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Abstract

A foundation system for electrical utility structures is provided that minimizes impact
on the chosen construction site, minimizes labor and minimizes associated installation
costs. The foundation system comprises a structure to be supported at its base which has
a plurality of arm members secured to the base and a plurality of helical piers or
micropiles which are inserted into the ground and distally attached to the base of the

structure by attaching to the arm members.
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A Foundation System For Electrical Utility Structures

Field of the Invention

[002] In general, the present invention relates to a foundation system for electrical utility
structures. More particularly, the present invention relates to a structure to be supported
at 1ts base, a plate cap which 1s welded to the base of the structure in order to hermetically
seal the structure from the elements to prevent corrosion of the interior of the structure,
and multiple helical piers for insertion into the ground that are indirectly attached to the

base of the structure by multiple arm members which are attached to the base of the

structure and distally connect the helical piers to the base of the structure.

Background

[003] In the electrical utilities industry, options for installing electrical utility structures
include direct embedment and the use of concrete caissons with anchor bolts. Both of
these methods for installing electrical utility structures require significant amounts of

time and labor, and they impact the chosen construction site. Direct embedment and
anchor bolt foundations require the use of heavy equipment which can lead to an adverse

impact on the construction site and expensive installation costs. In both cases, installers
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must be concerned about what to do with displaced ground material from the construction
site. When using concrete caissons with anchor bolts, time must be spent waiting for the
concrete to cure and set up before an electrical utility structure can be installed. Neither
of these options is sufficient when a strict timeline must be met and minimal site

disturbance 1s required.

Summary of the Invention

[004] The present invention provides a foundation system for electrical utility structures
which minimizes impact on the chosen construction site, minimizes labor and minimizes
associated installation costs. The present invention includes a structure that has a base
and which is supported at the base by multiple helical piers which are driven into the
ground and indirectly attached to the structure base by arm members. The arm members
attach to the helical piers at their distal ends by a pin connection or a bolted connection.
The arm members may be either elongated plate arms with gussets or pipe spacers for
stiffening support or arm members which have polygonal cross-sections. The arm
members attach to the base of the structure either by slotted, perpendicularly intersecting
thru-plates which protrude from the walls at the base of the structure or by doubler
assemblies which are welded to the outer walls at the base of the structure. If doubler

assemblies are used to connect the arms to the base of the structure, stiffening rings may
also be used in conjunction with the doubler assemblies in order to provide lateral support

and resistance to local buckling, punching shear or torsional forces. A pin connection or
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a bolted connection may be used to attach the arms to the base of the structure using

either of the previously described methods.

[004.1] In accordance with one aspect of the present invention, there 1s provided a
foundation system for electrical utility structures having a base, the foundation system
comprising a structure to be supported at the base, a plurality of arm members secured to
the base, a plurality of helical piers or micropiles for insertion into the ground, wherein
the helical piers or micropiles are distally attached to the base of the structure by
attaching to the arm members, and wherein the base of the structure contains intersecting
and slotted steel thru-plates that extend through slots in walls at the base of the structure,
and wherein the thru-plates have a plurality of apertures contained within portions of the

thru-plates which extend outside of the walls of the base of the structure for coupling to

the arm members.

[004.2] In accordance with another aspect of the present invention, there is
provided a foundation system for electrical utility structures having a base, the foundation
system comprising a structure to be supported at the base, a plurality of arm members
secured to the base, a plurality of helical piers for insertion into the ground which are
distally attached to the base of the structure by attaching to the arm members, wherein the
helical piers attach to the arm members by a bolted connection, and wherein the base of

the structure contains intersecting and slotted steel thru-plates that extend through slots in

walls at the base of the structure, and wherein the thru-plates have a plurality of apertures
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contained within portions of the thru-plates which extend outside of the walls of the base

of the structure for coupling to the arm members.

Brief Description of the Drawings

[005] FIG. 1 is a front perspective view of a single pier system for a foundation system

for electrical utility structures of the present invention.

[006] FIG. 2 is a front perspective view of a double pier system for a foundation system

for electrical utility structures of the present invention.

[007] FIG. 3 is a front perspective view of elongated plate arm members attached to the
base of the structure using a thru-plate connection for a foundation system for electrical

utility structures of the present invention.

[008] FIG. 4 is a plan view of elongated plate arm members attached to the base of the
structure using a thru-plate connection for a foundation system for electrical utility

structures of the present invention.

[009] FIG. 5 is a front perspective view of thru-plates at the base of the structure for a

foundation system for electrical utility structures of the present invention.

