
Shallow vs. Deep Anchor Condition 

The first step in evaluating anchor capacity 

is to determine if the anchor has a shallow 

or deep condition. Open a geotechnical 

engineering textbook and you may find a 

multitude of theories on how to evaluate 

shallow versus deep anchor capacity. The 

figures shown in this article are from the book 

Earth Anchors by Braja M. Das (2007), which 

has a chapter devoted to helical anchors. 

A shallow anchor condition has the failure 

plane extending from the top helix plate to 

the ground surface, whereas the deep anchor 

condition does not (Figures 1 and 2). 

The embedment ratio for a helical anchor 

is defined as the depth of the top helix (H1) 

divided by its diameter (D1). The transition 

point between the shallow and deep condition 

is at the critical embedment ratio (H1/D1)cr. 

Embedment ratios greater than this value are 

considered to have the deep condition. As 

a deep anchor, the uplift bearing capacity can 
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Helical Anchors: How Deep is Deep Enough?
There are two types of failure modes for ground anchors in 

tension: deep and shallow. For the same anchor design, higher 

capacities can be achieved with a deep anchor condition 

versus a shallow anchor condition. Much research has been 

performed to estimate the depth where an anchor transitions 

from the shallow to the deep condition and it has been shown 

to be dependent upon the soil type and soil strength at and 

above the bearing plate(s). The helical pile industry typically 

follows the design guidance of the International Code Council 

(ICC) Acceptance Criteria for Helical Pile Systems and Devices 

(AC358). One of the guidelines of AC358 is that tension anchors 

should have the top helix embedded at least 12D below grade, 

where D is the diameter of the largest helix plate. This guideline 

is intended to ensure a deep failure mode to allow use of the 

default torque correlation factors published in the acceptance 

criteria. During the development of AC358, this depth of 

embedment was chosen based on research showing 12D was 

conservative for all soil types and strengths. The acceptance 

criteria allows a pathway for the registered design professional 

to evaluate anchor capacity for embedment depths less than 

12D with approval of the code official. There are situations 

where a 12D embedment is not feasible, such as when shallow 

bedrock is present, which limits the maximum depth that a 

helical anchor can practically achieve. In these circumstances, 

the design professional needs to evaluate the site-specific 

soil profile to determine if an embedment of 12D is needed 

to achieve the required tension resistance for the project.

Figure 1: Shallow Anchor Condition (Das, 2007) Figure 2: Deep Anchor Condition (Das, 2007)
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be estimated using the deep foundation bearing capacity equations. 

Chapter 1 (Section 1.7) of the 2021 Foundation Supportworks Technical 

Manual has information on the application of the deep foundation 

bearing capacity equations for estimation of helical anchor uplift 

capacity. For a shallow anchor condition, the estimation of capacity is 

more complex and may vary depending upon the methodology selected. 

Although evaluation of a shallow anchor capacity is beyond the scope 

of this article, it may not be necessary to evaluate an anchor as shallow 

since critical embedment is often achieved at depths less than 12D. 

For a sand profile, the critical embedment ratio increases with an 

increase in the soil friction angle (Φ) as shown in Figure 3.

Based on this data, the 12D embedment referenced in AC358 is for 

the worst-case situation where a soil friction angle of 48 degrees or 

more is present above the top helix. To put things into perspective, a 

friction angle of 48 degrees would correlate to an SPT N-value of about 

75 blows per foot. This amount of soil strength above the required 

embedment depth would likely preclude the use of helical anchors 

unless predrilling was performed, which would then reduce the upper 

soil friction angle and result in a lower critical embedment ratio. To that 

end, having a 12D embedment requirement in a sand profile would be 

overly restrictive for typical soil conditions where the friction angle is 

35 degrees or less and an embedment ratio of 5 or less should create 

a deep condition. As such, one could also argue the default torque 

correlations published in AC358 would be appropriate to predict tension 

capacity. 

