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FOUNDATION SUPPORT SYSTEM AND
METHOD OF INSTALLATION WITH
SELF-ALIGNING TORQUE TRANSMITTING
COUPLERS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of U.S. patent application Ser. No. 18/978,896 filed
Dec. 12, 2024; which is a continuation application of U.S.
patent application Ser. No. 18/192,612 filed Mar. 29, 2023
and now issued U.S. Pat. No. 12,203,232; which is a
continuation application of U.S. patent application Ser. No.
18/048,520 filed Oct. 21, 2022 and now issued U.S. Pat. No.
12,203,231; which is a continuation application of U.S.
patent application Ser. No. 17/071,337 filed Oct. 15, 2020
and now issued U.S. Pat. No. 11,525,232; which is a
continuation of U.S. patent application Ser. No. 16/229,514
filed Dec. 21, 2018 and now issued U.S. Pat. No. 10,844,
569; which is continuation-in-part application of U.S. patent
application Ser. No. 15/833,701 filed Dec. 6, 2017 and now
issued U.S. Pat. No. 10,294,623; which is a continuation
application of U.S. patent application Ser. No. 15/331,189
filed Oct. 21, 2016 and now issued U.S. Pat. No. 9,863,114,
which is a continuation application of U.S. patent applica-
tion Ser. No. 14/708,384 filed May 11, 2015 and now issued
U.S. Pat. No. 9,506,214, the complete disclosures of which
are hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to founda-
tion support systems including assemblies of structural
support elements, and more specifically to interlocking,
self-aligning and torque transmitting couplers for connect-
ing modular foundation elements in building structure foun-
dation support systems and related methods for assembling
and installing modular foundation support systems.

[0003] Foundation support stability issues are of concern
in both new building construction and in maintenance of
existing buildings. While much attention is typically paid to
the fabrication of a foundation in new construction to
adequately support a building structure, on occasion foun-
dation support systems are desired to accomplish the desired
stability and prevent the foundation from moving in a way
that may negatively affect the structure. As buildings age and
settle there is sometimes a shifting of the foundation that can
cause damage to the building structure, presenting a need for
lifting or jacking the foundation to restore it to a level
position where repairs to the structure can be made and
further damage to the building structure is prevented.
Numerous foundation support systems and methods exist
that may capably provide the desired foundation stability
and/or may capably lift building foundations to another
elevation where they may be optimally supported. Existing
foundation support systems and methods typically include a
pier or piling driven into the ground proximate a building
foundation, leaving a piling projecting upwards on which a
support element or lifting element may be attached.

[0004] Existing foundation support systems and methods
are, however, disadvantaged in some aspects. For example,
it is sometimes necessary to extend the length of a piling by
connecting an extension piece when conditions are such that
a pier is driven deeply into the ground to provide the desired
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amount of support. Attaching the piling to an extension piece
in some existing support systems involves a coupler having
fastener holes that is attachable to both the piling and the
extension piece.

[0005] Because the extension pieces may be many feet
long and tend to be relatively heavy it is often quite difficult
to complete the desired connections with the proper align-
ment of the fastener holes in the coupler and the fastener
holes in the extension piece so that the connection can be
completed by installing a fastener through the aligned holes.
If the connections are not properly aligned to make the
connection, the integrity of the support system to provide the
proper level of support can be compromised and system
reliability issues can be presented. Accordingly, the needs of
the marketplace have not been completely met with existing
building foundation support systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Non-limiting and non-exhaustive embodiments are
described with reference to the following Figures, wherein
like reference numerals refer to like parts throughout the
various drawings unless otherwise specified.

[0007] FIG. 1 illustrates a perspective view of a first
exemplary embodiment of a foundation support system
interacting with a building structure.

[0008] FIG. 2 shows a cross-sectional view of a first
exemplary embodiment of a piling assembly for the system
shown in FIG. 1 including a n exemplary coupler assembly
according to a first embodiment of the present invention and
including an inner coupler and an outer coupler.

[0009] FIG. 3 illustrates a perspective view of the inner
coupler for the coupling assembly shown in FIG. 2.
[0010] FIG. 4 illustrates a side view of the inner coupler
shown in FIG. 3.

[0011] FIG. 5 illustrates a bottom view of the inner coupler
shown in FIG. 3.

[0012] FIG. 6 illustrates a cross-sectional view of the inner
coupler taken along line 6-6 in FIG. 4.

[0013] FIG. 7 illustrates a perspective view of the outer
coupler shown in FIG. 2.

[0014] FIG. 8 illustrates a cross-sectional view of the outer
coupler shown in FIG. 7.

[0015] FIG. 9 illustrates a cross-sectional view of the outer
coupler taken along line 9-9 in FIG. 8.

[0016] FIG. 10 illustrates a cross-sectional view of the
outer coupler taken along line 10-10 in FIG. 8.

[0017] FIG. 11 illustrates an exemplary modular founda-
tion support component including an inner coupler and an
outer coupler as shown in FIGS. 3-10 for the assembly
shown in FIG. 2 and the foundation support system shown
in FIG. 1.

[0018] FIG. 12 illustrates a second exemplary embodi-
ment of a modular foundation system including the modular
foundation support component shown in FIG. 11.

[0019] FIG. 13 illustrates a third exemplary embodiment
of a modular foundation system including the modular
foundation support component shown in FIG. 11.

[0020] FIG. 14 illustrates a first side view of another
exemplary embodiment of an inner coupler for a modular
foundation support piling assembly of the present invention.
[0021] FIG. 15 illustrates a cross-sectional view of the
inner coupler taken along line 15-15 in FIG. 14.

[0022] FIG. 16 illustrates a bottom view of the inner
coupler shown in FIG. 11.
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[0023] FIG. 17 illustrates a second side view of the inner
coupler shown in FIGS. 14-16.

[0024] FIG. 18 illustrates a cross-sectional view of the
inner coupler taken along line 18-18 in FIG. 17.

[0025] FIG. 19 illustrates a cross sectional view of the
inner coupler taken along line 19-19 in FIG. 17.

[0026] FIG. 20 illustrates a partial side view of an exem-
plary embodiment of an outer coupler for completing a
modular piling assembly in combination with the inner
coupler shown in FIGS. 14-19.

[0027] FIG. 21 illustrates a first cross-sectional view of the
outer coupler taken along line 21-21 in FIG. 20.

[0028] FIG. 22 illustrates a second cross-sectional view of
the outer coupler taken along line 22-22 in FIG. 20.
[0029] FIG. 23 illustrates a top view of the outer coupler
shown in FIG. 20.

[0030] FIG. 24 illustrates a second side view of the outer
coupler shown in FIGS. 20-23.

[0031] FIG. 25 illustrates a cross-sectional view of the
outer coupler taken along line 25-25 in FIG. 21.

[0032] FIG. 26 illustrates a bottom view of the outer
coupler shown in FIG. 24.

[0033] FIG.27 is aside view of an exemplary embodiment
of a drive tool coupler for a modular foundation support
piling including the inner coupler shown in shown in FIGS.
14-19.

[0034] FIG. 28 is a cross-sectional view of the drive tool
coupler taken along line 28-28 in FIG. 27.

[0035] FIG. 29 is a bottom view of the drive tool coupler
shown in FIG. 27.

[0036] FIG. 30 is a top view of the drive tool coupler
shown in FIG. 27.

[0037] FIG. 31 is a perspective view of another embodi-
ment of a foundation support shaft including an integral
inner coupler on one end and an integral outer coupler on the
other end.

[0038] FIG. 32 is a first side view of the shaft shown in
FIG. 31.
[0039] FIG. 33 is a first end view of the shaft shown in
FIG. 32.
[0040] FIG. 34 is a second end view of the shaft shown in
FIG. 32.
[0041] FIG. 35 is a second side view of the shaft shown in
FIG. 32.
DETAILED DESCRIPTION OF THE
INVENTION
[0042] Exemplary embodiments of interlocking, self-

aligning coupler assemblies to connect structural elements
such as foundation elements of a foundation support system
and related methods of assembling, connecting installing
and supporting building foundation elements are described
that address certain problems and disadvantages in the art.
As described below, an interlocking self-aligning and torque
transmitting coupler assembly of the present invention
facilitates a simplified alignment and connection between,
for example, a piling and an extension piece during assem-
bly of a building foundation support system, while ensuring
that an adequate lifting strength and support is reliably
established by avoiding installation issues that can otherwise
be problematic when subjected to torque to drive the pilings
deeper into the ground. Foundation support elements may
therefore be assembled more quickly and more reliably
while reducing labor costs and simultaneously improving

Jun. 26, 2025

system reliability by avoiding problematic torque-related
issues that can otherwise cause elements of a foundation
support system to deform and negatively impact the stability
of the system and its load bearing capacity.

[0043] More specifically, the support system described
herein includes an interlocking, self-aligning, torque trans-
mitting coupler assembly that includes first and second
couplers and a plurality of mating alignment and torque
transmission features provided in each coupler that assist in
attaching first and second structural elements to each other
with relative ease while ensuring proper alignment of the
connections made, including but not limited to connections
between foundation elements in a foundation support sys-
tem. Multiple and different features are provided in each
coupler in the coupler assembly that serve dual purposes of
facilitating alignment and reliable connection of foundation
elements in the field, as well as to more effectively transmit
torque between the foundation elements after the aligned
connections are established.

[0044] In a contemplated embodiment, the inventive cou-
pler assembly includes a first or inner coupler attached to a
first foundation element including a first shaft and an outer
coupler attached to a second foundation element including a
second shaft. The inner coupler includes a pair of primary
alignment and torque transmitting ribs formed on a round
outer surface thereof that are configured to be slidably
inserted into a respective pair of primary alignment and
torque transmitting grooves formed in a round inner surface
of the outer coupler. As such, when the first and second
foundation elements are desired to be attached, the inner
coupler is inserted partly into the outer coupler and rotated
about its center axis until the primary alignment and torque
transmitting ribs of the inner coupler align and mate with the
primary alignment and torque transmitting grooves of the
outer coupler where complete mating engagement of the
inner and outer couplers may occur. Only when the align-
ment and torque transmitting features are fully mated can the
inner coupler be completely received in the outer coupler to
complete a connection between the first and second shafts
while also effectively mechanically isolating any fasteners
provided from torque as a foundation support system is
installed. By virtue of the inventive coupler assembly,
torsional force applied to one of the foundation elements is
transmitted to the other by the engagement of the torque
transmission features formed in the inner and outer couplers.
[0045] In another contemplated embodiment, a fastened
connection of the inner and outer couplers may include a
cross-bolt connection wherein first and second bolts respec-
tively extend through pairs of fastener holes or fastener
openings formed in the respective inner and outer coupler.
The fastener holes are self-aligning when the inner and outer
couplers are completely engaged and the first and second
bolts extend in mutually perpendicular directions through
the fastener holes. The first and second bolts also extend at
offset elevations to one another in the coupler assembly.
Advantageously, no fastener holes in the pile and extension
piece are needed to make the cross-bolt connection via the
inner and outer coupler. Alignment difficulties associated
with fastener holes in the pile and extension piece are
completely avoided.

[0046] In other contemplated embodiments, however, a
single fastener may be utilized to complete a connection
between the first and second shafts through the coupler
assembly and as such a single pair of fastener holes may be
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provided in each of the inner and outer couplers that are
self-aligning when the inner and outer couplers are engaged.
[0047] In still another contemplated embodiment the
mechanical connection between the shafts may be com-
pleted without using any fasteners via the interlocking
alignment and torque transmitting features formed in the
inner and outer couplers.

