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SYSTEMS AND METHODS FOR CONNECTING A STRUCTURAL
MEMBER TO A PILE

RELATED APPLICATIONS

[0001] This application claims benefit of U.S. Provisional Application Serial
No. 62/172 filed June 8, 2015.

TECHNICAL FIELD

[0002] The present invention relates to systems and methods for connecting
a pile to a structural member supported by the pile.

BACKGROUND

[0003] Piles are often driven into the ground to form platform for supporting a
structure such as a pipeline. The particular environment through which the pipeline
extends will determine whether a particular pipeline is arranged above or below
ground. The present invention is of particular significance when applied to above
ground or elevated pipelines, and that example of the present invention will be
described herein in detail. However, the principles of the present invention may be
applied to piles used to support structures other than pipelines such as elevated
tracks, elevated roadways and the like.

[0004] An elevated pipeline typically comprises a pile driven into the ground,
a pile cap secured to the pile, an I-beam connected to the pile cap, and a pipe
structure connected to the I-beam. Conventional elevated pipelines employ a pile
cap that is welded to the pipe. The process of driving a pile into the earth is
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typically imprecise, so the welding of a pile cap to the pile such that the I-beam is
supported in the correct orientation for the pipe structure typically requires significant
time, effort, expertise, and expense.

[0005] the need exists for pile cap systems and methods for facilitating the
connection of a pile to a structure such as an I-beam for supporting a pipe structure.

SUMMARY OF THE INVENTION

[0006] The present invention may be embodied as a connecting system for
connecting a pile to a structural member comprising a core portion, a first interface
portion, and a second interface portion. The core portion defines a system axis. the
first interface portion defines a reference plane and is adapted to be connected to the
core portion and the structural member. The second interface portion is adapted to
be connected to the core portion and the pile. The second interface portion fixes a
position of the system axis relative to the pile. The core portion allows adjustment of
a position of the reference plane relative to the system axis.

[0007] The present invention may also be embodied as a method of
connecting a pile to a structural member comprising the following steps. A core
portion defining a system axis is connected to the structural member to define a
reference plane. the core portion is connected to the pile. An effective length of the
core portion is adjusted, and the effective length of the core portion is secured. A
position of the reference plane relative to the system axis is adjusted, and the

position of the reference plane relative to the system axis is secured.
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[0007A] In a broad aspect, the present invention pertains to a pile system
comprising a structural member, a pile defining a pile engaging surface, and a
connecting system comprising a plug member defining a system axis, where the plug
member defines a plug curved surface, and a plug engaging surface. A plate
assembly defines a reference plane, where the plate assembly is movable relative to
the system axis, and comprises a first plate defining a first plate curved surface and a
second plate defines a second plate curved surface, and there is at least one clip
member. A sleeve member defines a first sieeve engaging surface and a second
sleeve engaging surface, and a lock member defines a lock member engaging
surface. The first sleeve engaging surface engages the pile engaging surface to
support the sleeve member relative to the pile. The second sleeve engaging surface
engages the plug engaging surface to support the plug member relative to the sleeve
member. The lock member engaging surface engages the plug engaging surface
such that the lock member fixes a position of the plug member relative to the sleeve
member. The first plate curved surface and the second plate curved surface engage
the plug curved surface to fix an orientation of the plate assembly relative to the plug
member, and the at least one clip member engages the structural member to fix a
location of the structural member relative to the plate assembly.

[00078B] In a further aspect, the present invention provides a connecting
system for connecting a structural member to a pile defining a pile engaging surface.
The system comprises a connecting system comprising a plug member defining a
system axis, where the plug member comprises a head portion, and a plug engaging
surface. There is at least one clip member, and a sieeve member defines a first
sleeve engaging surface and a second sleeve engaging surface. A lock member
defines a lock member engaging surface, and the first sleeve engaging surface
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engages the pile engaging surface to support the sleeve member relative to the pile.
The second sleeve engaging surface engages the plug engaging surface to support
the plug member relative to the sleeve member. The lock member engaging surface
engages the plug engaging surface such that the lock member fixes a position of the
plug member relative to the sleeve member, and the at least one clip member
engages the structural member to fix a location of the structural member relative to
the plate assembly.

[0007C] In a yet further aspect, the present invention embodies a method of
connecting a structural member to a pile defining a pile engaging surface. The
method provides a plug member defining a system axis, where the plug member
comprises a head portion, and a plug engaging surface. There is provided at least
one clip member, a sleeve member defining a first sleeve engaging surface and a
second sleeve engaging surface, and a lock member defining a lock member
engaging surface. The first sleeve engaging surface is engaged with the plug
engaging surface to support the plug member relative to the sleeve member. The
lock member engaging surface is engaged with the plug engaging surface, such that
the lock member fixes a position of the plug member relative to the sleeve member,
and the at least one clip member is engaged with the structural member to fix a

location of the structural member relative to the head portion of the plug member.

-2b -
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a side elevation view of a first example connecting system
of the present invention being used to connect a structural member to a pile;

[0009] Figure 2 is a bottom isometric view illustrating the first example

connecting system connected to a structural member;

[0010] Figure 3 is a side elevation view illustrating the first example

connecting system connected to a structural member;

[0011] Figure 4 is an end elevation view illustrating the first example

connecting system connected to a structural member;

[0012] Figure 5 is a side elevation exploded view illustrating the first
example connecting system in relation to a structural member,

[0013] Figure 6 is an end elevation cutaway view illustrating the first

example connecting system connected to a structural member;

[0014] Figure 7 is an end elevation cutaway view illustrating the first
example connecting system connected to a structural member in an angled

configuration in a first plane;

[0015] Figures 8 and 9 are top plan views illustrating the first example
connecting system connected to a structural member in angled configuration in a

second plane;

[0016] Figure 10 is an end elevation cutaway view illustrating the first
example connecting system connected to a structural member in an extended

configuration;
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[0017] Figure 11 is an end elevation cutaway view illustrating the first

example connecting system connected to a structural member in an offset

configuration;

[0018] Figure 12 is a plan view of a first plate of the example first example

connecting system;

[0019] Figure 13 is a plan view of a second plate of the example first

example connecting system;

[0020] Figure 14 is a plan view of a clip plate of the example first example

connecting system;

[0021] Figure 15 is a bottom isometric view illustrating a second example

connecting system of the present invention;

[0022] Figure 16 is an end elevation cutaway view illustrating the second

example connecting system connected to a structural member;

[0023] Figures 17-19 are end cutaway views similar to Figure 16 illustrating
the process of adjusting an effective length of the second example connecting

system;

[0024] Figure 20 is a bottom isometric view illustrating a third example

connecting system of the present invention;

[0025] Figure 21 is an end elevation cutaway view illustrating the second

example connecting system connected to a structural member,

[0026] Figure 22 is an end cutaway view similar to Figure 21 illustrating a



iock member in an unlocked position to allow an effective length of the second

example connecting system to be adjusted.

