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Description

Field of the Invention

[0001] The present invention is directed to interlocking
building block with continuously curved surface profiles
suitable for general wall construction, and, when using
desireably dense materials, particularly suitable for con-
structing walls capable of significantly blocking electro-
magnetic radiation, such as photon, gamma, and neutron
radiation.

Background of the Invention

[0002] Modem nuclear radiation facilities, such as
medical treatment and diagnostic facilities, require
shielding structures to prevent leakage of radiation from
the immediate site and origin of radiation to the surround-
ing environment. Generally, this shielding structure is
constructed in the form of a room housing the source of
radiation, whose walls comprise sufficiently dense ma-
terials at sufficiently deep thickness to insure blocking of
radiation from escape to the outside of the room.
[0003] The most common method of constructing ra-
diation-shielding structures involves pouring concrete
walls, ceilings, and floors that can reach thicknesses of
up to 3m (10 feet). Higher-density varieties of concrete
providing improved attenuation of gamma and neutron
radiation exist, but they are difficult and expensive to pour
in the same manner as traditional concrete. One method
of utilizing this higher-density concrete material is to pre-
fabricate blocks of cured concrete that can later be used
to construct a shielding structure. The use of blocks per-
mits reconfiguration of the shield for different experi-
ments, and allows the shield to be disassembled for ac-
cess to components located behind it. In addition, the
shielding blocks are normally provided with a stepped
offset to avoid direct line-of-sight radiation streaming, al-
beit with limited success, thereby necessitating the need
for a plurality of wythes (i.e., multiple layers of complete
walls). Due to inherently loose tolerances in concrete
block formation, large gaps may result between adjacent
blocks. In such cases, suitable radiation resistant mate-
rial must be filled in these gaps. US Patent No. 4,437,013,
for example, discloses such materials.
[0004] Conventional walls constructed using block
generally employ mortar joints between blocks in each
horizontal row or course, as well as between each course
of blocks vertically layered on top of each other. Walls
built with such mortared joints may yield an aesthetically
pleasing, decorative appearance, revealing the block
pattern, but they tend to be expensive, due at least in
part to the cost of the mortar material and the labor cost
involved in preparing and applying the mortar at the con-
struction site. Such mortared construction is ordinarily
performed by a skilled mason, thereby increasing the
cost. Another disadvantage associated with mortared
wall construction is that the joints are the weakest links

in the structure. The concrete blocks themselves are typ-
ically crafted at a factory in a controlled environment,
while mortar is applied under varying conditions on-site.
In the end, block walls with relatively weak mortar joints
are particularly susceptible to seismic damage.
[0005] Mortarless joint construction block systems of-
fer an alternative to the labor intensive process used to
prepare structures with mortar joints. These mortarless
joint systems often rely on specific features that are
formed on the blocks to interlock the blocks and hold the
resulting wall together. In some cases the blocks may be
designed for construction of walls comprising reinforced
materials, such as re-bar, I-beams, and the like. US Pat-
ent No. 4,512,685 discloses examples of mortarless
block wall construction. Reinforcement is commonly ac-
complished through voids designed in the blocks them-
selves, while the present invention may also include re-
inforcement by leaving gaps between blocks in a course.
Such voids may thereafter be filled with mortar or other
material, such as mortar, concrete, or other materials,
including materials of like composition to the blocks.
[0006] Standard rectangular pre-formed concrete
blocks are not suitable for use in radiation shielding struc-
tures because their layering in courses necessarily yields
seams between blocks in a course, and between hori-
zontally layered courses, which seams permit radiation
to pass through the shielding structure. Additionally, mul-
tiple wythes are required in order to provide adequate
shielding for the entire structure, thereby contributing to
increased costs of materials and labor.
[0007] Other commonly used profile shapes, such as
squares and triangles, also create seams between blocks
that allow radiation to travel between the blocks relatively
unattenuated. For example, US Patent Nos. 7,305,803,
4,107,894 and D377,397 disclose interlocking blocks ca-
pable of being constructed into walls, but all leave seams
which do not block radiation. US Patent No. 4,035,975
discloses block with a variety of profiles, from triangular
to curved, but all of its disclosed profiles yield seams with
the same problem -- the inability to block radiation. This
is not altogether surprising in that the profiles used for
interlocking blocks are shaped in such a way to provide
only the ability for the blocks to interlock, without the ap-
preciation (much less the solution) for eliminating radia-
tion-passing seams. Additionally, the sharp angles of any
such notched profiles are prone to breakage even with
careful handling of the blocks when stacked on pallettes
for delivery to the construction site. Such breakage re-
sults in decreased locking-in of adjacent blocks, or even
the inability to use such broken blocks, adding cost to
construction.
[0008] Moreover, the curved profiles described in US
Patent No. 4,035,975 provide for courses to be locked in
one dimension only -- side-to-side -- providing no solution
to forward backward mobility. Likewise, the profile de-
scribed in D377,397 may provide both side-to-side and
forward-backward immobility, but its seams between
blocks fail to provide adequate radiation resistance, in
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part due to the substantially large voids found within the
blocks but also due to the substantially long horizontal
seams found within stacks of blocks.
[0009] US 5 921 705 A discloses a surface block used
for paving of surfaces. The shape of the block helps to
improve the resistance to movement of the block when
laid with similar blocks. In detail, this document describes
a surfacing block having upper and lower surfaces
bounded by walls extending between the surfaces. The
surfaces are of a generally cruciform shape having four
arms each of which extend in a direction substantially
parallel to the lower surface and substantially perpendic-
ular to two of the other arms of the block. The block has,
around the boundary of its surface, projections and/or
recesses for interlocking engagement with recesses
and/or projections of a neighbouring block.
[0010] FR 2 398 142 A1 discloses paving stones made
of concrete and having a sinusoidal shape with circular
arcs, which are alternating concave and convex. This
enables a complete interlocking on all sides with the
neighbouring paving stones.
[0011] US 4 773 790 A relates to a ground covering
element, especially a concrete slab, consisting of three
basic shaped slabs which are connected to form a unit
and which are delimited from one another by at least two
dummy joints, the peripheral surface having projections
and depressions along a base line to form a toothing.
[0012] GB 1 533 980 A relates to building blocks for
walls, pavings and the like structures. The building block
in this document comprises a first pair of opposite sides
which are continuously curved surfaces adapted to inter-
engage corresponding surfaces of adjacent blocks
placed with half their said surfaces overlapping to prevent
relative movement there between.
[0013] No existing blocks provide the advantages of
the present invention. The art is in need of such improved
building blocks.