[0048] As described in further detail below, an exemplary
embodiment of a coupler assembly is self-aligning and
self-locking in a manner that enables quick and easy cou-
pling of first and second shafts, and in some cases accom-
modates a sturdy and easily accomplished cross-bolt fasten-
ing connection between the first and second shafts in a
desirable manner. Any torque imparted onto the coupled
shafts via twisting of the upper shaft is contained within
interlocking features of the coupler assembly as opposed to
being transferred through bolted connections between the
shafts in conventional support systems. Method aspects of
the inventive concepts will be in part apparent and in part
explicitly discussed in the following description.

[0049] FIG. 1 illustrates a perspective view of an exem-
plary embodiment of a foundation support system 100
interacting with a building foundation 102 of a structure.
The foundation support system 100 may interact with new
foundation upon which a structure is to be built, or may
alternatively interact with a foundation supporting an exist-
ing structure. That is, the foundation support system 100
may be applied to new building construction projects as well
as to existing structures for maintenance and repair pur-
poses. Of course, the support system 100 may alternatively
be used to support an object other than a building foundation
as desired.

[0050] After determining, according to known engineer-
ing methodology and analysis, how the foundation 102 or
other structure needs to be supported, primary piles or pipes
(hereinafter collectively referred to as a “pile” or “piles™)
104 of appropriate size and dimension may be selected and
may be driven into the ground or earth at a location
proximate or near the foundation 102 using known methods
and techniques. The primary piles 104 typically consist of a
long shaft 106 driven into the ground, upon which a support
element such as a plate or bracket (not shown) or a lifting
element such as the lifting assembly 108 is assembled. The
shaft 106 of the primary pile 104 may include one or more
lateral projections such as a helical auger 110. The piles 104
may be, for example, helical steel piles available from Pier
Tech Systems (www.piertech.com) of St. Louis, Missouri,
although other suitable piles available from other providers
may likewise be utilized in other embodiments.

[0051] The helical auger 110 may in some embodiments
be separately provided from the piling 104 and attached to
the piling 104 by welding to a sleeve 112 including the auger
110 provided as a modular element fitting. As such, the
sleeve 112 of the modular fitting is slidably inserted over an
end of the shaft 106 of the piling shaft 104 and secured into
place, for example with fasteners such as the bolts as shown
in FIG. 1. In such an embodiment, the sleeve 112 includes
one or more pairs of fastener holes or openings for attach-
ment to the piling shaft 106 with the fasteners shown. In the
embodiment illustrated there are two pairs of fastener holes
formed in the sleeve 112, which are aligned with corre-
sponding fastener holes in the shaft 106 to accept orthogo-
nally-oriented fasteners and establish a cross-bolt connec-
tion between the shaft 106 and the sleeve 112. To make a
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primary pile 104 with a particular length one merely slides
the sleeve 112 onto a piling shaft 106 of the desired length
and affixes the sleeve 112 in place. In the illustrated embodi-
ment, the end of the piling shaft 106 is provided with a
beveled tip 114 to better penetrate the ground during instal-
lation of the pile 104. In different embodiments, the tapered
tip 114 may be provided on the shaft 106 of the piling 104,
or alternatively, the tip 114 may be a feature of the modular
fitting including the sleeve 112 and the auger 110.

[0052] The lifting assembly 108 may be attached to an
upper end of the primary pile 104 after being driven into the
ground. If the primary pile 104 is not sufficiently long
enough to be driven far enough into the ground to provide
the necessary support to the foundation 102, one or more
extension piles 116 can be added to the primary pile 104 to
extend its length in the assembly, as described in further
detail below. The lifting assembly 108 may then be attached
to one of the extension piles 116.

[0053] As shown in FIG. 1, the lifting assembly 108
interacts with the foundation 102 to support and lift the
building foundation 102. In a contemplated embodiment, the
lifting assembly 108 may include a bracket body 118, one or
more bracket clamps 120 and accompanying fasteners, a
slider block 122, and one or more supporting bolts 124
(comprising allthread rods, for example) and accompanying
hardware. In another suitable embodiment the lifting assem-
bly 108 may also include a jack 126 and a jacking block 128.
Suitable lifting assemblies may correspond to those avail-
able from Pier Tech Systems (www.piertech.com) of St.
Louis, Missouri, including for example only the TRU-
LIFT® bracket of Pier Tech Systems, although other lifting
assemblies, lift brackets, and lift components from other
providers may likewise be utilized in other embodiments.
[0054] The bracket body 118 in the example shown
includes a generally flat lift plate 130, one or more optional
gussets 132, and a generally cylindrical housing 134. The lift
plate 130 is inserted under and interacts with the foundation
or other structure 102 that is to be lifted or supported. The
lift plate 130 includes an opening, with which the cylindrical
housing 134 is aligned and to accommodate one of the
primary pile 104 or an extension pile 116. The housing 134
is generally perpendicular to the surface of lift plate 130 and
extends above and below the plane of lift plate 130.
[0055] In the exemplary embodiment shown, one or more
gussets 132 are attached to the bottom surface of the lift
plate 130 as well as to the lower portion of the housing 134
to increase the holding strength of the lift plate 130. In one
embodiment, the gussets 132 are attached to the housing 134
by welding, although other secure means of attachment are
encompassed within this invention.

[0056] In the exemplary embodiment, the bracket clamps
120 include a generally Q2-shaped piece having a center hole
at the apex of the “Q” to accommodate a fastener. The
Q2-shaped bracket clamp 120 includes ends 136, extending
laterally, that include openings to accommodate fasteners.
The fasteners extending through the openings in the ends
136 are attached to the foundation 102, while the fastener
extending through the center opening at the apex of the “Q2”
extends into an opening in the housing 134. In one embodi-
ment the fastener extending through the center opening in
the bracket clamp 120 and into the housing 134 further
extends through one of the primary pile 104 or the extension
pile 116 and into an opening on the opposite side of the
housing 134, and then anchors into the foundation 102. In
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such cases, however, the fastener is not inserted through one
of the primary pile 104 or the extension pile 116 until
jacking or lifting has been completed, since bracket body
118 must be able to move relative to pile 104 or 116 in order
to effect lifting of the foundation 102.

[0057] In one embodiment, the bracket body 118 is raised
by tightening a pair of nuts 138 attached to the top ends of
the supporting bolts 124. The nuts 138 may be tightened
simultaneously, or alternately, in succession in small incre-
ments with each step, so that the tension on the bolts 124 is
kept roughly equal throughout the lifting process. In another
suitable embodiment, the jack 126 is used to lift the bracket
body 118. In this embodiment, longer support bolts 124 are
provided and are configured to extend high enough above
the slider block 122 to accommodate the jack 126 resting on
the slider block 122, the jacking block 128, and the nuts 138.

[0058] When all of the components are in place as shown
and sufficiently tightened, the jack 126 (of any type,
although a hydraulic jack is preferred) is activated so as to
lift the jacking plate 128. As the jacking plate 128 is lifted,
force is transferred from the jacking plate 128 to the support
bolts 124 and in turn to the lift plate 130 of the bracket body
118. When the foundation 102 has been lifted to the desired
elevation, the nuts immediately above the slider block 122
(which are raised along with support bolts 124 during
jacking) are tightened down, with approximately equal
tension placed on each nut. At this point, the jack 126 can
then be lowered while the bracket body 118 will be held at
the correct elevation by the tightened nuts on the slider block
122. The jacking block 128 can then be removed and reused.
The extra support bolt material above the nuts at the slider
block 122 can be removed as well, using conventional
cutting techniques.

[0059] The lifting assembly 108 and related methodology
is not required in all implementations of the foundation
support system 100. In certain installations, the foundation
102 is desirably supported and held in place but not moved
or lifted, and in such installations the lifting assembly shown
and described may be replaced by a support plate, support
bracket or other element known in the art to hold the
foundation 102 in place without lifting it first. Support
plates, support brackets, support caps, and or other support
components to hold a foundation in place are available from
Pier Tech Systems (www.piertech.com) of St. Louis, Mis-
souri and other providers, any of which may be utilized in
other embodiments of the foundation support system.

[0060] As shown in FIG. 1, the exemplary foundation
support system 100 includes a coupler assembly 200 accord-
ing to an embodiment of the present invention that estab-
lishes a mechanical connection between the shaft 106 of the
primary pile 104 and the shaft of the extension pile 116. It
is appreciated, however, that more than one coupler assem-
bly 200 may be utilized to connect another extension pile
116 to the extension pile 116 or to mechanically connect
other ones of the foundation elements 112, 134 to the
respective piles 104 and 116 shown and described above.
Further, it should be appreciated that the coupler assembly
200 may be utilized in a foundation support system 100 that
does not include an extension pile 116. For example, the
coupler assembly 200 could establish a connection between
the pile 104 and the housing 134, or between the pile 104
and the sleeve 112 of the modular fitting. The coupler
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assembly 200 may accordingly facilitate a modular assem-
bly of the foundation elements shown and described in
various combinations.

[0061] FIG. 2 shows the coupler assembly 200 in cross-
sectional view wherein the coupler assembly 200 is seen to
include an inner coupler 202 attached to a shaft of a first
piling 300 and an outer coupler 204 attached to a shaft of a
second piling 302. In one embodiment, pilings 300 and 302
include a length of pipe fabricated from a metal such as steel.
The couplers 202, 204 may likewise be integrally formed
from a metal material such as steel according to known
techniques to include the features described. The first piling
300 may be of the same dimension in terms of its inner and
outer diameter and correspond in cross sectional shape to the
second piling 302, to which it is attached. Alternatively
stated, the pilings 300, 302 being connected via the coupler
assembly 200 are constructed to be the same, albeit with
possibly different lengths, although this not necessarily
required in all embodiments. The cross-sectional shape of
the pilings 300, 302 can be circular, square, hexagonal, or
another shape as desired. The pilings 300, 302 can be made
to different lengths, however, as the application requires, and
the pilings 300, 302 can be hollow or filled with a substance
such as concrete, chemical grout, or another known suitable
cementitious material or substance familiar to those in the
art to enhance the structural strength and capacity of the
pilings in use. The pilings may be prefilled with cementi-
tious material in certain contemplated embodiments.
[0062] Likewise, in other contemplated embodiments,
cementitious material, including but not necessarily limited
to grout material familiar to those in the art, may be mixed
into the soil around the pilings 300, 302 as they are being
driven into the ground, creating a column of cementitious
material around the pilings for further structural strength and
capacity to support a building foundation. Grout and cemen-
titious material may be pumped through the hollow pilings
under pressure as the pilings are advanced into the ground,
causing the hollow pilings to fill with grout, some of which
is released exterior to the pilings to mix with the soil at the
installation site. Openings and the like can be formed in the
pilings to direct a flow of cementitious material through the
pilings and at selected locations into the surrounding soil.
[0063] In the exemplary embodiment shown, the first
piling 300 may correspond to an extension piling, such as
the extension piling 116 shown in FIG. 1, and the second
piling 302 may correspond to a primary piling, such as the
primary piling 104 shown in FIG. 1. As noted above, the
coupler assembly 200, however, may alternatively be used to
connect other shafts of other foundation elements in the
foundation support system 100 previously described, or still
further may be utilized to connect other structural shaft
elements in another application apart from foundation sup-
port. In the exemplary embodiment shown, the shaft of the
first piling 300 includes a distal end 304, to which is coupled
the inner coupler 202, and the shaft of the second piling 302
includes a distal end 306, to which is coupled the outer
coupler 204. The distal ends 304 and 306 are positioned
adjacent each other such that the inner coupler 202 is
configured to be at least partially inserted into the outer
coupler 204, as described in further detail below.

