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ELONGATE MEMBER REINFORCEMENT WITH A STUDDED COLLAR

RELATED APPLICATION(S)

This application claims priority to U.S. Application No. 15/291,903, filed October

12, 2016, which is incorporated herein by reference.

BACKGROUND

In recent years, fiber reinforced polymer (FRP) composites have emerged as an
alternative to traditional materials for strengthening and rehabilitation of structures. The
light weight of FRP, high-strength to weight ratio, corrosion resistance, and high efficiency
of construction are among many of the advantages which encourage civil engineers to use
this material. FRP composites have been used in the retrofit of bridge columns due to
insufficient capacity or displacement ductility. FRP jackets can provide lateral confinement
to the concrete columns that can substantially enhance their compressive strength and
ultimate axial strain. Due to the increasing need for reinforcement and repair of structures,
research has been carried out to investigate the behavior of FRP-confined concrete
structures.  Although many reinforcing methods result in moderate improvements in
mechanical properties, the costs of such methods tend to outweigh the benefits and increase
in strength. In addition, effective reinforcement and repair methods for structures such as
columns, pipes, and walls with respect to a footing or beam have yet to be developed.

Therefore, methods for reinforcement and repair of such structures continue to be sought.

SUMMARY

It has been recognized that development of improved methods for strengthening or
reinforcing elongate members, such as columns, pipes, and walls, particularly with respect
to a footing, foundation, or beam would be a significant advancement in the industry.
Accordingly, an elongate member reinforcement system is provided. Such a system can
comprise an elongate member, a collar secured about an end portion of the elongate
member, a support layer surrounding the end portion of the elongate member, and a
structural filler disposed between the support layer and the end portion of the elongate

member. The collar can be disposed in the structural filler and can include a structural
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filler interface feature that mechanically couples the collar to the structural filler to
facilitate transferring loads between the elongate member and the structural filler.

In one aspect, a method for reinforcing an elongate member is disclosed. The
method can comprise securing a collar about an end portion of an elongate member. The
method can further comprise disposing a support layer about the end portion of the
elongate member. In addition, the method can comprise disposing a structural filler
between the support layer and the end portion of the elongate member, wherein the collar is
at least partially disposed in the structural filler and a structural filler interface feature of
the collar mechanically couples the collar to the structural filler to facilitate transferring
loads between the elongate member and the structural filler.

There has thus been outlined, rather broadly, the more important features of the
invention so that the detailed description thereof that follows may be better understood, and
so that the present contribution to the art may be better appreciated. Other features of the
present invention will become clearer from the following detailed description of the
invention, taken with the accompanying drawings and claims, or may be learned by the

practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a side view of an elongate member reinforcement system in
accordance with an example of the present disclosure.

FIGS. 2A-2D illustrate steps for constructing the elongate member reinforcement
system of FIG. 1, in accordance with an example of the present disclosure.

FIG. 3 illustrates a side view of an elongate member reinforcement system in
accordance with another example of the present disclosure.

FIG. 4 illustrates a side view of an elongate member reinforcement system in
accordance with yet another example of the present disclosure.

FIG. 5 illustrates a side view of an elongate member reinforcement system in
accordance with still another example of the present disclosure.

FIG. 6A illustrates an end view of a collar and support member configuration in

accordance with an example of the present disclosure.
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FIG. 6B illustrates an end view of a collar and support member configuration in
accordance with another example of the present disclosure.

FIG. 7 illustrates a plan view of an elongate member reinforcement system in
accordance with a further example of the present disclosure.

These drawings are provided to illustrate various aspects of the invention and are
not intended to be limiting of the scope in terms of dimensions, materials, configurations,

arrangements or proportions unless otherwise limited by the claims.

DETAILED DESCRIPTION

While these exemplary embodiments are described in sufficient detail to enable
those skilled in the art to practice the invention, it should be understood that other
embodiments may be realized and that various changes to the invention may be made
without departing from the spirit and scope of the present invention. Thus, the following
more detailed description of the embodiments of the present invention is not intended to
limit the scope of the invention, as claimed, but is presented for purposes of illustration
only and not limitation to describe the features and characteristics of the present invention,
to set forth the best mode of operation of the invention, and to sufficiently enable one
skilled in the art to practice the invention. Accordingly, the scope of the present invention
is to be defined solely by the appended claims.

Definitions

In describing and claiming the present invention, the following terminology will be
used.

As used herein, "cement" as any material which can be used to bind. For example,
concrete can include crushed stone, sand, and a cement. Portland cement is a fired mixture
of limestone and clay which, when hydrated, forms interlocking crystals which bind to the
sand, stone, and one another. Cements can generally be classified as shrink, non-shrink, or
expansive cements. The most commonly used cement for general construction is shrink
cement.

As used herein, "post-tension" refers to tension created or induced in a material

subsequent to formation. For example, post-tensioning of a support layer made of FRP
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occurs after curing of the FRP support layer to create a post-tensioned support layer having
circumferential, or hoop stress.

The singular forms “a,” “an,” and “the” include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a particle” includes reference
to one or more of such materials and reference to “subjecting” refers to one or more such
steps.

As used herein with respect to an identified property or circumstance,
“substantially” refers to a degree of deviation that is sufficiently small so as to not
measurably detract from the identified property or circumstance. The exact degree of
deviation allowable may in some cases depend on the specific context.

As used herein, “adjacent” refers to the proximity of two structures or elements.
Particularly, elements that are identified as being “adjacent” may be either abutting or
connected. Such elements may also be near or close to each other without necessarily
contacting each other. The exact degree of proximity may in some cases depend on the
specific context.

As used herein, a plurality of items, structural elements, compositional elements,
and/or materials may be presented in a common list for convenience. However, these lists
should be construed as though each member of the list is individually identified as a
separate and unique member. Thus, no individual member of such list should be construed
as a de facto equivalent of any other member of the same list solely based on their
presentation in a common group without indications to the contrary.

