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Introduction

Screw piles have been in use for more than 160 years. In 1838 a lighthouse was built upon
screw piles designed by an Irish engineer, Alexander Mitchell. In 1863, Eugenius Birch
designed the Brighton West Pier in Brighton, England. These piers are still in use 140 years
later. The original screw piles were installed at 10 feet per hour using eight 20 foot long
torque bars and the force of 32 to 40 men.

Sporadic use of screw piles has been documented throughout the 19
mainly for supporting structures and bridges over weak or wet soil.
Hydraulic torque motors became available in the 1960’s, which allowed for easy and fast
installation of screw piles. Screw piles then became the favored product for resisting tensile
forces. Electric utility companies began to use screw piles for tie down anchors on
transmission towers and for guy wires on utility poles.

Screw piles are ideal for

™ and early 20" centuries

1-1/27 & 1-3/4” SQUARE

applications where there is a need EXTENSION WITH
t . t b th t . d . l HOT FORGED CQUPLER 3—1/2.'DIA10.300'WALL
O TI€SIS ‘ (¢} ension and axia 2.716° DIA. x 0.262 WALL 4112 rél:T;'g;g'a#
compression  forces. Some EXE%’;%SSZ”AL‘;{‘SJ—\ MACHINED COUPLER
examples of structures having
combination forces are metal HARDWARE: Oi
buildings, canopies and monopole Stz sy womee O
. . 3/4" DIA. L i
telecommunlcatlon tower el AL -
foundations.  Current uses for AVAILASLE x0T}l OYSS e
screw pile foundations include ‘aigin | 8,;’ (@21x0.300)
: . i | 1" DIAx51/2"
foundations for commercial and 4 ;@E; (@172 D)
residential structures, light ; Lol sieeve
standards, retaining walls tieback - g CoURLER
. . WO
anchors, failed foundation ’
restorations, pipeline and pumping
equipment  supports, elevated o
walkways, bridge abutments, and
TUBULAR LEADS:

SOLID

numerous uses in the electric soup
utility industry. / LEADS:

2-7/18" DIA. x 0.262° WALL
3-1/2" DIA. x 0.300° WALL
4-1/2° DIA. x 0.337" WALL

HELICAL FLIGHTS:

112" sQ.
1-3/4° SQ.

Screw Pile Components AVAILABLE LENGTHS: HELICAL FLIGHTS:
Helical screw piles manufactured _ DAMETER (VP
by Earth Contact Products carry %
the Torque Anchor  brand. They “OF LOWERHELX
consist of a shaft fabricated from S
either solid square steel bar or v

tubular steel. Welded to the shaft
are one or more helical plates. Figure 1. Configurations of Typical ECP Torque Anchor™ Brand
The plates can vary in diameter of Helcial Screw Piles

from 67 to 14” and have a

thickness of 3/8” or 1/2” depending upon the soil and the application. Typically the plate
diameters increase from the bottom of the shaft upward and are spaced a distance of three
times the diameter of the plate directly below, unless specified otherwise by the engineer.

The standard thickness for helical plates is 3/8 inch, but in high load applications a plate
© 2005 Earth Contact Products, L.L.C.
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thickness of 1/2” may be specified. The pitch of the helical plate is three inches, which means
that the anchor advances into the soil a distance of three inches during one revolution of the

shaft.

The number of the plates per screw pile is limited only by the capacity of the shaft to transmit
the torque required to advance the helical screw pile into the soil.

Screw Piles may terminate with a pier cap that will be embedded into a concrete foundation.
In other applications such as tieback anchors, a transition is made from the anchor shaft to a
continuously threaded rod. Various beams, wall plates, etc. can be attached to the threaded
bar for wall support, and to restore or to simply stabilize walls or other structure from
overturning forces. In foundation restoration and stabilization applications, foundation
brackets are available that attach between the helical screw pile and the foundation beam or
footing. Transferring the load from the soil below the footing to the helical screw pile

restores the structure.

Product Limitations

Screw piles are not suitable in locations where subsurface material may damage the shaft or
the helices. Soils containing cobbles, large amounts of gravel, boulders, construction debris,
and/or landfill materials are usually unsuitable for helical products.

Because the products have slender shafts, buckling may occur in extremely soft soil, which
cannot exert sufficient lateral force on the narrow shaft. When extremely soft soils are
present, generally having a Standard Penetration Test — “N” < 5 blows per foot, one must take
into consideration the axial stiffness of the anchor shaft in the design.

The slender shafts also render the typical screw pile ineffective against large lateral loads or

overturning moments.

Capacities of ECP Helical Torque Anchor™ Brand of Helical Screw Piles

Table 1.
Shaft Size S_haft _ Weight Axial Tension Torsional
Configuration Per Foot | Compression | Strength Strength

1-1/2” Sq. Bar Solid Square Bar 7.65 Ib. 40,000 ib. 60,0001b. | 5,500 ft-Ib
1-3/4” Sq. Bar Solid Square Bar | 10.41 Ib. 60, 000 Ib. 100,000 {b. | 9,000 ft-Ib
2-7/8” Dia. Tubular | 0.262 Wall Tubular | 7.66 Ib. 100,000 Ib. 100,000 Ib. | 9,500 ft-lb
3-1/2” Dia. Tubular | 0.300 Wall Tubular | 10.23 Ib. 115,000 Ib. 120,000 ib. | 13,000 ft-Ib
4-1/2” Dia. Tubular | 0.337 Wall Tubular | 15.43 Ib. 160,000 ib. 140,000 tb. | 21,000 ft-Ib

Note:

The capacities listed above are mechanical ratings. One must understand that the actual installed
load capacities are dependent upon the specific soil conditions on the specific job site. The useable
torsional strengths given here are the maximum values that should be applied to the product.
Furthermore these torsional ratings assume homogeneous soil conditions. In obstruction-laden soils,
spikes in the torsion applied to the shaft may cause impact fractures of the couplings or other
components. The designer should select a product that provides adequate additional instaliation

torque capacity.
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Design Criteria