[0064] FIGS. 3, 4 and 5 respectively illustrate a perspec-
tive view, bottom view and rear cross-sectional of the inner
coupler 202 of the coupler assembly 200 that will be
described collectively in the following discussion.
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[0065] In the exemplary embodiment illustrated, the inner
coupler 202 includes a first end 206, a second end 208, and
a hollow round body portion 210 extending therebetween.
The inner coupler 202 accordingly includes a generally
round opening 212 extending therethrough between the ends
206, 208. The first end 206 includes a collar portion 214
including a counter bore 216 configured to receive the distal
end 304 of the shaft of the first piling 300. In the exemplary
embodiment shown, the counter bore 216 includes an inner
diameter or circumference that is sized, shaped and dimen-
sioned to be large enough to accommodate the outer diam-
eter of the shaft of the piling end 300 (FIG. 2) such that when
the piling end 304 is inserted into the counter bore 216 the
end of the shaft is received in the counter bore 216. In an
alternative embodiment, the outer diameter of the collar 214
may be selected to be small enough to fit within the inner
diameter of the shaft of the piling end 300. Regardless, the
shaft of the first piling 300 is fixedly attached to the inner
coupler 202 by any known means, such as, but not limited
to, welding. As previously mentioned, the shaft may include
a round cross-section, a square cross-section, or another
cross-sectional shape, and accordingly the end 206 of the
inner coupler 202 has a complementary round shape, square
shape or other shape to facilitate the connection of the shaft
end to the counter bore 216.

[0066] As further seen in the figures, the body portion 210
of the inner coupler 202 is attached to the collar 214 via a
seating surface 218. More specifically, the seating surface
218 obliquely extends between an outer surface 220 of the
body portion 210 and a lip surface 222 of the collar 214.
[0067] The inner coupler 202 also includes a pair of
axially extending ribs 224 that project or extend radially
outward from the round outer surface 220 of the body
portion 210. In the exemplary embodiment, the axially
extending ribs 224 are positioned opposite each other on the
round body 210 of the inner coupler 202. That is, the ribs
224 are extended about 180° from one another on an outer
surface of the round body 210, and extend lengthwise or in
a direction parallel to a longitudinal axis of the shafts that are
connected with the coupler assembly.

[0068] In another suitable embodiment, the ribs 224 are
positioned at any point on the round body 210 that facilitates
operation of the coupler assembly 200 as described herein.
Each rib 224 includes a pair of side surfaces 226 and a
seating surface 228 that each extends obliquely from round
outer surface 220 of the body 210. The ribs 224 serve as a
primary alignment feature to align the inner coupler 202
with the outer coupler 204 to enable connecting the first
piling 300 to the second piling 302 as well as a primary
torque transmitting feature when the inner coupler 202 is
mated to the outer coupler 204. More specifically, the pair of
ribs 224 are configured to cooperatively engage a pair of
grooves defined in the outer coupler 204 to accomplish
alignment and torque transmission, as described in further
detail below. While a pair of ribs 224 are shown, it is
understood that greater or fewer number of ribs may like-
wise be provided in further and/or alternative embodiments.
[0069] In the exemplary embodiment shown, the inner
coupler 202 also includes a secondary alignment and torque
transmission feature that includes a pair of circumferentially
extending recesses 230 defined in the round body 210
proximate the second end 208 of the inner coupler 202.
Specifically, the circumferential recesses 230 extend from an
end surface 232 of the inner coupler second end 208 partly
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around the circumference of the body 210. Similar to the ribs
224, the recesses 230 are configured to engage a pair of
projections defined in the outer coupler 204, as described in
further detail below. Further, the recesses 230 are circum-
ferentially offset from the ribs 224, such that the recesses
230 and the ribs 224 are not aligned with one another. In
another suitable embodiment, the recesses 230 may be
circumferentially aligned with the ribs 224 if desired. While
a pair of circumferential recesses 230 are shown, it is
understood that greater or fewer number circumferential
recesses 230 may likewise be provided in further and/or
alternative embodiments. As best seen in FIG. 5, at the
locations of the circumferential recesses 230, the inner
surface of the coupler 202 includes flat regions that maintain
a desired wall thickness in the coupler body 210. As such,
inner surface of the coupler 202 in cross-section seen in FIG.
5 includes two rounded curve portions separated by straight
or linear portions at the locations of the recesses 230
whereas the inner surface of the coupler 202 is otherwise
uniformly round and circular in cross section at other
locations in the body 210 as shown in the figures.

[0070] The inner coupler body portion 210 in the example
illustrated also is formed with one or more pairs of fastener
holes or openings 234, 236 defined therethrough to allow for
fastening of the inner coupler 202 and the outer coupler 204.
The two openings 234 are shown on opposite sides or
locations in the round body portion 210 such that a fastener
such a bolt extending through the openings 234 will be
generally perpendicular to the longitudinal axis and will
enter and leave the body portion 210 approximately normal
to the round outer surface 220. In a further embodiment, the
body portion 210 includes the first pair of openings 234
proximate the first end 206 and a second pair of openings
236 located proximate the second end 208. The pairs of
openings 234 and 236 are angularly offset from one another
by 90° such that fasteners inserted into the openings 234 and
236 are mutually perpendicular to one another when
received through the respective openings 234, 236. This
particular configuration is sometimes referred to as a cross-
bolt connection and is shown in FIG. 1 wherein the coupler
assembly 200 connects the shafts 106 and 116.

[0071] FIG. 7 illustrates a perspective view of the outer
coupler 204 of the coupling assembly 200 that may be used
with the foundation support system 100 shown in FIG. 1 and
the inner coupler 202 shown in FIGS. 3-6. FIG. 8 illustrates
a cross-sectional view of the outer coupler 204. FIG. 9
illustrates a cross-sectional view of the outer coupler 204
taken along line 9-9 in FIG. 8. FIG. 10 illustrates a cross-
sectional view of the outer coupler 204 taken along line
10-10 in FIG. 8. The following discussion shall collectively
refer to FIGS. 7-10.

[0072] In the exemplary embodiment shown, the outer
coupler 204 includes a first end 238, a second end 240, and
a hollow round body portion 242 extending therebetween.
The outer coupler 204 accordingly includes an opening 244
extending between ends 238 and 240. As shown in FIG. 8,
the second end 240 includes a flange 246 extending from an
inner surface 248 of the round body 242. The flange 246
defines a cavity 250 at the second end 240 that configured to
receive the distal end 306 of the shaft of the second piling
302. In the exemplary embodiment, the cavity 250 includes
an inner diameter that is large enough to accommodate the
outer diameter of the shaft at the piling end 306 such that the
shaft of the piling end 306 is inserted in to the cavity 250 to
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join the outer coupler 204 with the second piling 302. In
another suitable embodiment, at least a portion of the outer
diameter of the second coupler body 242 is small enough to
fit within the inner diameter of shaft of the piling end 306.
The shaft of the second piling 302 is fixedly attached to the
second end 240 of the outer coupler 204 by any known
means, such as, but not limited to, welding. As previously
mentioned, the shaft of the second piling 302 may include a
round cross-section, a square cross-section, or another cross-
sectional shape, and accordingly the end 240 of the outer
coupler 204 has a complementary round shape, square shape
or other shape to facilitate the connection of the shaft end to
the coupler 204. It should also be noted here that the
couplers 202, 204 may be configured to receive and connect
to shafts having different cross sectional shapes as desired in
further and/or alternative embodiments.

[0073] The outer coupler 204 also includes a pair of
axially extending grooves 252 that are formed in the round
inner surface 248 and extend from a first end surface 254
toward the second end 240. In the exemplary embodiment,
the grooves 252 are positioned opposite each other on the
body 242 of the outer coupler 204. In another suitable
embodiment, the grooves 252 are positioned at any point on
the body 242 that facilitates operation of the coupler assem-
bly 200 as described herein. The grooves 252 are configured
to receive the pair of ribs 224 of the inner coupler 202 as a
primary alignment feature with the inner coupler 202 to
more easily connect the shaft of first piling 300 to the shaft
of the second piling 302, as well as transmit torque in a
manner contained within the coupler assembly. Each groove
252 includes a seating surface 256 proximate the second end
240 that is configured to mate with the seating surface 228
on a rib 224 of the inner coupler 202, as described in further
detail below.

[0074] In the exemplary embodiment, the outer coupler
204 also includes a pair of wings or flares 258 that extend
outward from a round outer surface 260 of the outer coupler
body 242. Each wing or flare 258 is positioned approximate
the respective groove 252 such that the wings or flares 258
facilitate a substantially constant thickness of the outer
coupler body 242. Each wing or flare 258 extends from the
end surface 254 toward the second end 240 and terminates
at approximately the same axial position at the groove 252.
The wings or flares 258 impart a rounded outer surface
having a discontinuous outer diameter in the outer surface of
the outer coupler 204. As seen in the cross sections of FIGS.
9 and 10, the outer coupler has an eccentric, complex
curvature and elliptical shape where the rings or flares 258
reside.

[0075] The outer coupler 204 also includes a secondary
alignment and torque transmission feature that includes a
pair of circumferential projections in the form of tabs 262
extending outwardly from the round body portion 242
proximate the second end 240. Specifically, the circumfer-
ential projections 262 extend radially inward from the inner
surface 248 proximate the flange 246. The circumferential
projections 262 are configured to engage the pair of circum-
ferential recesses 230 defined in the inner coupler 202 when
the coupler assembly 200 is assembled. Further, the circum-
ferential projections 262 are circumferentially offset from
the grooves 252 in the outer coupler, such that the projec-
tions 262 and the grooves 252 are not aligned. In another
suitable embodiment, the projections 262 may be circum-
ferentially aligned with the grooves 252.
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[0076] Additionally, the outer coupler body portion 242
may be formed with one or more pairs of fastener holes or
openings 264, 266 defined therethrough to allow for joining
of the outer coupler 204 to the inner coupler 202. Two
openings 264 may be formed on opposite sides of the body
portion 242 such that a fastener extending through openings
264 will be generally perpendicular to the longitudinal axis
and will enter and leave the body portion 242 approximately
normal to the surface 260. In a preferred embodiment, the
body portion 242 includes the first pair of openings 264
proximate the first end 238 and a second pair of openings
266 located proximate the second end 240. The pairs of
openings 264 and 266 are preferably rotationally offset from
one another by 90° such that fasteners inserted into the
openings 264 and 266 are perpendicular to one another when
coupler assembly 200 is viewed in cross-section. This ori-
entation of fastener holes facilitates a cross-bolt connection
as described above.

[0077] As mentioned above, however, the cross-bolt con-
nection is not required in all embodiments, however, and
instead one fastener may be employed to complete a con-
nection with the coupler assembly 200 in another embodi-
ment. Still further, a mechanical connection may be com-
pleted without a fastener at all in certain applications as
explained further below.

[0078] Although the inner coupler 202 is shown and
described herein as including ribs 224 and outer coupler 204
is described herein as having grooves 252, it is contemplated
that this arrangement of features may be reversed and/or
combined in another embodiment. That is, in an alternative
embodiment the inner coupler 202 may include grooves
instead of or in addition to ribs 224, and the outer coupler
204 may likewise include ribs instead of or in addition to
grooves 252. Further, the inner coupler 202 may include at
least one of each a rib and a groove, while outer coupler may
include a corresponding rib and a corresponding groove.
Similarly, although the inner coupler 202 is described herein
as including the circumferential recess 230 and the outer
coupler 204 is described herein as having the circumferential
projection 262, it is contemplated that the inner coupler 202
may include a circumferential projection instead of or in
addition to the circumferential recess 230, and that the outer
coupler 204 may include a circumferential recess instead of
or in addition to projection 262. Generally, the inner coupler
202 includes at least one alignment and torque transmission
feature that is configured to engage with a corresponding
alignment and torque transmission feature of the outer
coupler 204 to facilitate alignment of the couplers 202 and
204 to couple shafts of different foundation elements in the
foundation support system.

[0079] Further, although ribs 224 and grooves 252 are
shown as substantially linear, axially extending features
oriented in parallel with the longitudinal axis of the shafts of
the piles to which they are coupled, it is contemplated that
the ribs 224 and grooves 252 may be in a non-parallel
orientation with respect to the longitudinal axis of the shafts
of the piles, such as obliquely-oriented. Additionally, it is
contemplated that ribs 224 and grooves 252 may be non-
linear in nature and form a curved shape such as, but not
limited to, a spiral shape about their outer and inner surfaces
of the respective couplers 202 and 204.

