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1
SELF-SUPPORTING WALL

FIELD OF THE INVENTION

This invention relates to a wall construction and,
more’ particularly, to a self-supporting wall construc-
tion usable as a sea wall, retaining wall, barrier wall or
the like.

BACKGROUND OF THE INVENTION

Many areas of shore line, particularly along the shore
line of lakes, such as the Great Lakes, suffer from ero-
sion. The principal cause of erosion is the wave energy
of the water and the direction in which sand and other
fines of the shore line tend to migrate. Another factor
is the composition of the shore line soil itself.

This problem of shore line erosion is particularly se-
vere on the Great Lakes due to the extremely high
water level of these lakes, which high water level has
existed for several years and apparently will continue
to exist for a further substantial period of time. Since
much of the shore line around the Great Lakes consists
of sand or soil which easily erodes, the high water level
has been causing gradual but rather rapid erosion of the
shore line and has, in many areas, substantially de-
stroyed the desirable sandy beaches which once ex-
isted. Further, the shore line in many areas along the
Great Lakes consists of high sand bluffs, and homes
and other structures are often built on the top of these
bluffs relatively near the edge thereof so as to overlook
the lake. The continued existence of the high water
level in the Great Lakes, combined with the wave en-
ergy of the water, has resulted in the rapid erosion of
the base of these sand bluffs. Thus, the bluffs in many
areas are being rapidly destroyed, thereby resulting in
the destruction of homes and other  buildings con-
structed on the bluffs.

Many different types of piers and retaining walls have
been constructed along the shore line in an attempt to
prevent erosion of the type described above. However,
most of these prior constructions have generally in-
volved the use of structures constructed directly on the
site, such as by requiring the sinking of piers or footings
into the ground, as by pile driving, or by the construct-
ing of caissons in the ground and by utilizing poured
concrete or similarly fabricated steel structures which
must be constructed directly at the job site. All of these
prior wall constructions have thus been extremely
costly due to the requirement that they be constructed
directly on the job site. These known structures also
often require the use of extremely costly and heavy-
duty equipment, particularly since some operations are
carried out in the water. Further, since the prior con-
structions have often required that the wall be an-
chored to the ground, such as by pilings or other buried
footings, this thus makes installation of the wall diffi-
cult and costly.

Accordingly, the present invention provides an im-
proved wall structure, particularly suitable for use as a
sea wall, which will effectively inhibit shore line erosion
and yet overcome the numerous above-mentioned dis-
advantages associated with known wall constructions.
The present wall construction can also be desirably
used as an earth retaining wall, a sound barrier, a spa-
tial divider, fence or the like. Accordingly, it is an ob-
ject to the present invention to provide:
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1. A wall construction, as aforesaid, which is of a sub-
stantially zig-zag shape and can be positioned directly
on a supporting surface in a self-supporting manner,
such as directly on a beach when used as a sea wall so
as to not require the use of piles or other footings.

2. A wall construction, as aforesaid, which is con-
structed from a plurality of prefabricated wall seg-
ments, which wall segments can be easily connected to-
gether into the desired shape directly at the job site.

3. A wall construction, as aforesaid, wherein the ad-
jacent wall sections are connected solely by a substan-
tially horizontal hinge structure which enables adjacent
wall sections to pivotally move vertically relative to one
another, thus enabling the wall construction to be posi-

5 tioned on a nonlevel supporting surface, with the per-

missible relative movement between the wall segments
also permitting sufficient relative movement within the
wall structure to compensate for changes in the sup-
porting surface such as caused by freezing and thawing,
while at the same time the wall structure possesses
enough relative movement to minimize and equalize
the forces imposed thereon, such as due to a collection
of ice, to minimize, if not prevent, damage to the wall
structure.

4. A wall construction, as aforesaid, wherein the zig-
zag shape of the wall substantially breaks and distrib-
utes the force of the waves to.minimize the force im-
posed on the wall.

5. A wall construction, as aforesaid, which due to its

zig-zag shaped configuration is intended to minimize
the general migration of sand along the beach line,
which migration for example, occurs from a Northernly
to a Southernly direction along Lake Michigan, thus
tending to cause the sand to collect within the confines
of the wall. :
6. A wall construction, as aforesaid, which is of suffi-
cient height to absorb the main force of the wave but
which will enable sufficient spillover of the waves toen-
able some sand to collect in back of the wall to facili-
tate the build-up of beach behind the wall.