[0027] Figure 23 is an end elevation view illustrating a fourth example

connecting system of the present invention; and

[0028] Figures 24-28 are end cutaway views illustrating the process of
adjusting an effective length of the fourth example connecting system.
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DETAILED DESCRIPTION

[0029] The principles of the present invention may be embodied in a number
of configurations of connecting systems or methods for supporting a structural
member relative to a pile, and several example connection systems of the
present invention will be described herein. The example connecting systems or
assemblies of the present invention may be configured to be used with different
types of piles and different structural members, but specific piles and structural

members will be described below to facilitate a complete understanding of the

present invention.

I First Example Connecting System

[0030] Referring initially to Figure 1 of the drawing, depicted therein is an
example connecting assembly 20 adapted to connect a structural member 22 to
a pile 24 supported in the earth 26. The structural member 22 and pile 24 are
not by themselves part of the present invention. The structural member 22 and
the pile 24 will thus be described herein only to that extent necessary for a

complete understanding of the present invention.

[0031] Figure 1 illustrates that the example structural member 22 is or may
be a conventional I-beam comprising a web 30, an upper flange 32, and a lower
flange 34. In the example structural member 22, the lower flange comprises a
first lateral portion 36 and a second lateral portion 38. Typically, a structural
member such as the example structural member 22 is sized, dimensioned, and

configured to span a distance and/or support a load (not shown) such as a pipe

structure forming a part of a larger pipeline.

[0032] Figure 1 also illustrates that the example pile 24 comprises a central
portion 40, an upper portion 42, and a lower portion 44. The example pile 24

further comprises a helical flange 46 arranged at the lower portion 44. The

-6-
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example pile 24 is thus intended to be augered into the earth 26 at a ground
location 50, to a ground depth 52, and at a pile angle 54 (see, e.g., Figure 7) with

respect to vertical.

[0033] When the pile 24 is driven into the earth 26 as shown in Figure 1, the
upper portion 42 of the pile 24 should be at or near a predetermined location 56
in three-dimensional space above the earth 26 as required by the design of the
structure supported by the structural member 22. Once the pile 24 is driven into
the earth 26, the pile angle 54 and the location of the upper portion 42 of the pile
are not practically alterable. Modification to the pile 24 is typically required to
adjust the pile 24 if the pile angle 54 and location of the upper portion 42 are not
as desired with respect to the predetermined location 56. Such modification of

the pile 24 may not be possible or practical.

[0034] Referring now to Figures 3, 4, and 6 of the drawings, it can be seen
that the example connecting assembly 20 comprises a core portion 120, a first
interface portion 122, and a second interface portion 124. As will be explained in
detail below, the first interface portion 122 is configured to engage the structural
member 22 and the core portion 120, and the second interface portion 124 is
configured to engage the pile 24 and the core portion 120. Further, the core
portion 120 allows adjustment of the first interface portion relative to the second
interface portion 124 in a number of axes such as along a system axis A, at an
angle with respect to the system axis A, an offset distance with respect to the

system axis A, and at different radial locations about the system axis A.

[0035] Referring now to Figures 3-6 of the drawing, it can be seen that the
core portion 120 comprises a plug member 130, a sleeve member 132, and a
lock member 134. The first interface portion 122 comprises a plate assembly
140 and a clip assembly 142. The plate assembly 140 comprises a first plate
150, a second plate 152, and a plurality of plate bolts 154. The clip assembly
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142 comprises first and second clip plates 160 and 162, a plurality of first clip bolt
assemblies 164, and a plurality of second clip bolt assemblies 166. The example

second interface portion 124 comprises a coupler member 170.

[0036] As perhaps best shown in Figures 5 and 6, the plug member 130
comprises a shaft portion 220, a head portion 222, and a transition portion 224.
The shaft portion 220 is generally in the form of a cylindrical solid defining the
system axis A. The shaft portion 220 further defines a plug threaded surface
230. The head portion 222 is also generally cylindrical but defines a plug curved,
generally circular or spherical outer surface 232 and a plug drive surface 234 at
one end. The transition portion 224 defines a transition surface 236. The sleeve
member 132 is generally in the shape of a hollow cylinder and comprises a first
interface portion 240, a second interface portion 242, a spacing portion 244, and
a drive projection 246. A sleeve passageway 248 extends through the sleeve
member 132. A sleeve first threaded surface 250 is formed on an inner surface
of the sleeve member 132 in the first interface portion 240, and a sleeve second
threaded surface 252 is formed on an outer surface of the sleeve member 132 in
the second interface portion 242. The lock member 134 is generally in the shape
of a hollow cylinder and defines a lock opening 260. A lock threaded surface 262
is formed on an inner surface of the lock member 134, and one or more drive

recesses 264 are formed in an outer surface of the lock member 134.

[0037] Referring now again to Figures 2-6, the example first interface portion
122 will now be described in further detail. Figures 6 and 12 illustrate that the
first plate 150 of the plate assembly 140 comprises a first plate curved surface
270 surrounding a first plate opening 272. A plurality of first plate tapped holes
274 and first plate thru holes 276 are formed in the first plate 150. The example
first plate 150 comprises six tapped holes 274 and four thru holes 276 (see
Figure 9). The first plate 150 further defines a first plate perimeter surface 278
defining a first plate configuration. As perhaps best shown in Figure 9, the first
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plate configuration is square in the example first plate 150.

[0038] Figures 6 and 13 further illustrates that the second plate 152 of the
plate assembly 140 comprises second plate curved surface 280 surrounding a
second plate opening 282. A plurality of second plate thru holes 284 are formed
in the second plate 152. The example second plate 152 comprises six thru holes
284. The second plate 152 further defines a second plate perimeter surface 288
defining a second plate configuration. The first plate configuration is six-sided in

the example second plate 152.