[010] FIG. 6 is a front perspective view of an elongated plate arm member for a

foundation system for electrical utility structures of the present invention.

3a
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[011] FIG. 7 1s a front perspective view of polygonal arms attached to the base of the
structure using a thru-plate connection for a foundation system for electrical utility

structures of the present invention.

[012] FIG. 8 1s a plan view of a polygonal arm member for a foundation system for

electrical utility structures of the present invention.

[013] FIG. 9 1s a front elevation view of a helical pier with a pier top assembly for a

foundation system for electrical utility structures of the present invention.

[014] FIG. 10 1s a side elevation view of a helical pier with a pier top assembly tfor a

foundation system for electrical utility structures of the present invention.

[015] FIG. 11 is a front perspective view of elongated plate arm members attached to the
base of the structure using doubler assemblies with stiffening rings for a foundation

system for electrical utility structures of the present invention.

[016] FIG. 12 is a plan view of elongated plate arm members attached to the base of the
structure using doubler assemblies with stiffening rings, the top ring removed, for a

foundation system for electrical utility structures of the present invention.

[017] FIG. 13 is a front perspective view of a doubler assembly for a foundation system

for electrical utility structures of the present invention.

[018] FIG. 14 is a side elevation view of a thru plate with slots for a foundation system

for electrical utility structures of the present invention.
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[019] FIG. 15 is a front perspective view of elongated Y-shaped plate arm members
attached to the base of the structure using a thru-plate connection for a foundation system

for electrical utility structures of the present invention.

[020] FIG. 16 is a side elevation view of a helical pier with a single tab pier cap

assembly for a foundation system for electrical utility structures of the present invention.

Detailed Description of the Preferred Embodiment(s)

[021] The above and other features, aspects and advantages of the present invention will
now be discussed in the following detailed description of preferred embodiments and
appended claims, which are to be considered in conjunction with the accompanying
drawings in which identical reference characters designate like elements throughout the

ViEWws.

[022] Shown in FIG. 1 is a front perspective view of a single helical pier system 4 of the
present invention. FIG. 1 illustrates the embodiment of the helical piers 2 embedded in

the ground as a square arrangement, with one helical pier 2 at each corner of the square
and one helical pier 2 in the center of the square, which may or may not be required and
which, if required, would be situated directly beneath an electrical utility structure that 1s

being supported by the helical pier system. The embodiment of the single helical pier
system 4 is not limited to a square arrangement, but may be any shape arrangement which
is suitable for supporting an electrical utility structure. Also, each helical pier 2 in the

single helical pier system 4 is able to be placed at varying angles in the ground in order to
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counteract forces in different directions. Though a helical pier system 1s shown 1n FIG. 1,
it is understood that the system may include a variety of micropile and pier systems. FIG.
2 illustrates another embodiment of the helical pier system as a square arrangement, but
with two helical piers 2 located at each corner of the square. Depending on the forces
which an electrical utility structure is subjected to, some electrical utility structures may
require a foundation system with at least a double pier system 6, with the helical piers 2
able to be placed at varying angles in order to counteract forces in different directions.
The forces which an electrical utility structure is subjected to would determine the
number of helical piers required, and the arrangement of the helical piers would also be
dictated by these forces. It is understood that the arrangements shown in FIG. 1 and FIG.
2 may require more or less helical piers to support any given structure, and the

arrangement of the piers could be altered as required.

[023] FIG. 3 shows one possible embodiment of the present invention of a foundation
system for electrical utility structures. In this embodiment, a single pier system 4 1s used
to support a base of a structure 22. However, at least a double or triple pier system may
be required in some instances. Also, as previously mentioned, though a helical pier
system is shown, it is understood that the system may include a variety of micropile and
pier systems. In FIG. 3, multiple helical piers 2 have been inserted into the ground and

are connected to distal ends of elongated plate arm members 14 by a pin 10 which 1s

axially aligned through an aperture 12, as shown in FIGS. 1 and 2, which is present in the

top of the helical piers 2 and which is also present in the distal ends of the elongated plate
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arm members 14, as is shown in FIG. 6. The elongated plate arm members 14 are tormed
from multiple plates which are welded together and have gussets 16 welded in between to
act as stiffeners and provide lateral support. In FIG. 3, the elongated plate arm members
14 are attached to thru-plates 20 which protrude from walls 26 at the base of the structure
22. The elongated plate arm members 14 attach to the thru-plates 20 in FIG. 3 by a

bolted connection 18, but may also attach by a pin connection if preterred.

