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ABSTRACT

LOAD CAPACITY TESTING OF RESIDENTIAL UNDERPINNING IN EXPANSIVE

CLAY SOILS

Publication No.
W. Tom Witherspoon

The University of Texas at Arlington 2006

Supervising Professor: Anand J. Puppala

For most families, owning a home is considered the major investment of their
lifetime. Because this asset is so important to continued enrichment of their lives,
maintenance requirements that result from home foundation problems should be
addressed prior to their acquisition. Unfortunately, many house foundations are neither
built to meet challenges of their expansive soil environment nor built to address moisture
changes from various seasonal fluctuations. As a result of design and construction
deficiencies, foundation failures may occur on a regular basis. In fact, the Department of
Housing and Urban Development estimated foundation damage caused by expansive clay

soil at $9 billion per year in 1981 (Jones 1981), which would make it more destructive
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than any other natural disasters including tornados, hurricanes and earthquakes. More
recent estimates by Witherspoon (2000), based on data collected from foundation repair
contractors, places this damage total at an approximate $13 billion per year. This cost is
enormous and explains the severity of concerns for home owners situated in expansive
clay zones.

Since these foundations must be repaired when they fail, a large industry has
grown to address the needs of homeowners everywhere. Although a foundation may rise
or fall, the dominant cause of problems is foundation settlement as the clay consolidates
under the load of the foundation or the clay swells and shrinks after wetting and drying.
To address these problems, a repair contractor frequently will install underpinning under
the perimeter of the foundation and lift the low segment(s) back to a more desirable
elevation position and thus prevent the distressed segment from dropping in the future.
To address the interior, a foundation repair contractor will either place underpinning
under interior grade beams or lift the slab with a process called mudjacking that first fills
voids and then lifts the slab with injection pressure from the grout flow. By filling voids,
the load of the slab will not shift to foundation contact areas where pliable clay soils may
deform over time and allow settlement of the interior slab.

Underpinning techniques, using drilled shafts have received extensive testing and
research to develop standards for design and practice, whereas other methods such as
hydraulically pressed piles have not been researched to determine proper design or
construction practices. Since underpinnings are predominantly used to lift the distressed
foundations, it is important to understand their axial load transfer mechanism. Uplift

issues are not focused in this research since these are deep foundation types and can go
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beyond the active depth of a test site. This research is an attempt to conduct
comprehensive field studies on a variety of underpinning methods in order to understand
axial load capacity of each underpinning technique at different weather conditions. Tests
were conducted on each of the underpinning methods installed in expansive clays where
skin friction transfer along the foundation length is the dominant load carrying
mechanism.

Underpinnings including drilled straight shafts, drilled belled shafts, augercast
piles, helical piers, pressed steel and pressed concrete piles were constructed utilizing the
assistance of contractors who have been working with these underpinning methods.
Standards of practice were followed to test the underpinning in a manner that would be
fair, uniform, accurate and representative of actual site conditions. Final axial load
capacity was measured by performing tests on foundations following ASTM D1143.

Actual practices for the helical anchors, pressed concrete and pressed steel pilings
were reviewed to establish drive pressures available (pressed pilings) and torque drive
(helical piers) for a normal residential underpinning project. In the case of drilled shafts,
the normal active depth requirement for the local site expansive clay was determined, and
the drilled straight shaft, drilled belled pier and augercast pile were extended beyond this
active depth to be consistent and representative for local designs in this region. To allow
for set-up and understand load transfer mechanisms in different climatic conditions, half
of the subjects were installed in the dry season of August and September and tested in
wet season of April, while another set was installed in April and tested in August.

Results of this research included a more accurate method for predicting pressed

piling capacities, a skin friction value that was the same for drilled straight shafts and
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augercast piles, and how the time of soil testing affects the implementation of predictive
formulation for drilled shafts and augercast piles. Also, future research directions are
presented to further enhance the predictions of axial capacities of underpinnings in

expansive soil media.
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CHAPTER 1

INTRODUCTION

1.1  Introduction

A home is usually the single most important investment that a family will make in
their lifetime. It provides shelter and comfort and also enhances the quality of life. Homes
are seldom built in environments or soil conditions that are perfect for construction. To
complicate matters, the type of construction is many times selected solely because of
economics. As a result, of the economic driving forces, foundations built on challenging
soil conditions fail at an alarming rate because design and/or construction quality control
does not address soil movements from these environmental factors.

