Chapter1

Introduction

Helical piles are a valuable component in the geotechnical tool belt. From an engi-
neering/architecture standpoint, they can be adapted to support many different
types of structures with a number of problematic subsurface conditions. From an
owner/developer standpoint, their rapid installation often can result in overall cost
savings. From a contractor perspective, they are easy to install and capacity can be
verified to a high degree of certainty. From the public perspective, they are perhaps
one of the most interesting, innovative, and environmentally friendly deep foundation
solutions available today.

This book contains an introduction, a primer on installation and basic geotechnics,
advanced topics in helical pile engineering, practical design applications, and other
topics. The introduction starts with basic features and components of helical piles.
The reason for all the different terms, such as “helical pier,” “helix pier,” “screw pile,”
“torque anchor,” and others, is explained through a discussion of terminology. This
introductory chapter contains the story of Alexander Mitchell and the invention of
the helical pile. Next a brief history of helical pile use is told through an analysis of
U.S. patents. Then many modern applications are discussed with the goal of intro-
ducing how the helical pile might be applied to everyday projects.

The installation of helical piles is fairly straightforward; however, as with any pro-
cess, there are a number of tricks of the trade based on years of experience in the
installation of helical piles. Many of these tricks are revealed in Chapter 2 along with
guidelines for proper installation procedures and equipment. The installation chapter
is generally organized as a standard prescription specification with some basic how-to
information. Chapter 3 is on basic geotechnics. It contains an overview of some of
the basic concepts in soil and rock mechanics that are important for designers and
installers of helical piles. These topics include interpretation of exploratory boring
logs, soil and rock classification, and shear strength. The soil and rock conditions that
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are particularly conducive to helical pile use and those conditions that prohibit helical
pile use are discussed.

The engineering of helical piles is broken into seven concepts, which comprise
the main technical chapters of this book: Chapter 4 on bearing capacity, Chapter 5 on
pullout capacity, Chapter 6 on capacity to torque ratio, Chapter 7 on axial load testing,
Chapter 8 on reliability and sizing, Chapter 9 on expansive soil resistance, Chapter
10 on lateral load resistance, and Chapter 11 on corrosion and design life expectancy.
These engineering concepts are applied to the practical design of foundations in Chap-
ter 12, earth retention systems in Chapter 13, and underpinning systems in Chapter
14. These technical and design chapters are organized as a handy reference with guide
capacity charts, design examples, sample calculations, many references, and real test
data.

The book concludes with chapters on nontechnical topics: Chapter 15 on foun-
dation economics, Chapter 16 on proprietary systems, and Chapter 17 on current
building codes regarding helical piles. Contained in the appendices are a list of common
symbols and abbreviations used in design and construction, a fairly complete list of all
U.S. helical pile patents, data from over 275 load tests, a list of the nomenclature used
throughout the book, and a glossary of terms pertaining to helical piles. It is intended
that this book will appeal primarily to foundation contractors, foundation inspectors,
practicing engineers, and architects. It may also serve as a useful supplementary ref-
erence to graduate students and university professors in the academic departments of
engineering, architecture, and construction.

1.1 BASIC FEATURES

Helical piles are manufactured steel foundations that are rotated into the ground to
support structures. The basic components of a helical pile include the lead, extensions,
helical bearing plates, and pile cap as detailed in Figure 1.1. The lead section is the first
section to enter the ground. It has a tapered pilot point and typically one or multiple
helical bearing plates. Extension sections are used to advance the lead section deeper
into the ground until the desired bearing stratum is reached. Extension sections can
have additional helical bearing plates but often are comprised of a central shaft and
couplings only. The couplings generally consist of bolted male and female sleeves. The
central shaft is commonly a solid square bar or a hollow tubular round section.

