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CONTINUOUSLY REINFORCED DIAPHRAGM WALL, METHOD OF
CONSTRUCTION AND FORMWORK THEREFOR

The present inveﬁtion relates to a cast wall with continuous
reinforcement, to a method of making such a cast wall in the ground, and to
shuttering for making such a cast wall.

Cast walls are structures made in the ground by digging a trench and
filling the trench with a binder, generally concrete, which sets on site.

The trench can be dug under a slurry which is subsequently replaced
by the binder. | |

~ To obtain good continuity of the cast wall, the binder must be cast on
a single occasion over the full depth of the trench.

To this end, the cast wall is made in the form of successive
contiguous panels. |

Each panel is obtained by casting the binder into a length of trench
that has been dug in line with a solidified panel that has already been made.

The panels are connected together in pairs by their side edges being
mutually engaged with a shape that is defined by the shuttering, the
engagement also being referred to as an end j(iint, extending transversely to
the trench over the full depth thereof and being put into place prior to
casting the binder.

In general, a cast wall is reinforced by reinforcement that is put into
place in each length of the trench prior to casting the binder.

Nevertheless, in such a cast wall, the reinforcement is missing at the
connections between panels, and as a result such connections constitute
zones of weakness in the cast wall, such that the transmission of forces, in
particular transverse bénding, but also longitudinal compression and
traction, does not take place properly from one panel to another, which can
give rise to problems in the event of the ground moving,' pafticularly in areas

of high seismic activity.
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Document FR-A-2 517 717 describes a solution to that problem. It
consists in fixing vertical elements of sheet piling to the ends of the panel
reinforcement, which elements are provided with locks that co—-operate with
one another to provide continuity of the reinforcement from one panel to
another.

Nevertheless, that solution does not provide adequate transmission of
forces applied to the reinforcement under the effect of external stresses.

In addition, engaging the locks in one another can become difficult
when the reinforcing members are not properly aligned.

Finally, the means which are provided for protecting the locks while
the casting material is being cast into the trenches are not really satisfactory.

A first object of the invention is to provide a cast wall constituted by
a plurality of juxtaposed panels making it possible in particular to obtain a
good distribution of the forces applied to the reinforcing members of the
various panels, and which is implemented in improved manner.

To this end, the invention provides a cast wall constituted by a
succession of panels touching via their end edges and made by casting a
binder into contiguous lengths of trench dug in the ground in line with one
another, each panel having reinforcement, said wall further including link
means between the reinforcement of two contiguous panels, the wall being
characterized in that the link means are separate from said reinforcement
and comprise an anchor element having a first end fitted with at least one
vertical first locking element and a second end engaged in one of said
panels, and a link element having a first end fitted with at least one second
locking element suitable for co-operating with the first locking element, and
a second end engaged in the other of said panels. | _

Another object of the invention is to provide a method of making a
cast wall, in particular of the above—defined type, and which does not have

the drawbacks of the prior art.
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To achieve this object, the invention provides a method of making a
cast wall in the ground, in particular a wall as defined above, in which
method a first length of trench is prepared in which end shuttering is placed
and a binder is cast to obtain a first wall panel, and then, at the shuttering
end, a second length of trench is prepared contiguous to the first and in line
therewith, the shuttering is removed, and a binder is cast into the second
length of trench to obtain a second wall panel adjacent to the first, which
method is characterized by the fact that, prior to casting the binder in the
first length of trench, reinforcement is placed therein together with a link
element including locking ends that are positioned in the immediate vicinity
of the shuttering, and during casting, said locking ends are prevented from
being embedded in the binder so that they project from the first wall panel
into the second length of trench after the shuttering has been removed, and
prior to casting the binder in the second length of trench, reinforcement is
put into place therein together with an anchor element which is secured to
the locking ends of the link element, and in that the shuttering is secured to
the link element prior to being put into place in the length of trench, the link
and anchor elements not being directly secured to the reinforcement, but
being engaged therein. . |

A thifd object of the invention is to provide shuttering for making a
cast wall in a trench, in particular a wall of the type defined above, which
shuttering does not have the drawbacks of the prior art.