[0080] Referring again to FIG. 2, the coupler assembly
200 facilitates connecting the shaft of the first piling 300
with the shaft of the second piling 302. As described above,
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the first piling 300 may be an extension piling 116 (shown
in FIG. 1). The second piling 302 may be one of the primary
piling 104 (shown in FIG. 1) or an extension piling 116.
[0081] In another suitable embodiment, the coupler
assembly 200 may be utilized to connect any two structural
shaft components and is not restricted to use within a
foundation support system 100, as described herein. That is,
the shafts being connected with the coupler assembly 200
need not be shafts of piles or piers or any of the components
shown and described in the foundation support system
described above, but instead other structural elements for
other purposes. Provided that the ends of the structural
elements being connected are shaped to fit the counter bores
in the inner and outer couplers 202, 204, the structural
elements need not even be shafts.

[0082] In operation, the inner coupler 202 is fixedly
attached to the end 304 of the shaft of the first piling 300 and
the outer coupler 204 is fixedly attached to the end 306 of the
shaft of the second piling 302. The second end 208 of the
inner coupler 202 is then partly inserted into the first end 238
of the outer coupler 204 such that at least a portion of the
inner coupler 202 is received within the opening 244. The
diameter of the inner coupler 202 at the location of the ribs
224 is larger than the inner diameter of the outer coupler
inner surface 248 such that the inner coupler 202 can only
be inserted into the outer coupler 204 in a predetermined
orientation. More specifically, the diameter of the outer
coupler 204 at the location of the grooves 252 is large
enough to accommodate the diameter of the inner coupler
202 at the location of the ribs 224. As such, the ribs 224 of
the inner coupler 202 must be aligned with the grooves 252
of the outer coupler 204 to assemble the coupler assembly
200. Once the second end 208 of the inner coupler 202 is
partially inserted, simple rotation of the first piling 300
causes automatic alignment of the couplers 202 and 204.
Because the pile 300 is relatively heavy, the inner coupler
202 once aligned will fall into place via gravitational force
as the piling 300 is rotated to the point of alignment.
Therefore, the ribs 224 and the grooves 252 serve as a
self-alignment feature that makes it easier to connect the
pilings 300 and 302 to each other.

[0083] Once the ribs 224 are aligned with the grooves 254,
the inner coupler 202 may then be removably inserted into
the outer coupler 204. Insertion terminates when the lip
surface 222 and the seating surface 218 of the inner coupler
202 mate, respectively, with the end surface 254 and a
seating surface 268 at the first end 238 of the outer coupler
204. As such, in the exemplary embodiment, the collar
portion 214 of the inner coupler 202 remains exposed and is
not inserted into the opening 244 of the outer coupler 204.
In another suitable embodiment, the inner coupler 202 is
fully inserted into the outer coupler 204.

[0084] Referring to the second ends 208 and 240, when the
ribs 224 are fully inserted into the grooves 254, the seating
surface 228 on the ribs 224 is in contact with the seating
surface 256 on the grooves 254. Additionally, the end
surface 232 on the inner coupler 202 contacts the flange 246
on the outer coupler 204. As such, seating surfaces 218, 268,
228, and 256, end surface 232, and flanges 246 are config-
ured to ensure that the inner coupler 202 is properly posi-
tioned within the outer coupler 204 with respect to depth.
[0085] Furthermore, each circumferential recess 230 in the
second end 208 of the inner coupler 202 receives a circum-
ferential projection tab 262 in the second end 240 of the
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outer coupler 204 to further ensure proper alignment of the
couplers 202 and 204 as well as torque transmission. Over
time and through continued usage, it is possible that friction
may erode away small portions of the ribs 224. However, the
circumferential recesses 230 and projections 262 serve as a
secondary alignment and torque transmission feature to
facilitate assembly of the coupler assembly 200.

[0086] When the combination of alignment features have
been properly seated and aligned between the couplers 202
and 204, the first piling 300 is spaced from the second piling
302 by a distance equal to the distance between the counter
bore 216 in the inner coupler 202 and the flange 246 in the
outer coupler 204. As such, the pilings 300 and 302 are not
directly connected to the same component of the coupler
assembly 200 and no component of the coupler assembly
200 overlaps both pilings 300 and 302. In such a configu-
ration, any torque imparted onto the support system 100 is
contained within the coupler assembly 200 instead of being
transferred between the pilings 300 and 302 using fasteners
such as bolts extending through fastener holes in the pilings
300 and 302. Advantageously, by virtue of the couplers 202
and 204, the connections can be established between the
pilings 300 and 302 without fastener holes and fasteners
extending through the pilings 300, 302. As clearly seen in
the Figures, the fasteners, when provided extend only
through the couplers 202, 204. As such, torque related issues
associated with deformation of fastener holes in the pilings
300, 302 that may occur in conventional systems are elimi-
nated by the coupler assembly 200.

[0087] More specifically, if the first piling 300 were to be
rotated while the inner coupler 202 is positioned within and
engaged with the outer coupler 204 to drive the pilings 300,
302 deeper into the ground, the torque is distributed in the
coupler assembly 200 between the ribs 224 and the grooves
254, between the circumferential recesses 230 and the
circumferential projections 262. Further, because the pri-
mary alignment and secondary alignment features described
are differently sized and proportioned, as well as being offset
and spaced apart from one another in the coupler assembly
200, any applied torque is distributed across multiple loca-
tions in the coupler assembly 200 where the alignment and
torque transmitting features are engaged. Because some of
the alignment and torque transmitting features are axially
oriented while others are circumferential, a particularly
strong and sturdy connection is realized that facilitates
torque transfer without deformation of either coupler 202,
204 or the connecting shafts of the piles 300, 302. Finally,
because the couplers 202 are each fabricated from high
strength steel in a contemplated embodiment, they are
capable of withstanding high torsional forces to install a
foundation support system by driving piles into the ground.
Simpler and easier connections of foundation elements such
as piles are therefore realized with improved reliability that
likewise facilitates simpler and easier installation of a foun-
dation support system with improved reliability.

[0088] Further, in such a configuration, the first pair of
fastener holes or openings 234 on the inner coupler 202 is
automatically aligned with the first pair of fastener holes or
openings 264 on the outer coupler 204 when the couplers
202, 204 are mated. Similarly, the second pair of fastener
holes or openings 236 on the inner coupler 202 is automati-
cally aligned with the second pair of fastener holes or
openings 266 on the outer coupler 204. As such, a technician
can easily insert a first fastener through openings 234 and
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264 and a second fastener through openings 236 and 266 to
secure the inner 202 to the outer coupler 204 and establish
a cross-bolt connection. As such, the coupler assembly 200
configured as shown in the Figures is sometimes referred to
as a cross-bolt and cross-lock coupler.

[0089] As mentioned above, a single fastener may also be
utilized in another embodiment. In such a scenario, one of
the pairs of fastener holes may be omitted in the construction
of the couplers 202, 204 or only one of the pairs of fastener
holes may be utilized to receive a fastener.

[0090] In still another embodiment no fasteners may be
utilized and the couplers 202, 204 could either be formed
without fastener holes at all or the fastener holes provided
may simply not be utilized with fasteners. Because the
pilings in the example of the foundation support system are
driven and loaded with compression force in use, the fas-
tened connection may not be strictly necessary because of
the interlocking engagement of the alignment and torque
transmission features that may transmit torsional force in the
absence of any fasteners. The configuration of the couplers
202, 204 further facilitates direct and distributed transmis-
sion of compressive forces by the seating surfaces described
on each coupler that mate with one another when the
couplers 202, 204 are engaged. The flush engagement of the
mating ends when the coupler assembly 200 is fully
assembled, in combination with the seating surfaces
described, provides a high strength connection in the assem-
bly.

[0091] Such a configuration of coupler assembly 200 and
shafts of the piles 300 and 302 reduces, and substantially
eliminates the stress in the assembly that may otherwise
result because of the difficulties in aligning relatively long
and heavy pieces in the assembly. If fasteners are intention-
ally or unintentionally forced through openings that are not
completely aligned in adjacent shafts in the assembly the
joint between adjacent shafts may be subject to a significant
amount of mechanical stress that in conventional systems
may lead to deformation of the fastener holes and weakening
of the shafts. Because the coupler assembly 200 is self-
aligning, however, such issues are avoided.

[0092] Additionally, deformation of the fastener holes via
unintentional misalignment of piles in conventional support
systems may result in some relative movement, sometimes
referred to as play, in the coupled connection that can also
adversely affect the load bearing capacity of the system.
Also, increased stress caused by misalignment of adjacent
components may cause a reduction in the effective service
life of the piles, thus requiring more frequent replacement.
By virtue of the self-aligning and self-locking coupler
assembly and system described, these problems are substan-
tially minimized, if not completely eliminated, in most cases
where the coupler assembly 200 is properly used. The
inter-engagement of the coupler features described, and in
particular the alignment and torque transmission features of
each coupler 202 and 204, mechanically isolates the fasten-
ers, when provided, from torsional force.

[0093] The fasteners, when utilized with fully engaged
couplers 202, 204, are further mechanically isolated from
compression forces in the coupler assembly 200 when the
pilings are driven further into the ground via application of
torsional force on and end of an above ground piling. The
seating surfaces described in the coupler assembly 200 that
bear upon and inter-engage with one another when the
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coupler assembly 200 is fully engaged, provide direct trans-
mission of compression forces through the couplers 202,
204.

[0094] The fasteners provided may, however, realize ten-
sion force depending on how the support system is config-
ured and applied. More specifically, the fasteners may
experience a tensile load from a loading of a pile with a
uplift force, or if the pile should need to be removed the
fasteners when provided ensure that the connection main-
tains engagement.

[0095] FIG. 11 illustrates an exemplary modular founda-
tion support component 400 in the form of an elongated
shaft with opposed ends 402, 404 and coupling features on
each end 402, 404 that correspond to the inner coupler 202
and the outer coupler 204 in the coupler assembly 200 (FIG.
2) and as shown and described in FIGS. 3-10 as set forth
above. The shaft 400 may be fabricated from steel in
contemplated embodiments and has a length and cross
section to meet the structural strength requirements of a
foundation support assembly wherein the shatt 400 serves as
a portion of a foundation support pile in a modular founda-
tion support system. The shaft 400 may be hollow or filled
with a cementitious material as described above.

[0096] In one embodiment, the coupling features of the
couplers 202, 204 (e.g., the ribs 224, grooves 252, seating
surfaces for coupler engagement, and fastener holes) may be
integrally formed and cast in the fabrication of the shaft 400.
In another embodiment, the coupling features of the cou-
plers 202, 204 may be integrally swaged on the shaft ends
402, 404 in a forging process. In still another embodiment,
the coupling features of the couplers 202, 204 may be
provided separately and welded on the shaft ends 402, 404
via the respective coupler body portions 220, 242 described
above. Other mechanical connections of the coupling fea-
tures to the shaft 400 are possible. Whether integrally
formed and built-in the fabrication of the shaft 400 or
separately joined and connected, the coupling features of the
couplers 202, 204 are provided for assembly in a modular
foundation support system with the couplers 202, 204 pres-
ent on the ends 402, 404.

[0097] The shaft 400 in contemplated embodiments may
be configured as an extension piece or pile of a foundation
support system such as the foundation support system 100
(FIG. 1) when both the coupler features are provided on both
ends 402, 404 as shown. In another embodiment wherein
coupler features are provided only on one of the ends 402 or
404, the shaft may be configured as a primary support pile
with a helical auger component 110 and may have a beveled
end or tip as shown in FIG. 1. The shaft 400 may alterna-
tively be provided and used as a modular component in a
coupled shaft assembly other than a foundation support
assembly with similar effect and benefits.