[0039] The example first and second clip plates 160 and 162 are identical,
but these clip plates 160 and 162 may differ in size, shape, and composition from
each other and/or from what is depicted in the drawing depending upon the exact
nature of the structural member being connected thereto. Because the example
first and second clip plates 160 and 162 are identical, only the first clip plate 160

will be described in detail herein.

[0040] Figure 5 illustrates that the example first clip plate 160 defines a first
engaging surface 290, a second engaging surface 292, a first surface portion
294, and a second engaging portion 296. The first and second engaging
surfaces 290 and 292 are offset from each other to define aclipgap G. A
plurality of thru holes 298 are formed in the exampile first clip plate 160 (Figure
14). Three example thru holes 298 are formed in the example first clip plate 160.

[0041] Turning now to Figures 5 and 6 of the drawings, it can be seen that
the example coupler member 170 comprises a first coupler interface portion 320,
a second coupler interface portion 322, and an intermediate coupler portion 324
and defines a coupler passageway 326. A coupler first threaded surface 330 is
formed on an interior surface of the first coupler interface portion 320 of the
coupler member 170. A coupler second threaded surface 332 is formed on an
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interior surface of the second coupler interface portion 322 of the coupler
member 170. A coupler stop projection 334 extends from the interior surface of
the intermediate coupler portion 324 of the coupler member 170. A coupler drive
projection 336 extends from the exterior surface of the first coupler interface
portion 320 of the coupler member 170. A coupler annular surface 338 is formed

on an interior surface of the first coupler interface portion 320 adjacent to an end

of the coupler member 170.

[0042] The first clip bolt assemblies 164 each comprise a first clip bolt 340
and a clip nut 342. The second clip bolt assemblies 166 each comprise a second
clip bolt 344 and a clip nut 342. The first clip bolts 340 are longer than the
second clip bolts 342 as will be described in further detail below.

[0043] The example core portion 120 and first interface portion 122 are

assembled and connected together as follows.

[0044] Initially, the shatft portion 220 of the plug member 130 is passed
through the second plate opening 282 of the second plate 152 such that the plug
curved surface 232 faces the second plate curved surface 280. The curved
surfaces 232 and 280 are sized and dimensioned such that the plug curved
surface 232 cannot pass through the second plate opening 282.

[0045] The core portion 120 of the connecting assembly 20 is formed by first
engaging the plug threaded surface 230 with the lock threaded surface 260 and
axially rotating the plug member 130 and the lock member 134 relative to each
other. At least initially, as shown in Figures 3 and 5, the lock member 134 will be
displaced relative to the plug member 130 until the lock member 134 is adjacent
to the transition surface 236 of the plug member 130. Next, the plug threaded
surface 230 is engaged with the sleeve first threaded surface 250 and at least
one of the plug member 130 and the sleeve member 132 is rotated relative to the

-10 -
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other to displace the sleeve member 132 relative to the plug member 130.
Typically, as shown in Figures 3 and 5, the sleeve member 132 will, at least
initially, be displaced along the plug member 130 until the sleeve member 132 is

in contact with the lock member 134.

[0046] At this point the second plate 152 is held between the sleeve
member 132 and the head portion 222 of the plug member 130. However, the
second plate 152 may move up and down and pivot within a limited range of
movement relative to (both along and angularly with respect to) the system axis

A.

[0047] The plate assembly 140 is then formed by arranging the first plate
150 such that the first plate curved surface 270 faces the plug curved surface
232 and such that at least some of the second plate thru holes 284 are aligned
with the first plate tapped holes 274. The plate bolts 154 are then inserted
through the second plate thru holes 284 and threaded into the corresponding first

plate tapped holes 274.

[0048] At this point, further tightening of the plate bolts 154 draws the first
and second plates 150 and 152 together such that the first plate curved surface
270 and the second plate curved surface 280 form an annular chamber 350 that
surrounds at least a portion of the plug curved surface 232 and such that the
plate assembly defines a plate or reference plane P at the interface of the first
and second plates 150 and 152. Further, the curved surfaces 232, 270, and 280
are complementary such that, when the plate bolts 154 are not fully tightened,
the head portion 222 of the plug member 130 form a ball joint that allows the
plate assembly 140 to pivot such that the plate plane P moves through a range of
angular orientations relative to the system axis A. However, fully tightening of
the plate bolts 154 pulls the plate curved surfaces 270 and 280 against the plug
curved surface 232 such that friction inhibits movement of the plate assembly

-11 -
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140 relative to the plug member 130 and thus allows the angular orientation of

the plate plane P to be substantially fixed relative to the system axis A.

[0049] The clip assembly 142 is then formed first arranging each of the first
and second clip plates 150 and 152 such that each of the clip plate thru holes
298 is aligned with a set of thru holes 276 and a tapped hole 274 in the first plate
150. In the example clip assembly 142, the first clip bolts 340 are extended
through the middle of the three clip plate thru holes 298 and the corresponding
second plate thru hole 284 and first plate tapped hole 274 associated with that
middle clip plate thru hole 298. The second clip bolts 344 are then each
threaded into one of the first plate thru holes 236 and extended through one of
the clip plate thru holes 298. The clip nuts 342 are then tightened to form the clip
assembly 142 and also to secure the clip assembly 142 relative to the plate
assembly 140. A clip axis C is defined by the first and second clip plates 150

and 152.

[0050] The core portion 120 is secured to the second interface portion 124
as follows. Initially, the core sleeve 132 is arranged such that the longitudinal
axis thereof is aligned with the longitudinal axis of the coupler member 170. The
external threading of the sleeve second threaded surface 252 is then brought into
contact with the internal threading of the coupler first threaded surface 330. Axial
rotation of the core sleeve 132 relative to the coupler member 170 causes the
sleeve second threaded surface 252 to engage the coupler first threaded surface
330. The core sleeve 132 and coupler member 170 are axially rotated until a
lower end 360 of the core sleeve 132 engages the coupler stop projection 334
and the coupler annular surface 338 overlaps a portion of the outer surface of the

sleeve spacing portion 244.

