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SECTION 1

INTRODUCTION

WHAT IS A HELICAL PILE?

Terms such as Helical Foundation Pile, Helical Screw Pile Foundation, Screw Piles, Helical Anchors, Screw
Anchors, and Helical Piers are often used interchangeably throughout the industry. The preferred description
is “Helical Pile”. The DFI (Deep Foundations Institute) defines “pile” as the generic term for foundations.
MacLean Civil Products (MCP) a division of MacLean Power Systems supports and produces several brands
of helical piles including our patented Strength Squared coupling system, Dixie350 foundation repair brackets,
MVP grouted pile displacement plates, and high capacity product lines.

A helical pile serves the same function as other deep foundations such as driven piles, auger cast piles and
micro-piles to support or resist loads transferred into the pile by any type of structure. These loads can be
tensile, compressive, lateral or a combination of the three. See Section 8 for a detailed discussion concerning
loads.

A helical pile is simply a steel shaft with one or more helices (formed plates) welded to it. Installation of this
type of pile can be compared to that of a self-tapping wood screw. Helical piles are installed into the ground by
turning the pile into the ground with the application of rotational torque, usually provided by a hydraulic
powered drive head. The axial capacity of the pile is directly related to the torque achieved throughout the last
3 to 5 ft. of installation (i.e. three times the diameter of the largest helix). This torque vs. capacity relationship
for low displacement piles (i.e. <= 3.50” shaft dia.) provides for an excellent on-site quality control method, as
discussed in Section 12.

A helical pile includes three components:
1. Shaft

Shaft sizes typically range from 1.50” to 2.00” Round Cornered Square (RCS) high strength steel bar and from
2-7/8” to 8-5/8” diameter hollow steel pipe. Soil conditions, the expected foundation loads and the anticipated
installation torque normally govern the required size and shape of the shaft. Other factors, such as the method
of connecting the pile to the structure, may also influence the required shaft size and shape.

The shaft has four primary functions:
a. To sustain sufficient torque capacity to install the pile
b. To resist loads transferred to the helices during installation
c. To provide the proper connection (interface) to the structure
d. To sustain loads transferred from the structure after installation

2. Helices

Helical piles usually include one to six helices. In the case of multi-helix lead sections, the smaller diameter
helix always enters the ground first, followed by a larger diameter helix or helices of the same size. This
minimizes installing torque. The distance between any two helices should be at least three times the diameter
of the smaller (or lower) helix. To minimize soil disturbance, helices must be formed to a true helical shape
with uniform pitch by matching metal dies.

The maximum load that each helix can exert against the soil is equal to the effective bearing capacity of the
soil times the projected area of the helix.

The total pile capacity provided by the helices is simply the sum of the individual helix bearing capacities. For
low displacement piles (i.e. < = 3.5” dia), skin friction is usually considered negligible and 100% of the pile
capacity is assumed to be provided by the helix / soil reaction.
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SECTION 1

The Individual Plate Capacity (IPC) method is now recognized throughout the industry as an effective method
of predicting the Geotechnical Ultimate Capacity of a Helical Pile Foundation. This method utilizes Terzaghi’s
general bearing equation:

Quitig) = An X ((¢ X Nc) + (g x Ng)) [Equation 6.1]
The above equation and its application for Helical Piles will be discussed in detail in Section 5.

Helices have two primary functions:
a. To pull the pile into the soil to the required depth during installation
b. To transfer load into the soil by means of exerting bearing pressure after installation

3. Pile / Structure Interface Connection

Methods of connecting the pile to the structure depend on the type of structure to be supported. Connections
can range from complex welded/cast brackets to slip fit brackets onto the top of the pile. The major
consideration for this connection is to assure that there is adequate load transfer from the structure to the pile.

ADVANTAGES AND BENEFITS
Construction

e The installation equipment for a helical pile is generally smaller, lighter, and less specialized than that
required for other types of foundations such as drilled piers, driven piles, and auger cast piles. The
cost of mobilizing equipment (move in — move out) is generally much less with helical piles than with
other types of foundation systems.

e In addition to significant cost savings, the smaller (less specialized) installation equipment used with
helical foundations allows for quick responses to situations requiring immediate action.

o The relatively small size of the installation equipment allows for MCP piles to be installed in confined
areas (such as inside buildings or areas with low head room clearance) where conventional
foundations would be unfeasible or impractical. In some cases the installation equipment can be hand
held.

e The installation of a helical pile is virtually vibration free, thus allowing installation near existing
foundations or footings.

e Onsite quality control can be accomplished by applying the torque vs. capacity relationship, thus
verifying the ultimate capacity of the pile at the time of its installation.

e The installation of helical pile foundations does not create spoils. This eliminates the time and cost
associated with spoil removal and disposal.

Environmental

¢ Installation is virtually vibration free; a benefit where vibration can be detrimental to existing structures.
Noise level is relatively low.
Due to the low vibration and noise level, MCP piles can be installed in close proximity to existing
structures and populated areas.

e The relatively light (low ground pressure) equipment minimizes surface damage to the area. In some
cases the installation equipment can be hand held.

e Since the installation of helical piles does not create spoils, significant savings can be realized on
contaminated sites.

e Contributes to “GREEN” environment by using recycled steel and providing opportunity to recycle or
reuse existing structures.

Seismic Loads — New Construction and Seismic Retrofit
e During seismic events, the flexibility of the steel shafts used with MCP helical piles will better

accommodate movement than concrete foundation systems. The advantages of a helical pile
foundation to resist seismic loads are now recognized in areas prone to seismic activity.
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SECTION 1
HISTORY

1800’s
Alexander Mitchell developed cast iron helical piles in England in the early 1800’s. These pile were
used in conjunction with the construction of several lighthouses in the English tidal basin and large
railway bridges throughout the world. The first patent for helical piles was awarded to Mitchell in 1833.

1920’s
Light load capacity manually installed helical anchors began to be used by the electric power industry
for guy anchorage of utility poles.

1950’s
Power driven helical anchors began to be used by the electric power industry for tension loads of up to
36,000 pounds for towers and utility poles worldwide. The primary use of these anchors was to resist
tension loads of guy wires.

1960’s
The use of helical anchors was extended by the electric power industry for guy anchorage of
transmission towers with tension loads exceeding 100,000 pounds. Engineers were beginning to
explore other applications for helical anchors including building foundations. It became apparent that
screw anchors could resist compression loads as well as tension loads.

1970’s
Helical screw anchors became the preferred method of guying electrical transmission towers and utility
poles. The Torque vs. Load Capacity relationship is recognized as a major advantage of Helical Piles.

1990’s
Helical Piles became an accepted method of providing deep foundations. Applications include (but are
not limited to) Foundation Retrofits, New Construction, Marine Moorings, Boardwalks, Department of
Transportation applications and Tiebacks for earth retaining walls.

Present
In today’s construction, Owners, Architects, Designers and Geotechnical engineers have become
increasingly aware of helical pile foundations and products, their applications and advantages of the
system. Several applications for helical piles and helical products include:

e Temporary and permanent earth retaining systems (tieback anchors)

Underpinning or repair systems for structures subjected to settlement

Pipeline supports and buoyancy control for underground or underwater pipelines

Instant street light foundations

New construction ranging from residential to large commercial developments

MCP helical piles and products are used throughout all types of construction across the globe ranging
from residential foundation repair to heavy commercial and industrial foundations to retaining wall
tiebacks. In select soil conditions and special project requirements, a grouted pile such as the
MacLean Vortex Pile (MVP) is utilized to address site specific foundation issues. The MCP high
capacity line (4.5"+ diameter pipe shaft) is recommended for projects with large axial (>150 kip) and
lateral (>5 kip) loading requirements and/or sites with extensive low consistency soils (SPT N < 5).

Terzaghi’s general bearing equation is now recognized as an effective method of predicting pile
capacity. The accepted industry use of Terzaghi’'s general bearing equation coupled with Torque vs.
Load Capacity relationships have proven to be two of the most important developments in the helical

pile industry.
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SECTION 2

GLOSSARY OF TERMS

Allowable Load — Mechanical The maximum allowable load on a structural element as specified by
(ALm) the manufacturer. ALm is usually limited to 50% of the Rated
Ultimate Mechanical Capacity.

Allowable Load — Geotechnical The maximum allowable load that may be transferred into a helical

(ALg) pile as determined by the geotechnical properties of the soil.
Usually determined by load test behavior or engineering analysis.
ALg is typically limited to 50% of the Ultimate Geotechnical Capacity
of the pile, but this may vary, depending on project parameters and
other factors.

Creep The continuous deflection (movement) of a pile while subjected to a
constant load.

Crowd Axial compressive force applied to the helical pile as needed to
ensure that the helical pile advances into the ground a distance
equal to the helix pitch for each revolution.

Dead Load Loads resulting from the weight of the structure plus all material
(equipment) permanently placed within the structure.

Design Load (DL) The maximum load that will be transferred to the pile. The Design
Load is expressed in terms of magnitude and direction. Design
Loads can be Tensile, Compressive or Lateral. Also known as
Service Load, Working Load, or Nominal Load.

Effective Torsional Resistance Effective Torsional Resistance is used to estimate Ultimate
Geotechnical Capacity of a pile during construction. Helical piles are
typically installed to a predetermined Specified Installation Torque.