Helical piles have been used in projects throughout the world. Uses for helical piles
include foundations for houses, commercial buildings, light poles, pedestrian bridges,
and sound walls to name a few. Helical piles also are used as underpinning elements
for repair of failed foundations or to augment existing foundations for support of new
loads. Helical piles can be installed horizontally or at any angle and can support tensile
in addition to compressive loads. As a tensile member, they are used for retaining
wall systems, utility guy anchors, membrane roof systems, pipeline buoyancy control,
transmission towers, and many other structures.
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Figure 1.1 Basic helical pile

Helical piles offer unique advantages over other foundation types. Helical pile
installation is unaffected by caving soils and groundwater. Installation machinery has
more maneuverability than pile-driving and pier-drilling rigs. Installation can even be
done with portable, hand-operated equipment in limited access areas such as inside
crawl spaces of existing buildings. A photograph of a limited access rig working inside
the basement of a commercial building is shown in Figure 1.2. Helical pile installation
does not produce drill spoil, excessive vibrations, or disruptive noise. Installation of a
new foundation system consisting of 20 helical piles is conducted in typically less than
a few hours. Loading can be immediately performed without waiting for concrete to
set. Helical piles can be removed and reinstalled for temporary applications, if a pile
is installed in an incorrect location or if plans change. A summary of these and other
advantages of helical piles is given in Table 1.1. Helical piles are practical, versatile,
innovative, and economical deep foundations. Helical piles are an excellent addition
to the variety of deep foundation alternatives available to the practitioner.
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Figure 1.2 Helical pile installation in limited access area (Courtesy of Earth Contact
Products, Inc.)

Table 1.1 Benefits of Helical Piles

Resist scour and undermining for bridge applications

Can be removed for temporary applications

Are easily transported to remote sites

Torque is a strong verification of capacity

Can be installed through groundwater without casing
Typically require less time to install

Can be installed at a batter angle for added lateral resistance
Can be installed with smaller more accessible equipment
Are installed with low noise and minimal vibrations

Can be grouted in place after installation

Can be galvanized for corrosion resistance

Eliminate concrete curing and formwork

Do not produce drill spoil

Minimize disturbance to environmentally sensitive sites
Reduce the number of truck trips to a site

Are cost effective
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1.2 TERMINOLOGY

There is often some question as to whether a helical foundation should be considered
a pile or a pier. In some parts of the United States, especially the coastal areas, the
terms “pile” and “pier” are used with reference to different foundations based on
their length. As defined in the International Building Code (20006), a “pile” has a
length equal to or greater than 12 diameters. A “pier” has a length shorter than 12
diameters. In other parts of the United States, specifically Rocky Mountain regions,
the terms “pile” and “pier” are defined by the installation process. A pier is drilled
into the ground, whereas a pile is driven into the ground. Some European foundation
engineering textbooks explain that a pier is a type of pile with a portion that extends
aboveground, as in the case of marina piers. Geographic differences in definitions
of the same terms often create considerable confusion at national and international
meetings and conferences. Before attempting a technical discussion, definitions should
be clearly stated and agreed on.

The original device that is the precursor to the modern-day helical pile was termed
the “screw pile.” Sometime later, the phrase “helical anchor” became more common,
probably because the major application from 1920 through 1980 was for tension.
In about 1985, one of the largest manufacturer’s of helical anchors, the AB Chance
Company, trademarked the name “helical pier” in order to promote bearing or com-
pression applications. In the last 20 years, other manufacturers attempting to avoid
the trade name have promoted terms such as “helix pier,” “screw pier,” “helical foun-
dation,” “torque anchor,” and others. The Canadian building code uses the phrase
“augered steel pile.” The terms “heli-coils” and even “he-lickers” are heard in isolated
regions.

Given that most helical piles are typically installed to depths greater than 12 diam-
eters and the trade name issues, the Helical Foundations and Tie-Backs committee of
the Deep Foundation Institute decided in 2005 to henceforth use the phrase “helical
pile.” This is the name that will be used throughout this text. “Helical pile” is defined
below. Other terms related to helical piles and foundations in general are defined in
the Glossary of Terms.

Helical Pile (noun) “A manufactured steel foundation consisting of one or
more helix-shaped bearing plates affixed to a central shaft that is
rotated into the ground to support structures.”

Since they can resist both compression and tension, helical piles can be used as
a foundation or as an anchor. The phrase “helical pile” is generally used for com-
pression applications, whereas the phrase “helical anchor” is reserved for tension
applications. The devices themselves are the same. The phrase “helical pile” is used
herein for the general case unless the distinction between applications is a necessary
clarification.
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Figure 1.3 Mitchell screw pile

of 20 feet [6 m] long with 5-inch- [127-mm-] diameter shafts required as many as
30 men to work the capstan. Horses and donkeys were sometimes employed as well
as water jets.

