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ABSTRACT OF THE DISCLOSURE

A connection surface disposed on a face of a structural unit
comprises a first segment having a three dimensional surface profile including
a plurality of positive outer surfaces extending outwardly along a normal
dircction from a plane and a plurality of negative outer surfaces extending
inwardly along the normal direction from the plane, wherein at least two of the
plurality of positive outer surfaccs are separated from one another along both
vertical and horizontal directions and at least two of the plurality of negative
outer surfaces are separated from one another along vertical and horizontal
directions. A second segment opposes the first scgment with respect to an axis,
wherein the second segment is a substantial reflection of the first segment

across the axis, but reversed along the normal direction,
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CONNECTION SURFACE FOR A STRUCTURAL UNIT AND METHOD
OF MAKING SAME

FIELD OF THE INVENTION
‘The subject disclosure relates 1o pavers, edgers, retaining wall
blocks, curbs, caps, precast wall panels, revetment mats, and other structural

units, and in particular to connectors for structural units.

BACKGROUND OF THE INVENTION

It is well known to construct pavers, cdgers, walls, curbs, caps,
precast wall panels, revetment mats, and other structures with structural units.
Such structural units can be manufactured from concrete, clay, brick, plastic, or

various other materials.

SUMMARY

An embodiment of the present invention provides a connection
surface disposed on a face of a structural unit, the face of the structural unit
extending generally along a plane. The connection surface comprises a first
segment having a three dimensional surface profile including a plurality of
positive surface fcatures extending outwardly along a normal direction from the
plane and a plurality of negative surface features extending inwardly along the
normal direction from the plane, wherein at least two of the plurality of positive
surface fcatures are separated from one another along both vertical and
horizontal directions and at least two of the plurality of negative surface
features are scparated from one another along vertical and horizontal directions.
A sccond segment opposes the first segment with respect to an axis, wherein
the second segment is a substantial reflection of the first segment across the
axis, but reversed along the normal direction. When like connection surfaces
face and engage one another in the same vcrtical oricntation, the positive outer
surfaces of the first segment nest with the negative outer surfaces of the second

scgment, and the positive outer surfaces of the second segment nest with the
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negative outer surfaces of the first segment. Structural units having connection
surfaces are also provided.

Other embodiments of the invention provide a method for
providing a conncction surface for a structural unit. A primary surface is
provided having a three dimensional surface profile along a plane including a
plurality of positive outer surfaces extending ouiwardly along a normal
direction from the plane and a plurality of ncgative outer surfaces extending
inwardly along the normal direction from the plane, wherein at least two of the
plurality of positive outer surfaces are separated from onc another along both
vertical and horizontal directions and at least (wo of the plurality of negative
outer surfaccs are separated from one another along vertical and horizontal
directions. A secoﬁdary surface is provided, where the secondary surlace is a
reflection of the primary surface and reversed along a normal direction. The
primary and secondary surfaces are assembled according to a surface reflection
pattern along the plane to provide a surface texture. The provided surface

texture is formed on a surface of the structural unit,

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan vicw of mosaic patterned connection surfaces
according to first, second, and third cmbodiments of the invention,

Fig. 2 is a plan view of a combined mosaic connection surface
including a two-dimensional array of connection surfaccs, according to a fourth
embodiment of the invention.

Fig. 3 is a perspective view ol a connection surface disposed on a
face of a structural unit, according to a fifth embodiment of the invention.

. Fig. 4 shows perspective views of two example arrangements of
the structural unit of Fig, 3, illustrating various conneclions between
connection surfaces.

Fig. 5 shows top plan views of the two example arrangements of
Fig. 4.

CA 3031655 2019-01-28
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Figs. 6-8 show sections taken through example connection
surfaces in stages as a (left) half is rotated 180 degrees over a (right) half (Fig.
6); as the combined surface in Fig. 6 is rotated 180 degrees over a (right) half
(Tig. 7); and as the complele surface in Fig. 7 is combined with a mating
surface (Fig. 8).

Fig. 9 shows a top plan view and a side elevation view of a
trapezoidal structural unit having connecting surfaces according to a sixth
embodiment of the invention.

Fig. 10 shows front and rear perspective views of the structural
unit of Fig. 9.

Fig. 11 is a top plan view of two structural units according to Fig,
7 joined to one another at {ront faces.

Fig. 12 is a sectional view of the two joined structural units of Fig.
9, taken along scction 12-12 in Tig. 11.

~ Fig. 13 isa sectional view of two structural units according to Fig.
9 joined lo one another at front faces, where onc of the structural units is
inverted.

Fig. 14 shows front and rear perspective views of an orthogonal
structural unit having example connection surfaccs according to a seventh
cmbodiment of the invention.

Fig. 15 shows lop plan and front elevation views of the
orthogonal structural unit of Fig. 14,

Fig. 16 is a top plan view of an example arrangement of
connected orthogonal structural units according to Fig. 15, where one of the
units is inverted.

Fig. 17 is an enlarged view of the front conncction surface of the
structural units of Figs. 9-16, with a false joint provided.

I'ig. 18 shows enlarged perspective views of the front connection
surface of tﬁe structural units of Figs. 9-16, where the top vicw shows the
surfuce before seams between sections are removed, and the bottom view

shows the surface after seams between sections are removed.
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Fig. 19 shows top plan vicws of the enlarged front connection
surfaces in Fig. 18.

Fig. 20 shows front and rear perspective views of a trapezoidal
structural unit having sinusoidal conncction surfaces, according to an eighth
cembodiment of the invention.

Fig. 21 is a perspective view of an example arranpement of
joined structiral units according to Fig. 20, illustrating both end and side
connections.

Tig. 22 is a top plan view of the example arrangement of Fig. 21.

Fig. 23 shows sieps in an example method for forming a
connection surface on a structural unit.

Fig. 24 shows top plan views of joined first and second
symmetrical surface panels including a primary panel and a sccondary pancl
mirroring the primary pancl for forming a conncction surface, before (left) and
aficr (right) the panels are trimmed.

Fig. 25 shows perspeclive views of the joined first and second
symumetrical surface panels of Fig. 24.

Fig. 26 is a side elevation view of the joined first and second
symmetrical surface panels, illustrating a sectional contour formed as a 180-
degree rotation aboul a centerline.

Fig. 27 is a front perspective view of two adjacent and maiching
pairs of the joined first and second symmetrical surface panels according to Fig,
26, angled toward one another in a first position,

Fig. 28 is a front perspective view of the two adjacent pairs of Fig.
27, rotated further towards onc another (o a second position.

"Fig. 29 is a front perspective view of the two adjacent pairs of
Figs. 27 and 28, rotated further towards one another to a third position.

Tig. 30 is a front perspective view of the two adjacent paits of
Figs. 27-29, rotated to a fourth position to join at their surfaces and nest in a
book fold configuration, illustrating an angled connection section that forms a

180-degree rotation about a centerline.
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Fig. 31 is a top plan view of the two adjacent pairs joined as in
Fig. 30, iilustrating a top connection section that forms a 180-degree rotation
about a centerpoint.

Fig. 32 is a top plan view of two adjacent pairs of the panels of
Fig. 24, arranged in a square, and including marked surface portions in four
quadrants.

Fig. 33 is a porspectlive view of the square of Fig. 32, further
including ‘a highlighted central surface volume.

Fig. 34 is an enlarged perspective view of the highlighted central
surface volume of Fig. 33.

Fig. 35 is an enlarged perspective view of two identical central
surface volumes according to I'ig. 34, facing onc another for mating,

Fig. 36 is an enlarged perspective view of the two central surface
volumes according to Fig, 35, joined and mating (nesting) with one another to
form a connection.

Fig. 37 is a lop plan view of an example surface formed as an
arrangement of eight panels (segments) by duplicating the square connection
surface of Fig. 32.

Fig. 38 is a perspective view of the surface of Fig. 37, cut along
the two vertical lincs A-A and B-B as shown in Fig. 37 and split along a
vertical centérline, in which the outer two portions of the surface are then
folded over one another and the inner two portions are folded over one another,
illustrating sectional connections that arc 180 degree rotations in vertical
section,

Fig. 39 is a perspective view of the surface of Fig, 37, in which
the lell and right halves of the surface are folded over onc another with respect
to the horizontal centerline and then cut along the horizontal line C-C,
illustrating sectional conncctions that are 180 degree rotations in horizontal

scction,
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Fig. 40 shows two perspective views of the square of Fig. 32,
before (left) and after (right) inner seams arc removed by removing surface
material. ‘

Fig. 41 shows examplc surface patlerns for arrangemcnts of
connection surfaces, in which hatched and non-hatched portions are inverse
reflections of one another.