Extension With Helix Same as a Plain Extension, but with one or more helices welded to
it. Typically used where headroom limitations require a shorter lead
section. Also used when additional helices are required as an onsite
modification when unexpectedly weak soils are encountered. The
Extension With Helix is attached directly above the Helical Lead
section or sometimes above another extension with helix section.

Factor of Safety See Safety Factor.

Failure — Geotechnical Unless otherwise noted, geotechnical failure occurs when
continuous deflection (movement) of a pile occurs while subjected to
a constant load, i.e. when creep occurs.
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SECTION 2

Foundation An element that connects a structure to the earth. Loads are
transferred from the structure, to the foundation, to the earth. These
loads can be Compressive, Tensile, Lateral or Dynamic.

Geotechnical Capacity The maximum load that can be resisted via the bearing of helical
plates on the soil and the skin friction between the shaft and soil in
which the pile is embedded.

Helical Extension See Extension with Helix.

Helical Lead Section A central Shaft with one or more Helices welded to it. The first
component of a Helical Pile that enters the soil. Extensions are
used in conjunction with the Helical Lead Section to achieve the
specified depth and to enter competent soil.

Helix Generally a rounded steel plate formed into a helical flight. When
turned in the ground, the helical shape provides thrust along its
longitudinal axis thus aiding in the helical pile installation. After
installation the plate transfers axial load to the soil through bearing.

Live Load Loads resulting from vehicles, people, snow, ice, wind, impact,
earthquakes and other forces resulting from extraordinary
conditions.

Load Test Determining capacity and relation of load to deflection by applying

incremental loads to the helical pile. Engineers, to determine
Allowable Load, often apply the results of load tests. See Proof

Test.
Mechanical Strength See Rated or Ultimate Mechanical Capacity.
Nominal Load See Design Load.
Plain Extension A central shaft (with no helices) that is attached directly above the

helical lead section. Extensions are coupled together and are used
to extend the helical lead section to a required depth and into a soil
stratum of suitable strength.

Proof Test Load testing a Helical Pile by applying loads in predetermined
increments, maintaining each load for a period of time and recording
deflection at the beginning and end of each increment. Engineers,
to determine Allowable Load, often apply the results of proof tests.
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Rated or Ultimate Mechanical
Capacity

Rated or Ultimate Torsional
Strength

Reveal

Safety Factor (SFg) - Geotechnical

Safety Factor (SFm) - Mechanical

Service Load

Shaft

Specified Installation Torque

Ultimate Pile Capacity -
Geotechnical
(UCg)

Ultimate or Rated Pile Capacity -
Mechanical
(UCm)

Ultimate Pullout Resistance

Working Load
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The Ultimate Mechanical Capacity of a structural element as
specified by its manufacturer. Determined by load tests and/or
engineering analysis. Also referred to as Mechanical Strength.

The maximum torque that can be safely applied to a Helical Pile
during installation.

The distance from the ground surface to the upper end of the last
installed extension of an anchor, measured along the anchor’s
longitudinal axis.

The ratio of the Ultimate Geotechnical Capacity (UCg) of a Helical
Pile to the Design Load.

The ratio of the Rated Ultimate Mechanical Capacity of a structural
element to the Design Load.

See Design Load.

The central shaft of a Helical Pile used to transfer load from the
structure to the helices. Shafts may be solid square steel bar or
hollow steel pipe sections. Shaft sizes typically range from 1.50” to
2.00" Round Cornered Square, and from 2.875” to 8.625” diameter

pipe.

The Effective Torsional Resistance to be achieved - as specified by
the engineer.

The maximum load that can be applied to a Helical Pile prior to
geotechnical failure. At this point no additional capacity can be
justified.

The manufacturers’ Rated Ultimate Mechanical Capacity of the
Helical Pile.

Limit state based on the lesser of mechanical strength or
geotechnical capacity of the helical anchor - defined as the point at
which no additional axial tension load can be justified.

See Design Load.
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SECTION 3

PRODUCT DESIGN AND SELECTION FLOW CHART

The following includes some of the basic items to be considered before recommending a particular Helical pile
configuration. A flow chart outlining the basic steps is shown on Page 3 - 3.

1. A DEEP FOUNDATION IS REQUIRED

The owner (or their consultant) has decided that a deep foundation system is required for an existing or
proposed structure.

2. PROJECT PARAMETERS

The owner (or their consultant) submits the pertinent project information to the MCP certified installer,
distributor or consultant. This information typically includes (but is not limited) to the following items.

Construction Schedule

Geotechnical Report — Soil Boring Logs

Applicable Codes and Specifications

Design Loads and the required Factor of Safety

Pile Testing Specifications (if applicable)

Jobsite Conditions that may affect construction methods or types of equipment or personnel
required

Headroom clearance

Proximity to existing structures

Underground obstructions

Access to jobsite

Expected depth of water during and after construction
Safety regulations

O O O O O O

3. PRELIMINARY REVIEW

The MCP certified installer, distributor or consultant reviews the project information regarding the application of
helical piles for the project.

Are MCP Helical piles recommended for this project?

If NO: Explanation of reason/s to be provided to the owner (or his consultant)
If YES: Proceed with PRODUCT RECOMMENDATIONS

Items to be addressed when evaluating the feasibility of helical piles for a specific project:
Site Access

The proximity to other structures, right-of-way and jobsite obstructions are some of the earliest considerations
one must consider in any construction or improvement project. Access for the equipment may also be
restricted due to overhead limits and safety issues.

Working Loads (Design Loads)

The Working Load (Design Load) represents the maximum load that will be transferred to the pile. MCP
typically recommends a minimum Safety Factor of 2 for permanent structures, thus the required Ultimate
Capacity of the pile will be at least twice its Working Load. The designer needs to select the proper shaft size
and helix configuration to provide the required Ultimate Mechanical Strength of the pile as well as the required
Ultimate Geotechnical Capacity. As noted above, a Safety Factor of 2 for permanent structures is usually
applied, but this may vary depending upon the project parameters. See Section 5 for further discussion of
loads and Safety Factors.
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SECTION 3

Soils

Helical compression piles, by definition, are generally considered end-bearing piles and as such rely on the
strength of the soil beneath the helices. In the case of tension loads, the piles rely on the soil strength above
the helices. For pipe piles (>= 3.5” dia. shaft size) skin friction between the shaft surface and the soil also
contributes to the total pile capacity. Information and data required for estimating soil strength and pile/soll
friction is typically extracted from the geotechnical reports and sub-surface explorations. See Section 8 for the
methods of calculating the theoretical ultimate pile capacity. The sub-surface exploration is most often
performed in accordance to ASTM D 1586 (The Standard Penetration Test). This method is discussed in
detail in Section 6. Another method, The Cone Penetration Test, may also be applied. The sub-surface
exploration report is usually an attachment to the geotechnical report. The geotechnical report, along with the
sub-surface exploration report, should contain the information that is required by the methods discussed in
Section 8 for determining the theoretical ultimate pile capacity. The quality of this information and its
interpretation is critical in selecting an optimum pile configuration. See Section 6 for additional information
regarding soils.

In the absence of site-specific soil information, it may be advisable to install and load test one or more test
piles to determine the optimum pile design or to apply the method discussed in Section 7.

Equipment

A wide variety of equipment can be utilized for projects. Selection of equipment is based on several factors
including job location (inside or outside buildings), headroom clearance, access to jobsite and torsional
requirements. Equipment typically ranges from large excavators to mini-excavators (Bob-Cats) to portable
hand held equipment.

Qualified Installers

The MCP distributor can supply a list of qualified installers for a particular project. Qualified installers are
available in nearly all areas in the US and many areas in Canada.

4. PRODUCT RECOMMENDATION

The RTD online software package provided on the MCP website (www.maclean.kbmax.com/products) is an
excellent resource for product recommendations. An experienced MCP certified installer, distributor or
consultant can make product recommendations. Depending upon specific project parameters, additional
items, not listed below, may also require consideration. The following should be considered to make the best
and most economic product recommendations:

e Required Ultimate Geotechnical Pile Capacity
o Helix Bearing Capacities
o Skin Friction — If applicable
o Lateral and Buckling Considerations
o Factor of Safety
o Corrosion Considerations
e Shaft Size — Maximum Expected Installation Torque — Structural Loads
o Helical Pile Installation
o Specified Installation Torque
o Field Quality Control
o Load Testing Recommendations
o Safety Procedures

e Applicable Codes and Specifications

e Pile Termination — Structure / Pile Interface Connection

e Product Drawings and Specifications

e Rated Mechanical Capacity of the Pile
©Copyright 2017 MacLean Power Systems .
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SECTION 4

PRELIMINARY DESIGN CONSIDERATIONS — CHECK LIST

Before making final product recommendations, items that may affect the intended performance of the pile (or
your recommendations) should be checked. Using a checklist similar to that shown below is recommended.

%
o
=
%

pooooooooo

Quality of Available Geotechnical information?
Recommendations and/or Cautionary Notes in the Geotechnical Report?

Expansive Soils?

Negative Skin Friction?

Seasonal Variations in Water Depth?
Abrupt Changes in Soil Properties
Rock?

Corrosion?

SPT N-values greater than 607?

SPT N-values less than 5?

PRODUCT APPLICATION

pooooooooooo

Design Load?

Temporary or Permanent?

Helix Bearing Capacity Calculations?
Helix Loads?

