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(57) Abstract: A facing element (10) for
reinforced soil structures comprising: - a
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at least one connecting member (16)
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sub-element (12), - a second facing sub-
element (14), - a linking device (22),
wherein said first (14) and second (16)
facing sub- elements are separated by a
gap (20) and are linked together by the
linking device (22) such that the first and
second facing sub-elements have con-
stant relative position.
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FACING ELEMENT WITH INTEGRATED COMPRESSIBILITY

The ©present invention relates to the construction of
reinforced soil structures. This building technique is
commonly used to produce structures such as retaining walls,
bridge abutments, etc.

A reinforced scoil structure combines a compacted f£ill, a
facing and reinforcements usually connected to the facing.

Various types of reinforcement can be used: metal (for
example galvanized steel), synthetic (for example based on
polyester fibers), etc. They are placed in the earth with a
density that 1is dependent on the stresses that might be
exerted on the structure, the thrust of the soil being reacted
by the friction between the earth and the reinforcements.

The facing is usually made from prefabricated concrete
elements, in the form of panels or blocks, juxtaposed to cover
the front face of the structure.

There may be horizontal steps on this front face between
various levels of the facing, when the structure incorporates
one or more terraces. In certain structures, the facing may be
built in situ by pouring concrete or a special cement.

It is well known in the art that the facing hags to be
compressible in order to follow the possible deformations of

the structure due to the contraction of the fill for example.

Usually, prefabricated concrete facing elements do not
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offer a sufficient compressibility to follow the contraction
of the fill. In order to improve the situation, a method
consists in introducing a compressive material between
successive facing elements. In such case, the vertical soil
structures are limited to around 20 meters height with a high
quality £ill material compacted according to the state of the
art methods.

There is a need of reinforced soil structure with vertical
walls of important height, particularly in quarries and mining
exploitations.

Reference to any prior art in the specification is not,
and should not be taken as, an acknowledgment or any form of
suggestion that this prior art forms part of the common
general knowledge in any jurisdiction or that this prior art
could reasonably be expected to be understood, regarded as
relevant and/or combined with other pieces of prior art by a
person skilled in the art.

As used herein, except where the context requires
otherwise, the term '"comprise" and variations of the term,
such as "comprising", '"comprises" and '"comprised", are not
intended to exclude further additives, components, integers or
steps.

An object of the present disclosure is to propose a novel
facing element which may be used so as to build a reinforced
soil structure that does not present the above-mentioned

problems.

1001711403
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According to a first aspect of the present invention,
there 1is provided a facing element for reinforced soil
structures comprising a first facing sub-element comprising at
least one connecting member configured to connect at least one
reinforcement member to said first facing sub-element, a
second facing sub-element, a 1linking device, wherein said
first and second facing sub-elements are separated by a gap
and are linked together by the 1linking device such that the
first and second facing sub-elements have constant relative
position with respect to each other, and wherein the gap is
filled with a material having a compressibility such that the
overall compressive strain capacity of the facing element in
at least one direction is comprised between 0.5% and 20%.

Advantageously, a facing element according to the
invention may be integrated into a facing of a reinforced soil
structure providing a greater compressibility to the facing,
than a prior art concrete facing element, in particular once
the linking device is released or removed.

According to further embodiments of the invention, the
facing element according to the invention may comprise the
following features alone or in combination:

- said second facing sub-element comprises at least one
connecting member configured to connect at least one

reinforcement member to said second facing sub-element,

1001711403
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- the material filling the gap has a compressibility such that
the overall compressive strain capacity of the facing element
in at least one direction is comprised between 1% and 5%,

- the linking device is configured so as to be removed or
released when the facing element is part of a reinforced soil
structure,

- the linking device is arranged so as to break under a force
greater than two times the weight of the said facing element,

- the 1linking device 1is arranged so as to naturally

deteriorate over time.

The invention further relates to a facing element for
reinforced soil structures comprising at least two facing
elements as described above and a secondary linking device,
wherein the at least two facing elements are sgeparated by a
second gap and linked together by the secondary linking device
such that the at least two facing elements have constant
relative position.

According to an embodiment of the invention, the second
gap separating the at least two facing elements has a
longitudinal direction substantially perpendicular to the
longitudinal direction of the gaps separating the sub-elements

forming said facing elements.