Fig. 42 shows steps in an example computer-based method for
creating a master texture for a connection surface.

Fig. 43 shows steps in an example method for customizing
portions of the master texture of Fig. 42.

Fig. 44 shows steps in an example method for further
customizing portions of the customized texture of Fig. 43.

Figs. 45A-B show a stacked stone surface formed using the steps
of Figs. 42-44,

Fig. 46 shows perspective views of connection surfaces for
angled connections according to ninth (left) and tenth (right) embodiments of
the invention.

.Fig. 47 shows top plan views of the connection surfaces of Fig.
46,

Fig. 48 shows a section of a pair ol joined conncction surfaces
according to an eleventh embodiment of the invention, in which selective
portions are removed to create inlentional gaps between the joined conncction
surfaces, while permitting mating.

Fig. 49 shows a simplified section of a structural unit having a
hewn connec‘tion surface according to a twelfth embodiment of the invention.

Fig. 50 is a perspective view of a-structural unit having a hewn
connection surface.

Fig. 51 is another perspective view of the structural unit of Fig,
50.

Fig. 52 is a perspective view of a connection surface in which

symmetrical portions are arranged at 45 degree angles.
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Fig. 53 is a perspective view of two structural units according to a
thirteenth embodiment of the invention joined end to side, in which top and
bottom surfaces (only tops are visible) including indicators for aligning the
structural units.

Fig. 54 is a perspective view of the two structural units of Fig. 53

joined side to side.

DETAILED DESCRIPTION

11 is desirable to provide surface features for structural units that
can be consistently manufactured and that nest for handling lo reduce or
minimize rubbing or scuff marks on textured faces in factory or other
environments, or for assembly, alignment, structural connections, ete. in
installation. It-is also desirable to provide an outer surface {or a structural unit
that is aesthetically pleasing, natural-looking, or both. For example, for
handling or transport, it can uscful lo bring multiple, e.g., two, three, or more,
structural units together with texiure interlocks and move them. Moving can
include moving along a plane and/or lifting, inverting, handling, turning,
pushing, or other movement as may be necessary. Often, structura! units are
clamped or otherwisc constrained against one another for handling purposes or
transport.

However, outer portions of the surfaces of adjacent structural
units, e.g., of protruding faces, can conlact one another during movement. ‘This
can cause relative movement of the structural units, resulting in unnccessary
scparation, shearing of onc or bath surfaces (which can rcmove surface
features), scuffing or rubbing of the textured surfaces, or allowing one or more
structural units to more easily become disengaged. Such contact between outer
portions can also occur when structural units are assembled to form a structure,
causing undgsirable movement of the structural units, or wear of surfaces. The
gaps created by mismatched outer portions do not allow nesting, thereby

increasing the overall area rcquired to hold the structural units for transport. If
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the sur[acés dre configured to have a more complex, irregular, and/or natural
appearance, shear caused by contacting surfaces can wear away surface texture
features, lessening the desired effect. Further, misaligned or non-
interconnccting surfaces can cause failure while handling by clamping and
lifting into positions because the surfaces can slip against onc another.

Example structural units are provided herein having connection
surfaces that allow adjacent structural units to mate or nest with another, This
allows the structural units o be interlocked within the textured faces, and
moved (including lifting) together, and to be assembled in a way thal provides
increascd shear resistance and stability, while allowing combinations of
multiple shapes and/or sizes of siructural units. Also, adjacent siructural units
can nest more tightly with one another for transport, ¢.g., packing, allowing for
a smallcr. overall combined size during moving or packaging, and limiting or
avoiding weér of outcr surfaces during packaging, movement, or asscmbly.
Example conncction surfaces can be relatively simple in configuration or more
complex, and can include geometric shapes and/or natural surface features.

Embodiments of the invention provide, among other things, a
connection surface disposed on at least a portion of a face of a structural unit.
Methods for forming such connection surfaces are also provided herein. It will
be understood that illustration and description of connection surfaces and
molds, masters (both physical and computer generated), or molding or
manufacturing methods for forming such connection surfaces will be
applicable to illustrate and describe connecting methods, and vice versa.
Methods of arranging, asscmbling, packaging, or transporting connecled
structural units are also provided. “Structural unit” refers to any unit that can
used to form. part of a structure, including both visible aesthetics and/or hidden
structural conneclions. A preferred structural unit is a concrete, plastic, wood,
fiberglass, glass, plaster, metal (or any malcrial that can be molded, machined,
or sculpted) building unil, including but not limited o pavets, concrete

masonry units, relaining wall blocks, palio stones, pavers, cdgers, curbs, caps,
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fence panels, precast wall panels, wall caverings, interior wall panels, and
revetment mats.

An cxample conneclion surface comprises four segments that are
arranged as quadrants with respect to first and second perpendicular axises,
where the first and second axises meet at a center point. A first quadrant has a
first, three-dimensional complex surface profile or contour (surface profile)
comprising positive and negative surface features (e.g., projections and
depressions, or convexities and concavities), which together form local peaks
and valleys. By “complex,” it is intended that the connection surface have
multiple positive and/or negative surface features, or at least one irregular
positive or negative surface feature. The surface profile can be defined by the
outermost portion of the structural unit, c.g., & skin, or by an outermost portion
of a surface fixed to a face of the structural unit.

For example, given a general planar extension of a surface of a
structural unit (.., an end, side, top, bottom, ctc.), an x-y plane can be defined
that is parallel to, the gencral planar extension. In an example connection
surface, the three-dimensional connection surface in the first quadrant includes
al least two distinct positive (in the z-direction) outer surfaces disposed above
the x-y planc (that is, in the normal or z-direction), which arc separated from
one another by the x-y plane and along both vertical and horizontal directions,
at least two negative (in the z-direction) outer surfaces below the x-y plane
(which arc scparated from one another by the x-y plane and along both vertical
and horizontal dircctions), a combination of at least one positive (in the z-
direction) outer surface and at lcast one negative (in the z-direclion) outer
surface (which are separated from one another by the x-y plane), or at least one
positive or negative irregular surface. Multiple positive and negative surface
features in combination, or irregular posilive or negative surface features, can
also be provided in the first quadrant connection surface along each of multiple
horizontal, verlical, or even oblique sections, The number of combined positive

and negative surfacc features in the first quadrant, either along the x-y plane, or
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along each of one or more sections, can be one or more; two or more, three or
more, five or more, ten or more, one hundred or more, etc.

A sccond quadrant has a second surface profile that is generally
complementary to the first surface profile. More particularly, the second
surface profile is a reflected image of the first surface profile, but reversed in
the z-direction or normal direction, which image can be formed by rotating the
three-dimensional first surface profile 180° about the first axis. The surface
profile of the second quadrant can also be defined in other ways, as explained
below. A third quadrant has a surface profile that is a rotated image of the {irst
surface profile but reversed in the z-direction, which can be formed by rotating
the first surface profile 180° in a plane about the center point (or defined in
other ways, as explained below). A fourth quadrant has a fourth surface profile
which is a reflected image of the first surface profile but reversed in the z-
direction, which can be formed by rotating the first surlace profile 180° about
the second axis. It will be observed that the fourth surface profile can
alternatively be formed by rotating the second surface profile 180° in a plane
about the center point, or by rotating the third surface profile 180° about the
first axis..

.The connection surface can be defined based on the surface
profile in any one of the four quadrants. For cxample, the surface profile in
cach quadrant can be a reflected image of a surface profile in an orthogonally
adjacent quadrant but rcversed in (he z-direction, and can be formed by rotating
the surface profile 180° about the axis scparating the two adjacent quadrants.
The surface profiles in quadrants disposed in opposing corners can be formed
by rotatihg onc of the surface profiles 180° in a plane about the center point.
When identical (or substantially identical) connection surfaces for two
structural unils face one another, the first, second, third and fourth surface
profiles of the first structural unit line up with and engagc the (complementary)
second, first, fourth, and third surface profiles of the second structural unit,
respectively. This engagement forms a nested conneclion between the two

structural units, constraining the nested connection surfaces along two

10
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dimensions (e.g., vertical and horizontal directions). In this example
embodiment, but not in all embodiments disclosed herein, a nested connection
also is provided if one of the structural units is inverted. For example, if the
second struct'ural unit {5 inverted top-to-bottom, the first and second surface
profiles of the first structural unit would engage and nest with the fourth and
third surface profiles of the second structural unit, respectively, and the third
and fourth surface profiles of the first structural unit would engage and nest
with the second and first surface profiles of the second structural unit,
respectively.