In 1838, Mitchell used screw piles for the foundation of the Maplin Sands Light-
house on a very unstable bank near the entrance of the river Thames in England. A
profile view of the Maplin Sands Lighthouse is shown in Figure 1.4. The foundation
consisted of nine wrought-iron screw piles arranged in the form of an octagon with
one screw pile in the center. Each pile had a 4-foot [1.2 m] diameter helix at the base
of'a 5-inch [ 127 mm] diameter shaft. All nine piles were installed to a depth of 22 feet
[6.7 m], or 12 feet [3.7 m] below the mud line, by human power in nine consecutive
days. The tops of the piles were interconnected to provide lateral bracing (Lutenegger,
2003) .

Author Irwin Ross (Hendrickson, 1984, pp. 332-333) explained how valuable
the invention of the helical pile was to lighthouse construction.

The erection of lighthouses on this principle caused the technical world to wonder. This
invention, which has been the means of saving thousands of lives and preventing the loss
of millions of dollars worth of shipping, has enabled lighthouses and beacons to be built
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Figure 1.4 Maplin Sands lighthouse

on coasts where the nature of the foreshore and land formations forbade the erection of
conventional structures. The screw pile has been used in the construction of lighthouses
and beacons all over the world, and it earned for Mitchell and his family a large sum.

...Although Mitchell was blind, he never failed to visit his jobs, even in the most
exposed positions, during rough weather. In examining the work, he always crawled on
his hands and knees over the entire surface, testing the workmanship by his sense of
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touch....On many occasions he stayed out the whole day, with a few sandwiches and a
flask, cheering his men at their work and leading them in sea songs as they marched around
on the raft driving the screws.

In 1853, Eugenius Birch started using Mitchell’s screw pile technology to support
seaside piers throughout England. The first of these was the Margate Pier. From 1862
to 1872, 18 seaside piers were constructed on screw piles. Photographs of three of
these piers, the Eastbourne Pier, Bournemouth Pier, and the Palace Pier are shown
in Figure 1.5. As can be seen in the figure, each bridge pier consisted of a series of
interconnected columns. Each of these columns was supported on a screw pile. The
piers themselves supported the weight of pedestrians, carts, buildings, and ancillary
structures. The foundations had to support tidal forces, wind loads, and occasional
ice flows. Screw piles also were used to support Blankenberg Pier in Belgium in 1895
(Lutenegger, 2003).

During the expansion of the British Empire, screw piles were used to support
new bridges in many countries on many continents. Technical articles were published
in The Engineering and Building Record in 1890 and in Engineering News in 1892
regarding bridges supported on screw piling. Excerpts from these journal articles are
shown in Figure 1.6. The foundations for the bridges shown look very similar to those
used to support seaside piers. Screw piles were installed in groups and occasionally at
a batter angle. Pier shafts were braced with horizontal and diagonal members above
the mud line. Notably, concrete is absent from the construction of these foundations.
As a result of British expansion, screw piles were soon being applied around the world
(Lutenegger, 2003).

Figure 1.5 Oceanside piers supported by helical piles: (a) Eastbourne Pier;
(b) Bournemouth Pier; (c) Palace Pier
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(b)

Figure 1.6 Early helical pile supported bridges.
“Screw Pile Bridge over the Wumme River,” Engineering and Building Record, April 5, 1890;
“Screw Piles for Bridge Piers,” Engineering News, August 4, 1892.

There is some controversy as to the first known use of a helical pile in the United
States. According to Lutenegger (2003), Captain William H. Swift constructed the
first U.S. lighthouse on screw piles in 1843 at Black Rock Harbor in Connecticut.
According to the National Historic Landmark Registry (NPS, 2007), Major Hart-
man Bache, a distinguished engineer of the Army Corps of Topographical Engineers,
completed the first screw pile lighthouse at Brandywine Shoal in Delaware Bay in
1850. In both cases, Alexander Mitchell sailed to North America and served as a
consultant.

