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(57) ABSTRACT

The invention is an energy absorbing system for safeguarding
structures from disruptive forces, which may be implemented
into structures or devices to provide protection from seismic
motion, blasts or other disruptive forces, due to the system’s
displacement and damping characteristics. The system’s per-
formance can be better molded analytically to predict perfor-
mance of the structure under earthquake and wind motions,
for example. By utilizing cost effective materials and a simple
design, the present invention provides a more efficient cost-
effective system for absorbing unwanted energy, for example,
a base isolation system.
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1
ENERGY ABSORBING SYSTEM FOR
SAFEGUARDING STRUCTURES FROM
DISRUPTIVE FORCES

PRIORITY NOTICE

The present application is a continuation application,
which claims priority under 35 U.S.C. §120 to U.S. patent
application Ser. No. 11/929,080, filed on Oct. 30, 2007, the
disclosure of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to an energy absorbing
system to safeguard structures from external disruptive
forces, and more specifically a more reliable and cost effec-
tive base isolation system that has displacement damping
characteristics, which may be utilized to protect structures,
for example a building, by lessening motion transferred to the
structures from sources such as earthquakes, strong winds, or
explosive blasts.

BACKGROUND OF THE INVENTION

Traditionally, the conventional approach to protecting
structures from disruptive forces, for example strong winds,
seismic vibrations, or explosions, has been to strengthen
structures themselves—either by fortifying a structure’s
walls and foundations, or simply by utilizing stronger, per-
haps heavier materials. In the last few decades, those skilled
in the art have understood that such methods are not appro-
priate for medium to tall structures due to the frequencies that
are generated through, for example, buildings or bridges,
which ultimately cause the structures to collapse. These old
methods of strengthening structures are thus not as effective
for any structure as newly developed methods.

Relatively recent, base isolation devices have been devel-
oped to isolate or decouple structures from disruptive forces,
such as seismic forces produced during an earthquake, or
strong winds, in particular against tall structures such as
buildings. However, these systems have proven expensive
and inadequate for smaller structures such as family homes.

In addition to the higher costs that make base isolation and
similar devices inadequate for smaller, family homes (i.e.
most contractors wont implement such devices in family
homes to keep budgets low), current designs are difficult to
predict mathematically, which poses a major problem for
engineers that design structures that necessitate base isolation
technology.

There is a need in the art for an energy absorbing system
that may be implemented in a variety of applications, that is
cost-effective, that can be constructed from known materials,
is more reliable and less expensive to construct than devices
presently known in the art, and a design that facilitates finite
prediction modeling. It is to these ends that the present inven-
tion has been developed.

SUMMARY OF THE INVENTION

To minimize the limitations found in the prior art, and to
minimize other limitations that will be apparent upon the
reading of the specification, the present invention provides an
energy absorbing system for safeguarding structures from
disruptive forces.

An energy absorbing apparatus for protecting a structure
from disruptive forces, in accordance with the present inven-
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tion, comprises a base adapted to attach to a foundation of a
structure, a cover coupled to said base in a manner to form an
enclosure, wherein said cover is adapted to attach to said base
and said structure, and an energy absorbing material situated
within said enclosure.

A method of protecting a structure from a disruptive force,
in accordance with the present invention, comprises forming
an enclosure containing an energy absorbing material, cou-
pling said enclosure to a base of a structure, and coupling said
enclosure to said structure.

Finally, an energy absorbing structure, in accordance with
the present invention, comprises a support member, a frame,
and at least one energy absorbing apparatus. The energy
absorbing apparatus further comprises a base adapted to
attach to a support member of said structure, a cover coupled
to said base in a manner to form an enclosure, wherein said
cover is adapted to attach to said base and said structure, and
an energy absorbing material situated within said enclosure.

Furthermore, the energy absorbing apparatus has enough
flexibility to move perpendicular to the direction of said dis-
ruptive force, so that the stiffness of each device perpendicu-
lar to the direction of loading is minimal.

It is an object of the present invention to improve a retain-
ing wall’s ability to resist the surge of earth or ground pres-
sures, for example seismic pressures.

It is another object of the present invention to improve a
water barrier’s or levee’s ability to resist a surge of water.