Manufacturers’ Rated (Ultimate) Mechanical Capacity?

Maximum Installation Torque?
Applicable Codes and Specifications?
Safety Factor?

Center to Center Spacing between Piles?
Buckling Considerations?

Lateral Loading Considerations?
Delivery Time?

CONSTRUCTION

pooooo

Construction Schedule?

Head Room Clearance?
Proximity to Existing Structures?
Underground Obstructions?
Access to Jobsite?

Safety Regulations?
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SECTION 5

LOADS - FACTOR OF SAFETY

The purpose of a Helical Pile is to resist externally applied forces. These forces are usually referred to as
“loads”. Loads are transferred from the structure to the foundation pile. Loads may also result from negative
or positive skin friction (i.e. soil shrinkage, settlement [drag], or expansion).

Loads are generally classified as, TENSILE (uplift) and/or COMPRESSIVE. In some cases, loads may
reverse direction. This can be the result of wind direction change or extraordinary events such as
earthquakes, etc. REVERSING loads are rare but, if they occur, additional engineering consideration may be
required. The pile may also be subjected to a MOMENT and/or LATERAL load which will require additional
engineering consideration. The following applies to axially loaded piles only.

The maximum expected force that will be applied to a pile is usually referred to as its Design Load (DL).
Design Load is defined here as the sum of the maximum values of the axial Dead Load, Live Load and Soil
Shrinkage / Expansion Load. Design Loads, also referred to as Working Load or Service Load, should include
both magnitude and direction.

Design Load (DL) = (Dead Load) + (Live Load) + (Soil Shrinkage / Expansion Load) [Equation 5.1]

Where:
Design Load = the maximum axial load that the pile will be subjected to under any circumstance.

Dead Load = the maximum axial load resulting from the weight of the structure plus all material
(equipment) permanently fastened thereto or supported thereby.

Live Load = all loads that are not included in the Dead Load, such as loads resulting from vehicles,
people, snow, ice, wind and impact. Also includes other forces resulting from earthquakes and other
extraordinary conditions. Live loads are often specified in the project specifications and/or the
applicable building codes.

Soil Shrinkage / Expansion Loads = skin friction loads that result from the movement of the soll
relative to the pile’'s surface. These loads are sometimes considered as part of the Live Load. The
stratum of soil that may shrink, expand or move relative to the pile is often referred to as the active
zone. The portion of the Helical Pile that passes through this active zone is often reduced in size so
as to minimize skin friction. When 1.50” to 2.00” round cornered square shafts are used through this
area, skin friction force can usually be disregarded with little error.

Ultimate Capacity of a Helical pile > = (Design Load) x (Safety Factor) [Equation 5.2]
Where:

Ultimate Capacity of a Helical pile = the lesser of the theoretical Geotechnical or the Mechanical
Ultimate Capacity of the pile.

Safety Factor (Factor of Safety) = the ratio of the Ultimate Capacity of the Helical pile to its Design
Load.

A Safety Factor of 2 is often applied for Helical Piles, but this can vary, depending on project
specifications, the quality of the geotechnical information made available, whether or not load testing
was performed, applicable building codes, and the degree to which onsite quality control was applied.
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SECTION 6

SOIL MECHANICS

Soil mechanics is the understanding and predicting of how soil will respond to externally applied forces or
pressures. This includes the study and classification of soils in order to assign soil strength properties to
predict the soil's behavior. Soil studies often include field drilling to obtain soil samples, physical review to
classify and laboratory analysis to assign soil properties.3

What is Soil? Soil is a matrix of particle, air and water. The particles of soil are generally produced from
parent rock by a numerous physical processes. Weathering is a method of producing soils particles that
involves the breaking down of rock into smaller pieces through mechanical and/or chemical processes which
can occur at or below the ground surface or subgrade.

Types of Soil: When soil remains over the rock from which it was produced,; it is referred to as Residual
Soils. This type of soil tends to have better properties for supporting foundation loads than Transported Soils,
which is discussed below.

When soils are transported and deposited in other areas (away from the original rock), they are referred to as
Transported Soils. Transported soils will generally have differing soil strength properties from residual soils
due to the disturbance of transportation. These soils may be less dense and have a lower consistency than
their parent soil. The manner in which these soils are transported can be applied to further categorize this
type of soil. See Table 6.1.

Table 6.1: Transported Soils

Types Manner of Transport
Alluvial or Fluvial Running water
Glacial Glacier action
Aeolian Wind action

Fill Man-made efforts

Soil Characterization: Most soil classification systems used in construction classify soils based on two
laboratory analyses. (1) grain-size distribution curve (or gradation curve), and (2) soil consistency (Atterberg
limits) are discussed in the following paragraphs.

Grain-Size Distribution Curve: Grain-size (sieve) analysis is commonly utilized to assess the particle size
distribution (or gradation) of a soil sample. A sieve analysis is a mechanical laboratory analysis conducted to
derive the gradation of soils that will not pass through a number 200 (0.075 mm) sieve. Soils passing the
number 40 sieve can be classified with a hydrometer analysis to provide gradation for extremely fine soil
particles.

The soil is passed through a series of screens - sieves (largest opening on top). The sieve openings are
progressively smaller from top to bottom. See Table 6.2 for U.S. Standard Sieve Sizes. The mass (weight) of
soil retained by each screen is carefully measured as well as the mass remaining in the bottom pan. This
allows for the determination of the percent of the total weight of soil that passes through each of the different
sieves. This information is then plotted on a semi-log chart. This chart is usually referred to as “The Grain
Size Distribution Curve” or “Particle-Size Distribution Curve”. This chart shows not only the range of particle
sizes present in the soil but also the distribution of various size particles. Soils in which the particle sizes are
distributed over a wide range (Figure 6.1) are termed well graded. Soils in which most of the grains are the
same size are termed as poorly graded. Figure 6.1 shows a typical Grain-Size Distribution Curve for a
cohesionless granular material.

©Copyright 2017 MacLean Power Systems MP MQCLQU&] n

Helical Foundations Systems Engineering Manual
Supersedes: November 2011



Example Problem No. 6.1

SECTION 6

The following measurements were obtained from a mechanical grain size analysis (Sieve Analysis).

1 mm =.03937 inch g =grams =.002205 Ibs.

The average opening that allowed 50% of the
total weight of the soil to pass through, D (50)

Coefficient of Uniformity (Cu)
Coefficient of Curvature (Cc)

The percent of total weight of the sample that is

gravel, sand and clay

Sieve Size (mm) Weight Retained (g) Determine:
3/8" (9.5) 43

No. 4 (4.75) 195 1.

No. 10 (2.00) 281

No. 40 (.425) 127 g

No. 100 (.150) 44 :

No. 200 (.075) 25 4.

Pan (<.075) 135

Helical Foundations Systems Engineering Manual

Supersedes: November 2011

‘ Sieve No. | Sieve Dia (mm) ‘ % Passing | % Retained | Mass retained (g) | Mass passing (g)
Initial
850 Mass
1 3/8 9.5 94.94 5.06 43 807
2 4 4.75 72.00 22.94 195 612
3 10 2 38.94 33.06 281 331
4 40 0.425 24.00 14.94 127 204
5 100 0.15 18.82 5.18 44 160
6 200 0.075 15.88 2.94 25 135
7 Pan 0.01 0.00 15.88 135 0
Total Mass 850
Figure 6.1: Grain Size Distribution Curve
GRAVEL #4 CSTN"SDE #10 [.Le:ri\lu; #4I0 #QIOO SILT/CLAY
100 | . . 1
90 i
80 B
o 70 :
= T
‘» 60 T
wn I
© T
o 50 T
= T
40 T
30 -
2 T
10 i
0 T
10.00 1.00 0.10 0.01
Particle Diameter (mm)
D (50) = The average sieve opening that allows 50% by weight to pass through =2.8 approx.
D (60) = The average sieve opening that allows 60% by weight to pass through =3.4 approx.
D (30) = The average sieve opening that allows 30% by weight to pass through =1.2 approx.
D (10) = The average sieve opening that allows 10% by weight to pass through =0.03 approx.
Cu=Uniformity Coefficient =D(60/ D(10)= 113.333  Cc=Coefficient of Curvature (Graduation)=D(30)"2/(D(60)*D(10))=14.118
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SECTION 6

According to the Unified Soil Classification System: Percent

Gravel (>4.75 mm) = 100.000 72.000 28%
Sand (<4.75 mm > .075 mm) = 72.000 16.000 56%
Clay / Silt (< .075 mm) = 16%
100%
Table 6.2:
U.S Standard Sieve Sizes Figure 6.2
Laboratory Sieve Set-up
Sieve No. Opening

(mm)

4 4.750

6 3.350

8 2.360

10 2.000

16 1.180

20 .850

30 .600

40 425

50 .300

60 .250

80 .180

100 .150

140 .106

170 .088

200 .075

270 .053

1 mm =.03937 inch
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SECTION 6

Soil Consistency (Atterberg Limits): When clay is present in fine-grained soils, it can be remolded in the
presence of some moisture without crumbling. This cohesive nature is because of the adsorbed water
surrounding the clay particles. In the early 1900’s, Albert Atterberg, a Swedish scientist, developed a method
to describe the consistence of fine-grained soils with varying moisture contents. At very low moisture content,
soil behaves more like a brittle solid. When the moisture is very high, the soil may flow like a liquid with the
properties of a heavy fluid. Based on water content, Atterberg defined four basic states characterizing the
behavior of cohesive soils and the three limits (Atterberg Limits) separating the basic states.! See Figure 6.4.