Summary of the Invention

[0014] The present invention provides immobility in
multiple dimensions, and thereby provides superior wall
building construction. Further, the present invention pro-
vides vastly superior radiation resistance because its
blocks’ profiles are capable of mating with adjacent
blocks not only in multiple dimensions but also in a man-
ner which minimizes seams through the courses and
wythes of a wall constructed with such blocks.
[0015] In one aspect, the present invention addresses
the disadvantages of prior wall construction by using in-
terlocking building block capable of blocking radiation.
While the blocks of the invention are suitable for general
wall construction, the use of desireably dense materials
render the blocks particularly useful for constructing walls
capable of significantly blocking electromagnetic radia-
tion, including but not limited to photon, gamma, and neu-
tron radiation. Particularly, the blocks are molded into a
shape conducive to interlocking with other adjacent

blocks in two perpendicular directions. The profile of the
blocks resembles a "tongue and groove" pattern, con-
structed of two identical and therefore complementary
continuously curved surfaces, such as sine waves, which
abut one another and thereby fit together firmly. This pat-
tern minimizes the opportunity for radiation to "stream"
through horizontal seams between blocks, and wythes
or layers of the wall, resulting in a system of interlocking
finite elements which behave more akin to a homoge-
nously poured slab of masonry material. When construct-
ed of a desirably dense material, substantial radiation
protection is provided, suitable for use in rooms designed
for housing medical radiation treatment and diagnostic
apparatus. Alternatively, the blocks of the present inven-
tion confer substantial advantages when merely used for
conventional wall building purposes.
[0016] In light of the above, it is an object of the present
invention to provide masonry block construction systems
having interlocking, self-aligning blocks. It is another ob-
ject of the present invention to provide a block construc-
tion system for producing walls that can withstand fre-
quent seismic activity. Yet another object of the present
invention is to provide a block construction system which
is easy to use, relatively simple to implement, and com-
paratively cost effective. It is a further object of the inven-
tion to provide blocks capable of building radiation block-
ing walls.
[0017] The present invention is directed to a block con-
struction system having interlocking, self-aligning blocks
that can be used to construct walls of various shapes and
sizes. Because the blocks lock together, mortar joints
between blocks are not required, although mortar may
optionally be used between horizontal courses of blocks
as desired, preferably only every third, fourth, or fifth
course rather than between every course.
[0018] In general, the blocks of the present invention
are modified parallelopipeds, or more particularly modi-
fied rectangular cuboids, in that they have 6 faces or sur-
faces, opposing pairs of which are essentially parallel.
They have front and rear surfaces, top and bottom sur-
faces, and left and right surfaces. At least two of the pairs
of opposing surfaces are modified to be continuously
curved surfaces, while the remaining pair of opposing
surfaces (generally the front and rear) may remain flat
and generally planar. In one aspect the front and rear
surfaces are substantially flat, while the other four sur-
faces are not flat, but instead can be described as con-
tinuously curved in cross section. In one aspect, the
curved surfaces of the top, bottom, left and right faces
are continuously curved such that there are no sharp
angles on the surfaces. According to the invention, the
continuously curved surfaces each are two complete
wavelengths of a regular sine wave pattern; that is, the
block’s thickness in either dimension is equal to two
wavelengths of the cross-sectional sine curve. The con-
tinuously curved surfaces of opposite faces are in phase
with each other, such that two identical blocks may be
placed side to side and "fit" together, and may likewise
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be stacked one on top of another and "fit together". Figs.
1-4 illustrate such blocks.
[0019] While the invention is described in terms of pairs
of opposite surfaces (front and back, top and bottom, left
and right), it is intended that these terms are merely for
sake of convenience - - they may be interchanged as
desired depending on the nature of the construction in a
vertical wall or a horizontal wall (ceiling or floor). For ex-
ample, a block constructed vertical wall would have top
and bottom surfaces in a continuous curve, and left and
right surfaces in a continuous curve, while the front and
rear surfaces would be substantially planar. Conversely,
in a block constructed ceiling, the top and bottom surfac-
es would be the flat, substantially planar surfaces, while
the front and back bair and the left and right pair would
be the surfaces whose cross sections are continuously
curved.
[0020] The cross section of the curved surfaces is sine
waves, as described above; the cross-sections have no
flat portions. The blocks of the invention include sine
waves of a variety of amplitudes (peak-to-peak). By peak-
to-peak amplitude it is meant the distance between the
highest peak in the wave and the lowest trough in the
wave. In other aspects, the amplitude of the cross sec-
tional sine wave may be in a range from about 0.2 wave-
lengths to about 0.7 wavelengths. Preferably the ampli-
tude is between about 0.2 wavelengths to about 0.5
wavelengths, more preferably, about 0.2 wavelengths to
about 0.4 wavelengths.
[0021] Wall construction generally proceeds with the
building of course upon course until the desired height
is reached. Such a wall is considered a single wythe wall.
However, the thickness of such a single wythe wall may
well be insufficient for both radiation shielding purposes
as well as mechanical stability and rigidity of the wall
itself. A second wythe may then be built abutting the first
wythe in order to confer additional thickness to the end-
resulting wall, advantageous both in terms of structural
integrity and radiation shielding capacity. Additional
wythes may be constructed to improve these character-
istics even further.
[0022] Even such a multi-wythed wall, however, may
be further improved by staggering the wythes, each suc-
cessive course being offset in a front-rear dimension, as
discussed below in the Detailed Description of the Inven-
tion.
[0023] The invention is directed to a masonry block for
constructing walls, the block having flat opposed front
and rear surfaces, continuously curved opposed left and
right surfaces, and continuously curved opposed top and
bottom surfaces, and wherein the continuously curved
surfaces are sinusoidal.
[0024] In an aspect, the walls are radiation-protective,
and the block has a density in the range between 2403
and 6407 kg/m3 (150 pounds and 400 pounds per cubic
foot), or between 3204 and 5606 kg/m3 (200 and 350
pounds per cubic foot), or between 4005 and 5014 kg/m3