1001711403
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According to a second aspect of the present invention,
there 1s provided a reinforced soil structure comprising a
fill, a facing made of at least one facing element for
reinforced soil structures comprising a first facing sub-
element comprising at least one connecting member configured
to connect at least one reinforcement member to said first
facing sub-element, a second facing sub-element, a linking
device, wherein said first and second facing sub-elements are
separated by a gap and are linked together by the linking
device such that the first and second facing sub-elements have
constant relative position with respect to each other, the at
least one facing element being placed along a front face of
the structure, the linking device being in direct contact with
a face of the first facing sub-element and a face of the
second facing sub-element; wherein the at least one
reinforcement member extends through a reinforced zone of the
fill situated behind said front face; wherein at least one
facing sub-element of said at 1least one facing element is
connected to the at least one reinforcement member extending
through a reinforced =zone of the £ill situated behind said
front face, and wherein the linking device is configured so as
to be removed or released while maintaining a connection
between the at least one reinforcement member and the at least

one facing element.

1001711403
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According to further embodiments of the invention, the
reinforced soil structure according to the invention may
comprise the following features alone or in combination:

- the facing comprises, at 1least, one zrow of elements
according to the invention, at least one facing sub-element of
said facing elements Dbeing connected to, at least, a
reinforcement member extending through a reinforced zone of
the £ill situated behind said front face,

- the reinforcement members are selected among the following
list consisting of: synthetic strip, metal strip, metal bar,
strip shaped metal grid, sheet shaped metal grid, ladder
shaped metal grating, synthetic strip, sheet shaped synthetic

grid, ladder shaped synthetic grid, geotextile layer, geocell.

According to a third aspect of the present invention there

is provided a method for building a reinforced soil structure,
comprising the steps of:
- positioning a facing element for reinforced structures along
a front face of the sgtructure delimiting a volume to be
filled, the facing element for reinforced soil structures
comprising:

a first facing sub-element comprising at least one
connecting member configured to connect at least one
reinforcement member to said first facing sub-element,

a second facing sub-element, and

a linking device,

1001711403
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wherein said first and second facing sub-elements are
separated by a gap and are linked together by the linking
device such that the first and second facing sub-elements have
constant relative position with respect to each other the
linking device being in direct contact with a face of the
first facing sub-element and a face of the second facing sub-
element,

- connecting the at least one reinforcement member to the at
least one connecting member of the first facing sub-element so
as to have the at 1least one reinforcement member extend
through a reinforced zone situated behind said front face, the
linking device being configured so as to be removed or
released when the facing element is part of a reinforced soil
structure while maintaining a connection between the at least
one reinforcement member and the facing element,

- introducing fill material into said volume over, at least,
the reinforced zone in which the at least one reinforcement

member extends, and compacting the f£ill material.
According to an embodiment of the invention, the building

method may further comprise the step of removing the linking

device between facing sub-elements.

1001711403



10

15

20

25

WO 2012/069868 6 PCT/1B2010/003430

Non limiting embodiments of the invention will now be
described with reference to the accompanying drawing wherein:

¢ Figure 1 is a schematic back view of a first embodiment
of a facing element according to the invention.

® Figure 2 1is a schematic perspective view of a second
embodiment of a facing element according to the
invention.

¢ Figure 3 1is a schematic back view of a third embodiment

of a facing element according to the invention.

In the sense of the invention, the back face of a facing
element or sub-element corresponds to the face that is to Dbe
in contact with the fill when said facing element or sub-
element is part of a reinforced soil structure.

In the sense of the invention, the front face of a facing
element or sub-element corresponds to the face opposite to the

back face.

According to a first embodiment, the invention proposes a
facing element 10 as depicted on figure 1. Said facing element
10 comprises two sub-elements 12 and 14. For example, these
sub-elements are two concrete or reinforced concrete panels.
Such panels may have different types of shapes, for example a
substantially rectangular shape. Each of said sub-elements
also comprises at least a connecting member 16 and 18. Said

connecting members are configured to connect at least one
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reinforcement member to the facing sub-elements. In an
embodiment of the invention, only one sub-element 12 or 14
comprises a connecting member 16 or 18.

As shown 1in figure 1, the two sub-elements 12 and 14 are
separated by a gap 20, and are linked together by a linking
device 22. The linking device 1is configured to keep the two
sub-elements at a constant relative ©position when no
additional stress 1is applied on the facing element than its
own welght. For example, the linking device 1s an iron patch
bolted to the sub-elements.

Lccording to an embodiment of the invention, the linking
device 22 1s designed so as to be removable or releasable.
Thus mobility between the two sub-elements can be obtained,
for example once the facing element i1s part of a reinforced
so0il structure, giving to the facing element a greater
compressibility. For example, the 1linking device 22 is
arranged so as to break under a force greater than two times
the weight of the said facing element. According to an
embodiment of the invention, the linking device is arranged so
as to naturally deteriorate over time, for example it is made
in a material that deteriorates over 2 to 5 years.