[024] Shown in FIG. 4 is a plan view of the same embodiment of the present invention
of a foundation system for electrical utility structures as is shown in FIG. 3. The plan
view shows the thru-plates 20 intersecting one another inside the base of the structure 22.
FIG. 14 shows that the thru-plates 20 are able to intersect one another with the use of
slots 21 which are present in each thru-plate 20 at the point of intersection with another
thru-plate. Once thru-plates 20 are slotted together in the base of the structure 22, they
are welded at the points of intersection. Slots 21 are also cut into the walls 26 of the base
of the structure 22 which allows for the thru-plates 20 to protrude trom the walls 26. The

thru-plates 20 are also welded at the points where they protrude from the slots 21 in the

walls 26 of the base of the structure 22.

[025] FIG. 5 shows a clear front perspective view of the thru-plates 20 protruding from

the walls 26 of the base of the structure 22. It also shows the apertures 12 in the thru-
plates 20 which align with the apertures 12 in the elongated plate arm member 14 of FIG.

6, allowing the elongated plate arm member 14 to attach to the base of the structure 22 by

either a bolted or a pin connection.
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[026] FIG. 7 shows another embodiment of the present invention of a foundation system
for electrical utility structures. In FIG. 7, multiple helical piers 2 have been inserted into
the ground and are connected to distal ends of polygonal arms 34, that is, arms with
polygonal cross-sections. As previously mentioned, though multiple helical piers are
shown, it is understood that the foundation system may include a variety of micropile and
pier systems. The helical piers 2 connect to the polygonal arms 34 by a pin connection or
a bolted connection. For this embodiment, tabs 30 are slotted through and welded to the
polygonal arms 34, with the tabs 30 containing an aperture 12. The helical piers 2 have a
pier top assembly 28 as is shown in FIGS. 7, 9 and 10. The pier top assembly 28, shown
clearly in FIGS. 9 and 10, comprises a plate cap 32 which is welded to the top of the
helical pier 2, and two tabs 30 which protrude from and are welded to the plate cap 32.
The tabs 30 of the pier top assembly 28 also contain apertures 12 which axially align with
the apertures 12 in the tabs 30 which are slotted through and welded to the polygonal

arms 34, so that a pin or bolt may be received through the aligned apertures 12.

[027] Shown in FIG. 7 and in a plan view of FIG. 8 is a bracket 36 which is welded to
the polygonal arms 34. The bracket 36 allows the polygonal arms 34 to be connected to

the thru-plates 20 that are more clearly shown in FIG. 5 with either a bolted or a pin

connection by apertures 12 which are contained in the legs 37 of the bracket 36 and

apertures 12 which are contained in the thru-plates 20 that can be axially aligned.

[028] In FIG. 11, another embodiment of the present invention of a foundation system

for electrical utility structures is shown. In FIG. 11, multiple helical piers 2 have been

8
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inserted into the ground and are connected to distal ends of elongated plate arm members
14 with a pin 10 which is axially aligned through an aperture 12, as shown in FIGS. 1 and
2, which is present in the top of the helical piers 2 and which is also present in the distal
ends of the elongated plate arm members 14, as is shown in FIG. 6. Though a pin is used
in FIG. 11 to connect the helical piers to the distal ends of the arm members, 1t 1s

understood that a bolt may also be used. Instead of attaching to thru-plates 20, such as

shown in FIGS. 3 and 4, the elongated plate arm members 14 in FIG. 11 attach to the

base of the structure 22 by means of a doubler assembly 38, of which a plan view 1s

shown in FIG. 12 and a close-up view in FIG. 13. As is shown in FIG. 11 and FIG. 12,

the doubler assembly 38 is welded to the outer wall of the structure at each locatton

where an arm member is desired. Shown in FIG. 13, at least two extended plates 42 are
welded to a doubler plate 40 of the doubler assembly 38, and each of the extended plates
42 contain apertures 12 which align with apertures 12 that are contained in the elongated

plate arm members 14. In FIGS. 11 and 12, the elongated plate arm members 14 are

shown attached to the doubler assemblies 38 with a bolted connection 18, but as

previously explained, a pin connection may be used if this 1s desired.