The bearing capacity of a helical screw pile (Py) can be defined as

the load which can be sustained by the pile without producing LOAD
objectionable settlement, either initially or progressively, which
results in damage to the structure or interferes with the use of the PILE
structure.
Bearing Capacity is dependant upon many factors: ey | b
e Kind Of Soil, !
e Soil Properties, EXTENSION }
e Surface and/or Ground Water Conditions, et
e Screw Pile Configuration (Shaft Size & Type, Helix éﬂ
Diameter, and Number Of Helices), _Ki
e Depth to Bearing, - i
o Installation Angle, l
e Pile Spacing, EXTENﬂi
¢ Installation Torque, 3
e Type of Loading - Tension, Compression, Alternating j; soiL
Loads, etc. //* *Tﬁ\REACTION
The design of helical screw piles uses classical geotechnical AR \\\
theory and analysis along with empirical relationships that have / i N\
been developed from field load testing. In order to prepare an  HELICAL |
engineering design, geotechnical information is required from the  secTiON Il son
site along with structural load requirements including a factor of /ﬁ ?j\fEACT'ON
safety. VAR [ALEN
The most accurate design requires knowledge from field testing / I \
using the Standard Penetration Test (SPT) standardized to ASTM !E
D1586 plus laboratory evaluations of the soil shear strength, /ﬁﬁH\\
which is usually given as soil cohesion — “c”, soil density — “y”, 7 soiL \
» / REACTION

and granular friction angle — “¢
Soils will vary from site to site and from point to point on most  Helical Pile Load and Reaction
sites. Each analysis must use data relevant to the project at hand Diagram

as each project has different parameters.

Each design requires specific information involving the structure and soil characteristics
at the site. Each design should involve geotechnical and engineering input.

Preliminary Design Guidelines

The following preliminary design guide information is intended to assist with the selection of
an appropriate helical screw pile system for a given project. Helical screw pile systems must
be considered as deep foundation elements and as such must be, as a rule of thumb, installed

to a depth of at least six times the diameter of the largest helix. The measurement is from the

surface to the upper most helical plate of the screw pile.
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The capacity of a multi-helix deep foundation system assumes that the ultimate bearing
capacity is the sum of the bearing support from each plate of the system. Testing has shown
that when the helical plates are spaced at three times the diameter away from the adjacent
lower helical plate, each plate will develop full efficiency in the soil. Spacing the helical
plates at less than three diameters is possible, however, each plate will not be able to develop
full capacity and the designer will have to include a plate efficiency factor in the analysis
when conducting the design.

Using ultimate theoretical capacity as described above, the ultimate capacity of helical screw
pile system can be calculated from the following equation:

Equation 1: Ultimate Theoretical Capacity:

P, = Ay (¢ Ne+q Ny

Where:
P, = Ultimate Capacity of Screw Pile
> Ay = Sum of Projected Helical Plate Areas
¢ = Cohesion of Soil (1b/ft?)
N, = Bearing Capacity Factor for Cohesion
q = Soil Overburden Pressure to Mid-Plate Depth — Ib/ft’
Ny = Bearing Capacity Factor for Granular Soil.

The ultimate capacity is defined here as the working capacity at a factor of safety of 2.0 that
results in a deformation of one inch.

If one has access to a soil report in which “c”, “y”, and “¢” are given, then Equation 1 can be
solved directly. Unfortunately, many soil reports often do not contain these values and the
designer must decide which soil type is more likely to control the ultimate capacity.

When one is unsure of the soil type or the behavior cannot be determined, we recommend that
one calculate for both soil behaviors and choose the result with the smaller capacity.

In all cases, we highly recommend field testing to verify the accuracy of the preliminary

design load capacities.

Soil Behavior

The following information is provided to introduce the reader to the field of soil mechanics.
Explained are the terms and theories used to determine soil behavior and how this behavior
relates to Torque Anchor performance. This is not meant to substitute for actual
geotechnical soil evaluations. A thorough study of this subject is beyond the scope of this
manual. The values presented here are typical of those found in geotechnical soil reports.

It is highly recommended that a Registered Professional Engineer conduct or review the

design.

Cohesive Soil (Clays)
Cohesive soil is soil that is generally classified as a fine grained clay soil. By comparison,
granular soils like sands and gravels are sometimes referred to as non-cohesive or

cohesionless soil.
Clays or cohesive soils are defined as soils where the internal friction between particles is

approximately zero. This internal friction angle is usually referred to as “¢” or “phi”.
© 2005 Earth Contact Products, L.L.C.
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Cohesive soils have a rigid behavior when exposed to stress. Stiff clays act almost like rock.
They remain solid and inelastic until they fail. Soft clays act more like putty. The soft clay
bends and molds around the anchor when under stress.

Undrained Shear Strength — “c”:
The undrained shear strength of a soil

: X Table 2.  Cohesive Soil Classification
is the maximum amount of shear
stress that may be placed on the soil Soil Description SUS%SI DeDsirr‘isplgon ‘%ﬁnlgll%
before the soil yields or fails. This ymbo
va}ue of “c oqu occurs in cohesive Inorganic silt, rock flour, Soft 90
soils where the internal friction “¢” of silty or clayey fine sand ML Stiff 110
the fine grain particles is zero or or silt with low plasticity
2 Hard 130
nearly zero. The value of “c
generally increases with soil density; | Inorganic clay of fow to Soft 90
therefore, one can expect that stiff medium plasticity, sandy cL Stiff 110
. clay, gravelly clay, lean
clays have greater undrained shear clay Hard 130
strength than soft clay soil. It is easy
to understand that when dealing with Oraanic silts and ) Soft 90
cohesive soils; that the greater the s:lg;r:";;s' ;zx‘plggﬂz?t;: oL Stiff 97
shear strength “c” of the soil, the ' Hard 105
greater the bearing capacity. It also p” 5
follows that the shear strength of the Inorganic silt, fine sandy So 8
soil tends to increase with depth. or silty soils, elastic silts- |~ MH Stiff 93
high plasticity Hard 105
Cohesion Beari apacity Factor -
o ring Capacity . . Soft 90
Nt Inorganic clays of high
. . lasticity, fat clay, silty CH Stiff 103
The bearing capacity factor for P tyday Y
cohesion is an empirical value Hard 115
p;opo}sled by Meyerhofl n the.Jourpal Organic silts and organic Soft 80
ot _t_ © Geotechmca Engineering clays of medium to high OH Stiff 95
Division, Proceedings of ASCE, 1976. plasticity 110
For small shaft screw piles with Hard
helical plate diameters under 18 Peat and other highly PT - -
inches, the value of “N.” = 9 is organic soils

generally accepted as a reasonable

value to use when determining capacities of helical piles and anchors.