Figure 6.4: Atterberg Limits

Pl

Plastic Index

SOLID SEMISOLID PLASTIC LIQUID
INCREASING
MOISTURE
CONTENT
SHRINKAGE PLASTIC LIQUID Moisture Content, also
LIMIT LIMIT LIMIT referred to as Water
SL PL LL Content, is defined as

the ratio of the weight
} } of water to the weight
of solids in a given

Generally predictable behavior for
Helical Piles

Liguidity Index = (Moisture Content — PL) / (LL — PL) = (Moisture Content — PL) / Plastic Index

Shrinkage Limit (SL): When moisture is gradually removed from clay, shrinkage occurs until the moisture
content has been reduced sufficiently. Inversely, as moisture content is increased, soils may expand. The
moisture content that coincides with no further shrinkage is defined as its Shrinkage Limit. (If additional
moisture is removed beyond the SL, further shrinkage will not continue.)

Plastic Limit (PL): The Plastic Limit is the lower limit of the Plastic Stage. When the soil is rolled into threads
of 3.2 mm (1/8"), crumbling will not occur if the moisture content is greater than PL. In this case, the moisture
content coinciding with crumbling would be defined as the soils Plastic Limit (PL). If the natural water content
is less than the plastic limit (liquidity index negative), the soil cannot be remolded.?

Liguid Limit (LL): If the water content of a natural soil stratum is greater than the liquid limit (liquidity index
greater than 1.0), remolding transforms the soil into a thick viscous slurry.2

Sensitivity: The strength of some types of soils may be significantly reduced when disturbed. These types of
soils are referred to as Sensitive. Sensitivity (St) of a soil can be defined as the ratio of the unconfined
compressive strength of an undisturbed specimen to the unconfined compressive strength of the specimen at
the same water content but in a remolded state. The values of (Si) for the vast majority of clays range
between 2 and 4 and are considered Insensitive. For sensitive clays, (St) can range from 4 to 8. For extra
sensitivity clays, (St) can range between 8 and 16. Clays with (St) greater than 16 are described as quick
clays. Highly sensitive soils should be avoided when installing any type of pile. When installing Helical Piles,
this can be accomplished by increasing the depth of the pile beyond the sensitive stratum as indicated by the
geotechnical report and boring log. If this cannot be accomplished, full scale load testing will be required to
establish the proper torque factor (Kt) for the pile. Marine and lake clays and organic silts with high water
content can be highly sensitive. In the U.S., highly sensitive clays are seldom encountered, but the possibility
of their occurrence should not be overlooked.

Soil Classification: The most widely used system for classifying soils in the U.S. is the Unified Classification
System. This method of classification categorizes soils into 15 groups and is shown here in Table 6.3.
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SECTION 6

Table 6.3: Soil Identification: Unified Soil Classification System

UNIFIED SOIL CLASSIFICATION
INCLUDING IDENTIFICATION AND DESCRIPTION
FIELD IDENTIFIGATIGN PROGEDURES GROUP TYPICAL NAMES INFORMATION REQUIRED FOR LABORATORY CLASSIFICATION
DESCRIBING SOILS CRITERIA

{excluding particies larger than 3 inches and basing fractions on stimated weighis) | SYMBOLS

&
H
‘Wide range in grein sze and substantial amounts Well graded gravels, gravel-sand mixtures, Give typical name; indicate imate " _ Den
& £8 g : e : apprax 8 Cy= =2 Greater than 4
L3 55 Zalsg | of al intermediate parécia sizes GW | fitfe orno fines P antiie oF serid nd ghowel, s 28 o i
§ £ E [3 55 2 size; surface condition, ] = Dan
0 P, &-w - “05' Predominantly one size or @ range of sizes Pouorly graded gravels, gravel-sand mixtures, and hardness of the coarse grains; g r - " Gc = Dol between one and 3
gﬁ 287 = with same intermadiste sizes missing @P | itle orna tines local or geclagical name and othar 3 g 25 Dyt Dy
EE o pertinent g i BB EE z :
@‘ gEE =E WE%E Non-plassic fines (for identification procedures Silty gravel, poorly gradsd gravel-sand and symbal in parentheses £BY ggﬁ 1| hial niweting 2| graddion for GV
za CTEp | @==y| sesMLbelow) GM | siftmixtures akgne K Atterberg fimits sbove "A" line | Above "A" line with
Bo | B ot EE 8 gE For undi s0ils add information 25% 13 5z | with Pl greater than 7 P between 4and 7
we = gﬁ .n‘i: w;g“\— Plastic fines {for identification procedures. Clayey gravels, poorly graded gravel-sand on siratification, dagree of compact- & m%g g':' 8 | Atterberg limits beiow “&" fine are bordering cases
258 ¥ 3 T see CL below) GC | clay mictures nese, cemantation, moisture conditions | 5 | BE§ GO | SR N requiring use of dual
“‘E 5 = and drainage characteristics = ; P o symbois.
HE . =2 £ \Wide range in grain szes and substantial Well graded sands, gravelly sands, little o 3 g‘_fg Daa
s g% =51 amount of all intermediate particke sizes SW | nofines | 358 Cu= g Greaterthan
52| Beic| St 3|88 ol
a3 B ¥ o2 5 Predominantly one size or a range of sizes with - Pa%ﬂr graded sand, gravelly sands, iitde ar MR = %g - Cj= Dl pbatwaen one and 3
v = = i Dyt O
g @ g; s B some intermediste sizes missng o e Sity sand gravelly; sbout 20% hard, | T | 255 il
= 2 @ iz i it mi: - 2 < - 2 A i
5 E > |wdHE_ | sesCLbelow) ey | Srend, pooiy raded send sit s grains coarse to fine; sbout 15% nan- | % | 3 Dg Do | Atierbarglimits below "A"Ine | Above"A! line with
¥ Eﬁ.g gggég plastic fines with low dry strength; P Eg% 530 | orPllessthand Plbgwse:‘Mand?
= B a Plastic fines (for identification procedures well compacted and moist in place; v ,e8 WRllE are borderine cases
5 Clayey sand, poorly graded sand-clay mixtures ; R 2|2 Atterbarg limits above "A" line Higutis
E| 2 §% see CL below) ag alluvial sand; {5M) s 228828 | i Pl greater than7 initan
2
§ = | IDENTIFICATION PROCEDURES ON FRACTION SMALLER THAN No 40 SIEVE SIZE E
- @
. E ORY STRENGTH CILATANCY TOUGHNESS s
g [ (CRUSHING (REACTION (CONSSTENCY =
gz L .o CHARACTERISTICS} | TOSHAKING) | NEARPLASTICLIAT) =
» SEC = = B
i ® o= Inorgamic silts and very fine sands, rock fiour, sty | Give fypical name; indicate degree and | @
32 : F3 3 £ e i b i Hogia M or dayey fine sand with slight plassicity character of plasticity, amount and B PLASTICITY CHART
5§ o o Eﬁ ‘maximum size of coarse grains; color = FOR LABORATORY CLASSIFICATION OF FINE GRAINED SOILS
@ “ B i ¥ 2 =
s Lar} . Inorganic clays of law to medum plasticty, gravelly | in wet condition, odar, if any, local or @
gé 3 . Medium o high | Nane o very siow | yedim oL clays, sandy days, sity ciays, lean clays Spbokitin A, dei Bl RoEREE 5 :\fsnuu I ; .
En 2 Organic sits and ceganic sit-clays of | in parantheses e 8 e o 3 2
) " ic sitts and organic sit-clays of low o b= toughness and dry strangth incroase. -
e stonta e | S st w | Sy I T ===
E3 2 5 For und sai add i &
T L Inorganic silt, micaceous or distomacaus fine on siructure, stratification, consistency o -~ T L
E OES Stghitamedum | Slowimne | Sighttomedum | OL | ooy or siy s, elasic sits i Undisturbed and remoided strates, | % —— A
2 g o e moisture and drainage conditions = k. 0
25 . 1
E o3E High te very ligh | None High CH Inorganic clays of high organic plasticity 20
E ; 5 EXAMPLE:
@
Medium to high | None t very slow | Slight ta medium oH Crganic clays of medium to high plasticity Clayey slit, brown, slightly plastic; b - =
small of fine sand; o I 1 : i
Readiy identified by color, odor, spongy el and numerous vertical root holes; firm W W W 0 0 B0 W M W 0
HCHLY DA S0ns Pt Peatand other organic soifs and dry in place; loess, (ML) Liquid limt

frequently by fibrous texture.