7. A wall construction, as aforesaid, which can be
substantially entirely prefabricated so as to require very
little job site preparation or job site assembly.

Other objects and purposes of the present invention
will be apparent to persons acquainted with the art of
this type upon reading the following specification and
inspecting the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a portion of a self-
supporting wall construction according to the present
invention. '

FIG. 2 is a fragmentary plan view of a length of the
wall construction of the present invention.

FIG. 3 is an elevational view of the wall construction
iltustrated in FIG. 2.

FIG. 4 is an enlarged fragmentary plan view, taken
partially in cross section, and illustrating the manner in
which the ends of adjacent wall segments are hingedly
connected.

FIG. 5 is a plan view, taken in cross section, and illus-
trating the internal structure of a wall segment con-
structed according to the present invention.

FIG. 6 is an elevational view, taken partially in cross
section, of the wall segment illustrated in FIG. 8.

Certain terminology will be used in the following de-
scription for convenience in reference only. For exam-
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ple, ‘the words. “nghtwardly” and “leftwardly” will
refer to directions in the drawmgs to which reference

is made. The words “upward”’ and “downward” will re-

fer, respectlvely, to the upper-and lower. ends of the
wall construction relative to.a _supporting . surface,

which upper and lower ends of the wall construction -

appear as the upper and lower ends in FIGS. I, 3 and
6. The words “inwardly” and “‘outwardly”’ will refer to
directions toward and away from, respectively, the geo-
metric center. of the wall construction ‘and specific
components thereof. Said terminology will include the
words above specifically - mentioned, denvatwes
thereof and words of srmllar import. :

SUMMARY OF THE INVENTION

The objects of the present mventlon, mcludmg those:

mentioned above, are’ achieved by providing a wall
construction which is formed from a plurality of sub-
stantially identical slablike wall segments or panels A
~ plurality of said wall segments are disposed in a sub-
~ stantially zig-zag pattern so that the opposite ends of
each wall segment  are drsposed adjacent and:con-

nected to the ends of a pair of further wall segments.
The cooperating ends of each pair of wall segments are |

connected by a single hinge structure which enables ad-
- jacent wall segments to relatively move with respect to
one another. The hinge structure specifically enables
adjacent wall segments to relatively swing about a sub-
stantially horizontal axis: The wall construction, when
the adjacent wall segments are hmgedly connected to-
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* FIG. §, the center pomon 16'is angled relative to the

end portions 17 and 18 by an angle ¢ which angle ¢ is
preferably. approxrmately 30° lf the wall is used asasea -
wall. -

.. The mdwrdual wall segments 14 are drsposed s0 that

" the end portion 17 or 18 of one wall segment is dis- -

- posed directly adjacent the end portions 17 or 18 of a

0

15

further wall segment, substantially as illustrated in FIG.
4. When so posmoned wherein the adjacent surfaces’
are disposed in substantial contact with one another, -
the center wall portions 16 of the two adjacent wall seg-
ment$ 14-thus define an included angle of 2 g therebe-
tween, which angle when the. wall is used as a sea wall
is approximately 60°.

- The adjacent end portlons of adjacent wall segments, ,
14 are conriected by means of a connecting Hinge struc-
ture 21, which’ hinge structure constitutes the. sole

" struc¢ture used for interconnecting the adjacent abut-
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‘ - gether in a_ zig-zag shape, is: substannally self-

supporting on-a suitable supporting surface, suchasa .
beach, even though the supporting surface is not per- -

fectly horizontal or level. The wall segments are prefer-
ably prefabricated, such as by being constructed from
steel reinforced concrete. The wall construction can be
easily assembled on the job site by posmonmg the indi-
vidual wall segments in the desired zig-zag pattern, as

by posmomng each wall segment directly on the exist-
ing beach as in the case of a sea wall construction by
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ting end portions of two adjacent wall segments 14. The
hinge ‘structure 21 permits ‘relative pivotal movement
between the adjacent wall - segments 14 substantially
about a horizontal hinge axis as defined by the hinge