(250 and 313 pounds per cubic foot).

[0025] The sinusoidal continuously curved surfaces
are two wavelengths long. The continuously curved sur-
face are a sine wave in cross section, and in some as-
pects the amplitude of the sine wave is between about
0.2 and 0.7 wavelengths, or between about 0.2 and 0.4
wavelengths.
[0026] In another aspect, the block may be of conven-
tional size. In another aspect, the block is 25,4 cm (10
inches) in width, 12,7 cm (5 inches) in height, and 12,7
cm (5 inches) in depth. In yet another aspect, the inven-
tion provides a wall constructed with a plurality of blocks
as previously described.
[0027] In some aspects, a plurality of courses of a sin-
gle wythe of the wall are offset laterally by one half the
width of the blocks. In other aspects, the wall is a single
staggered wythe as descrobed below, whose courses
have been offset by one wavelength from adjacent cours-
es. In such aspects, a plurality of half blocks may be
placed in those courses offset and recessed from the
exterior surfaces of the wall. Additionally, during con-
struction, voids of appropriate dimension may be left in
the wall for the insertion of reinforcement materials such
as mortar, re-bar, I-beams, and other reinforcing mate-
rials, and combinations thereof.
[0028] These and other objects are achieved through
the present invention as exemplified and further de-
scribed in the Detailed Description of the Invention below.

Brief Description of the Drawings

[0029]

Fig. 1 is a schematic depiction of an embodiment of
the present invention, illustrating a full block (Fig. 1b)
and a half block (Fig. 1a) with sinusoidal curve pro-
files.

Fig. 2 is a schematic depiction of an embodiment of
the present invention, illustrating a full block (Fig. 2b)
and a half block (Fig. 2a) with sinusoidal curve pro-
files.

Fig. 3 is a schematic depiction of an embodiment of
the present invention, illustrating a full block (Fig. 3b)
and a half block (Fig. 3a) with sinusoidal curve pro-
files.

Fig. 4 is a schematic depiction of an embodiment of
the present invention, illustrating a full block (Fig. 4b)
and a half block (Fig. 4a) with sinusoidal curve pro-
files.

Fig. 5 is a schematic depiction not in accordance
with the present invention, illustrating a full block
(Fig. 5b) and a half block (Fig. 5a) with alternative
continuous curve profiles.

Figs. 6(a) and 6(b) are schematic depictions of an
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embodiment of the present invention, illustrating a
staggered wythe wall construction using full and half
blocks of the invention. In the view shown in Fig.
6(a), the lower right side and the upper left (unseen)
side are the exterior surfaces of the wall, while in Fig.
6(b), the left side and the right (unseen) side are the
exterior surfaces of the wall. Both depict both stag-
gered courses and staggered wythe construction,
with half blocks shown in darker shading. Fig. 6(c)
is a schematic depiction of an embodiment of the
invention wherein a wall is constructed using blocks
turned on end to terminate one end of a three wythe
wall.

Detailed Description of the Invention

[0030] The present invention provides masonry blocks
whose surfaces enable wall construction with interlock-
ing blocks. This feature provides immobility and structural
rigidity in multiple dimensions, and thereby provides su-
perior wall building construction. Further, the present in-
vention provides vastly superior radiation resistance be-
cause the surface profiles of the blocks are capable of
mating and interlocking with adjacent blocks not only in
multiple dimensions but also in a manner which minimiz-
es seams through successive courses and wythes of a
wall constructed with such blocks.