It is yet another object of the present invention to provide
the safe delivery and transportation of valuable cargo by
improving containing structures.

It is yet another object of the present invention to protect
statutes, artifacts, or other similar works of art by improving
their stability.

Itis yet another object of the present invention to minimize
damage to goods in cargo dropped from the air, for example in
applications for military, aid, or rescue operations.

Itis yet another object of the present invention to provide a
dynamic energy absorbing device that may be implemented
in a variety of applications with few or no modifications.

It is yet another object of the present invention to provide
an energy absorbing device that is cost-effective for use into
family homes and smaller 1 to 4 story buildings.

Finally, it is another object of the present invention to
provide a unique unidirectional device with minimal stiffness
perpendicular to the direction of loading, which facilitates
finite mathematical modeling.

These and other advantages and features of the present
invention are described with specificity so as to make the
present invention understandable to one of ordinary skill in
the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Elements in the figures have not necessarily been drawn to
scale in order to enhance their clarity and improve under-
standing of these various elements and embodiments of the
invention. Furthermore, elements that are known to be com-
mon and well understood to those in the industry are not
depicted in order to provide a clear view of the various
embodiments of the invention.

FIG. 1(a) is a front view of an energy absorbing apparatus
installed within a structure, for example between the floor and
foundation of a building, in accordance with one embodiment
of the present invention.
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FIG. 1(b) is a side view of an energy absorbing apparatus
installed within a structure, for example between the floor and
foundation of a building, in accordance with one embodiment
of the present invention.

FIG. 1(c) is a close-up view of a lower right portion of the
energy absorbing apparatus illustrated in FIG. 1(5), depicting
an exemplary way to assemble the various components of one
embodiment of an energy absorbing apparatus, and a desired
notch or spacing to add flexibility and decrease stiffness,
between the base of the apparatus and a support member of a
structure, for example a foundation of a building, in accor-
dance with an exemplary embodiment of the present inven-
tion.

FIG. 1(d) is a cross-sectional view of an energy absorbing
apparatus depicted in FIG. 1(b)-(c), illustrating its internal
composition.

FIG. 2(a) is an exploded view of an energy absorbing
apparatus, displaying its various components and parts, in
another embodiment of the present invention.

FIG. 2(b) is an elevated plane view of a fully-assembled
energy absorbing device in accordance with an exemplary
embodiment of the present invention.

FIG. 3 illustrates the directional displacement which may
occur, in one embodiment of the present invention, when a
disruptive force is applied, for example seismic forces gen-
erated during an earthquake.

FIG. 4(a) is a diagram illustrating one possible configura-
tion for installing several energy absorbing devices, in accor-
dance to one embodiment of the present invention.

FIG. 4(b) is an illustration of one embodiment of a typical
installation of energy absorbing apparatuses, which provides
users with easy access to perform servicing or maintenance to
such devices, for example, after an earthquake.

DETAILED DESCRIPTION OF THE DRAWINGS

In the following discussion that addresses a number of
embodiments and applications of the present invention, ref-
erence is made to the accompanying drawings that form a part
hereof, and in which is shown by way of illustration specific
embodiments in which the invention may be practiced. Itis to
be understood that other embodiments may be utilized and
changes may be made without departing from the scope of the
present invention.

FIG. 1(a)-FIG. 1(d) illustrate an energy absorbing appara-
tus installed within a structure, for example between the floor
and foundation of a building, in one embodiment of the
present invention.

FIG. 1(a) is a front view of an energy absorbing apparatus
installed within a structure; FIG. 1(b) is a side view thereof,
further illustrating one alternative installation feature which
makes use of spacing 111 to minimize stiffness to the appa-
ratus perpendicular to the direction of loading; FIG. 1(c) is a
close-up view of a lower right portion of the energy absorbing
apparatus illustrated in FIG. 1(b), depicting an exemplary
way to assemble the various components thereof, and a more
detailed illustration of a desired notch or spacing 111 to add
flexibility and decrease stiffness, between the base of the
apparatus and a support member of a structure; and FI1G. 1(d)
is a cross-sectional view thereof, illustrating the internal com-
position of an energy absorbing apparatus in accordance with
the present invention.