[0051] With the core portion 120 secured to the first and second interface
portions 122 and 124 as described above, the connecting assembly 20 is formed.

-12-
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[0052] Referring now to Figures 7-11 of the drawing, it can be seen that the
connecting assembly 20 can be adjusted to accommodate an existing driven pile
and a particular orientation of structural member. In Figure 7, the structural
member 22 is substantially horizontal, and the pile 24 is canted at an angle with
respect to horizontal. The ball joint formed by the interaction of the plate
assembly 140 and the plug member 130 allows the connecting assembly 20 to
accommodate this difference in angle. Figures 8 and 9 illustrate that the ball joint
formed by the plate assembly 140 and the plug member 130 further allows an
angular position of the clip axis C to be moved to any radial angular position
relative to the system axis A. Figure 10 illustrates that the plug member 130 may
be rotated relative to the sleeve member 132 to alter an effective length of the
pile 24. And Figure 11 illustrates that clip plates 150 and 152 allow a limited
amount offset between a plane defined by the web 30 of the structural member
22 and the system axis A. It should be clear that combination of these
adjustments is available given the particulars of a particular structural member

and pile.

[0053] Further, the exact size and dimensions of and method of forming the
connecting assembly 20 will, in practice, vary depending upon the nature of the
structural member 22 and/or the pile 24. For example, the spacing between the
clip plates 160 and 162 and the dimension of the clip gap G will be determined

for a particular structural member 22.

[0054] As another example, the exact nature of the coupler second portion
322 will depend upon the nature of the pile 24. For a pile having an externally
threaded upper end 370 as shown in Figure 1, the second coupler portion 322
will be provided with the internally threaded second coupler threaded surface 332
as shown and described herein. The second coupler portion 322 may be

configured differently for different pile types.

-13-
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[0055] Further, the method and procedures for assembling the connecting
assembly 20 may vary depending upon nature of the structural member 22
and/or the pile 24. For example, with a pile like the pile 24 having a threaded
upper end, the coupler member 170 may be assembled onto the pile 24 before

being connected to the sleeve member 132.
Il Second Example Connecting System

[0056] Referring now to Figures 15-19 of the drawing, depicted therein is a
second example connecting assembly 420 adapted to connect a structural
member 422 to a pile, such as the pile 24 described above, that is supported in
the earth. The structural member 422 and pile are not by themselves part of the
present invention and thus will be described herein only to that extent helpful to a

complete understanding of the present invention.

[0057] Figure 15 illustrates that the example structural member 422 is or
may be a conventional I-beam comprising a web 430, an upper flange 432, and a
lower flange 434. In the example structural member 422, the lower flange
comprises a first lateral portion 436 and a second lateral portion 438. Typically, a
structural member such as the example structural member 422 is sized,
dimensioned, and configured to span a distance and/or support a load (not

shown) such as a pipe structure forming a part of a larger pipeline.

[0058] As with the example pile 24 described above, when the pile
supporting the second example connecting assembly 420 is driven into the earth,
an upper portion of the pile should be at or near a predetermined location in
three-dimensional space above the earth as required by the design of the

structure supported by the structural member 422.

-14 -
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[0059] Figure 16 of the drawing illustrates that the example connecting
assembly 420 comprises a core portion 520, a first interface portion 522, and a
second interface portion 524. As will be explained in detail below, the first
interface portion 522 is configured to engage the structural member 422 and the
core portion 520, and the second interface portion 524 is configured to engage
the pile 24 and the core portion 520. Further, the core portion 520 aliows
adjustment of the first interface portion 522 relative to the second interface
portion 524 in a number of axes such as along a system axis A, at an angle with
respect to the system axis A, an offset distance with respect to the system axis

A, and at different radial locations about the system axis A.

[0060] The example core portion 520 comprises a plug member 530, a
sleeve member 532, and a lock member 534. The first interface portion 522
comprises a plate assembly 540 and a clip assembly 542. The plate assembly
540 comprises a first plate 550, a second plate 552, and a plurality of plate bolts
554. The clip assembly 542 comprises first and second clip plates 560 and 562,
a plurality of first clip bolt assemblies 564, and a plurality of second clip bolt
assemblies 566. The example second interface portion 524 comprises a coupler

member (not shown) like the coupler member 170 described above.

[0061] As perhaps best shown in Figure 17, the plug member 530
comprises a shaft portion 620 and a head portion 622. The shaft portion 620 is
generally in the form of a hollow cylinder defining the system axis A. The shaft
portion 620 further defines a plug threaded surface 630. The head portion 622 is
also generally cylindrical but defines a plug curved, generally circular outer
surface 632. The sleeve member 532 is generally in the shape of a hollow
cylinder and comprises a first interface portion 640, a second interface portion
642, a spacing portion 644, and a drive projection 646. A sleeve passageway
648 extends through the sleeve member 532. A sleeve first threaded surface
650 is formed on an inner surface of the sleeve member 532 in the first interface

-15-
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portion 640, and a sleeve second threaded surface 652 is formed on an outer
surface of the sleeve member 532 in the second interface portion 642. The lock
member 534 is generally in the shape of a hollow cylinder and defines a lock
opening 660. A lock threaded surface 662 is formed on an inner surface of the
lock member 534, and one or more drive recesses 664 are formed in an outer

surface of the lock member 534.

[0062] The example first interface portion 522 will now be described in
further detail. The first plate 550 of the plate assembly 540 comprises a first
plate curved surface 670 surrounding a first plate opening 672. A plurality of first
plate tapped holes (not visible) and first plate thru holes 676 are formed in the
first plate 550. The example first plate 550 comprises six tapped holes and four
thru holes 676. The first plate 550 further defines a first plate perimeter surface
678 defining a first plate configuration. As perhaps best shown in Figure 15, the
first plate configuration is round in the example first plate 550.

[0063] The second plate 552 of the plate assembly 540 comprises second
plate curved surface 680 surrounding a second plate opening 682. A plurality of
second plate thru holes 684 are formed in the second plate 552. The example
second plate 552 comprises six thru holes 684. The second plate 552 further
defines a second plate perimeter surface 688 defining a second plate
configuration. The second plate configuration is round in the example second

plate 552 as shown in Figure 15.

