 200.

For this purpose, it is possible, for example, to
equip the floating dock raft 50 with floats that enable
it to remain above the water level.

Guide means (not sheown), e.g. runners mounted on the

30 inside face of the diaphragm wall, make it possible to
guide the floating dock raft as it moves vertically.

Furthermore, the floating dock raft 50 is preferably
further provided with means for carrving the boats 52
moored to the floating dock raft 50 when the graving dock

35 is in the emptied state.



| eave the graving dock. The floating dock raft 50 is further provided with
a plurality of boat-nooring and | anding piers 56 extending 30
orthogonal ly towards the center of the dock, two successive piers
co-operating to define a boat nooring. The graving dock 200 is al so
provided with punp neans 58 di sposed at the bottom of the dock 200 and
enabling said dock to be enptied while the opening 42 is 35 closed off by

the watertight closure means A% fﬁ;é%EWYbrmrbf”£WﬁﬁléQ m89ntgheu955P means
58 conprise a tube 60 o IEg out at the bottom of e dock, the tube 60
bei ng connected tﬁiﬁfsgﬂﬁn? %ﬁﬁi%%ﬂ%ﬁ?ﬁ%cﬁ%ﬁg%a%¥$b“%4tﬁﬁeﬁPﬁESout in the

nei ghbori ng stirefateofimater 4brds. can be seen in Figures 8 to 10, a

ranp 66 extendi ng between the upper rtion of the npdule 40 a he
ot Lom of + he doc B0 S 1E 41 exbahat v ol Bhe The Phat adnderhhery of
t he nmodulfe 4Q@,00enableeptwehittiest 1 &3 1oy aboelssr4d fie botiomeidt Ae dock 200.

10 men < he DB 805 200,k Do Bl i o o sy updr st o

that the pressure is exerted on ragn1ma
is greater tHadlwien thehéaddckd std Uig . qwma?@ﬂ@ﬁ thebeyrendrveal 18hape

of the d|aph&%gmcoy}égﬁgndlﬁga5gg&@@ 40, even when it is enpty, is
suitable for taking up the foorces exerted by the ground. This effect is

further accent uat 8@ S atlHe o G R el 3T oF3 T 841 60 nbldl Boabsi §9¢iden a

subst antlical | pechisedl an shape: t%id@rtaﬂ lysathey doskc200n0f &he hovepiion can
be 20 provided with a fl Qor. for a slab (not shown) nmeking it possible
to inprove ti 5“%pgﬁ%%%§ A ‘hragm wal | of the nodul e 40. In

addi tion, the fl odtiengtdock uaf tdeds(oiisailivialbl eceforemowi ng Vegtireal By as a

function of the depth Qf) MeL&lve 1o protect boats against risks
related to cyclones or tropical storms. For that
15 purpose, it suffices to empty the water out of the dock
or to lower the level of water therein significantly.

Figure 11 shows a plan view of a third embodiment of
the harbor structure of the present invention.

This harbor structure 300 is a marina built intoc the

20 coast 68 and suitable for communicating with a stretch of
water 70 via a module 72 of the invention that forms an
access channel for boats.

The periphery of the harbor structure 300 comprises
a continuous wall 73 made up of twelve arcuate wall

25 segments 74 that are set into the ground and that are
interconnected via their ends 76.

The access channel 72 and the harbor structure 300
communicate with each other via an opening 80 provided in
the continuocus wall.

30 Preferably, said arcuate wall segments are made by
diaphragm walls.

Like the other embodiments, the inside volume
defined by the arcuate wall segments is dug out to form a
decck.

35 As shown, these arcuate wall segments 74 have their
concave sides 78 facing towards the inside of the

structure 300 so that each of the arcuate wall segments



25 contained in the graving dock 200. For this purpose, it is possible, for
exanple, to equip the floating dock raft 50 with floats that enable it to
remai n above the water |evel. Guide neans (not shown), e.g. runners nounted
on the 30 inside face of the diaphragmwat!|, nmake it possible to guide
the floating dock raft as it noves vertically. Furthernore, the floating
dock raft 50 is preferably further provided wth neans for carrying the

boats 52 moored d.0nd hen fd.0a8 | g wlocky rahs §Qr%§ﬁ'réh§09r€8| Ng+deekna35 is
in the enptled state. 21 Said neans are in the formof cradles nounted

under the piérds BE i S ST TR for eafrytagnthebbatsc sPtdated in the
noor i ngs. PrQﬂkﬁldﬂhphranmdausuphﬁﬁhat when the graving dock 5 200 is