Continuously curved surfaces

[0031] In one embodiment, the present invention pro-
vides interlocking building blocks capable of blocking ra-
diation. While the blocks of the invention are suitable for
general wall construction, the use of desireably dense
materials render the blocks particularly useful for con-
structing walls capable of significantly blocking electro-
magnetic radiation, including but not limited to photon,
gamma, and neutron radiation. Particularly, the blocks
are molded into a shape conducive to interlocking with
other adjacent blocks in two perpendicular directions.
The profile of the blocks resembles a "tongue and groove"
pattern, constructed of two identical and therefore com-
plementary continuously curved sine wave surfaces,
which abut one another and thereby fit together firmly.
This pattern minimizes the opportunity for radiation to
"stream" through horizontal and vertical seams between
blocks, as well as through wythes or layers of the final
wall, resulting in a system of interlocking finite elements
which behave more akin to a homogenously poured slab
of masonry material yet being far easier to construct as
well as being more cost effective. Unlike poured con-
crete, in some embodiments (those without mortar us-
age) the walls may also be dismantled, and reconstructed
in alternative conformations. When constructed of a de-
sirably dense material, substantial radiation protection is
provided, suitable for use in rooms designed for housing
medical radiation treatment and diagnostic apparatus.
Alternatively, the blocks of the present invention confer

substantial advantages when merely used for conven-
tional wall building purposes.
[0032] The blocks of the present invention are gener-
ally modified parallelopipeds, or more particularly modi-
fied rectangular cuboids, in that they have 6 faces or sur-
faces, opposing pairs of which are essentially parallel.
By essentially parallel it is meant that each point on the
curved surface is the same distance from the equivalent
point on the opposite, continuously curved, surface. Thus
all pairs of opposite points of the opposed curved surfac-
es are equidistant, and that distance is equal to the re-
spective width, depth, or height of the block. They have
front and rear surfaces, top and bottom surfaces, and left
and right surfaces. At least two of the pairs of opposing
surfaces are modified to be continuously curved surfac-
es, while the remaining pair of opposing surfaces (gen-
erally the front and back) may remain flat and generally
planar. In one embodiment the front and rear surfaces
are substantially flat, while the other four surfaces are
not flat, but instead are continuously curved in cross sec-
tion. In a preferred embodiment, the curved surfaces of
the top, bottom, left and right are continuously curved
such that there are no sharp angles on the surfaces, al-
thought the corners may be angular. According to the
invention, the continuously curved surfaces each are two
complete wavelengths of a sine wave; that is, the block’s
thickness in either dimension is equal to two wavelengths
of the cross-sectional sine curve. The continuously
curved surfaces of opposite faces are in phase with each
other, such that two identical blocks may be placed side
to side and "fit" together, and may likewise be stacked
one on top of another and "fit together". Figs. 1-4 illustrate
such blocks. For example, the curved top surface is
shaped to substantially conform to the respective bottom
curved surface of the block to be placed on top of it. Like-
wise, the side surfaces are shaped to substantially con-
form to the respective sides of adjacent blocks. The
wavelength of the curve of the top and bottom surfaces
is the same as that of the side surfaces.
[0033] Because the blocks’ surfaces comprise two
wavelengths of the continuous curve, blocks may be
placed directly abutting such that their front and rear fac-
es are coplanar, or may be placed offset by one wave-
length (i.e., half of a block) to form a staggered confor-
mation. Additionally, whether placed directly abutting or
offset by one half block, the blocks are self-aligning be-
cause they fit together in an interlocking fashion, both in
vertical and horizontal dimensions. Moreover, structural
rigidity and integrity is enhanced because the blocks,
once placed, are immobilized from movement both ver-
tically and laterally forward-rearward. Side-to-side free-
dom, however, is useful and advantageous as described
below for staggered courses (side-to-side offset).
[0034] The curved surfaces are sinusoidal, and in
cross-section have no flat portions. The blocks of the
invention may comprise sine waves of a variety of am-
plitudes. In one embodiment, the amplitude is that which
is equal to one half the wavelength of the sine wave. In
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other embodiments, the amplitude of the cross sectional
sine wave may be in a range from about 0.2 wavelengths
to about 0.7 wavelengths. Preferably the amplitude is
between about 0.2 wavelengths to about 0.5 wave-
lengths, more preferably, about 0.2 wavelengths to about
0.4 wavelengths.