Concentrations, amounts, and other numerical data may be presented herein in a
range format. It is to be understood that such range format is used merely for convenience
and brevity and should be interpreted flexibly to include not only the numerical values
explicitly recited as the limits of the range, but also to include all the individual numerical
values or sub-ranges encompassed within that range as if each numerical value and sub-
range is explicitly recited. For example, a numerical range of about 1 to about 4.5 should
be interpreted to include not only the explicitly recited limits of 1 to about 4.5, but also to
include individual numerals such as 2, 3, 4, and sub-ranges such as 1 to 3, 2 to 4, etc. The
same principle applies to ranges reciting only one numerical value, such as “less than about

4.5,” which should be interpreted to include all of the above-recited values and ranges.
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Further, such an interpretation should apply regardless of the breadth of the range or the
characteristic being described.

Any steps recited in any method or process claims may be executed in any order
and are not limited to the order presented in the claims. Means-plus-function or step-plus-
function limitations will only be employed where for a specific claim limitation all of the
following conditions are present in that limitation: a) “means for” or “step for” is expressly
recited; and b) a corresponding function is expressly recited. The structure, material or acts
that support the means-plus function are expressly recited in the description herein.
Accordingly, the scope of the invention should be determined solely by the appended
claims and their legal equivalents, rather than by the descriptions and examples given
herein.

With reference to FIG. 1, a side view of an elongate member reinforcement system
100 1s illustrated in accordance with an example of the present disclosure. The elongate
member reinforcement system 100 can include an elongate member 110 and a base
structure 120 associated with an end of the elongate member 110. Typically, the elongate
member 110 will extend from the base structure 120 in a longitudinal direction 102 parallel
to a longitudinal axis of the elongate member 110. The elongate member 110 can include a
column, pipe, pile, tube, bollard, etc. and the base structure 120 associated with the end of
the elongate member 110 can include a footing, a foundation, a floor, a capping, a cap
beam, a truss, etc. In one aspect, the elongate member 110 can be a column that supports a
bridge, freeway, etc. and used with a footing and/or a capping. The elongate member 110
can have any cross-sectional shape (i.e., round or square cross-section) or other
configuration (i.e., a flange) and can be designed for any purpose, such as a structural
component of a building and/or as a fluid conveying element. The elongate member 110
can be of any suitable size or proportion. Typically, the elongate member 110 will have a
diameter 112 of between about 10 inches and about 60 inches, although diameters outside
of this range are also contemplated. In one aspect, the diameter 112 can be greater than or
equal to 2 feet. In addition, the elongate member 110 and/or the base structure 120 can be
constructed of any suitable material, such as concrete, steel, wood, plastic, masonry, etc. In
another aspect, the base structure 120 can be at least partially submerged in water or can be

at least partially underground.
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The elongate member reinforcement system 100 can also include a collar 130
secured about an end portion 111 of the elongate member 110 and one or more support
members 140a, 140b coupled to the base structure 120. The reinforcement system 100 can
further include a support layer 150 surrounding and longitudinally overlapping (i.e., in the
longitudinal direction 102) the end portion 111 of the elongate member 110. The support
layer 150 can define a space between the support layer 150 and the end portion 111 of the
elongate member 110. Additionally, the reinforcement system 100 can include a structural
filler 160 (e.g., a structural grout) disposed in the space between the support layer 150 and
the elongate member 110 (e.g., about the end portion 111). Typically, the structural filler
160 is in contact with the end portion 111 of the elongate member 110, the collar 130, the
support member 140a, 140b, and the support layer 150.

The collar 130 can be disposed in the structural filler 160 and can include a
structural filler interface feature 131a, 131b that mechanically couples the collar 130 to the
structural filler 160 to facilitate transferring loads between the elongate member 110 and
the structural filler 160. The structural filler interface feature 131a, 131b can comprise one
or more protrusions (e.g., studs) extending into or embedded within the structural filler 160.
In one aspect, the structural filler interface feature 131a, 131b can include a head portion
132a, 132b and a stem portion 133a, 133b. A size or dimension 104a of the head portion
132a, 132b can be greater than a size or dimension 104b of the stem portion 133a, 133b to
facilitate mechanically coupling or bonding the structural filler interface feature 131a, 131b
(i.e., the collar 130) with the structural filler 160. In one aspect, the structural filler
interface feature 131a, 131b can include surface features or geometry configured to
enhance friction with the structural filler 160, such as that typically found on rebar, to
facilitate mechanically coupling or bonding the structural filler interface feature 131a, 131b
(i.e., the collar 130) with the structural filler 160.

The collar 130 can also have a band 134 that is proximate the elongate member 110.
The structural filler interface feature 131a, 131b can extend away from the band 134 into
the structural filler 160. Although the structural filler interface feature 131a, 131b is
illustrated as extending perpendicular relative to the band 134, it should be recognized that
the structural filler interface feature 131a, 131b can extend from the band 134 at any

suitable angle. The band 134 and the structural filler interface feature 131a, 131b can be
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constructed of any suitable material, such as steel. In one aspect, the band 134 can be in
tension about the elongate member 110. Further, the band 134 can fully circumscribe the
elongate member. Typically, the band 134 can be oriented in intimate physical contact with
the elongate member. The band can be placed during formation of the elongate member in
one example. Alternatively, the band 134 can be placed in tension about the elongate
member 110 in any suitable manner, such as by welding the band 134 about the elongate
member 110. Thus, the band 134 can be constructed of any suitable material that can be
welded, such as at least partially constructed of steel. The collar 130 and its components
can have any suitable dimension. In one aspect, a radial length 105 of the structural filler
interface feature 131a, 131b can be from about 0.5% to about 25.0% of the diameter 112 of
the elongate member 110. Similarly, a diameter of the structural interface features 131a,
131b can typically range from about 0.4 to about 2 inches depending on the elongate
member diameter 112 and expected loads. In another aspect, a height 106 of the collar 130
can be from about 5.0% to about 30.0% of the diameter 112 of the elongate member 110,
and in some cases 5.0% to 23.0%.