‘It is preferred, though not required, that the surface profiles in the
first, second, third, and fourth quadrants are not perfectly reflected images of
one znother, and it is preferred, but not required, that the surface profiles not be
perfectly reflected images of one another. For example, material can be
removed from one or more surfaces, while still providing substantially
complementary (nesting) surface profiles. Removing material can provide a
morc natural.and/or aesthetically pleasing appearance for structural units, and
can also be used to adjust one or more surface profiles during manufacturing,
for instance. Fxample methods for selective removal of material are disclosed
herein. However, in other examples, the surface profiles are near-perfectly
reflected or rotated images of one another.

In other example connection surfaces, a first segment is provided
similarly. to the first quadrant above, and a second segment is provided
similarly to the second quadrant above. The two scgments are arranged to
oppose one another with respect o a first axis, which can be either a horizontal
or a vertical axis, or other as disclosed hercin. In such a conncection surface, the
first segment and second segment are reflections of one another across the
central axis but reversed in the z-direction, and can be folded along one
direction and across the central axis to mate with one another. Further, in such
embodiments, adjacent connccting surface may need to remain in the same

oricntation (i.e., not inverted), while in other embodiments one connccting
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surface can be inverted and still provide a nested connection. Some particular
examplcs of such connection surfaces form book-folds.

Connection surfaces can also include amrangements of mualtiple
sets of quadrants or segments as disclosed abovc, while still permilting nesting
of facing'units (and in somc cmbodiments, inverted facing units), It will be
appreciated that surface features described herein with respect lo connection
surfaces are likewise applicable to molds for forming such connection surfaces,
and vice versa.

Turning now to the drawings, Tig. 1 illustrates a connection
surface 10 according to an embodiment of the invenlion, which can be formed
on (or in) a face of a structural unit. “On a face” as used herein is intended to
also refer to surfaces being formed in a face. The example connection surface
10 is a mosaic surface, which is useful for illustrating certain inventive aspects,
though other connection surfaces can be more irregular, examples of which are
disclosed elsewhere herein. The connection surface 10 can be gencrally divided
into four quadrants by perpendicular first 12 and second 14 axises, which meet
at a center poinl 16. For convenicnce of illustration, the f{irst axis 12 is
represented By a Y-axis, and the second axis 14 is rcpresented by an X-axis.
The Y-axis {2 can be, for instance, a vertical centerline of the connection
surface 10, and the X-axis 14 can be, for instance, a horizontal centerline of the
connection surface, where vertical and horizontal are with respect to the
oricntation shown in Fig. |. In an example embodiment the Y-axis 12 can
extend gencrally along a vertical direction of a face of a structura) unit, and the
X-axis 14 can extend generally along a horizontal face of a structural unit, but
this is not required. The connection surface 10 can be on any face of the
structural unit, and oriented in any direction on the face of the structural unit,
including non-parallel and non-perpendicular directions, and can provide the
entire surface of a particular face, or a portion of the face (as shown in Fig. 1).

In some cxample embodiments, but not all, the X-axis 12 and the
Y-axis 14 can be dcfined by scams in the surface. A chamfer, bezel, or other

outer portion can surround the conncction surface 10, An x-y plane can be

12
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defined by the x- and y-axiscs, parallel to a general extension of a face of a
structural unit. A Z-axis 18 can be considered the direction normal to the face
of the structural unit, which in Fig, | would be the direction into (e.g., negative
z) and out of (e.g., positive z) the figure.

The connection surface 10 includes first, second, third, and fourth
surface profiles 22, 24, 26, 28 disposed in first, second, third, and fourth
quadrants, respectively. The first surfacc profile 22 includes a topography or
surface contour having various positive surface features, providing peaks (e.g.,
local maxime;, outwardly exfending surfaces, etc.) 30, represented by hatched
lines, and negative surface [eatures, providing valleys (e.g., local minima,
inwardly extending surfaces, etc.) 32, represented by non-hatched shapes. The
first surface profile 22 can be, for example, provided by convex surfaces,
concave surfaces, flat portions of a surface, or any combination. Transitions
betwcen peaks 30 and valleys 32 along the surface conlour can be continuous
or discontinuous, in any combination. For purposes of illustralion, the first
surface prolile 22 (and other example surface profiles) can be defined by X, Y,
and Z coordinates. In an example embodiment, the x-y plane (i.e., z = 0) can be
defined along a flat surface of the face of the structural unit, though the x-y
plane can otherwise be delined at a different plane parallel to the flat surface.

The sccond surface profile 24, in the second quadrant, is
complementary to the first surface profile 22. As used hercin the term
“complementary” means that the two surface profiles, e.g., surface profiles 22,
24 are configured such that a surface profile of one unit can substantially nest
with a complementary surface profile of a facing unit. The “complementary”
surfaces need not be identical. “Substantially” or “gencrally” does not require
perfect configuration or location of features, but can vary based on, for
example, magufacturing tolerances, or based on intentional methods to provide
more natural or aesthetically pleasing featurcs (removing cerlain material from
the surface, distressing the surface, etc.).

In an example embodiment, the second surface profilc 24,

horizontally (in I'ig. 1) adjacent to the first surface profile 22, is a reflcction of

13
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the first surface profile about the Y-axis 12, but reversed along the normal or
Z-direction, The second surface profile 24 can be formed, for example, by
rotating the first surface profile 22 180° about the Y-axis 12, for instance so
that the X-coordinates and the Z-coordinates of the second surface profile are
reversed with respect to the X-coordinates and the Z-coordinates of the first
surface profile. In this way, the first surface profile 22 and the second surface
profile 24 engage one another when facing and lined up with one another,

The third surface profile 26, vertically (in Fig. 1) adjacent to the
second surface profile 24, is a rotational image of the first sucface profile 22,
and can be formed by rotating the first surface profile 22 in a plane 180° about
the center point 16, so that the X and Y coordinates are reversed wilh respect to
the first surface profile. The third surface profile 26 is also a reflection of the
second surface profile 24 (with respect (0 the X-axis), but reversed in the Z-
direction. The third surface profile 26 can be formed by rotating the second
surface profilc 24 180° about the X-axis 14, for instance so that the Y-
coordinates ahd the Z-coordinates of the third surface arc roversed with respect
to the Y-coordinates and the Z-coordinates of the second surface profile.

The fourth surface profile 28, horizontally (in Fig. 1) adjacent to
the third surface profile 26 and vertically adjacent to the first surface profile 22,
is a rotational imagc of the second surface profile 24, The fourth surface profile
28 can be formed by rotating the second surface profilc 24 in a plane 180°
about the center point 16, so that the X-coordinates and the Y-coordinates of
the fourth surface profile 28 arc reversed with respect to the X-coordinates and
the Y-coordinates of the second surface profile. The fourth surface profile 28 is
also a reflection of the first surface profile 22 but reversed in the Z-direction,
and can be formed by rotating the first surface profile about the X-axis 14. The
fourth surface profile 28 further is a reflection of the third surface profile 26 but
reversed -in the Z.direction, and can be formed by rotating the third surface
profile aboutVthe Y-axis 12.

In the horizontal direction as shown in Fig. 1, the first and second

surface profiles 22, 24, being complementary, can define an S-connection, and

14
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the third and fourth profiles 26, 28 can define an S-conncction, An “S-
conneclion” refers to a connection between facing complementary surface
profiles where each surface profile includes a continuous portion that begins at
a first location along the normal direction, transitions both below and above the
first location (in ecither order), and returns substantially to thc first location,
such that along the S-conncction, a positive surface [cature of onc surface
profile eitends into a negative surface feature of the complementary surface
profile, and vice versa. Similarly, in the vertical direction as shown in Fig. 1,
the first and fourth complementary surface profiles 22, 28 can define an S-
conneclion, as can the second and third 24, 26 surface profiles, Thus, in both
the horizontal and vertical directions (in the orientation shown in Fig. 1), the
conneclion surface 10 includes at lcast one S-connection, which provides a
double-S ‘connection for connecting to, and nesting with, facing structural units.
Examples of such double-S connections arc shown and described herein.

Note that the overall connection surface 10 can be defined with
respect 1o any of the four surface profiles 22, 24, 26, 28 by rotating or
reflecting the surface profiles as shown and described herein. Reference to

LI 13

ordinal numbers such as “first,” ‘“‘second,” “third,” or “fourth” are for
convenience of illustration only.