The energy absorbing apparatus illustrated in FIGS. 1(a)-
1(d) comprises of an energy absorbing material 100 (FIG.
1(d) only), a cover component 101, layer 102, layer 103, side
plates 104, base 105, multiple bolts 106, multiple bolts 107,
and a center bolt 108. In the illustrated embodiment, the
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apparatus is coupled or attached to a structural component
109, and a structural component 110. These individual com-
ponents and their possible variations will be discussed in turn.

Energy absorbing material 100 may be any type of energy
absorbing material such as filler made of granular elements,
for example sand, crushed rocks, specially shaped rocks, or
liquid substances, without departing from the scope of the
present invention.

Inone embodiment, energy absorbing material 100 is made
from a granular fill that provides friction in concert with cover
component 101 and its layers 102 and 103. This friction
produces a desired dampening to reduce the vibrations caused
by disruptive forces, for example, seismic forces or the force
of'an explosion.

In another embodiment, energy absorbing material 100
comprises a liquid mixture (which may further comprise
other components such as oil without deviating from the
scope of the present invention). In such embodiment, cover
component 101 may further comprise of a spring-loaded
chamber (not illustrated), without departing from the scope of
the present invention. A chamber spring (not illustrated) may
be utilized to push back any displaced liquid, displaced by a
disruptive force, back into the cavity where energy absorbing
material 100 (e.g. a liquid or oil mixture) is contained during
a resting state of the energy absorbing device.

Cover component 101 envelopes or contains energy
absorbing material 100 by creating a cavity between cover
component 101 and base 105. Cover component 101 is illus-
trated comprising of multiple layers (i.e. layer 102, and layer
103) however, cover component 101 may be constructed of a
single layer, two layers, or multiple layers, without deviating
from the scope of the present invention.

In an exemplary embodiment, cover component 101 com-
prises of multiple layers 102 and 103, wherein one layer
comprises of a rigid material and the other layer comprises of
a resilient material, for example, and without deviating from
the scope of the present invention, a resilient material such as
rubber and a rigid material such as steel, may be embedded
within cover component 101 for additional strength. Further-
more, a layer of a rigid material, for example steel, can be
folded to release at a specific force level, a feature that may be
desirable for some applications of an energy absorbing appa-
ratus in accordance with the present invention.

Cover component 101 may be constructed of one material,
a mixture of materials, or may be constructed of multiple
layers of different materials bounded, or bonded, together to
form cover component 101. For example, cover component
101 may be constructed of rubber or neoprene materials, or a
mixture of both, without deviating from the scope of the
present invention.

In an exemplary embodiment, cover component 101 com-
prises of a rigid layer and a resilient layer, (i.e. layers 102 and
103), wherein each layer is further reinforced with an addi-
tional material (e.g. nylon). For example, and without limit-
ing the scope of the present invention, layer 102 comprises of
steel sheet and nylon reinforcements and layer 103 comprises
of'rubber; the sheet steel and nylon being bonded to the rubber
layer to form cover component 101.

Layers 102 and 103 may be bonded in any configuration;
each layer of different materials may be bonded on the sides
surrounding the rubber material, on top of the rubber mate-
rial, or in any configuration, to bond the steel, nylon and
rubber that comprise cover component 101. Furthermore, the
thickness of layers 102 and 103 may vary depending on their
respective materials. For example, and without deviating
from the scope of the present invention, the thickness of steel
and nylon reinforcements will vary to provide different mate-
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rial properties depending on the intended application (i.e.
building reinforcements, military structures, or implementing
an energy absorbing system for special cargo).

Cover component 101 is typically semicircular in shape (as
illustrated); this shape is desired because of its strength and
flexibility properties, however, cover component 101 may be
shaped in a variety of forms—depending on the intended
application for such energy absorbing device—without devi-
ating from the scope of the present invention.

In one embodiment cover component 101 is triangular in
shape; in another embodiment cover component 101 is circu-
lar in shape; in yet another embodiment cover component 101
is shaped like a square (with flat surfaces creating the cavity
which houses energy absorbing material 100); Finally, in an
embodiment utilizing a resilient component such as a rubber
material, the rubber itself may be rectangular, u-shaped, or
box-shaped.

