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Patent Application for

HELICAL PILE LEADS AND EXTENSIONS

BACKGROUND
Field

[001] The present disclosure relates generally to helical piles, and more particularly to leads

and extensions for helical piles having perimeter shear helical plates.

Description of the Related Art

[002] Piles are used to support structures, such as buildings, when the soil underlying the
structure would be too weak alone to support the structure. To effectively support a structure, a
pile has to penetrate the soil to a depth where competent load-bearing stratum is found.
Conventional piles can be cast in place by excavating a hole in the place where the pile is
needed, or a hollow form can be driven into the ground where the pile is needed, and then filled

with cement. These approaches are cumbersome and expensive.

[003] Helical or screw piles are a cost-effective alternative to conventional cement piles
because of the speed and ease at which a helical pile can be installed. Helical piles are rotated
such that load bearing helical plates at the lower end of the pile effectively screw the pile into the
soil to a desired depth. Referring to Fig. 1, a helical pile 10 is typically made of galvanized
straight steel square or round shafts sequentially joined together. The bottom most piece of a
helical pile is known as the lead 12, which has a lead head portion 14 and a lead end portion 16.
The lead end portion 16 is configured to first penetrate the soil, and terminates at a pointed tip
17. As seenin Figs. 1 and 2, the lead end portion 16 typically has one or more spaced apart load
bearing helical plates 18 arranged on the lead shaft typically in the lead end portion 16 to
penetrate the soil. The load bearing helical plates 18 on the lead may have the same diameter, or
the load bearing helical plates may have different diameters that are in a tapered arrangement.
For example, the tapered arrangement may be such that the smallest diameter load bearing

helical plate is closest to the lead tip 17 and the largest load bearing helical plate is at a distance
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away from the lead tip. The load bearing helical plates 18 on the lead 12 are spaced apart at a
distance “A” sufficient to promote individual plate load bearing capacity. Typically, the distance
“A” 1s three times the diameter of the smallest load bearing helical plate 18 on the shaft of the
lead 12. The diameter of the load bearing helical plates 18 in conventional helical piles may
range from between about 6 inches and about 16 inches depending upon the load the pile is to
carry. As noted above, helical piles 10 are installed by applying torque to the shaft at the lead
head 14 that causes the load bearing helical plates to rotate and screw into the soil with minimal
disruption to the surrounding soil. As the lead 12 penetrates the soil, one or more extensions 20
may have to be added to the pile 10 so that the pile can achieve the desired depth and load
capacity. Referring to Fig. 1, extensions 20 may be fabricated from traditional straight steel
square or round shafts and have an extension end portion 22 and an extension head portion 24
that are configured to connect to a lead head portion 14 and/or another extension 20, typically
with a nut and bolt. Referring to Fig. 3, the extensions 20 may have load bearing helical plates
26 spaced apart at a distance “A” sufficient to promote individual plate load bearing capacity.

As noted above, typically, the distance “A” is three times the diameter of the smallest load
bearing helical plate 26 on the shaft of the extension 12. The diameter of the load bearing helical
plates 26 in conventional helical pile extensions may range from between about 12 inches and
about 16 inches depending upon the load the pile is to carry. Typically, the load bearing plates

26 on extension 20 are the same diameter as the largest load bearing helical plate on the lead 12.

[004] One drawback of conventional helical piles is that they have a limited load capacity that
if exceeded can cause the helical pile to settle or creep. Another drawback of conventional
helical piles is that they can succumb to lateral movement. Greater pile stability and stiffness
can be achieved by pouring or pumping cement based grout around the pile shaft which hardens
to form a grout column. However, adding grout columns increase construction costs from a time
and materials point of view. Further, there may be instances where soil conditions or other
environmental conditions do not permit the use of grout columns to increase the stability,
stiffness, and load capacity of the pile. The present disclosure provides an alternative to using

grout columns to increase the stability, stiffness and load capacity of helical piles.
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SUMMARY

