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diameter, 7 ft-1 for 3.5-inch diameter round shafts, and 3

The 2017 and 2020 editions of AC358 also include an

ft-1 for 8.625-inch diameter round shafts. The study also

equation which can be used to determine maximum Kt

recognized that the main factor influencing Kt for round

values for shaft sizes not specified above, but falling within

shaft piles was the shaft diameter, with decreasing Kt

the limited ranges of 1.5 to 3.0 inches for square shaft and

values as the shaft diameter increased.

2.125 to 4.5 inches for round shaft. The AC358 equation is:

After the Hoyt and Clemence study was published, most
helical pile manufacturers began using torque correlation
factors as a basis for estimating pile capacity, but with

The Torque Correlation Method is widely used for estimating

little consistency between manufacturers. Companies

or verifying helical pile capacity during installation. The

were using different Kt values for similar shaft sizes,

torsional resistance generated during pile installation is a

which created confusion among design professionals and

measure of the soil undrained shear strength which can be

code officials. Since helical piles were not specified in

related to the bearing capacity of the pile with the following

the building codes at the time, some manufacturers had

simple equation:

evaluation reports under one of the three code agencies
(BOCA, UBC and SBC) to document product capacities.
Unfortunately, the evaluation reports did not specify the Kt
value applicable for the shaft size and manufacturers still

It is interesting to note both the similarities and differences

continued the practice of using non-standardized Kt values.

between the Kt values recommended by Hoyt and Clemence

This lack of conformity in the industry continued after the

in 1989 and those allowed in AC358. Common practice in

three code agencies were combined into the International

the industry prior to the publication of AC358 was to use

Code Council (ICC) in 1993. In 2005, the ICC Evaluation

a Kt value of 10 ft-1 for all solid square shaft and hollow

Service (ES) required the helical pile industry to develop a

square tube piles, regardless of size. However, based on

design and installation standard for helical piles before any

the 2017 (and newer) AC358 criteria, the fairly common

further product evaluations would be issued. Nine helical

solid square shaft sizes of 2.0 and 2.25 inches (for example)

pile manufacturers worked as an Ad Hoc Committee

should now utilize maximum default Kt values of 8.5 ft-1 and

with the ICC-ES to establish an acceptance criteria (AC)

7.5 ft-1, respectively. Ultimate capacities for these systems

for helical piles, which was published in 2007 as ICC-ES

have been reduced significantly. AC358 also provided

The relationship between installation torque and capacity

AC358. This was the first time that a code agency specified

lower Kt values for both the 2.875-inch and 3.0-inch

of helical piles was first used as a predictor of pile capacity

Kt values for helical piles. These Kt values were derived

diameter round shafts, compared to the recommendations

during the 1970s; however, it was generally considered

from a database of load test results provided by the

by Hoyt and Clemence. AC358 currently does not provide

proprietary information by helical pile manufacturers until

committee members. The 2007 edition of AC358 specified

Kt values for shaft diameters larger than 4.5 inches

the results of an extensive study by Hoyt and Clemence,

maximum default Kt values for five shaft sizes as follows:

due to a general lack of substantiating load test data.

The torque correlation factors ( Kt ) used in the helical pile
industry have evolved over time, so let’s take a look at
how these factors were developed and what is considered
standard practice in today’s industry.

titled “Uplift Capacity of Helical Anchors in Soil”, was
published in 1989. The study included tension load test
results for 91 multi-helix piles at 24 different sites with
varying soil conditions, embedment depths, shaft sizes,
helix spacings and number of helices. Based on the results
of the research, the authors recommended Kt values of 10
ft-1 for 1.5-inch, 1.75-inch and 2.0-inch solid square bar
shafts and hollow round shafts smaller than 3.5 inches in

The publication of AC358, along with its subsequent
revisions, was instrumental in providing a consistent design
criteria for the helical pile industry, while also reducing
confusion regarding appropriate torque correlation factors
for commonly used shaft sizes. With additional research,
torque correlation factors for shaft diameters greater than
4.5 inches may become standardized as well.
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Project: Scenic Regional Library Addition
Location: Warrenton, MO
Pile Installer: Foundation Supportworks® by Woods
Challenge: A 3,000 square-foot building addition was planned for the main
entrance of the Warrenton Scenic Regional Library. Four soil borings were
advanced within the building addition footprint. The borings identified very
soft to soft clay to depths of about 3 to 9 feet. Medium stiff to very stiff clay
and medium dense sand layers were observed below the soft clay extending
to the termination depth of the borings at 20 feet. Groundwater depths
were from 5 to 7 feet during the investigation. Based on the presence of
the upper very soft to soft clay, the geotechnical recommendations included
a shallow footing design with over-excavation and replacement with select
fill to a depth of at least 3 feet below the bottom of the proposed footings.
During the over-excavation activities, soil conditions were found to be
worse than what was anticipated from the geotechnical investigation. The
poor soil conditions would require deeper over-excavation and additional
shoring along with underpinning of the existing foundation. There were
also problems performing the over-excavation and compaction due to high
groundwater levels and cold weather conditions. The combination of these
issues was going to significantly delay the project.