Block dimensions

[0035] Blocks of the present invention may be formed
to any convenient size suitable for wall construction. The
dimensions of the full blocks of the invention may range,
in any one dimension, from about 7,5 cm (3 inches) to
about 40,6 cm (16 inches). In one embodiment, the width
is twice the height and twice the depth, but in other em-
bodiments, the ratios of the three dimensions vary. Con-
ventional concrete blocks (often with large internal voids)
range in size but are generally about 40,6 cm (16 inches)
wide by 20,3 cm (8 inches) high by 20,3 cm (8 inches)
deep.
[0036] The present invention includes blocks of con-
ventional size, but also includes blocks of other advan-
tageous sizes. Particularly, the size of the blocks may be
adapted for suitability in general construction (where con-
ventional sizes may be appropriate) or may be adapted
to provide a suitable weight per block, particularly where
conventional size blocks may have disadvantageous
weight properties when the blocks’ composition is high
density material. In one advantageous embodiment, the
full size blocks of the invention are 25,4 cm (10 inches)
wide by 12,7 cm (5 inches) high by 12,7 cm (5 inches)
deep. Such a size combines advantageous weight prop-
erties for high density composition with sufficient size for
many radiation facility wall construction specifications.
[0037] Half blocks of the invention have the same di-
mensions as full blocks in two dimensions, while the third
dimension (depth) is half that of a full block. In this fashion,
half blocks may be advantageously used in staggered
wythe wall construction. In one embodiment, half blocks
are 25,4 cm (10 inches) wide by 12,7 cm (5 inches) high
by 6,4 cm (2.5 inches) deep to match the dimensions of
the full blocks of the same height and width, and the
halved depth is thus one wavelength long.
[0038] Other block configurations having some or all
of the interlocking structures described above can be in-
cluded in the block construction system. These other
blocks include half-blocks as previously described, but
also end blocks, corner blocks, bond beam blocks, tee
blocks, crossing blocks and other specialty blocks. The
different block configurations may be combined to con-
struct walls of various shapes and sizes. See, for exam-
ple, Fig. 6(c), in which blocks turned on end are used to
terminate one end of a three wythe wall. In such a case,
the continuous curve of the end surfaces is the same as
that of the top and bottom surfaces. Such blocks turned
on end may also be used in a staggered wythe wall as
described below. Additionally, as wythes are interlocked
such that the final wall construction is a staggered wythes

wall, voids may be left during construction to establish
vertically or horizontally aligned passageways in select-
ed courses and wythes to accommodate reinforcement
in the form of mortar, re-bar, I-beams, and other rein-
forcement materials.

Staggered courses (side-to-side offset)

[0039] Courses of blocks set atop each other may be
staggered for further strengthening of the resulting wall.
Due to the top and bottom surfaces of the blocks mating
shapes, a block may be placed on top of a lower course
with its sides aligning directly with the seam between
blocks in the lower course, or may be staggered left and
right by any amount. In this way the seams between
blocks in each successive course may overlap the seams
of the course below. In one embodiment, each succes-
sive course is offset side-to-side by half the width of a
block, such that the seam between blocks of such course
falls directly above the center of the block below it. In
other embodiments, the offset ranges from zero to half
the block width.
[0040] Staggered course construction may also be
combined with staggered wythe wall construction as de-
scribed below.
[0041] The blocks of the invention are amenable to the
rapid construction of walls by masons, due to their unique
curved features which provide for automatic alignment.
Additionally, the blocks of the invention are particularly
suitable for automated construction of walls by robotic
machinery, which can lift and place many blocks in a
single operation. Smaller robotic devices may lay as few
as two or three blocks at a time, while larger devices may
be able to place dozens of blocks simultaneously.

Staggered wythe walls (front to rear offset)

[0042] The blocks of the present invention enable wall
construction with staggered wythes, whereby a succes-
sive course of blocks is set atop a previous course, offset
by one wavelength in a front-rear direction by half the
thickness of the block. As the top faces of the blocks of
multiple wythes match in surface shape, the bottom face
of a successive course will fit snugly even while overlap-
ping two blocks in previously laid abutting courses. For
example, where a course of blocks is laid from one end
to the other of the room to be enclosed, and a second
wythe is begun immediately in front of the first course,
the second course for both wythes may be a single course
overlapping both previously laid courses, thereby over-
lapping both wythes. For a three wythe staggered wall,
two such overlapping blocks may be placed on the three
courses below. As discussed below, half blocks may be
used to "fill" the gaps in the overlapping courses, render-
ing a final wall having a single thickness throughout its
height, without individual independent wythes abutting
each other. Instead, the thickness is the result of the in-
terlocking staggering nature of the construction.
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[0043] Staggered wythe construction inherently pro-
vides additional strength to the resulting wall, due at least
in part to the ability to spread the load of successive
courses on a greater base area, as opposed to each
course applying its load solely on the course beneath.
Additionally, staggered wythe construction also avoids
the expense and labor of tying unstaggered wythes to-
gether with additional mechanisms, such as ties, leash-
es, and the like.
[0044] For such staggered wythe walls, and for other
construction purposes, other block configurations having
some or all of the interlocking structures described above
may be included in a block construction system. These
other blocks include half-blocks, end blocks, corner
blocks, bond beam blocks, tee blocks, crossing blocks
and other specialty blocks. These different block config-
urations can be combined to construct walls of various
shapes and sizes.
[0045] For example, as shown in subfigures (a) of Figs.
1-4, half blocks comprising surfaces of length or width
equal to one wavelength may be used to bring those
courses which have been offset by one wavelength to
the same depth as the other courses in the wythe. Stated
alternatively, when one horizontal course has been offset
rearward by one wavelength, such that its blocks rest
half on one course of one wythe and half on a course of
a second wythe at the same height (and interlocking with
both), that offset course may have half blocks added to
and abutting their front faces in order to render the wythe
with a continous smooth surface. Additionally, as wythes
are added such that the final wall construction is equiv-
alent to several wythes interlocked together with offset
courses, to accommodate mortar and re-bar, voids may
be left during construction to establish vertically or hori-
zontally aligned passageways in selected courses,
wythes, and staggered wythe walls.
[0046] The nature of the continuous curve and its am-
plitude provide for increased resistance to mechanical
shear when compared with conventional block construc-
tion. Mortared block construction is particularly prone to
mechanical shear as the mortar joints are far more sus-
ceptible to shearing forces than the blocks themselves.
Other interlocking blocks also have substantial non-
curved surfaces which also render their constructed
products susceptible to shearing forces. The blocks of
the invention, by contrast, have essentially the same
shear-resistance at the seams as the bulk of the blocks
themselves due to the interlocking curved surfaces mat-
ing closely with adjacent blocks.