[005] The present disclosure provides helical piles having helical pile leads and/or extensions
with closely spaced perimeter shear helical plates that develop a cylindrical failure surface
between the perimeter shear helical plates and soil, mobilizing soil-to-soil shear strength, and
thus increasing the stability, stiffness and load capacity of the helical pile. In one embodiment,
the helical pile extension includes a shaft having an end portion configured to connect to another
helical pile extension or a helical pile lead, and a head portion configured to connect to another
helical pile extension. A plurality of perimeter shear helical plates are attached to the shaft, and
spaced apart a distance that promotes soil-to-soil shear strength. An example of a distance that
promotes soil-to-soil shear strength is less than 3 times a diameter of the perimeter shear helical
plates and preferably 1.5 times a diameter of the perimeter shear helical plates. The extension
shafts may be square or round and they may be solid or hollow. The diameter of each of the
plurality of perimeter shear helical plates can range from between about 4 inches and about 10

inches.

[006] In one embodiment, the helical pile lead includes a shaft having an end portion and a
head portion, where the head portion is configured to connect to a helical pile extension. At least
one load bearing helical plate is attached at the end portion of the shaft, and a plurality of
perimeter shear helical plates are attached to the shaft. The perimeter shear helical plates on the
shaft are preferably spaced apart a distance that promotes soil-to-soil shear strength. Preferably,
the perimeter shear helical plate closest to the at least one load bearing plate is spaced from the at
least one load bearing helical plate a distance that promotes the individual load bearing capacity
of the at least one load bearing helical plate. An example of a distance that promotes soil-to-soil
shear strength is less than 3 times a diameter of the perimeter shear helical plates, and preferably
1.5 times a diameter of the perimeter shear helical plates. An example of a distance that
promotes the individual load bearing capacity of the at least one load bearing helical plate is at
least 6 inches. The diameter of each of the plurality of perimeter shear helical plates can range
between about 4 inches and 10 inches, and the diameter of the at least one load bearing helical

plate can range between 12 inches and 16 inches.
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[007] In one embodiment, a helical pile according to the present disclosure may include a lead
having a lead shaft with an end portion, a head portion configured to connect to an extension,
and at least one load bearing helical plate attached at the end portion of the lead shaft. The
helical pile also includes an extension having an extension shaft with an end portion that is
configured to connect to the head portion of the lead. The extension also has a head portion, and
a plurality of perimeter shear helical plates attached to the extension shaft. The perimeter shear
helical plates on the extension shaft are preferably spaced apart a distance that promotes soil-to-
soil shear strength, and the perimeter shear helical plate on the extension shaft closest to the lead
is spaced from the at least one load bearing helical plate a distance that promotes the individual
load bearing capacity of the at least one load bearing helical plate. An example of a distance that
promotes soil-to-soil shear strength is less than 3 times a diameter of the perimeter shear helical
plates and preferably 1.5 times a diameter of the perimeter shear helical plates. An example of a
distance that promotes the individual load bearing capacity of the at least one load bearing
helical plate is at least 6 inches. Preferably, the diameter of each of the plurality of perimeter
shear helical plates ranges from between 4 inches and 10 inches, and the diameter of the at least

one load bearing helical plate ranges from between 12 inches and 16 inches.

[008] In another embodiment, a helical pile according to the present disclosure may include a
lead having a lead shaft with an end portion, and a head portion configured to connect to an
extension, at least one load bearing helical plate attached at the end portion of the lead shaft, and
a plurality of perimeter shear helical plates attached to the shaft. The perimeter shear helical
plates on the lead shaft are preferably spaced apart a distance that promotes soil-to-soil shear
strength, and the perimeter shear helical plate closest to the at least one load bearing plate is
preferably spaced from the at least one load bearing helical plate a distance that promotes the
individual load bearing capacity of the at least one load bearing helical plate. The helical pile
according to this embodiment also includes an extension having an extension shaft with an end

portion configured to connect to the head portion of the lead, and a head portion.
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BRIEF DESCRIPTION OF THE DRAWINGS