The first and third surface profiles 22, 26, being (generally)
rotational imagcs of one another, can be provided using a copy of the first (or
the third) surface profile, and rotating the copy of the surface profile about the
center 16 to provide the other. Similarly, the second and fourth surface profiles
24, 28, being (generally) rotational images of one another, can be provided
using a copy of the second (or fourth) surtace profile, and rotating the copy of
the surface profile aboul the center 16 to provide the other. The [irst and second
surface profiles are mirrors ol one another, as are the third and fourth surface
profiles.

Rclerring again to Fig. 1, in the connection surface 10, a portion

36 of the surface is removed, such as by any matcrial removal method known

lo those of ordinary skill in the art, or by othcrwisc forming the connection
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surface w}tlxollt the removed portion. In this example, the removed portion 36
is near or on the X-axis 14. Thus, the {irst and fourth surface profiles 22, 28 arc
not perfect image rotalions or reflections, but are substantial image rotations or
rellections. Portions of connection surfaces can be removed to make the overall
surface appear more natural or for other acsthetic bencfits, to smooth out the
surface, to provide variations of connections surfaces (hat still nest with one
another, to define gaps, or for other reasons. A connection surface 40 without a
removed portion is also shown in Fig. 1 (bottom leff).

Fig. 1 further shows a combined connection surface 42 including
twa adjacent connection surfaces 10. These adjacent connection surfaces 10
can be formed using two copies of connection surface 10. A portion 44 is
removed from the combined connection surface 42, ‘The two connection
surfaces 10 can be considered to oppose one another with respect to a vertical
axis between them. Though in this cxample, the connection surfaces are
adjacent, they can also be separated from one another and still connect.

Further, even with multiple connection surfaces 10 arranged
horizontally, or vertically, facing combined conncction surface can still mate.
Fig. 2 shows a combined connection surface 46 including a two-dimensional
array of four-quadrant connection surfaces 10. Various portions 48 are
removed from the combined connection surface 46, which does not interfere
with the nesting connection between mating surfaces. In Figs, 1 and 2, & bezel
50 surrounds individual connection surfaces 10.

Fig. 3 shows another example connection surface 52 disposed on
an end face 54 of a structural unit 56, As with the cormection surface 10, the
connection surface 52 includes a first surface profile 66, a second surface
profile 62, a third surface profile 64, and a fourth surface profile 66, which are
disposed in quadrants generally defined by two axises provided by a vertical
centerlinc 68 and a horizontal centerline 70. The surface profiles 60, 62, 64, 66
are complementary to one another similarly to the surface profiles 22, 24, 26,
28. For ¢cxample, the sccond surface profile 62 is a reflection of the first surface

profile 60 with respect to the vertical centerline 68, but reversed in the normal
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direction. The surface profiles 60, 62, 64, 66 can be dcfined, for instance by
depths (in the divection normal lo the face 54) of positive and negative surface
feature portions at various horizontal and vertical locations along the
conncction surface. In the example connection surface 52, patterns 72 formed
by combinations of adjacent complementary surfaces arc viewable. If it is
desired to provide a more natural overall surface, or for other reasons, portions
(not shown) of these patterns 72 can be removed. }

Figs. 4-5 show two cxample arrangements of the structural unit
56, illustrating various connections between connection surfaces. A front face
58 and rear face 60 of the structural unit 56 include a connection surface 62
formed by disposing two adjacent connection surfaces 52 ‘adjacent to one
another. Because the front face S8 is longer than the rear face 60 in this
structural unit 56, the front face 58 includes an outer portion 64 of the
connection surface, and the rear face 60 connection surface is truncated. As
shown in Fig. 4, the rear face 60 of one structural unit 56 can engage and nest
with the front face 58 of an adjacent structural unit. Further, because the
connection surface 62 is formed by duplicating the connection surface 52 on
the end face 54, the end face can also mate and nest with either the front face
58 or the rear facc 60, as also shown in Figs. 4-5. It will be apprcciated that
these arrangements are merely exemplary, and that many other atrangements
arc possible. Arranged structural units 56 can be part of & formed struclure, a
pallet layout, or other desircd arrangement, Facing connection surfaces nest
with one another, avoiding relative movement of the blocks and shearing of the
surfaces. Further, the overall required area for a layer of nested units on a pallet
can be reduced due to the nesting.

Figs. 6-8 show various horizontal sections taken through an
example cornection surface. As shown in Figs, 6-8, the connection surface 70
along each section includes a plurality of positive 72 and negalive surface
features 74, where positive surface features extend outwardly from a plane 75,
and the negative surface features cxtend inwardly from the plane. In Fig. 6, the

left half 76 of the surface is rotated 180 degrees over the right half, about a
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center point 7'7. In Fig. 7, a combined surface 78 is shown. The left half of the
combined surlace 78, formed by duplicating the complete surface 70 shown in
Fig. 6 (i.e., both left and right halves of the Fig, 6 surface), is rotated 180
degrees over the right half 80, about a center point 82. Fig. 8 shows the
combined surface 78 in Fig. 7 (i.c., both left and right halves of the Fig. 7
surface), gnd a second, identical combined surface 78 facing the first combined
surface. As shown in Fig. 7, the mating sectional surfaces 70 shown in the
horizontal sections are 180 degree rotations with respect to a centerline 77, and
both left and right halves, respectively, are 180 degree rotations with respect to
the centerline (center point 82) of the respective halves. This allows for facing
connection surfaces to nest, as shown in Fig, 8, reducing movement and shear
between mating connection surfaces, and reducing a required combined arca
for structural units.

Connection surfaces can be fabricated or molded into various
surfaces of structural units. Figs, 9-13 show a structural unit embodied in a
trapezoidal structural wall unit 90. The wall unit 90 includes a top facc 92 and
opposcd bottom face 94 (scc Fig. 12), first and second opposed side [aces 96,
08, and first and second opposed end faces 100, 102. The side faces 96, 98
include & cor}ncction surface 104, The connection surface 104 on the longet
side face 96 is longer than (hat of the shorter side face 98. The connection
surface 104 on the shorter side face 98 may be formed by truncating each end
of the connection surface from the longer side face 96 with respect to a
centerline 105. A false joint 106 is provided on the longer side facc 96, but
false joints or other features can be disposed at any location or locations and
along any directions, without affecting the surface connection. In this wall unit,
the end faces 100, 102 are not provided with a connection surface, though in
other embodiments all sides, or cven upper and lower surfaces, can include
connection surfaces,

The connection surface 104 is significantly morc complex and
irregular in its surface features than the connection surfaces 10, 52, and the

surface has a more “random” and natural appearance. However, facing
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connection surfaces 104 still mate and nest with one another, as shown in Figs.
11-13, For example, as shown in Figs. 11-12, the mated connection surfaces
104 on the facing wall units 90 form connection profiles along both the
horizontal and vertical directions that are 180 degree rotations, as with the
connection surface 52. Further, due to the symmetry provided by the
conncetion surfaces 104, as seen in the cross-section of Fig. 12, even when one
of the wall units 90 is inverted with respect to a facing wall unit, the connection
surfaces 104 still mate, as shown in Fig. 13. The false joint 106 does not
interfere with the connection. Though Fig. 12 illustrates a near-perfect nesting,
it is also contemplated that the nesting between connection surfaces 104 may
not be near-perfect in all cases, for example at points where matcrial has been
intentionally removed as disclosed elsewhere herein.

Figs. 14-16 show an orthogonal wall unit 110 according to
another cmbodiment, in which a connection surface 112 is formed on a (longer)
first face 114, a (truncated) connection surface 116 is formed on a (shorter)
second face 118, and a connection surface 120 is formed on an orthogonal end
face 122. In this example wall unit 110, the first face 114 is twice the length of
the end facc 122. Further, in this example wall unit 110, the connection surface
120 is formed from four quadrants similarly to conncction surface 52, the
(eight segment) connection surface 114 is formed by duplicating the four
quadrants and positioning the two sets of four quadrants adjacent to one
another, and the connection surface 116 is formed using the connection surface
114, but .removing a portion on one end. The eight segment connection surface
112 can be configured similarly to the connection surface 104, or in other ways.