Front entrance at the start of construction

Excavations for grade beams and pile caps

Vertical and battered helical piles
within pile cap

To minimize the project delay, the design team pursued options for a deep
foundation system with pile caps and grade beams. The redesigned pile
caps included column compression loads ranging from 15 to 65 kips and
tension loads ranging from 15 to 25 kips. Some of the pile cap locations also
included 15 kip lateral loads to be resisted by the piling system.
Solution: Helical piles were selected as the preferred deep foundation option
given the site accessibility, low vibration installation, quick installation and
the ability to pour grade beams and pile caps immediately after pile installation.
The design included multiple piles per pile cap with a combination of vertical
and battered piles to support the compression, tension and lateral loading.
The helical pile design consisted of the Model 288 (2.875-inch OD by
0.276-inch wall) hollow round shaft with 8"-10" double-helix lead sections.
The vertical piles required termination torques of either 6,000 or 7,900 ft-lb
and the battered piles required termination torques of 6,000 ft-lb to provide
a factor of safety of 2 for the various loading conditions. Pile depths ranged
from 21 to 30 feet. The piles were fitted with new construction brackets and
cast into the concrete pile caps and grade beams. The pile leads, extensions
and brackets were hot-dip galvanized for corrosion protection. Thirty-four
helical piles were installed in one day.
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Project: Four-Story Stair Tower
Location: Omaha, NE
Pile Installer: Thrasher Commercial Group
Challenge: A stair tower addition to an existing
four-story building experienced settlement
not long after construction. The stair tower is
approximately 53 feet high, 16 feet long and 13 feet
wide and constructed with 1-foot thick insulated
precast concrete panels on a poured concrete
foundation wall and a shallow spread footing.
Service loads for the tower were estimated to be
about 10.7 kips per linear foot.
Total settlement was up to 1.25 inches with
differential settlement across the width of the
stair between 5/8 and 3/4 inch. The differential
settlement resulted in the stair tower tipping away
from the face of the main structure about 3 inches
at the top of the wall. Soil borings advanced near
the stair tower showed about 8 feet of very soft
to medium stiff clay fill underlain by very soft to
medium stiff fat clay to a depth of about 38 feet,
where it transitioned to a loose to medium dense
sand to a depth of about 93 feet. An immediate

Four-story stair tower addition

solution was needed to prevent further settlement
of the stair tower. Other structures in close
proximity to the tower limited access for large
construction equipment.
Solution: Underpinning and lifting with retrofit
helical piers was the preferred deep foundation
option since the mobilization, installation and
lift operations could be performed quickly in the
limited access area. Thrasher Commercial Group
was contracted to install retrofit helical piers at
14 locations around the exterior walls of the stair
tower. The piers were spaced at a maximum of
3.5 feet to support a design working load of
37.5 kips. The helical pier design consisted of
the Model 350 (3.50-inch OD by 0.340-inch wall)
hollow round shaft with a 10"-12"-14"-14" helix
plate configuration. The piers were installed to
lengths ranging from 33 to 75 feet below the
footings after achieving at least 10,700 ft-lbs of
torque and torque-correlated ultimate capacities

Helical piers and retrofit brackets installed
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of at least twice the design working load. Three
piers were proof tested using a gradual loading
schedule up to a maximum 52.5 kip load (1.4
times the working load) with a 10 minute hold
time. The proof testing showed deflections less
than 0.001 inch during the hold period. Following
testing, the piers were simultaneously loaded and
the structure was lifted up to 1.25 inches at the
foundation level and the piers were "locked off."
The lift operations effectively moved the top of the
stair tower back to its original position against the
building. Following lift and lock-off operations, the
inner annulus of the piers were filled with a 3,000
psi grout mix and the void space created under
the footings and interior floor slab was filled with
100 pounds of Polylevel PL400. PL400 is a twopart liquid urethane that is mixed and injected
through small 3/8-inch drilled holes in the slab to
expand into a rigid foam. PL400 has an installed
density of 4 to 6 pcf with a compressive strength
of 70 to 80 psi.

Simultaneous loading with hydraulic
cylinders during lift and lock off operations

Grout filling installed helical piers

HelixPro ® 2.0 Design Software
A state-of-the-art program that allows you to calculate bearing
and uplift capacities of Supportworks helical piles as well as
tension capacities of Supportworks helical tiebacks as they
pertain to specific site and soil parameters.
Register today to use this FREE program:
www.helixpro.supportworks.com

YOUR LOCAL DEALER

For more information about Supportworks, Inc.,
or to locate a Supportworks dealer in your area,
please visit supportworks.com or call 800.281.8545.
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