_structure 21. For this purpose, each-end portion 17 and

18 of each wall segment 14-is provided with an opening
22 extendmg substantlally transversely. therethrough,
which opening 22 is disposed substantially midway be-
tween the upper and lower edges of the wall segment.
The openings 22 associated with the opposite end por-

. tions'17 and 18 are each spaced the same distance from

the free vertical edge of the respective end portion. 17
or. 18 Thus, when a. parr of wall segments 14 are dis-
posed with their end portlons 170r 18 drrectly adjacent

~one another, as illustrated in FIG. 4, the openings 22 in

the two-adjacent end portions are thus’ substantlally»
ahgned with one another. A suitable liner or sleeve 23

. is positioned within each opemng 22,°as by being cast

" means of a crane or derrick; with the adjacent wall seg- .

ments then having their adjacent edges suitably con-
nected by the above-descnbed hmge structure

DETAILED DESCRIPTION

therein. An elongated connecting element 24, specifi-
cally an elongated threaded fastener such as a bolt or
threaded stud, extends through the liners 23 with the :
opposite ends thereof projecting outwardly beyond the
opposite external faces of the end portions 17 and 18.
A conventional nut 26 is threaded on-each end of the

" ‘fastener 24, the nut 26 being spaced from the face of

.45

FIG. 1 illustrates a retammg wall 11 constructed ac-

cordmg to the present invention, which retaining wall
is suitable for use as a sea wall and is adapted to be po-
sitioned in a self-supportmg manner on a substantially
honzontal supportmg surface 12 such as'the ground.
The wall 11 is formed from a plurality of V-shaped
modules 13, (FIG. 2) which are connected together so
that the wall when viewed from above, has a substan-
tlally zig-zag'shape. Each V-shaped module 13 in turn
is formed from a pair of substantlally identical slabhke
wall segments or panels 14. * . -
Each wall segment 14 includes a substantlally rectan-

' gular slablike center portion 16 having slablike: énd
portions 17 and 18 fixedly, here mtegrally, conneécted
to the opposite ends thereof. The end portions 17 and °

18 are identical but have been given different reference
numerals ‘merely for purposes: of identification. Fur-
ther, the central plane of eéach end portion 17 and 18
extends at an angle relative to the central plane of the
center portion 16, whereupon the opposite end’ por-
tions 17 and 18 are disposed substantially parallel but

laterally spaced from one: another As lllustrated m'

the end portion 17 or 18 by an intermediate washer 27.
Tightening of the nuts 26 toward one another results in
the end. portions 17 and 18 being snugly held together
so that thelr opposed faces engage and overlie one an-

" other. However, bolt 24 still enables the adjacent end

portions to pivot relative to one another about the bolt.

The wall segments 14. are preferably constructed of
reinforced concrete as illustrated in FIGS. 5 and 6. The
central wall portion 16 includes a plurality. of substan-
tially parallel and vertically extending reinforcing rods

- 31 disposed closely adjacent the central plane of the
“central wall portion. The vertical reinforcing rods 31

~ are fixedly connected to a plurahty of substantially par-

60

allel and horizontally extending reinforcing rods. 32,
which fods are also disposed closely adjacent the cen-
tral plane of the central wall portion 16.. The rods 31

. and 32 thus form a meshlike reinforcing structure. The
~opposite.end portions 17 and 18.of the wall segments
14 are-also provided with two pairs.33 and 34 of verti-.

65

cal remforcmg rods disposed therein, which rods are’
disposed ‘in a substantially rectangular arrangement :
The opposrte ends of the horizontal rods 32 extend into
the end portlons 17 and 18 and are formed mto closed
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loops 36, which loops surround the vertical reinforcing
rods 33 and 34 as illustrated in FIG. 5. The free end
portion 37 of the horizontal rods 32 in turn terminate
within the central wall portion 16.

The segment 14 is also provided with an angled rein-
forcing rod member 38 disposed in the vicinity of each
opening 22 (FIG. 6), which angled reinforcing rod 38
extends betweéen and is fixedly connected to a plurality
of the loop portions 36. The angled reinforcing rod 38
partially surrounds opening 22 and extends between
the opening 22 and the adjacent free end of the wall
segment so as to reinforce the wall segment in the vicin-
ity of the openings.