In the 1850s through 1890s, more than 100 lighthouses were constructed on
helical pile foundations along the East Coast of the United States and along the Gulf
of Mexico. Examples of screw pile lighthouses in North Carolina include Roanoke
River (1867), Harbor Island Bar (1867), Southwest Point Royal Shoal (1867), Long
Point Shoal (1867), and Brant Island (1867). Other examples of screw pile light-
houses include Hooper Strait (1867), Upper Cedar Point (1867), Lower Cedar Point
(1867), Janes Island (1867), and Choptank River (1871) in Maryland and White
Shoals (1855), Windmill Point (1869), Bowlers Rock (1869), Smith Point (1868),
York River Spit (1870), Wolf Trap (1870), Tue Marshes (1875), and Pages Rock
(1893) in Virginia. Screw pile lighthouses also were built in Florida at Sand Key and
Sombrero Key. Many of the lighthouse foundations in the Northeast were required
to resist lateral loads from ice flows and performed considerably better than straight
shaft pile foundations. Most historic lighthouses have been destroyed or disassembled.
A screw pile lighthouse still in existence is Thomas Point Shoal Light Station (NPS,
2007).
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“I’m glad we installed that helical pile foundation before the glacier hit.”

The first technical paper written on helical piles was “On Submarine Foundations;
particularly Screw-Pile and Moorings,” by Alexander Mitchell, which was published in
the Civil Engineer and Architects Journalin 1848. In this paper, Mitchell stated that
helical piles could be employed to support an imposed weight or resist an upward
strain. He further stated that a helical pile’s holding power depends on the area of the
helical bearing plate, the nature of the ground into which it is inserted, and the depth
to which it is forced beneath the surface.

From about 1900 to 1950, the use of helical piles declined. During this time, there
were major developments in mechanical pile-driving and drilling equipment. Deep
foundations, such as Raymond drilled foundations, belled piers, and Franki piles, were
developed. With the development of modern hydraulic torque motors, advances in
manufacturing, and new galvanizing techniques, the modern helical pile evolved pri-
marily for anchor applications until around 1980 when engineer Stan Rupiper designed
the first compression application in the U.S. using modern helical piles (Rupiper,
2000).
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Radio conversation of a U.S. naval ship with Canadian authorities off the coast of
Newfoundland in October 1995.

CANADIANS: “Please divert your course 15 degrees to the north to avoid a
collision.”

AMERICANS: “Recommend YOU divert your course 15 degrees to the south to
avoid a collision.”

CANADIANS: “Negative. You will have to divert your course 15 degrees to the
north to avoid a collision.”

AMERICANS: “This is the captain of a US Navy ship. I say again, divert YOUR

course”
CANADIANS: “No, I say again, you divert your course”

AMERICANS: “This is the Aircraft Carrier USS LINCOLN, the second largest ship
in the United States Atlantic Fleet. We are accompanied with three Destroyers, three
Cruisers and numerous support vessels. I DEMAND that you change your course
15 degrees south, or counter-measures will be undertaken to ensure the safety of this
ship”

CANADIANS: “This is a LIGHTHOUSE on a helical foundation. Your call.”




1.4 Early US. Patents 13

1.4 EARLY U.S. PATENTS

There are more than 160 U.S. patents for different devices and methods related to
helical piles (see Chapter 16 and Appendix B). One of the earliest patents filed shortly
after the first lighthouse was constructed in the U.S. on helical piles was by T.W.H.
Moseley. Moseley’s patent described pipe sections coupled together with flanges. The
lead pipe section was tapered with a spiral section of screw threads and an optional spade
point as shown in Figure 1.7. Another aspect of the invention, shown in Figure 1.8,
consisted of a wooden pile driven through the center of the screw pile and concrete
filling the annular space. The screw portion of the pile is shown installed below the mud
line. The bottom most flange rests at the mud line. Historic documents indicate that

T W.H MoseLEY.
MeTAL Screw PiLes.
108814 Purmoreo Nov 1 1870 ¢

Figl FiGe. FIG3.
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Figure 1.7 Moseley helical pile patent
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Figure 1.8 Moseley helical pile patent (Cont.)
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Figure 1.9 First helical pile grouting method



1.4 Early US. Patents 17

Figure 1.10 Ballard earth-borer device

at a slight angle directly adjacent to the bracket as pictured in Figure 1.13. The helical
pile and bracket are used to lift and permanently support the foundation. A legal battle
ensued between the patent holders and helical pile installers led by Richard Ruiz of
Fast Steel, a competing helical pile manufacturer. Ruiz challenged the originality and
novelty of the patent claims. After many appeals, the claims of Hamilton’s patent were
overturned. It is no longer proprietary to underpin existing foundations using helical
piles. A flurry of patents regarding different underpinning brackets followed in the last
decade. Despite the loss of their patent rights, much credit is owed to Hamilton and
the A.B. Chance Company for advancing the state of the art with respect to helical
piling for underpinning.
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Figure 1.12 Hollander pipeline anchor installation method