A5 MaclLean

©Copyright 2017 MacLean Power Systems
Helical Foundations Systems Engineering Manual
Supersedes: November 2011




SECTION 6

Chemical Compaosition: Besides the difference in grain size, the chemical composition of soil can also be
helpful in distinguishing between various types of soils. Sand and gravel usually consist of the same minerals
as the original rock from which they were created by the erosion process. This can be quartz, feldspar or
glimmer. Sand mostly consists of quartz. The chemical formula of this mineral is SiO2. Fine-grained soils
may contain the same minerals, but they also contain the so-called clay minerals, which have been created
by chemical erosion. The main clay minerals are kaolinite, montmorillonite and illite. These minerals consist
of compounds of aluminum with hydrogen, oxygen and silicates. They differ from each other in chemical
composition, but also in geometrical structure, at the microscopic level. The microstructure of clay usually
resembles thin plates. On the microscale there are forces between these very small elements, and ions of
water may be bonded. Because of the small magnitude of the elements and their distances, these forces
include electrical forces and the Van der Waals forces. Although the interaction of clay particles is of a
different nature than the interaction between the much larger grains of sand or gravel, there are many
similarities in the global behavior of these soils. There are some essential differences, however. The
deformations of clay are time dependent, for instance. When a sandy soil is loaded it will deform immediately,
and then remain at rest if the load remains constant. Under such conditions a clay soil will continue to
deform, however. This is called creep. It is very much dependent upon the actual chemical and mineralogical
constitution of the clay. Also, some clays, especially clays containing large amounts of montmorillonite, may
show a considerable swelling when they are getting wetter. Peat contains the remains of decayed trees and
plants. Chemically it therefore consists partly of carbon compounds. It may even be combustible, or it may
produce gas. As a foundation material peat and other organic soils (organic clay) are usually not very
suitable, because they tend to be very compressible.?

Soil Shear Strength: The structural strength of soil is primarily a function of its shear strength, where shear
strength refers to the soil’s ability or resist sliding along internal, 3-dimensional surfaces within a mass of soil.3
The load resistance capacity of a Helical Pile is dependent upon the effective bearing capacity of the soils
surrounding its helices. Soil bearing capacity is directly related to the soil's shear strength and because of
this; shearing strength is one of the most important engineering properties of soil to consider when designing
foundations. The shearing strength of a material is the maximum shear stress that it can withstand prior to
shear failure. As discussed below, soil shear stress can be categorized as either occurring in cohesionless,
cohesive or mixed soils. This manual addresses cohesionless and cohesive soils.

Soil_Shear Strength — Cohesionless (Granular) Soils: Cohesionless soils, such as sands and gravels,
derive their shear strength from the mechanical sliding friction and interlocking forces developed between the
individual grains. As in the case for all friction calculations, normal force (i.e. over-burden pressure) acting on
these grains will increase the soil's shear strength capacity accordingly. For a granular soil, the angle of
internal friction (FA) includes both the soil’'s sliding friction and the interlocking forces. The internal friction
angle (FA) is governed by properties such as unit weight, grain size and shape. As discussed in Section 8, the
bearing capacity of a cohesionless soil is equal to the over-burden pressure times the Bearing Capacity Factor
(Ng). Nq is determined solely by the angle of internal friction (FA) of the cohesionless soil.

Before designing foundations, in cohesionless soils, the soil’s angle of internal friction (FA) has to be
determined.

Several methods may be applied to determine the angle of internal friction (FA). A geotechnical engineering
laboratory usually performs the types of analysis shown below during or immediately after their sub-surface
exploration. The results of these tests should be included in their geotechnical report and/or sub-surface
exploration report.

1. Shear Box Method: Straightforward and relatively portable - results may not be as accurate as those
obtained with a Triaxial Shear Test.

2. Triaxial Shear Test: Most accurate method.

3. Determine the approximate angle of internal friction (friction angle) based on SPT “N” values: Soil-boring
logs often do not include tested values for the friction angle but often include SPT “N” values of the soil. The
N-value can be used to derive the friction angle, as discussed in Section 8. It should be noted this derivation
is an estimation and should be used with caution as a design assumption.

©Copyright 2017 MacLean Power Systems vP Mgc,Leua n

Helical Foundations Systems Engineering Manual
Supersedes: November 2011



SECTION 6

Soil Shear Strength — Cohesive Soils (Fine Grained Soils): Clay is the finest textured of all the soll
classes. Clay usually forms extremely hard clods or lumps when dry but is extremely sticky and plastic when
wet. When containing the proper amount of moisture (Figure 6.4, Plastic Index region), it can be “ribboned
out” to a remarkable degree by squeezing between thumb and forefinger, and may be rolled into a long, very
thin wire.®

In its natural state, except in areas near the surface, clay is usually saturated (i.e. all the voids between solids
are filled with water). The following assumes saturated clay of medium plasticity.

Cohesion: Due to the extremely small grain size (< .074 mm or < .003"), the friction and interlocking forces
that occur between the fine-grained soils (clay) are a great deal less than that with granular soils (sand). But
clay does have shear strength. When moist, clay soils have particles that because of molecular and
mechanical bonding “stick together”. This “bonding together of the particles” is not well understood, but
appears to be influenced by moisture content, grain structure, and unit weight. The shear strength that is
provided to the soil by this “bonding or attraction between particles” is referred to as “Cohesion”.

Several methods are often used to determine Cohesion (c). A geotechnical engineering laboratory usually
performs the types of analysis shown below during or immediately after their sub-surface exploration. The
results of the analysis are included in their geotechnical report and sub-surface exploration report.

1. Unconfined Compression Test: The most direct quantitative measure of consistency is the load per unit
area at which unconfined prismatic or cylindrical samples of the soil fail in a simple compression test. This
quantity is known as the unconfined compressive strength (qu) of the soil.? An axial load is placed onto a
sample (with no lateral support), the load is increased until the soil fails. The compressive stress that
causes failure is defined as the unconfined compressive strength (qu) of the soil. The height of the sample
will be twice its width or diameter. Assuming (FA = 0.00), Cohesion (c) is equal to approximately qu / 2
(based on saturated clay of medium plasticity).

2. Shear (or Torvane): A small hand held device with vanes extending in a radial direction from the center of
the end surface of a cylinder (1" diameter across vanes). The vanes are pressed into the clay to their full
depth whereupon a torque is applied through a calibrated spring until the clay fails along the cylindrical
surface circumscribing the vanes. Cohesion (c) is read directly from the indicator on the calibrated spring.
This is often part of the procedure when conducting Standard Penetration Test or soil sampling.

3. Pocket Penetrometer: The Pocket Penetrometer measures the unconfined compressive strength (qu) [c =
qu/ 2]. This is often part of the procedure when conducting Standard Penetration Tests. The plunger is
pushed into a split spoon sample to a depth of 1/4”. The compressive strength of the soil is read directly
from a calibrated spring. This reading is approximately equal to the unconfined compressive strength qu of
the soil. The results of this test should be used with caution. Depending on the type of clay, engineers
often discount the values of a Pocket Penetrometer by as much as 30% to 50%. This test is not
recommended for sandy or silty clays.

4. Determine the approximate cohesion of the soil by the results of the Standard Penetration Test: Not as
accurate as items 1 and 2 above. Equation 6.1 should be used with caution and only if no other
information is made available. The following equation is based on data from Terzaghi and Peck? and
assumes saturated clay of medium plasticity. See Note 1 at the end of this Section.

Cohesion (ksf) = SPT “N” value / 8 [Equation 6.1]

The design method for cohesive soils or clays (Section 8) is based on the assumption that the angle of internal
friction (FA) of clay is 0.00. In this case, cohesion will equal the shear strength of the clay. Likewise, the
design method for cohesionless soils or sands (Section 8) is based on the assumption that the cohesion of
granular soils such as sand is 0.00. These assumptions may not truly reflect the properties of all soils, but do
seem to provide adequate estimates of pile capacities.
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SECTION 6

Expansion and Shrinkage: Most clay will experience volume changes coinciding with changes in moisture
content. Soil that is particularly susceptible to significant volume changes is said to be in the soil's active
zone. Both Expansion and Shrinkage can cause serious damage to structures and foundations. The helical
section of a pile should always be installed well below the active zone. The shaft passing through the active
zone should be as small as possible so as to minimize skin friction between the soil (active zone) and pile.
Battered piles should be avoided.

Negative Skin Friction: Deep foundation elements installed through compressible material can experience
"down drag" forces or negative skin friction along the shaft that results from downward movement of adjacent
soil relative to the pile. This Negative skin friction results primarily from consolidation of a soft deposit caused
by dewatering (moisture removal) or the placement of fill. Negative skin friction is particularly severe on batter
pile installations because the force of subsiding soil is large on the outer side of the batter pile and soil settles
away from the inner side of the pile. This can result in bending of the pile. Batter pile installations should be
avoided where negative skin friction (and soil expansion/shrinkage) is expected to develop.®

Loads transferred into the pile from either soil expansion/shrinkage or negative skin friction can be significant,
especially with large diameter wood or steel piles. The large surface area of these types of piles can result in
very large friction forces (skin friction). This can adversely affect the performance of the pile, and cause the
pile to fail. In these types of soils, it is recommended to use MCP Helical piles. The small surface area of
these piles minimizes skin friction. When using 1.5” to 2.00” RCS helical anchors, skin friction forces can be
disregarded with little error.

Sub-surface Investigation: Prior to designing a Helical Pile, or any type of foundation, the following
information will be required.

