EP 3 792 405 A1

(19) Europdisches
Patentamt
European
Patent Office
Office européen
des brevets

(12)

(43) Date of publication:
17.03.2021 Bulletin 2021/11

(21) Application number: 19306084.5

(22) Date of filing: 10.09.2019

(11) EP 3792 405 A1

EUROPEAN PATENT APPLICATION

(51) IntClL:
E02D 29/02 (2006.07)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(71) Applicant: Soletanche Freyssinet
92500 Rueil-Malmaison (FR)

(72) Inventors:
« BENNANI BRAOULI, Yassine
78290 CROISSY S/SEINE (FR)
¢ BISWAS, Somnath
110019 New Delhi (IN)
¢ ADHIKARI, Atanu
20131 Greater Noida (IN)

(74) Representative: Plasseraud IP
66, rue de la Chaussée d’Antin
75440 Paris Cedex 09 (FR)

(54)

FACING ELEMENT FOR A FRONT WALL OF A STABILIZED SOIL STRUCTURE, AND

STABILIZED SOIL STRUCTURE BUILT WITH SUCH FACING ELEMENTS

(67)  The stabilized soil structure comprises a front
wall (10), soil material (12) behind the front wall (10), and
reinforcement members (13) extending in the soil mate-
rial (12) and connected to the front wall (10). The front
wall (10) includes assembled facing elements (11) each
comprising a body of molded material having a front side
(15) to be exposed to the outside of the stabilized soil
structure and a rear side (16) to retain the soil material
(12). The body of a facing element (11) has an upper

face (17) comprising a recess (26) for connecting one of
the reinforcement members (13) when the upper face
(17) is covered by at least one other assembled facing
element (11) of the front wall (10). The upper face (17)
of the body of the facing element (11) further comprises
afirst drain groove (28) extending from the rear side (16)
of the body to the recess (26) and a second drain groove
(29) extending from an end of the recess (26) to a lateral
side of the body.
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Description

[0001] The presentinvention relates to facings for me-
chanically stabilized soil structures.

BACKGROUND

[0002] A mechanically stabilized soil structure includes
reinforcement members, such as wire mesh, textile
webs, synthetic strips or grids that extend into a backfill.
Friction between the reinforcement members and the soil
material of the backfill stabilizes the backfill. Such a struc-
ture may have afrontwall made from prefabricated facing
elements.

[0003] The front wall needs a connection system for
attaching the reinforcement members which transfer
forces mechanically to the facing elements, not by fric-
tion.

[0004] One design type for mechanically stabilized soil
structures uses pre-cast blocks as facing elements, for
example made of concrete. Such facing blocks may be
used with different types of soil reinforcement members.
[0005] Providing a drainage system for the front wall
is frequently required. If there are no drainage outlets at
the front wall, for example through the joints between
facing elements, water may accumulate in the backfill
behind the front wall and weaken the structure.

[0006] There is thus a need for facing elements which,
when assembled to form a front wall, provide a connec-
tion system for soil reinforcement members and also a
drainage system for water which may appear in the back-
fill.

SUMMARY

[0007] There is provided a facing element for a front
wall of a stabilized soil structure. The facing element com-
prises a body of molded material having a front side to
be exposed to the outside of the stabilized soil structure
and a rear side to retain soil material. An upper face of
the body comprises a recess for connecting a reinforce-
ment member extending in the soil material when the
upper face of the body is covered by at least one other
facing element of the front wall. The upper face of the
body further comprises a first drain groove extending
from the rear side of the body to the recess and a second
drain groove extending from an end of the recess to a
lateral side of the body.