In each of the aforementioned embodiments, layers 102
and 103 of cover component 101 may vary in specification
(dimensions, weight, thickness, flexibility, etc.) depending on
the material properties required to resist a desired magnitude
of force—the thickness of steel and nylon reinforcement for
example, may vary, depending on the desired material prop-
erties necessary to properly restrain displacement of cover
component 101. Naturally, such properties will relate to
parameter dependent factors, such as stiffness, damping ratio,
or bearing displacement desired for a particular application of
the present invention; such measurements and dimensions
may be easily calculated with known methods and formu-
las—formulas and calculations that are presently well known
to one skilled in the art.

Cover component 101 (as illustrated) is configured to cre-
ate a cavity wherein said energy absorbing material 100 is
contained. Thus, side plates 104 are desirable to enclose the
cavity retaining energy absorbing material 100, although in
an alternative embodiment, side plates 104 may not be nec-
essary—for example an embodiment of the present invention
wherein cover component 101 comprises of a box-shaped
rubber component.

In an exemplary embodiment, side plates 104 are con-
nected to cover component 101 with special bonding agents
known in the art. Side plates 104 are ideally made of steel
although other known materials may be utilized.

Center bolt 108 is perpendicular to and positioned between
side plates 104, running through the cavity containing energy
material 100. Thus, the rigidity and displacement capability
of energy absorbing material 100 may be adjusted by tight-
ening or loosening center bolt 108; as center bolt 108 is
tightened, for example, side plates 104 are brought closer to
create a smaller cavity, which is desirable to control the damp-
ening capabilities of the energy absorbing device. Center bolt
108, along with bolts 106 and 107, help to transfer tension and
shear forces away from the structure. Center bolt 108 may be
a typical bolt, a clamping device or any other type of device
known in the art that can be utilized to connect side plates 104.
Typically, and perhaps more desirable, center bolt 108 is a
typical bolt that is inexpensive yet made of durable strong
material.

Cover component 101, and (if embodied), side plates 104,
are configured to connect with a base 105 which also helps to
transfer forces into the foundation and away from the remain-
der of the structure. While cover component 101 may be
manufactured or molded or constructed in such manner as to
create a cavity suitable for containment of energy absorbing
material 100, cover component 101 may also be configured to
rest or be connected with base 105 in such a matter so that
base 105 completes the desired enclosure or cavity in which

10

15

20

25

30

35

40

45

50

55

60

65

6

energy absorbing material 100 will be contained, without
deviating from the scope of the present invention.

In an exemplary embodiment, cover component 101 com-
prises of layers 102 and 103, which have respective ends
configured to attach to base 105 with multiple bolts 106.

Multiple bolts 106 need not be limited to more than one
bolt, and multiple bolts are not the only method of connecting
cover component 101 to base 105; any other known method
may be utilized without deviating from the scope of the
present invention. For example, bonding agents may be uti-
lized, or clamp devices may be utilized which can be adjust-
able depending on the desired settings of the device. Typi-
cally, multiple bolts 106 are regular adjustable bolts that can
be mounted on a structure to connect cover component 101
and base 105 to a structural component of some structure,
such as structure component 109, and may be more desirable
than a clamp device because of practical and economical
considerations.

Similarly, multiple bolts 107 may also be utilized to con-
nect cover component 101, to a structural component 110.
Multiple bolts 107 may alternatively comprise a single bolt, a
clamping device, or some type of bonding agent capable of
securely connecting cover component 101 to a structure, but
again, multiple bolts 107 may be more desirable than a clamp
device because of practical and economical reasons; further-
more, a bonding agent may not be as effective as transferring
forces away from the structure.

Structural components 109 and 110 may be any parts or
components of a structure where an energy absorbing device
may be mounted such as a frame or a support member. For
example, and without deviating from the scope of the present
invention, structural component 109 may be the foundation of
a building and structural component 110 may be a frame or
floor of said building.

Inone embodiment, structural components 109 and 110 are
building components, such as a foundation and floor frame,
respectively, of a family home; in another embodiment, struc-
tural components 109 and 110 are components of a water
barrier or levee; in yet another embodiment, structural com-
ponents 109 and 110 are components of a fortified wall; and
in yet another embodiment, structural components 109 and
110 are support members of a safety delivery or transporta-
tion device capable of protecting sensitive cargo.