Advantageously, a facing element according to the
invention may be integrated into a facing of a reinforced soil
structure providing a greater compressibility to the facing,
than a prior art concrete facing element, in particular once

the linking device is released or removed.
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According to an embodiment of the invention, the gap 20
may Dbe, at least, @partially filled with a compressive
material, for example polystyrene, EPDM, polyethylene or cork.
For example, a brick of compressive materizal 1s introduced
into the gap. The size of the gap and the filling material can
be advantageously chosen in order to obtain a desired
compressibility of the facing element. For example, the gap is
filled with a material having a compressibility such that the
overall compressive strain capacity of the facing element in
at least one direction 1is comprised between 0.5% and 20%,
preferably, between 1% and 5%. For example, the direction 1 in
which the overall compressive strain capacity of the facing
element 1s adapted is a direction substantially perpendicular
to the longitudinal direction of the gap, as shown on figure

1.

Figure 2 depicts a second embodiment of a facing element
according to the invention. The facing element comprises a
first sub-element 12 and a second sub-element 14, separated by
a gap 20 and 1linked together by a 1linking device 22. The
specifications of this facing element are substantially the
same as recited above for the facing element depicts on figure
1.

As illustrated on figure 2, the first sub-element 12 is
provided with a connecting member 16 on the back face of said

first sub—element 12. The first sub—element 12 further
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comprises a first protruding part 2 that extends along the
front face of said first sub-element 12 and in a direction
perpendicular to the thickness of said first sub-element 12.
The second sub-element 14 comprises a second protruding part 4
that extends along the back face of said second sub-element 14
and in a direction perpendicular to the thickness of said
second sub-element 14.

The facing element 10 is configured such that the first
and second protruding parts 2 and 4 of the first and second
sub-elements 12 and 14 extend into the gap 20. The facing
element 10 1s further configured such that first protruding
part 2 faces the second protruding part 4.

Advantageously, despite being not connected to a
reinforcement member, the sub-element 14 can be maintained on
a facing by the first protruding part 2 of the first sub-
element 12, once the linking device 22 is released and the

facing element is part of a reinforced soil structure.

A third embodiment of a facing element according to the
invention 1s depicted on figure 3. Said facing element 100
comprises a first facing element 101 and a second facing
element 102 according to the invention and a secondary linking
device 320. Each of said facing elements 101 or 102 comprises
a first sub-element 121 or 122, a second sub-element 141 or
142, separated by a gap 201 or 202 and linked together by a

linking device 221 or 222. The first and second facing
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elements 101 and 102 are separated by a first gap 300 and
linked together by the secondary linking device 320 such that
to have constant relative position. Thus, the facing element
according this third embodiment of the invention comprises
four sub-elements 121, 122, 141 and 142. Each sub-element 1is
provided with a connecting member 161, 162, 181 and 182
respectively. In an embodiment of the invention, at least one
of said sub-elements is provided without a connecting member.

According to the embodiment of figure 3, the two facing
element 101 and 102 are juxtaposed such that the gaps 201 and
202 of each elements form a longest second gap 200. In the
embodiment of figure 3, the longitudinal direction of the
first gap 300, and the longitudinal direction of the second
gap 200 are substantially perpendicular.

As the gap of a facing element according to previous
embodiments, the first and second gaps 200 and 300 may be, at
least, partially filled with a compressive material, for
example polystyrene, EPDM, polyethylene or cork. For example,
a brick of compressive material 1is introduced into the gap.
The size of the first and second gaps 300 or 200 and the
filling material can be advantagecusly chosen 1in order to
obtain a desired compressibility of the facing element. For
example, the gap 1s filled with a material having a
compressibility such that the overall compressive strain
capacity of the facing element in at least one direction is

comprised between 0.5% and 20%, preferably, between 1% and 5%.
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For example, the size and filling material of the gap 300 have
an influence on the overall compressive strain capacity of the
facing element in a direction perpendicular to the
longitudinal direction of the gap 300.

According to the embodiment of figure 3, the overall
compressive strain capacity of the facing element can be
advantageously adapted in two directions perpendicular to each
other.

According to the embodiment of figure 3, the 1linking
device 320 is at the crossing of the first and second gaps 200
and 300. According to another embodiment of the invention, the
linking device may be placed in another location, for example
between the two second sub-elements 141 and 142 of the two
facing elements 101, 102.