To achieve this object, the invention provides shuttering for making a
cast wall of the above—defined type, which shuttering is designed to be put
into place against an end wall of a length of trench dug in the ground to
obtain a wall panel by casting a binder into said length of trench, said
shuttering including a face for bearing against the end wall of the length of
trench, and opposite said bearing face, a casting face looking into the length

of trench, the shuttering being characterized by the fact that it includes on its
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casting face, at least one recess suitable for receiving the locking element of
a link element placed in the length of trench, each recess being closed by a
vertical wall element provided with a vertical slot suitable for passing a
sheet piling element fitted with the locking element and providing sealing
between said sheet piling element and the wall of said recess.

Other characteristics of the invention appear more clearly on reading
the following description of various embodiments of the invention given as
non-limiting examples. The description refers to the accompanying
drawings, in which: |

- Figures 1 to 6 show the principle of the invention by showing the
various steps in which two contiguous panels of the cast wall are made;

- Figures 7 and 8 are a plan view and an elevation view of preferred
embodiments of reinforcement for a panel and of an anchor element;

- Figure 9 shows the connection between the reinforcement of two
panels of the cast wall; |

- Figure 10 is a vertical section through a preferred embodiment of
the shuttering when there is only one lock;

- Figure 11 is a detail view of Figure 10; and

- Figures 12 and 13 are section views seen vertically of variant
embodiments of the shuttering.

With reference initially to Figures 1 to 6, the principle of making a
cast wall in accordance with the invention is described.

In Figure 1, there can be seen a length of trench 20 being dug in the
ground under a slurry using appropriate apparatus, e.g. a digger bucket.

A metal reinforcement element 22 (described in greater detail below)
is put into place in the iength of trench, tbgether with a link element 24
secured to a shuttering element 26 that is designed to limit the length of the
panel that is to be made. The link element 24 (also described in detail

below) is engaged in the reinforcement 22 but is not welded thereto. The
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term "engaged" is used to mean that a portion of the link element penetrates
inside the cage constituted by the reinforcement. The link element 24 is
terminated by two locks 28 and 30 which are disposed in two housings 32
and 34 of the shuttering eclement 26. These housings are closed by means
which are described below. The purpose of these means is to preVeni the
locks being covered by the material constituting the binder (concrete or
grout), during casting. In addition, these means temporarily hold together
the link element 24 and the shuttering element 26. | |

In the following step shown in Figure 3, the concrete or the grout is
cast into the trench 20 to make a panel 36. The panel is reinforced by the
reinforcement 22. In addition, it provides mechanical connection between
the reinforcement 22 and the link element 24 which are both embedded in
the concrete. Nevertheless, because of the housings 32 and 34, the locks 30
and 33 remain free. Also, in conventional manner, the shuttering element 26
is generally U-shaped in horizontal section so that, after the end shuttering
38 of the panel has been removed, the panel 36 is of a shape that is suitable
for receiving the following panel. The locks 28 and 30 project into the
panel-receiving shape 38. '

Prior to removing the shuttering, a second length of trench 40 is dug
in which the second panel of cast wall is to be made.

In the length of trench 40, there are put into place simultaneously a
piece of metal reinforcement 42 and an anchor element 44, with the anchor
element 44 being engaged in the reinforcement 42 but not being welded
thereto. While the anchor element 44 is being put into place, its locks 46
and 48 are engaged in the locks 28 and 30 of the link element 24 of the
panel 36 that has already been made. This mutual engagement of the locks
is greatly facilitated by the fact that since the anchor element 44 is not fixed
to the reinforcement 42, the anchor element can be moved horizontally

relative to the reinforcement about a vertical midplane of the reinforcement.
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Once this operation has been completed, concrete or grout is cast into
the length of trench 40 to make a second panel 50 of the cast wall.