The reinforcing rods 31, 32, 33, 34 and 38 are con-
ventional steel reinforcing rods and thus further de-
scription of same is not believed necessary.

As illustrated in FIG. 6, each wall segment 14 is pref-
erably provided with opposed pairs of lifting loops 41
thereon, which lifting loops project from the upper and
lower surfaces of the wall segment and are disposed ad-
jacent the opposite ends thereof. The lifting loops are
constructed from conventional steel cable and are
fixedly anchored within the wall segments. The loops
41 enable the individual precast wall segments to be
suitably lifted, as by a derrick or crane, to facilitate
their manipulation.

As depicted in FIG. 4, the center portion 16 of wall
segment 14 has a thickness T,, whereas the end por-
tions 17 and 18 have a thickness T,, which thickness T,
is substantially greater than the thickness T,. The thick-
ness T, of the end portions 17 and 18 is approximately
50 percent greater than the thickness T, of the center
wall portion 16. This thus provides the end portions 17
and 18 with increased strength to enable the adjacent
wall segments 14 to be connected by the hinge struc-
ture 21, and at the same time enables the end portions,
due to the manner in which they project forwardly as
illustrated in FIGS. 1 and 2, to withstand the direct
forces imposed thereon due to waves or ice if used as
a sea wall, or earth pressures if used as a retaining wall.

In a practical embodiment of the present invention,
the individual wall segments 14 have a height of ap-
proximately 6 feet and an overall length of approxi-
mately 16 feet. Of this overall length, each end portion
17 and 18 is approximately 2 feet in length and the
center portion 16 is approximately 12 feet in length.
Thus, when the adjacent wall segments 14 are con-
nected together in the zig-zag fashion illustrated in FIG.
2, the wall has a depth (as measured perpendicularly
from the front to the rear edge thereof) of approxi-
mately 15 feet, and the spacing between adjacent
aligned end portions is approximately 14 feet. Further,
in the illustrated embodiment, the center portions 16
have a thickness T, of approximately 8 inches and the
end portions 17 and 18 have a thickness T; of approxi-
mately 12 inches. The resulting wall segment 14, when
provided with these dimensions and constructed of re-
inforced concrete, thus has a weight of approximately
12,000 pounds. However, the dimensions, weight, etc.
of the individual wall segments can be suitably varied
according to the design requirements.

OPERATION

When a wall construction 11 according to the present
invention is to be positioned on a supporting surface
12, no elaborate preparation of the supporting surface
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12 is necessary since the wall construction 11 will read-
ily accommodate and conform to the surface 12, even
though the surface 12 is unlevel or deviates slightly
from the horizontal. The wall construction 11 is dis-
posed and assembled on the surface 12 by positioning
the prefabricated wall segments 14 directly adjacent
one another in a zig-zag fashion, as illustrated in FIG.
2, so that the opposite end portions of each wall seg-
ment 14 are disposed directly adjacent the end portions
of two adjacent wall segments. More specifically, two
wall segments 14 are positioned in a self-supporting
manner directly on the surface 12, as by a crane or der-
rick, the two segments being disposed so that their ad-
jacent end portions have their opposed faces substan-
tially flush with one another, as illustrated in FIG. 4. If
necessary, one of the wall segments can be lifted as re-
quired so that the openings of the sleeves 23 are sub-
stantially aligned, whereupon bolt 24 is inserted

_through the sleeves 23 and the nuts 26 are tightened on

the opposite ends thereof. In this manner, the adjacent
coacting end portions of adjacent wall segments 14 are
thus structurally connected together. This manner of
connecting the adjacent wall segments 14 is continued
throughout the length of the wall 11, thereby resulting
in a zig-zag shaped wall substantially as illustrated in
FIGS. 1 and 2.