. the fl d f hel d h b h
Dot 1 om of the dockTs6 ThAY te KT 1 Ehec b34D 837 t5°Ba-gradgd bames to

be receiVed itwe thesaork espomding tradée. tiNat uaat | yptsal iyneansofonal .
carrying the boatscould ¢ Mk %, used in: obhier,Lypeso of,0nayipg docks that

are not part of the present i nvention e struc ure eSCI’I ed wit
reference to FMYEtesi Bl tar A el ks s@reet $ 02 pe ot ekl e@@ﬁﬂstﬁgﬁpﬁ§ﬁsr i sks

related to cyt@qlaqn%sfeoroglprm&ala&i QF 718 h £ 05 athdaha élﬁgagosga thasuthices to
enpty the water out of the doa or to lower the [evel wat er therein

si gni fi cant | y T %A afﬁﬂ%ﬁ?%%%m}%fS%bi%FFﬁdeﬁﬁ6ﬁPﬁ%n?u5f t he
har bor structure dhidﬁﬂdﬂeﬁEWMmﬂnMﬁﬂﬂaME dihi sf hasboessheuetanetd800 is a

mari na built J oast, 68 and suit bIe for_co jcatin th a
stretch of ma?%% 0%§¥§wgﬁﬁoin%}'ﬁf%ﬁ SERES f onﬁgﬁh o?ﬁ%ga%ﬁ access
channel for Béatls. Chise ifpdrd piremy kf Qﬁmwiﬁu@mrf@truheueedsocfc@ﬁpdiSes

segments to be connected together via reinforcing beams
immersed at the bottom of the dock.

15 AS can be seen in Figure 11, the inside periphery of
the continucus wall 73 is provided with flcating dock
rafts 82 and with mooring and landing piers 84 to which
boats 86 can moor.

Preferably, the piers 84 extend orthogonally

20 ralative to the rafts §82.

In addition, it is also possible to provide
additional floating dock rafts 88 that are disposed
orthogonally relative to the ends 76 of the arcuate wall
segments 74,

25 Although a harbor structure made of diaphragm walls
is described, it is also possible to make such a harbor
structure from cast piles or from reinforced concrete
without going bevond the ambit of the present invention.
Making a continuocus wall out of cast and preferably

30 intersecting piles is technically strictly equivalent to
making conventional diaphragm walls.

The method of building of the invention thus makes
it possible to imagine building harber complexes on new
sites that are accessible independently of tidal range,

35 that are ecological as regards management of silting up,

and that offer gocd building-cost performance.



a continuous wall 73 nade up of twelve arcuate wall 25 segnents 74 that are
set into the ground and that are interconnected via their ends 76. The
access channel 72 and the harbor structure 300 comunicate with each ot her
via an opening 80 provided in the contimmus wall. 30 Preferably, said
arcuate wall segnents are made by diaphragmwalls. Like the other

enbodi nents, the inside volune defined by the arcuate wall segnents is dug

out to forma dock:cH35 Asasheynodheser ak cyakg-wab! 2 segrmptistd4ahave their
concave S|de;ﬁ%%g{a%%gﬁltomardﬁ%the |nS|d§ of the, _structure 300 so tgat
each of the & YRt s AT 0% of e 2Rl ArehaBhabFY ngrPRETS
structure 30yt o:hw tdhistando £ tiohd hea pis@sssir euexeréed by the ground situated
outside the diaphragmwall 73. In addition, the structure 300

advant ageously has 5 two axes of symetry Sl1, S2 that are nutually
orthogonal. It can thus be understood that two nutually symmetrical
arcuate wall segnents are subjected to forces that are opposite and of the
same nmagni tude, so that the forces to which the structure is subjected

bal ance out. 10 In order to inprove take-up of forces between two arcuate
segnents that are symetrical about the axis S1, it is possible to nmake
provision for the ends of said two segnents to be connected together via
reinforcing beans inmmersed at the bottom of the dock. 15 As can be seen in
Figure 11, the inside periphery of the continuous wall 73 is provided with
floating dock rafts 82 and wth nmooring and | anding piers 84 to which
boats 86 can noor. Preferably, the piers 84 extend orthogonally 20
relative to the rafts 82.