1. Maximum Allowable (Design) Load that can be expected.

2. Geotechnical Report: This report is prepared by geotechnical engineers and provides pertinent information
concerning the project. The Geotechnical Report should include any information that could affect the
present or future behavior of the foundation. This would include, seasonal water tables, sub-surface
conditions, and any type of natural occurrence, which could affect the future integrity of the foundation.
The geotechnical report should address the corrosion potential of the soil. A major part of the
geotechnical report will be the attached “soil boring logs”. Boring Logs show the results of sub-surface
investigations. These are usually performed by a Standard Penetration Test (SPT) or a Cone Penetration
Test (CPT). The Standard Penetration Test, developed in 1927, is currently the most popular and
economical means to obtain subsurface information. Virtually all of the information required to design a
Helical Pile can be extracted from a well prepared Geotechnical Report and the attached Boring Logs.
The Cone Penetration Test has certain advantages and although not as popular as the SPT is now more
widely used. The Standard Penetration Test method will be discussed here.

The Standard Penetration Test (SPT) ASTM D 1586:

The number of blows required to drive a split spoon sampler a distance of 12 inches after an initial penetration
of 6 inches is referred to as an “N” value or SPT “N” value. This SPT test is covered under ASTM Standard
D1586 (latest revision), which requires the use of a standard 2” (0.D.) split barrel sampler (Figure 6.5), driven
by a 140-pound hammer dropping 30 inches in free fall. This procedure is generalized as follows 5:

Clean the boring of all loose material and material disturbed by drilling.

Insert sampler, verifying the sampler reaches the same depth that was drilled.

Obtain a consistent 30-inch free-fall drop of the hammer.

Using the standard hammer and drop, drive the sampler 18 inches, or until refusal is reached. Refusal is
defined as a penetration of less than 6 inches for 100 hammer blows.

e. Count and record the number of blows required to drive the split spoon for each 6 inches of penetration.
Disregard the blow counts for the first 6 inches as this is a seating load. The sum of the last 12 inches of
penetration is referred to as the SPT “N” value.

oo

Along with additional information, the number of blows (from 6” to 18”) will be recorded onto the Boring Logs.
The boring logs should show the true adjusted ASTM D 1586 SPT N-values. Throughout this test, the split
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SECTION 6

spoon will be opened and its contents examined and tested as discussed above. The results of these tests
will be recorded onto the bore logs and/or the geotechnical report. Unfortunately, there is not a standard
format for either the Geotechnical Report or the Boring Log. It is highly recommended that the engineer
carefully review and understand the Geotechnical Report before designing any type of foundation. See Figure

6.6 for an example of a typical boring log.

In gravel deposits (with particles 1" and greater), the SPT values may be artificially large. This can be the
result of gravel particles being lodged in the open end of the Split Spoon Sampler. The boring log often
includes “recovery (inches)”. A small recovery in gravelly soils often indicates a plugged sampler. SPT “N”-

values in these soils should be adjusted or discounted.

Figure 6.5: Split-Barrel Sampler — ASTM D 1586
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Figure 6.6: Typical Soil Boring Log

SECTION 6

DATE DRILLED : 9/1/2009 GROUND WATER LEVELS:
DRILLING METHOD : Hollow Stem Auger S_Z AT TIME OF DRILLING : 20.00 ft
GROUND ELEVATION : Y ATEND OF DRILLING: -
BORING DEPTH (ft): 50 Y  AFTERDRILLING: —
w &
5l 2% |5 |2 21 8|uw
£ _ |l 28 |ge|le|le|le |3 A SPTNVALUE A
oLE MATERIAL DESCRIPTION p 1] % _g 2 g % % g
o g - % o alzlalz
0 ° 0 20 30 40 50 60 70 80 90 |
Gray and brown lean CLAY with limestone fragments, moist cL | 070
"] 0.8
" 7] -soft gray lean CLAY, wet oL |04 1] 1]2]3
" | -medium stiff gray and red lean CLAY, moist cL |075| 2 (3|3 |6
- 1223|265
10
- - -medium stiff gray and tan lean CLAY with fine gravel, moist cL |952| 3| 3|3 |68
20 -stiff brownish red lean CLAY with sand seams cL 165| 3 | 3| 6 | 9
- - -medium stiff tan, gray, and red lean CLAY with fine sand cL 1M 22|57
a0 Stiff to very stiff gray, tan, and red sandy CLAY cL | M8 65| 9|14
- 179| 4 | 8 | 10| 16
28| 7 | 8 | 12| 20 A
40
- 6 | 9 |10]19 A
- 727
50 Loose brownish red silty fine SAND, wet : 1 M 4|4 ]3]|7
Bottom of borehole at 50.0 feet.
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SECTION 7

SOIL TESTING

TORQUE vs. BEARING CAPACITY METHOD

Because of the abundance of empirical data collected over the past 25 years regarding installation torque vs.
tension capacity, the following test provides information that can be used, in conjunction with existing
geotechnical reports and boring logs or when soil information is unavailable.

The following procedure may be applied for estimating the in-situ bearing capacity of soil. This test is
straightforward, economical and quick. Depending upon depth, as many as 20 to 30 tests can be conducted in
one day. Since soil properties can vary significantly (even across small areas), this test can provide the pile
designer with valuable information.

1. Install a square shaft helical anchor (< = 2.00” sq.) to a predetermined depth. A single 14" helix is
generally recommended, but helix size may vary depending on soil properties. The fewer helices, the
more accurate the results.

2. During installation, monitor and record the torque at 1 ft. increments.

The torque achieved during installation is directly related to the effective bearing capacity of the soil.

e The Ultimate Bearing Capacity (Ibs) of the helix can be equated to its projected area (ft?) multiplied by
the Bearing Stress Capacity (psf) of the soil.

e The Ultimate Bearing Capacity (Ibs) of the helix can also be equated to the Torque Factor K; (ft1) x
Torque (ft-1bs).

So, equating the two relationships shown above:
[Helix Area (ft?)] x [Ultimate Bearing Stress Capacity of the soil (psf)] = Kt (ft'*) x Torque (ft-Ibs)
So:

K (ft1) x Torque (ft-1bs)

Ultimate Bearing Stress Capacity of the Soil (psf) = . [Equation 7.1]
Helix Area (ft?)

e By applying Equation 7.1, a stress capacity profile (i.e. Bearing Stress Capacity vs. Depth) of the soil
can be prepared. See Example Problem 7.1 below.

e By using the methods discussed in Section 8, an optimum pile configuration can be determined.
If possible, a quick pull test of the test anchor at several depths and locations is recommended. This will allow
a more accurate relationship between torque and capacity to be determined. If a quick pull test cannot be
performed, we recommend that a Torque Factor (K:) of 10 ft-* be applied for square shaft anchors as discussed
in this manual.

Applying a value of 10 for K: generally provides good results in cohesive soils (clay) and may be somewhat
conservative (i.e. under predicts) in granular cohesionless soils (sand).

The above test provides the following information:

1. Estimated Soil Bearing Capacity Profile
2. Whether or not underground obstructions may inhibit the installation of anchors.
3. The over-all suitability of the soil for the installation of helical anchors.
4. Provides for an opportunity to evaluate the available geotechnical reports and boring logs.
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SECTION 7
Example Problem 7.1

A pile is required to support a maximum load of 20 kips compression - design / working load
Minimum required Safety Factor (Theoretical Ultimate Capacity / Design Load) > = 2
Soil information is unavailable.

It is assumed that the soil is clay (cohesive) of medium plasticity

Determine: The required helix configuration, shaft size and depth of the Helical Piles

Solution:

1. A test Helical Pile anchor (1.75 RCS with one 14” helix) is installed to a depth of 40 ft. Torque is
monitored at 1 ft. increments and recorded on Log Sheet 7.1 shown on the following page.

2. Applying Equation 7.1, the estimated soil bearing stress capacity is determined for each foot of depth.
This is recorded on Log Sheet 7.1 on the following page. Pull testing was not performed, so Kt = 10.

From a depth of 21 ft. to 35 ft., the torque achieved by the test anchor remained constant.
Product Recommendation for a Design Load of 20 kips:
Helix Configuration - See calculation sheet on the following page:

A pile with a 10"- 12"-14" helix configuration installed to a depth of 30 ft. will provide a
theoretical ultimate capacity of 50,479 Ibs. Based on a safety factor of 2, the allowable design
load for this pile would be 25,239 Ibs. (25 kips > 20 kips = OK) Since, in this case, the soil
bearing stress capacity is the same above and beneath the helices, the ultimate compression
capacity will be the same as the ultimate tension capacity.

Shaft Size:

Assuming a RCS shaft, the estimated installation torque for this pile would be 50,868 Ibs / 10
ft1 = 5,087 ft-lbs. If this soil were typical for the other areas of the jobsite, then a standard D6
(1.50” RCS) anchor (5,500 ft-Ibs) could be recommended. (Also see note below.)

Column buckling may also be checked:

Assuming the soil is clay -

9 x ¢ = Soil bearing stress capacity (ksf) — Equation 8.3

N /8 = c (ksf) — Equation 8.4

So: Nc x (N/8) = Soil bearing stress capacity (ksf), Nc = 9 — See Equation 8.3

Let N =4 (SPT N-values of 4 or less indicate that bucking may occur.)

So: 9 x (4/8) = Soil bearing stress capacity (ksf) = 4.5 ksf = 4,500 psf
A soil bearing stress capacity of 4,500 psf or less indicates that column bucking can
occur. The minimum soil bearing capacity in this case is 6,024 psf.
6,024 psf > 4,500 = OK — Column buckling should not occur.