The hinge structure 21, as defined by the sleeves 23
and bolt 24, permits the adjacent wall segments 14 to

‘vertically move relative to one another substantially

about a horizontal hinge axis as defined by the bolt 24.
This structure 21 thus permits the two adjacent pivot-
ally connected wall segments 14 to vertically swing rel-
ative to one another so that the lower surfaces thereof
adapt to and conform with the supporting surface 12,
even though this surface 12 is somewhat uneven or
nonplanar. Thus, the complete wall 11 can be easily
and readily installed directly on an existing support sur-
face 12, such as a beach, merely by hoisting the prefab-
ricated wall segments 14 into the desired position and
then connecting same by the hinge structure 21. The
hoisting of the segments 14 into position can be per-
formed by either a crane or derrick. Further, since the
panels 14 have an overall length which is substantially
greater than their height, the resulting assembled wall
11 rests freely on the surface 12 in a stable condition
without requiring any anchoring of same by means of
footings, piers or the like when used as a seawall.

Since the overall width of the assembled wall 11, that
is, the perpendicular distance measured from the front
to the rear edge thereof as illustrated in FIG. 2, is of a
rather large magnitude, and since the wall is of substan-
tial weight, this thus enables the wall to absorb rather
large forces which are imposed thereon, such as by
waves or earth pressures, without fear of the wall being
tipped over. Still further, since the wall height, when
used as a sea wall, is substantially less than the width of
the wall, such as in the order of 40 to 50 percent
thereof, the force imposed on the wall by the waves will
be imposed on the wall at a rather low elevation to thus
minimize the tipping moment imposed on the wall.
Also, the portion of the waves which are disposed at a
high elevation, which portion is of rather low force, will
readily spill over the top of the wall so as to enable sand
suspended within the water to collect on the rear side
of the wall.

When the wall 11 is installed as a sea wall, same is
preferably positioned on the support surface or beach
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12 so that it extends along‘the beach. Thus, when the
waves strike the wall 11, they initially strike the pro-

jecting forward ends of the wall segments as defined by |

the coupled end portions 17 and 18 as illustrated in
FIG. 1. However, the portions of the waves located be-
tween the coupled end portions 17 and 18 enter into
the triangular spaces defined between the center wall
portions 16 and thus strike the wall at a subsequent
time. The zig-zag shape of the wall thus effectively
breaks the waves and distributes the force of the waves
as imposed on the wall over a substantial period of
time, thus minimizing the impact force which is im-
posed on the wall at any instant of time. Further, since
the waves normally cause the sand to migrate in one di-
rection along the beach, the zig-zag shape of the wall
tends to minimize this migration of the sand and causes
some of the sand to collect in front of the wall within
the triangular spaces defined between the adjacent di-
verging wall segments.

The wall structure 11 as illustrated in FIG. 1 is also
highly . desirable for withstanding ice, such as occurs
along the shore line of the Great Lakes. Tbe zig-zag
shape of the wall 11 makes the wall extremely durable
and able to withstand the impact of ice thereon, partic-
ularly since the adjoined forward end portions of the
wall segments effectively penetrate the ice and tend to
break up the ice. At the same time, these end portions
of the wall segments are provided with increased thick-
ness and increased metal reinforcing therein so as to
withstand the impact thereon by the ice. Further, since
the ice imposes very non-uniform forces on the wall,
this nonuniform force can be partially absorbed with-
out causing damage or breakage of the wall due to the
permissible relative movement between- the adjacent
wall segments as permitted by the hinge structures 21.

Since all of the wall segments 14 are substantially
identical, this greatly simplifies the positioning of the
wall segments during initial installation on a support
surface, such as a beach, since the wall segments can
be easily interchanged, end for end, without disrupting
the manner in which the end sections of adjacent walls
are interconnected by the hinge structures 21.

While the wall structure of the present invention
preferably utilizes steel reinforced concrete for the pre-
fabricated wall segments 14, the wall segments can be
constructed and prefabricated in some other manner,
such as by being prefabricated from steel or the like.

The wall structure of the present invention. can also
be used as a groin or jetty positioned to extend out-
wardly into the water at a substantial angle to the
beach, such as perpendicular thereto. The outwardly
extending jetty can be coupled with a further length of
wall (as illustrated in FIG. 1) which extends substan-
tially along the beach. '

Although a particular preferred embodiment of the
invention has been disclosed above for illustrative pur-
poses, it will be understood that variations or modifica-
tions thereof which lie within the scope of the ap-
pended claims are fully contemplated.