Radiation shielding

[0047] Radiation protection requires the interposition
of high density material between the source and the out-
side environment. In facilities which use radiation, the
source is generally housed in a machine in a shielded
room. At least the walls and ceiling of the room, and in
some cases the floor, must be appropriately shielded by

sufficient thickness walls to prevent radiation from leak-
ing out. Traditional wall construction, even with high den-
sity materials which are efficient at radiation blocking, is
prone to seams between blocks that ultimately require
additional wythes of walls to reach thicknesses capable
of blocking radiation through the seams. By contrast, the
present invention prevents seams capable of passing ra-
diation, and thereby permits construction of a wall using
the same high density materials but with fewer wythes,
or a staggered wythe wall of reduced thickness. Addi-
tionally, because there is little to no need to mortar be-
tween blocks, courses, and wythes, both the cost and
the length of time for building the walls are substantially
diminished.
[0048] While blocks have been described in the art
which reduce seams, none have essentially eliminated
seams as in the present invention. Where a triangular
profile block, for example, is able to reduce the seam,
such blocks have been made with substantially horizontal
portions in the profile of the surface of the block, thereby
maintaining an open seam through which radiation may
pass. At best, such blocks still permit a substantial portion
of radiation (as much as one third to one half) to leak
through the block seams because less material is inter-
posed between the inside and outside of the wall. Walls
constructed from such blocks need at least 50% more
wythes to block the same percentage of radiation as walls
constructed of blocks of the present invention.
[0049] Generally, blocks of the invention destined for
use in radiation shielding have composition densities of
between 3204 and 6407 kg/m3 (200 and 400 pounds per
cubic foot), preferably 3524 and 6007 kg/m3 (220 to 375
pounds per cubic foot), more preferably between 3684
and 5446 kg/m3 (230 to 340 pounds per cubic foot). In
one embodiment, blocks of the invention have a density
of 4005 kg/m3 (250 pounds per cubic foot). In another
embodiment, blocks of the invention have a density of
5014 kg/m3 (313 pounds per cubic foot). Those of skill
in the art will appreciate the requisite density for any par-
ticular radiation shielding application. For example, the
American Concrete Institute publishes specifications for
such high density conrete at Chapter 14 of ACI-301-05
"Specifications for structural concrete, reported by ACI
committee 301." (2005, American Concrete Institute).
Suitable materials, such as high density concrete, are
known in the art and are available from a variety of man-
ufacturers.
[0050] Walls constructed as described provide excel-
lent radiation shielding, with essentially no seams
through which radiation is permitted to leak. Compared
to a conventional block construction with the same highly
dense material but without the use of curved blocks of
the invention, the wall of the invention provides the same
radiation protection of a conventional wall of much great-
er thickness, as high as twice the thickness or even great-
er.
[0051] Other embodiments, uses, and advantages of
the present invention will be apparent to those skilled in
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the art from consideration of the specification and follow-
ing Examples, and practice of the invention disclosed
herein. The specification and Examples should be con-
sidered exemplary only. The intended scope of the in-
vention is limited only by the claims appended hereto.

Examples

[0052] The present invention will be further understood
by reference to the following non-limiting Examples.

Example 1: An embodiment of the invention, employing 
blocks with sinusoidal curved surfaces

[0053] High-density concrete blocks of the invention
can be produced in a variety of dimensions. Blocks were
foremed with the following dimensions: 12,7 cm (5 inch-
es) square on end (height and depth) and 25,4 cm (10
inches) wide. For this block, the top and bottom surfaces
have a cross-sectional continuous curve in the shape of
a sine wave with the sine wave wavelength being one-
half the width of the block, or 6,35 cm (2.5 inches). The
sine wave amplitude is independent of the dimensions
of the block and can be selected based upon structural
needs. In this Example, the amplitude (peak-to-peak) is
1,9 cm (0.75 inches), that is, 0.3 times the wavelength.
This block’s left and right side are also continuously
curved in a sinusoidal curve of the same wavelength, 6,3
cm (2.5 inches).
[0054] The sine-wave profile on the bottom of the block
is in phase with the respective wave on the top of the
blocks, such that blocks interlock directly on top of one
another. A similar pair of in-phase sine wave profiles are
present on the sides of the block, to provide interlocking
functionality in the lateral side-to-side direction.
[0055] This sine-wave profile allows subsequent block
layers to be offset by one wave-length in a staggered
wythe wall construction. This prevents wall wythes from
separating from each other, effectively allowing the
blocks themselves to hold the wall together.
[0056] Subfigures (b) of Figs. 1-4 depict a full size block
as contemplated by this Example, with one opposed pair
of substantially planar surfaces and two pairs of surfaces
featuring two wavelengths of regular sine curved cross-
sections. Subfigures (a) of Figs. 1-4 depict a half block
with matching curved surfaces but only a single wave-
length thereof. In this Example, the blocks were com-
posed of highly dense material, with a density of either
4005 or 5014 kg/m3 (250 or 313 pounds per cubic foot).