[0064] The example first and second clip plates 560 and 562 are identical,
but these clip plates 560 and 562 may differ in size, shape, and composition from
each other and/or from what is depicted in the drawing depending upon the exact
nature of the structural member being connected thereto. Because the example
first and second clip plates 560 and 562 are identical, only the first clip plate 560

will be described in detail herein.

-16 -
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[0065] Figure 16 illustrates that the example first clip plate 560 defines a first
engaging surface 690, a second engaging surface 692, and an upper surface
portion 694. The first and second engaging surfaces 690 and 692 are offset from
each other to define a clip gap G. A plurality of thru holes 698 are formed in the
example first clip plate 560 (Figure 16). Three example thru holes 698 are

formed in the exampile first clip plate 560.

[0066] The example core portion 520 and first interface portion 522 are

assembled and connected together as follows.

[0067] Initially, the shaft portion 620 of the plug member 530 is passed
through the second plate opening 682 of the second plate 552 such that the plug
curved surface 632 faces the second plate curved surface 680. The curved
surfaces 632 and 680 are sized and dimensioned such that the plug curved

surface 632 cannot pass through the second plate opening 682.

[0068] The core portion 520 of the connecting assembly 420 is formed by
first engaging the plug threaded surface 630 with the lock threaded surface 662
and axially rotating the plug member 530 and the lock member 534 relative to
each other. At least initially, as shown in Figures 17 and 18, the lock member
534 will be displaced relative to the plug member 530. Next, the plug threaded
surface 630 is engaged with the sleeve first threaded surface 650 and at least
one of the plug member 530 and the sleeve member 532 is rotated relative to the
other to displace the sleeve member 532 relative to the plug member 530.
Typically, as shown in Figures 17 and 18, the sleeve member 532 will, at least
initially, be displaced along the plug member 530 until the sleeve member 532 is

in contact with the lock member 534.

[0069] At this point the second plate 552 is held between the sleeve

-17 -



CA 02932412 2016-06-07

Attorney’s Ref. No. P218650ca

member 532 and the head portion 622 of the plug member 530. However, the
second plate 552 may move up and down and pivot within a limited range of
movement relative to (both along and angularly with respect to) the system axis

A

[0070] The plate assembly 540 is then formed by arranging the first plate
550 such that the first plate curved surface 670 faces the plug curved surface
632 and such that at least some of the second plate thru holes 684 are alighed
with the first plate tapped holes (not shown). The plate bolts 554 are then
inserted through the second plate thru holes 684 and threaded into the

corresponding first plate tapped holes (not shown).

[0071] At this point, further tightening of the plate bolts 554 draws the first
and second plates 550 and 552 together such that the first plate curved surface
670 and the second plate curved surface 680 form an annular chamber 700 that
surrounds at least a portion of the plug curved surface 632 and such that the
plate assembly defines a plate or reference plane P at the interface of the first
and second plates 550 and 552. Further, the curved surfaces 632, 670, and 680
are complementary such that, when the plate bolts 554 are not fully tightened,
the head portion 622 of the plug member 530 form a ball joint that allows the
plate assembly 540 to pivot such that the plate plane P moves through a range of
angular orientations relative to the system axis A. However, fully tightening of
the plate bolts 554 pulls the plate curved surfaces 670 and 680 against the plug
curved surface 632 such that friction inhibits movement of the plate assembly
540 relative to the plug member 530 and thus allows the angular orientation of

the plate plane P to be substantially fixed relative to the system axis A.
[0072] The clip assembly 542 is then formed first arranging each of the first

and second clip plates 550 and 552 such that each of the clip plate thru holes
698 is aligned with a set of thru holes 676 and 684 in the first and second plates
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550 and 552 respectively and tapped holes 674 in the first plate 550 and
connected using the first and second clip bolt assemblies 564 and 566. A clip

axis C is defined by the first and second clip plates 560 and 562.

[0073] The core portion 520 is secured to the second interface portion 524
as follows. Initially, the core sleeve 532 is arranged such that the longitudinal
axis thereof is aligned with the longitudinal axis of the coupler member. The
external threading of the sleeve second threaded surface 652 is then brought into
contact with the internal threading of the coupler member. Axial rotation of the
core sleeve 532 relative to the coupler member causes the sleeve second
threaded surface 652 to engage the coupler first threaded surface. The core
sleeve 532 and coupler member are axially rotated until a lower end 710 of the
core sleeve 532 engages a stop projection of the coupler member and an
annular surface of the coupler member overlaps a portion of the outer surface of

the sleeve spacing portion 644.

[0074] With the core portion 520 secured to the first and second interface
portions 522 and 524 as described above, the connecting assembly 420 is

formed.

[0075] As generally described with reference to Figures 7-11 and discussed
above, the second example connecting assembly 420 can be adjusted to

accommodate an existing driven pile and a particular orientation of structural

member.

[0076] Figures 17-19 illustrate that rotating the lock member 534 such that
the lock member 534 is displaced along the axis A away from the sleeve 532
allows a distance between the sleeve 532 and the head portion 622 of the plug
member 530 to be altered from a distance D1 in Figures 16 and 17 to a distance
D2 in Figures 18 and 19. Rotating the lock member 534 such that the lock
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member 534 engages the sleeve 532 as shown in Figure 19 inhibits movement
of the sleeve 532 relative to the head portion 622 during normal use of the

connecting assembly 420.
Il Third Example Connecting System

[0077] Referring now to Figures 20-22 of the drawing, depicted therein is a
third example connecting assembly 720 adapted to connect a structural member
722 to a pile, such as the pile 24 described above, that is supported in the earth.
The structural member 722 and pile are not by themselves part of the present
invention and thus will be described herein only to that extent helpful to a

complete understanding of the present invention.

[0078] The example structural member 722 is or may be a conventional I-
beam comprising a web 730, an upper flange 732, and a lower flange 734. In the
example structural member 722, the lower flange comprises a first lateral portion
736 and a second lateral portion 738. Typically, a structural member such as the
example structural member 722 is sized, dimensioned, and configured to span a
distance and/or support a load (not shown) such as a pipe structure forming a

part of a larger pipeline.