As shown in Fig. 16, orthogonal wall units 110 may be arranged
so that two end connection surfaces 120 (e.g., having four segments cach) can
mate with the conncction surface 112 of the first face 114 (or, alternatively,
with the connection susface 116 of the (shorter) sccond face 118, though a
portion of one of the connection surfaces 120 would be exposed), even when
one of the units is inverted. As also shown in Fig. 16, the cannection surfacc

116 of the second face 118 can matc with the connection surface 112 of the
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first face 114, with a portion 124 of the connection surface 112 being exposed
due to the difference in lengths between the first and second faces 114, 118,

Figs. 17-19 show an example complex connection surface 130,
which may be configured similarly to the connection surfaces 104, 112. As
shown in Fig. 17, thc connection surface 130 appears largely random and
natural, and has a horizontal false joint 131 extending through the center,
though any combination of false joints may be used, or no false joints.
However, as shown in the left connection surfacc 130 in Fig. 18 and the top
connection surface in Fig, 19, the connection surface 130 is divided, both
conceptually and physically by seams, into eight scgments 130a-130f as
disclosed above, where pairs of segments 130a and 130d, 130b and 130c, 130e
and 130h, 136f and 130g, 130a and 130c, 130b and 130f, 130c and 130g, and
130d and 130h are respectively complementary to one another. In an cxample
embodiment, the group of segments 130a, 130b, 130e, 130f is duplicated by the
group of segments 130c¢, 130d, 130g, 130h, forming two equal groups of
segments. The right connection surface 130 in l'ig. 18 is identical to the left
connection surface 130, but with the surfaces adjacent to the seams partiaily
removed and minimized to blend adjacent surfaces together, obscuring Lhe
scams and providing a more natural, rock-like appearance.

Figs. 20-22 show a structural wall unit 140 according to another
embodiment of the invention, which is an orthogonal unit similar to orthogonal
wall unit 110, but with conncction surfacc 142 at an end face 143 and first and
second side facc conncclion surfaces 144, 146 at first and second sides 148,
149 that have generally sinusoidal contours, illustrating smooth-flowing
connection surfaces and additional variations in depths of features. As with the
conncction surfaces 112, 116, 120, the end face connection surface 142 can be
divided into four quadrants, the longer side face connection surface 144 can be
formed by duplicaling and joining two of the end face connection surfaces 142,
and the shorter sidc face connection surface 146 can be {ormed by removing an

end portion of the longer side face conncction surface,
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Figs. 21-22 show an example arrangement of the wall units 140.
In this example arrangement, a portion (e.g. half) of a first side face connection
surface 144 of a first wall unit 140 and an end face connection surface 142 of a
second wall unit 140 together mate with an entire first side connection surface
144 of a third wall unit 140, An end connection surface 142 of the first wall
unit 140 also matcs with a portion (c.g., half) of a first sidc face conncction
surface 144 of the second wall unit 140, These connections arc possible
because the first side connection surface 144 is provided by twice duplicating
the end cbnnection surface 142 and positioning them adjacent to one another.
This interlocking connection of arranged wall units 140 reduces overall space
of the connected wall units and resists relative movement of the wall units.

Example methods for providing connection surfaces and forming
conncetion surfaces on sfructural units arc disclosed hercin, In designing or
sclecting the connection surface, it may be desirable to provide particular
connection surface featurcs based on criteria such as but not limited to a
desired or required structural conncction, required amount of protection for
connected structural units, or a depth of surface. Given the design criteria,
connection surfaces may be generated by methods such as hand sculpting or
carving; digital sculpting; parametric surface generation; reverse engineering of
existing surfaces; extracting from photographs or other images; generating or
extracting contour maps; scanning surfaces using a scanning bed; scanning
surfaces usirfg photogrammetry or handheld scanners; physicaily copying a
surface, ¢.g., casting; generating spectral data; or any combination of the above,

Given a particular generation method or combination of methods,
it is useful to design the connection surface based on one or more design
parameters. Connection surfaces can vary in multiple ways. For examplc, a
surface of a particular scgment, and thus the surfaces of complementary and
duplicate;i segments, can vary in shapes in all three dimensions (e.g., X, ¥, 2
dimensions as set out above). Particular surface segments in some example

generation methods can be formed by scanning or otherwise extracting existing
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surface featur;as. The arrangement or pattern of segments can also vary, and
example segment arrangements and patterns are set out herein.

Further, the connection surface may be selecled, designed or
configured based on a desired nesting between connected structural units, For
example, irregular or partial nesting may be desired. A particular spacing
between unils may be desired. The nested connection may also be targeted
structurally, for example to reduce shear or impact among connected units, to
assist in ncsting, etc.

A particular example method for forming one or more connection
surfaces on a structural unit will now be described. Referring to Fig, 23,
generally, a primary pancl 150 and a complementary secondary panel 151 are
formed side-by-sidc into a singlc unit. The sccondary pancl can be provided by
mirroring the image from the primary panel. Complex threc-dimensional
images may also be used to form primary and sccondary panels.

The primary panel and the sccondary panel are generally mirror
images (180 degree rotations) of one another, opposing one another with
respect to an axis 154, and providing complementary segments as disclosed
above, The additional panels 152, 153 can be formed from the combined panels
150, 151 by taking a mirrored imagc of the combined panels, and rotating them
180 degrees along a horizontal axis 155.

A single primary panel and a secondary panel, or multiples of a
primary and secondary pancl, can form a connection surface. In Fig. 23, two
sets of primary and secondary pancls 150, 151, 152, 153 arc arranged with
respect to two perpendicular axises 145, 155 to form four quadrants as
described above. In other examples, two sets of primary and secondary panels
can be arranged along a single linc to provide a book fold configuration. For
other connection surfaces, arrays of four primary panels and four seéondary
panels, arranged in two adjacent sets of quadrants, are formed.

A central interior portion of the arranged primary and secondary
pancls 150, 151, 152, 153 can be sized or clipped to provide a desired

connection surface 156 for a particular face about center point 158. This new
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connection surface can be used to populate desired faces of a structural unit,
using methods described above and herein, which will be appreciated by those
of ordinary skill in the art, After forming the connection surface on a face, the
surface can be chamfered or blended as desired.

For example, Figs. 24-25 show a primary panel 160 and an
adjacent secondary panel 162 that mirrors the primary panel for providing a
connection surface. The primary and secondary pancls 160, 162 in Figs. 24-25
have natural-appearing surface features, which can be provided from various
surfaces, including but not limited to carved, formed, or otherwisc rendered
surfaces, Primary and secondary panels can also be provided using software,
e.g., computer aided design (CAD) software, as further described herein, The
primary and sccondary pancls 160, 162 arc trimmed as desired to form trimmed
primary and secondary panels 164, 166, which are viewable on the right of Figs.
24 and 25.

Fig. 26 shows the trimmed primary and secondary pancls 164,
166, matched with one another. ‘lhe trimmed primary and secondary panels
164, 166 are arranged as with the first and second segments or first and second
quadrants of the connection surfaces described above, This provides an
example connection surface. As shown in Fig. 26, the edges of the trimmed
primary and secondary panels 164, 166 form a profile that is a 180-dcgree
rotation about a central axis 168 dcfined by a seam between the panels.

Next, the trimmed primary and secondary panels 164, 166 are
matched with duplicates lo form two sets 170, as shown in Fig. 27. Each set
170 includes the primary and secondary panels 164, 166, and provides a
connection surface that can be mated with a similar, facing connection surfacc
of the other set. For cxample, Figs. 27-30 show a sequence in which the sets
170 are folded towards onc another (180 degrees (otal). Figs. 30 and 31 show
the folded sets 170 mating wilh one another in a book fold configuration,
providing nested surfaces. Fig, 30 illustrates a surface connection profile 171
formed by mating the sets 170 along a scction that is at an oblique angle to the

(perpendicular) edges of the sets 170. Fig. 31 illustrates a surface connection
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profile 173 formed by the mating sets along a section that is paralle] to one of
the edges of cach set 170, Both the surfaces connection profiles 171, 173 define
a 180-degree rotation about a center point, €.g., center point 176 in Fig. 30 and
center poinl 178 in Fig. 31.

To provide a connection surface having four quadrants and to
allow for 180-degree rotation, the trimmed primary and secondary panels 164,
166 are duplicated and fit into a four segment panel 180, as shown in Figs. 32-
33. For cxample, for complementary (trimmed) primary and secondary pancls
164, 166, a first quadrant could include the primary pancl 164 in a first position,
a second quadrant could include the secondary panel 166 positioned so that the
secondary panel is a reflection of the primary pancl across a vertical centetline
(and, due to its formation, reversed in the normal direction), a third quadrant
could include the primary panel 164 ratated 180° from the {irst quadranl about
a center rotation point 182, and a fourth quadrant could include the secondary
panel 166 rotated 180° from the second quadrant about the center rotation point
182, Fig, 32 further shows highlighted portions on each quadrant, in which
dashed portions arc generally lowered with respect to the overall plane of the
quadranl, ané portions in solid lines arc generally raised with respect to the
overall plane of the quadrant, and are complementary to the dashed portions.