[009] The figures depict embodiments for purposes of illustration only. One skilled in the art
will readily recognize from the following description that alternative embodiments of the
structures illustrated herein may be employed without departing from the principles described

herein, wherein:

[0010] Fig. 1 is a side view of a conventional helical pile with a single load bearing helical plate

lead, and a straight extension attached to the lead;

[0011] Fig. 2 is a side view of a conventional helical pile lead with multiple load bearing helical

plates;

[0012] Fig. 3 is a side view of a conventional helical pile extension with multiple load bearing

helical plates;

[0013] Fig. 4 is a side view of an embodiment according to the present disclosure of a helical

pile lead with multiple perimeter shear helical plates along a length of the lead;

[0014] Fig. 5 is a perspective view of an embodiment of a perimeter shear helical plate according

to the present disclosure;

[0015] Fig. 6 is a side view of an embodiment according to the present disclosure of a helical

pile extension with multiple perimeter shear helical plates along a length of the extension;

[0016] Fig. 7 is a side view of an embodiment according to the present disclosure of a helical
pile having a lead with a single load bearing helical plate, an extension with perimeter shear

helical plates, and a straight extension;

[0017] Fig. 8 is a side view of an embodiment according to the present disclosure of a helical
pile having a lead with two load bearing helical plates, an extension with perimeter shear helical

plates, and a straight extension;
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[0018] Fig. 9 is a side view of an embodiment according to the present disclosure of a helical
pile having a lead with a single load bearing helical plate and perimeter shear helical plates, an

extension with perimeter shear helical plates, and a straight extension; and

[0019] Fig. 10 is a side view of another embodiment of the helical pile of Fig. 9.

DETAILED DESCRIPTION

[0020] The present disclosure provides helical leads and extensions with closely spaced
perimeter shear helical plates capable of developing a cylindrical failure surface between the
perimeter shear helical plates and soil to mobilize soil-to-soil shear strength. The helical leads
and extensions disclosed herein can be used as helical piles or anchors, and are capable of
withstanding compression loads and tension loads. Reference herein to helical lead, helical

extension, and helical piles also includes helical anchors.

[0021] Referring to Fig. 4, an exemplary embodiment of a lead for helical piles according to the
present disclosure is shown. In this embodiment, the lead 100 may be fabricated from steel or
galvanized steel, straight square or round shafts 101. The length of the shaft 101 may be
between 3 feet and 10 feet, and the length of a lead for a particular installation would depend
upon the load the pile is to carry and the type of equipment used for installation. The lead 100
has a lead head portion 102 and a lead end portion 104 that preferably terminates in a pointed tip
106. The lead head portion 102 is configured to connect to an extension, such as extension 200
(shown in Fig. 6), or a conventional extension 20 (shown in Fig. 1). Typically, the lead is
connected to an extension using a nut and bolt, and preferably a galvanized nut and bolt. In the
embodiment shown, the square or round lead head portion 102 fits within a female receptacle
204a in an extension 200 or an extension 12, and the nut is passed through holes aligned in the

lead head portion and the extension female receptacle 204a.

[0022] In the lead end portion 104 is one or more load bearing helical plates 108 that when
rotated screw the pile into the soil with minimal disruption to the surrounding soil. The load
bearing helical plates 108 on the lead may have the same diameter, or the load bearing helical

plates 108 may have different diameters that are in a tapered arrangement. For example, the
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tapered arrangement may be such that the smallest diameter load bearing helical plate is closest
to the lead tip 106 and the largest load bearing helical plate is at a distance away from the lead
tip. If multiple load bearing helical plates are employed, the load bearing helical plates on the
lead would be spaced apart at a distance “A” sufficient to promote individual plate load bearing
capacity, as described above. In the embodiment of Fig. 4, a single load bearing helical plate
108 for the lead 100 is shown. The present disclosure also contemplates leads with multiple load
bearing helical plates, where the distance between the load bearing helical plates 108 is
preferably a multiple of, e.g., three times, the diameter of the lower load bearing helical plate.
For example, if the lower load bearing helical plate is 10 inches in diameter the distance to the

next load bearing helical plate would be 3 times the diameter of that plate, which is 30 inches.