Many types of foundations have been developed including: pier and beam made
of wood and concrete, concrete slab-on-grade, concrete and masonry stem wall systems,
and others. Each foundation system has unique advantages and deficiencies. The final
section of a foundation system should always satisfy both soil and environmental
conditions. Construction practices for the foundation system should also address these
conditions in order to achieve a successful, stable, durable and distress free foundation
system that will protect the homeowner’s investment.

Soil conditions and characteristics have a major influence on the foundation

design. Among soils, expansive clay soil presents the greatest challenge to engineers and



contractors. Problem clays will expand in wet conditions and shrink in dry
conditions. A foundation system should be able to withstand these soil movements
without cracking. For example, a slab-on-grade foundation system that is not designed
rigidly enough to resist bending moments from differential soil movements, will
differentially move various segments of the foundation as the bearing clay expands or
shrinks with water saturation and desaturation. It should be noted that even in dry
conditions, the clays can shrink and this shrinkage causes segments of the foundation to
either settle or uplift due to warping of the underlying clays.

If the foundation system is a pier and beam and the piers are not terminated into
strata deep enough to resist movement or belled to resist this movement, the piers may be
pulled down by downward drag from expansive clay relative to the shafts or uplifted by
the swelling clays pushing the piers upward as a result of uplift induced skin friction
along the sides of the pier surface. Other foundation systems are often affected in a
similar manner and can result in foundation distress or even failure when they are not
properly designed or constructed.

The Department of Housing and Urban Development estimated the damage
caused by expansive clay soil at $9 billion per year in 1981 (Jones 1981). Other experts
reported similar costs (Chen 1987; Wray 1995) and a more recent study reported by this
author estimates the cost to be in excess of $13 billion (Witherspoon 2000). The
paramount magnitude of this financial loss makes the expansive clay induced damage
greater than any other natural disasters including the combined damages caused by:

tornados, hurricanes, and earthquakes (Holtz 1981).



Remedial repairs to a foundation that has been lifted by swelling clays will
normally require addressing the upheaval problem and in some cases lower portions of
the foundation structure will need to be elevated to relieve distress and provide a more
even walking surface. In the case where a portion of the foundation has settled because of
bearing clay subsidence, the normal method of repair is underpinning to provide a base to
lift the perimeter and prevent future settlement (U.S. Dept. HUD 1997). To address these
soil related problems, various underpinning techniques have been developed. The most
commonly used remedial underpinning techniques include: drilled piers (straight and
belled), augercast piles, helical anchors, pressed concrete piles, and pressed steel piles.

Drilled shafts have been studied for a long time and tested in various
environments and soil conditions (O’Neill and Reese 1992 & 1999). Much of this
literature work on drilled shafts has been sponsored by the Federal Highway
Administration (FHWA), States’ Departments of Transportation (DOTs) and the
International Association of Foundation Drilling (ADSC). This research has resulted in
various research reports, design guides and standard practices (O’Neill and Reese 1992
and 1999).

Because of side wall caving, casing or slurry drilling was utilized to achieve the
required axial load capacity for drilled piers (Black 2005). Augercast piles were
originally developed to provide an economical method of casting a drilled shaft in
subsurface conditions where the water table is high in granular soil conditions. A
considerable number of published articles on augercast piles are available, but estimating
their capacity has been more of a site specific testing than predictive calculations that are

common with drilled shafts (ADSC 2005). Since the augercast is mostly used in granular



conditions, there is not a plethora of research available in expansive clay soil that
demonstrates how the piles transfers loads to foundation subsoils.

Helical anchors have been used to support vertical load capacity for a long time
but their usage in remedial underpinning applications has grown over the past thirty
years. While there are numerous research papers depicting axial load capacity of helical
anchors, the papers that address axial load capacity in expansive clay soils are sparse.
Also there are no studies where there is a comparison analysis on how these foundations
perform with respect to those that are formed by either drilling operations (drilled shafts
and augercast piles) or pressing operations (pressed concrete and pressed steel piles).

The pressed steel and pressed concrete pile usage in remedial underpinning has
seen a dramatic growth over the past twenty years and they are in this author’s experience
the most popular expansive soil foundation repair system currently in practice. No
published research, however, is available to determine their axial capacity in an
expansive soil media and compare their performance with respect to other types of
foundation installation systems used in expansive clay soil sites.