[0079] As with the example pile 24 described above, when the pile
supporting the third example connecting assembly 720 is driven into the earth, an
upper portion of the pile should be at or near a predetermined location in three-
dimensional space above the earth as required by the design of the structure

supported by the structural member 722.
[0080] The example connecting assembly 720 comprises a core portion

740, a first interface portion 742, and a second interface portion 744. As will be

explained in detail below, the first interface portion 742 is configured to engage

-20-



CA 02932412 2016-06-07

Attorney’s Ref. No. P218650ca

the structural member 722 and the core portion 740, and the second interface
portion 744 is configured to engage the pile and the core portion 740. Further,
the core portion 740 allows adjustment of the first interface portion 742 relative to
the second interface portion 744 along a system axis A, an offset distance with

respect to the system axis A, and at different radial locations about the system

axis A.

[0081] The example core portion 740 comprises a plug member 750, a
sleeve member 752, and a lock member 754. The first interface portion 742
comprises a clip assembly 760 comprising first and second clip plates 762 and
764, a plurality of first clip bolt assemblies 766, and a plurality of second clip bolt
assemblies 768. The example second interface portion 744 comprises a coupler
member (not shown) like the coupler member 170 described above. The
example sleeve member 752 is or may be the same as the sleeve member 532
described above. The example lock member 754 is or may be the same as the
example lock member 534. The example first and second clip plates 762 and
764 are or may be the same as the clip plates 560 and 562 described above.
The example clip bolt assemblies 766 and 768 are or may be the same as the
example clip bolt assemblies 564 and 566 described above. These components

752,754, 762, 764, 766, and 766 will not be described again in detail.

[0082] The plug member 750 comprises a shaft portion 770 and a head
portion 772. The shaft portion 770 is generally in the form of a hollow cylinder
defining the system axis A and defines a plug threaded surface 774. The

example head portion 772 is in the shape of a rectangular plate.

[0083] The example core portion 740 and first interface portion 742 are
assembled together by passing the example first and second clip bolt assemblies
766 and 768 through the head portion 772 of the plug member 750 and through
the first and second clip plates 762 and 764, respectively. At this point, the clip
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plates 762 and 764 may be securely attached to the head portion 772 with the
lateral portions 736 and 738 of the lower flange 734 of the structural member 722
securely held between the clip plates 762 and 764 and the head portion 772 as

depicted in Figure 21.

[0084] The core portion 740 of the connecting assembly 720 is formed by
first engaging the plug threaded surface 774 with an interior threaded surface
754a of the lock member 754 and axially rotating the plug member 750 and the
lock member 754 relative to each other. Next, the plug threaded surface 774 is
engaged with an interior threaded surface of the sleeve member 752, and at
least one of the plug member 750 and the sleeve member 752 is rotated relative
to the other to displace the sleeve member 752 relative to the plug member 750.
Typically, the sleeve member 752 will, at least initially, be displaced along the

plug member 750 until the sleeve member 752 is in contact with the lock member

754,

[0085] The core portion 740 is secured to the second interface portion 744
by arranging the core sleeve 752 such that the longitudinal axis thereof is aligned
with the longitudinal axis of the coupler member. An external threaded surface
776 of the sleeve member 752 is then brought into contact with the internal
threading of the coupler member. Axial rotation of the core sleeve 752 relative to
the coupler member causes a second threaded surface of the core sleeve 752 to
engage the coupler first threaded surface. The core sleeve 752 and coupler
member are axially rotated until a lower end 778 of the core sleeve 752 engages
a stop projection of the coupler member and an annular surface of the coupler
member overlaps a portion of the outer surface of a spacing portion of the sleeve
member 752. With the core portion 740 secured to the first and second interface
portions 742 and 744 as described above, the connecting assembly 720 is

formed.
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[0086] As generally described with reference to Figures 7-11 and discussed
above, the third example connecting assembly 720 can be adjusted to
accommodate an existing driven pile and a particular orientation of structural
member. In particular, rotating the lock member 754 such that the lock member
754 is displaced along the axis A away from the sleeve 752 allows a distance
between the sleeve 752 and the head portion 772 of the plug member 750 to be
altered as necessary for a particular pile as driven and particular structural
member. By rotating the lock member 754 such that the lock member 754
engages the sleeve 752, movement of the sleeve 752 relative to the head portion

772 during normal use of the connecting assembly 720 is inhibited.
V. Fourth Example Connecting System

[0087] Referring now to Figures 23-28 of the drawing, depicted therein is a
fourth example connecting assembly 820 adapted to connect a structural
member 822 to a pile 824 (Figure 24) that is supported in the earth. The
structural member and pile are not by themselves part of the present invention
and thus will be described herein only to that extent helpful to a complete

understanding of the present invention.

[0088] Figure 23 illustrates that the example structural member 822 is or
may be a conventional I-beam comprising a web 830, an upper flange 832, and a
lower flange 834. In the example structural member 822, the lower flange
comprises a first lateral portion 836 and a second lateral portion 838. Typically, a
structural member such as the example structural member 822 is sized,

dimensioned, and configured to span a distance and/or support a load (not

shown) such as a pipe structure forming a part of a larger pipeline.

[0089] As with the example pile 24 described above, when the pile
supporting the fourth example connecting assembly 820 is driven into the earth,
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an upper portion of the pile should be at or near a predetermined location in
three-dimensional space above the earth as required by the design of the

structure supported by the structural member 822.

[o090] Figure 23 and 24 of the drawing illustrates that the example
connecting assembly 820 comprises a core portion 840, a first interface portion
842, and a second interface portion 844. As will be explained in detail below, the
first interface portion 842 is configured to engage the structural member 822 and
the core portion 840, and the second interface portion 844 is configured to
engage the pile 824 and the core portion 840. Further, the core portion 840
allows adjustment of the first interface portion 842 relative to the second interface
portion 844 along a system axis A, an offset distance with respect to the system

axis A, and at different radial locations about the system axis A.

[0091] The example core portion 840 comprises a plug member 850, a
sleeve member 852, a first lock member 854, and a second lock member 856.
The example connecting assembly 820 may use a sleeve member that is the
same as the sleeve member 532 described above, but the example sleeve
member 852 is an elongate hollow member that defines an elongate, annular pile
chamber 858 for receiving the pile 824. The pile chamber 858 forms the second
interface portion 844 of the fourth example connecting assembly 820. The
example first and second lock members 854 and 856 are or may be the same as
the example first lock member 534. The lock members 854 and 856 will not be

described again in detail.