According to a further embodiment of the invention, the
linking device 320 1is designed so as to be removable or
releasable. Thus mobility between the facing elements 101, 102
can be obtained, for example once the facing element 100 is
part of a reinforced soil structure, giving to the facing
element a greater compressibility. For example, the linking
device 320 1is arranged so as to break under a force greater
than two times the weight of the said facing element.
According to an embodiment of the invention, the linking
device is arranged so as to naturally deteriorate over time,
for example it is made in a material that deteriorates over 2

to 5 years.
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Another aspect of the invention relates to a reinforced
soill structure, as depicted in figure 4. A reinforced soil
structure according to the invention comprises a £ill 81
delimited by a facing 84 made of prefabricated elements
juxtapoged to cover the front face of the structure. A
structure according to the invention further comprises, at
least, one facing element 85 according to the invention.

After placement and compaction, a fill layer is loaded by
the subsequent f£ill layers placed on top, and possibly by
additional 1loading placed on top of the completed reinforced
soil structures, such as: traffic loads, stockpiling of bulk
or contained material, structural elements 1like concrete
slabs, bridge decks, acoustic barriers, etc. Advantageocusly,
introducing facing elements according to the invention in the
facing of a reinforced soil structure provides a facing with a
compressibility equivalent to the compressibility of the £ill.
This compressibility can be estimated and depends on the
quality of the filling material and the subsequent loading
applied to the 1layers of fill contiguous with the facing
elements. Thus the facing may follow the contraction of the
£fill and the risks of breaking are drastically decreased.

According to another embodiment of the invention, the
facing comprises a row of elements according to the invention.
For example, said row of elements extends from one extremity

of the facing to an other.
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A structure according to the invention further comprises
reinforcement members 83 extending through a reinforced zone Z
of the fill 81 situated behind said front face. Said
reinforcement members 83 are selected among the following list
consisting of: synthetic strip, metal strip, metal bar, strip
shaped metal grid, sheet gchaped metal grid, ladder schaped
metal grating, synthetic strip, sheet shaped synthetic grid,
ladder shaped synthetic grid, geotextile layer, geocell.

In a reinforced soil structure according to the
invention, at least one sub-element of each element according
to the invention of the facing is connected to, at least, one
of said reinforcement members. According to the embodiment of
figure 4, each facing sub-elements are connected to, at least,
a reinforcement member. Preferably, each facing elements are
connected to, at least, a reinforcement member extending
through a reinforced =zone of the fill situated behind said

front face.

Another aspect of the invention provides a method for
building a ©reinforced soil structure. For example, for
building the structure of figure 4 with a facing element
according to the embodiment of figure 1, said method comprises
the following steps:

a) positioning a facing element 85 according to the invention
along the front face 84 of the structure delimiting a volume

to be filled, so as to be able thereafter to introduce fill
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material over a certain depth. In a known way, the erection
and positioning of the facing element may be made easier Dby
assembly members placed between them;

b) connecting at least one reinforcement member 83 to a
connecting member of the first facing sub-element so as to
have the reinforcement member extend through a reinforced zone
7 situated behind said front face;

c) introducing fill material into said wvolume over, at least,
the reinforced zone 1in which the reinforcement member which
has just been installed extends, and compacting the fill
material;

d) repeating the two preceding steps for the second facing
sub-element of the facing element according to the invention.

According to an embodiment of the invention, the linking
device is brcken by the stress induced by the second fill
compacting step.

According to an embodiment, the building method of the
invention may further comprise the step o0of removing the
linking device between facing sub-elements, for example if the
linking device is not designed to break or naturally
deteriorate.

According to an embodiment of the invention, for example
when a facing element according to the embodiment of figure 2
is used, the filling material may be introduced in step <c)
over all the volume delimited by the facing element. The step

d) is then not performed. The second protruding part 4 of the
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second sub-element 14 is pushed against the first protruding
part 2 of the first sub-element 12 by the f£ill once the fill
material has been introduced in the reinforced =zone. The
pressure applied by the fill material against the second sub-
element 14 and the friction between the first and second
protruding parts 2 and 4 maintain the gap between the two sub-
elements 12 and 14 when the linking device is removed.

The invention has been described above with the aid of
example embodiments without limitation of the general
inventive concept. It should be noted that numerous
alternatives may be applied to the structure described

hereinabove and to its method of production.
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CLAIMS

1. A facing element for reinforced soil structures
comprising:

- a first facing sub-element comprising at least one
connecting member configured to connect at least one
reinforcement member to said first facing sub-element,

- a second facing sub-element,

- a linking device,

wherein said first and second facing sub-elements are
separated by a gap and are 1linked together by the linking
device such that the first and second facing sub-elements have
constant relative position with respect to each other, and

wherein the gap 1s £filled with a material having a
compressibility such that the overall compressive strain
capacity of the facing element in at least one direction is

comprised between 0,5% and 20%.