The support member 140a, 140b can be coupled to the base structure 120 and
laterally offset 141 from the elongate member 110. In addition, the support member 140a,
140b can extend about the end portion 111 of the elongate member 110 into the structural
filler 160 between the support layer 150 and the elongate member 110. The support layer
150 can surround the end portion 111 of the elongate member 110 such that at least a
portion of the support member 140a, 140b is between the support layer 150 and the
elongate member 110. In one aspect, the support member 140a, 140b, the support layer
150, and/or the structural filler 160 can longitudinally “lap” (e.g., overlap) or project
beyond the end portion 111 of the elongate member 110 in the longitudinal direction 102 to
provide structural support for the elongate member 110. Thus, a load, such as a force 103a
and/or a moment 103b, tending to cause relative movement of the end portion 111 of the
elongate member 110 and the base structure 120 can be transferred through the collar 130,
the structural filler 160, and the support member 140a, 140b to provide support for the
elongate member 110 (e.g., the end portion 111). Thus, in one aspect, a studded collar can
be associated with an elongate member to reinforce or enhance an interface or coupling

between the structural filler and the elongate member. The support layer 150 can be
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disposed about the structural filler 160 to provide reinforcement and maintain the structural
integrity of the structural filler 160. The load can be an externally applied load and/or a
load internal to the elongate member 110 and/or the base structure 120. In one aspect, at
least a portion of the load can be produced by a seismic event, an explosion (e.g. from a
terrorist attack or accident), an impact (i.e., from a vehicle), and/or wind (e.g., from a
hurricane or tornado). Thus, the reinforcement system 100 can protect the elongate
member 110 and the base structure 120 from an extreme loading event.

The reinforcement system concepts and elements disclosed herein can be applied
to new construction, retrofitted to existing construction, or utilized for repair or
rehabilitation of a damaged structure (e.g., columns in support of bridges, freeways, etc.),
such as due to corrosion or excessive loading. In some embodiments, the elongate
member 110 can be coupled to the base structure 120 independent of the support member
140a, 140b, the support layer 150, and the structural filler 160, such as via rebar (not
shown) internal to the elongate member extending into the base structure 120 and/or by
being integrally formed with one another. In other words, the elongate member 110 is
directly coupled to the base structure 120. In these cases, the support member 140a, 140b,
the support layer 150, and the structural filler 160 can protect the connection and increase
the stiffness of the elongate member 110, thereby improving the resistance of the
connection to loads. In other embodiments, the elongate member 110 can simply be in
contact with the base structure 120, such as by resting on the base structure 120. In other
words, the reinforcement system 100 can allow no direct connection or coupling between
the elongate member 110 and the base structure 120. Instead, a connection or coupling is
made via the collar 130, the structural filler 160, and the support member 140a, 140b into
the base structure 120. Thus, in some embodiments, the elongate member 110 is only
coupled to the base structure 120 via the collar 130, the structural filler 160, and the
support member 140a, 140b. In such cases, the collar 130, the support member 140a,
140b, the structural filler 160, and the support layer 150 can form or establish a connection
between the elongate member 110 and the base structure 120 that has sufficient stiffness
and strength to withstand a given loading event. For example, the collar 130, the support
member 140a, 140b, the structural filler 160, and the support layer 150 can transfer tension

(i.e., resulting from a moment load) between the elongate member 110 and the base
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structure 120. Thus, a bending load acting on the elongate member 110 can be transferred
through the collar 130, the structural filler 160, and the support member 140a, 140b to the
base structure 120.

As mentioned above, the support member 140a, 140b can be coupled to (e.g.,
extend into) the base structure 120 and, along with the support layer 150 and the structural
filler 160, can provide support for the elongate member 110. In one aspect, the support
member 140a, 140b can be configured, primarily, to withstand a tensile load. Accordingly,
the support member 140a, 140b can be of any suitable configuration for this purpose. For
example, the support member 140a, 140b can comprise a dowel, a bar, a cable, a wire,
and/or any other suitable feature or structure for withstanding a tensile load. In one aspect,
the support member 140a, 140b can be constructed of carbon, fiberglass, FRP, steel, or any
other suitable structural material for a support member as disclosed herein. In another
aspect, the support member 140a, 140b can be configured to mechanically couple or bond
with the structural filler 160. For example, the support member 140a, 140b can comprise a
head portion 142a, 142b and a stem portion 143a, 143b, respectively. A size or dimension
107a of the head portion 142a, 142b can be greater than a size or dimension 107b of the
stem portion 143a (e.g., in a lateral direction), 143b to facilitate mechanically coupling or
bonding the support member 140a, 140b with the structural filler 160. In one aspect, the
support member 140a, 140b can include surface features or geometry configured to
enhance friction with the structural filler 160, such as that typically found on rebar, to
facilitate mechanically coupling or bonding the support member 140a, 140b with the
structural filler 160.

The support layer 150 can be disposed about the structural filler 160 and the support
member 140a, 140b to provide confinement compression for the structural filler 160 to
maintain the structural integrity of the structural filler 160 about the elongate member 110
and the support member 140a, 140b. Accordingly, the support layer 150 can be configured
to be in tension and, in particular, to withstand a hoop stress. In one aspect, the support
layer 150 can comprise FRP material, which can comprise a fiber and polymeric matrix.
The fiber can comprise a glass fiber, a carbon fiber, and/or an aramid fiber, although other
fiber materials can also be used. Any suitable FRP material can be used that includes a

fiber material and a polymeric matrix. Non-limiting examples of commercial products can
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include SikaWrap®, Aquawrap®, and the like. FRP material can enable the support layer
150 to be semi-rigid and elastically deformable. In one aspect, the support layer 150 can be
configured to have a hoop stress along the fiber reinforced polymer material. The support
layer 150 can be constructed of sheet material and can include one or more overlapping
sheets and/or non-overlapping sheets. The support layer 150 can also comprise materials
such as, but not limited to, a wire mesh, steel, aluminum, wire mesh cardboard, or plastic in
certain cases. When an interior support layer is used, any suitable preformed formwork can
be acceptable. Steel or close gridded wire mesh can be used in most applications where
corrosion is not a concern. Alternatively, FRP is particularly useful where corrosion is of
concern.