When determining the ultimate capacity for a helical screw pile in cohesive soil, Equation 1
may be simplified because the internal friction of the soil particles “¢” can be assumed to be
zero and the cohesive bearing factor “N;” = 9.

One can simplify Equation 1 when analyzing cohesive (clay) soil by eliminating the values
relating to cohesionless (sandy) soil that become zero when the screw pile is founded only in
clay. Equation 1 is repeated below and simplified.
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P, =2Ay (¢ N + q Ny) Ultimate Theoretical Capacity (Equation 1)

Where:
P, = Ultimate Capacity of Helical Screw Pile

2Ap= Sum of Projected Helical Plate Areas
¢ = Cohesion of Soil (Ib/ft?)
N, = Bearing Capacity Factor for Cohesion =9

Ng = Bearing Capacity Factor for Granular Soil = 0.
q = Soil Overburden Pressure to Mid-Plate Depth (When multiplied by Nq = 0)

Recalling that in sandy soil the friction angle between particles can be assumed to be zero,

therefore Ng = 0 and Equation 1 simplifies to:
Equation 2: Ultimate Capacity -- Cohesive Soil

P, = XAy (9¢) (Use With Clay Soil Only)
Where:
P, = Ultimate Capacity of Helical Screw Pile in Clay

Y Ap= Sum of Projected Helical Plate Areas
¢ = Cohesion of Soil (Ib/ft’)

Table 3. Properties of Cohesive Soil
/ h § > - 5 ~ QO
d £5 3z 3% 22 c
[l :‘g_ _O_ - [l e L0 E 7] E) ~
Q.= @ . wE T EQc &
. =< 52 sefa
88 | 8 | s8¢ | 587
)

Very Soft 0-2 < 250 <500
Soft 2-4 250-500 500—1,000
Firm 4-8 500-1,000 1,000—2,000
Stiff 8-16 1,000-2,000 2,000—4,000

Very Stiff 16 -32 | 2,000-4,000 4,000—38,000
Hard 32-48 | 4,000-6,000 | 8,000—12,000

Very Hard > 48 > 6,000 > 12,000

) Basic Helical Torque Anchor™ Design
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Cohesionless Soil (Sands)
Particles of sand in cohesionless soil act independently of each other. This type of soil has
fluid-like characteristics. When cohesionless soils are placed under stress they tend to
reorganize into a more compact configuration.
Cohesionless soils achieve their strength and capacity in several ways:

e The unit weight of the soil above the Torque Anchor ",

¢ The internal friction angle “¢”,

¢ The adhesion or skin friction.
In sandy soil, the grains are independent and there is no cohesion, therefore “c” may be
assumed to be zero, therefore N. = 0 One can simplify Equation 1 when analyzing
cohesionless (sandy) soil by eliminating the values relating to cohesive (clay) soil that become
zero when the screw pile is founded only in sand and gravel. Equation 1 is repeated below

and simplified.

P, =ZAy (¢ N + q Ny) Ultimate Theoretical Capacity (Equation 1)

Where:
P, = Ultimate Capacity of Helical Screw Pile

YAy = Sum of Projected

Helical Plgte Areas. , Table 4. Cohesionless Soil Classification
¢ = Cohesion of Soil (Ib/ft”) SCs
N. = Bearing Capacity Factor Soil Description J
. Symbol
for Cohesion =0
N, = Bearing Capacity Factor Well Graded Gravel Or Gravel-Sand GW
for Granular Soil. Poorly Graded Gravel Or Gravel-Sand GP
q = Soil Qverburden Pressure Silty Gravel Or Gravel-Sand-Silt Mixtures GM
to Mid-Plate Depth -
Clayey Gravel Or Gravel-Sand-Clay Mixtures GC
Recalling that in sandy soil, the grains Well Graded Sand Or Gravelly-Sands SW
are independent and there is no cohesion, Poorly Graded Sand Or Gravelly-Sands SP
therefore N, may be assumed to be zero, Sty Sand Or Sand Silt Mixt Py
therefore (cN;) = 0 and Equation 1 ity Sand Or Sand 51t Mixtures
becomes: Clayey Sands Or Sand-Clay Mixtures 10

Equation 3: Ultimate Capacity -- Cohesionless Soil
P, = ZAq (q Ng) (Use with Sand & Gravel Only)
Where:

P, = Ultimate Capacity of Helical Screw Pile

T Ay = Sum of Helical Plate Areas
q = Soil Overburden Pressure from the surface to mid-plate depth — Ib/ft’

N, = Bearing Capacity Factor for Granular Soil.

Soil Overburden Pressure — “q”:
The soil overburden pressure at a given depth is the sum of the soil density “y” (Ib/ft’)
multiplied by the depth of the soil. When calculating the value of “q” for a given soil layer
© 2005 Earth Contact Products, L.L.C.
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above the water table, the dry density of the soil is used. Below the water table, the buoyancy
effect of the water must be taken into consideration by reducing the dry density of the soil by
62 Ib/ft’. The general equation for calculating “q” is presented in Equations 4 & 5.

Equation 4: Soil Overburden Pressure (Above Water Table)
q= (yxh)lb/f

Where:
q = Soil Layer Overburden Pressure (Ib/ft?)

v = Dry Density of the Soil Layer (Ib/ft%)
h = Thickness of the Soil Layer (ft)

Equation 5: Soil Overburden Pressure (Below Water Table)
q= [(y-62)xh] b/’
To arrive at the total soil overburden pressure on a helical screw pile, the values of “q” of

each stratum of soil from the surface to the point midway between the upper helical plate and
the lowest helical plate must be determined and then added together.