For further illustrating symmetry of the example panel 180, Fig,
33 includes a central highlighted portion forming a box about the center
rotation point 182. Fig. 34 shows the connection surface 184 of this central
highlighted portion enlarged, and Figs. 35-36 show like connection surface 184
facing and mating with one another. The symmetry of the enlarged connection
surface 184 continues throughout the four scgment panel 180, extending
outwardly from the center point, to provide a connection surface throughout the
panel, even though the surface appears to be random and/or natural.

Larger conncction surfaces can be provided by arranging and
combining the four segment panels 180. Fig. 37 shows an eight panel
connection surface 190 formed by matching and assembling two four segment

panels 180 (i.e., two sets of four quadrants) side to side with one another. In
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some embodiments, the center four quadrants may be provided with a differcnt
width than the outer four quadrants by trimming the inner edges of the interior
quadrants along a vertical line about a new center rotation point (e.g., one other
than the center of the four quadrants before trimming), and matching the new
center rotation point of the trimmed sets to an overall center rotation point 192
to create the eight segment panel. Alternatively, the outer edges of the exterior
quadrants may be trimmed. Fig. 37 shows the overall center rotation point 192
of the eight scgment pancl 190 as well as the center rotation points 194, 196 for
left and right sets of four quadrants, respectively.

Other connection surfaces can be prepared using the eight
segment connection surface 190, for example by duplicating the eight segment
surface (physically or digitally) with selective material removal to provide
multiple and'unique, but still mating, surfaccs. .These surfaces, or portions
thercof, can be used to form one or more faces of structural units, in any
combination, for example by taking all or porlions of master connection
surfaces (e.g., cutting and sizing all or portions to be disposed on selected sides
of structural units, then placing selected portions on sides of structural units
(e.g., attach digitally or manually), optionally trimming to fit, and optionally
adding any additional details such as but not limited to false joints, chamfers,
ete., to provide example connection surfaces on selected surfaces and areas of
the structural unit.

To illustrate featurcs of the example eight segment connection
surface 190, Fig. 38 shows the eight segment connection surface in Fig. 37 split
along a vertical centerline and cut as indicated in vertical cut lines A-A and B-
B in Fig. 37 1o form pairs of inner and outer portions. In Fig. 38, the outer
portions are folded over one another (rotated 180 degrces) in the left portion of
Fig. 38, and the inner portions are folded over one another (rotated 180 degtees)
in the righl portion of Fig. 38. The portions of the surface profile corresponding
{o the highlighted surface porlions above are also marked in section. Similarly,

Fig. 39 shows the eight scgment connection surface 190 split along a horizontal
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centerline, folded upon itsclf over the horizontal centerline, and then cut as
indicated in line C-C to form pairs of inner and outer portions.

Patterns formed by the assembled quadrants can be used in the
final connection surface as part of an intentional design, and/or repeated shapes
(e.g., irregular shapes) can be obscured by removing (e.g., carving) material
from a solid unit after molding. Removing maicrial from each panel can hide
nested delails. This removing of material can hide repeating irregular shapes, or
hide regular shapes whether or not repeating., Further, surface peaks from
adjacent quadrants can cause a discontinuily in the surface along the seams
(e.g., along horizontal and vertical center lines). In an example embodiment,
material can be removed near the seams, using methods that will be appreciated
by those of ordinary skill in the art, to hide these discontinuities or to change
the appearance of the surface. Fig. 40, leli, shows a set 202 of four assembled
quadrants 204, in which seams 206 are visible between the quadrants. Fig. 40,
right, shows a treated set 208, in which material has been removed or added to
minimize. or obscure seams. Material removal or addition can be performed on
a panel, mold; or on the molded structural unit.

Another example method for creating or providing a connection
surface uses compuicr generation. A pattern or prid for segments in the
connection surface is selected, including a pattern or surface reflection.
Example two-dimensional pancls are shown in Fig., 41, where solid and
hatched surfaces are complementary to one another. Tn Tig. 41, the arrow(s)
beside each pattern illustrate whether {acing connection surfaces according to
that pattern mate when folded together along a horizontal direction or vertical
direction. Thc number beside each arrow indicates whether the facing
connection surfaccs folded along that direction need to be in the same
orientation to mate and nest, or whether they can be reversed (inverted) along
that direction. For example, the pattern 210a is a book fold pattern, which
mates with a like facing pattern along the horizontal direction, but will not mate
if one of the patterns is inverted. The pattern 210b is a four-quadrant pattern,

which mates with a like facing pattern along two directions, and mates even if
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one of the units is inverted. The example patterns further indicate that all axises
between complementary surface segments need not be at vertical or horizontal
axises, but instead can be oblique, such as in pattern 210c.

A surface can be provided by extracting based on an cxisting
surface, or by other methods. One example method is synthesizing a surface
using parametric generation, which can generate a topography of %, y, and z
coordinates forming various shapes. Given a surface reflection panel, and a
synthesized surface, the synthesized surface is incorporated into the sclected
pattern by reflecting the surface into the pattern to provide a master texture. In
Fig. 42, for example, for preparing an eight-segment pattern, thc synthesized
surface is placed into the top loft corner of the pattern, reflected 180 degrees
about a Y-aﬁis, and the Z-coordinates are reversed to provide two top left
segments. The two top lefl segments are then rotated 180 degrees about a
central Y-axis to provide four top segments, and a 180-degree point reflection
of the four top segments around the Z-axis is performed, resulting in a master
texture,

The masicr texture may then undergo multiple surface variations.
For example, in Fig. 43, an optional secondary interlocking schemc (basc
interlocking schemc) to provide a stacked stone pattern is defined and
randomized. The randomized interlocking scheme is overlaid as a channel onto
the master lexture surface, and input to a linear remap of Z-heights to provide a
first variant surface. In Fig. 44, to optionally add score lings, false joints, ctc., a
base pattern channel is defined, and a pattern channel for the first variant
surface is randomized., Next, Z-heights are remapped from the randomized
pattern channel. The steps in Figs. 43 and 44 are repeated for cach surlace
variation. Figs. 45A and 45B show an example surface texture using the sleps
shown in Figs. 42-44,

The resulting derived surface pattern is then formed on a surface
of a structural unit. Connection surfaces may be formed on surfaces and/or
sidewalls of structural unit. Example methods for forming the derived surface

pattern on the structural unit include but are not limited to cutting or forming
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the derived surface pattemn directly into a product or inte a mold or model using
methods such as 3D printing, milling (positive or negative), wire clectrical
discharge machining (EDM), and others. Molds or modcls can be used to
produce a final structural unit using methods that will be appreciated by those
of ordinary skill in the art.

Figs. 46-34 show alternatc configurations and featurcs for
connection surfaces. Figs. 46-47 shows two units 230, 232 having connection
surfaces with geometric surface features that are angled to provide a hexagonal
configuration. In unit 230, like conncction surfaces dircctly face one another to
mate and next. In unit 232, like connection surfaces may be respectively turned
at multiples of 45 degrees and still mate.

As provided above, it is not required for all mating connection
surfaces to be perfect reflections or rotations. Further, the surface profile of
some complementary segments may be independent of the surface profiles of
other complementary segments.

Portions of one or more connection surfaces can be removed,
while still permitting structural units to mate. Fig. 48 shows, in section, a pair
of mated conncction surfaces 240, 242 in which portions 244 of the connection
surfaces are removed to change the respective depth or height of featurcs, while
permitting mating. Different faces can be provided with different connection
surfaces that still mate with one another, or with a portion of one another, Even
for similar connection sutfaces, variations can be formed by removing diffcrent
respective portions from otherwise matching connection surfaces.

Figs. 49-51 show a hewn structural unit 250 having a connection
surface 252 according to an example embodiment, where Fig. 49 is a simplified
view illustrating certain features. Though connection surface features 252 of
facing structural units 250 mate that are centrally disposed along a face of each
unit, as shown in Fig. 49, a comnection surface along outer portions 254 of the
face is fully or partially removed or omitted, giving the cxposed surface of the
structural unit a generally rounded appearance, while still being able to connect

to other units,
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Fig. 52 shows a connection surface 260 according to ancther
example embodiment, in which complementary segments 262 are disposed at
45 degrec angles to onc another, as shown by the left half of pattern 210d in
Tig. 41, Facix'1g like connection surfaces 260 can matc when the surfaces are
respectively rotated at multiples of 45 degrees. As shown in this example, once
& connection surfacc is formed, all or part of the connection surface, in any
shape, can be removed, such as removed corners from a rectangular pattern to
form surfaces 264.