FIG. 1(b) is a side view of an energy absorbing apparatus
installed within a structure, for example between the floor and
foundation of a building, illustrating how side plates 104
sandwich or contain cover component 101. In this perspec-
tive, layers 102 and 103 of cover component 101 are also
visible at the top and bottom of the energy absorbing appara-
tus, where cover component 101 is coupled or attached to the
structure with multiple bolts 107 and 106, respectively. Fur-
thermore, one alternative installation feature which makes
use of a spacing 111 to minimize stiffness to the apparatus
perpendicular to the direction of loading is illustrated in this
view. This spacing allows for movement to occur when a
disruptive force is applied to an energy absorbing apparatus in
a direction parallel to center bolt 108. How a structure is
affected to such disruptive forces is further disclose in refer-
ence to FIG. 4(a) and FIG. 4(b), disclosing different installa-
tion configurations for energy absorbing apparatuses in
accordance with the present invention.

FIG. 1(c) is a close-up view of a lower right portion of the
energy absorbing apparatus illustrated in FIG. 1(5), depicting
an exemplary way to assemble the various components of one
embodiment of an energy absorbing apparatus, and a close-up
of a desired notch or spacing 111 to add flexibility and
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decrease stiffness, between base 105 and a support member of
a structure, for example structural component 109.

Spacing 111 is an alternative to various methods of achiev-
ing the desired flexibility. Typically, the stiffness of the
energy absorbing apparatus, perpendicular to the direction of
the loading, is minimal. In other words, a force applied in a
direction perpendicular to side plate 104, for example, may
cause side plate 104 to move sideways; in such event, spacing
111, as illustrated in FIG. 1(¢), will allow for this movement
to occur smoothly, thus transferring forces away from the
structure and deviating stress from base 105 and side plates
104. Similarly, such spacing may be desirable at the top of the
device where layers 102 and 103 make contact.

Nevertheless, spacing 111 is merely an alternative feature
and other known methods of providing such flexibility may
be employed without deviating from the scope of the present
invention, for example, other resilient materials with a flex-
ible property may be used in place of spacing 111; alterna-
tively, spacing 111 may not be utilized at all but the stiffness
or lack thereof of an energy absorbing apparatus may be
accomplished simply by a particular composition of flexible
materials used in the device’s construction. Thus, spacing 111
may or may not be implemented without deviating from the
scope of the present invention.

For example, whether spacing 111 is utilized in the appa-
ratus’s installation or not, the stiffness, flexibility or desired
characteristics of the device may be altered depending on the
manner in which the various components are coupled,
attached, or bonded together.

FIG. 1(c) shows a typical way of bonding side plates 104 to
base 105. In one embodiment, some bonding method or bond-
ing component 112 may be applied to both base 105 and side
plates 104, such as spot welding, to ensure a strong link
between the two components allowing the device to resist a
disruptive force from breaking off side plates 104. In another
embodiment, a weaker bond may be used as bonding compo-
nent 112 to allow side plates 104 to break off easily, transfer-
ring a disruptive force away from the structure. Thus, depend-
ing on the desired application, various types of bonding
methods and materials may be used, or different installation
configurations may be employed to provide a particular range
of motion, flexibility or level of stiffness, for an energy
absorbing device in accordance with the present invention.

An energy absorbing device in accordance with the present
invention may thus be utilized in a number of different appli-
cations and embodied in many different uses. Similarly, its
individual components may vary in shape, material type, and
arrangement without deviating from the scope of the present
invention. For example, and without limiting the scope of the
present invention, FIG. 2(a) and FIG. 2(b) provide a more
detailed example of an embodiment which comprises of vari-
ous components that make up a device in accordance with the
present disclosure.

FIG. 2(a) is an exploded view of an energy absorbing
apparatus, displaying its various components and parts, and
FIG. 2(b) is an elevated plane view of the same, fully-as-
sembled, energy absorbing device in accordance with another
exemplary embodiment of the present invention.