[029] Also shown in FIG. 11 are stiffening rings 44. The stiffening rings 44 may be

welded above and below the doubler assemblies 38 with the top and bottom rings acting
as gussets or stiffeners to the overall connection in order to provide lateral support and
resistance to local buckling, punching shear or torsional forces. A plan view of the

stiffening ring 44 is shown in FIG. 12 with the top ring removed in order to show the
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doubler assemblies 38 welded to the outer walls 26 of the structure. Although the arm
members shown in FIGS. 11 and 12 are the elongated plate arm members 14, it 1s
understood that polygonal arms 34, such as shown in FIG. 7, may be used to attach to the
doubler assemblies 38 in place of the elongated arm members 14. In the case that
polygonal arms are used, they may attach to the helical piers 2 with a pin or bolted

connection with the pier top assembly, such as shown in FIGS. 7, 8, 9 and 10.

[030] Lastly, shown in FIG. 15 is a preferred embodiment of the present invention of a
foundation system for electrical utility structures. In this embodiment, a triple pier
system is used to support the base 22 of the structure. However, it is understood that
more or less helical piers may be required depending on the amount of forces which are
exerted on a structure, and it is also understood that though multiple helical piers are
shown, the foundation system may include a variety of micropile and pier systems. In
FIG. 15, multiple helical piers 2 have been inserted into the ground and are connected to
distal ends of elongated plates which mirror one another to form Y-shaped plate arm

members 46 that have gussets, or pipe spacers 56, or both, to act as stiffeners and provide
lateral support. The distal end, and narrowest portion, of the Y-shaped arms contain
axially aligned and opposing slots 52 in each plate of the arm members. A single tab pier
cap assembly 54 is located on the top of each helical pier 2. These pier cap assemblies

54, also shown in FIG. 16, comprise a plate cap 32 which is welded onto the top of the
helical pier, and a single tab 30 which protrudes perpendicularly upward from the plate

cap 32 and which contains an aperture 12. The tabs 30 of each pier cap assembly 54 are

10
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inserted between the plates of the distal end, which 1s the narrowest portion, of the Y-

shaped arm members 46 until the apertures 12 of the tabs 30 axially align with the slots
52 in each of the arm members. A bolt 1s then inserted through the aligned slots of the
arms and apertures of the tabs and is secured with a nut and washer. The Y-shaped arm
members 46 are shown in FIG. 15 to attach to thru-plates 20 as described previously in
FIG. 3, but using a pin connection 48 instead of a bolted connection. However, it is

understood that a bolted connection may be used in this embodiment, as is shown in FIG.

3.

[031] Although the invention has been described in detail above, it 1s expressly
understood that it will be apparent to persons skilled in the relevant art that the invention
may be modified. Various changes of form, design, or arrangement may be made to the
invention. The scope of the claims should not be limited by the preferred embodiments

set forth in the examples, but should be given the broadest interpretation consistent with

the description as a whole.

11
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CLAIMS:

1. A foundation system for electrical utility structures having a base, the
foundation system comprising:

a structure to be supported at the base;

a plurality of arm members secured to the base;

a plurality of helical piers or micropiles for insertion into the ground;

wherein the helical piers or micropiles are distally attached to the base of the
structure by attaching to the arm members; and

wherein the base of the structure contains intersecting and slotted steel thru-
plates that extend through slots in walls at the base of the structure, and wherein the
thru-plates have a plurality of apertures contained within portions of the thru-plates

which extend outside of the walls of the base of the structure for coupling to the arm

members.

2. The foundation system for electrical utility structures of Claim 1 wherein the

plurality of arm members are secured to the base of the structure by a pin connection

or a bolted connection.

3. The foundation system for electrical utility structures of Claim 1 wherein the
arm members are elongated, parallel plates with gussets or pipe spacers for stiffening
support, and wherein the arm members have a plurality of apertures contained in the
ends of the parallel plates nearest to the base of the structure for aligning with the
plurality of apertures contained within portions of the thru-plates which extend outside
of the walls of the base of the structure, and wherein a plurality of pins or bolts are

mutually received through the plurality of apertures which are contained in the arm

members and the thru-plates.

12
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4. The foundation system for electrical utility structures of Claim 1 wherein the
arm members are arms which have a polygonal cross-section, and wherein a U-shaped

bracket is welded to each arm on the end of the arm nearest to the base of the structure,
and wherein each leg of the U-shaped brackets contains a plurality of apertures for
aligning with the plurality of apertures contained within the portions of the thru-plates
which extend outside of the walls of the base of the structure, and wherein a plurality
of pins or bolts are mutually received through the plurality of apertures which are

contained in the brackets of the arm members and the thru-plates.

S. The foundation system for electrical utility structures of Claim 1 wherein the
plurality of arm members attach to the helical piers or micropiles by a pin connection

or a bolted connection.