The support layer 150 can be of any suitable cross-sectional shape, which may be
selected according to space constraints, mechanical properties, structural properties, and/or
aesthetic properties. In one aspect, the support layer 150 can have a cross sectional shape
similar to the cross sectional shape of the elongate member 110. Alternatively, a support
layer 150 can have a cross sectional shape that is different from the cross sectional shape of
elongate member 110. For example, the support layer 150 can have a circular cross
sectional shape and the elongate member 110 can have a square cross-sectional shape. In
another example, the elongate member 110 can have a rectangular cross sectional shape
and the support layer 150 can have an elliptical cross sectional shape.

The support layer 150 can also define certain dimensions of the reinforcement
system 100. For example, the support layer 150 can establish a diameter 151 and the
height 152 of the reinforcement system 100 about the elongate member 110. Typically, the
support layer 150 will have a diameter 151 of between about 10 inches and about 60 inches
and a height 152 of between about 12 inches and about 48 inches, although dimensions
outside of these ranges are also contemplated.

The structural filler 160 can include an expansive cement, conventional shrink
cement, and/or a non-shrink cement. A typical unstressed FRP composite jacket does not
participate in the confinement of concrete until the concrete starts expanding, which usually
involves at least partial failure of the concrete and/or softening of the concrete. In one
aspect of the present disclosure, however, an expansive concrete can be advantageously

used between the support layer 150 and the elongate member 110 in order to post-tension

10
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the support layer 150 circumferentially and improve confinement of the elongate member
110 structural material. Thus, in a new construction, for example, expansive concrete can
post-tension the support layer 150 in the hoop direction prior to application of vertical or
axial loading to the elongate member 110. In another aspect, expansive concrete can fix
the elongate member 110 in place with shear friction. A shrinkage compensated or non-
shrinkage cement or concrete can also be used as the structural filler 160. A structural
grout can be used as the grout to make non-shrink concrete. Alternatively, conventional
shrink cement can be used, especially when relatively smaller diameters are used and
where spiral reinforcing is used.

FIGS. 2A-2D illustrate steps for constructing the elongate member reinforcement
system 100 of FIG. 1, in accordance with an example of the present disclosure. FIG. 2A
shows an end of the elongate member 110 associated with the base structure 120. The
elongate member 110 can simply be in contact with the base structure 120 or coupled to the
base structure 120, such as via rebar (not shown) internal to the elongate member extending
into the base structure 120 and/or by being integrally formed with one another. In this
condition, the elongate member 110 may not be able to withstand various loading scenarios
and may benefit from reinforcement. Thus, features of the reinforcement system 100 can
be included to bolster the elongate member 110. Specifically, the collar 130 can be secured
about the end portion 111 of the elongate member 110. The collar 130 can be secured to
the elongate member 110 in any suitable manner. For example, the collar 130 can be put in
tension about the elongate member 110 (e.g., by welding the collar 130 about the elongate
member 110) or integrally coupled with the elongate member 110, such as via disposing an
inwardly extending elongate member interface feature 135 (e.g., a protrusion) in the
elongate member 110. For new construction, the collar 130 can be integrated with the
elongate member 110 at the formation stage of the elongate member 10, such as by forming
the elongate member 110 about the elongate member interface feature 135 such that the
elongate member interface feature 135 is embedded in the elongate member 110 (e.g,
inwardly oriented protrusions embedded in a cast column).

In some embodiments, as shown in FIG. 2B, the support member 140a, 140b can be
coupled to the base structure 120 such that the support member 140a, 140b is laterally

offset from the elongate member 110 and extends about the end portion 111 of the elongate
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member 110. The support member 140a, 140b can be coupled to the base structure 120 in
any suitable manner, such as by extending the support member 140a, 140b into the base
structure 120 (e.g., drilling a hole in the base structure 120 and bonding the support
member 140a, 140b in the hole), or by forming base structure 120 about a portion of the
support member 140a, 140b (e.g., in a new construction). The support member 140a, 140b
and the collar 130 can have any suitable relationship relative to one another. In one aspect,
the support member 140a, 140b can extend a distance 108 from the base structure 120
greater than a distance 109 of the structural filler interface feature 131a, 131b of the collar
130 from the base structure 120, as illustrated. It should be recognized that any suitable
distance relationship of the collar 130 and the support member 140a, 140b extending from
the base structure 120 can be employed. For example, the distances 108, 109 can be equal
or the distance 109 can be greater than the distance 108.

As shown in FIG. 2C, the support layer 150 can be disposed about the end portion
111 of the elongate member 110. For example, the collar 130 and the support member
140a, 140b can be at least partially disposed between the support layer 150 and the
elongate member 110. In one aspect, the support layer 150 can be premade in an oval,
cylindrical, or other shape, and used as a stay-in-place form. In another aspect, the support
layer 150 can be spliced around the elongate member 110 and/or constructed in-situ around
the elongate member 110. A lateral gap 113 between the support layer 150 and the
elongate member 110 can depend on the dimensions of the elongate member 110 as well as
the size of the support member 140a, 140b, but is typically at least 4 inches. With the
support layer 150 around the elongate member 110, the collar 130, and the support member
140a, 140b, there is a space 114 between the support layer 150 and the elongate member
110. In one aspect, the support layer 150 can be located adjacent to, or “flush” with, the
support base structure 120. This can prevent or minimize leakage of the structural filler
160 between the support layer 150 and the base structure 120 when the structural filler 160
is deposited or disposed in the space 114 between the support layer 150 and the end portion
of the elongate member 110, as shown in FIG. 2D. In one aspect, the collar 130 can be at
least partially disposed in the structural filler 160, such that the structural filler interface

feature 131a, 131b of the collar 130 can mechanically couple the collar 130 to the structural
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filler 160 to facilitate transferring loads between the elongate member 110 and the
structural filler 160.