[0023] The lead 100 in this embodiment has a plurality of spaced apart perimeter shear helical
plates 110 arranged along the length of the lead shaft 101, as shown. The perimeter shear helical
plates are typically welded to the shaft 101, but the perimeter shear helical plates may be secured
to the shaft using any other suitable method. The lowest perimeter shear helical plate 110a on
lead shaft 101 is positioned on the lead shaft at a distance “C” from the load bearing helical plate
108. The distance “C” is sufficient to promote the individual plate load bearing capacity of plate
108, which is typically 1-1/2 feet to 2 feet. Each perimeter shear helical plate 110 can have the
same diameter, or different diameters in a tapered arrangement. In the embodiment shown in
Fig. 4, the perimeter shear helical plates 110 have the same diameter. Preferably, the diameter of
each perimeter shear helical plate 110 is less than the diameter of the load bearing helical plates
108. Suitable diameters for the perimeter shear helical plates 110 on the lead 100 can range from
between about 4 inches and about 10 inches, depending upon the diameter of the load bearing

helical plate or plates on the lead, and the desired load capacity.

[0024] Fig. 5 illustrates an exemplary perimeter shear helical plate 110. In this exemplary
embodiment, the perimeter shear helical plate has a diameter “D” which is sufficient to promote
soil-to-soil shear strength. Preferably, the diameter of the perimeter shear helical plate ranges
between about 4 inches and about 10 inches. The perimeter shear helical plate has a helical pitch
“P” of between about 2 inches and about 4 inches, and preferably about 3 inches. It is also

preferred that the helical pitch “P” of the perimeter shear helical plates is substantially the same
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as the helical pitch of the load bearing helical plates used on the lead. The thickness “T” of each

perimeter shear helical plate is between about 3/8 inch and about 1/2 inch.

[0025] Referring again to Fig. 4, the perimeter shear helical plates 110 are spaced apart along the
shaft 101 at a distance “B” sufficient to promote soil-to-soil shear strength. Preferably, the
distance “B” is less than 3 times a diameter of the perimeter shear helical plates 110, and
preferably equal to 1.5 times the diameter of the perimeter shear helical plates 110. For example,
if the perimeter shear helical plates were 6 inches in diameter and using a distance “B” that is 1.5
times the diameter of the perimeter shear helical plates, the spacing between the perimeter shear
helical plates along the shaft 101 would be less than or equal to 9 inches. By closely spacing the
perimeter shear helical plates 110 at the distance “B”, a cylindrical failure surface between the
perimeter shear helical plates 110 and the soil develops as the helical pile is rotated into the
ground mobilizing soil-to-soil shear strength, and thus increasing the stability, stiffness and load

capacity of the helical pile.

[0026] Referring to Fig. 6, an exemplary embodiment of an extension for helical piles according
to the present disclosure is shown. In this embodiment, the extension 200 may be fabricated
from steel or galvanized steel, straight square or round shafts 201, which can be hollow or solid
shafts. The length of the shaft 201 may be between 3 feet and 10 feet, and the length of an
extension for a particular installation would depend upon the load the pile is to carry and the type
of equipment used for installation. The extension 200 has an extension head portion 202 and an
extension end portion 204. The extension head portion 202 is configured to connect to another
extension or with a lead. The extension end portion 204 is also configured to couple with
another extension or with a lead. The extension 200 may be connected to another extension or a
lead with a nut and bolt, preferably a galvanized nut and bolt. In the embodiment shown, the
square or round lead head portion 102 would fit within the female receptacle 204a in extension
200, and the nut is passed through holes aligned in the extension female receptacle 204a and the

lead head.