[0008] The recess formed in the body of the facing el-
ement provides a convenient means of assembling the
front wall together with the reinforcement members.
When a first facing element is installed and soil material
is filled behind it, one or more reinforcement members
can be brought and disposed in the recess, for example,
with an anchoring rod. When another facing element or
a group of other facing elements is installed above the
firstfacing element, it locks the reinforcement member(s)
in place and erection of the soil structure can continue.
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The drain grooves provide an outlet for water that may
accumulate behind the front wall of the structure. Typi-
cally the reinforcement members act as drains within the
backfill, so that water may preferentially reach the front
wall at the places where the reinforcement members are
connected. Itis therefore advantageous to have the drain
grooves in communication with the recesses where the
reinforcement members are connected.

[0009] In an embodiment of the facing element, the
lateral side of the body has a protrusion extending be-
tween the upper face and a lower face of the body for
cooperating with a lateral side of at least one adjacent
facing element of the front wall, and wherein the second
drain groove extends from the end of the recess to a
portion of the lateral side of the body located in front of
the protrusion.

[0010] In an embodiment of the facing element, the
second drain groove has a downward slope from the end
of the recess to the lateral side of the body.

[0011] In an embodiment of the facing element, the
upperface of the body further comprises a notch between
the recess and the rear side for receiving the reinforce-
ment member, and wherein the first drain groove is
formed at a bottom surface of the notch. The recess may
be deeper and wider than the notch.

[0012] In an embodiment of the facing element, the
first drain groove has a downward slope from the rear
side of the body to the recess.

[0013] In an embodiment of the facing element, the
recess extends horizontally and is configured to receive
an anchoring rod with a loop of the reinforcement member
formed around the anchoring rod.

[0014] In an embodiment of the facing element, an up-
per edge of the front side of the body has an extension
protruding above the upper face of the body for cooper-
ating with an indentation formed at a lower edge of the
atleast one other facing element of the frontwall covering
the upper face.

[0015] Anotheraspect of the presentinvention is about
a stabilized soil structure, comprising a front wall, soil
material behind the front wall, and reinforcement mem-
bers extending in the soil material and connected to the
front wall. The front wall includes assembled facing ele-
ments each comprising a body of molded material having
a front side to be exposed to the outside of the stabilized
soil structure and a rear side to retain the soil material.
The body of at least one of the facing elements has an
upper face comprising a recess for connecting one of the
reinforcement members when the upper face is covered
by at least one other assembled facing element of the
front wall. The upper face of the body of the at least one
of the facing elements further comprises a first drain
groove extending from the rear side of the body to the
recess and a second drain groove extending from an end
of the recess to a lateral side of the body.

[0016] In an embodiment of the stabilized soil struc-
ture, the reinforcement member connected to the front
wall by means of the recess of the upper face of the at
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least one of the facing elements is strip-shaped and con-
nected to the front wall by forming a loop around an an-
choring rod received in the recess.

[0017] An embodiment of the stabilized soil structure
further comprises a protective clip mounted on the loop
formed by the strip-shaped reinforcement member
around the anchoring rod and received in the recess.
[0018] The protective clip may include:

first and second planar portions respectively dis-
posed above and below two sections of the strip-
shaped reinforcement member in a notch formed in
the upper face between the recess and the rear side
of the body of the at least one of the facing elements;
and

a loop portion between the first and second planar
portions for housing the anchoring rod and the
looped part of the strip-shaped reinforcement mem-
ber.

[0019] In an embodiment of the stabilized soil struc-
ture, the first drain groove is formed at a bottom surface
of the notch under the second planar portion of the pro-
tective clip.

[0020] In an embodiment of the stabilized soil struc-
ture, the first drain groove has a downward slope from
the rear side of the body to the recess, and the second
drain groove has a downward slope from the end of the
recess to the lateral side of the body.

[0021] Otherfeatures and advantages of the invention
disclosed herein will become apparent from the following
description of non-limiting embodiments, with reference
to the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1 is an overall view of a mechanically stabilized
soil structure;

Figs. 2 and 3 are perspective views of a facing ele-
ment used to build the front wall of such a structure,
from its front and rear sides, respectively;

Fig. 4 is a perspective view similar to that of Fig. 3
with a reinforcement member disposed on the facing

element;

Fig. 5 is a perspective view of a protective clip used
in the embodiment of Fig. 4; and

Fig. 6 is a perspective view of an assembly of a few
facing elements of the front wall.