20 Chapter 1 Introduction

Figure 1.13 Hamilton foundation underpinning method

Many methods of enhancing the lateral stability of a slender helical pile shaft
in soil have been patented through the years. Some of the earlier known methods
were patented for helical piles used for fence posts. In 1898, Oliver patented a screw-
type fence post with a shallow X-shaped lateral stabilizer where the pile meets the
ground surface. A year later, Alter patented a screw-type fence post with large-diameter,
shallow, cylindrical, lateral stabilizer also near the ground surface. Another example
of a lateral stabilizer used with piles similar in appearance to the modern helical pile
is shown in Figure 1.14. In 1961, Galloway and Galloway patented this method of
placing three triangular plates on a swivel located on the trailing end of a helical pile.
The plates or fins are drawn into the ground by the bracket on the end of the helical
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pile as it advances into the ground. The helical pile with lateral stability enhancer can

be coupled directly to a post or other structure.

The Galloway patent was followed in 1989 with the slightly different variation
shown in Figure 1.15. In this variation, trapezoidal plates are attached to a square
tubular sleeve slipped over the central shaft of a helical pile. The stabilizer sleeve is
connected to a pile bracket using an adjustable threaded bar. Any number of structures
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Figure 1.15 McFeetors lateral stability device







sjuojed opid [edyey *s'n 9T 9InBid

N oM N oN N
S § PN &
N ] %/ﬁ nﬂ{ 9[
S & & v &
L L L L —|— D
BN & IR S R S S S | m
4 04
Sl
0e
(Buiid ‘Buiuuidiepun [ S¢
‘sifepn Bulurelay 'saWoH siIgow)
BJ3 UOJONIISUOY 'WasBId-S8E| ¥
- 0E
(sauljadig 'sioyauy Ang)
B3 AN ‘S861-0261 '€
[ SE
(saouady)
Bi3 8ln)naubBy ‘0261-5281) 2
B ‘6 —7 O
sulewn anynoubBy @ Senin @ UORINASUOD | m._mm..%h“mﬂ ._thw _,JMMM__._/_,U._,
fioBajen uarey ’
35 10 Spouad - G

0s

sjualed sn

24



1.6 Modern Applications 25

pile can be used widely and diversely without fear of infringement on older patents.
Newer innovations in helical piling also should be looked at with enthusiasm as these
technological advancements can be drawn on when specific situations merit.

1.6 MODERN APPLICATIONS

Helical piles have many modern applications. In the electrical utility market, helical
piles are used as guy wire anchors and foundations for transmission towers. For exam-
ple, Figure 1.17 shows three square-shaft helical anchors embedded into the ground
at a batter angle and attached to five high-tension guy wires. An example transmission
tower foundation is shown in Figure 1.18. The tower in this image is founded on a
cast-in-place concrete pile cap over several helical piles. A single helical pile can sup-
port design tensile loads typically on the order of 25 tons [222 kN]. An equivalent
mass of concrete used in ballast for a transmission tower or guy wire would mea-
sure 8 feet [5.5 m] square x5 feet [1.5 m] thick. Using helical piles and anchors can
reduce the amount of concrete required and result in cost savings especially in remote
sites.

In residential construction, helical piles are used for new foundations, additions,
decks, and gazebos in addition to repair of existing foundations. Helical piles are being
installed for an addition to single-story mountain home in Figure 1.19. Helical piles
were selected as the foundation for the addition in this image due to the remoteness
of the site, uncontrolled fill on the slope, difficult access, and economics. Small and
maneuverable installation equipment and low mobilization cost make helical piles
ideal for sites with limited access, such as narrow lots and backyards. An article in
the Journal of Light Construction claimed that these factors combined with the speed
of installation make helical piles more economical than footing-type foundations for
residential additions (Soth and Sailer, 2004).

A residential deck supported on helical piles is shown in Figure 1.20. The tops
of the helical piles can be seen extending from the ground surface. The helical piles

Figure 1.17 Utility guy wire anchors (Courtesy of Hubbell, Inc.)