In some embodiments, an expansive concrete can be disposed between the support
layer 150 and the elongate member 110 to post-tension the support layer 150
circumferentially and improve confinement of the elongate member 110 structural material
and/or fix the elongate member 110 in place with shear friction. When using a shrinkage
compensated or non-shrinkage cement or concrete as the structural filler 160, the non-
shrinkage concrete can be placed into a premade support layer about the elongate member
110 and the support members 140a, 140b. Once the aging of the concrete is stable, the
support layer 150 can be wrapped around the structural filler 160 using a wet lay-up
process.

In one aspect, the support layer 150 can comprise at least two pieces that can be
placed around the elongate member 110 to form the support layer 150. This can be
achieved by separating the support layer 150 into two pieces and placing the two pieces
around the elongate member 110 to form the support layer 150. To reinforce an elongate
member 110, it may be necessary to separate the support layer 150 longitudinally into a
first piece and a second piece. The first piece and second piece can then be placed around
the elongate member 110 to reform the support layer 150, leaving the open space 114
between the elongate member 110 and the support layer 150.

In a particular aspect, once the first piece and second piece have been placed
around the elongate member 110 they can be coupled to one another with an adhesive or
spliced with a vertical FRP composite strip along each seam between the first piece and
second piece so as to form a unitary support layer 150. In one aspect, after the first and
second piece of the support layer 150 have been spliced with a vertical FRP composite
strip, additional FRP material may be wrapped around the support layer 150. Typically
the wrapping can be done with a single continuous sheet. However, multiple sheets can be
wrapped in a wet lay-up process followed by curing of the polymer resin. The number of
layers will typically range from 1 to about 14 additional layers. Additional sheets can
provide auxiliary reinforcement to the elongated element, and can be applied to exterior
surfaces of the element, inside the support layer. In additional to doweling to the footing,

such additional layers can move the yielding zone away from the interface.
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In one aspect, FRP materials can be placed along a longitudinal axis of the
elongate member 110 in direct contact with the elongate member 110, either during or
after formation of the FRP shell, for increased flexural resistance of the elongate member
110, if required.

Many applications will call for a FRP support layer 150 that is pre-manufactured.
However, many applications will require manufacture of the support layer 150. In these
applications, a mold can be prepared in order to form the FRP support layer 150. A mold
can be prepared to correspond with a desired final shape of the elongate member 110. A
mold is not necessarily the same shape as the elongate member 110. Frequently, a
rectangular or square elongate member 110 can be modified to produce a circular or
elliptical elongate member 110 of slightly larger width.

Once the mold has been prepared, the mold can be wrapped with at least one layer
of FRP material to form the support layer 150. The mold can then be removed leaving the
support layer 150 as an independent structure. Typically, the wrapping can be done with a
single continuous sheet. However, multiple sheets can be wrapped in a wet lay-up process
followed by curing of the polymer resin. The sheets may be cut to a desired size or as
lengths of fiber strands, which can be wrapped and/or laid as desired to form a particular
shape. Most often, the number of layers can range from 1 to about 14 additional layers.

Wrapping of the mold may include a wet layup of resin coated fibers followed by a
curing of the resin. Once the resin has cured, the support layer 150 can be divided
longitudinally into at least a first piece and a second piece so that it can be used in
applications that require retrofitting elongate member 110.

In one aspect, support layer 150 materials can be “pre-preg” and/or “pre-cured.” In
another aspect, the resin or epoxy used can be configured to be activated to cure at an
ambient temperature or to cure at an elevated temperature.

FIG. 3 illustrates a side view of an elongate member reinforcement system 200 in
accordance with another example of the present disclosure. The elongate member
reinforcement system 200 is similar in many respects to the elongate member
reinforcement system 100 of FIG. 1. For example, the elongate member reinforcement
system 200 can include an elongate member 210, a base structure 220 associated with an

end of the elongate member 210, a collar 230 secured about an end portion 211 of the
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elongate member 210, one or more support members 240a, 240b coupled to the base
structure 220, a support layer 250 surrounding the end portion 211 of the elongate member
210, and a structural filler 260 disposed between the support layer 250 and the elongate
member 210. In this case, the end of the elongate member 210 is an upper end. Thus, the
base structure 220 associated with the end of the elongate member 210 can comprise a cap
beam, truss, etc. In one aspect, both the upper and lower ends of the elongate member 210
can be reinforced in accordance with the principles disclosed herein.

The elongate member reinforcement system 200 can include a retaining member
270 to retain and support the structural filler 260 as it cures and solidifies. The retaining
member 270 can include an access opening 271 to facilitate disposing the structural filler
between the support layer 250 and the elongate member 210, after which the access
opening can be closed or plugged to prevent leakage of the structural filler 260 prior to
solidification. Although a wide variety of materials may be used, the retaining member can
be made of FRP, steel, wood or plastic, and can bond to the adjacent support layer to
contain the filler material.

The collar 230 includes structural filler interface features 231a, 231a’, 231b, 231b’,
which can be disposed in any suitable configuration about the collar 230. In this
embodiment, multiple structural filler interface features are arranged or spaced in a
longitudinal direction 202 of the elongate member 210. For example, the structural filler
interface features 231a, 231a’ are spaced longitudinally from one another, and the
structural filler interface features 231b, 231b’ are spaced longitudinally from one another.
In addition, the structural filler interface features 231a, 231a’, 231b, 231b’ are illustrated
without heads. In one aspect, the structural filler interface features 231a, 231a’, 231b,
231b’ can have a substantially constant diameter along their longitudinal axes. For
example, the structural filler interface features 231a, 231a’, 231b, 231b’ can be rebar studs,
which can have surface textures or recesses to capture a portion of the structural filler 260
to mechanically couple or bond the structural filler interface features 231a, 231a’, 231b,
231b’ with the structural filler 260. Alternatively, the structural filler interface features may
have a tapered shape such that distal ends remote from the collar have a larger cross-section
and diameter than proximate ends. In such cases, tapering of the interface features can most

often range from a 1° to 20° off a longitudinal axis of the interface feature.
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The elongate member reinforcement system 200 also includes support members
240a, 240b without heads. In one aspect, the support members 240a, 240b can have a
substantially constant diameter along a longitudinal axis. For example, the support
members 240a, 240b can be rebar, which can have surface textures or recesses to capture a
portion of the structural filler 260 to mechanically couple or bond the support member
240a, 240b with the structural filler 260.

