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A WHARF CONSTI TUTED BY ARCHED WALLS AND PLANE TI ES

Background of the invention
The present invention relates to retaining works

made in ground, and in particular to works that are to
formthe walls of wharves.

More particularly, the invention relates to a
retaining work in ground having a front portion extending
substantially vertically while separating a first portion
of ground froma second portion of ground.

The invention is particularly advantageous when the
| evel s of the first and second portions of ground are
substantially different, e.g. when the difference in
hei ght between the first and second portions of ground is
of the order of 15 nmeters (n) to 30 m

This applies when the first portion of ground is
situated under a body of water, the front portion of the
retaining work then constituting a wharf wall al so
separating the body of water fromthe second portion of
gr ound.

Traditionally, the front portion of such a retaining
work is a plane wall, and part of the forces exerted by
t he second portion of ground on the front portion are
taken up by elongate netal ties connecting the plane wall
to a rear anchor curtain that is parallel to the plane
wal |l and that is situated in the second portion of ground
at a distance fromthe plane wall, thereby stabilizing
the work. The rear anchor curtain may be situated at
nore than 50 mfromthe plane wall, and the netal ties
may be positioned at a depth of about 5 m
Conventionally, work begins by nmaking the plane wall and
the anchor curtain in the second portion of ground.
Thereafter, the volunme of ground that extends over the
di stance between the plane wall and the rear curtain is
dug out to the depth at which the netal ties are to be
posi ti oned.
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It can thus be understood that the vol une of ground
that needs to be dug out in order to be able to put the
nmetal ties into place is very large, particularly since
the plane wall is of great length. Furthernore, after
the netal ties have been put into place, it is necessary
to put back the volunme of ground that was previously dug
out. In general, underground water is present, and its
| evel needs to be |lowered while the work is taking place.

Those successive operations of |owering the
under ground water and of noving earth, which require very
| arge volunmes of earth to be noved, are particularly
| engt hy, tedious, and expensive.

bj ect and summary of the invention

An object of the invention is to renedy the above-
ment i oned drawbacks by proposing a retaining work that is
si npl er and qui cker to nake than the prior art work, and
t hat does not require the above-nentioned eart h-novi ng
oper at i ons.

The invention achieves this object by the fact that
the front portion is in the formof a juxtaposition of
arched walls extending in a |longitudinal direction that
is vertical;

each arched wall presenting a concave side facing
the first portion of ground and a convex side facing the
second portion of ground; and

the retaining work further includes a rear portion
connected to the front portion and conprising a plurality
of wall elenments having their |argest faces extending
vertically in the second portion of ground, each wall
el enent being arranged between two adjacent arched walls
and extending transversely relative to the front portion.

It can be understood that in a horizontal section
pl ane the juxtaposed arched walls of the front portion
present the formof a succession of arcs arranged side by
side with the convex sides facing towards the first
portion of ground.
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The wall el enments constitute plane ties that extend
vertically fromthe surface of the ground to a
predeterm ned depth. The wall elenents are secured to
the front portion over their full height. Their function
is take up the forces to which the arched walls are
subj ected and t hey advant ageously take the place of the
el ongate netal ties and the rear curtain of the prior
art.

The wal | el enents are advant ageously made goi ng down
fromthe surface of the ground. Consequently, unlike the
prior art, in the invention the ties are put into place
wi thout it being necessary to dig out and then fill back
a large quantity of earth. The invention thus nakes it
possi ble to make the retaining work nmuch nore quickly
since the earth-noving operations are omtted.

Preferably, each wall elenent is arranged between
two adj acent arched walls, extending orthogonally to the
front portion.

Advant ageously, the top level of the front portion
corresponds substantially to the top level of the rear
portion. In other words, the top faces of the arched
wal | s are substantially at the sane |level as the top
faces of the wall el enents.

Advant ageously, the front portion has two verti cal
end edges, and the rear portion also has two other wall
el enents extending transversely relative to the front
portion and arranged on either side of said plurality of
wal | el enments, extending fromthe vertical end edges of
the front portion.

Advant ageously, the wall el enents are pl ane.
Preferably, the front portion presents a |ongitudinal
direction and the wall elenents are perpendicular to said
| ongi tudinal direction of the front portion.