26 Chapter 1 Introduction

Figure 1.18 Utility tower foundations (Courtesy of Hubbell, Inc.)

are attached to wooden posts supporting the deck by a simple U-shaped bracket. The
helical piles under the deck extend only 6 feet into the ground. Helical piles were used
for this deck in northern Minnesota due to the depth of frost and pervasiveness of frost
heave in this area. Uniform-diameter concrete piers that bottom below frost are often
heaved out of the ground by successive freeze-thaw cycling. One of the unique features
of the helical pile is its resistance to frost heave and expansive soils. The slender central
shaft limits the upward stresses due to soil heave, while the helical bearing plates resist
uplift. Entire subdivisions with hundreds of homes and decks have been founded on
helical piles in areas of frost-susceptible or expansive soils.

There are almost unlimited possibilities with helical piles in commercial construc-
tion. The lightweight and low impact of installation equipment has made helical piles
an attractive alternative in environmentally sensitive wetland areas. Many miles of
nature walks have been supported on helical piles. An example nature walk is shown
in Figure 1.21. Every 8 feet of this nature walk is supported on a cross member span-
ning between two helical piles embedded deep in the soft wetland soils. Nature walks
can be constructed using helical pile installation equipment supported on completed
portions of the walkway so that the equipment does not disturb sensitive natural areas.
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Figure 1.19 Residential addition

Some nature walks are installed when the ground is frozen during the winter season
to minimize the impact of installation equipment.

The ability to install helical piles without vibration in low-headroom areas within
existing buildings has resulted in their use inside many commercial buildings where
new loads are planned. The photograph in Figure 1.22 shows a stadium in South
Carolina where helical piles were used to support the loads of a new weightlift-
ing and locker room addition. Helical piles were installed to refusal on bedrock at
depths of 30 to 40 feet [9 to 12 m]. Project specifications called for vertical design
loads of 25 tons [222 kN] at each pile location and a maximum deflection of 1,/2
inch [13 mm]. Two load tests were performed on the helical piles used for the
stadium project, and the measured loads and deflections met project specifications.

Another example of how helical piles have been used inside existing buildings is
to support mezzanines or additional floors. Given the many advantages of helical piles
including speed and ease of installation, construction of foundations inside retail or
warchouse buildings can be done during off hours without disruption for the propri-
etor. A photograph of a new mezzanine foundation under construction is shown in
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Figure 1.20 Deck and gazebo foundations (Courtesy of Magnum Piering, Inc.)

Figure 1.23. As can be seen in the figure, the work area can be sectioned off from
the other areas of the building with a dust and visual barrier. Compact, low-noise
equipment can be used to conduct the work.

Helical piles have been used to support staircase and elevator additions for satisfy-
ing new commercial building egress requirements for a change of use. Helical piles also
have been used to support heavy manufacturing equipment within commercial build-
ings. The slender helical pile shaft has a high dampening ratio for resisting machine
vibrations.

Helical piles can be combined in a group to carry larger loads of commercial
construction. The International Building Code, Chapter 18, states that the tops of all
types of piles need to be laterally braced. A common way to accomplish this is to use
a minimum of three piles in a group to support column loads. Three helical piles can
support design loads on the order of 75 to 600 tons [670 to 2,5,340 kN]. In this way,
helical piles have been used in a variety of low- to high-rise commercial construction
projects.

Another feature that makes helical piles attractive is the ability to install in almost
any weather condition. Figure 1.24 shows installation of helical piles being conducted
in the rain for a Skyline Chili restaurant. This project was originally designed for driven
wood piling with a design capacity of 25 tons [222 kN] per pile. A contractor bid
the project using helical piles as an alternative and was found to be more economical.
One 25-ton [222 kN7 helical pile was substituted at each driven pile location. It turned
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economy in a shorter time period than other deep foundations. Fuel savings and less
air pollution during installation of helical piles reduce the carbon footprint still further.

Helical piles make excellent low-impact foundations for projects that are located
in environmentally sensitive areas, such as wetlands, prairies, or historical sites.
Lightweight installation equipment minimizes disturbance, making less impact on
fragile ecosystems. Structures can be constructed over marshland by keeping the
machine on the constructed sections and reaching out to install the helical piles. Alter-
nately, construction can be done during the winter season by installing helical piles
from frozen ground. Overall, helical piles may be one of the most environmentally
friendly deep foundation systems.
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