
Helical anchor geotechnical design is similar to pile design, where boring
logs, including blow count data established from drilled depths below the
stress level of the pile, are necessary.

O V E RV I E W
In the design of a helical anchor foundation system, the soil properties at
v a rious depths at the intended install a t i on site must be taken into
consideration. Soil properties are known from the boring logs, inclusive
of the standard penetration test blow counts and laboratory test data.The
Ultimate Bearing Capacity (Qf) of the installed helical anchor is the gove rn i n g
factor in the design of this foundation system and depends entirely on the
soil properties at the individual helix depths as tempered by blow count
information. The Allowable Bearing Capacity (Qa ) is the design bearing
s t rength where a Factor of Sa fe ty (Fs) between 1.5 and 3 is genera lly used.

Initial inve s t i g a t i ve boring logs, as developed by a Geotech n i ca l
Engineer, should include blow count data and laboratory test results,
w h i ch norm a lly describe the coh e s i ve pro p e rt i e s , angle of intern a l
f ri c t i on , u n c onfined com p re s s i ve stre n g t h s , and in situ density and moisture
content. Values such as internal friction angle and cohesiveness may be
interpolated from blow count data, but a certain level of care must be
e xe rcised when doing so, e s p e c i a lly for silts and cl ays , b e cause corre l a t i on s
between blow count data and laboratory test data are sometimes on the
less conservative side.

After these properties are established, values for bearing capacity factors
(Nc and Nq) may be interpreted from Table 3. The spacing of the helix
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blades on the anchor shaft should be at least three helix diameters apart and
should be designed for each helix to be supported in a uniform competent beari n g
s t ra t u m . If this is not possible, e a ch helix ca p a c i ty should be calculated in
a c c o rdance with the stratum in which it is support e d , w h i ch may re q u i re
additional borings to better define the subsurface conditions.

The design diameter and thickness of the helical anchor hub and helix will
depend on the properties of the in situ soil and will have a direct relationship
with the Installation Torque (Ti ). The number of helices per anchor will also
affect installation torque. Where high installation torque values (>15,000 ft-lbs)
are required, the yielding shear of the central steel shaft needs to be high enough
to maintain structural integrity of the anchor during installation.

A minimum design installation torque value may be established to simplify field
installation quality control in normal installations. Proof-load testing of anchors
is necessary to provide documented quality control of the system when working
in questionable or variable subsoil conditions, or when design loads in excess of
25 kips are specified. The anchors are generally loaded to twice the design dead
and live loads, which have already incorporated a safety factor into the anchor
ca p a c i ty ca l c u l a t i on . A Hot-Dip Galvanizing (zinc and iron on steal pro d u c t s )
treatment is used per ASTM A 123 to protect the steel from oxidizing. Cathodic
protection may also be used to prolong the life of the anchor.

U LT I M ATE BEARING CAPAC I T Y
As mentioned earlier, the ultimate bearing strength of the soil depends entirely
on the soil properties. The Allowable Load (Qu) is computed by multiplying the
area-in-contact of the bearing helix blade with the derived Allowable Bearing
Capacity. Equation 1 is the allowable load for one helix:

E Q U ATION 1. Qu = A[ cNc + p ( Nq - 1 )] Fs

Where : A = A rea of  hel ix  blade
c    =    c o h e s i o n   o f   t h e   s o i l   a t   l o c a t i o n   o f   h e l i x 
p   =    o v e r b u r d e n   p r e s s u r e 
N c=   b e a r i n g   c a p a c i t y   f a c t o r   f o r   c o h e s i o n 
N q=    b e a r i n g   c a p a c i t y   f a c t o r   f o r   o v e r b u r d e n 



The empiri cal data included in Table 3 provides values for Nc and Nq, a s s u m i n g
that a value for the angle of internal fri c t i on (Φ) has been established. Also, over-
burden pressure ( p ) is calculated as d where    is the effective unit weight
of the soil and d  is the depth in feet to the helix .

In a system with multiple helices per anchor, each helix must be accounted
for separately. In this instance, the equation for allowable load (Qu) is:

E Q U ATION 2. Qu = { A i [ ci Nci + pi ( Nqi- 1 ) ]} Fs

Installation torque (Ti) is a useful indication
of the ultimate load capacity of the installed
helical anchor. The Quality Control
Engineer records the torque vs. depth data
in the field, and from this information the
ultimate anchor capacity can be confirmed.
The empirical equation for this is:

E Q U ATION 3. Qu =  KT

W h e re : K = I n s t a ll a t i o n  t o r q u e - ca p a c i t y  r a t i o
T = t he  f i n a l  i n s t a l l a t i on  to r q u e , f t - l b s .