This dissertation research has attempted to address various underpinning systems
installed in the expansive soil, evaluate their load transfer mechanisms and then rank
them according to their performance in field conditions. Due to the extensive amount of
testing and research publications on drilled shafts, it is reasonable to assume that their
foundation performance will provide a good base line for use as a control, with proven
results. Hence, the drilled shaft method was used for comparison with the results of other
foundation systems using different construction procedures. Other analyses attempted in

this research were: to deduce the load transfer mechanism of other foundation repair



systems installed with different processes and to evaluate their effectiveness when used in
an expansive soil environment.

As noted earlier, the majority of research information on other underpinning
systems in expansive soils is either not available or not being conducted by independent
agencies, or in some cases, is still being conducted. Hence, this present research is a
unique and first attempt to independently verify the load transfer mechanisms of different
underpinning systems and compare their performance in relation to other foundation
systems that are more commonly used in geotechnical practice. Also, the focus of this
research was on axial load transfer mechanisms, and not on uplift considerations since
these underpinning elements is often used to lift the distressed foundations and is
normally deeper than active depths at a test site. Hence, the research was focused on axial
load transfer mechanisms of the underpinning elements in expansive clays.

It should be noted here that this comparison analysis is not an attempt to either
support or not support different underpinning systems. Instead, it is an attempt to better
understand the loads transferred by various foundation systems and the performance of
the systems currently utilized in remedial underpinning in areas of expansive soil.

Because of the growing residential foundation repair market and their reliance on
underpinning systems for mitigation of movement problems, this research provided an in-
depth study on actual comparisons among six common underpinning types. This
information can be used by the foundation and structural engineers, along with prudent
engineering judgment, in the selection of the most appropriate underpinning technique for

their foundation projects in an expansive soil environment. Another positive outcome



expected is that foundation contractors can enhance their foundation underpinning

systems by addressing the load transfer mechanisms reported in this research.

1.2

1.3

Research Objectives

The main objectives of this research are to:

Determine the axial load capacity of six types of underpinning methods in
expansive clay.

Establish axial load capacity variations when they are installed and tested across
seasonal changes (wet to dry and dry to wet).

Compare load capacities among the present six underpinning techniques.

Evaluate the currently available load prediction models for reliable estimation of
load capacity of each underpinning element and determine if any modifications
are necessary.

Determine limitations of each underpinning method and their installation
practices.

Develop empirical and semi-empirical models that provide a reliable prediction of
axial capacities for the helical anchors, pressed steel piles, and pressed concrete
piles in expansive soil environment.

Scope of Present Research

The scope of this dissertation research is confined to the following areas:

To study axial load capacities for commonly used residential remedial

underpinning methods in expansive clay soils. Installation methods were



performed as per the acceptable and common practices followed by contractors.
To study axial load capacities for commonly used residential remedial
underpinning methods in expansive clay soils. Installation methods were
performed as per the acceptable and common practices followed by contractors.
Installation seasonal conditions were varied from ‘dry to wet’ and ‘wet to dry’
seasonal moisture conditions.

The site chosen for this research is located in south Irving, Texas where soil
borings showed that no bedrock was present for an approximate depth of 63 feet.
Typically, the research results are only applicable for this type of soil condition
and may not be valid for other soil conditions.

The geographical location of this site is a semi-arid climate, which means that in a
normal season moisture conditions range from extremely wet to long periods of
drought. This has an effect on the present test results and should be considered
when evaluating or extending the present research findings to other sites.
Recommendations for axial load capacity are confined to the present site
environmental and subsurface conditions, which may be different for other
locations.

The number of underpinning foundation subjects tested in this research may not
be comprehensive enough to establish empirical formulas for future prediction of
axial capacities. These equations should be considered as preliminary and could
be evaluated for future modifications. Therefore, statistical formulas to determine

variances and true means from the sample mean may be unrealistic.



e For the pressed piles, a driving pressure was established to emulate actual
installation pressures. This procedure meant that the piles would reach varying
depths and with the cross season time from installation to testing variances in
final axial load would be probable.

In spite of the above limitations, one should note the challenges faced in the
execution of this dissertation research provided a unique opportunity to accomplish the
proposed research objectives in better understanding of axial load transfer mechanisms.
1.4  Dissertation Organization

This report consists of 8 chapters. These chapters are: Introduction (Chapter 1),
Literature Review (Chapter 2), Methodology (Chapter 3), Axial Capacity Testing
(Chapter 4), Empirical Capacity Predictions (Chapter 5), Comparisons between Predicted
to Actual Capacity (Chapter 6), Overall Axial Capacity Comparison (Chapter 7),
Summary and Conclusions (Chapter 8).