The embodiments of the invention in which an exclu-
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sive property or privilege is claimed are defined as fol- -

lows: _

1. A self-supporting wall construction adapted to be
positioned on a support surface, such as the ground,
comprising: ’
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a plurality of prefabricated concrete wall segments
connected in series with one another and defining
a saw-toothed shaped wall extending in a selected
direction, the individual wall segments being of a
rigid and unitary structure, said wall segments also
being relatively heavy so that the wall construction
can withstand imposition of a substantial force on
the sides thereof;

said wall segments including an elongated intermedi-

ate wall portion and a pair of short end walil por-
tions, said end portions each including at least one
substantially planar side surface which extends at
an angle relative to a central plane defined by said
intermediate wall portion, the substantially planar
side surface of an end portion of one wall segment
being positioned directly adjacent a similar planar
side surface associated with an end portion of an
adjacent wall segment so that said planar side sur-
faces are substantially perpendicular to said se-
lected direction, and the intermediate wall portions
of said adjacent wall segments extending at an
angle relative to one another so as to substantially
define a V-shape; and

connecting means coacting between the adjacent

wall segments for connecting same together while
enabling continuous relative pivotal movement be-
tween said adjacent wall segments about a substan-
tially horizontal axis for permitting the individual
wall segments to continuously conform to the sup-
porting surface, said connecting means including
pivot ‘means coacting between the adjacent end
portions of adjacent wall segments, said pivot
means defining said axis, and said axis extending in
a direction which is substantially parallel to said se-
lected direction of said wall.

2. A wall construction according to claim 1, wherein
said pivot means includes a hinge pin extending be-
tween and connecting the adjacent end portions of said
adjacent wall segments, said hinge pin including
threaded fastener means associated therewith for con-
necting the adjacent end portions of said adjacent wail

‘segments together.

3. A wall construction according to claim 1, wherein
the intermediate wall portions of adjacent wall seg-
ments define an included angle therebetween which is
a maximum of approximately 60°.

4. A wall construction according to claim 3, wherein
each said end portion extends at an angle of approxi-
mately 30° relative to the central plane of the respec-
tive intermediate wall portion.

5. A wall construction according to claim 1, wherein
said end portions have a thickness substantially greater
than the thickness of said intermediate wall portion.

6. A wall construction according to claim 1, wherein
each wall segment includes an elongated slablike cen-
ter portion defining said intermediate wall portion, said
pair of short end wall portions being fixedly connected -
to the opposite ends of said center portion, said end
portions being substantially parallel but laterally offset
from one another and each extending at an angle rela-
tive to the central plane of said center portion.

7. A wall construction according to claim 1, wherein
said end portions each have a small opening extending
therethrough and adapted to be aligned with a similar
opening formed in an end portion of an adjacent wall
segment, and said pivot means including horizontally
elongated hinge pin means positioned within said
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aligned openings and extending therethrough for con-
necting the adjacent end portions of adjacent wall seg-
ments together in a hinged relationship with respect to
one another.

8. A wall construction according to claim 7, wherein
said opening as formed in the respective end portion is
disposed midway between the upper and lower edges of
said wall segment so as to be alignable with an opening
in an adjacent end portion irrespective of which edge
of the wall segment is uppermost.

9. A wall construction according to claim 1, wherein
each wall segment has metal reinforcing members cast
within the intermediate and end wall portions thereof.

10. A wall construction according to claim 1,
wherein said concrete wall segments have lifting means
associated with both the upper and lower edges thereof
to facilitate handling and instailation of said wall seg-
ments irrespective of which edge is uppermost.

11. A wall construction according.to claim 1,

- 10
wherein the intermediate wall section is of a slablike
construction which is substantially free of openings ex-

- “tending therethrough and is of substantially uniform

thickness, and the pair of end portions being fixedly
connected directly to opposite ends of said intermedi-
ate wall portion, said end portion each being of a slab-
like construction and of a substantially uniform thick-
ness, said end portions each being at least as thick as

" said center portion, said end portions being defined by
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opposed substantially parallel and planar side surfaces,
and said intermediate wall portion being defined by op-
posed substantially parallel and planar side surfaces,
the side surfaces of each end portion being inclined rel-
ative to the side surfaces of the intermediate wall por-
tions.

12. A wall construction according to claim 1,
wherein the intermediate wall portions of adjacent wall
segments define an included angle therebetween of ap-

proximately 60°.
* * * * X
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