FIG. 4 illustrates a side view of an elongate member reinforcement system 300 in
accordance with yet another example of the present disclosure. The elongate member
reinforcement system 300 is similar in many respects to the elongate member
reinforcement systems discussed above. For example, the elongate member reinforcement
system 300 can include an elongate member 310, a base structure 320 associated with an
end of the elongate member 310, a collar 330 secured about an end portion 311 of the
elongate member 310, one or more support members 340a, 340b coupled to the base
structure 320, a support layer 350 surrounding the end portion 311 of the elongate member
310, and a structural filler 360 disposed between the support layer 350 and the elongate
member 310.

In this case, the collar 330 (shown in cross-section) includes an elongate member
interface feature 335a, 335b that secures the collar 330 to the elongate member 310. For
example, the elongate member interface feature 335a, 335b can comprise a protrusion or
stud extending into the elongate member 310, which can integrate the collar 330 with the
elongate member 310. The elongate member interface feature 335a, 335b can extend
inwardly from a band 334 of the collar 330 to engage the elongate member 310, and a
structural filler interface feature 331a, 331b can extend outwardly from the band 334 to
engage the structural filler 360. The elongate member interface feature 335a, 335b can be
particularly beneficial when used with a new construction, for example, with the elongate
member interface feature 335a, 335b embedded in a cast column.

In one aspect, the elongate member interface feature 335a, 335b can include a head
portion 336a, 336b and a stem portion 337a, 337b. A size or dimension 338a of the head
portion 336a, 336b can be greater than a size or dimension 338b of the stem portion 337a,
337b to facilitate mechanically coupling or bonding the elongate member interface feature

335a, 335b (i.e., the collar 330) with the elongate member 310. In one aspect, the elongate

16



10

15

20

25

30

WO 2018/071690 PCT/US2017/056369

member interface feature 335a, 335b can include surface features or geometry configured
to enhance friction with the elongate member 310, such as that typically found on rebar, to
facilitate mechanically coupling or bonding the elongate member interface feature 335a,
335b (i.e., the collar 330) with the elongate member 310. As mentioned above, the collar
330 and its components can have any suitable dimension. In one aspect, a radial length 339
of the elongate member interface feature 335a, 335b can be from about 5.0% to about
25.0% of a diameter 312 of the elongate member 310.

In some embodiments, the elongate member 310 can comprise concrete having one
or more reinforcement members 317a, 317b embedded in the concrete. The reinforcement
members 317a, 317b can be any suitable reinforcement member, such as rebar, headed
studs, and/or U-shaped steel dowels. Heads 318, 319 can facilitate putting the
reinforcement member 317a in tension during dynamic loading (e.g., earthquakes). In one
aspect, the reinforcement member 317b extends into the base structure 320 to directly
couple the elongate member 310 to the base structure 320. In another aspect, the
reinforcement member 317a may not contact the base structure 320 directly, but instead be
contained fully within the elongate member 310. In this case, the elongate member 310 is
indirectly coupled to the base structure 320 via the collar 330, the structural filler 360, and
the support members 340a, 340b. The support members 340a, 340b can be coupled to the
base structure 320 in any suitable manner. For example, end portions 345a, 345b of the
support members 340a, 340b can be angled or bent to provide mechanical interference
preventing or inhibiting removal of the support members 340a, 340b from the base
structure 320.

In addition, the elongate member reinforcement system 300 includes a support layer
351 between the support layer 350 and the elongate member 310. In one aspect, a first
portion of the structural filler 360 can be disposed between the support layer 351 and the
elongate member 310 and a second portion of the structural filler 360 can be disposed
between the support layer 350 and the support layer 351. In other words, multiple support
layers 350, 351 can be formed around the end portion 311 of the elongate member 310 with
a gap 315 between them. The gap 315 and a gap 316 between the support layer 351 and
the elongate member 310 can be filled with structural filler 360. In one aspect, the support

layer 350 can be proximate the support members 340a, 340b. In another optional aspect,
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the support members 340a, 340b can include a spiral reinforcement 346a, 346b,
respectively, wound around the support members. Such spiral reinforcement can typically
be steel or FRP, although other materials may also be suitable. For example, support layer
350 can be FRP, steel wood, etc. and while support layer 351 can be steel mesh, steel
spiral, FRP mesh, or FRP spiral.

FIG. 5 illustrates a side view of an elongate member reinforcement system 400 in
accordance with still another example of the present disclosure. The elongate member
reinforcement system 400 is similar in many respects to the elongate member
reinforcement systems discussed above. For example, the elongate member reinforcement
system 400 can include an elongate member 410, a base structure 420 associated with an
end of the elongate member 410, a collar 430 secured about an end portion 411 of the
elongate member 410, one or more support members 440a, 440b coupled to the base
structure 420, a support layer 450 surrounding the end portion 411 of the elongate member
410, and a structural filler 460 disposed between the support layer 450 and the elongate
member 410. In this case, the elongate member 410 includes one or more reinforcement
members 417a, 417b, such as steel reinforcement or rebar. In one aspect, the reinforcement
member 417a, 417b can be exposed to the structural filler 460. Thus exposed, the
reinforcement member 417a, 417b can mechanically couple or bond with the structural
filler 460, thereby improving the coupling of the structural filler 460 to the elongate
member 410. Such exposure of the reinforcement member 417a, 417b can be due to
erosion of the elongate member 410, loading damage, and/or due to intentional removal of
material from the elongate member 410 to prepare the elongate member 410 prior to
reinforcement. The elongate member reinforcement system 400 can therefore be effective
even when the reinforcement member 417a, 417b is debonded or broken.