DESCRIPTION OF EMBODIMENTS

[0023] The construction work shown by way of illustra-
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tion in Fig. 1 is a mechanically stabilized soil structure. It
includes a front wall 10 made of prefabricated facing el-
ements 11 of the kind shown in Figs. 2-3.

[0024] The front wall 10 retains soil material 12 of a
backfill stabilized by reinforcement members 13. For ex-
ample, the reinforcement members 13 may consist of
flexible synthetic strips based on polyester fibers en-
cased in polyethylene. Other types of reinforcement
members are also usable as alternatives in the context
of the technology described herein. The reinforcement
members 13 extend in the soil material 12, and they are
connected to the front wall 10.

[0025] Afacingelement11is made of abodyof molded
material. Its front side 15 is exposed to the outside of the
stabilized soil structure. Its rear side 16 retains the soil
material 12 of the structure.

[0026] In the non-limiting embodiment shown in Figs.
1-3, the facing element 11 has a rectangular shape on
its front side 15, and the rectangular facing elements 11
are assembled in horizontal rows. Two vertically adjacent
rows are staggered such that each facing element 11
covers and/or is covered by two facing elements 11 of
an adjacent row. The way of assembling rectangular fac-
ing elements 11 can be different. Furthermore, it will be
appreciated that paving patterns other than rectangular
can be used to assemble facing elements 11 on the front
wall 10 of the stabilized soil structure. Examples include
paving patterns made from hexagonal, octagonal, cross-
shaped facing elements, etc. The facing elements 11
making up the front wall 10 may all have the same shape
(like in Fig. 1), or they make a plurality of different shapes
to be assembled together.

[0027] Each facing element 11 has an upper face 17
and a lower face which are disposed horizontally when
the front wall is assembled. The rows of facing elements
11 are stacked such that the upper faces 17 of the facing
elements 11 of one row are in contact with the lower faces
of the facing elements 11 of the overhanging row to sup-
port the weight of that overhanging row.

[0028] In the example shown in the drawings, the rear
side 16 of the facing element 11 has an arch shape, with
two vertical ribs 19 designed to project into the backfill.
[0029] On the frontside 15, the facing element 11 may
have edges configured to provide an interlocking system
between adjacent facing elements 11, both vertically and
horizontally.

[0030] More particularly, a lateral side of the body of
molded material, namely the right side (seen from the
front of the facing element 11) in the example shown,
has a protrusion 20 for contacting the left side of the ad-
jacentfacing element 11 of the same row. The protrusion
20 extends between the upper face 17 and the lower face
of the body. In the example shown in the drawings, the
protrusion 20 cooperates with a depression 21 having a
matched shape and formed on the left side of the adjacent
rectangular facing element 11 between the upper face
17 and the lower face of the body.

[0031] At the interface between two horizontal rows,
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the upper and lower edges of the facing elements 11 may
also have interlocking shapes. In particular, the upper
edge of the front side 15 of the concrete body may have
an extension 24 protruding above the upper face 17 of
the body for cooperating with indentations 25 formed at
the lower edge of the two facing elements 11 of the front
wall 10 covering the upper face 17 of the body.

[0032] The upper face 17 of the body comprises a re-
cess 26. In the example shown, the recess 26 is located
in a front portion of the upper face 17, behind the exten-
sion 24 of the front side 15, and it is essentially centered
in relation to the ribs 19. The recess 26 may have an
elongate shape parallel to the front side 15. The recess
26 extends horizontally over a shorter width than the
width of the front side 15. In particular, the width and the
depth of such recess 26 are adapted for connecting the
reinforcement members 13.