Chapter 2 provides a summary of literature review on the underpinning methods
being tested in this research project. Information in the literature presented was acquired
from this author’s personal library, data compilation from previous research, internet
searches and contributions from various practitioners, educators and contractors across
the world.

Chapter 3 is a presentation of methodology that went into this research. It
includes: soil borings and laboratory testing, cone penetration or CPT detailing,
installation of reaction piers and beams, installation of test subjects, preparation and

calibration of the test equipment and test documentation.



Chapter 4 provides a summary of test results for each element grouped into the
appropriate underpinning method.

Chapter 5 provides predictive calculations of each underpinning element grouped
into the appropriate underpinning method. In addition to the common predictive models,
other methods and modifications are presented.

Chapter 6 is a comparison between predictions made for each underpinning
element and actual load test results. The coefficient of determination provides a measure
of various assumptions and predictive methods.

Chapter 7 provides an overall comparison of all the underpinning systems. This
comparison includes not only axial load comparison, but also a comparison of deflection
verses load for each underpinning element.

Chapter 8 presents summary and conclusions based upon the present research
results. References containing sources of the literature reviews are included in the last
section with an additional listing of the various contributors for their in kind and financial

support of this research.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The available literature related to remedial underpinning techniques has been

identified and collected. This literature includes: various journals, theses, dissertations,

conference articles, books, reports, standards and proprietary design manuals that were

made available to this engineer. This data is summarized in this chapter in the following

sections:

a)

b)

c)

d)

e)

Drilled Shafts- Straight

Drilled Shafts- Belled

Augercast Piles

Helical Anchors

Pressed Steel Piles

Pressed Concrete Piles
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The first section presents the different underpinning techniques that are the
subject of this research. A brief history and technical aspects of these methods is
presented to provide a background for testing, evaluation and design of each method.

The second section describes load testing methods utilized to test the

underpinning subjects.

2.2 Underpinning Techniques
2.2.1 Drilled Shafts- Straight

The drilled shaft underpinning method has been one of the earliest methods used
for underpinning operations and has been thoroughly and comprehensively tested and
reported in the literature (O’Neill and Reese 1992 and 1999). Prior to the modern drilled
shaft, wells were hand dug in the ground and then filled with everything from concrete,
mortar, and brick, to treated and untreated wood or rock that was compacted. This
method of hand excavated caissons was very popular in the early 1900’s in Chicago and
the Great Lakes area where it was necessary to transfer loads to the hard clay or hardpan
to support massive structures of that era. In many of these cities there was a hard pan or
bedrock so close to the surface that engineers were forced to excavate to a depth suitable
for the required loads (Winterkorn and Fang 1975). Since the caisson provided
confirmation of termination into specific strata and verification of axial capacity, they
gained popularity with engineers who were designing buildings necessary for the needs

of large cities all over the world.
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With the continued development of technically advanced equipment, the first
machine excavation auger was constructed around 1908 that was capable of drilling 12
in. diameter shafts up to depths between 20 ft to 30 ft below the surface. During this
period there is also a record of horse-driven rotary machines that were used to drill holes
for the installation of shaft foundation systems in San Antonio, Texas (Greer 1969).
Some of these foundation systems installed around 1920 were 25 ft deep (Greer 1969).

The early 1930’s brought further development of drilled shaft equipment by Hugh
B. Williams of Dallas, Texas who developed and sold light truck mounted drilling
machines that were ideal for residential foundation drilling (Anon 1976). With the
development of drilling machines, the drilling contractors developed bits and reamers to
drill rock and the capacity for drilling very large diameter holes to great depths.
Meanwhile, contractors in Europe were using drilled shafts with primary load capacity
from side friction and not just end bearing as was popular in the U.S. (FHWA 1988)

Further developments included usage of casing to drill through weak and
collapsible soils and prevent caving problems that prevented drilled shaft usage.
Development of polymer slurries and use of oil field mineral slurry technology provided
further protection against bore hole instability and opened up even greater usage of the
drilled shaft.