Figs. 53-54 show various connections of two structural units: an
orthogonal unit 270 and a trapezoidal unit 272. Each structural unit 270, 272
has a sidc connection surface 274. The orthogonal unit 270 also includes an end
connection surface 276. Each structural unit further includes indicators 280,
embodied in indents on a top face 282 (or boliom) of the structural u_nit 270 for
aligning structural units for connection. The indicators 280 can instead be
embodied in markings, ridges, or any other suitable features, in any suitable
shape, size, or configuration such that, as alignment indicators, they can be
referenced during asscmbly. The indicalors 280 are aligned with center rotation
points of four-scgment comnection surfaces in each connection surface. [For
example, for the end connection surface 276, the indicator 280 is aligned with a
center rotation point. For the side connection surface 274, two indicators 280
are aligned with two center rotation points, respectively.

In Fig. 53, the end connection surface 276 of structural unit 270
is connected to an aligned portion of the side connection surface 274, and the
indicators 280 are aligned, In Fig. 54, side connection surfaces 274 are
connected to one another, and the indicators 280 are aligned. Indicators can
alternatively or additionally be disposed on any surface of the structural unit,
including in or on the connection surface itself, in or on faces having
connection surfaces only on a portion of the face, or in or on faces lacking such
a surface.

Connection surfaces may be used in any of various ways. For

instance, structural units having connection surfaces may be used in material
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handling, .including packaging, storing, and shipping. Structural units having
conncction surfaces may be connecled with one another to provide particular
structures or connections.

Various embodiments of structural units may have one or more
connection surfaces. Connection surfaces can be provided as face art for panels,
veneers, or blocks. As provided herein, connection surfaces nced not be the
same at every surface of a particular structural unit, though such surfaces can
still be configured to matc with one another. Further, one or more connection
surfaces may be disposed at any structural unit face (plane, curved, irregular, or
other outer face of (he structural unit), sidewall, or in any portion or portions of
a face, and in any orientation. For example, a structural unit may have ends,
sides, top, boltom, or any other facc with one or more connection surfaces,
Such connection surfaces can occupy an entire face of a unit, or only a portion
of the structﬁral unit face. Further, double S-connection surfaces can be
centered on a face, or can be off-center. All combinations of conncction
surfaces, connection surface features (c.g,, connection surface [eatures shown
or described in any embodiment herein), connection surface locations on a
structural unit face, and oricntalions are contemplated including but not limited
by the several embodiments shown and described herein. Structural units can
be connected end to end forward, turned, or inverted, or otherwise connected in
any combination to form surface coverings, walls, cdges and combinations
thereof. Connection surfaces can be provided on the face of the structural unit,
such as bul limited to by being formed, e.g., molded or otherwise formed, into
one or more [aces of the structural unit.

Structural units can comprise, as non-limiting cxamplcs, pavers,
concrete masonry units (CMU), retaining wall blocks, patio stones and edgers.
Example structural units, including conncction surfaces, may be manufactured
in any manner of substantially any material such as, but not limited to, concrete
(including wet cast and dry cast), clay, plastic, ceramic, glass or composite

materials. Wet cast and dry cast concrete are preferred for building units, such
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as pavers, CMU, retaining wall blocks, patio stones and edgers, curbs, caps,
precast wall panels, revetment mats, and other units,

The configurations of the S-connections need not be exactly the same, or have the
same depth dimension. In some embodiments, for instance, structural units can be configured {0
have & more natural appearance, and Lhus include imperfections, textures, slight mismatches, ete.
The surfaces ¢an have a textured or nou-textured outer surface. Example surfaces can have
imegular rock-like surfaces. The shapes can also vary for particular applications, as will be
appreciated by those skilled in the art having reference to the present disclosure. Geometric

surfaces can also be used.

Structural units can be of essentially any shape. Example shapes include
rectangular, trapezoidal, cruciform, glides, hexagonal or other polygonal, other geometric shapes,
and irregularly shaped units. Connection surfaces can be advantageously employed to connect
and interlock adjacent structural units in a wide variety of structures, including but not limited to
interior and exterior walls, retaining walls, pre-cast wall panels, caps, columns and other vertical
structutes, as shown for example in U.S. Patent Nos. 3,394,521, 4,107,894, 6,557,818, 6,615,561
and 7,011,474; pavements, patios, walkways and othet surface coverings as shown for example
in U,S. Patent Nos. 4,128,357, 4,919,565 and 7,393,155; edgers and curbs, as shown for example
in US, Patent No. 7,637,688; revetment mats, coast fortifications, and other protective
structures, as shown for example in U.S. Patent Nos, 6,558,074 and 6,863,472, Connection
surfaces can be used to join different size or shape structural units in multi-unit systems, as
shown for example in U.S, Patent Publication No. 2005/0166517. Further, connection surfaces
can be utilized to join different types of structurcs, such as walls-to-pavers, and pavers-to-curbs.
T'alse joints, beveled edges, chamfers, chiseled clements, etc. can be provided to draw attention
away from other features, or to add desirable aesthetics. In some embodiments, the connecting

faces of structural units do
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not engage tightly leaving gaps of variable width but substantially the same
size and appearance as the false joints so that the mating faces between units
are not readily apparent.

Structural units may be respectively arranged in rows, courses,
columns, orthogonally, setback, rotationally, serpentine, or other arrangements.
In exampic wall embodiments, thc structural units are arranged to provide at
least a second course on top of a first coursc. One or more connection surfaces
can be provided on the top and bottom faces of the units to thereby restrain
movement belween units in a horizontal plane. The structural wall units may
also include conncction surfaces on the ends or sides of the units to thereby
restrain movement between units in a vertical plane. Structural wall units in a
sccond course can be, but need not be, staggered from left to right with respect
to the structural units in the first course. Examples of staggered arrangement
include, but are not limited to, running bond, half bond, quarter bond, three-
quartcer bond, etc, Other, non-staggered arrangements are possible, including
stack bond arrangements. Blocks can be in a vertical (near vertical) or sctback
arrangement as well. Oplionally, conncction surfaces can be provided on top
or bottom faces to provide connection between courses, on faces, or both [or
front-to-back connection. Courses with such connection surfaces can be
connected in a running bond, quarter bond, three-quarter bond or other
arrangements.

Connection surfaces can be disposed on all sides of a unit, or
fewer than all sidcs, and in some embodiments can be disposed on an interior
portion of a particular side or sides. It is not required for all surfaces of
connected structural units to touch, and gaps can be provided between unils.

Structural units connccted by cxample connection surfaces may
be of the same type, or of different types. Any combinations of onc or more
structural unit types are contermplated herein. Non-limiting examples include
wall systems to paver systems, retaining wall systems to paver systems, edger
systems 10 patios, walls to pavers and edgers, walls to caps, pavers to curbings,

precast wall panels to pavers, walls to tevetinent mats, clamping systems for
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lifting and tuming, etc. Those of otdinary skill in the art will appreciate suitable positions for
connection surfaces for mating or moving structural units of different types.

The position of the connection surface on a face of & structural unit can be over
the entire face, or a portion of a face. Further, where the conneclion surface is disposed on 2
portion of a face, the connection surface can be disposed at any location on the structural unit
face,

Structural units can have more than one connection sutface on a single face. It is
also contemplated to split the connection surface in half vertically, or horizontaily, e.g, by
sepatating quadrants by a distance along a face of a structural unit. Third, fourth, or additional
connection surfaces can also be provided on a single building unit suface or on a combination of
faces,

Example connection surfaces can be configured to allow some movement in onc
direction providing a tighter restraint in another direction,

Connection surfaces according to embodiments of the invention can be formed in
or on, for example, the structural units disclosed in U.S. Pat. App. Publication No. 2014/0140766
A1, as well as U.S. Provisional Patent Application No. 62/119,914, filed Feb. 24, 2015. .

Example connection surfaces, structural units, and structures can include any
combination of features shown and/or described herein, The particular connection surface
shown and described herein are merely examples, and those of ordinary skill in the art will
appreciate that many other configurations for connection surfaces are possible, and such
additional configurations are intended to fall under the scope of the present invention.