In the embodiment illustrated in FIG. 2(a)-(b), cover com-
ponent 200 comprises of layers 220 and 230. Typically, layer
220 is a rigid material, for example sheet steel, and may be a
single layer or multiple layers bonded to layer 230, typically
a resilient material such as rubber. However, as previously
mentioned, layers 220 and 230 may be bonded or coupled in
different configurations and may comprise different materi-
als. Nevertheless, a rigid material against a resilient material
do add a desired force which helps limit the displacement of
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the device and thus such configuration of components, that
achieves a desired limited displacement, may be preferred to
other configurations.

Cover component 200 is shown here with side reinforce-
ments, or respective ends 205, which allow for cover compo-
nent 200 to be coupled with base 201 and structural compo-
nent 209 by connecting each component with typical bolts
204 and typical fasteners 206. Similarly, typical bolts 202 and
fasteners 203 are utilized to connect cover 200 to a structural
component 211. The cavity created between cover compo-
nent 200 and base 201 can be filled with any type of material
that has an energy absorbing property (as discussed above)
such as a granular fill, a liquid, an oil based mixture, crushed
sand, or any other type of energy absorbing material that may
be displaced upon impact or subjection to a disruptive force.

To fully envelope the cavity between cover component 200
and base 201, side plates 208 are connected to both cover
component 200 and base 201; as explained above, this cou-
pling may be performed by utilizing a bonding agent, welding
or any other type of method known in the art. Here, bolt 210
is utilized to connect side plates 208, sandwiching cover
component 200 and creating a frictional force against the
energy absorbing material (not shown) inside the cavity
formed thereof. Again, as explained above, bolt 208 may be
adjusted to create the right friction for the desired dampening
effect of the device.

Having disclosed the various components of an exemplary
embodiment of the present invention, we now turn to FIG. 3
for an illustration of the workings of a typical energy absorb-
ing apparatus as described thus far.

In particular, FIG. 3 displays a directional displacement of
one embodiment of the present invention, when disruptive
forces are applied, for example seismic forces.

As the illustration shows, the energy absorbing device pro-
vides a load path between the ground and the structure. A
disruptive force, such as an impact force, an explosive force,
or a seismic force, causes the apparatus to displace, moving
from point 301 to point 302 and creating a displacement.

The displacement is directional in that displacement is
parallel to the side plates 303 of the apparatus. Therefore, if
the ground moves horizontal, parallel to side plates 303, base
plate 304 moves with the ground while the base member 305,
(e.g. a superstructure) stays still or moves in an opposite
direction enough to absorb the disruptive force. This move-
ment, or displacement, causes the cover component 306 to
displace, since it is flexible in nature. Inside, the energy
absorbing material 307, for example a granular material, will
also be displaced.

It is this displacement property that allows the ground to
move independent from the structure. For example, and with-
out limiting the scope of the present invention, when an
energy absorbing apparatus, in accord with the present inven-
tion, is connected to the foundation of a structure, the super-
structure (that is, the structure built above the foundation) will
move independently from the foundation of the structure due
to the displacement of the energy absorbing device.

Another feature that helps reduce damage to such structure,
for example a building, is the dampening properties of the
energy absorbing device. The dampening properties are cre-
ated by the friction between the rubber of cover component
306, side plates 303, and energy absorbing material 307; as
friction is created, the device absorbs the energy from the
disruptive force.

The limitations come from the materials as far as displace-
ment and dampening capabilities, and these thresholds and
specifications can be calculated with known methods.
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Other limitations include the following: the rubber is lim-
ited in displacement by the steel sheet—the steel sheet will
displace until some limit, at which point the components will
simply restrain movement. Obviously this is desired to pre-
vent the collapse of a structure and maintain structural integ-
rity. Again, these limitations can be calculated with known
methods in the art.

Typically, under static conditions, the weight of the struc-
ture is carried by the sheet steel and rubber components that
make up the energy absorbing apparatus, including the filler
material. Under displacement, the filler material will still
support the vertical load of the structure. Finally, the elastic
properties of the components (i.e. rubber, steel sheets, and
filler material) will restore the apparatus to its initial shape.

Turning next to FIG. 4(a), a diagram showing one possible
configuration for installing several energy absorbing devices,
in accordance to one embodiment of the present invention, is
illustrated. The diagram is representative of a top view for a
floor plan of'a foundation for a structure such as a small home.