[0027] The extension 200 has a plurality of spaced apart perimeter shear helical plates 206
arranged along the length of the extension shaft 201, as shown. The perimeter shear helical

plates are typically welded to the shaft 201, but the perimeter shear helical plates may be secured
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to the shaft using any other suitable method. The perimeter shear helical plates 206 are
substantially similar to perimeter shear helical plates 110 on the lead 100 and shown in more
detail in Fig. 5. Each perimeter shear helical plate 206 can have the same diameter, or different
diameters in a tapered arrangement. In the embodiment shown in Fig. 6, the perimeter shear
helical plates 206 have the same diameter. Preferably, the diameter of the perimeter shear helical
plates 206 are less than the diameter of the load bearing helical plates on the lead. Suitable
diameters for the perimeter shear helical plates 206 on the extension 200 can range from between
about 4 inches and about 10 inches, depending upon the diameter of the load bearing helical

plate or plates on the lead and the load capacity required.

[0028] The perimeter shear helical plates 206 are spaced apart along the shaft 201 at a distance
“B” sufficient to promote soil-to-soil shear strength. Preferably, the distance “B” is less than 3
times a diameter of the perimeter shear helical plates 110, and preferably equal to 1.5 times the
diameter of the perimeter shear helical plates 206. For example, if the perimeter shear helical
plates were 8 inches in diameter and using a distance “B” that is 1.5 times the diameter of the
perimeter shear helical plates, the spacing between the perimeter shear helical plates 206 along
the shaft 201 would be less than or equal to 12 inches. By closely spacing the perimeter shear
helical plates 206 at the distance “B” a cylindrical failure surface between the perimeter shear
helical plates 206 and soil develops as the helical pile is rotated into the soil mobilizing soil-to-

soil shear strength, and thus increasing the stability, stiffness and load capacity of the helical pile.

[0029] Referring now to Fig. 7, an exemplary embodiment of a helical pile 300 according to the
present disclosure is shown. In this embodiment, the helical pile 300 includes a single load
bearing helical plate 18 on a lead 12, and extension 200 connected to the lead 12, and an
extension 20 connected to the extension 200. In this embodiment, the lowest perimeter shear
helical plate 206a on the extension shaft 201 is spaced a distance “E” from the lowest load
bearing helical plate 18 on the lead shaft. The distance “E” is determined by the soil conditions,

and is typically greater than 1 foot.

[0030] Referring to Fig. 8, an exemplary embodiment of a helical pile 400 according to the
present disclosure is shown. In this embodiment, the helical pile 400 includes two load bearing

helical plates 18 on a lead 12, and extension 200 connected to the lead 12, and an extension 20
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connected to the extension 200. In this embodiment, the lowest perimeter shear helical plate
206a on the extension shaft 201 is spaced a distance “E” from the lowest load bearing helical
plate 18 on the lead shaft. The distance “E” is determined by the soil conditions, and is typically

greater than 1 foot.

[0031] Referring to Fig. 9, an exemplary embodiment of a helical pile 500 according to the
present disclosure is shown. In this embodiment, the helical pile 500 includes a single load
bearing helical plate 108 on a lead 100, and extension 200 connected to the lead 100, and an
extension 20 connected to the extension 200. In this embodiment, the lowest perimeter shear
helical plate 110a on the lead shaft 101 is spaced a distance “C” from the lowest load bearing
helical plate 108 on the lead shaft 101, as described above. Further, the lowest perimeter shear
helical plate 206a on extension shaft 201 is spaced the distance “B” from the upper most

perimeter shear helical plate 110b on the lead shaft 101.

[0032] Referring to Fig. 10, an exemplary embodiment of a helical pile 600 according to the
present disclosure is shown. In this embodiment, the helical pile 600 includes a single load
bearing helical plate 108 on a lead 100, and extension 200 connected to the lead 100, and an
extension 20 connected to the extension 200. In this embodiment, the lowest perimeter shear
helical plate 110a on the lead shaft 101 is spaced a distance “C” from the lowest load bearing
helical plate 108 on the lead shaft 101, as described above. Further, the lowest perimeter shear
helical plate 206a on extension shaft 201 is spaced a distance “F” from the upper most perimeter
shear helical plate 110b on the lead shaft 101. The distance “F” is preferably twice the distance
“B”.