[0033] The upper face 17 of the body may further in-
clude a notch 27 that extends horizontally between the
recess 26 and the rear side 16. In the example shown in
the drawings, the notch 27 has a substantially isosceles
trapezoid shape, seen from above, in which the short
base is in contact with the recess 26. Advantageously,
the recess 26 is longer than the short base of the trape-
zoid-shaped notch 27. In addition, the notch 27 is formed
to be less deep than the recess 26.

[0034] As shown in Figs. 4 and 6, the notch 27 is pro-
vided to accommodate a reinforcement member 13 con-
nected to the facing element 11 when the front wall of
the stabilized soil structure is assembled.

[0035] A bottom surface of the notch 27 is provided
with a first drain groove 28 that extends from the rear
side 16 of the body to the recess 26. Such drain groove
28 splits the notch 27 in two halves. In particular, the first
drain groove 28 may present a downward slope from the
rear side 16 to the recess 26 of the body. The depth of
the first drain groove 28 is determined in such a manner
that every point of a bottom surface of the drain groove
28 is atan equal or higher vertical position than a bottom
surface of the recess 26. In the example shown in the
drawings, the firstdrain groove 28 is formed at a centered
position in the bottom surface of the notch 27.

[0036] Theupperface 17 ofthe body is further provided
with a second drain groove 29 that extends from an end
of the recess 26 to a lateral side of the body. More par-
ticularly, the second drain groove 29 may presenta down-
ward slope from the recess 26 to a portion 30 of the right
side of the body. The depth of the second drain groove
29 is determined in such a manner that every point of a
bottom surface of the drain groove 29 is at an equal or
lower vertical position than the bottom surface of the re-
cess 26. Preferably, the portion 30 of right side of the
body where the groove 29 ends is located in front of the
protrusion 20.

[0037] A facing element 11 as described above with
reference to Figs. 2-3 may be manufactured using con-
ventional molding techniques. The molded material may
be concrete, without limitation. Rebars or some other kind
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of armatures may be embedded in the body of molded
material. Special shapes such as cavities 22 may be pro-
vided, for example on the lateral sides of the body near
its lower face, to facilitate handling of the element 11 at
the factory, during transportation and on-site.

[0038] In the present embodiment, the reinforcement
members 13 are connected to the front wall 10 by means
of the recess 26. As illustrated on Fig. 4, a reinforcement
member 13 is received by the recess 26 and the notch
27 of the facing element 11. In the example, each facing
element 11 receives a single reinforcement member 13.
However, there can be more than one reinforcement
member per facing element. It is also possible that some
of the facing elements 11 assembled to form the front
wall of the structure have no reinforcement member at-
tached thereto.

[0039] Each reinforcement member 13 is embedded
in the soil material 12. In particular, the reinforcement
member 13 is connected to the front wall when the upper
face 17 of the body is covered by at least one other facing
element 11 of the front wall 10. The reinforcement mem-
ber 13 is disposed transversely to the front side 15 of the
facing element 11.

[0040] The reinforcementmember 13 may be connect-
ed to the recess 26 by means of an anchoring rod 31. In
the example shown in the drawings, the anchoring rod
31 has a cylindrical shape whose dimensions are adjust-
ed to fit in the recess 26. Advantageously, the length of
the anchoring rod 31 is slightly less than the width of the
recess 26, whereas the diameter of the anchoring rod 31
is slightly less than the depth of the recess 26. The an-
choring rod 31 may be longer than the short base of the
trapezoid-shaped notch 27 to provide a more robust con-
nection of the reinforcement member 13 to the front wall
10.

[0041] The strip-shaped reinforcement member 13 is
typically several meters in length. A first section of the
reinforcement member 13 extends from the soil material
12 to the recess 26. In such recess 26, the reinforcement
member 13 forms a loop around the anchoring rod 31. A
second section of the reinforcement member 13 extends
from the recess 26 back to the soil material 12. The first
and second sections may be laid horizontally on the soil
material with an angle between them.

[0042] The width of the strip-shaped reinforcement
member 13 is smaller than the short base of the trape-
zoid-shaped notch 27.