Grid section 401 is representative of structure support
members, such as a frame or support beams attached to a
small family dwelling, which are connected to the structure
400’s foundation by resting on various energy absorbing
devices, such as devices 402 and devices 403.

Devices 402 are oriented along the width of structure, for
example, and devices 403 are oriented along the length of the
structure as shown. This configuration is desirable so that
superstructure 406 (see FIG. 4()) may withstand disruptive
forces applied from a variety of directions, such as back and
forth movements along the length of structure 400 or back and
for the movements along the width of the structure 400.

For example, and without limiting the scope of the present
invention, a force applied along the width of structure 400
(i.e. parallel to devices 402) will activate devices 402 and not
activate devices 403. Similarly, a force applied along the
length of structure 400 (i.e. parallel to devices 403) will
activate devices 403 and not activate devices 402. Naturally, a
force that comes from an angle neither perpendicular nor
parallel with respect to either set of devices, 402 or 403, will
activate both sets of devices 402 and 403 proportionally,
depending on the direction of the disruptive force.

The non-activated devices, during a particular event when
adisruptive force is applied to structure 400, may comprise of
a flexible characteristic or feature that allow for transfer of
forces during a non-activation stage of the device. For
example, as mentioned above, spacing 111 (see, FIGS. 1(b)
and 1(c)) or similar methods that decrease stiffness or
increase flexibility perpendicular to the direction of the dis-
placement load, come into play when devices 403 are acti-
vated but devices 402 are not. This feature helps balance out
the unidirectional limitation of the device which is otherwise
desirable to allow for much easier mathematical modeling
predictions that make structural engineering an easier, more
efficient task for those skilled in the art.

Finally, turning to FIG. 4(b), a diagram of a different view
of the typical installation configuration illustrated by FIG.
4(a), which provides users with easy access to perform ser-
vicing or maintenance to such devices, for example, after an
earthquake, is illustrated from a different perspective. Struc-
ture 400 is shown from a side view depicting the foundation
404, frame 405, and superstructure 406. In this simple dia-
gram, it can be seen how a user, for example a home owner, or
structural engineer, may access devices 402 and 403 for main-
tenance or repair, after a disruptive force, for example seismic
forces from an earthquake, have been applied to structure
400. After an event such as an earthquake occurs, an engineer
may reach a crawl-space between frame 405 and foundation
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404 to inspect devices 402. Here, the engineer may determine
whether devices 402 or devices 403 need to be replaced, fixed
or adjusted.

A system and method for an energy absorbing system to
safeguard structures from disruptive forces has been
described. The foregoing description of the various exem-
plary embodiments of the invention has been presented for
the purposes of illustration and disclosure. It is not intended to
be exhaustive or to limit the invention to the precise form
disclosed. Many modifications and variations are possible in
light of the above teaching. It is intended that the scope of the
invention not be limited by this detailed description, but by
the claims and the equivalents to the claims.

What is claimed is:

1. An energy absorbing apparatus for protecting a super-
structure from a disruptive force, comprising:

an enclosure with a variable rigidity, the enclosure includ-

ing an adjustor for adjusting the rigidity of the enclosure,
and a first connector for coupling the apparatus to an
upper load-bearing member of the superstructure;
wherein the enclosure further includes:
a layered region including a plurality of layers compris-
ing:
a rigid layer, and
a resilient layer that have a substantially semicircular
cross-section, have substantially the same center,
and have respective ends configured to attach to a
base, wherein the rigid layer acts as a restraining
material for the resilient layer when the disruptive
force is applied to the enclosure; and
wherein the base is coupled to the enclosure, the base
including a second connector for coupling the apparatus
to a lower load-bearing member of a lower structure.

2. The energy absorbing apparatus of claim 1, wherein the
enclosure further includes: a non-layered region comprising
an energy absorbing material, wherein the layered region is
coupled to the base in a manner so as to form a cavity that
substantially envelops the non-layered region.

3. The energy absorbing apparatus of claim 2, further com-
prising a plurality of side plates, wherein said resilient layer is
securely sandwiched between said plurality of side plates to
create a frictional force that is damping to said superstructure
when said disruptive force occurs, and wherein the plurality
of' side plates are coupled to said base.