Advant ageously, the wall elenents are parallel to
one another. Preferably, the wall elenents are regularly
spaced apart from one anot her.
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I n an advant ageous aspect of the invention, the wall
el enents present a greatest height that is strictly |ess
than the height of the front portion. In other words,
the depth of the wall elements is strictly | ess than the
depth of the front portion.

Thus, over the height of the wall elenents, the
retai ning work of the invention behaves |ike a single-
pi ece structure; each arched wall making up the front
portion works as an arch like a circular wall that is
held in position at its ends by the wall el enments, which
work as plane ties. The above assenbly, by including the
vol une of ground contai ned between the wall el enents,
thus operates in a manner simlar to a "gravity" wall.
This makes it possible to reduce significantly the
magni t udes of the bending nonments applied to the front
portion, and to reduce the values of its novenents. |In
addition, below the wall elenents, the retaining work
behaves |i ke a conventional plane wall.

In other words, the retaining work of the invention
presents hybrid behavi or.

Preferably, the height of the front portion is
substantially equal to twice the greatest height of the
wal | elenments. |In the meaning of the invention, "height"
is considered along a direction that is vertical, while
the "length" of the wall elenents is considered along a
direction that is horizontal.

The greatest height of the wall elenents nay be
constant over the entire length of said wall el enents.
Nevert hel ess, and in advantageous manner, at |east one of
the wall el enents, when considered | engthw se, has a
first end connected to the front portion and a second end
opposite fromthe first end, and the height of the wall
el enent decreases going fromthe first end towards the
second end of said wall elenent. This decreasing height
presents the advantage of reducing the concentration of
stresses at the junction between the wall el enents and
the arched walls that are i medi ately adj acent thereto.



10

15

20

25

30

35

Anot her advantage is to acconpany the diffusion of
traction stresses along the wall elenents acting as pl ane
ties. Yet another advantage is to reduce the quantity of
mat eri al needed to nmake the rear wall, thereby enabling
the cost of the retaining work to be reduced.
Preferably, the profile of the bottomface of each wall
el enent is staircase-shaped.

Preferably, the length of the wall elenents is
greater than the greatest height of said wall el enents.

Advant ageously, the distance between two adjacent
wal |l elenments is less than the length of a wall el enent.
Preferably, the distance between two adjacent wall
el enents is substantially equal to half the length of a
wal | elenment. An advantage is to inprove the take-up of
forces by the rear portion of the retaining work.

In a preferred enbodi nent, at |east two arched walls
are connected to each other and to one of the wall
el enents by a coupling elenment that presents a first
connection portion connected to the wall el enent and
second and third connection portions that are connected
to the two arched walls. It can be understood that the
arched walls act on the coupling el enent in conpression.

Advant ageously, the front and/or rear portions are
made of reinforced concrete.

In preferred manner, the arched walls include
reinforcing cages that are arranged besi de one anot her.
I n addition, when the rear portion al so contains
rei nforcenent, the reinforcenent is connected to the
reinforcing cages of the first portion, preferably via
coupling elenents, so as to obtain structural continuity
between the reinforcenment in the front and rear portions.

In a first enbodi nent, the front portion and/or the
rear portion is a diaphragmwall. Wen the front portion
is a diaphragmwall, at |east sonme of the arched walls
are preferably constituted by juxtaposing plane unit
screens that are arranged in a circular arc. D aphragm
wal | s are conventionally nmade up of alternating or
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successi ve individual panels. It is possible to use
shuttering at the ends, as described in Docunent

EP 0 101 350. Alternatively, using tooling of the wall
cutter type, the panels may be connected together by
biting into the concrete of the already-cast panel.

In a second enbodi nent, the front portion is made of
reinforced concrete while the wall el enents conprise
sheet piling.

I n anot her variant, the rear portion is made using a
soi | -m xi ng techni que, conbining a step of excavating a
trench and mxing the soil in situin the trench with a
bi nder. Optionally, sheet piling may then be placed in
t he trench.

In yet another variant, the rear portion is nmade
using the slurry wall technique, which is known from
el sewhere, with reinforcenent optionally being installed
t herein.