[0098] The modular component shaft 400 as shown
including the couplers on both ends may be quickly coupled
to additional modular components that include a mating
coupler 202, 204 with similar effects and advantages to those
described above. For example, when the modular shaft
component 400 is provided as a first modular component, a
second modular component having an outer coupler 204
may be connected to the shaft end 402 including coupling
features of the inner coupler 202, while a third modular
component including an inner coupler 202 may be con-
nected to the shaft end 404 including coupling features of the
outer coupler 204. The connections may be beneficially
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made in a self-aligning manner as described above with the
self-aligning fastener holes to quickly complete connections
of the modular components in a highly reliable manner.

[0099] When the modular components being coupled are
each elongated shaft components, when the corresponding
couplers 202, 204 are engaged to complete a connection
between two shafts, a coupled shaft component assembly is
realized having a combined shaft length about equal to the
axial lengths of the modular component shafts being
assembled. An overlap of the inner and outer couplers when
fully mated to facilitate the shaft connections is relatively
small (e.g. six inches) in comparison to the axial lengths of
the shafts in contemplated embodiments that are many feet
long, such that the combined length of coupled shafts using
the inner and outer couplers is slightly less than, but about
equal to, the sum of the lengths of the modular shafts being
assembled via the couplers 202, 204. As shown in FIG. 11,
the modular shaft 400 has an axial length [. measured
end-to-end between the distal ends of the couplers 202, 204,
with the axial length of the couplers 202, 204 on the shaft
ends 402, 404 each contributing only a small fraction of the
total axial length L.

[0100] By providing a set of modular shafts 400 (or
modular shaft components to be assembled with the modular
shaft 400) of respectively different axial length L, coupled
shaft assemblies can be provided to effectively accommo-
date a wide variety of particular needs in the foundation
support field with a limited set of modular components. For
example, n number of modular shafts 400 may be provided
each having a selected cross-sectional shape (e.g., circular)
and dimension (e.g., diameter) to provide the structural
strength required of a foundation support installation, but in
respectively different axial lengths L.

[0101] Considering a case wherein n equals three, a first
modular shaft may be provided with a large axial length I,
of 84 inches (2.13 m), a second modular shaft may be
provided with an intermediate axial length [, of 63 inches
(1.6 m), and a third modular shaft may be provided with a
small axial length [, of 42 inches (1.07 m). Such relatively
large, relatively small and intermediate length shafts can be
utilized alone and in combination to realize a versatile
number of different foundation support piling lengths to
meet the needs of a particular foundation support installa-
tion.

[0102] Following the example above, the set of three
modular shafts 400 having lengths L.,, L.,, L.; can be used to
realize the following coupled shaft lengths in a foundation
support pier installation.

TABLE 1
Modular Modular Modular Approximate Coupled
Shaft 1 Shaft 2 Shaft 3 Shaft Length
L; (42 in.) None None 42 in.
L, (63 in.) None None 63 in.
L, (84 in.) None None 84 in.
L, (631in.) L, (42in) None 105 in.
L, (84in.) L;(42in) None 126 in.
L, (84in.) L,(63in) None 147 in.
L (84in) L, (63in) L;(42in) 189 in.
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In view of Table 1, an installer having one complete set of
three modular shafts L, L, L, can complete seven different
foundation support piers having the coupled shaft lengths
ranging from 42 inches to 189 inches on the same installa-
tion site or different installation sites. Also, two different
foundation support piers of different combined length can be
installed using a single set of three modular shafts with the
lengths L,, L,, L;.

[0103] The versatility of the modular shaft assembly is
extended if multiple sets of modular shafts are made avail-
able on an installer. For instance, three sets of modular shafts
400 of lengths L,, L,, L; can be used separately and in
combination to realize foundation support piers having the
different lengths shown below in Table 2.

TABLE 2

Modular Modular Modular Approximate Coupled

Shaft 1 Shaft 2 Shaft 3 Shaft Length
L; (42 in.) None None 42 in.
L, (63 in.) None None 63 in.
L, (84 in.) None None 84 in.
L;(42in) L3 (42in) None 84 in.
L, (63in) Lj;(42in) None 105 in.
L;(84in) L;(42in) None 126 in.
L, (63in) L, (63in.) None 126 in.
L;(42in) Li(42in) L (42in) 126 in.
L, (84in) L, (63in) None 147 in.
L;(84in) L, (84 in) None 168 in.
L, (84in) Li(42in) L (42in) 168 in.
L,(63in) L, (63in) L, (42in) 168 in.
L, (84in) L,(63in) L (42in) 189 in.
L,(63in) L, (63in) L, (63in.) 189 in
L, (84in) L, (63in) L, (63in.) 210 in.
L,(84in) L,(84in) L, (84in) 252 in.

An installer having three complete sets of modular shafts
with the lengths L., L,, L; shown can therefore selectively
use the modular shafts in the three sets to complete foun-
dation support systems having eleven different coupled shaft
lengths ranging from 42 inches to 252 inches with varying
incremental coupled shaft length differences between the
eleven possible coupled shaft lengths.

[0104] Some of the coupled shaft lengths (e.g., 84 inches,
126 inches, 168 inches) shown in Table 2 may beneficially
be realized using different combinations and different num-
bers of the modular shafts to realize the coupled shaft length.
This provides additional versatility to assembling a founda-
tion support assembly in view of the availability of the
modular components at any given time. For example, if an
installer has two shafts with large length L, for a foundation
support system installation, the 168 inch coupled shaft
length may be obtained directly by assembling the two
shafts, but if the same assembly has only one shaft with
length L, as long as the installer also has two shafts of length
L, the installer may still proceed to realize the 168 inch
coupled shaft.

[0105] Table 3 below illustrates another example of
coupled shaft lengths made possible with three sets of
modular shafts including alternative shaft lengths L, L,, L,
to that shown in Table 2 and providing correspondingly
different coupled shaft lengths and increments between
coupled shaft lengths using different combinations of the
modular shafts.
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TABLE 3
Approximate

Modular Modular Modular Coupled Shaft

Shaft 1 Shaft 2 Shaft 3 Length
L, (48 in.) None None 48 in.
L, (60 in.) None None 60 in.
L, (84 in.) None None 84 in.
L, (48 in.) L, (48 in.) None 96 in.
L, (60 in.) L, (48 in.) None 108 in.
L, (60 in.) L, (60 in.) None 120 in.
L, (60 in.) L; (48 in.) L; (48 in.) 126 in.
L, (84 in.) L; (48 in.) None 132 in.
L, (84 in.) L, (60 in.) None 144 in.
L; (48 in.) L; (48 in.) L; (48 in.) 144 in.
L, (60 in.) L; (48 in.) L; (48 in.) 156 in.
L, (60 in.) L, (60 in.) L; (48 in.) 168 in.
L, (84 in.) L, (84 in.) None 168 in.
L, (84 in.) L; (48 in.) L; (48 in.) 180 in.
L, (60 in.) L, (60 in.) L, (60 in.) 180 in.
L, (84 in.) L, (84 in.) None 186 in.
L, (84 in.) L, (60 in.) L, (48 in.) 192 in.
L, (84 in.) L, 84in) L, 48in) 216 in.
L, (84 in.) L, 84in) L, (60 in.) 228 in.
L, (84 in.) L, 84in) L, 84in) 252 in.

In view of Table 3, an installer having three sets of modular
shafts with the lengths L;, L,, L; shown can selectively use
the modular shafts to complete foundation support systems
having seventeen different coupled shaft lengths ranging
from 48 inches to 252 inches with varying incremental
differences between the possible coupled shaft lengths.
[0106] Of course, the specific lengths L,, L,, L; of modu-
lar shafts illustrated in Tables 1 through 3 are exemplary
only. Different values of L., L,, and/or L5, whether greater
and lesser than the values shown in Tables 1 through 3, may
be selected in another embodiment to achieve other coupled
shaft lengths and other increments between possible shaft
lengths. Additional modular shafts may be introduced hav-
ing additional varying length (e.g., a selected length L, or L
that is different from L., [, and L;) to realize other com-
binations of shafts to realize foundation pier or piles in other
lengths using single sets of multiple sets of modular shafts.
[0107] Therefore, to a foundation pier or pile installer
having a relatively small inventory of modular shafts 400 of
different axial length L, assembly of modular systems is
possible having a selected combined shaft length to meet the
unique needs of particular projects at installation sites and/or
soil conditions at each site. The installer need not order
conventional shafts of specific lengths, sometimes of a
custom fabricated length, to meet the unique needs of a
particular installation. Delay associated with obtaining
shafts ordered specifically for a given job site are avoided
and jobs may be completed much more quickly using the
modular shafts 400.

[0108] By virtue of the modular shafts 400 as described, a
foundation pier or pile installer also need not undertake
additional work to utilize conventional shafts that may be in
hand, but which are not the optimal length for a given job.
As an example of such a scenario, consider a job site that
requires a foundation piling of 144 inch length to support a
particular foundation in view of soil conditions at the
foundation site, but the installer only has conventional 84
inch piles on hand. To avoid cost and delay of acquiring a
(possibly custom fabricated) additional shaft or shafts to
provide the ideal combined length of 144 inches, an installer
may opt to use two of the 84 inch conventional shafts on
hand to install the foundation support pile instead. Of
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course, this conventionally means that the combined shaft
length exceeds the 144 inches needed and accordingly either
means that the installer has to drive the coupled 86 inch
shafts deeper into the ground to complete the installation, or
cut off the excess shaft length at the top end and drill holes
in the top shaft to make the required connections at the top
end of the shaft to another component (e.g., a foundation
support bracket) to complete the installation. Fither way,
installation time and difficulty is presented, and in the latter
case, reliability issues may result via difficulty in properly
aligning fasteners to complete connections, causing
increased mechanical stress on the shafts and fasteners and
deformation of the shafts and/or fasteners.

[0109] Following the examples above, however, the
modular shafts 400 including the self-aligning coupler fea-
tures as seen in Tables 1 and 2 may be quickly assembled
having a combined shaft length of 147 inches (just above the
required 144 inch length) on site without delay and avoid
additional work required by longer shafts to drive them
much farther into the ground or to cut off the excess shaft
length and establish connections after cutting the upper shaft
per the discussion above. Likewise, the modular shafts 400
shown in Table 3 can be assembled to the exact 144 inch
length required of this installation and therefore requires no
extra work to drive the piling into the ground beyond the
point required. Over a large number of jobs, the modular
shafts 400 can realize significant time and labor savings in
completing jobs in these aspects. Considering that the fas-
tener holes are self-aligning with one another to make
connections between the couplers provided in the modular
shafts of Tables 1 and 2 system reliability is practically
ensured.

[0110] From a modular component manufacturer level or
distributor level, the modular shafts 400 can quickly be
provided to customer installers without customized fabrica-
tion and delay to provide custom fabricated shafts uniquely
suited to meet specific requirements. In the scenario
described above, if a particular foundation support system
requires a piling shaft length of about 144 inches, the
manufacturer or distributer can immediately ship a large and
intermediate shaft 400 in the examples of Tables 1 and 2 or
Table 3 (providing a combined shaft length of 147 inches or
144 inches) instead of custom fabricating one or more shafts
to meet the desired 144 inch length and shipping them
post-fabrication. Delay and increased costs of custom fab-
ricated shafts at the manufacturer level and distributor level
may therefore be reduced, if not eliminated using modular
shafts 400.

[0111] Shafts 400 of different lengths as described may be
quickly and easily connected to one another in modular form
to establish the cross-bolt and cross-lock, rotational torque
transmitting coupler benefits described above. The shafts
400 can be fabricated in different cross-sectional shapes
including circular, square, hexagonal, or another shape as
desired. Shafts 400 of different cross-sectional shape can
easily be connected to one another via the couplers 202, 204
described.