The advent of computers and development of analytical methods and load testing
programs further added to the growth and acceptance of the drilled shafts. Extensive and
accepted research by Whitaker and Cooke in 1966 and Reese in 1978 improved empirical
determination of load capacity of drilled shafts and provided construction quality control

methods that made the drilled shaft even more versatile and accepted (Whitaker and
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Cooke 1966; Reese 1978). Prof. Michael W. O’Neill of the University of Houston, who
spent his life studying behavior and construction of drilled shafts in various environments
and soil conditions, has been recognized as one of the pioneers for the advances in drilled
shaft and deep foundation research.

As a result of the extensive research, the modern drilled shaft has become a
sophisticated foundation technique whereby a vertical in situ columnar element can
transmit loads to more suitable soil strata capable of supporting the intended structure,
resisting lateral loads and stabilizing soil and rock in problem conditions.

Several design and construction practices for drilled shaft foundation have been
documented in the FHWA Drilled Shaft Manual, which was first produced in 1988. This
manual was most recently revised and edited by O’Neill and Reese in 1999 (FHWA
1999). Predictions of axial capacity of drilled shafts are developed based upon soil
characteristics, which can be directly measured by conducting laboratory studies or by
performing in situ field tests. Hence, the best predictions of these methods depend upon
accurate characterization of soil parameters.

Since characterization of soil characteristics is the most crucial ingredient in the
prediction of load capacities of foundations, an attempt is made in this research to
conduct soil borings, sampling and laboratory testing along with in situ CPT logging.
This soil investigation allowed the researcher to analyze load capacity of underpinning
elements via laboratory determined soil properties and those determined from in situ tests
using semi and empirical correlations.

Drilled shafts were originally designed for end bearing with no allowance for skin

friction (Terzaghi 1943). Load tests by several researchers, however, showed that drilled
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shafts carry a considerable amount of axial load in skin friction and as a result, new
formulae were developed to include a skin friction component in the axial load
expression (O’Neill and Reese 1999). The following is an accepted formula for
calculation of axial capacity of a drilled shaft that was introduced in the 1988 FHWA

Design Manual (FHWA 1988):

Qr=0QB + Qs 2.1
where

Qr = ultimate capacity of the drilled shaft (1bs)

Qg = end bearing capacity (Ibs)

Qs = side resistance or skin friction capacity (I1bs)

The calculations depicted above must then be reduced to allow for an allowable or
working load for the shafts as follows:

Qa=Qr/Fs (2.2)
where

Qa = allowable working load (Ibs)

Fs = factor of safety

Subsequent to that design manual great strides were made in further development
of predictive calculations of drilled shafts as presented in the 1999 FHWA manual. The
modern equations are similar but are identified as follows:

Rt~ =Rsn + Rpn (2.3)
where:

RN = total nominal ultimate capacity of the shaft (Ibs)
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Rgn = nominal ultimate side resistance of the shaft (Ibs)
Rgn = nominal ultimate base resistance of the shaft (Ibs)
For cohesive soils (not rock) that this research is being conducted, where s, is

greater than 1 tsf and the length is greater than three times the diameter, the base

resistance (Ryp) in terms of gmax can be expressed as:

Qmax = 9 X sy (2.4)

In cohesive soils (not rock), side resistance in terms of f,.x; of each soil layer must
be calculated for each strata/layer that the drilled shafts penetrates.

fnaxi = 00X Sy

(2.5)
where:
fmaxi = side resistance for compressive loading in layer i (psi.)
o = adimensionless correlation coefficient defined as follows:
o =0 between the surface and 5’ deep (1.5 m) or the depth of seasonal
moisture change, which ever is deeper
o =0 for a distance of the bell diameter up from the bottom of the shaft.
o = 0.55 elsewhere for s, / p < 1.5 and varying between 0.55 and 0.45
for s,/p between 1.5 and 2.5 as graphically depicted by Figure B-9
(FHWA 1999) p is the atmospheric pressure, which is 14.64 psi
(101 kPa).
sy = undrained shear strength for the layer being calculated. (psi)

As explained above, each layer must be considered individually and the total side

resistance is the sum of resistance offered by each layer.
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2.2.2 Drilled Shafts- Belled

The drilled shafts are belled or underreamed at the bottom to provide added axial
capacity and prevent the pier from lifting as a result of expansive soil forces against the
shaft. The normal reason for belling is that it is more economical to bell at a point below
the active zone than to drill a straight shaft deep enough or socked into a rock formation
to provide not only sufficient bearing capacity but also prevent uplift as a result of clay
frictional forces along the area of the shaft. With belled piers the total weight of soil
above the bell will not be affected by moisture changes. Therefore, there is the added
factor of safety against uplift. In expansive clay soils, however, there is a need for greater
reinforcement to resist tensile forces on the pier (Chen 1975).