[0092] The first interface portion 842 comprises a clip assembly 860
comprising first and second clip plates 862 and 864, a plurality of first clip bolt
assemblies 866, and a plurality of second clip bolt assemblies 868. The example
first and second clip plates 862 and 864 are or may be the same as the clip

plates 560 and 562 described above. The example clip bolt assemblies 866 and
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868 are or may be the same as the example clip bolt assemblies 564 and 566
described above. These components 862, 864, 866, and 868 will not be

described again in detail.

[0093] The plug member 850 comprises a shaft portion 870 and a head
portion 872. The shaft portion 870 is generally in the form of a hollow cylinder
defining the system axis A and defines a plug threaded surface 874. The
example head portion 872 is in the shape of a rectangular plate.

[0094] The example core portion 840 and first interface portion 842 are
assembled together by passing the example first and second clip bolt assemblies
866 and 868 through the head portion 872 of the plug member 850 and through
the first and second clip plates 862 and 864, respectively. At this point, the clip
plates 862 and 864 may be securely attached to the head portion 872 with the
lateral portions 836 and 838 of the lower flange 834 of the structural member 822
securely held between the clip plates 862 and 864 and the head portion 872 as

depicted in Figure 23.

[0095] The core portion 840 of the connecting assembly 820 is formed by
first engaging the plug threaded surface 874 with first and second lock threaded
surfaces 854a and 854b of the first and second lock members 854 and 856 and
axially rotating the plug member 850 and the first and second lock member 854
and 856 relative to each other. Next, the plug threaded surface 874 is engaged
with an internal sleeve threaded surface 852a of the sleeve member 852, and at
least one of the plug member 850 and the sleeve member 852 is rotated to

thread plug member 850 into the sleeve member 852.
[0096] As generally described with reference to Figures 8-11 and discussed

above, the fourth example connecting assembly 820 can be adjusted to

accommodate an existing driven pile and a particular orientation of structural
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member.

[0097] In particular, with the example connecting assembly 820 is in the
configuration depicted in Figure 24, an effective length of the example connecting
assembly 820 is L1. At this point, the first lock member 854 is engaged with the
sleeve member 852 to lock a position of the plug member 850 relative to the
sleeve member 852 during normal use of the example connecting assembly 820.
Further, the second lock member 856 is disengaged from both the first lock
member 854 and the upper end of the shaft portion 870 of the plug member 850.

[0098] Between the configuration depicted in Figure 24 and the
configuration depicted in Figure 25, the second lock member 856 has been
rotated such that the second lock member 856 has engaged the upper end of the
shaft portion 870 and then rotated further to rotate the plug member 850 about
the axis A, thereby increasing the effective length of the example connecting
assembly 820 to a length L2. At this point, the first lock member 854 has
disengaged from the sleeve member 852. Continued rotation of the second lock
member 856 further rotates the plug member 850 about the axis A, thereby
increasing the effective length of the example connecting assembly 820 to a

length L3 as shown in Figure 26.

[0099] Between the configuration depicted in Figure 26 and the
configuration depicted in Figure 27, the second lock member 856 has been
rotated such that the second lock member 856 has engaged the first lock
member 854 and rotated further to rotate the plug member 850 about the axis A,
thereby decreasing the effective iength of the example connecting assembly 820
to a length L4. Continued rotation of the second lock member 856 further rotates
the plug member 850 about the axis A, thereby decreasing the effective length of

the example connecting assembly 820 to a length L5 (Figure 28).
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[0100] The first and second lock members 854 and 856 may thus be used to
alter an effective length of the example connecting assembly 820 without directly

engaging the plug member 850.

[0101] Once the effective length of the example connecting assembly 820 is
at a desired length, the first lock member 854 is rotated until the first lock
member 854 engages the sleeve member 852, thereby inhibiting rotation of the
sleeve member 852 about the axis A. The second lock member 856 may then
be rotated until the second lock member 854 engages the first lock member 854,
thereby inhibiting rotation of the first lock member 854, and also of the sleeve

member 852, about the axis A.

V. Summary

[0102] Certain elements of one or more of the first, second, third, and fourth
example connecting assembiies 20, 420, 720, and 820 described herein may be
applied to the other example connecting assemblies 20, 420, 720, and/or 820.
For example, the use of first and second lock members as in the fourth example
connecting assembly 820 may be applied to any of the other example connecting
assemblies 20, 420, and/or 720. Similarly, the use of an elongate, annular pile
chamber to as a second interface portion to engage a pile as in the fourth
example connecting assembly 820 may be applied to any of the other example
connecting assemblies 20, 420, and/or 720. Similarly, the use of complementary
circular or spherical surfaces to allow pivoting, rotating movement of a plate or
plate assembly relative to a system axis A as in the first and second example
connecting assembly 20 and 420 may be applied to any of the other example

connecting assemblies 720 and/or 820.

[0103] In addition, while the example pile the first example connecting
assembly 20 is a pile that is augered into the earth, other pile configurations may
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be used in addition or instead with any of the first, second, third, and fourth
example connecting assemblies 20, 420, 720, and 820. Further, while the
example structural members supported by the first, second, third, and fourth
example connecting assemblies 20, 420, 720, and 820 are I-beams, other
configurations of structural members may be supported by a connecting system

or assembly of the present invention.

[0104] The present specification is thus intended to cover any combinations
and sub-combinations of elements from any one or more of the first, second,
third, and fourth example connecting assemblies 20, 420, 720, and 820 with any

other of the first, second, third, and fourth example connecting assemblies 20,

420, 720, and/or 820.
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WHAT IS CLAIMED IS:

1. A pile system comprising:
a structural member;
a pile defining a pile engaging surface; and

a connecting system comprising a plug member defining a system axis, where
the plug member defines a plug curved surface, and a plug engaging surface;

a plate assembly defining a reference plane, where the plate assembly is
movable relative to the system axis and comprises a first plate defining a first plate
curved surface, and

a second plate defining a second plate curved surface, and at least one clip
member;

a sleeve member defining a first sleeve engaging surface and a second sleeve
engaging surface; and

a lock member defining a lock member engaging surface; wherein the first sleeve
engaging surface engages the pile engaging surface to support the sieeve member
relative to the pile;

the second sleeve engaging surface engages the plug engaging surface to
support the plug member relative to the sieeve member;

the lock member engaging surface engages the plug engaging surface such that
the lock member fixes a position of the plug member relative to the sleeve member;

the first plate curved surface and second plate curved surface engage the plug
curved surface to fix an orientation of the plate assembly relative to the plug member;

and

the at least one clip member engages the structural member to fix a location of

the structural member relative to the plate assembly.
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2. The pile system as recited in claim 1, in which:
the pile engaging surface is threaded;
the first sleeve engaging surface is threaded; and

the first sleeve engaging surface threads onto the pile threaded surface to

support the sleeve member relative to the pile.