K is a value that ranges from 3 to 20 and is empirically derived by the
anchor manufacturer. The K-value for a 3-1/2 inch diameter central pipe
column can range from approximately 4/ft to 7/ft.
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The following Table illustrates approximate bearing strengths of soils:

TABLE 1

A P P R OX I M ATE SOIL BEARING STRENGTH (lb/ft2) FOR SOIL CLASSIFICAT I O N S

Cohesive Soil Standard Penetrometer      Screw Type Soil Probe Max Unconfined Soil
Characteristics Value N1                       Value (in-lb)           Compression Strength

(lb/ft2)

[ Ea rth Ancho ring  System,  Eng ineer ing  Manual , 2000]

As the soil bearing capacity decreases, the need for a larger helix area increases. For
the design of the anchor itself actually failing under an eccentric load, the resultant
forces acting on the bearing helix create a larger moment as the helix diameter
increases and therefore decreases the overall capacity of the anchor itself. Other
e q u a t i ons are sometimes used in the design of anch o r s , but the most accepted
equations used are 1, 2, and 3.
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Stiff
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0-2
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27-50
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TABLE 2

A P P R OX I M ATE RELATION BETWEEN N AND Φ FOR COHESIONLESS SOIL

[ Essentia l s of  So il  Mechani cs  and Foundat ion s , M cCar th y, 1988]
N  is  the  numb er  of  b lows/ f t  us ing  Std . P ene trom eter  Te s t

TABLE 3
SOIL BEARING VALUES NC NQ AND NY R E L ATING TO INTERNAL FRICTION VALUES OF SOIL

y

y2

yY

Classification of Soil

Loose

Medium Dense

Medium Dense to Dense

Dense

Very Dense

Very Dense

Value of N

10

20

30

40

50

60

Approx Value

30±

32±

35±

38±

40±

42±

4 0

3 5

3 0

2 5

2 0

1 5

1 0

5

0
0 . 1 1    1 0 1 0 0

x, xq, xy
FACTORS OF N



SLENDERNESS RAT I O k l / r
As the unsupported section of a column or pier increases when depths of loose or
soft soils are penetrated to embed the helix blades into a competent bearing layer,
the buckling failure of the upper shaft must become a con s i d e ra t i on . The slendern e s s
ratio is defined as kL/r, where kL is the effective length of the unsupported section
of the member and r is the radius of gyration. A failure in a pier or column will
occur when the yield strength of the member is exceeded. Generally, a failure will
occur in the bearing soil well before the anchor itself. A l s o, a failure due to buck l i n g will
occur in a column without proper lateral support long before the yield strength of
the column is reached. In instances where the anchor is installed in stiff to dense
subsurface material and the anchor is braced within a conventional footing or raised
s t ru c t u ral floor, b u ckling does not need to be con s i d e re d , and the lateral eart h
pressure is generally adequate for lateral bracing. The greatest allowable slenderness
ra t i o, k n own as the cri t i cal slenderness ra t i o, needs to be con s i d e red when the
column support extends out of the surface of the bearing material a significant
length. A common kL/r value is 200.

SHEAR CAPAC I T Y
During the geotechnical design of the anchor using existing site soil characteristics,
A ll owable Bearing Capacity (Qu) , m a x i mum all owable torque (Ta ll ) , and a
corresponding installation torque (Ti) are determined. The installation torque may
have a broad range depending on the variable loadings required for the helical
anchor. If the anchor is to be installed in dense soils with high cohesive and high
internal friction properties, the following equation must be considered to protect
the structural integrity of the pipe.

E Q U ATION 4. Tall = ,

W h e re : Ti ≤ Ta ll ,

J =    (c  - c  ),

a n d : τmax =     y i e l d i n g   s t r e s s 
Ti =     i n s t a l l a t i o n   t o r q u e 
c 2 =   o u t s i d e   d i a m e t e r   o f   h u b 
c 1 =   i n s i d e   d i a m e t e r   o f   h u b 
J           =   p o l a r   m o m e n t   o f   i n e r t ia  

max
J

C2

π
2

4
2

4
1



A balance between the number of helix blades and blade diameters, thickness of the
anchor hub, soil parameters, and installation torque should be configured to ensure
that: (1) the anchor is capable of supporting the designed loads, and (2) the
anchor’s yielding stress is not reached during installation.

PROOF-LOAD TESTING
Purpose: Axial load tests are a Quality Control method used on pile or anchor
supports.

General Application: Projects where loads in excess of 25 kips are used, to ensure
anchor embedment into competent bearing material, and that the anchors have the
ability to withstand the dead load plus live load as designed for the structure, with-
out shear failure and/or excessive settlement.This test is aso useful for determining
the maximum movement for uplift, using test  values from uplift design.

Procedure: A steel I-beam, capable of resisting deflection during the loading
sequence, is placed across three anchors in a line. The beam is then fixed to the
outside two tension anchors. A load cell is placed on the center anchor and a
hydraulic jack, capable of applying the desired load, is placed on the load cell and
a 5 kip seating load is applied. The applied force is measured by the strain gauges
in the load cell, and recorded by an electronic readout device. Measurements of the
three anchors’ vertical heights are read and recorded; the horizontal distance from
anchor to anchor is also recorded to calculate the uplift forces on the two outside
anchors. The load is increased to meet the design load for the compression anchor
and the force is applied to the anchor for a period of one-half hour. Measurements
are again taken and the vertical movement of the anchor is recorded. The load is
then increased to twice the design load and this load is applied for at least one hour
at which time the measurements are again recorded and the vertical movement
noted. The force may then be removed. The allowable movement may vary, but is
generally specified as not to exceed 1/2”.Where settlement is an issue, the load can
be held for 48 hours to ve rify the impact of a longer dura t i on load cycl e . Ten perc e n t
of the anchors are typically tested for quality control purposes for critical structures,
with a minimum of 3 anchors tested for converted structures (refer to the Project
Geotechnical Engineer and ASTM D 1143-81,”Standard Test Method For Piles
Under Static Axial Com p re s s i on Lo a d” for further possible site specific
re q u i re m e n t s ) .
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