In most cases the straight drilled shaft to a determined depth will provide a greater
axial load capacity and hence be more stable. When the depth requirements are great,
belling at stable and sufficiently dense strata is the more economical solution. Although
confirmation of bearing strata and depth are visibly easy, the need for quality control is
even more important to make sure the pier meets requirements of design. Shallow water
conditions, caving sides, bells collapsing and cleanup issues may also be a consideration
in residential usage.

Calculations for the drilled and belled shaft are done in the same manner with two
exceptions. The area for calculating bearing resistance, q = diameter of the bell x
undrained shear strength x 9 (N.) in lieu of just the shaft diameter. Side resistance
calculations are calculated at the top/roof of the bell upward and not up the total length of
the shaft. Tests of belled piers suggest that when axial compression loads are applied that

there is a suction created at the top of the bell that increases axial capacity of the belled
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shafts by an approximate 5% (Tand et al. 2005). This factor was not included in this
research.
2.2.3 Augercast Pile

The augercast pile developed in the 1940’s as a result of pressure grouting open
holes and holes backfilled with coarse aggregates (Neate 1988). The first patent for
augercast piles was issued in 1956 with a process of pumping grout down a hollow-stem
continuous flight auger as the auger is gradually extracted. Since the expiration of this
patent in 1973, the augercast pile has increased in usage around the World (Neely 1989).
There are two primary underpinning techniques used in Europe, the helical/screw pile
and the augercast pile or continuous flight auger (CFA), (O’Neill 1994).

The equipment requirement for augercast piles is similar to drilled shafts, except
that the drilling tool is a continuous auger stem with the appropriate bits at the bottom.
When the auger reaches the targeted depth, grout is pumped down the hollow auger stem
to push soil up as the bit is extracted out of the ground (Cernica 1995). The contractor
will calculate grout volume and make sure the grout stays ahead of the extraction so that
no voids will be created as a result soil caving in what is normally a wet environment
prone to collapse.

Calculations to estimate axial load capacity include the side friction capacity, and
this allowance for augercast piles is higher than the same for drilled shafts. To verify the
axial loads estimated by the calculations, site specific axial load tests are performed prior
to starting the project. Recent field testing, however, indicates that the allowance for skin
friction with augercast piles may not always be advantageous for augercast piles when

compared to the drilled shafts (Kitchen et al. 1995). In one recent foundation project for
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the Bryant-Denny Stadium in Tuscaloosa, Alabama, the initial bid was over budget,
which led to value engineering testing of drilled piers. The load tests on shafts showed
that skin friction mobilized on the drilled shafts was sufficient for a direct comparison
with the original augercast pile design. As a result, cost savings were realized with the
use of the drilled shaft and the project was completed within the budget (Kitchens et al.
2005). Therefore, the engineer must evaluate the subsurface to determine which system is
most favorable for a specific site condition.

It should be noted that in Europe, the skin friction allowances for both augercast
and drilled shafts are the same (De Cock 1997). Hence, axial load estimation and
comparison between drilled shafts and augercast piles should provide valuable
information that can result in savings of project expenses for future projects.

While the normal environment for augercast piles has been noncohesive soils,
there is a growing trend to use this method in cohesive soils where drilled shafts have
long been used. One of the problems encountered in using augercast piles in cohesive soil
is that soils block the auger and prevents further penetration because of this resistance to
removal of spoil (Neely 1990). This research addressed this issue because of the use of
relatively shallow depth of foundation and comparative testing to evaluate skin friction
and end bearing components, which should add valuable data for the design engineers
dealing with deep foundations.