3. The pile system as recited in claim 1, in which:
the second sleeve engaging surface is threaded,
the plug engaging surface is threaded; and

the second sleeve engaging surface threads onto the plug engaging surface to
support the plug member relative to the sieeve member.

4. The pile system as recited in claim 1, in which:
the lock member engaging surface is threaded; and

the lock member engaging surface threads onto the plug engaging surface to fix
a position of the plug member relative to the sleeve member.

5. The pile system as recited in claim 1, in which the connecting system comprises
a plurality of clip members.

6. The pile system as recited in claim 1, in which the connecting system comprises
at least one clip bolt configured to secure the at least one clip member relative to the
first plate member.

7. The pile system as recited in claim 1, in which the connecting system comprises
at least one clip bolt configured to secure the at least one clip member relative to the
first plate member and the first plate member relative to the second plate member.
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8. The pile system as recited in claim 1, in which:
the pile engaging surface is threaded;
the first sleeve engaging surface is threaded;
the second sleeve engaging surface is threaded;
the plug engaging surface is threaded;
the lock member engaging surface is threaded;

the first sleeve engaging surface threads onto the pile threaded surface to
support the sleeve member relative to the pile;

the second sleeve engaging surface threads onto the plug engaging surface to
support the plug member relative to the sleeve member; and

the lock member engaging surface threads onto the plug engaging surface to fix
a position of the plug member relative to the sleeve member.

9. The pile system as recited in claim 8, in which the connecting system comprises

a plurality of clip members.

10. The pile system as recited in claim 8, in which the connecting system comprises
at least one clip bolt configured to secure the at least one clip member relative to the

first plate member.

11.  The pile system as recited in claim 8, in which the connecting system comprises
at least one clip bolt configured to secure the at least one clip member relative to the
first plate member and the first plate member relative to the second plate member.

12. A connecting system for connecting a structural member to a pile defining a pile

engaging surface, comprising:

a connecting system comprising a plug member defining a system axis, where

the plug member comprises a head portion, and a plug engaging surface;
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at least one clip member;

a sleeve member defining a first sleeve engaging surface and a second sleeve

engaging surface; and
a lock member defining a lock member engaging surface;

wherein the first sleeve engaging surface engages the pile engaging surface to
support the sleeve member relative to the pile;

the second sleeve engaging surface engages the plug engaging surface to
support the plug member relative to the sleeve member;

the lock member engaging surface engages the plug engaging surface such that
the lock member fixes a position of the plug member relative to the sleeve member; and

the at least one clip member engages the structural member to fix a location of

the structural member relative to the plate assembly.

13. The connecting system as recited in claim 12, in which:

the pile engaging surface is threaded; the first sleeve engaging surface is
threaded; and

the first sleeve engaging surface threads onto the pile threaded surface to
support the sleeve member relative to the pile.

14. The connecting system as recited in claim 12, in which:

the second sleeve engaging surface is threaded; the plug engaging surface is
threaded; and

the second sleeve engaging surface threads onto the plug engaging surface to
support the plug member relative to the sleeve member.
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15. The connecting system as recited in claim 12, in which:
the lock member engaging surface is threaded; and

the lock member engaging surface threads onto the plug engaging surface to fix

a position of the plug member relative to the sleeve member.

16. The connecting system as recited in claim 12, in which the connecting system

comprises a plurality of clip members.

17.  The connecting system as recited in claim 12, in which the connecting system
comprises at least one clip bolt configured to secure the at least one clip member
relative to the head portion of the plug member.

18.  The connecting system as recited in claim 12, in which:
the pile engaging surface is threaded;
the first sleeve engaging surface is threaded;
the second sleeve engaging surface is threaded;
the plug engaging surface is threaded;
the lock member engaging surface is threaded;

the first sleeve engaging surface threads onto the pile threaded surface to
support the sleeve member relative to the pile;

the second sleeve engaging surface threads onto the plug engaging surface to

support the plug member relative to the sleeve member; and

the lock member engaging surface threads onto the plug engaging surface to fix
a position of the plug member relative to the sleeve member.

19.  The connecting system as recited in claim 18, in which the connecting system
comprises a plurality of clip members.
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20. The pile system as recited in claim 18, in which the connecting system comprises
at least one clip bolt configured to secure the at least one clip member relative to the

head portion of the plug member.

21. A method of connecting a structural member to a pile defining a pile engaging
surface comprising the steps of:

providing a plug member defining a system axis, where the plug member
comprises a head portion, and a plug engaging surface;

providing at least one clip member;

providing a sleeve member defining a first sleeve engaging surface and a second
sleeve engaging surface; and

providing a lock member defining a lock member engaging surface;

engaging the first sleeve engaging surface with the pile engaging surface to

support the sleeve member relative to the pile;

engaging the second sleeve engaging surface with the plug engaging surface to
support the plug member relative to the sleeve member;

engaging the lock member engaging surface with the plug engaging surface such
that the lock member fixes a position of the plug member relative to the sleeve member;
and

engaging the at least one clip member with the structural member to fix a location
of the structural member relative to the head portion of the plug member.

22. The method as recited in claim 21, in which:
the pile engaging surface is threaded;
the first sleeve engaging surface is threaded;
the second sleeve engaging surface is threaded;

the plug engaging surface is threaded;
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the lock member engaging surface is threaded,;

the method further comprising the steps of threading the first sleeve engaging
surface onto the pile threaded surface to support the sleeve member relative to the pile;

threading the second sleeve engaging surface onto the plug engaging surface to
support the plug member relative to the sleeve member; and

threading the lock member engaging surface onto the plug engaging surface to

fix a position of the plug member relative to the sleeve member.
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