FIGS. 6A and 6B illustrate end views of collar and support member configurations
in accordance with several examples of the present disclosure. Other features and
components of an elongate member reinforcement system, such as an elongate member,
structural filler, and a support layer, have been omitted for clarity. FIG. 6A shows a collar
530 having a band 534 with multiple structural filler interface features 531a-f extending
outwardly from the band 534 and multiple elongate member interface features 535a-d

extending inwardly from the band 534. In one aspect, the collar 530 can include at least
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three structural filler interface features and/or at least three elongate member interface
features, although any suitable number of each component can be utilized. Multiple
support members 540a-f are located about an exterior of the collar 530.

As illustrated, the band 534 has an octagonal shape, although a band can have any
suitable shape to fit a given elongate member or column. The structural filler interface
features 53 1a-f and the elongate member interface features 535a-d can be distributed in any
suitable manner about a circumference of the collar 530 (i.e., about the band 534). For
example, structural filler interface features 531a-b and 531c-d are arranged in pairs that
extend from opposite sides of the band 534. The structural filler interface features 531e
and 531f are arranged individually such that single structural filler interface features extend
from opposite sides of the band 534 orthogonal to the arrangement of opposite structural
filler interface feature pairs 531a-b and 531c-d. In addition, the elongate member interface
features 535a-d are arranged individually and extend from the same sides of the band 534
occupied by the structural filler interface features 531a-f. This arrangement locates
structural filler interface features and elongate member interface features on four sides of
the band 534 while leaving four sides of the band 534 vacant. It should be recognized that
some embodiments do not include elongate member interface features.

The support members 540a-f are arranged individually about six sides of the band
534. A single support member 540a is disposed between the two of the structural filler
interface features 531a-b on one side of the band 534, and a single support member 540b is
disposed between the two of the structural filler interface features 531c-d on the opposite
side of the band 534. Such interlocking or intermingling of support members and structural
filler interface features can “tie” these components together and therefore enhance the
ability of a reinforcement system to transfer loads between an elongate member and a base
structure. The other four support member 540c-f are located proximate the vacant sides of
the band.

FIG. 6B shows a collar 630 having a band 634 with multiple structural filler
interface features 631a-l extending outwardly from the band 634 and multiple elongate
member interface features 635a-h extending inwardly from the band 634. Multiple support

members 640a-1 are located about an exterior of the collar 630.
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The band 634 in this example has an octagonal shape, although any suitable shape
can be utilized. The structural filler interface features 631a-1 and the elongate member
interface features 635a-h can be distributed in any suitable manner about a circumference
of the collar 630 (i.e., about the band 634). For example, structural filler interface features
631a-b and 631c-d are arranged in pairs that extend from opposite sides of the band 634,
and structural filler interface features 631e-f and 631g-h are arranged in pairs that extend
from opposite sides of the band 634. The opposite structural filler interface feature pairs
631a-b and 631c-d are orthogonal to the of opposite structural filler interface feature pairs
631e-f and 631g-h. The structural filler interface features 6311 and 631j are arranged
individually such that single structural filler interface features extend from opposite sides
of the band 634, and the structural filler interface features 631k and 6311 are arranged
individually such that single structural filler interface features extend from opposite sides
of the band 634 orthogonal to the arrangement of opposite structural filler interface feature
6311 and 631j. In addition, the elongate member interface features 635a-h are arranged in
pairs and extend from the same sides of the band 634 occupied by the individual structural
filler interface features 631i-1. This arrangement locates structural filler interface features
on all eight sides of the band 534 and elongate member interface features on four sides of
the band 634. It should be recognized that some embodiments do not include elongate
member interface features.

The support members 640a-1 are arranged individually about four sides of the band
634, and in pairs about the other four sides of the band 634. Single or individual support
members 640a, 640b, 640c, 640d are disposed between the pairs of structural filler
interface features 631a-b, 631c-d, 631e-f, 631g-h, respectively. The single or individual
structural filler interface features 6311, 631j, 631k, 6311 are disposed between pairs of
support members 640e-f, 640g-h, 640i-j, 640k-1, respectively. The support members and
structural filler interface features are therefore intermingled on all sides of the band 634.
Such interlocking or intermingling of support members and structural filler interface
features can “tie” these components together and therefore enhance the ability of a
reinforcement system to transfer loads between an elongate member and a base structure.

In some embodiments, reinforcement members within an elongate member or

column can be disposed between elongate member interface features to intermingle and
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“tie” these components together and therefore enhance the strength of the elongate
member. For example, single or individual reinforcement members 617a, 617b, 617¢, 617d
can be disposed between the pairs of elongate member interface features 640a-b, 640c-d,
640e-f, 640g-h, respectively.

FIG. 7 illustrates a plan view of an elongate member reinforcement system 700 in
accordance with a further example of the present disclosure. The elongate member
reinforcement system 700 includes several similarities with the elongate member
reinforcement systems discussed above. For example, the elongate member reinforcement
system 700 can include an elongate member 710, a base structure 720 and/or vertical axial
loads associated with an end of the elongate member 710, one or more support members
740a, 740b coupled to the base structure 720, a support layer 750 surrounding an end
portion 711 of the elongate member 710, and a structural filler 760 disposed between the
support layer 750 and the elongate member 710. In this case, the elongate member
comprises a wall, such as a shear wall. The reinforcement system 700 can be configured to
provide increased resistance to loads in direction 703. In one aspect, the end portion 711 of
the wall 710 can comprise a lower end portion and/or a side end portion of the wall 710. In
addition, the support layer 750 is attached to the wall 710. The support layer 750 can be
attached to the wall 710 by any suitable means, such as a bolt 782, drilled anchor, FRP
anchor, or other fastener. The bolt 782 or anchor can be discontinuous as illustrated, or can
be continuous as a single member extending through the thickness of the wall. A
reinforcement member 718 can be coupled to the wall 710 and configured to extend from
the wall 710. In one aspect, the reinforcement member 718 can include a head feature to
improve the coupling with the structural filler 760. The support member 740b can be
surrounded by an internal support structure 790, such as a spiral or hoop formed of steel or
FRP. Any suitable number of support members 740a, 740b can be utilized in any suitable
arrangement or configuration. Furthermore, the end of member 710 which contacts filler
760 can be shaped or grooved to increase bonding and interaction with the filler 760.