Structures can be or include vertical, horizontal, flat, curved, complex or irregular,
largely two-dimensional, and/or largely three-dimensional structures. Structures can inclhdc a
plurality of stractural units, including any of the structural units shown or described herein,

including any combinations of structural units, and including any of the connection surfaces,
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including combinations of connection surfaces, shown or described herein.

The structure may be a complete, stand-alone structure, or may be combined

with other structural units to provide a larger structure. Example structures

include, but are not limited to, walls (e.g., rctaining walls, interior walls,

5  exterior walls, sound walls, ctc.), wall vencers, wall panels, column blocks

highway panels, fence panels, other panels, pavements, edges or combinations
thereof.

While various embodiments of the present invention have been

shown and described, it should be understood that other modifications,

10 substitutions, and alternatives are apparent to one of ordinary skill in the art.

Such modifications, substitutions, and alternatives can be made without

departing from the spirit and scope of the invention.

\
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WHAT IS CLAIMED IS:

1. A connection surface disposed on a face of a structural unit, the face
of the structural unit extending generally along a plane, the connection surface
comprising;:

a first segment having a three dimensional surface profile including a
plurality of positive outer surface features extending outwardly along a normal
direction from the plane and a plurality of negative outer surface features
extending inwardly along the normal direction from the plane, wherein at least
two of the plurality of positive outer surfaces are separated from one another
along both directions in an x-y plane and at least two of the plurality of
negative outer surfaces are separated from one another along both directions in
an x-y plane;

a second segment opposing the first segment with respect to an axis;

wherein the second segment is a substantial reflection of the first
segment across the axis, but reversed along the normal direction;

wherein when the connection surface on a face of a first structural unit
faces and engages the connection surface on a face of a second structural unit
in the same orientation, at least one of the positive outer surfaces of the first
segment of the first structural unit nests with at least one of the negative outer
surfaces of the second segment of the second structural unit, and at least one of
the positive outer surfaces of the second segment of the first structural unit
nests with at least one of the negative outer surfaces of the first segment of the

second structural unit.

2. The connection surface of claim 1, wherein the two dimensional
surfaces of the first and second segments comprise at least one irregular

positive or negative surface feature,
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3. A connection surface disposed on a face of a structural unit, the face
of the structural unit extending generally along a plane, the connection surface
comprising;:

a first pair of segments having a first segment with a three dimensional
surface profile including a plurality of positive outer surface features extending
outwardly along a normal direction from the plane and a plurality of negative
outer surface features extending inwardly along the normal direction from the
plane and a second segment opposing the first segment with respect to a first
axis, the second segment being a substantial reflection of the first segment
across the first axis, but reversed along the normal direction; and

a second pair of segments including a first segment and a second
segment, the second pair of segments opposing the first pair with respect to a
second axis, the second pair of segments being a substantial reflection of the
first pair of segments with respect to the second axis, but reversed along the
normal direction;

wherein when the connection surface on a face of a first structural unit
faces and engages the connection surface on a face of a second structural unit
in the same orientation, at least one of the positive outer surfaces of at least one
of the first segments of the first structural unit nests with at least one of the
negative outer surfaces of one of the second segments of the second structural
unit, and at least one of the positive outer surfaces of at least one of the second
segments of the first structural unit nests with at least one of the negative outer

surfaces of one of the first segments of the second structural unit.

4. The connection surface of claim 3, wherein the connection surface is
configured such that, when the connection surface on a face of a first structural
unit faces and mates with the connection surface on a face of a second
structural unit, connection profiles are defined along at least two different

sections through the mated connection surfaces;
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wherein each of the connection profiles defines a 180-degree rotation

about a center point.

5. The connection surface of claim 3, wherein the first and second axes

are parallel to one another to provide a book fold between connection surfaces.

6. The connection surface of claim 3, wherein at least two of the
plurality of positive outer surfaces of at least one of the segments are separated
from one another along both directions in an x-y plane and at least two of the
plurality of negative outer surfaces are separated from one another along both

directions in an x-y plane.

7. The connection surface of claim 3, wherein the first and second axes
are perpendicular to one another;

wherein the first axis provides a y-axis and the second axis provides an
x-axis in an x-y plane;

wherein the first and second segments of the first pair of segments
provide first and second quadrants, respectively, and wherein the first and
second segments of the second pair of segments provide third and fourth
quadrants, respectively;

wherein the first and third quadrants are substantial reflections of one
another with respect to the x-axis, but reversed along the normal direction; and

wherein the second and fourth quadrants are substantial reflections of

one another with respect to the x-axis, but reversed along the normal direction.
8. The connection surface of claim 7, wherein the connection surface is

configured such that, when the connection surface on a face of a first structural

unit faces and engages the connection surface on a face of a second structural
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unit, the connection surfaces nest with one another when the x-y planes of both

connection surfaces are in a vertical orientation or reversed vertical orientation.

9. The connection surface of claim 7, wherein the connection surface is
configured such that, when the connection surface on a face of a first structural
unit faces and engages the connection surface on a face of a second structural
unit, the connection surfaces nest with one another when the x-y planes of both
connection surfaces are in a horizontal orientation or reversed horizontal

orientation.

10. The connection surface of claim 3, further comprising:

a third pair of segments including first and second segments opposing
one another with respect to the first axis and separated from one another by the
first and second pairs of segments, the first segment of the third pair being a
substantial reflection of the second segment of the third pair with respect to the
first axis, but reversed along the normal direction; and

a fourth pair of segments including first and second segments opposing
one another with respect to the first axis and separated from one another by the
first and second pairs of segments, the first segment of the fourth pair being a
substantial reflection of the second segment of the fourth pair with respect to
the first axis, but reversed along the normal direction;

wherein the first segment of the third pair and the first segment of the
fourth pair oppose one another with respect to the second axis, the first
segment of the third pair being a substantial reflection of the first segment of
the third pair with respect to the second axis, but reversed along the normal
direction; and

wherein the second segment of the third pair and the second segment of
the fourth pair oppose one another with respect to the second axis, the second

segment of the third pair being a substantial reflection of the second segment
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of the third pair with respect to the second axis, but reversed along the normal

direction.

11. The connection surface of claim 10, wherein the first and second
segments of the third and fourth pairs of segments are substantially identical to

the first and second segments of the first and second pairs of segments.

12. The connection surface of claim 3, wherein the first and second

segments of each pair of segments are adjacent to one another.

13. The connection surface of claim 12, wherein edges of the first and
second segments of each pair of segments define a seam; and
wherein the first and second segments of at least one pair of

segments have portions removed on or adjacent to the seam.

14. The connection surface of claim 3, wherein at least one of the
plurality of positive or negative surface features in the first segment of each
pair of segments has a portion removed such that the at least one positive
surface feature extends outwardly in the normal direction to a lesser amount
than a complementary negative surface feature in the second segment of each
pair of segments extends inwardly; |

wherein when the connection surface on a face of a first structural unit
faces and engages the connection surface on a face of a second structural unit,
a gap is defined between the at least one positive surface feature and the at

least one negative surface feature.

15.A structural unit comprising:
top and bottom faces;

first and second side faces;
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first and second end faces; and

the connection surface of claim 3 disposed on at least one of the faces.

16. The structural unit of claim 15, wherein the structural unit comprises

a structural wall unit.

17. The structural unit of claim 15, wherein the structural unit comprises

a paver.

18. The structural unit of claim 15, wherein the structural unit comprises
a concrete masonry unit, retaining wall block, patio stone, edger, curb, cap,
fence panel, precast wall panel, wall covering, interior wall panel, and or

revetment mat.

19. A method for providing a connection surface for a structural unit, the
method comprising:

providing a primary surface having a three dimensional surface profile
along a plane including a plurality of positive outer surfaces extending
outwardly along a normal direction from the plane and a plurality of negative
outer surfaces extending inwardly along the normal direction from the plane,
wherein at least two of the plurality of positive outer surfaces are separated
from one another along both directions in an x-y plane and at least two of the
plurality of negative outer surfaces are separated from one another along both
directions in an x-y plane;

providing a secondary surface, where the secondary surface is a
reflection of the primary surface and reversed along a normal direction;

assembling the primary and secondary surfaces according to a surface
reflection pattern along the plane to provide a surface texture; and

forming the provided surface texture on a surface of the structural unit.

40

CA 3031655 2019-01-28



20. The method of claim 19, wherein said providing a primary surface

comprises generating the primary surface based on one or more parameters.
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