Cohesionless Bearing Capacity Factor - “N,”: Zhang proposed the ultimate compression
capacity of the helical screw pile in a thesis for the University of Alberta in 1999. From this

work the dimensionless

empirical value “Ng” )
it wnr» | Table 5. Properties of Cohesionless Soil
was introduced. “Ng
is related to the friction - .
angle of the soil “d” as Soil Density | Grain Size SPT Blow F:;;';" g::ar:;?g: Dry Densiaty
. Description | Description Count “N” Phe N 1 “v” |bfft

shown in Table 5. ? P ¢d Factor “Nq Y

Fine <2 26°-28°] 12-15

Lve'y Medium - 27°-28° | 13-15 | 70-100
oose
Coarse - 28°-30°| 15-18
Fine 28°-30°| 15-18

30°-32° | 18-23 90 - 115
30°-34° | 18-29

Wl w| N
|
O IN|lo|lo | w

Loose Medium

Coarse -

Fine 7-15 |30°-34°| 18-29
NIIJedlum Medium | 8-20 |[32°-36°| 23-38 | 110-130
ense

Coarse | 10-25 |33°-40°| 26-64

Fine 16-30 |33°-38°| 26-48
Dense | Medium | 21-40 |36°-42°| 38-110 | 110-140
Coarse | 26-45 |40°-50° | 64-300

Vv Medium >40
Done, > 50° >300 | 130150
ensé | Coarse > 50
Basic Helical Torgue Anchor™ Design © 2005 Earth Contact Products, L.L.C.
2005-02-21 Page 8 All rights reserved




Helical Screw Pile Design Considerations

Projected Areas of Helical Plates:
When determining the capacity of a
screw pile in a given soil, knowledge of
the projected total area of the helical
plates is required. This projected area 1s
the summation of the areas of the helical
plates in contact with the soil less the
cross sectional area of the shaft. Table 6
provides projected areas in square feet of
bearing for various plate diameters on
the different shaft configurations of ECP
Torque Anchors . The projected areas
for helical plates may be slightly
different for other manufacturers of
screw piles as some manufacturers
stamp the plates from flat steel bars.

Allowable Capacity per Helix: When
conducting a preliminary design, one
must also be aware of the mechanical
capacity of a helical plate when welded
to the shaft. The capacities of the ECP
Torque Anchor" plates are given in
Table 7.

Table 6. Projected Areas* of ECP Helical Torque
Anchor  Brand Helical Plates

Helical | 6" ] 8" | 107 | 12" | 14
Plate Dia. Dia. Dia. Dia. Dia.
Shaft Projected Area - ft?

Size

112" 1 6481 | 0.333 | 0.530 | 0.770 | 1.053
Sq. Bar

1-3/4" 1 4175 | 0.328 | 0.524 | 0.764 | 1.048
Sq. Bar

2-718" | 4 451 | 0.304 | 0.500 | 0.740 | 1.024
Tubular

3-112" 1 5430 | 0.282 | 0.478 | 0.719 | 1.002
Tubular

412" | 10239 | 0.435 | 0.675 | 0.959
Tubular _

Table 7. Helical Plate Capacities
Helical Plate Ultimate Working
Thickness Capacity Load
3/8” 40,000 Ib 20,000 Ib
1/2” 50,000 Ib 25,000 1b

* Projected area is the full area of the helical plate less the
cross sectional area of the shaft.

Projected plate areas for other manufacturer’s products
may vary due to different fabrication technigues.

Preventing “Punch Through”

On occasion one will see a soil boring will
show competent soil overlaying a weak and
softer stratum of soil. When designing the
helical screw pile to achieve bearing m the
competent soil situated above a weaker soil,
one must consider the possibility that the screw
pile could “punch through” to the weaker soil
when fully loaded.

When designing an axial compression pile in such a situation, it is recommended that a
distance greater than 5 times the diameter of the lowest helical plate (5 x dy) exist to prevent
the helical screw pile from “punching through” to the stratum of weak soil.

Basic Helical Torque Anchor™ Design
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Design Example 1 -New Construction — Cohesive Soil

Structural Designers Requirements:
o Foundation Design Load: 2,400 Ib/ lineal ft

e Pile Spacing =6 ft O.C.

LOG OF BORING No. B-1
. ES 21
8] ] o P w
Eg z| 28| & =2 |EE| ibw
39 DESCRIPTION |l 8| £ | 3| gE| 225 WORKING
& 8175 | 2 | %a |35 | 29F LOAD =
© 5w 14,400 Ib
6” GRAVEL then LEAN CLAY, silty trace
| organics, gray brown, trace dark brown and
red brown, medlum (Possible Fill) CL 1 7 34.1 2,000
: 5
LEAN CLAY, calcareous, trace sand and
limestone gravel dark brown, brown, very
10 CL 2 5 18.8 7,000

stiff (Possible Fill)

15 CcL 3 9 241 5,500
LEAN CLAY, trace silt, gray brown, trace
dark gray, red brown and dark brown, stiff
to very stiff 20 CcL 4 10 22.3 3,500
25 CL 5 5 21.6 2,500

LEAN CLAY, silty, gray brown, trace dark
brown, stiff to very stiff :
—— EN | G EE P D
T Trage limonites at 34.0°

3
4 35 | CLCH | 7 14 235 5000 —=
LEAN TO FAT CLAY, gray brown, trace dark
brown, very stiff 40 | CL.CH 8 13 243 5,000 -
R LEAN CLAY, silty, gray brown, brown, trace
3 dark brown, red brown and gray, mediumto | 45 CcL 9 11 245 3,000

stiff

WATER LEVEL OBSERVATIONS, ft. NONE (While Drilling) ~ NONE (After Boring)

Determine a value for “c” from the area of the soil boring where the helical pile will be

situated.
e The selected soil depth is 30 feet below grade where the value of SPT — “N” dramatically

increases
¢ Soil Description, “Stiff to Very Stiff” relates to a value of “c” = 2,000 Ib/ft* on Table 3

e An average value for SPT blow count is selected to be “N” = 16, which also relates to a

“c” = 2,000 Ib/ft” in Table 3.
¢ The Unconfined Compressive Strength of 5,000 Ib/ft° relates to “c”” = 2,500 on Table 3.

e Select “c” =2,000 Ib/ft? as most conservative for the calculations

Determine Ultimate Capacity of Helical Pile from the Structural Designers Requirements

Above:
P, = Working Load = 2,400 Ib/lineal ft x 6 ft = 14,400 Ib

P, = Ultimate Capacity = P, x FS = 14,400 x 2 = 28,800 1b

© 2005 Earth Contact Products, L.L.C.
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This screw pile is supporting on cohesive (clay) soil. Equation 2 is selected to solve for the
total required projected helical plate area required:

P, =2Ay (9¢) (Equation 2 — Ultimate Capacity in Cohesive Soils)

28,800 = TAy (9¢) = £Ay (9 x 2,000) = Ay (18,000)
To solve for ZAy:
>Ay = 28,800/ 18,000 = 1.60 ft*

Choose 1-1/2” square solid shaft Torque Anchor  from Table 1 as most suitable for the load
capacity required of P, = 28,800 Ib.