[0112] Additional modular foundation support compo-
nents may be provided for assembly with the modular shaft
components 400. For example, a foundation support bracket
could be provided with an outer coupler 204 for assembly
with the shaft end 402 including the inner coupler 202, and
a foundation support shaft including a beveled end 114 and
helical auger 110 could be assembled to the end 404 of the
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shaft 400 via an inner coupler 402. More than one shaft 400
may be assembled between the foundation support bracket
and a shaft including a beveled end and auger. Different type
of brackets, different types of tips including beveled ends or
other features, or different types of auger components and
configurations may likewise be provided, in the same or
different axial lengths, to complete various different types of
modular foundation support systems including modular
shaft(s) 400 or mating coupler features to meet the needs of
specific installations.

[0113] While in the example shown, the shaft 400 includes
the inner coupler 202 on the first end 402 and the outer
coupler 204 on the second end 404, in an alternative
embodiment the two ends 402, 404 of the shaft 400 could be
provided with the same type of coupler (e.g., either the inner
coupler or the outer coupler) instead of different types of
couplers (e.g., inner coupler on one end and outer coupler on
the other end as shown). So long as the respective ends 402,
404 of the modular shaft 400 are mated with the comple-
mentary inner or outer coupler of additional shafts 400 or
other foundation support components having mating coupler
features as discussed above, the beneficial cross-bolt and
cross-lock, rotational torque transmitting coupler benefits
described above may be realized in the mating modular
components in the foundation support system.

[0114] FIG. 12 illustrates an exemplary embodiment of a
modular foundation support system 420 including the modu-
lar foundation shaft 400 in the form of an extension support
pile coupled to a foundation support bracket 422 including
an outer coupler 204 for mating engagement with the inner
coupler 202 on the first end 402 of the shaft 400. An end
shaft 424 in the form of a primary support pile having an
inner coupler 202 on end and the beveled tip 114 and auger
110 is coupled to the end 404 of the shaft 400 via the outer
coupler 204. The auger 110 is shown coupled to the end shaft
110 at a distance from the beveled tip 114, although the
auger 110 could be another modular component having a
coupler 202 or 204. More than one auger 110 may be
provided on the shaft 424, and more than one different type
of auger may be provided on the end shaft 424 or for
modular assembly to the end shaft 424 as separately pro-
vided modular components. The end shaft 424 may be
provided in different axial lengths, in addition to the modular
shaft being provided in different axial lengths, such that
various combinations of end shafts and modular shafts may
be selectively assembled to provide different combined pile
lengths as described above.

[0115] As installed, the end shaft 424 is driven into the
ground via the beveled tip 114 and auger 110 with the inner
coupler 202 of the shaft 424 exposed. The outer coupler 204
of the shaft 400 at the end 404 is then mated with the
exposed inner coupler 202 of the shaft 424 in the interlock-
ing, self-aligning and torque transmitting manner described
above. Cross-bolt fasteners may be inserted through each of
the mated couplers 202, 204 via the fastener openings
provided to positively secure the shafts 424 and 400, and the
coupled shafts 400, 424 may then be driven further into the
ground while the cross-bolt fasteners are mechanically iso-
lated from torque transmission. The inner coupler 202 of the
shaft 400 and the outer coupler 204 of the bracket assembly
422 are then mated in the interlocking, self-aligning manner
described above, and the bracket assembly 422 is finally
placed in position supporting the foundation. While one
modular shaft 400 is shown between the bracket 422 and the
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end shaft 424, if needed or as desired, additional shafts 400
of the same or different length . may be assembled between
the bracket 422 and the end shaft 424.

[0116] While FIG. 12 shows a particular coupling arrange-
ment including inner and outer couplers 202, 204 connecting
the mated components on each end 402, 404 of the shatt 400,
the coupling arrangement could be effectively reversed in
another embodiment. For example, the shaft 400 could be
inverted for assembly to an end shaft 424 provided with an
outer coupler 204 rather than an inner coupler 202 as shown
in FIG. 12, and a bracket 422 may likewise be provided with
an inner coupler 202 instead of the outer coupler 204 as
shown for mating with the opposite end of the shaft 400 to
that shown. Likewise, the shaft 400 could be provided with
outer couplers 204 on each end for assembly with a bracket
and end shaft including an inner coupler 402, or the shaft
400 could be provided with inner couplers 202 on each end
for assembly with a bracket and end shaft including an outer
coupler 404. As long as each component connection
includes a mating inner and outer coupler, the locations or
orientations of the inner and outer couplers in the respective
components of the modular system may be varied.

[0117] FIG. 13 illustrates another exemplary embodiment
of' a modular foundation system 440 including the modular
foundation shaft 400 in the form of an extension support pile
coupled to a foundation support plate 442 including an outer
coupler 204 which mates with the inner coupler 202 on the
first end 402 of the shaft 400. The end shaft 424 in the form
of'a primary support pile having an inner coupler 202 on end
and the beveled tip 114 and auger 110 opposite the inner
coupler 202 is coupled to the outer coupler 204 at the end
404 of the shaft 400. The modular foundation support
system 442 is installed in a similar manner to that described
above. If needed, additional shafts 400 of the same or
different length may be assembled between the bracket 442
and the end shaft 424.

[0118] It should now be realized that various different
types of brackets, support plates, other types of support
components, and various accessories as desired may be
provided for modular assembly in a selected combination
and in a selected shaft length to construct a foundation
support system. As one example, if two different types of
modular component support brackets, two different types of
modular component support plates, two different types of
modular component end shafts 424 including different ends
or tips, and two different types of helical auger configura-
tions are provided in the end shafts as or as separate modular
components, 16 different foundation support assemblies are
provided using combinations of such modular components,
apart from the various combined shaft lengths made avail-
able from modular components having different shaft length
as discussed above.

[0119] As another example, if three types of each of the
four modular components is made available, 81 different
foundation support systems may be assembled from the
various combinations of components, apart from the various
combined shaft lengths made available from the modular
components having different shaft length. Therefore, by
providing a relatively small set of modular components of
each type, a large number of foundation support systems can
be assembled and installed to meet a spectrum of needs
presented to installers in different locations to meet the needs
of a great variety of installation sites and specific founda-
tions for varying building sites. As such, modular foundation
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systems can be more or less universally used to meet the
needs of any job that an installer may expect to encounter.
[0120] In contemplated embodiments, the modular com-
ponents including the couplers described could be provided
as kits to be assembled on-site by an installer, with each kit
including the components needed to install a particular type
of foundation support system. In other embodiments, a set of
modular components may be provided to the installer that
can be used to construct different types of modular systems,
with the installer selecting a desired combination of modular
components to construct a foundation support system meet-
ing particular needs for particular job sites and/or different
projects at the same or different sites. As such, instead of
specific kits of component parts a distributor may obtain a
number of each modular component desired and selectively
mix and match the modular components to assemble an
appropriate modular support system for a specific site from
the modular components already at hand.

[0121] FIGS. 14-19 are various views of another embodi-
ment of an inner coupler 460 for a modular foundation
support piling assembly (sometimes referred to as a modular
foundation support pier assembly) of the present invention.
The inner coupler 460 may be used in lieu of the coupler 202
to assemble a modular foundation support system of the type
described above.

[0122] The inner coupler 460 is similar in aspects to the
inner coupler 202 as described above but includes four
elongated, axially extending ribs 462 projecting outwardly
from a round body 464 rather than two. The inner coupler
460 likewise includes a seating surface 466 to complete a
coupled connection to a mating coupler such as the outer
coupler 500 described below, and a collar portion 468
including a counter bore 470 configured to receive a distal
end of a shaft such as the shaft 400, end shaft 424, a bracket
shaft, a support plate shaft, or any other shaft or modular
component described herein to facilitate assembly of modu-
lar foundation support systems.

[0123] Each of the four axially extending ribs 462 in the
inner coupler 460 extend from and between the seating
surface 466 to a seating surface 472 on the distal end of each
rib 462 which extends obliquely from the round body 464 to
define an inwardly tapered distal end at the location of each
rib 462. The ribs 462 are evenly spaced around the circum-
ference of the round body 464 at 90° center positions from
one another. The ribs 462 extend outwardly from the round
outer surface of the body 464 at an increased radius relative
to the body 464 such that the ribs 462 project outwardly
from the body 464. As seen in FIGS. 14 and 17, the ribs 462
are elongated in the longitudinal, axial length direction and
relatively narrow in the lateral, width direction. Further,
each rib 462 has a constant or uniform width in the lateral
direction.

[0124] As best shown in FIGS. 16 and 19, however, the
ribs 462 in the example shown do not have the same width
relative to one another. Specifically, the ribs 462 include a
first pair of ribs 4624 oppositely positioned from one another
at about 180° positions on the round body 464. A second pair
of ribs 4625 is also oppositely positioned from one another
at about 180° positions from one another on the round body
464, but the pair of ribs 4625 are offset 90° in position with
respect to the first pair of ribs 462a. The first pair of ribs
462a is proportionally larger than the second pair of ribs
462b in terms of occupying a greater portion of the circum-
ference of the body 464 in the width dimension. In other
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words, the ribs 462a are wider on the arcuate circumference
of the body 464 than the ribs 4625, while being the same
axial length as the ribs 4625. The wider ribs 462a, in
combination with the relatively smaller width ribs 4625
effectively serve as primary and secondary torque transmis-
sion features as well as primary and secondary alignment
features when mated with a complementary coupler
described below. In another contemplated embodiment,
however, the ribs 462a and 4625 may the same width rather
than different.

[0125] The body 464 of the inner coupler 460 also
includes, as shown in the Figures, one or more pairs of
fastener holes or openings 474, 476 defined therethrough to
allow for fastening of the inner coupler 460 and a comple-
mentary outer coupler 500 described below. Each of the
pairs of fastener holes or openings 474, 476 is angularly
offset and axially offset from one another and are further
spaced from the ribs 462 on the body 464 in the example
shown. That is, the fastener openings 474, 476 are respec-
tively located between respective ones of the ribs 462a and
4625 on the body 464. In the specific example shown, the
ribs 462a, 4625 are respectively located at 0°, 90°, 180°, and
270° positions on the circumference of the body 464 as seen
in FIGS. 16 and 19, whereas the fastener openings 474, 476
are located at 45°, 135°, 225° and 315° positions on the body
464. As such, the fastener holes 474, 476 extend through the
relatively thin portion of the outer body 464 instead of
through the thicker portions where the ribs 462a, 4625
extend.

[0126] In alternative embodiments, one or both of the
fastener holes 474, 476 could be considered optional and
may be omitted as fasteners are not necessarily required to
complete interlocking connections of the modular compo-
nents described. Additional, and to the extent that fastener
holes are desired, such fastener holes could be provided at
locations other than those specifically shown and described
above in the illustrated embodiment of FIGS. 14-19.
[0127] FIGS. 20-26 are various views of an exemplary
embodiment of an outer coupler 500 for completing a
modular foundation support pier assembly in combination
with the inner coupler 462 shown in FIGS. 14-19. The outer
coupler 500 may be used in lieu of the outer coupler 204 to
assemble a modular foundation support system.

[0128] The outer coupler 500 includes four axially extend-
ing grooves 502 that are formed in a round inner surface 504
of'abody 506. The body 506 is formed with a seating surface
508 on a distal end thereof. Opposite the seating surface 508,
the outer coupler 500 includes a flange 510 defining a cavity
512 that receives a distal end of a shaft such as the shaft 400,
end shaft 424, a bracket shaft, a support plate shaft, or any
other shaft or modular component described herein to facili-
tate assembly of modular foundation support systems. The
outer coupler 500 may be mated with any modular compo-
nent that includes the inner coupler 460 or the alignment
features of the inner coupler 460.