[0033] Other embodiments of the helical pile according to the present disclosure may include a
plurality of extensions 200 connected in series to lead 12 or lead 100, or the helical pile may
include one or more extensions 200 with one or more extensions 20 connected to the lead 12 or
lead 100 in various combinations and arrangements. For example, an alternating arrangement
may be employed where an extension 200 is connected to a lead 100 or 12, and then an extension
20 is connected to the extension 200, and then an extension 200 is connected to the extension 20,

and so on. As another example, an alternating arrangement may be employed where an
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extension 20 is connected to a lead 100 or 12, and then an extension 200 is connected to the

extension 20, and then an extension 20 is connected to the extension 200, and so on.

[0034] Helical piles are installed by applying torque to the shaft at the lead head portion that
causes the load bearing helical plates to rotate and screw into the soil with minimal disruption to
the surrounding soil. As the lead penetrates the soil, one or more extensions may have to be

added to the pile so that the pile can achieve the desired depth.

[0035] The helical piles, leads and extensions using the perimeter shear helical plates as
described herein provide solutions to develop a cylindrical failure surface between the perimeter
shear helical plates and soil as the helical pile is rotated into the soil mobilizing soil-to-soil shear
strength, and thus increasing the stability, stiffness and load capacity of the helical piles. The
particular configuration of piles, leads and extensions used as well as the diameters of the load
bearing helical plates and the perimeter shear helical plates will depend upon the load the piles
are to bear, and the soil conditions. However, it will be understood that various modifications
can be made to the embodiments of the present disclosure herein without departing from the
spirit and scope thereof. Therefore, the above description should not be construed as limiting the
disclosure, but merely as embodiments thereof. Those skilled in the art will envision other
modifications within the scope and spirit of the invention as defined by the claims appended

hereto.
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What is claimed is:

1. A helical pile extension, comprising:

a shaft having an end portion configured to connect to another helical pile extension or a

helical pile lead, and a head portion configured to connect to another helical pile extension; and

a plurality of perimeter shear helical plates attached to the shaft, wherein each perimeter

shear helical plate on the shaft is spaced apart a distance that promotes soil-to-soil shear strength.

2. The helical pile extension according to claim 1, wherein the distance that promotes soil-

to-soil shear strength is less than 3 times a diameter of the perimeter shear helical plates.

3. The helical pile extension according to claim 1, wherein the distance that promotes soil-

to-soil shear strength is equal to 1.5 times a diameter of the perimeter shear helical plates.

4. The helical pile extension according to claim 1, wherein the shaft is square.
5. The helical pile extension according to claim 1, wherein the shaft is round.
6. The helical pile extension according to claim 1, wherein a diameter of each of the

plurality of perimeter shear helical plates ranges between 4 inches and 10 inches.
7. A helical pile lead, comprising:

a shaft having an end portion and a head portion, wherein the head portion is configured

to connect to a helical pile extension;
at least one load bearing helical plate attached at the end portion of the shaft; and

a plurality of perimeter shear helical plates attached to the shaft, wherein the perimeter
shear helical plates on the shaft are spaced apart a distance that promotes soil-to-soil shear
strength, and wherein the perimeter shear helical plate closest to the at least one load bearing
plate is spaced from the at least one load bearing helical plate a distance that promotes the

individual load bearing capacity of the at least one load bearing helical plate.

8. The helical pile extension according to claim 7, wherein the distance that promotes soil-

to-soil shear strength is less than 3 times a diameter of the perimeter shear helical plates.

9. The helical pile extension according to claim 7, wherein the distance that promotes soil-

to-soil shear strength is equal to 1.5 times a diameter of the perimeter shear helical plates.