[0043] A protective clip 32 is arranged around the loop
formed by the strip-shaped reinforcement member 13
around the anchoring rod 31. As shown on Fig. 5, the
protective clip 32 may comprise a first planar portion 33
and a second planar portion 34. The first planar portion
33 is disposed substantially horizontally above the first
and the second sections of the strip-shaped reinforce-
ment member 13, and below the facing element(s) 11 of
the overhanging row. The second planar portion 34 is
disposed substantially horizontally below the first and the
second sections of the strip-shaped reinforcement mem-
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ber 13, at the bottom of the notch 27 formed in the upper
face 17 of the facing element 11. Both the first and the
second planar portions 33 and 34, along with the firstand
second sections of the strip-shaped reinforcement mem-
ber 13, are accommodated in the notch 27.

[0044] The protective clip 32 may further comprise a
loop portion 35 that connects the first and second planar
portions 33 and 34. The loop portion 35 surrounds the
looped part of the strip-shaped reinforcement member
13 disposed around the anchoring rod 31. Advanta-
geously, the value of the diameter of the loop portion 35
is less than or equal to the depth of the recess 26, and
greater than or equal to the diameter of the assembly
formed by the anchoring rod 31 and the looped part of
the reinforcement member 13.

[0045] Fig. 6 represents a non-limiting way of assem-
bling the facing elements 11 that constitute the front wall
10. Proper positioning of the facing elements 11 is facil-
itated by the interlocking shapes provided on the vertical
and horizontal edges of their front sides 15.

[0046] In relation to vertically adjacent rows, the facing
elements 11 of a row are laterally shifted by a distance
of half of the width of the front side 15. Each reinforcement
member 13 is then covered by two facing elements 11
ofthe overhanging row. Other geometrical arrangements
of the facing elements are, of course, possible.

[0047] Atfter afirst row is installed, soil material 12 can
be poured behind it and compacted. Then some of the
reinforcement members 13 are put in place by laying
them on the soil material 12 and disposing them around
anchoring rods 31, with protective clips 32, in recesses
26 formed in the upper faces 17 of part or all of the facing
elements 11 of the firstrow. The reinforcement members
13 may be laid on the soil material according to a zigzag
pattern. The second row can then be installed, the lower
faces of its facing elements 11 closing the recesses 26
of the first row to complete the anchoring of the reinforce-
ment members 13. Then new soil material 12 is brought
and the process is repeated until the prescribed height
of the stabilized soil structure is reached.

[0048] It will be appreciated the assembly of the front
wall and the connection of the reinforcement members
13 thereto, as mentioned above, does not require metallic
part that may become corroded.

[0049] The arrangement of the drain grooves 28, 29 in
the facing elements 11 allows of water that may accu-
mulate in the soil material 12 to be evacuated. Water
present in the backfill may migrate along the reinforce-
ment members 13. Thus, it reaches the front wall 10 at
the places where the drain grooves 28 are positioned,
and it can be evacuated to the outside via the drain
grooves 29.

[0050] It will be appreciated that the embodiments de-
scribed above are illustrative of the invention disclosed
herein and that various modifications can be made with-
out departing from the scope as defined in the appended
claims.
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Claims

1. A facing element for a front wall (10) of a stabilized
soil structure,
the facing element (11) comprising a body of molded
material having a front side (15) to be exposed to
the outside of the stabilized soil structure and a rear
side (16) to retain soil material (12),
wherein an upper face (17) of the body comprises a
recess (26) for connecting a reinforcement member
(13) extending in the soil material (12) when the up-
per face (17) of the body is covered by at least one
other facing element (11) of the front wall (10),
wherein the upper face (17) of the body further com-
prises a first drain groove (28) extending from the
rear side (16) of the body to the recess (26) and a
second drain groove (29) extending from an end of
the recess (26) to a lateral side of the body.