The present invention also provides a wharf
including at | east one retaining work of the invention,
wherein the first portion of ground is situated under the
bottom of a body of water such that the front portion
al so separates the body of water fromthe second portion
of ground.

The wharf nay be a sea wharf, a river wharf, or any
ot her type of wharf in contact with a body of water.

Preferably, but not necessarily, the bottom of the
body of water |lies between the bottom|evel of the rear
portion and the bottomend | evel of the front portion.

Advant ageously, the wharf of the invention further
includes a first rail that extends transversely relative
to the wall elenents of the rear portion while being
supported by a plurality of said wall elenents, and the
wharf further includes a second rail parallel to the
first rail.

These two rails constitute a track enabling freight
handl i ng cranes, such as container gantries, to nove
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parallel to the |longitudinal direction of the front
portion of the work.

Preferably, the first rail is preferably fastened to
the wall el enments.
Preferably, but not exclusively, the second rail is

supported by the front portion. Thus, by nmeans of the
invention, the first and second rails are supported by
the retaining work. The rails are preferably al so
secured to the retaining work. Consequently, the wall
el enents form"sleepers” or ties for the rails, thereby
ensuring that they are naintained at a constant gauge.

In addition, the weight of the container gantry is
advant ageously taken up by the retaining work, thus
presenting the advantages both of reducing the vertical
forces that need to be taken into account when desi gni ng
the front portion and al so of avoiding any risk of
differential novenents between the two rails, as can
happen with prior art retaining works.

Brief description of the draw ngs

The invention can be better understood on reading
the foll owi ng description of enbodi nents of the invention
given as non-limting exanples, and in which:

- Figure 1 is a perspective view of a wharf of the
invention constituted by a retaining work in a first
enbodi nent of the invention;

- Figure 2 is a side viewin section of the Figure 1
wharf, showing a container gantry installed on a pair of
rails supported by the retaining work;

- Figure 3 is a plan view of the Figure 1 wharf;

- Figure 4 is a side viewin section of a variant of
the Figure 1 wharf conprising a retaining work in a
second enbodi nent of the invention;

- Figures 5A and 5B are conparative graphs show ng
t he val ues for novenent and for bending nonents as a
function of depth;
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- Figure 6 is a plan view in section of the wharf in
the first enbodi ment of the invention; and

- Figure 7 is a plan view in section of the wharf in
t he second enbodi nent of the invention.

Det ai | ed description of the invention

Figure 1 shows a wharf 10 of the invention including
a first enbodinent of a retaining work 12 in ground S.
The retaining work 12 has a front portion 14 that extends
substantially vertically and that separates a first
portion of ground S1 froma second portion of ground S2.

Wth reference to Figures 1 and 2, it can be seen
that the first portion of ground Sl is situated under the
bottom F of a body of water P, and that the front portion
14 presents a depth that is greater than the depth of the
water. It can thus be understood that the front portion
14 of the retaining work 12 al so separates the body of
water P fromthe second portion of ground S2.

It can be understood that the front portion 14 of
the retaining work constitutes a retaining wall having a
function of preventing the second portion of ground
collapsing into the water P

As can be in Figure 2, the height HL of the front
portion 14 of the retaining work 12 is strictly greater
than the height H2 of the body of water P, it being
understood that the height H2 of the body of water P is
defined as the distance between the bottom F and the
surface of the body of water P. More precisely, the
front portion 14 of the retaining work 12 extends
vertically below the bottomF of the body of water P over
a height H3. The front portion 14 of the retaining work
12 thus separates the portion of ground S1 fromthe
second portion of ground S2 over this height H3.

Furthernore, the front portion 14 of the retaining
work 12 extends vertically above the surface of the body
of water P over a height H4.
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In this non-limting exanple, the height HL of the
front portion 12 is 43 m the height H2 of the body of
water is about 25 m the height H4 of the portion of the
front portion 14 that is above water is about 6 m
Finally, the height H3 of the portion of the front
portion 14 that is below the bottom of the body of water
P is about 12 m

I n accordance with the invention, the front portion
14 of the retaining work 12 is in the form of juxtaposed
arched walls 16 that extend in a |longitudinal direction
that is vertical. The arched walls are in alignnment
bei ng arranged side by side so as to forma conti nuous
wal | extending in a nean vertical plane X1 that extends
al ong the |l ongitudinal direction of the front portion.