2. The facing element according to claim 1, wherein said
second facing sub-element comprises at least one connecting
member configured to connect at least one reinforcement member

to said second facing sub-element.

3. The facing element according to claim 1, wherein the
material £filling the gap has a compressibility such that the
overall compressive strain capacity of the facing element in

the at least one direction is compriged between 1% and 5%.

1001711403
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4. The facing element according to any of previous
claims, wherein the linking device is configured so as to be
removed or released when the facing element is part of a

reinforced soil structure.

5. The facing element according to any of the preceding
claims, wherein the linking device is arranged so as to break
under a force greater than two times the weight of the said

facing element.

6. The facing element according to any of the preceding
claims, wherein the 1linking device 1s arranged so as to

naturally deteriorate over time.

7. The facing element for reinforced soil structures
comprising at least two facing sub-elements according to any
of claims 1 to 6 and a secondary linking device, wherein the
at least two facing sub-elements are separated by a second gap
and linked together by the secondary linking device such that
the at 1least two facing sub-elements have constant relative

position with respect to each other.

8. Facing element according to claim 7, wherein the

second gap separating the at least two facing sub-elements has

a longitudinal direction substantially perpendicular to the

1001711403
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longitudinal direction of the gaps separating the sub-elements

forming said facing elements.

9. A reinforced soil structure comprising:

- a £ill;

- a facing made of at least one facing element for
reinforced soil structures comprising:

- a first facing sub-element comprising at least
one connecting member configured to connect at least one
reinforcement member to said first facing sub-element,

- a second facing sub-element,

- a linking device,

wherein said first and second facing sub-elements
are separated by a gap and are linked together by the linking
device such that the first and second facing sub-elements have
constant relative position with respect to each other, the at
least one facing element being placed along a front face of
the structure, the linking device being in direct contact with
a face of the first facing sub-element and a face of the
second facing sub-element;

wherein the at least one reinforcement member extends
through a reinforced zone of the f£fill situated behind said
front face;

wherein at least one facing sub-element of said at least
one facing element 1is connected to the at 1least one
reinforcement member extending through a reinforced =zone of

the fill situated behind said front face, and

1001711403
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wherein the 1linking device 1s configured so as to be
removed or released while maintaining a connection between the
at least one reinforcement member and the at least one facing

element.

10. The structure according to claim 9, wherein the
facing comprises, at least, one row of elements according to
any of claims 1 to 8, at least one facing sub-element of said
at least one facing element being connected to, at least, the
at least one reinforcement member extending through the

reinforced zone of the £ill situated behind said front face.

11. The structure according to any of claims 9 or 10,
wherein the reinforcement members are selected among the
following list consisting of: synthetic strip, metal strip,
metal bar, strip shaped metal grid, sheet shaped metal grid,
ladder shaped metal grating, synthetic strip, sheet shaped
synthetic grid, ladder shaped synthetic grid, geotextile layer

and geocell.

12. The structure according to any of claims 9 to 11,
wherein the linking device 1s arranged so as to break under a
force greater than two times the weight of the said facing

element.

1001711403
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13. The reinforced soil structure according to claim 10,
wherein the linking device is arranged so as to naturally

deteriorate over time.

W

14. A method for building a reinforced soil structure,
comprising the steps of:

- positioning a facing element for reinforced soil
structures along a front face of the structure delimiting a
volume to be £filled, the facing element for reinforced soil

0 structures comprising:

a first facing sub-element comprising at least one
connecting member configured to connect at least one
reinforcement member to said first facing sub-element,

a second facing sub-element, and

5 a linking device,

wherein said first and second facing sub-elements are
separated by a gap and are linked together by the
linking device such that the first and second facing
sub-elements have constant relative ©position with

20 respect to each other the 1linking device being in
direct contact with a face of the first facing sub-
element and a face of the second facing sub-element,

- connecting the at least one reinforcement member to the

at least one connecting member of the first facing sub-element
25 so as to have the at least one reinforcement member extend
through a reinforced zone situated behind said front face, the

linking device being configured so as to be removed or
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released when the facing element is part of a reinforced soil
structure while maintaining a connection between the at least
one reinforcement member and the facing element,

- introducing £ill material into said wvolume over, at

least, the reinforced zone 1in which the at least one
reinforcement member extends, and compacting the £ill
material.

15. A method for building a reinforced soil structure
according to claim 14, further comprising the step of removing

the linking device between facing sub-elements.
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