[0129] Each of the four axially extending grooves 502
extends from and between the seating surface 508 to a
seating surface 514 on which extends obliquely from round
body 464. The axially extending grooves 502 are spaced
around the circumference of the round body 506 at 90°
positions from one another as shown.

[0130] As best shown in FIGS. 22 and 23, the four axially
extending grooves 502 includes a first pair of axially extend-
ing grooves 502a oppositely positioned from one another on
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the round body 506 and a second pair of axially extending
grooves 5025 oppositely positioned from one another on the
round body 506 but in a 90° position with respect to the first
pair of ribs 502a. The first pair of axially extending grooves
502a is proportionally larger than the second pair of axially
extending grooves 50254 in terms of occupying a greater
portion of the circumference of the body 506. In other
words, the axially extending grooves 502a are wider on the
circumference of the body 506 than the axially extending
grooves 502b. The grooves 502a, 5025 are complementary
in shape to the ribs 462a, 4625 of the inner coupler 460 such
that the grooves 502a, 5024 are elongated in the longitudi-
nal, axial length direction and relatively narrow in the
lateral, width direction. Further, each groove 502 has a
constant or uniform width in the lateral direction.

[0131] The body 506 of the outer coupler 500 also
includes, as shown in the Figures, first and second pairs of
fastener holes or openings 514, 516 extend through the body
506 which are angularly offset from one another and axially
offset from one another to allow for fastening of the outer
coupler 500 and the complementary inner coupler 460
described above. The fastener holes or openings 514, 516 are
further spaced from and between the respective grooves
502a, 5025 in respectively similar positions on the body 506
as the corresponding fastener holes in the inner coupler 460.
In alternative embodiments, one or both of the fastener holes
514, 516 could be considered optional and may be omitted
as fasteners are not necessarily required to complete inter-
locking connections of the modular components described.
Likewise, alternative locations of fasteners holes are pos-
sible in other embodiments.

[0132] Like the couplers 202, 204 described above, when
the distal end of the inner coupler 460 is partly inserted into
the distal end of the outer coupler 500 simple rotation of the
outer coupler 500 causes automatic alignment of the ribs
462a, 4625 and the grooves 502a, 5025, and once so aligned,
the outer coupler 500 will fall into place in engagement with
the inner coupler 460 via gravitational force. Therefore, the
ribs 462a, 4625 and the grooves 502a, 5026 serve as a
primary and secondary self-alignment features that makes it
easier to connect shafts to one another other in a modular
foundation support system assembly. When the ribs 462a,
462b and grooves 502a, 502 are mated, a complete torque
transmitting interlocking engagement of the couplers 460,
502 is established, and the fastener holes in each coupler are
self-aligning with one another to quickly and easily secure
the couplers 460, 500 to one another with bolts in a
cross-bolt arrangement.

[0133] Because the couplers 460, 500 include the respec-
tive pairs of ribs 4624, 4625 and pairs of grooves 5024, 5026
instead of one pair of ribs and grooves as in the couplers 202,
204 described above, the couplers 460, 500 have greater
structural strength for use with larger foundation support
piles or piers that are subject to increased torque and
rotational force while being installed. As best seen in FIG.
22, the structural strength needed to withstand greater torque
transmission results at least in part in a square shaped outer
surface of the body 506 of the outer coupler 500. The square
shape also facilities cross-bolt fastener connections with
mechanical isolation of the fasteners from torque.

[0134] The couplers 460, 500 may be provided on oppos-
ing ends of the same modular shaft such as that described
above in lieu of the couplers 202, 204 to provide an
alternative modular shaft to the shaft 400 described above.
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For example, the couplers 460, 500 may be integrally
provided in the shaft 400 via casting in the fabrication of a
shaft 400, swaged on the shaft ends 402, 404 in a forging
process, provided on a separate body and welded on the
shaft ends 402, 404, or otherwise connected to the shaft 400
in another manner. Other modular foundation components
such as the end shaft 424, support bracket 422, support plate
442 or other accessories may be provided with one of the
couplers 460, 500 for connection to the modular shaft at its
respective ends in a similar manner to that described above
in the modular foundation support systems 420 and 440
(FIGS. 12 and 13).

[0135] While embodiments of couplers 202, 204 have now
been described as having two ribs mating with two grooves
and embodiments of couplers 460, 500 are described as
having four ribs mating with four grooves, additional
embodiments of couplers, or shafts including such coupling
features, are possible having other numbers of ribs or
grooves. For example only, three ribs and three grooves may
be provided in another embodiment for modular assembly.
The number of ribs and grooves in such alternative embodi-
ments and the locations of the ribs and grooves may neces-
sitate changes in the number of fastener openings provided
and the locations of the fastener openings in such embodi-
ments such that single fastener connections may result or
dual fastener connections that are not orthogonal. As noted
above, however, fasteners are not necessarily required in all
instances, and in some cases fastener holes may be omitted.

[0136] FIGS. 27 through 30 are various views of an
exemplary embodiment of a drive tool coupler 530 for a
modular foundation support piling including the inner cou-
pler 460 shown in shown in FIGS. 14-19. The drive tool
coupler 530 includes a coupler body 532 having a drive tool
end 534 bad a shaft coupling end 536. The coupling end 538
includes a seating surface 538 in communication with a
plurality of axially extending grooves 540 that engage with
the ribs 462 of the inner coupler 460 as described above in
a rotationally interlocked, torque transmitting arrangement.
A pair of fastener openings 542 is provided in the body 532
for positive attachment to a drive tool (not shown) for
installing a shaft 400 or 424 in a modular foundation support
assembly as described above. The drive tool coupler 530 is
compatible with each of the end shaft 424 and the modular
shaft extension 400 such that each can be separately attached
to the drive tool for driving them into the ground, first the
shaft 424 and then the shaft 400 after attachment to the shaft
424 via the coupling features provided.

[0137] While the drive tool coupler 530 is complementary
to the inner coupler 460 for mating engagement therewith,
in another embodiment the drive tool coupler may be
adapted to complement the outer coupler from mating
engagement therewith by providing the drive tool coupler
with ribs instead of grooves. In certain embodiments, more
than one drive tool may be made available for use by a
foundation support system installer, including but not nec-
essarily limited to a drive tool coupler configured to mate
with one of the couplers 202, 204 described above. So long
as the drive tool coupler utilized matches the coupler fea-
tures of the modular component being driven into the
ground, the drive tool coupler facilitates drive tool engage-
ment via self-aligning coupling features for quick connec-
tion and disconnection of the drive tool coupler to install a
modular foundation support system.
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[0138] FIGS. 31-35 are various views of another embodi-
ment of a foundation support shaft 550 including an integral
inner coupler 552 on one end and an integral outer coupler
554 on the other end. The axially extending ribs 224 on the
inner coupler 552 and the axially extending grooves 252 on
the outer coupler 554 provide for interlocking torque trans-
mission to mating components having complementary cou-
pler features. Pairs of fastener openings 234, 236 are pro-
vided to facilitate cross-bolt connections while mechanically
isolating the fasteners used. When the ribs 224 and grooves
552 are aligned, which may be accomplished by relative
rotation of the ribs 224 with respect to the grooves 552,
connected foundation support components may fall into
place with fastener openings 234, 236 being aligned to
receive the fasteners. The shaft 550 may be filled with
cementitious material as described above.

[0139] The couplers 552, 554 may be integrally provided
in the shaft 550 via casting in the fabrication of a shaft 550,
swaged on the shaft ends in a forging process, welded on the
shaft ends, or connected to the shaft 500 in another manner.
To accommodate increased torque transmission forces, ribs
224 and grooves 252 are proportionally larger on a shaft of
increased diameter. The flared, built-up material around the
grooves 252 partly encroaches the fastener openings 234,
236 on the corresponding end of the shaft and the fastener
openings extending through relatively thicker material on
the shaft end than an otherwise similar shaft 550 fabricated
for a lesser torque transmission. The shaft 550 may be used
in the assembly of modular foundation support systems as
described above including mating couplers or component
having integral coupling features.

[0140] The benefits and advantages of the inventive con-
cepts described herein are now believed to have been amply
illustrated in relation to the exemplary embodiments dis-
closed.

[0141] An embodiment of a modular foundation support
system has been disclosed including a first foundation
support component having a first distal end and a plurality
of axially elongated ribs extending from an outer surface of
the first distal end, and a first pair of fastener holes extending
through the outer surface proximate the first distal end. A
second foundation support component is also provided hav-
ing a second distal end and plurality of spaced apart, axially
elongated grooves on an inner surface of the second distal
end, and a second pair of fastener holes extending through
the inner surface of proximate the second distal end. When
the plurality of axially elongated ribs are mated with the
plurality of axially extending grooves, the first and second
foundation support components are rotationally interlocked
with one another and the first and second pair of fastener
holes are self-aligning with one another to receive a first
fastener therethrough such that the fastener is mechanically
isolated from rotational torque transmission.

[0142] Optionally, the plurality of ribs may include a first
pair of ribs opposing one another on the outer surface. The
plurality of ribs may include a second pair of ribs opposing
one another on the outer surface between the first pair of
ribs. The first pair of ribs may be proportionally larger than
the second pair of ribs. Each of the first pair of ribs and the
second pair of ribs may include an angled seating surface
facilitating self-alignment of the plurality of ribs and the
plurality of grooves.

[0143] The first foundation support component shaft may
include a third pair of fastener openings axially offset and
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angularly offset from the first pair of fastener openings
proximate the first distal end, and the second foundation
support component shaft may include a fourth pair of
fastener openings axially offset and angularly offset from the
second pair of fastener openings proximate the first distal
end. When the plurality of axially elongated ribs are mated
with the plurality of axially extending grooves, the first and
second pair of fastener holes are self-aligning with one
another to receive a second fastener therethrough such that
the second fastener is mechanically isolated from rotational
torque transmission. The first and second fasteners may be
received to extend orthogonally to one another.

[0144] The first and second foundation support component
may each have one of a circular, square, or hexagonal
cross-section. One of the first foundation support component
and the second foundation support component may be a
modular shaft having an axial length extending between
opposing distal ends thereof, and each of the opposing distal
ends may include either the plurality of axially elongated
ribs or the plurality of axially elongated grooves. One of the
opposing distal ends of the modular shaft includes the
plurality of axially elongated ribs and the other of the
opposing distal ends of the modular shaft includes the
plurality of axially elongated grooves.

[0145] As further optional features, the first pair of fas-
tener openings may be spaced from each of the plurality of
axially elongated ribs on the first distal end, and the inner
surface of the second distal end may be round and an outer
surface of the second distal end is square. Each of the first
foundation component and the second foundation compo-
nent may be a steel shaft, and the plurality of axially
elongated ribs or the plurality of axially extending grooves
may be cast into the respective steel shaft. The plurality of
axially elongated ribs or the plurality of axially extending
grooves may alternatively be swaged on the respective steel
shaft, or may be coupled to the respective steel shaft via a
body welded to the steel shaft.

[0146] The first foundation support component may be a
steel foundation support pier, and the steel foundation pier
may be provided with a helical auger. The second foundation
support component may be selected from the group of a
modular foundation support pier extension, a foundation
support bracket, a foundation support plate, and a drive tool
coupler.

[0147] The modular foundation support system may also
be provided in combination with a drive tool coupler having
a complementary coupler feature to each of the first and
second foundation support components. The drive tool cou-
pler may include a plurality of axially extending grooves.
[0148] Another embodiment of a modular foundation sup-
port system has been disclosed including a modular foun-
dation support system having a first modular foundation
support component comprising at least one elongated modu-
lar shaft selected from a set of modular elongated shafts
including shafts of respectively different axial length for
constructing a foundation support pier in a selected one of a
plurality of foundation support pier lengths to support a
building foundation at an installation site. Each of the
plurality of modular elongated shafts in the set has opposing
distal ends and a plurality of torque transmitting coupler
features proximate each of the opposing distal ends. The
plurality of torque transmitting coupler features proximate
each of the opposing distal ends includes outwardly project-
ing axially elongated ribs or inwardly depending axially
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elongated grooves for interlocking torque transmitting
engagement with a second modular foundation support
component having complementary coupler features.