Example 2: An embodiment not according to the inven-
tion, employing blocks with distorted sine curve surfaces

[0057] The full size blocks of this Example bear sur-
faces whose cross-sections are two wavelengths of a
distorted sine curve, as illustrated in Example 5(b). In all
other respects, these blocks are essentially similar to
those of Example 1, but for the shape profile of their re-

spective curved surfaces. Fig. 5(a) depicts a half block
bearing a single wavelength of continuously distorted
sine curve.

Example 3

[0058] As shown in Figs. 6(a) and 6(b), a staggered
wythe wall construction uses full and half blocks of Ex-
ample 1. In the view shown in Fig. 6(a), the lower right
side and the upper left (unseen) side are the exterior
surfaces of the wall, while in Fig. 6(b), the left side and
the right (unseen) side are the exterior surfaces of the
wall. Both depict staggered courses, as seen by the offset
side-to-side of each of the three successive courses.
Both also depict staggered wythe construction, with half
blocks shown in darker shading on a course which has
been offset by one wavelength with respect to the cours-
es on which they rest and the courses resting upon them.
The remainder of a wall is constructed in this fashion.
Walls constructed as described provide excellent radia-
tion shielding, with essentially no seams through which
radiation is permitted to leak. Compared to a convention-
al construction with the same highly dense material but
without the use of curved blocks of the invention, the wall
of the invention provides the same radiation protection
of a conventional wall of twice the thickness (i.e., twice
the number of wythes).
[0059] The present invention is not to be limited in
scope by the specific embodiments described above,
which are intended as illustrations of aspects of the in-
vention. Functionally equivalent methods and compo-
nents are within the scope of the invention. Indeed, var-
ious modifications of the invention, in addition to those
shown and described herein, will become apparent to
those skilled in the art from the foregoing description.
Such modifications are intended to fall within the scope
of the appended claims.

Claims

1. A radiation-shielding masonry block for constructing
walls capable of blocking radiation, including but not
limited to photon, gamma and neutron radiation, the
block having planar opposed front and rear surfaces
defining a thickness of the block, continuously
curved opposed left and right surfaces, and contin-
uously curved opposed top and bottom surfaces,
characterized in
that the continuously curved surfaces have a regular
sinusoidal wave pattern having a wave direction that
is perpendicular to the planar opposed front and rear
surfaces, and in
that each one of said continuously curved surfaces
is two complete wavelengths long and extends in the
wave direction over the entire thickness of the block.

2. The block of claim 1, wherein the block has a density
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in the range between 2403 and 6407 kg/m3 (150
pounds and 400 pounds per cubic foot).

3. The block of claim 2, wherein the density is in the
range between 3204 and 5606 kg/m3 (200 and 350
pounds per cubic foot).

4. The block of claim 3, wherein the density is in the
range between 4005 and 5014 kg/m3 (250 and 313
pounds per cubic foot).

5. The block of claim 1, wherein an amplitude of the
sine wave is between 0.2 and 0.7 wavelengths.

6. The block of claim 1, wherein an amplitude of the
sine wave is between 0.2 and 0.4 wavelengths.

7. The block of claim 6, wherein the block is 25.4 cm
(10 inches) in width, 12.7 cm (5 inches) in height,
and 12.7 cm (5 inches) in depth.

8. A wall constructed with a plurality of blocks of claim
1, wherein the wall is constructed with a plurality of
courses of blocks and a plurality of wythes arranged
in a staggered wythe construction whereby a suc-
cessive course of blocks set atop a previous course
is offset by one wavelength from the previous course
in a front-rear direction.

9. The wall of claim 8, wherein the successive course
of blocks is offset laterally by one half the width of
the blocks from the previous course.

10. The wall of claim 8, further comprising a plurality of
half blocks placed in the courses offset and recessed
from the exterior surfaces of the wall.

11. The wall of claim 8, further comprising voids for the
insertion of reinforcement materials selected from
the group consisting of mortar, re-bar, I-beams, and
combinations thereof.

Patentansprüche

1. Strahlenschutz-Mauerblock zum Bauen von Mau-
ern, die in der Lage sind, Strahlung zu blockieren,
wozu ohne Einschränkung eine Photonen-, Gamma-
und Neutronenstrahlung gehören, wobei der Block
ebene gegenüberliegende vordere und hintere
Oberflächen, die eine Dicke des Blocks definieren,
durchgehend gebogene gegenüberliegende linke
und rechte Oberflächen und durchgehend gebogene
gegenüberliegende obere und untere Oberflächen
aufweist,
dadurch gekennzeichnet, dass
die durchgehend gebogenen Oberflächen ein regel-
mäßiges Sinuswellenmuster aufweisen, das eine

Wellenrichtung aufweist, die zu den ebenen gegen-
überliegenden vorderen und hinteren Oberflächen
rechtwinklig ist, und
jede der durchgehend gebogenen Oberflächen zwei
volle Wellenlängen lang ist und sich in der Wellen-
richtung über die gesamte Dicke des Blocks er-
streckt.