Note: Based on a Design Load of 20 kips, two shaft sizes could be proposed for the above pile. The
1.50" sq. shaft (discussed above) or a 2.50” Sch 40 pipe (2.875” OD).
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SECTION 7

Helical Test Anchor Analysis

Number of Helix 1 each
Helix Diamter 14 inch
Helix area 0.996  sqft
Shaft size 1.75 insq

Torque factor (Kt) 10 1/ft

Torque Log
Estimated soil
Torque bearing capacity (psf)
40000
Depth (ft) (ft-lbs) (psf)
1 600 6024 35000
2 600 6024 30000
3 600 6024 25000
4 600 6024 20000
5 600 6024 15000
6 750 7530
7 750 7530 10080 (ft-lbs)
8 1250 12550 2000
£l 1250 12550 ’ 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
10 1250 12550
11 750 7530 Torque Bearing Capacity
12 750 7530
13 750 7530
14 750 7530
15 750 7530
16 750 7530
17 750 7530
18 750 7530
19 1750 17570
20 1750 17570
21 2275 22841 Prelimenary Pile Design
22 2275 22841 Helix
23 2275 22841 Diameter| Net Area | Soil Bearing Capacity | Est. Capacity
24 2275 22841 inch sq.ft. psf lbs
25 2275 22841 14 0.996 22,841 22,750
26 2275 22841
27 2275 22841
28 2275 22841 12 0.719 22,841 16,423
29 2275 22841
30 2275 22841 10 0.495 22,841 11,306
31 2275 22841
32 2275 22841 Total Est. Pile Load 50,479
33 2275 22841
34 2275 22841
35 2275 22841
36 3750 37651
37 3750 37651
38 3750 37651
39 3750 37651
40 3750 37651
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SECTION 8

ULTIMATE GEOTECHNICAL AXIAL PILE CAPACITY

PART | — INDIVIDUAL PLATE CAPACITY (IPC) METHOD

A Method for Estimating the Theoretical Ultimate Helix Capacity of a Helical Pile, Adapting Terzaghi’s

General Bearing Equation

Parameters:

1.

This method addresses the theoretical ultimate helix / soil bearing capacity of a helical pile. Friction
(adhesion) between the pile’s surface and the soil is discussed in Part 2 of this section.

The spacing between any two helices shall be a minimum of 3 times the diameter of the smaller (or
lower) helix. If the distances between helices are significantly less than 3 diameters, the ultimate
theoretical capacity of the pile may be reduced. In these cases, the pile manufacturer shall provide
the appropriate de-rating factors. See Section 12 regarding helix selection.

The IPC method assumes that the mechanical capacity of the helix and the pile assembly exceeds the
design load by an appropriate safety factor.

The IPC method assumes that the pile will behave as a deep foundation, i.e. the top helix will be
installed to a minimum depth of at least 5 times its diameter.

The ultimate capacity of an individual helix is equal to the product of the effective bearing stress
capacity of the soil times the projected net area of the helix. The ultimate theoretical pile capacity is
simply the sum of the individual helix capacities.

After initial disturbance, the remolded strength of some types of soils may be significantly reduced.
These soils are referred to as sensitive. The equations shown below assume soils of medium
plasticity and do not apply to highly sensitive soils. Highly sensitive soils should always be avoided
with any type of pile. For Helical piles, this can often be accomplished by increasing the depth of the
pile beyond the sensitive strata as indicated by the boring logs. If this cannot be accomplished, load
testing will be required to determine the theoretical ultimate pile capacity and the specified installation
torque for the pile. Sensitive soils are discussed in more detail in Section 6.

Terzaghi’s General Bearing Equation [Equation 8.1]

quittg) = An X ((c X Nc) + (g x Ng) + (0.5 x UW x B x Nb))

A = Projected Net Area of the Helix

duiig) = Ultimate geotechnical bearing capacity of an individual helix. The upper limit of this term is the
minimum ultimate mechanical capacity of the helix as rated by the pile manufacturer.

¢ = Cohesion (Undrained Shear Strength) of the soil.

¢ = approximately 1/2 of the Unconfined Compressive Strength (qu) of an undisturbed soil sample.
N, Ng, N, = Bearing Capacity Factors

N. = 9 for clay soils of medium plasticity - with an angle of internal friction (¢) of 0.0 degrees.

Nq = Bearing Capacity Factor for granular cohesionless soils. See chart 8.1 and equation 8.5a.

q = Effective overburden pressure

UW = Effective Unit Weight of the soil.

B = Base Width

For Helical piles, the base width term (0.5 x UW x B x Ny) is relatively small and can be neglected with little

error.

Eliminating the Base Width Factor from Equation 8.1 results in the following general equation (See

Equation 8.2).
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SECTION 8

quittg) = An X ((c X Nc) + (g x Ng)) [Equation 8.2]
(1) (2) (3)

The ultimate theoretical pile capacity (excluding pile/soil friction) is the sum of the individual helix
capacities as determined from Equation 8.2. This equation includes the following three terms:

Term (1) — the projected net area of the helix (An)

Term (2) — (Cohesion Term — Clay) the ultimate soil bearing stress capacity that will be provided by
the soil’'s cohesion. This equation, term (2), assumes saturated clay of medium plasticity.

Term (3) — (Depth/Friction Term — Granular Soils, Sand) The ultimate soil bearing stress capacity that
will be provided by a combination of the effective overburden pressure (q) and the angle of internal
friction of the soil (¢). Overburden pressure (q) is the product of the average effective unit weight of
the soil times its depth and is referred to as the depth term. Nq is a function of the angle of internal
friction (¢) of the cohesionless soil and is referred to as the friction term. Chart 8.1 is based on
Terzaghi’s equation for Nq - modified for helical screw pile applications.

The effective bearing stress capacities of the soil (i.e. the sum of terms 2 and 3 of Equation 8.2) are usually
determined from data extracted from geotechnical reports and boring logs. The IPC method averages the
soil’s strength parameters for an axial distance of 3 helix diameters from each helix in the direction of load.
See note 2. Using this method, and applying a standard computer spreadsheet such as Excel, the theoretical
ultimate capacity of each helix, for each foot of penetration, can readily be determined. The results are then
summed and the theoretical ultimate pile capacity is determined for each foot of penetration for both tension
and compression loading. Results are often shown on a chart that plots Ultimate Compressive and Tension
Capacities against Depth for the selected helix configuration. See Example Problems 8.1 and 8.2 at the end of
this section. In soils with abrupt changes in properties and strength, occurring within the stress zones of
helices, the IPC method requires additional consideration by the engineer. In these types of soils, simply
averaging the soil strength for 3 diameters may give incorrect values of the helix capacity.

COHESIVE SOILS (ANGLE OF INTERNAL FRICTION ¢ =0.00 DEGS)

Eliminating Term 3 (Depth/Friction Term) from Equation 8.2 yields the following equation:
quittg) = An X (¢ X N¢)
Where: Nc =9 for clay soils of medium plasticity and with an angle of internal friction of 0.0 degrees.
Quitig) = Anh X (€ X 9) [Equation 8.3]
Most boring logs include blow counts, SPT N-value (ASTM D 1586) but often do not include cohesion or
unconfined values. In this case, the following equation may be used for clays of medium plasticity to estimate
their cohesion. Equation 8.4 is based on empirical studies and should be used with caution. See Note 6. We
recommend using tested values of cohesion (such as ¢ = qu/ 2) when at all possible.
c (ksf) = N/8 [Equation 8.4]
Where: N = Blow Count Value per ASTM D1586 Standard Penetration Test
c=1/2xqu [Equation 8.4a]

Where: qu = Unconfined Compressive Strength
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SECTION 8

COHESIONLESS SOILS (c = 0.00)

Eliminating Term 2 (Cohesion Term) from Equation 8.2 yields the following equation:

quit(g) = An X (q X Ng) [Equation 8.5]
Where:

q = Effective overburden pressure. Which is defined as the average unit weight of the soil times its
depth. The effective unit weight of soil at or below the water table will equal its saturated unit weight
minus the unit weight of water.

Nq = Bearing Capacity Factor for Cohesionless Soil is a function of the angle of internal friction of the
soil. Equation 8.5a, Chart 8.1 and Table 8.1 shows this relationship based on Terzaghi’'s values for
Ng' modified for Helical Piles by applying a reduction factor of .60. See Example Problems 8.1 and
8.2.

az
.60 x [Equation 8.5a]
2 x cos? (.7854 + ¢/ 2)

Nq

a=eM(75n—-¢/2)xtan ¢
¢ = Angle of internal friction (radians)

Table 8.1: (¢) vs. Nq — For Helical Piles
Granular Cohesionless Soils
Chart 8.1: Estimated Bearing Capacity Factor

2¢O 4:‘23 ESTIMATED BEARING CAPACITY FACTOR (Nq)
. - Granular Cohesionless Soils -
21 4.959
22 5.514 |
23 6.138
24 6.841 5 /
25 7.632 /
26 8.526 80
27 9.538 /
28 10.685 70
29 11.989 /
30 13.473 s0
31 15.169 gz
32 17.110 >0
33 19.338 o /
34 21.903 /
35 24.864 so
36 28.294 /
37 32.279 20
38 36.928 //
39 42.369 ¥
40 48.762 b —
41 56308 [o] 10 20 30 40 50
jg Sgggg Angle of Internal Friction (degs)
44 88.642
45 103.971
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SECTION 8
COHESIONLESS SOILS - continued