From Table 6 select helical plate combination to reach 1.60 ft* of total projected area.
8” diameter = 0.333 ft’
10” diameter = 0.530 ft’
12” diameter = 0.770 ft*
Total area = 1.633 ft’

Project Design Solution:
Clay Soil = SPT “N” =16
Target Depth = 28 to 33 feet below grade
P, = Working Load = 14,400 1b
P, = Ultimate Capacity = 28,800 1b

Ay = 1.60 £’
Helical Pile Design = 1-1/2° square solid shaft with 87, 10” and 12” diameter

plates.

IMPORTANT NOTICE: This publication presents only elementary soil mechanics and
foundation design. It is in no way intended to replace professional engineering input
and judgment. An adequate and proper factor of safety must be included in each and
every preliminary design. We highly recommend that you seek professional engineering
input. We also consider it good practice to perform a field load test on any heavily

loaded or critical application.

Basic Helical Torque Anchor™ Design © 2005 Earth Contact Products, L.L.C.
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Design Example 2 —New Construction — Cohesionless Soil

Structural Designers Requirements:
o Foundation Design Load: 2,400 Ib/ lineal ft
¢ Pile Spacing =6 ft O.C.

Soil Boring B-2
. . USCS
Depth (ft) Description of Materials Symbol BPF KngRDK':NG
0.0 14,400 Ib
FILL: Silty Sand, fine-to medium-grained, FILL
black and brown, moist
3.0 2
5.0 POORLY GRADED SAND with SILT, 4
10.0 fine to medium-grained, gray, loose SP-SM 5
- (Alluvium)
15.0 4
20.0
[ =1 POORLY GRADED SAND, fine to
25.0 coarse-grained, with a trace of clay, 7
medium dense SP
30.0 (Alluvium) 13
35.0 14 R
35.5 End of boring — No Water Present J

Determine a value for “Ng” from the area of the soil boring where the helical pile will be

situated.
e The selected soil depth is 25 feet below grade where the value of SPT — “N” dramatically

increases
e The “Medium Dense” soil description and the average SPT — “N” blow count of 9 relates

to a value of “Ng” = 24 on Table 5

Determine a value for “q” from thickness and density of each layer of the soil. Refer to the
soil layers shown on the boring above the 25 depth where the helical pile will be situated.

o Layer 1: Fill - 3 ft, N =2, “Very Loose”. From Table 5, the density, y = 70 b/t

e Layer 2: Sand - 10 ft, Average N = 4, “Loose”. From Table 5, select density, Y = 90
[b/f

e Layer 3: Sand - 5 ft, Average N = 9, “Medium Dense”. From Table 5, select density, Y =
115 Ib/ft’

Basic Helical Torque Anchor™ Design © 2005 Earth Contact Products, L.L.C.
2005-02-21 Page 12 All rights reserved



Calculate “q” for each layer and add to arrive at the total overburden pressure.

q = (70 1b/f6® x 3 ft) + (90 Ib/ft° x 10 ft) + (115 Ib/ft* x 5 ft) = 1,685 Ib/At*

Determine the Ultimate Capacity Requirement of Helical Pile from the Structural Designer’s
Requirements Above:
P, = Ultimate Capacity = 2,400 lb/lineal ft x 6 ft x FS = 14,400 x 2 = 28.800 Ib
(A factor of Safety = 2 is recommended to arrive at the ultimate capacity required.)

This screw pile is supporting on cohesionless (sandy) soil. Equation 3 is selected to solve for
the total required projected helical plate area required:

P, =2Ay (q Ng) (Equation 3 - Ultimate Capacity in Cohesionless Soils)

28,800 = SAy (q Ng) = ZAx (1,685 Ib/ft? x 24) = TAy (40,440)

To solve for ZAg:
TAy = 28,800/ 40,440 = 0.71 ft*

Choose 1-1/2” square solid shaft Torque Anchor’ from Table 1 as most suitable for the P, =
28,800 Ib.

From Table 6 select helical plate combination to reach 0.71 ft* area.
8” diameter = 0.333 ft’
10” diameter = 0.530 ft*
Total area = 0.833 ft’

An alternate solution may be found from Table 6:
12” diameter = 0.770 ft*
Total area = 0.770 ft*

Project Design Solution:
Sandy Soil = SPT “N” =9
Target Depth = 22 to 27 feet below grade
P,, = Working Load = 14,400 1b
P, = Ultimate Capacity = 28,800 Ib

Ay =0.71 ft*
Helical Pile Design = 1-1/2” square solid shaft with 8” and 10” diameter plates.

or 1-1/2” square solid shaft with a single 12” diameter plate.

© 2005 Earth Contact Products, L.L.C.
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HOW TO CALCULATE FOR UNDERPINNING

Underpinning — Sample Calculations

Soil is clayey silty sand with water table at 20'.
N=12 strata.

6|K Given: 8" thick foundation wall gives a load per pier, 6k.

[ p— ‘ L  Select Helical Plate Size:
Bearing Capacity Eq, Bulletin 31-8901, pages 2 & 3

Q= A, (9 +§N,) Try 10" helix
Let ¢ = 1000 PSF; @ = 30°; y= 115 PCF; Ng= 12.5
Clayey Sand Q=_10°1 (9+1000+ 12 * 115 *12.5)
N=12 4% 144

= 0.5454 (9,000 + 17,250) = 14,316 Ib.
SF= 14,316 / 6000 = 2.38; OK, use 10" helix.

12' II. Check Bending
Nearly all textbooks on pile foundation maintains bending does

not occur. However, make calculations, using the Cummings
method as cited by Terzaghi in Theoretical Soil Mechanics, 1943,
' dJ. Wiley & Son, pages 361 & 362. Equations (1) & (2).

~ 20" Method assumes horizontal soil reaction is constant with depth, a
conservative assumption for normally consolidated; granular; or

overconsolidated soil.

|||4

m2(m+1)2=dk,Lt - Equation 1
' EI

where m is number half sine waves; d is shaft width; k, is horizontal subgrade reaction, L is length, E and I are
pile shaft properties.