[0149] Optionally, the plurality of axially extended ribs
may include at least a pair ribs having a seating surface
obliquely extending from the respective distal end of the
modular shaft. The plurality of axially extended ribs may
also include a first rib and a second rib having proportionally
different size. The first rib and the second rib may have a
proportionally different circumferential width on the outer
surface. The plurality of axially extended ribs may include
at least four axially extending ribs.

[0150] As further options, the plurality of axially extended
grooves may be located between a seating surface obliquely
extending from the respective distal end of the modular
shaft. The plurality of axially extended grooves may include
a first groove and a second groove having proportionally
different size. The first groove and the second groove may
have a proportionally different circumferential width on the
inner surface. The plurality of axially extended grooves may
include at least four axially extending grooves.

[0151] A first pair of fastener holes may optionally be
provided on each of the opposing distal ends of the first
modular component, each of the first pair of fastener holes
being spaced from each of the coupler features on the
respective opposing distal ends. The second modular foun-
dation support component includes a distal end with coupler
features complementary to one of the opposed distal ends of
the first modular foundation support component, and a
second pair of fastener openings spaced from the coupler
features in second the modular foundation support compo-
nent, wherein the first pair of fastener holes in the first
modular foundation support are self-aligning with the sec-
ond pair of fastener holes in the second modular foundation
support when the coupler features of the second modular
foundation support component are mated to the coupler
features of one of the opposing distal ends of the first
modular foundation support component, whereby a first
fastener may be received in the first and second pair of
fastener holes in mechanical isolation from torque transmis-
sion by the mated coupler features. Additionally, the first
modular foundation support component may optionally
include a third pair of fastener holes axially and angularly
offset from the first pair of fastener holes on each of the
opposing distal ends of the first modular foundation support
component, wherein the second modular foundation support
component further comprises a fourth pair of fastener holes
axially and angularly offset from the second pair of fastener
holes, wherein the third pair of fastener holes in the first
modular foundation support component are self-aligning
with the fourth pair of fastener holes in the second modular
support component when the coupler features of the second
modular foundation support component are mated to the
coupler features of one of the opposing distal ends of the first
modular foundation support component, whereby a second
fastener may be received in the third and fourth pair of
fastener holes in mechanical isolation from torque transmis-
sion by the mated coupler features. The first and second
fasteners extend orthogonally to one another.

[0152] One of the opposing distal ends of the first modular
foundation support component may include the plurality of
axially elongated ribs and the other one of the opposing
distal ends may include the plurality of axially elongated
grooves. The coupler features may be cast into at least one
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of the opposing distal ends of the first modular foundation
support component, swaged on at least one of the opposing
distal ends of the first modular foundation support compo-
nent, or separately provided and welded to the distal end.
[0153] An embodiment of a coupler assembly for con-
necting a first modular foundation support component to a
second modular foundation support component in a modular
foundation support system has also been disclosed. The
coupler assembly includes an outer coupler for an end of the
first foundation support component, the outer coupler com-
prising an inner surface formed with at least one pair of
axially extending grooves extending between a seating sur-
face extending obliquely on a distal end of the outer coupler,
and an inner coupler for an end of the second foundation
support component. The inner coupler includes an outer
surface formed with at least one pair of axially extending
ribs having an obliquely extending seating surface on a
distal end on the inner coupler. When the at least one pair of
axially extending ribs and the at least one pair of axially
extending grooves of the inner coupler and the outer coupler
are engaged in a self-aligning manner via the seating sur-
faces, an interlocking torque transmission structure is estab-
lished between the end of the first foundation support
component and the end of the second foundation support
component.

[0154] Optionally, the at least one pair of ribs includes a
first pair of ribs and a second pair of ribs of proportionally
different size than the first pair of ribs. The outer coupler
may include a round inner surface and a square outer
surface. The first and second modular foundation support
components are each selected from the group of a primary
support pile, an extension pile, a support plate, and a support
bracket. One of the first and second modular foundation
support components may include a helical auger.

[0155] An embodiment of a modular coupled shaft assem-
bly has also been disclosed including a first modular foun-
dation support component and a second modular foundation
support component in a modular foundation support system.
The first modular foundation support component and the
second modular support component are each selected from
a set of otherwise similar modular support components
having different predetermined axial lengths. The modular
coupled shaft assembly including: an outer coupler for an
end of the first modular foundation support component, the
outer coupler comprising an inner surface formed with at
least one pair of axially extending grooves extending
between a seating surface extending obliquely on a distal
end of the outer coupler; and an inner coupler for an end of
the second modular foundation support component, the
inner coupler comprising an outer surface formed with at
least one pair of axially extending ribs having an obliquely
extending seating surface on a distal end on the inner
coupler. When the at least one pair of axially extending ribs
and the at least one pair of axially extending grooves of the
inner coupler and the outer coupler are engaged in a self-
aligning manner via the seating surfaces, an interlocking
torque transmission structure is established between the end
of the first modular foundation support component and the
end of the second modular foundation support component,
providing an assembled axial length corresponding to the
combined selected length of the first modular support com-
ponent and the second selected modular support component.
[0156] Optionally, the outer coupler may include a round
inner surface and a square outer surface. The first and second
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modular foundation support components may each be
selected from the group of a primary support pile and an
extension pile. One of the first and second modular foun-
dation support components may include a helical auger. The
first modular foundation support component and the second
modular foundation support component may be filled with a
cementitious material.

[0157] This written description uses examples to disclose
the invention, including the best mode, and also to enable
any person skilled in the art to practice the invention,
including making and using any devices or systems and
performing any incorporated methods. The patentable scope
of the invention is defined by the claims, and may include
other examples that occur to those skilled in the art. Such
other examples are intended to be within the scope of the
claims if they have structural elements that do not differ
from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences
from the literal languages of the claims.

What is claimed is:

1. A support system for a building foundation, the support

system comprising:

a first foundation support component including a first end
having a first pair of fastener holes and a first rotational
interlock feature spaced from the first pair of fastener
holes; and

a second foundation support component including a sec-
ond end having a second pair of fastener holes and a
second rotational interlock feature spaced from the
second pair of fastener holes;

wherein the first end and the second end are configured to
partly engage while the first and second rotational
interlock features are misaligned, and are further con-
figured to self-align and fully engage the first and
second rotational interlock features via a rotation of one
of the first and second ends about a longitudinal center
axis relative to the other of the first and second ends;
and

wherein the first end and the second end are configured to
automatically align the first pair of fastener holes with
the second pair of fastener holes as the first and second
rotational interlock features are self-aligned and fully
engaged to simplify an insertion of a fastener through
the aligned first and second pairs of fastener holes
while avoiding a deformation of the first and second
pairs of fastener holes when the first and second
foundation support components are driven to a desired
depth on a building site to support the building foun-
dation.

2. The support system of claim 1, wherein the fastener is
a single bolt extending through and between the aligned first
pair of fastener holes and the second pair of fastener holes.

3. The support system of claim 1, wherein the first and
second rotational interlock feature includes at least one
torque transmitting edge extending from each of the first end
and the second end.

4. The support system of claim 3, wherein the at least one
torque transmitting edge extends linearly or spirally on each
of the first end and the second end.

5. The support system of claim 4, wherein the at least one
torque transmitting edge extends radially outwardly or radi-
ally inwardly from the first end or the second end.
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6. The support system of claim 4, wherein the at least one
torque transmitting edge is defined by a projecting rib or a
depending groove in the first end and the second end.

7. The support system of claim 1, wherein the first end
defines a smaller diameter inner coupler portion and wherein
the second end defines a larger diameter outer coupler
portion.

8. The support system of claim 1, wherein the first
foundation support component is a primary foundation sup-
port pile.

9. The support system of claim 8, wherein the second
foundation support component is an extension foundation
support pile or a drive tool coupler.

10. The support system of claim 8, wherein the primary
foundation support pile includes a helical auger.

11. A method of installing a foundation support system on
a building site, the method comprising:

providing at the building site a first foundation support

component including a first end formed with a first pair
of fastener holes and a second foundation support
component including a second end having a second pair
of fastener holes;

after driving one of the first and second foundation

support components partly below ground on the build-
ing site, partly engaging the first end and the second
end in a misaligned orientation; and
rotating one of the first and second ends about a longi-
tudinal center axis relative to the other, causing the first
and second ends to self-align and fully engage;

whereby the first pair of fastener holes are automatically
engaged with the second pair of fastener holes as the
first end and second end are fully engaged.

12. The method of claim 11, further comprising extending
a fastener through the first pair of fastener holes and the
second pair of fastener holes, and driving the first and
second foundation support components in combination to a
below ground depth on the building site.

13. The method of claim 12, wherein the first end and the
second end are each formed with at least one torque trans-
mitting edge, and wherein rotating one of the first and
second ends about the longitudinal center axis relative to the
other further causes the at least one torque transmitting edge
to self-align and fully engage in the first end and the second
end.

14. The method of claim 13, further comprising driving
the first foundation support component and the second
foundation support component below ground via engage-
ment of the least one torque transmitting edge in each of the
first end and the second end while the fastener is mechani-
cally isolated from torque transmission.

15. The method of claim 13, wherein the at least one
torque transmitting edge extends linearly or spirally on each
of the first end and the second end.

16. The method of claim 15, wherein the at least one
torque transmitting edge is defined by a radially outwardly
projecting rib or an inwardly depending groove in the first
end or the second end.

17. The method of claim 11, wherein the first end defines
a smaller diameter inner coupler portion and wherein the
second end defines a larger diameter outer coupler portion,
and wherein partly engaging the first end and the second end
comprises partially mating the smaller diameter inner cou-
pler portion and the larger diameter outer coupler portion.
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18. The method of claim 11, wherein the first foundation
support component is a primary foundation support pile.
19. The method of claim 18, wherein the second founda-
tion support component is an extension foundation support
pile or a drive tool coupler.
20. The method of claim 18, wherein the primary foun-
dation support pile includes a helical auger.
21. A support system for a building foundation, the
support system comprising:
a first foundation support component including a first
coupler portion having a first pair of fastener holes and
a first rotational interlock feature spaced from the first
pair of fastener holes; and
a second foundation support component including a sec-
ond coupler portion having a second pair of fastener
holes and a second rotational interlock feature spaced
from the second pair of fastener holes;
wherein the first coupler portion and the second coupler
portion are configured to automatically align the first
pair of fastener holes with the second pair of fastener
holes when the first and second rotational interlock
features are aligned.
22. The support system of claim 21, wherein the first
interlock features comprise at least two spaced apart out-
wardly projecting ribs.
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23. The support system of claim 21, wherein the second
interlock features comprise at least two spaced apart
inwardly depending grooves.

24. The support system of claim 21, wherein one of the
first foundation support and the second foundation support is
a primary pile and wherein the other of the first foundation
support and the second foundation support is an extension
pile.

25. The support system of claim 21, further comprising a
drive tool coupler including a third coupler portion having a
third pair of fastener holes and a third rotational interlock
feature spaced from the third pair of fastener holes, wherein
the third coupler portion is configured to automatically align
the first pair of fastener holes with the third pair of fastener
holes when the first and third rotational interlock features are
aligned.

26. The support system of claim 21, wherein the first and
second coupler portions are configured to self-align the first
interlock feature and the second interlock feature when one
of' the first coupler portion and the second coupler portion is
rotated about a longitudinal center axis relative to the other.

27. The support system of claim 21, wherein the first and
second foundation support components are uniformly round
in cross section.