Most augercast piles are reinforced with a single bar through the center. For
purposes of a fair comparison with the drilled shaft, the same reinforcement as that of the
drilled shaft was inserted into the grouted shaft immediately after completion of the

augercast pile process.
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2.2.4 Helical Anchors

Screw Anchors have been used for over 200 years with records dating back to the
19™ century as a support for English Lighthouses (Smith 2004). First use in the U.S.
appears to be in 1838 but they were not used for deep foundations because of the inability
to brace them below the surface (Jacoby and Davis 1941). They also have a long history
of support for power lines and as tie-back anchors. It was not until 1980, however, that
interest increased for use of the helical screw anchor piles as a vertical compressive
system for foundations (Bradka 1997). The most dominant manufacturer and developer
of these anchors was the AB Chance Company. Helical Anchors or Screw Anchors as
they are sometimes called have been used in the telecommunications industry as a
foundation anchor for cell towers in very difficult environments. Over the past 20 years,
however, this usage has been utilized for vertical building support in both new
construction and remedial repair. In Europe there is an increase usage for helical anchors
for vertical structure support because of its economy of installation and ability to match
difficult subsurface conditions (O’Neill 1994).

Anchors are easy to install in low headroom conditions, they produce no
vibrations and because the soil displaces in the void created by the auger flights, there is
no spoil to haul-off (Smith 2004). In soft soils, the helical anchors will penetrate to
greater depths, which many times will lead to buckling of the slender steel shafts during
loading. Therefore, their usage has normally been restricted to foundations for temporary
and mobile structures (Vyazmensky 2005).

Engineers who use helical anchors for new construction will use soil geotechnical

information to not only specify the required depth but also to estimate the ultimate
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capacity. With the soil data and specifying a torque requirement, it is believed that
engineers can determine empirical axial capacity (Seider 2004 ; Carville, et al 1994). In
normal conditions, the higher the installation torque, the higher the axial capacity. One
such design factor is (Seider 2004 ; Carville, et al 1994):

Q=KxT (2.6)
where:

Q = ultimate capacity of the screw pile

K= empirical torque factor (Ibs/ft-1b), (This factor depends upon soil conditions

and the helical anchor shaft diameter and configuration)

T = average installation of torque (ft-1bs)

Studies by Hubbel Power Systems (A. B. Chance Company) showed a good
correlation between torque to SPT and uplift capacity on helical anchors in several
studies (Hoyt and Clemence 1989). While the use of the Seider formula provides strong
analysis for pull-out strength, the study was attempted on vertical or axial compressive
loading.

The AB Chance Company provides its installers with design programs and charts
where the installation torque and blow count are read off a chart (Figure 2.1) to determine
the expected axial load capacity. There are different charts for sand and clay with an

estimated maximum capacity for residential foundations being 40,000 1b. (Chance 1993).
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Figure 2.1 - Helical Anchor Design Chart for Clay
(Chance 1993)

Single and double helix are used in remedial foundation support for residential
buildings. Several charts have been developed that are predicated on torque installation
pressure, pipe shaft diameter and helix diameter to provide an estimate of working load
capacity (Schmidt 2004).

Although the method described above is used and accepted in industry, it has not
been proven to be accurate in traditional geotechnical terms especially when the
installation torque is the insitu prediction factor (Weech 2002). Torque does, however,
have a correlative relationship with soil parameters and could be used for on-site quality

control documentation. However, without site specific soils documentation, errors could
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cause inaccurate predictions. There are two methods that are recognized because of

extensive testing in a variety of soil conditions. These are the ‘Cylindrical Shear Method’

and the ‘Individual Plate Bearing Method’ (Figure 2.2), (Weech 2002).

where:

where:

The Cylindrical Shear Method states that the total pile capacity is:

Qtotal = Qcyl + Qend + Qshaft (27)

Qcy1 = the frictional resistance that is mobilized along the cylindrical failure

surface. (Ib)

= Aey X Sy (2.8)
Qena = the bearing surface below the bottom place and base of pile shaft (Ib)

= (Anx + Adp ) Ne X Sy (2.9)
Qsnatt = the frictional resistance along the pile shaft (1b)

= Ashaft X a X Su (210)

Ay = the area of the cylindrical shear surface, which is the outer area of
successive helices. (inz)

Sy = undrained shear strength of soil (psi).

Anx = net bearing area of the helix plate (in”). With tapered helix such as being
used for this test, the largest helix is used for axial compression calculation.

Ayp = the cross sectional area of the pile shaft (inz).

Ashatt = surface area of the pile shaft (inz).

o = the shaft adhesion factor
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The Cylindrical Shear method as described above works well when the spacing to
diameter ratio (S¢) is 1.5 or less (Mooney et al. 1985). This spacing produces a cylinder or
wedge of resistance that acts more like a pier/pile in friction since it engages a soil
column instead of individual sections of resistance. Studies that have been done indicate
when the spacing ratio is greater than 1.5, the axial capacity decreased in