Soil boring reports and bore logs often do not provide the soil’s angle of internal friction, but usually will provide
the SPT N blow counts. In this case Table 8.2 shows an approximate relationship between SPT N blow count
and angle of internal friction. Table 8.2 is based on empirical data (Bowles — Forth Edition)' and should be
used with caution. We recommend using the actual tested angle of internal friction whenever possible. The
line on the chart shows a relationship that can be expressed as:

Friction Angle (¢) = 27 + .31 x N(70) [Equation 8.6]

Table 8.2: Estimated Values of ¢

Estimated Values of the Angle of Internal Friction
- Granular Cohesionless Soils -
60

56

50 &
45
II’,//

W 40 Ak
é” "_//
= [ 1]
= 35 a - /
k=] A *
k3] - /
s 25 |*
g
= 20
f =4
o 15 * FINE
f=
- u  MEDIUM

10 4 COARSE

5 J—

0

0 10 20 30 40 50

SPT "N" (7o)

MIXED OR c - ¢ SOILS

Typically the IPC method assumes that the soil stratum at a particular depth is either cohesive (angle of
internal friction = 0.00 degs) or cohesionless (cohesion = 0.00). If the soil stratum includes both cohesive
properties and friction properties it is referred to as a mixed or ¢ - ¢ soil. The bearing stress capacity of this
type soil can easily be determined from Equation 8.2, but accurate values of ¢, Nc and Nq are necessary.
Mixed or ¢ - ¢ soils should be approached with caution. We recommend that the engineer be familiar with this
type of soil and the jobsite soil conditions.

An alternate approach:
If the engineer cannot determine the expected soil behavior (i.e. cohesive or cohesionless), they should

perform the calculations for both types of soils and choose the lesser capacity. An appropriate safety factor
should then be applied.
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SECTION 8

Notes:

1.

7.

The reliability of these methods or other theoretical methods to predict ultimate pile capacities is
dependent upon the quality of the soil data and their interpretation by the engineer.

An experienced engineer should apply these methods. Typically a stress zone region of 3 helix diameters
in the direction of load is usually applied, but this (and the method of averaging soil stress capacity) may
vary, depending upon a number of factors, including soil type and condition. If possible, all of the helices
should be in a single stratum of either cohesive or cohesionless soil.

Theoretical ultimate pile capacities (as determined by this or any other method) are based on empirical
equations. Load testing is recommended.

All piles shall be installed to a specified installation torque recommended by the design engineer. Ultimate
torque values shall not exceed mechanical torque ratings set by the manufacturer's guidelines and/or
specifications.

Theoretical ultimate pile capacity is defined here (Parts 1 and 2) as the minimum load which will cause
continuous deflection (creep) without a further increase in load.

Clay Soils: The determination of the value of q, by means of unconfined compression tests or of ¢ by
means of a portable torsion vane is so expedient that the ultimate bearing capacity should not be
estimated on the basis of the results of the Standard Penetration Test 2 [i.e. “N” / 8 ksf] . If possible, we
recommend that q, be determined by unconfined compression tests. The average value of the undrained
shear strength ¢ may then be estimated by the relationship of ¢ = q, / 2. Other methods of estimating the
values of ¢, should be used with caution. Applying the results of tests conducted with a hand or pocket
penetrometer to determine the ultimate bearing capacity of clay is not recommended.

Designing Helical piles for Cohesionless Soils

As shown in Equation 8.5, the theoretical ultimate helix capacity is directly proportional to the effective
overburden pressure (q). The effective unit weight of soil at or beneath the water table is equal to its in-situ
unit weight minus the unit weight of water. For this reason a rise in water table can significantly reduce pile
capacity. If a rise in water table can occur after construction is completed, the engineer should take the
following steps.

e Preliminary Design - Assuming the highest possible water table and using the IPC method described
above, design the pile.

e Check Preliminary Design at the lowest possible water table depth - Assuming the lowest possible
water table depth that can be expected during construction, determine the theoretical ultimate pile
capacities (and the expected installation torques) for each foot of installation. The pile capacities (and
installation torques) at the lower water table will be greater. This increase can be significant and may
require a pile with greater torsional capacity and/or different helix configuration than originally
proposed. Modify the preliminary pile design if/as required.

e Final Design and Check — Assume the highest water table and determine if the theoretical ultimate
capacity of the final pile configuration is acceptable.
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SECTION 8

PART Il - A METHOD OF DETERMINING FRICTION (ADHESION) BETWEEN SOIL AND
PILE INTERFACE

Naval Facilities Engineering Command, “Foundations & Earth Structures”, Design Manual 7.02,
September 1986 (NAVFAC)

Skin friction between the soil and pile surface of Helical Piles with shaft sizes of 3.5” OD or less are relatively
small when compared to the total helix capacity, and for this reason can be neglected with little error.

But for deep piles with larger diameters (i.e. 4.5” or larger), friction becomes more significant. A convenient
method of estimating this friction (or adhesion) is shown in the NAVFAC Manual 7.02 and is discussed below.

The estimated ultimate axial capacity of a helical screw pile can be shown by the following equation:
Qr=Qu+QF [Equation 8.6a]
Where:
Qg = Total theoretical ultimate pile capacity (Note 2)

Q+ = Sum of individual helix capacities as discussed above.
Qr = Total friction (adhesion) between the soil and pile surface as discussed below.

COHESIVE SOILS

QrF =X (Cax (mx D)xdL) [Equation 8.6b]
Where:

Ca = Adhesion based on the soil's cohesion as shown on the table (shown below) in the NAVFAC
Manual Figure 2 — p. 7.2-196.

D = Pile diameter

dL = Element length of Pile subjected to adhesion or friction (Note 1).

RECOMMENDED VALUES OF ADHESION - For Steel Piles

Consistency of Soil Cohesion, C (psf) Adhesion, Ca (psf)
Very Soft 0-250 0-250
Soft 250 - 500 250 - 460
Med. Stiff 500 - 1000 460 - 700
Stiff 1000 - 2000 700 -720
Very Stiff 2000 - 4000 720 - 750

COHESIONLESS (GRANULAR) SOILS
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SECTION 8

Qr=2 (qx KxTAN (fa’) x T x D x dL) [Equation 8.6c]
Where:

q = Effective overburden stress (i.e. vertical stress) at each increment of depth (dL) from ground
surface to the bottom of the pile. The Naval Manual limits overburden stress (q) to its value at a depth
of 20 x B. It should be noted on the calculation sheets if greater values of q are applied.

K = Coefficient of Lateral Earth Pressure — Ratio of horizontal to vertical effective stress. Unless other
information is provided, a value of K = 1.0 may be applied for preliminary calculations.

fa’ = Friction Angle between the soil and pile surface. (Not to be mistaken as the angle of internal
friction of the soil.)

D = Pile Diameter

dL = Element length of Pile subjected to friction (Note 1).

Notes:

1. Usually the top portion of a pile will be in disturbed soil and will not contribute significantly to friction. For
this reason, the top section of the pile (at least 5 x D) is often disregarded when determining friction.

2. Stiff soils, such as dense sand and stiff clay, underlying very compressible soils such as soft silts and
clays may require additional engineering consideration. An example of this would be a pile passing
through very soft silt with the helices firmly imbedded into dense sand. In this case, the skin friction will
usually be neglected, and the helix bearing capacity (point load) will determine the ultimate pile capacity.?

3. Forces resulting from soil expansion, shrinkage or negative skin friction (down drag) are not addressed
here. If any of these loads can occur, additional engineering consideration will be required. See Section 5
and 6 for information regarding these types of loads.

References:

1. Joseph E. Bowles, Foundation Analysis and Design — Forth Edition, McGraw-Hill, Inc.
2. Karl Terzaghi and Ralph B. Peck, Soil Mechanics in Engineering Practice — Second Edition, John Wiley

and Sons.
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SECTION 8

Example 8.1

Determining helix / soil bearing capacities can be accomplished by hand calculations, but this would
often be extremely time consuming. Since the calculations are numerous, but not complex, a basic
spreadsheet, such as Excel, has proven to be a very convenient method of performing the
calculations. Spreadsheets can also generate capacity vs. depth charts, thus giving the engineer
more control for the various options. In addition, various reports can be easily generated directly from
the spreadsheets.

Values for Ng can be entered from Table 8.1 or from Eq. 8.1 or from Eq. 8.7 shown below.

Equation 8.7 is in the format that can be entered directly into Excel. For Equation 8.7, the angle of
internal friction (¢) should be entered directly as degrees (not radians).

[Equation 8.7]
(e *((-75 x pi() — ¢ x pi() / 360) x TAN (¢ x pi() / 180)))*2
Ng= .60 x

(2 x (COS (.7854 + ¢ x pi() / 360))2)

Where:
e=2.7182818

¢ = Angle of Internal Friction - degrees

pi() =T

Example 8.1 shows an illustration of the Real Time Design (RTD) summary for a sample project using
a 2 7/8” pipe pile. In this example, a portion of the pile passes through very soft clay and a check for
column buckling (Section 9) is required. The RTD system automatically performs buckling calculations
in soils with less than 5 blow counts.

An example of a “hand calculation” for this problem is also shown in Example Problem 8.2.
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SECTION 8

Example 8.1 — RTD summary report results detailing the helix configuration, geotechnical and mechanical
capacities of the pile, depth, and the required installation torque.

1))
B

1))
($)
4]
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