2. Afacing element as claimed in claim 1, wherein the
lateral side of the body has a protrusion (20) extend-
ing between the upper face (17) and a lower face of
the body for cooperating with a lateral side of at least
one adjacent facing element (11) of the front wall
(10), and wherein the second drain groove (29) ex-
tends from the end of the recess (26) to a portion
(30) of the lateral side of the body located in front of
the protrusion (20).

3. A facing element as claimed in any one of the pre-
ceding claims, wherein the second drain groove (29)
has a downward slope from the end of the recess
(26) to the lateral side of the body.

4. A facing element as claimed in any one of the pre-
ceding claims, wherein the upper face (17) of the
body further comprises a notch (27) between the re-
cess (26) and the rear side (16) for receiving the
reinforcement member (13), and wherein the first
drain groove (28) is formed at a bottom surface of
the notch (27).

5. Afacing element as claimed in any claim 4, wherein
the recess (26) is deeper and wider than the notch
(27).

6. A facing element as claimed in any one of the pre-
ceding claims, wherein the first drain groove (28) has
adownward slope from the rear side (16) of the body
to the recess (26).

7. A facing element as claimed in any one of the pre-
ceding claims, wherein the recess (26) extends hor-
izontally and is configured to receive an anchoring
rod (31) with a loop of the reinforcement member
(13) formed around the anchoring rod (31).

8. A facing element as claimed in any one of the pre-
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ceding claims, wherein an upper edge of the front
side (15) ofthe body has an extension (24) protruding
above the upper face (17) of the body for cooperating
with an indentation (25) formed at a lower edge of
the at least one other facing element (11) of the front
wall (10) covering the upper face (17).

A stabilized soil structure, comprising:

a front wall (10);

soil material (12) behind the front wall (10); and
reinforcement members (13) extending in the
soil material (12) and connected to the front wall
(10),

wherein the front wall (10) includes assembled
facing elements (11) each comprising a body of
molded material having a front side (15) to be
exposed to the outside of the stabilized soil
structure and a rear side (16) to retain the soil
material (12),

wherein the body of at least one of the facing
elements (11) has an upperface (17) comprising
arecess (26)for connecting one of the reinforce-
ment members (13) when the upper face (17) is
covered by at least one other assembled facing
element (11) of the front wall (10),

wherein the upper face (17) of the body of the
at least one of the facing elements (11) further
comprises a first drain groove (28) extending
from the rear side (16) of the body to the recess
(26) and a second drain groove (29) extending
from an end of the recess (26) to a lateral side
of the body.

A stabilized soil structure as claimed in claim 9,
wherein the reinforcement member (13) connected
to the front wall (10) by means of the recess (26) of
the upper face (17) of the at least one of the facing
elements (11) is strip-shaped and connected to the
frontwall (10) by forming a loop around an anchoring
rod (31) received in the recess (26).

A stabilized soil structure as claimed in claim 10,
further comprising a protective clip (32) mounted on
the loop formed by the strip-shaped reinforcement
member (13) around the anchoring rod (31) and re-
ceived in the recess (26).

A stabilized soil structure as claimed in claim 11,
wherein the protective clip (32) includes:

firstand second planar portions (33, 34) respec-
tively disposed above and below two sections
of the strip-shaped reinforcement member (13)
in a notch (27) formed in the upper face (17)
between the recess (26) and the rear side (16)
of the body of the at least one of the facing ele-
ments (11); and
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13.

14.

aloop portion (35) between the first and second
planar portions (33, 34) for housing the anchor-
ing rod (31) and the looped part of the strip-
shaped reinforcement member (13).

A stabilized soil structure as claimed in claim 12,
wherein the first drain groove (28) is formed at a bot-
tom surface of the notch (27) under the second pla-
nar portion (34) of the protective clip (32).

A stabilized soil structure as claimed in any one of
claims 9 to 13, wherein the first drain groove (28)
has a downward slope from the rear side (16) of the
body to the recess (26), and the second drain groove
(29) has adownward slope from the end of the recess
(26) to the lateral side of the body.
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