2. Block nach Anspruch 1, wobei der Block eine Dichte
in dem Bereich zwischen 2403 und 6407 kg/m3 (150
Pfund und 400 Pfund pro Kubikfuß) aufweist.

3. Block nach Anspruch 2, wobei die Dichte in dem Be-
reich zwischen 3204 und 5606 kg/m3 (200 und 350
Pfund pro Kubikfuß) liegt.

4. Block nach Anspruch 3, wobei die Dichte in dem Be-
reich zwischen 4005 und 5014 kg/m3 (250 und 313
Pfund pro Kubikfuß) liegt.

5. Block nach Anspruch 1, wobei eine Amplitude der
Sinuswelle zwischen 0,2 und 0,7 Wellenlängen liegt.

6. Block nach Anspruch 1, wobei eine Amplitude der
Sinuswelle zwischen 0,2 und 0,4 Wellenlängen liegt.

7. Block nach Anspruch 6, wobei der Block 25,4 cm (10
Inch) breit, 12,7 cm (5 Inch) hoch und 12,7 cm (5
Inch) tief ist.

8. Mauer, die mit einer Vielzahl von Blöcken nach An-
spruch 1 gebaut wird, wobei die Mauer mit einer Viel-
zahl von Blocklagen und einer Vielzahl von Mauer-
schalen, die in einer gestaffelten Mauerschalenkon-
struktion angeordnet sind, gebaut ist, wodurch eine
nachfolgende Blocklage, die auf die vorhergehende
Lage gelegt wird, um eine Wellenlänge gegenüber
der vorhergehenden Lage in einer Richtung von vor-
ne nach hinten versetzt ist.

9. Mauer nach Anspruch 8, wobei die nachfolgende
Blocklage um eine halbe Breite der Blöcke gegenü-
ber der vorhergehenden Lage seitlich versetzt ist.

10. Mauer nach Anspruch 8, ferner umfassend eine Viel-
zahl von Halbblöcken, die in den Lagen angeordnet
werden, die gegenüber den äußeren Oberflächen
der Mauer versetzt und vertieft sind.

11. Mauer nach Anspruch 8, ferner umfassend Hohlräu-
me zum Einfügen von Verstärkungsmaterialien, die
aus der Gruppe ausgewählt werden, die aus Mörtel,
Betonrippenstahl, I-Trägern und Kombinationen da-
von besteht.
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Revendications

1. Bloc de maçonnerie à blindage contre les rayonne-
ments pour construire des murs capables de bloquer
les rayonnements, incluant mais sans s’y limiter les
rayonnements de photons, gamma et de neutrons,
le bloc présentant des surfaces avant et arrière pla-
naires opposées définissant une épaisseur du bloc,
des surfaces gauche et droite opposées incurvées
en continu, et des surfaces supérieure et inférieure
opposées incurvées en continu, caractérisé en ce
que
les surfaces incurvées en continu présentent un mo-
dèle d’ondulation sinusoïdale régulier ayant une di-
rection d’ondulation perpendiculaire aux surfaces
avant et arrière planaires opposées, et en ce que
chacune des surfaces incurvées en continu fait deux
longueurs complètes d’ondulations et s’étend dans
la direction d’ondulation sur toute l’épaisseur du bloc.

2. Bloc selon la revendication 1, dans lequel le bloc
présente une densité située dans la plage entre 2403
et 6407 kg/m3 (150 livres et 400 livres par pied cube).

3. Bloc selon la revendication 2, dans lequel la densité
est située dans la plage entre 3204 et 5606 kg/m3

(200 livres et 350 livres par pied cube).

4. Bloc selon la revendication 3, dans lequel la densité
est située dans la plage entre 4005 et 5014 kg/m3

(250 livres et 313 livres par pied cube).

5. Bloc selon la revendication 1, dans lequel une am-
plitude de l’ondulation sinusoïdale est située entre
0,2 et 0,7 longueurs d’ondulations.

6. Bloc selon la revendication 1, dans lequel une am-
plitude de l’ondulation sinusoïdale est située entre
0,2 et 0,4 longueurs d’ondulations.

7. Bloc selon la revendication 6, dans lequel le bloc à
une largeur de 25,4 cm (10 pouces), une hauteur de
12,7 cm (5 pouces) et une profondeur de 12,7 cm (5
pouces).

8. Mur construit avec une pluralité de blocs selon la
revendication 1, dans lequel le mur est construit avec
une pluralité de rangs de blocs et une pluralité de
parois agencées dans une construction de parois
décalées, ce par quoi un rang successif de blocs
placés au-dessus d’un rang précédent est décalé
d’une longueur d’ondulation du rang précédent dans
une direction avant-arrière.

9. Mur selon la revendication 8, dans lequel le rang
successif de blocs est décalé latéralement d’une
moitié de la largeur des blocs du rang précédent.

10. Mur selon la revendication 8, comprenant en outre
une pluralité de mi-blocs placés dans les rangs dé-
calés et en retrait des surfaces extérieures du mur.

11. Mur selon la revendication 8, comprenant en outre
des vides pour l’insertion de matériaux de renfort
sélectionnés parmi le groupe consistant en :mortier,
barre pour béton armé, poutres en I et des combi-
naisons de ceux-ci.
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