As shown in Figure 3, each arched wall 16 has a cross-
section in a horizontal plane that is generally in the
formof an arc of a circle.

Each arched wall 16 has a concave side 18 facing the
first portion of ground S1 and al so the body of water P
Each arched wall 16 al so presents a convex side 21,
opposite its concave side 18, and facing the second
portion of ground S2.

In this exanple, each arched wall 16 presents a
t hi ckness E1 that is of the order of 1 m It can also be
understood that each arched wall 16 extends vertically
fromthe surface over substantially the entire height Hl
of the front portion 14 of the retaining work 12. Stil
in this exanple, each arched wall 16, when considered in
a horizontal plane, presents a radius of curvature R that
is of the order of 15 m

The retaining work 12 also has a rear portion 20
that is secured to the front portion 14 so as to forma
si ngl e-pi ece structure. The rear portion 20 conprises a
plurality of wall elenments 22 forned in the ground and
extending vertically fromthe surface of the ground down
to a predeterm ned depth. It can thus be understood that
the large faces 24 extend vertically in the second
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portion of ground S2. In the first enbodi nent shown in
Figure 2, the large faces 24 of the wall elenents 22 are
substantially plane and rectangul ar in shape.

Wth reference to Figure 2, it can be seen that the
top level of the front portion corresponds substantially
to the top level of the rear portion. In other words,
the wall elenents 22, 26 extend vertically fromthe top
| evel of the front portion. Furthernore, the wall
el enents 22 are secured to the front portion 14 over
their full height.

As can be seen in Figure 3, each wall elenent 22 is
secured to the front portion by being arranged between
two adj acent arched walls 16, while extending
transversely relative to the front portion 14. More
precisely, in this first enbodinent, the wall elenents 22
extend in vertical planes X2 that are perpendicular to
the nean plane X1 in which the front portion 14 of the
retai ning work 12 extends.

Furthernore, the wall elenents 22 are parallel to
one another, with the distance d between two successive
wal | el enments 22 being about 15 m

In this first enbodinment, the front portion 14 has
two vertical edges 14a and 14b that are opposite from
each other, as shown in Figure 3. The rear portion 20
al so has two other wall elenents 26 that are |ikew se
transverse relative to the front portion 14 and that are
arranged on either side of the plurality of wall elenents
22. These other wall elenents 26 extend fromthe end
edges 14a and 14b of the front portion 12 so that all of
the wall elenments 22, 26 are parallel to one another.

More precisely, in this first enbodi nent, the wall
el enents 22, 26 are identical and parallel to one
another, so that it is only a wall elenent 22 as shown in
Figure 2 that is described.

Advant ageously, the wall elenents 22, 26 present a
greatest height HoGM that, in this exanple, is constant
over the entire length of the wall elenents. In



10

15

20

25

30

35

11

addition, all of the wall elenments 22, 26 present the
sanme greatest height. Nevertheless, the wall elenents
coul d present different greatest heights w thout going
beyond the anbit of the present invention.

The greatest height HSMis strictly | ess than the
hei ght H1 of the front portion 14. Furthernore, the
depth of the wall elenents 22, 26 is strictly less than
the depth of the front portion 14.

This configuration has the effect that along the
hei ght HSMthe retai ning work behaves |i ke a circular
wal |, whereas below the wall elenments 22, 26, the
retai ni ng work behaves |ike a plane wall.

Furthernore, in the exanple of Figure 2, it can be
seen that the |level of the bottomF of the body of water
P lies between the bottomlevel 14a of the front portion
14 and the bottom | evel 20a of the rear portion 20. The
bottom | evel 14a of the front portion 14 corresponds to
t he bottom ends of the arched walls, while the bottom
| evel of the rear portion corresponds to the bottom faces
of the wall elenments 22, 26.

In this exanple, the height HL of the front portion
is substantially equal to twice the greatest height H5M
of the wall elenments 22, 26. In this exanple, the wall
el enents extend along a length L that is oriented
horizontally. The length L of the wall elenents 22, 26
is greater than the greatest height H5M of said wall
el enents, as shown in Figure 2.