In addition, it is also possible to provide additional floating dock rafts
88 that are disposed orthogonally relative to the ends 76 of the arcuate
wal |  segnents 74. 25 Although a harbor structure nade of diaphragmwalls
is described, it is also possible to makeesuch a harbor structure from
cast piles or fromreinforced concrete w thout going beyond the anbit of
the present invention. Mking a continuous wall out of cast and preferably
30 intersectignﬁﬂmg es is technically strictly equivalent to making

conventi onal nmet hod of building of the _inyention thus
rakes it st B At e b 1 g He BT COMBTERES SHCRER! SoFPEs ¢ hat
are acceSS|MG@mmuhﬂnﬁuknglwatﬂ 4 | glatetr@mget ﬁétéhatwaiehemetbgﬂcal as
regards mana 4P, t f d i
per f or mance. Qggﬁﬁ§hg% ?ﬂ at’ing Ho%&qg Qgédg %gggtoggnég% arg
tidal rarge Wpoveghsaftiheseldabt dbiviny @r@bm@@l opylihe shape of the
har bor structWs ri24 t [ r tructure
nfpr 144 n CLA '\@aﬂst Ao Qﬁ&é’ie Q,Uéiﬁ B9qfehR Q%sé

suitable for communicatin th a stretch of water, “which nethod consists
i n maki ng, |WQQﬁﬁW§x§%ﬁe %ﬁﬁﬁit%ﬂaq%%s?h%nbﬂ%l@%r9€th%n?FﬁHGE§rﬁaﬁP

havi ng a cl osed twtﬂﬂers@radwdan COMH | 6f Ng-at rd BASt vONEo af gyat et wakk segnent

whose conca%‘ %pes towan t he inside o{ thg st uctﬁre sof ?ﬁ to
present an ar ect el atiVe Jt(i‘)gﬂtrf'l% Bt stde 0¥t thet §EFLEPTr 8
di ggi ng ldut atﬂhmaswafﬁneﬂnbynthﬁ ddret oot unel Hef anedibyptbeidonti nuous

wall, and inproud.ding,2t,lapst, one goening n,ahe gontinugus wpll, gai d

open| ng maki n It pOSSI use sal une O conmuni ca
stretch of waE&inNg15 2 possigtfod DfcbiRg digid avhbwbor t et Feeturécateor di ng

to with the stretch of water.

15 2. A method of building a harbor structure according to
claim 1, characterized in that the ground in which the

wall is made is the bottom of a stretch of water.

3. A method of building a harbor structure according to

20 claim 1 or claim 2, characterized in that the volume
cdefined by the continucus wall is dug out over a fraction
of the height of the wall,

4. A method of building a harbor structure according to
25 any cne of claims 1 f£o 3, characterized in that the

continuous wall is a diaphragm wall.

5. A method of building a harbor structure according to
any one of claims 1 to 4, characterized in that the

30 continuous wall is made up ¢of a piurality of cast piles.

6. A method of building a harbor structure according to
any one of claims 1 to 5, characterized in that the
continuous wall is made of reinforced concrete.

35
7. A method of building a harbor structure according to

any one of claims 1 fo &, characterized in that the



claim1l, characterized in that the ground in which the wall is nmade is the
bottom of a stretch of water. 3. A nethod of building a harbor structure
according to 20 claim1l or claim2, characterized in that the vol une
defined by the continuous wall is dug out2®ver a fraction of the height of
the wall. 4. A nethod of building a harbor structure according to 25 any
one of clainms 1 to 3, characterized in that the continuous wall is a

di aphragm waldpedind Methed-of Hubbdi 8g a Ratbpr rethdat Uneaaceppdi-ng to
any one of clains, 1 tqf4,hcharacter|zed in that the 30 continuous wall is
made up of a PHUrHd? t9YF of "Caset " ptFeeus %21 A met hod of building a harbor
structure according to any one of clains 1 to 5, characterized in that the
cont i nuous | s de,of .reinforced_concrete.. 35 7. A nmethod.of building
S har bor st et db RES drhgtt DL ANES ora S P ar Returs BECeRa Be o zed T
that the 25 apenimy ¢% ¢haimhe bhape’ of caanatthrioededni hhah dpper portion
of the conti nypus,wall,. 8 hod: of ,buj L ding; a; h uet-Ure+p

e Sﬁ%n?ﬁ 1 ?ong,a%ﬁh 2if égpgﬁgzhghatgﬁtt Further

according to 5 any one of al s aracteri ze _ _
consists in PRATHFVWHT i Hhe ext eneihgef rontehe 2bdash NalardsseRé stretch

of water, anddrtirakdng wai d scondd suous wakt ak Leaskiim part in the fill.
10 9. A nmethod of building a harbor structure according to claimS8,

characterized in that the opening is provided in the fraction of
continudus wdl. Aradehar tde Hudldimndz imarbbat sthectiukbk bscdugiagt toat

| east in register wt i ng, . I nner h_tha I

communi cat es C?Saelvr& % Pfrﬁeﬁgafcr e%)liniegcg %&a@?gﬁﬁbgfﬁgg %(% %%r%g?ﬁggeggﬁgi ned

by i npl ement ithg tth@ctietrhodf oforbuit by eetbroidg to Bhy bheloef aoHaims 1 to

9. 20 11. Atharbamestauct ure SAMELS] NG af ) 88S{ L 0PEGEHEN By ith the
opening, 1in a manner such that the volume communicates

15 with the stretch of water.