Let: kp=45pci
L =12 * 12 = 144 inches
d = 1.5inches
EI= 30E6 *.4219 = 12.66 E6
m2(m +1)? = 1.5 * 45 * 1444
—_ - =23,
nt * 12.66 E6 >4

By successive approximations, m= 2 (required to be an integer)

Therefore critical buckling load, Q, is

Q,=r’El (2m?+2m+1) ‘- - Equation 2
L2
=n?*1266E6 (2*22+2*2+1)="78,3341b.
1442

78,334 Ib. > > 6,000 lb. applied, OK

Check eccentric load for local buckling, assuming pinned ends (no foundation brackets).
6,0001b. *8"/ 2 = 24,000 in.-1b.

See lab data for 1%2" bar, good for 61,167 in. Ib. (ultimate)
SF=61=25,0K
24

Corrosion: Resistivity of soil > 2000 Qcm not to be a problem. See Romanoff NBS Cir. 579, 1957, G.P.O.
SOLUTION: Use 10" diameter helix on 1%" x 12' shaft

Builetin 01-9202 A. B. CHANCE COMPANY - Centralla, Missourl 65240 U.S.A. ©Copyright 1993
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Basic Theory of Anchor Design

Throughout this discussion we will concern ourselves with the theories of soil mechanics as associated with
helical anchor design. The mechanical strength of the anchors will not be considered in this section as we expect
anchors with proper strengths to be selected by the engineer at the time of design. For this discussion, we
assume the mechanical properties of the anchors are adequate to fully develop the strength of the soil in which
they are installed. Although this discussion generally deals with the tension anchor, the design principles are
basically the same for either a tension or compression load. The designer simply uses soil strength parameters

above or below a helix, depending on the load direction.

Two modes of anchor failure may occur depending on installation depth: One is a shallow failure and the
other is a deep failure. Anchors expected or proven to exhibit one or the other of these failures are often referred
to as “shallow anchors” or “deep anchors.”The terminology “shallow” or “deep” refers to the location of the soil
bearing surface with respect to the earth's surface. By definition, a shallow anchor's top helix is installed to a
depth equal to as few as three (3) helix diameters. A deep anchor is installed to a depth of as many as eight (8)
diameters. A. B. Chance Company uses five (5) diameters as the break between a shallow anchor and a deep
anchor. The five (5) diameter depth is the vertical distance from the surface to the nearest helix.

Any time a helical anchor is considered, it should be applied as a deep anchor. A deep anchor has two

advantages over a shallow anchor:

1. Provides an increased ultimate capacity.
2. Any failure will manifest as continuous creep of the anchor through the soil (rather than the more

catastrophic pull out of a shallow anchor) when the maximum tension load is applied.

The case of the shallow single-helix anchor is relatively simple. One of the earliest methods of determining
anchor capacity was the use of the “cone of earth” method. The cone of earth in reference was a solid of
revolution with its apex at or below the anchor plate. (This is for the tension case.) In that classical approach,
the capacity of the anchor was equal to the weight of the cone of earth plus the friction along the side of the cone.

For the case of a deep single-helix anchor , there is good agreement with the theory that the failure mode will
be in bearing. That is, the ultimate bearing capacity of the soil is applied to the projected area of the helix to
determine the ultimate theoretical capacity.

Design theory for deep multi-helix anchors does not enjoy complete agreement among those working in the
field. Two differing philosophies have evolved from researchers studying the soil mechanisms that control
ultimate capacities of multi-helix anchors when an applied load causes soil failure.

One theory is called the “bearing plus cylindrical shear method.” This theory suggests that failure occurs when
the applied load equals the sum of the bearing capacity of the top or bottom helix (depending on load direction)
and the friction resistance of a cylinder of soil with a diameter equal to the average diameter of the remaining
helices and a length equal to the distance from the top helix to the bottom helix.

The other theory is called the “bearing capacity method.” This theory suggests that the capacity of the anchor
is equal to the sum of the capacities of individual helices. The helix capacity is determined by calculating the
unit bearing capacity of the soil and applying it to the individual helix area.

A. B. Chance Company believes that the actual mode of failure will depend on specific soil conditions at a
given site and the geometry (helix spacing) of the multi- helix anchor lead section. The following illustration

helps clarify the comment on geometry.

When helices are spaced quite close (such as within six inches), the theory of bearing capacity plus cylindrical
shear is believed to control the design. On the other hand, when helix spacing is great (such as 10 feet), the
theory of individual bearing takes control. Based on this illustration, it follows that at some spacing (for given
soil conditions) the two theories should give similar results. We believe the two theories may equate when helix
spacing is three diameters. Because A. B. Chance Co. manufactures anchors at the three diameter spacing, we
feel justified in using the method with which we historically have experienced success. The following reflects the
state-of-the-art for determining deep multi-helix anchor capacities as practiced by A. B. Chance Co.

©Copyright 1993 A. B. CHANCE COMPANY -« Centralia, Missouri 65240 U.S.A. Bulletin 01-9202
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The theoretical method the A. B. Chance Co. uses to evaluate ultimate theoretical capacity for multi- helix
anchors is the bearing capacity method. Again, that is the summation of the bearing capacities of all helices.
Since the single-helix anchor is the simplest case, we will discuss here only the multi-helix case and expect the
reader to reduce it to the single-helix case as needed. Further discussion of theory will deal only with the
bearing capacity method, as it is used in the included program and must be understood to some extent by anyone
using the program for determining theoretical anchor capacities.

Ultimate theoretical capacity of a multi-helix anchor equals the sum of all individual helix capacities, see
Equation A. To determine the theoretical bearing capacity of each individual helix, use Equation B. .

Equation A:
Q = ZQh

= total multi-helix anchor capacity
Q, = individual helix bearing capacity

Equation B:
Q, = Ah(9c+qu)sQ.

individual helix bearing capacity

projected helix area

soil cohesion

effective overburden pressure

bearing capacity factor (from the graph, next page)
upper limit determined by helix strength

Where: Q, =
A,
c
q
N,

| I T | I TR

D

A further definition follows for each term in Equation B.

Projected helix area is the area that can be projected on a flat plane perpendicular to the axis of the helix.
Because different manufacturers use different processes and procedures in manufacturing and determining the
helix sizes, the engineer must attempt to obtain the actual areas from the manufacturer.