Furthernore, the distance d between adjacent wall
el enents 22, 26 is substantially equal to half the length
L of the wall elenments 22, 26. Such a configuration
serves to inprove the retaining properties of the
retai ning work of the invention.

Wth reference once nore to Figure 3, it can be seen
that at | east two adjacent arched walls 16 are connected
to each other and to one of the wall elenments 22 by a
coupling elenent 30 that presents a first connection
portion 30a connected to the wall elenment 22 and first
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and second connection portions 30b and 30c connected to
two adj acent arched walls. The coupling el enent 30
serves to facilitate connecting together the arched walls
and the connecting el enents.

Wth reference once nore to Figure 2, it can be seen
that the wharf 10 further includes a first rail 40 and a
second rail 42 parallel to the first rail 40 and on which
a container gantry 50 can nove parallel to the front
portion 14 in order to load a container ship 52.

The first rail 40 extends across the wall el enents
22, 26 while being supported by said wall elenents 22,
26. The second rail 42 is supported in this exanple by
the front portion 14. Wthout going beyond the anmbit of
the present invention, the second rail 42 could al so be
supported by the wall elenents 22, 26. 1In this exanple,
the first and second rails 40 and 42 are fastened to the
retai ning work 12.

Figure 4 shows anot her wharf 10' of the invention
that presents a retaining work 12' in a second enbodi nent
of the invention.

Consi dered along its length L, each wall el enent 22
has a first end 22'a that is connected to the front
portion 14" and a second end 22'b that is opposite from
the first end 22'a.

In this second enbodi nent, the retaining work 12
differs fromthe first enbodi ment by the fact that the
wal | elenments 22' of the rear portion 20" present height
that is not uniform

As shown in Figure 4, considered along the | ength of
the wall elenent, the height of said wall elenent 22
decreases going fromthe first end 22'a towards the
second end 22'b of the wall element 22. In the exanple
of Figure 4, the bottomface 22'c of the wall el enent 22
presents a staircase-shape, with the greatest hei ght H5M
of the wall elenment 22' being in the proximty of the
front portion 14'.
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There follows a description of a nmethod of naking
t he above-descri bed wharves.

By way of exanple, in order to nmake the wharf 10, it
is the front portion 14 of the retaining work 12 that is
made initially. For this purpose, a diaphragmwall of
depth HL is fornmed in the ground S of cross-section in a
hori zontal plane that presents the formof a succession

of arches, as shown in Figure 3. This diaphragmwall is
made of reinforced concrete. For this purpose, it is
possible to use a drilling tool such as that described in
EP 2 295 648.

Thereafter, or sinultaneously, the wall elenents 22,
26 are forned either in the formof diaphragmwalls, or
el se by excavating using a soil-m xing technique in which
sheet piling is inserted. For this purpose, it is
possible to use a drilling and m xing tool, such as that
described in FR 2 889 608. The coupling elenments 30 are
al so placed between the wall elenents 22 and the arched
wal | s 16.

In the exanples of Figures 6 and 7, the coupling
el enents 30", 30" are constructed using the tooling used
for maki ng the front portion.

By way of exanple, this conprises diaphragm wall
tooling using shuttering such as that described in
Docunent EP 0 101 350, serving to nmake connections
bet ween the coupling elements and the arched wall s.

Figure 6 shows a first enbodi nent of coupling
elements 30'. In this first elenent, the first
connection portion 30'a is coupled with the wall el enent
22 by co-operating shapes. In this first elenent, the
wal | element 22 is made as a di aphragmwall wth
conti nuous reinforcenent, as described in
Docunent EP O 833 987, for exanple. It can be seen that
the reinforcing cage 31' of the coupling elenment 30" is
connected with the reinforcing cage 23 of the wall
el ement 22. Each of the second and third connection
portions 30'b and 30'c is also provided with a
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reinforcing cage in the formof a connection armthat is
coupled with one of the arched walls 16 by co-operating
shapes.

In the second enbodi mrent shown in Figure 7, the
coupling elenent 30" is simlar to that of Figure 6,
except that the second and third connection portions 30"b
and 30"c are in the formof setbacks and not of
connection arns. The arched wall 16 that is connected to
t he second connection portion 30"b is constituted by two
interconnected unitary elements 16, and 16,.