In any of the above configurations, the structural filler can optionally further
comprise an embedded reinforcement such as, but not limited to, rebar, welded wire fabric,

fiber reinforced concrete, and the like. In the case of rebar and welded fabric, the
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reinforcement can be oriented throughout a height of the structural filler and can be
oriented in at least one of horizontal and circumferential directions.

The foregoing detailed description describes the invention with reference to specific
exemplary embodiments. However, it will be appreciated that various modifications and
changes can be made without departing from the scope of the present invention as set forth
in the appended claims. The detailed description and accompanying drawings are to be
regarded as merely illustrative, rather than as restrictive, and all such modifications or
changes, if any, are intended to fall within the scope of the present invention as described

and set forth herein.
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CLAIMS

What is claimed is:
1. An elongate member reinforcement system, comprising:

an elongate member;

a collar secured about an end portion of the elongate member;

a support layer surrounding the end portion of the elongate member; and

a structural filler disposed between the support layer and the end portion of the
elongate member,

wherein the collar is disposed in the structural filler and includes a structural filler
interface feature that mechanically couples the collar to the structural filler to facilitate

transferring loads between the elongate member and the structural filler.

2. The system of claim 1, wherein the structural filler interface feature comprises a
protrusion extending into the structural filler, wherein the protrusion optionally further

comprises a head portion and a stem portion.

3. The system of claim 1, wherein the structural filler interface feature comprises a
plurality of structural filler interface features distributed about a circumference of the

collar.

4. The system of claim 1, wherein the structural filler interface feature comprises at

least three structural filler interface features.

5. The system of claim 1, wherein the collar comprises a band proximate the elongate
member, wherein optionally the structural filler interface feature extends away from the
band into the structural filler, and further optionally the band is in tension about the

elongate member.

6. The system of claim 1, wherein the collar comprises an elongate member interface

feature that secures the collar to the elongate member.
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7. The system of claim 6, wherein the elongate member interface feature comprises a

protrusion extending into the elongate member.

8. The system of claim 6, wherein the elongate member interface feature comprises a
plurality of elongate member interface features distributed about a circumference of the

collar.

9. The system of claim 6, wherein the elongate member interface feature comprises at

least three elongate member interface features.

10. The system of claim 6, wherein a radial length of the elongate member interface

feature is from about 5.0% to about 25.0% of a diameter of the elongate member.

11. The system of claim 1, further comprising a base structure associated with an end of

the elongate member.

12. The system of claim 11, further comprising a support member coupled to the base
structure, the support member being laterally offset from the elongate member and
extending about the end portion of the elongate member into the structural filler between
the support layer and the elongate member, wherein a load tending to cause relative
movement of the end portion of the elongate member and the base structure is transferred
through the collar, the structural filler, and the support member to provide support for the

elongate member.

13. The system of claim 12, wherein the elongate member is only coupled to the base

structure via the collar, the structural filler, and the support member.
14.  The system of claim 12, wherein the structural filler interface feature comprises a

plurality of structural filler interface features and the support member is disposed between

at least two of the structural filler interface features.
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15. The system of claim 11, wherein the elongate member comprises concrete having a

reinforcement member embedded therein.

16.  The system of claim 15, wherein the reinforcement member extends into the base
structure to directly couple the elongate member to the base structure and optionally
wherein the reinforcement member comprises rebar, headed studs, U-shaped steel dowels,

or a combination thereof.

17. The system of claim 11, wherein the base structure comprises a footing, a

foundation, or a cap beam.

18. The system of claim 1, wherein a diameter of the elongate member is greater than

or equal to 2 feet.

19.  The system of claim 1, wherein a height of the collar is from about 5.0% to about

23.0% of a diameter of the elongate member.

20.  The system of claim 1, wherein a radial length of the structural filler interface

feature is from about 0.5% to about 25.0% of a diameter of the elongate member.

21. A method for reinforcing an elongate member, comprising:

securing a collar about an end portion of an elongate member;

disposing a support layer about the end portion of the elongate member; and

disposing a structural filler between the support layer and the end portion of the
elongate member, wherein the collar is at least partially disposed in the structural filler and
a structural filler interface feature of the collar mechanically couples the collar to the
structural filler to facilitate transferring loads between the elongate member and the

structural filler.

22. The method of claim 21, wherein securing the collar about the end portion of the
elongate member comprises putting the collar in tension about the end portion of the

elongate member.
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23. The method of claim 21, wherein securing the collar about the end portion of the
elongate member comprises disposing an elongate member interface feature of the collar in

the elongate member.

24, The method of claim 23, wherein disposing the elongate member interface feature
of the collar in the elongate member comprises forming the elongate member about the

elongate member interface feature.

25. The method of claim 21, further comprising coupling a support member to a base
structure that is associated with an end of the elongate member such that the support
member is laterally offset from the elongate member and extends about the end portion of
the elongate member, wherein the support member is disposed in the structural filler
between the support layer and the elongate member, and a load tending to cause relative
movement of the end portion of the elongate member and the base structure is transferred
through the collar, the structural filler, and the support member to provide support for the

elongate member.

26. The method of claim 25, wherein coupling the support member to the base structure

comprises extending the support member into the base structure.

27. The method of claim 25, wherein coupling the support member to the base structure

comprises forming base structure about a portion of the support member.
28. The method of claim 25, wherein the collar comprises a plurality of structural filler

interface features, and further comprising disposing the support member between at least

two of the structural filler interface features.
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