It will be understood that because of the hooking between the link
elements 24 and the anchor elements 44, continuity of mechanical strength
is provided between the metal reinforcement elements of the two panels.
Although there is no direct mechanical connection, e.g. by welding, between
the reinforcement 22 and 42 and the assembly constituted by the link
element 26 and the anchor element 44, the engagement of said
reinforcement elements as embedded in the concrete ensures méchanical
continuity.

With reference now to Figures 7 and 8, a preferred embodiment of
the reinforcement 22 and 42, and of the link or anchor elements 24 and 44 is.
now described. |

The reinforcement 22 is constituted in conventional manner by a cage
made up of horizontal concrete reinforcing bars 52 and of vertical concrete
reinforcing bars 54 that are welded together.

In a preferred embodiment, the link element 24 (or the anchor
element 44) is constituted by U-shaped round bars referenced 56. The bars
56 (56a, 56b, 56¢) are disposed in horizontal planes that are regularly spaced
apart. For example, for reinforcement that is 12 meters high, the bars 56 are
spaced about at 66 cm. The free ends 58 and 60 of the branches of the bars

56 are welded to respective sheet piling elements 62 and 64 which are

terminated by locks 28 and 30 (or 46 and 48). Optionally flat horizontal

bars 66 can be welded at regular intervals between the sheet piling elements
62 and 64.

It will be understood that the link elements or anchor elements are
essentially constituted by horizontal U-shaped round bars secured to one
another by the sheet piling. The U-shaped bars are engaged in the bars

forming the reinforcement, but they are not secured thereto.
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It would not go beyond the ambit of the invention if the link elements
or anchor elements were made in some other way. Nevertheless, it is
important for them to be essentially constituted by concrete bars that are
horizontal in order to facilitate horizontal transmission of forces that are
liable to be applied to the panels, and thus to their reinforcement.

Also naturally, the locking elements for locking the anchor elements
and the link elements could be constituted by members other than sheet

piling type locks. It suffices for them to be male and female locking

‘members suitable for co-operating with one another when a piece of

reinforcement is put into place in a length of trench.

Figure 9 is a plan view of the locking between a link element 24 and
an anchor element 44, with the concrete omitted to facilitate understanding.

In Figure 7, there can also be seen the shuttering element 26 with its
two housings 32 and 34 in which the locks 28 and 30 are "enclosed". The
preferred embodiment of the shuttering element 26 is described below with
reference to Figures 10 and 11.

In Figure 10, there can be seen a shuttéring element 26' for a link
element 24' that has only one lock 28. _

The shuttering 26' proper is provided on its molding face 70 with two
metal parts 72 and 74 which define a housing or recess 76 between them
having an opening 78. The dimensions of the housing 76 are sufficient to
receive the lock 28 disposed at the end of the vertical sheet piling element
80. The opening 78 is closed by two rigid wall portions 82 and 84 which
leave between them a slot 86 of width slightly greater than the width of the
sheet piling 80, with the wall portions 82 and 84 being fixed to the parts 72
and 74. The slot 86 is closed by flexible sealing lips 88 and 90 fixed on the
walls 82 and 84. These lips 88 and 90 bear by resilient deformation on the

faces of the sheet piling 80, thus providing sealing against the binder.
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The rigid walls 82 and 84 position the link element 24 horiiontally
and secure the shuttering 26 temporarily on the element 24. |

To further improve sealing, two vertical flexible hoses 90 and 92 can
be mounted inside the housing 76 in contact with the lock, the wall portions
82 and 84, and the inside wall of the housing. This provides a double
sealing system.

These hoses can also be used to establish a flow of water for
"cleaning" the locks, after the grout or concrete has been cast, supposing a
small quantity thereof has managed to penetrate into the housing.