Furthernore, in this second enbodi ment, the wall
el enent 22 has a sheet piling curtain elenments 25
connected to the reinforcing cage 31" of the coupling
el ement 30". This sheet piling curtain nmay be ranmed
directly into the ground, or it may be put into place in
an excavation using the soil-mxing techni que, as
descri bed above, or indeed it may be a slurry wall, as is
wel | known from el sewhere.

In order to make the wall elenments 22' of the second
enbodi ment of Figure 4, four adjacent trenches are dug of
respective heights that decrease going fromthe first end
22'a to the second end 22'b. This produces the
st ai rcase-shape shown in Figure 4.

In Figure 5A, the curve Gl shows the novenent in
millinmeters of the retaining work 12 of Figure 1 as a
function of depth, neasured fromthe surface of the body
of water P. The curve & shows the novenment of a prior
art retaining work as described above.

In Figure 5B, the curve ML shows the val ues of the
bendi ng nonments to which the retaining work 10 of
Figure 1 is subjected as a function of depth. The curve
M2 shows the val ues of the bending nonents to which the
above-descri bed prior art retaining work i s subjected.

Cal cul ati on shows that the retaining work of the
i nvention presents novenents and bendi ng nonents t hat
present absolute values that are significantly smaller
than those of the prior art work.
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CLAIMS
1. A retaining work in ground, the work having a front
portion that extends substantially vertically while
separating a first portion of ground from a second
portion of ground, the retaining work being characterized
in that:

the front portion is in the form of a juxtaposition
of arched walls extending in a longitudinal direction
that is vertical; in that

each arched wall presents a concave side facing the
first portion of ground and a convex side facing the
second portion of ground; and in that

the retaining work further includes a rear portion
connected to the front portion and comprising a plurality
of wall elements having their largest faces extending
vertically in the second portion of ground , each wall
element being arranged between two adjacent arched walls

and extending transversely relative to the front portion.

2. A retaining work according to claim 1, wherein the
front portion has two vertical end edges, and wherein
the rear portion also has two other wall elements
extending transversely relative to the front portion and
arranged on either side of said plurality of wall
elements, extending from the vertical end edges of the

front portion.

3. A retaining work according to claim 1 or claim 2,

wherein the wall elements are plane.

4. A retaining work according to any preceding claim,

wherein the wall elements are parallel to one another.

5. A retaining work according to any preceding claim,
wherein the wall elements present a greatest height that
is strictly less than the height of the front portion.
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6. A retaining work according to claim 5, wherein the
height of the front portion is substantially equal to
twice the greatest height of the wall elements.

7. A retaining work according to claim 5 or claim 6,
wherein at least one of the wall elements, when
considered lengthwise connected to the front portion and
a second end opposite from the first end , and wherein
the height of the wall element decreases between the
first end and the second end of said wall element

8. A retaining work according to any preceding claim,
wherein the length of the wall elements 1is greater than
the greatest height of said wall elements.

9. A retaining work according to any preceding claim,
wherein the distance between two adjacent wall elements

is less than the length of a wall element.

10. A retaining work according to any preceding claim,
wherein at least two adjacent arched walls are connected
to each other and to one of the wall elements by a
coupling element that presents a first connection
portion connected to the wall element and second and
third connection portions that are connected to the two
adjacent arched walls.

11. A retaining work according to any preceding claim,
wherein the front and/or rear portions are made of
reinforced concrete.

12. A retaining work according to any preceding claim,
wherein the front portion and/or the rear portion is a
diaphragm wall.
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13. A retaining work according to any preceding claim,
wherein the front portion is made of reinforced concrete

while the wall elements comprise sheet piling.

14. A wharf including at least one retaining work
according to any preceding claim, wherein the first
portion of ground is situated under the bottom of a body
of water such that the front portion separates the body
of water from the second portion of ground.

15. A wharf according to claim 14, characterized in that
it further includes a first rail that extends
transversely relative to the wall elements of the rear
portion while being supported by a plurality of said wall
elements, and in that the wharf further includes a second
rail parallel to the first rail.

16. A wharf according to claim 15, characterized in that
the second rail is supported by the front portion.