4. The energy absorbing apparatus of claim 3, wherein said
enclosure is coupled to said upper-load bearing member of
said superstructure near a top portion of said substantially
semicircular cross-section.

5. The energy absorbing apparatus of claim 4, wherein
opposite ends of the enclosure are coupled to said lower
load-bearing member of said lower structure to provide a
constant factor of initial and sliding friction between said
rigid layer and said resilient layer for transferring tension and
shear forces away from said superstructure.

6. The energy absorbing apparatus of claim 5, wherein said
base is made of steel.

7. The energy absorbing apparatus of claim 5, wherein the
enclosure further comprises a nylon layer.

8. The energy absorbing apparatus of claim 5, wherein said
energy absorbing material further comprises a granular mate-
rial, which provides vertical strength and allows for sideways
slip when said disruptive force is applied.

9. The energy absorbing apparatus of claim 5, wherein said
energy absorbing material further comprises a liquid, which
provides vertical strength and allows for sideways slip when
said disruptive force is applied.



US 9,074,368 B2

11

10. The energy absorbing apparatus of claim 9, wherein the
enclosure further comprises a valve to transfer said liquid into
a spring loaded chamber of the enclosure whenever said dis-
ruptive force is applied, said spring loaded chamber having a
spring positioned to push said liquid back into the enclosure
whenever the enclosure is relieved from said disruptive force.

11. An energy absorbing system, comprising:

a lower-load bearing member of a lower structure;

an upper-load bearing member of a superstructure; and

at least one energy absorbing apparatus, wherein said

energy absorbing apparatus comprises:
an enclosure with a variable rigidity, the enclosure
including an adjustor for adjusting the rigidity of the
enclosure, and a first connector for coupling the appa-
ratus to the upper load-bearing member of the super-
structure wherein the enclosure further includes:
a layered region including a plurality of layers compris-
ing:
a rigid layer, and
aresilient layer, that have a substantially semicircular
cross-section, have substantially the same center,
and have respective ends configured to attach to a
base, wherein the rigid layer acts as a restraining
material for the resilient layer when the disruptive
force is applied to the enclosure; and
wherein the base is coupled to the enclosure, the base
including a second connector for coupling the apparatus
to the lower load-bearing member of the lower structure.

12. The system of claim 11, wherein the enclosure further
includes: a non-layered region comprising an energy absorb-
ing material, wherein the layered region is coupled to the base
in a manner so as to form a cavity that substantially envelops
the non-layered region.

13. The system of claim 11, further comprising a plurality
of side plates, wherein said resilient layer is securely sand-
wiched between said plurality of side plates to create a fric-
tional force that is damping to said superstructure when said
disruptive force occurs, and wherein the plurality of side
plates are coupled to said base.
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14. The system of claim 13, wherein said enclosure is
coupled to said upper-load bearing member of said super-
structure near a top portion of said substantially semicircular
cross-section.

15. The system of claim 12, wherein opposite ends of the
enclosure are coupled to said lower load-bearing member of
said lower structure to provide a constant factor of initial and
sliding friction between said rigid layer and said resilient
layer for transferring tension and shear forces away from said
superstructure.

16. The system of claim 15, wherein said base is made of
steel.

17. The system of claim 15, wherein said energy absorbing
material comprises a granular material, which provides ver-
tical strength and allows for sideways slip when said disrup-
tive force is applied.

18. An energy absorbing apparatus for protecting a super-
structure from a disruptive force, comprising:

a base including a first connector for coupling the appara-

tus to a lower-load bearing member of a lower structure;
an enclosure with a variable rigidity coupled to the base in
a manner to form a cavity, the enclosure comprising an
adjustor for adjusting the rigidity of the enclosure, and a
second connector for coupling the apparatus to an upper
load-bearing member of said superstructure; wherein
the enclosure further includes:
a layered region including a plurality of layers compris-
ing:

a rigid layer and a resilient layer, that have a substan-
tially semicircular cross-section, have substantially
the same center, and have respective ends config-
ured to attach to the base, wherein the rigid layer
acts as a restraining material for the resilient layer
when the disruptive force is applied to the enclo-
sure; and

an energy absorbing material within said cavity, the
energy absorbing material including a granular
material, which provides vertical strength and
allows for sideways slip when said disruptive force
is applied.