The next term in the equation (9¢ + q Nq) receives extensive discussion below:

Shear strength of soils is typically characterized by cohesion (c) and friction (@) given in degrees. Because ¢
and @ data typically are not provided in soil test data, Equation B often must have one part of the term in
brackets set equal to zero to arrive at an answer. The designation given to soil that derives its shear strength
from cohesion is “cohesive” and usually indicates a clay soil. The designation given to soil that derives its shear
strength from friction is “non-cohesive" and usually indicates a sand soil. Soil reports often do not contain
enough data to assume values for both ¢ and @. In such cases, the engineer must decide which soil type is more
likely to control failure. That is, determine whether the soil will behave as a clay or as a sand, or which property
(cohesion or friction) is most predominant. Once this decision has been made, the appropriate part of the (9¢c + q
N ) term may be equated to zero, which will allow solution of the equation. This approach generally provides
conservative results. When the type of soil behavior expected cannot be determined, calculate for both behaviors
and choose the smaller capacity.

As is obvious from Equation B, nine (9) has been chosen as the bearing capacity factor for cohesive soils. The
bearing capacity term for cohesionless soils must be determined from the graph, next page. This factor is
dependent upon fee (&) for its value. The curve is based on Meyerhoff bearing capacity factors for deep
foundations and has been empirically modified to reflect the performance of helical anchors. (The conversion
from N-values for standard penetration test to fee [#] and then to bearing capacity factors for a cohesionless

[sand] soil is made automatically in the computer program.)
In all cases, we recommend the use of field testing to verify the accuracy of theoretically predicted anchor

capacities.

The use of torque force to install anchors provides an opportunity to monitor each anchor installation. There
is a relationship between torque required to place an anchor into the soil and the anchor's capacity under load.
The “rule of thumb” is a factor of 10 exists between installation torque and ultimate holding capacity. This
factor may be as low as 6 to as high as 20 and normally ranges from 8 to 12. We suggest a factor of 10 be used
for the first installation and field test results used to verify or modify the factor.

Bulletin 01-9202 A. B. CHANCE COMPANY - Centralia, Missourl 65240 U.S.A. ®Copyright 1993
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Bearing Capacity Factor Curve
for

Cohesionless Soils
(Nq vs. Angle of internal Friction)
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Example Problems

Example Problem 1
Given: Soil is homogeneous sand.
g = 30°
vy = 100 Ib./cu. ft.
Water table @ 15 ft. depth
Anchor catalog number is C150 0007
Installation angle = 45°
Distance from surface to top helix along shaft is 10 ft.
Find: The tension capacity of the given anchor.

Hand selution:
Reduce Equation B in Basic Theory of Anchor Design for sand to obtain the following:
Q,= A, @N)

From the graph at the end of Basic Theory of Anchor Design, choose the bearing capacity factor:
N, = 13.1 for phi (&) = 30°

Determine the vertical depth to each helix. Remember the helices are spaced 3 diameters apart. So, 8 x 3 =24
inches and 10 x 3 = 30 inches. The distance to the top helix is given as 10 ft. By multiplying the distance along
the shaft by the sin 45°, we obtain the vertical distance to the helices.

d, =10xsin45=17.07 ft
d, =125 xsin 45 = 8.84ft
d =145xsn45=10.25f

8
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Calculate g =y x d for each helix.

a,, =0.1x7.07 =0.7ksf
d,, =0.1x884 =0.88ksf a
g, =0.1x10.25 = 1.02ksf ,

Now determine capacity of each helix using Equation 1 and sum for resulting theoretical ultimate anchor
capacity.

Q,, =(111/144) x0.7x 13.1 = 707k
Q,=(76.4/144)x0.88x13.1 = 6.12 k
Q = (48.4/144)x 1.02x 13.1 = 449k
Ultimate theoretical capacity = 17.68k

Example Problem 2
Given: Soil is homogeneous clay.
¢ =2.5ksf
v =100 Ib./cu. ft.
Water table at 10 ft. depth
Anchor catalog number is C150 0015
Installation angle = 90°(vertical)
Distance from surface to top helix along shaft is 5 ft.
Find: The compression capacity of the given anchor.

Hand solution:
Reduce Equation B in Basic Theory of Anchor Design for clay to obtain the following:
Q, =4, (90)
Because of the vertical installation, depth to the helix is 5 ft. (same as the shaft length). Calculate helix
capacity, which will be the anchor capacity because it is a single 8-in. helix. Y
Q, = Q, = (48.4/144) x 9 x 2.5 = 7.56 kips )
Helix Areas
Following are the areas of standard helices manufactured by the A. B. Chance Co.
Helix Size Helix Area (sq. in.)
6 26.7
8 48,4
10 76.4
12 111.0
14 151.0
A. B. Chance Co. Bulletin 31-8901 contains example problems for tension anchors in both cohesive and cohesionless
soils. Tension anchor capacities are calculated by using average soil strength parameters above a given helix.
Compression capacities may be calculated similarly, however soil strength parameters should be averaged below a
given helix. Average soil strength parameters should be determined for a distance from the helix to approximately
three diameters from the helix. The soil strength may often be considered constant for this distance.
Mechanical Properties
Max. Max. Max.
Pier Tensile Compressive Bracket
Family Capacity, kips Capacity, kips Capacity, kips
11488 70 70 40
1%5S 100 100 60 P
HS 100 100 60 R\t/:
Bulletin 01-9202 A. B. CHANCE COMPANY - Centraiia, Missourl 65240 U.S.A. ©Copyright 1993
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The Theory of Torque vs. Anchor Capacity

The theory that the amount of torsional force required to install a helical anchor relates to the ultimate capacity
of the anchor in tension or compression has long been promoted by the A. B. Chance Co. Precise definition of the
relationship for all possible variables remain to be identified. However, simple empirical relationships do exist and
have been used for a number of years. Recommended reading on the subject may be found in the paper “Uplift
Capacity of Helical Anchors in Soil” by-R. M. Hoyt and S.P. Clemence (Bulletin 2-9001). In this paper the formula

for the torque/anchor capacity relationship is given as:
Q=K xT

where q, = ultimate uplift capacity
K, = empirical torque factor (ft)
T = average installation torque (ft.-1b.)

For the SS anchors being discussed herein, the value for K| is 10. This value may be used for either tension of
compression anchors.