12
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10. The helical pile extension according to claim 7, wherein the distance that promotes the

individual load bearing capacity of the at least one load bearing helical plate is at least 6 inches.

11. The helical pile extension according to claim 7, wherein the shaft is square.
12. The helical pile extension according to claim 7, wherein the shaft is round.
13. The helical pile extension according to claim 7, wherein a diameter of each of the

plurality of perimeter shear helical plates ranges between 4 inches and 10 inches.

14. The helical pile extension according to claim 7, wherein a diameter of the at least one

load bearing helical plate ranges between 12 inches and 16 inches.
15. A helical pile, comprising:

a lead having a lead shaft with an end portion, a head portion configured to connect to an
extension, and at least one load bearing helical plate attached at the end portion of the lead shaft;

and

an extension having an extension shaft with an end portion configured to connect to the
head portion of the lead, a head portion, and a plurality of perimeter shear helical plates attached

to the extension shaft,

wherein the perimeter shear helical plates on the extension shaft are spaced apart a
distance that promotes soil-to-soil shear strength, and wherein the perimeter shear helical plate
on the extension shaft closest to the lead is spaced from the at least one load bearing helical plate
a distance that promotes the individual load bearing capacity of the at least one load bearing

helical plate.

16. The helical pile extension according to claim 15, wherein the distance that promotes soil-

to-soil shear strength is less than 3 times a diameter of the perimeter shear helical plates.

17. The helical pile extension according to claim 15, wherein the distance that promotes soil-

to-soil shear strength is equal to 1.5 times a diameter of the perimeter shear helical plates.

18. The helical pile extension according to claim 15, wherein the distance that promotes the

individual load bearing capacity of the at least one load bearing helical plate is at least 6 inches.

19. The helical pile extension according to claim 15, wherein the lead shaft is square.

13
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20. The helical pile extension according to claim 15, wherein the lead shaft is round.

21. The helical pile extension according to claim 15, wherein the extension shaft is square.
22. The helical pile extension according to claim 15, wherein the extension shaft is round.
23. The helical pile extension according to claim 15, wherein a diameter of each of the

plurality of perimeter shear helical plates ranges between 4 inches and 10 inches.

24. The helical pile extension according to claim 15, wherein a diameter of the at least one

load bearing helical plate ranges between 12 inches and 16 inches.
25. A helical pile, comprising:
a lead having,

a lead shaft with an end portion and a head portion, wherein the head portion is

configured to connect to an extension;

at least one load bearing helical plate attached at the end portion of the lead shaft;

and

a plurality of perimeter shear helical plates attached to the shaft, wherein the
perimeter shear helical plates on the lead shaft are spaced apart a distance that promotes
soil-to-soil shear strength, and wherein the perimeter shear helical plate closest to the at
least one load bearing plate is spaced from the at least one load bearing helical plate a
distance that promotes the individual load bearing capacity of the at least one load

bearing helical plate; and

an extension having an extension shaft with an end portion configured to connect to the

head portion of the lead, and a head portion.

26. The helical pile extension according to claim 25, wherein the distance that promotes soil-

to-soil shear strength is less than 3 times a diameter of the perimeter shear helical plates.

27. The helical pile extension according to claim 25, wherein the distance that promotes soil-

to-soil shear strength is equal to 1.5 times a diameter of the perimeter shear helical plates.
28. The helical pile extension according to claim 25, wherein the lead shaft is square.

29. The helical pile extension according to claim 25, wherein the lead shaft is round.

14
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30. The helical pile extension according to claim 25, wherein the extension shaft is square.
31. The helical pile extension according to claim 25, wherein the extension shaft is round.
32. The helical pile extension according to claim 25, wherein a diameter of each of the

plurality of perimeter shear helical plates ranges between 4 inches and 10 inches.

33. The helical pile extension according to claim 25, wherein the diameter of the at least one

load bearing helical plate ranges between 12 inches and 16 inches.
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