10. A harbor structure obtained by implementing the

method of building according to any one of claims 1 to 9.

20 11. A harbor structure comprising at least one curved
continuous wall having a closed outline and suitable for
forming a dock, said wall being provided with at least
one cpening communicating with the stretch of water to
enable & boat to pass through, the harbor structure being

25 characterized in that the continuous wall comprises at
least one arcuate wall segment whose concave side faces
towards the inside of the structure so as to present an

arch effect relative to the outside of the structure.

30 12. A harbor structure according to claim 11,
characterized in that the continuous wall is a diaphragm
wall.

13. A harbor structure according to claim 11 or 12,
35 characterized in that the continuocus wall is made up of a

plurality of cast piles.



continuous wall having a closed outline and suitable for formng a dock,
said wall being provided with at | east one opening comunicating wth the
stretch of water to enable a boat to pass through, the harbor structure
being 25 characterized in that the conti m®us wall conprises at |east one
arcuate wall segnent whose concave side faces towards the inside of the
structure so as to present an arch effect relative to the outside of the

structure. 30L4.2.A AB5dOrs S HES 1 ea@@@@cﬂﬂh@gtéoaﬁgabﬂbléf ctharacteri zed
in that the contl is a dia r.structure

wocordi ng o ol i in Thartiet B pht ner arT Hed PO AROBReREont f RuBAG Al |
is made up ofofa rgplnuratady ofncaste piles. 26 14. A harbor structure
according to any one of claims 11 to 13, characterized in that the
continuous wall is made of reinforced concrete. 5 15. A harbor structure
accor di ng t o lany for@ 6o 1| Hi meciiire tacd4yd bhar bet @ni zedei aft hakirhell

continuous vald 15 gylindidicaled nshape. d0 Aoharhoo,stiyeiute accor ding

to any one of clai'ms 11 to 15, characterized in that the continuous
wal | is in the d¥Hpe ok :516WQRﬁer having a circul ar base. 17. A harbor
structure according to any one of clainms 11 to 16, characterized in that
t he contlnuo%v co rises pl ural

of arcuate wall se
connect ed et ﬁu%ﬁﬁﬁ? %ﬁﬁ?F%ﬁ%%aE% ﬁ%YIOQ%gﬂgnFi gﬂﬁvﬁig
their cdﬁbavéxsﬂdesdhamaq;&mwmmﬂ&xtmmatummhecﬁntih@osﬁruaIMrESSmnas to

present arch .effect: fﬂd é?ffhdéﬁ“hé%%ﬁ de g{ %hf?§t%%§éure 20 18. A

har bor structure ac or I'ng to any one of alns characterized in
that the dock-form ng continuous wall is provided with closure neans

suitable for 161,08 RGrbor structure according to any one of claims 11

to 16, characterized in that the continuous wall

15 comprises a plurality of arcuate wall segments connected
together via their ends, said arcuate wall segments
having their concave sides facing towards the inside of
the structure so as to present arch effects relative to
the cutside of the structure.

20
18. A harbor structure according to any one of claims 11
to 17, characterized in that the dock-forming continuocus
wall is provided with closure means suitable for closing
the wall in watertight manner relative to the stretch of

25 water.

19, A harbor structure according to claim 18,
characterized in that it further comprises pump means
designed to empty the dock of the water it is suitable

30 for containing.

20. A harbor structure according to claim 18 or claim 19,
characterized in that it further comprises a ramp
extending along the inside periphery of the dock from the

35 upper portion thereof to the lower portion thereof.



the wall in watertight manner relative to the stretch of 25 water. 19. A
har bor structure according to claim 18, characterized in that it further
conprises punp neans designed to enpty the dock of the water it is
suitable 30 for containing. 20. A harbor2structure according to claim18
or claim19, characterized in that it further conprises a ranp extending
al ong the inside periphery of the dock fromthe 35 upper portion thereof to

the | ower porzi.om theneof . Sé@hcﬁﬁreﬁé&@%f@&n§tf@Céﬂyeoﬁ§C@Edbmg1ﬁ@ apy one
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communicate with one another via their openings.

23. A harbor structure according to claim 22,

characterized in that the plurality of continuous walls
15 form an access channel via which a boat can access the

stretch of water by going successively through the

openings provided in the respective continuous walls.

24. A harbor structure according to claim 22 or claim 23,
20 characterized in that one of the continucus walls has a
portion immersed in the stretch of water.