Graphs have been prepared for use with this discussion. A single ten inch helix was used at various depths for both
cohesive and cohesionless soils. Two graphs are required for cohesionless soils as the position of the water table effects
both the installation torque and the ultimate capacity of the anchor directly as it causes change in the effective unit
weight of the soil. One graph is provided for cohesive soil as the factor effecting the installation torque of an anchor
is the soil strength or cohesion. All graphs present the variation of installation torque with respect to N-values or
SPT resultsindicating the insitu soil strength. It is believed that the graphs are simple enough tobe self explanatory.

SS INST TORQUE VS N-Value in Sand

10" Helix, below water table
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INSTALLATION TORQUE (FT—LBS)

INSTALLATION TORQUE (FT—LBS)
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SS INST TORQUE VS N-Value in Sand

10" Helix, above water table
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Presentation Outline

I. “Fix the Disease then the Symptoms”
A. Find the cause of the distress — “The disease”

l.

2.

3.Si

Moisture Problems

. Under slab or crawlway plumbing leaks

. Negative Drainage at the perimeter

. Improper watering or no watering

. Improperly functioning foundation drainage systems, sumps and pumps
Overgrown trees and shrubs adjacent to the foundation

0o o

Foundation Maintenance
a. Insure that there is proper roof drainage with gutters, downspouts and splash blocks
b. Eliminate trapped water in planter beds
c. Install perimeter footing drains where the water table may rise above the footing
d. Install swales and French drains to improve surface and subsurface drainage
e. Install Irrigations system to maintain moisture levels

te Problems
a. Layers of undesirable material underground (Peat, Buried Trees, Rubble, Land fill, etc.)
b. Extensive filled areas (consolidating soil)
¢. Cut and fill - (Combination expansive and consolidating soil)
d. Steep incline — (Lateral soil movements)

B. Fix the “disease”

C. Treat

e

II. Two Methods for Correcting the “Symptoms”

A. Steel

1. Benefits

TR0 A0 oW

2. St

bearing upon rock or other verified suitable firm bearing

the distress — “The symptoms”

Resistance Piers (End Bearing Piles)

. Quick installation with portable equipment
. Easy installation in limited access areas
. Soil testing helpful, but not necessary
. 100% of piers are field load tested during installation
. All weather installation
Little or no “down drag” on pier pipe
. No installation vibration
. Immediate loading

eel Piers derive support from the end of the pier
UNSTABLE SOIL

3. Steel Piers do not derive support from the soil DENSE CLAY
4. Product selection controlled by: 1 R?_g’;gR
a. Weight of settled structure BEARING
; STRATUM
b. Footing strength
c. Product capacity
d. Pier Spacing ECP Steel Pier Assembly
e. Factor of Safety

5. The structure provides the reaction force when installing the pier pipe

Repairing Existing

Steel Piers or Helical Screw Piles

Earth Contact Products, L.L.C.
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B. Helical Screw Pile (Soil Bearing Deep Foundations)

STEM WALL ~ 3704 - —
1. Benefits: ( -‘
. B . SPREAD FOOTING .
a. Quick installation . ANCHOR BOLT
. . . . . FLOOR SLAB -
b. No vibrations when installing the pile \ \ " / TEE-TUBE ASSY
c. All weather installation T - ,\/ / MODEL TAB-150
: « » - — AL \ BRACKET
d. thtle.or no Qpr d_rag on the pile UL CACE PLATE
e. Easy installation in limited access areas : /]
f. Minimum disturbance to the site

g. Reusable in temporary applications

2. Product selection is controlled by:
a. Soil capacity

b. Shaft torsional limits o\
i TAE-150

c. Installation torque
d. Product mechanical capacity =L EXTENSION®)
e. Pile spacing =
f. Factor of Safety -
3. Helical Screw Pile capacity is directly related to ;ZQDS%*;::‘:X
soil capacity =
4. Knowledge of the soil is the key to successful =
Helical Screw Pile installations B
a. Soil test is highly recommended
b. Helical piles are not appropriate for some
soil conditions
1. Areas where rock is near the surface
2. Buried debris
c. Strength of Load bearing soil stratum determines the helical pile configuration
1. Weak soils require larger diameter helical plates
2. Dense soils require smaller diameter plates
d. Capacity of the helical pile is a function of:
. The strength of the steel components
2 The strength of the soil that contains the helical plates
5. Helical Screw Pile Design Considerations
a. Standard Bearing Capacity Equation -- P, = ZAy (cNg + qNy),
b. Helical screw pile design considerations
Relationship between Installation torque and ultimate capacity - Pu=kx T

=9 to 10 for square bar products
K =6 to 9 for tubular products

TAH-150 LEAD WITH
ONE OR MORE
HELICAL FLIGHTS

o /

I

ECP Torque Anchor” brand helical screw pile
and foundation bracket

II1. Determining foundation loads (Detailed examples follow)
A. Break the structure into component parts
Roof framing and roofing
Ceiling & insulation
Exterior covering
Wall & floor framing, wall covering, insulation and flooring
Stem wall, concrete slab and flooring
Live loads
Soil loads

N AW~

Earth Contact Products, L.L.C.

Repairing Existing Structures Using
2005-02-25

Steel Piers or Helical Screw Piles 20f3



B. Soil Overburden — The most overlooked element when estimating loads
Difference between lifting force and working load
Soil near the footing must be lifted in addition to the structural weight
Over time, much soil overburden will dissipate
If soil exists above a spread footing, soil overburden load can be significant
If we ignore the soil overburden, it is possible that the foundation support system may not be
able to lift the structure
C. Foundation Load Distribution - Pile spacing rule of thumb
1. 8’ x 16” Spread footing with up to 2,000 Ib/If load

a. Frame wall = 3-1/2 on center

b. Footing with Cast 24” concrete stem wall = 8-1/2° on center

c. 20" Monolithic turned down foundation = 8’ on center

2. 127 x 24” spread footing with up to 5,000 1b/If load
a. Footing with 12" high stem wall = 7’ on center
b. Footing with 18" high stem wall = 8-1/2" on center
c. 24” Monolithic turned down foundation = 5-3/4” on center

e

D. Job specific Issues
1. Unsupported column height
2. Load Testing -- Net deflection of less that 1” under full load with rebound of 1/2” is generally

considered acceptable

Earth Contact Products, L.L.C.
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