6. The foundation system for electrical utility structures of Claim 5 wherein the
helical piers or micropiles contain at least two axially aligned and opposing apertures
at the top of each pier or pile, wherein the arm members are elongated, parallel plates
with gussets or pipe spacers for stiffening support which can receive the helical piers
or micropiles between the parallel plates of each arm, and wherein the distal ends of
each arm member contain at least one axially aligned aperture 1n each parallel plate of

each arm that is axially aligned with the apertures contained at the top of the helical

piers or micropiles when a pier or pile is received between the parallel plates of each
arm, such that a pin or bolt can be mutually received through the aligned apertures of

the arm members and the piers or piles.

7. The foundation system for electrical utility structures of Claim 5 wherein each
of the helical piers or micropiles has a pier or pile top assembly which comprises a

plate cap welded on to the top of the helical pier or micropile and at least two tabs

13
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which are welded to and perpendicularly protrude upward from the plate cap and that
contain at least one aperture in each tab which 1s axially aligned with the aperture in

the opposing tab for receiving a pin or bolt for attachment to the distal ends of the arm

members.

8. The foundation system for electrical utility structures of Claim 7 wherein the
arm members are arms which have a polygonal cross-section, wherein the arm
members contain at least two tabs protruding perpendicularly downward from the arms
at their distal ends, wherein each tab contains at least one aperture which is axially
aligned with the aperture in the opposing tab, and wherein the apertures contained 1n
cach tab of the pier or pile top assembly are axially aligned with the apertures
contained in each tab of the arm members for receiving a pin or bolt that 1s axially

aligned with the apertures.

9. A foundation system for electrical utility structures having a base, the
foundation system comprising:

a structure to be supported at the base;

a plurality of arm members secured to the base;

a plurality of helical piers for insertion into the ground which are distally

attached to the base of the structure by attaching to the arm members;
wherein the helical piers attach to the arm members by a bolted connection; and

wherein the base of the structure contains intersecting and slotted steel thru-

plates that extend through slots in walls at the base of the structure, and wherein the
thru-plates have a plurality of apertures contained within portions of the thru-plates

which extend outside of the walls of the base of the structure for coupling to the arm

members.

14
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10.  The foundation system for electrical utility structures of Claim 9 wherein the

plurality of arm members are secured to the base of the structure by a pin connection

or a bolted connection.

11.  The foundation system for electrical utility structures of Claim 9 wherein at
least one helical pier is attached to each arm member, and the helical piers are

positioned in-line with each respective arm member to which they are attached.

12.  The foundation system for electrical utility structures of claim 11 wherein each
helical pier lies within a vertical plane which is parallel to the arm to which each pier
is attached, and each helical pier can be driven at any angle within the plane to support

the forces which the structure 1s subjected to.

13.  The foundation system for electrical utility structures of Claim 9 wherein each
of the helical piers has a pier top assembly which comprises a plate cap welded on to
the helical pier and at least one tab which 1s welded to and perpendicularly protrudes
upward from the plate cap, and wherein the tab contains at least one aperture tfor

receiving a bolt for attachment to the distal ends of the arm members.

14. The foundation system for electrical utility structures of Claim 13 wherein the

arm members are elongated plates which mirror one another to form a Y-shape and
that have gussets or pipe spacers for stiffening support, and wherein the distal end of
the arms is the narrowest portion of the Y-shaped arms which contains axially aligned
and opposing slots in each plate of the arm members, and wherein the tabs of the pier
top assemblies are received between the plates of the narrowest portions of the Y-
shaped arms, and the axially aligned and opposing slots in each plate of the arm

members align with the aperture contained within the tabs of the pier top assemblies

15
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such that a bolt can be mutually received through the aligned slots of the arm members

and apertures ot the pier top assembly tabs and secured with a nut and washer.

15.  The foundation system for electrical utility structures of Claim 9 wherein the
arm members are elongated plates which mirror one another and are angled outward at
the ends of the plates disposed closest to the base of the structure and angled inward at
the distal ends of the plates to form a Y-shape and have gussets or pipe spacers for
stiffening support, and wherein the arm members have a plurality of apertures
contained 1n each plate at the widest ends of each arm member disposed nearest to the
base of the structure for aligning with the plurality of apertures contained within the
portions of the thru-plates which extend outside of the walls of the base of the
structure, and wherein a plurality of pins or bolts are mutually received through the

plurality of apertures which are contained in the arm members and the thru-plates.

16
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FIG. 1
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