Figures 12 and 13 show variant embodiments of the means serving
for sealing the housing(s) formed in the shuttering element.

In the embodiment of Figure 12, the locks 28 and 30 are protected in
the housings 32 and 34 by rubber covers 100 and 102. |

In the embodiment of Figure 13, the locks 28 and 30 are protected by
split tubes 104 and 106 which are threaded over the locks. Even if a coating
of binder does form around the tubes 104 and 106 after the shuttering 26 has
been removed, these coatings are easily destroyed by the locks of the next

element of sheet piling being put into place.
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CLAIMS

1/ A cast wall constituted by a succession of panels touching via their end
edges and made by casting a binder into contiguous lengths of trench dug in
the ground in line with one another, each panel having feinforcement, said
5  wall further including link means between the reinforcement of two
contiguous panels, the wall being characterized in that the link means are
separate from said reinforcement and comprise an anchor element having a
first end fitted with at least one vertical first locking element and a second
end engaged in one of said panels, and a link element having a first end
10 fitted with at least one second locking clement suitable for co-operating

with the first locking element, and a second end engaged in the other of said

panels.

2/ A cast wall according to claim 1, characterized in that each anchor
15 element and each link element comprises a plurality of bars disposed
substantially in hofizontal planes, the free ends of the bars being secured to
a lock-forming sheet piling type element, at least a portion of the bars being
engaged without direct mechanical linking: in the end portion of the
reinforcement of the panel.
20
3/ A cast wall according to claim 1, characterized in that said bars are U-
shaped round bars disposed in horigé;;ial planes, at least one limb of each
U-shaped bar being secured to a lock—forming sheet piling element, at least
the curved portion of the U-shaped round bar being engaged in the end of

25 the reinforcement of the panel without being directly mechanically linked.

4/ A method of making a cast wall in the ground in which a first length of
trench is prepared in which end shuttering is placed and a binder is cast to

obtain a first wall panel, and then, at the shuttering end, a second length of
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trench is prepared contiguous to the first and in line therewith, the shuttering
is removed, and a binder is cast into the second length of trench to obtain a
second wall panel adjacent to the first, which method is characterized by the
fact that, prior to casting the binder in the first length of trench,
reinforcement is placed therein together with a link element including
locking ends that are positioned in the immediate vicinity of the shuttering,
and during casting, said locking ends are prevented from being embedded in

the binder so that they project from the first wall panel into the second

‘length of trench after the shuttering has been removed, and prior to casting

the binder in the second length of trench, reinforcement is put into place
therein together with an anchor clement which is secured to the locking ends
of the link element, and in that the shuttering is secured to the link element
prior to being put into place in the length of trench, the link and anchor

clements not being directly secured to the recinforcement, but being engaged

therein.

5/ Shuttering for making a cast wall according to claim 1 or 2, and designed

to be put into place against an end wall of 2 length of trench dug in the
ground to obtain a wall panel by casting a binder into said length of trench,
said shuttering including a face for bearing against the end wall of the length
of trench, and opposite said bearing face, a casting face looking into the
length of trench, the shuttering being characterized by the fact that it
includes on its casting face, at least one recess suitable for rece.iving the
locking element of a link element placed in the length of trench, each recess
being closed by a vertical wall elément provided with a vertical slot suitable
for passing a sheet piling element fitted with the locking element and

providing sealing between said sheet piling element and the wall of said

ISCESS.
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6/ Shuttering according to claim 5, characterized in that said vertical wall
element includes two vertical wall portions secured to the wall of said recess
and leaving between them said vertical slot, and two resilient sealing
elements respectively secured to said vertical wall elements, said sealing
elements forming sealing lips pressed resiliently agaihst the faces of said

sheet piling element.

7/ Shuttering according to claim 6, characterized in that it further includes
two portions of vertical flexible hose disposed in said recess, each hose
portion being in contact with the wall of the recess, the inside face of a

vertical wall element, and one face of the locking element.
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