For a clay profile, the critical embedment ratio is a function of the 

undrained cohesion (cu) determined by: 

( H1

D1
)

cr  
= 0.005123cu + 2.5 ≤ 7, where cu is in lb/ft2

So, based on this equation, the critical embedment ratio increases 

with an increase in cohesion up to a maximum critical embedment 

ratio of seven. If you have a cohesive soil profile, this would indicate 

the embedment requirement of 12D is again overly restrictive given the 

maximum critical embedment ratio of 7 may apply. Again, one could 

argue that if the helical anchor embedment ratio is greater than the 

critical embedment ratio, the default torque correlations in AC358 would 

be valid. 

In summary, the 12D embedment criterion in AC358 also allows the 

design professional to design for shallower depths when approved by 

the code official. In these situations, the designer should be aware of 

how the criterion was created and understand it’s not uncommon to 

achieve a deep failure condition with embedment depths less than 12D. 

Sites that have mixed soil conditions (e.g., clayey sand, sandy clay or 

silt), above the top helix plate add another level of complexity to what 

is presented herein and would require additional engineering judgment. 

There will be times when the design professional is required to evaluate 

a helical anchor with the shallow condition. Unfortunately, there are 

many design methodologies for determining shallow anchor capacity, 

which may or may not be appropriate for helical anchors. Given that 

torque-to-capacity correlations may not be valid for helical anchors with 

a shallow failure condition, site-specific pullout testing of helical anchors 

offers the most reliable method to evaluate shallow anchor performance. 
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Figure 3: Variation of (H1/D1)cr with Φ (Das, 2007)
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Challenge: Located in the Wisconsin Northwoods, the Chequamegon-

Nicolet National Forest covers more than 1.5 million acres of forest preserve 

across five counties. Severe storms and runoff damaged walking trails within 

two of the counties. This damage also included the total destruction of three 

pedestrian bridges located at stream crossings. It was anticipated that future 

storm events of similar or greater magnitude would occur more frequently, 

with higher levels of flooding. Therefore, the designs for the replacement 

bridges needed to consider the increased flood potential, with anticipated 

scour depths of 3 to 6 feet below the new abutments. The bridges were 

located in extremely remote areas, being several hundred yards to over a 

mile from any access roads, which restricted the use of concrete abutments. 

The construction of the new bridges required smaller equipment to limit 

disturbance to the protected forest and streams. Geotechnical investigations 

at the new bridge locations generally showed very loose sand to depths of 

about 2.5 to 5 feet with shallow refusal at some of the abutment locations 

and cobble formations at others. Given the potential for future flooding, 

the abutments would need to resist uplift and lateral loads in addition to 

supporting vertical compression loads. 

Solution: Helical piles and anchors were chosen as the most economical 

solution for supporting the bridge abutments given the unique challenges and 

environmental constraints. The final foundation design included two vertical 

helical piles and four helical anchors (installed at a 45-degree batter) for each 

abutment. The abutments and bridge superstructure would be constructed 

with timber and a custom timber bracket was designed to connect the helical 

piles and anchors to the timber abutments. The custom bracket incorporated 

the vertical piles and battered anchors into the same bracket. 

The vertical piles and battered anchors and anchors had design working 

loads of 10 kips and 3.2 kips, respectively. A factor of safety of 2.0 is generally 

considered for helical pile and anchor design; however, due to uncertainties 

in the soil profile and the anticipated installation challenges, higher factors 

of safety were specified. The minimum required ultimate capacities were 27 

kips for the vertical piles and 10 kips for the anchors. Pile buckling analyses 

were performed for the vertical piles given the varying potential scour depths. 

The deep foundation design included the Model HP288 (2.875-inch O.D. by 

0.276-inch wall thickness) shaft with a 10"-12" helix plate configuration for 

the vertical piles and the Model HA150 shaft (1.5-inch solid square shaft) with 

an 8"-10" plate configuration for the battered anchors. Hot-dip galvanized 

material was specified for additional corrosion protection. 

Helical pile shafts with greater torsional capacity than required for the service 

loads were selected to resist impact loading and assist penetration through 

the shallow cobble formations. A mini-excavator installed the vertical piles to 

lengths from 11 to 16 feet and the battered anchors to lengths from 20 to 21 

feet, while achieving the required torque-correlated ultimate capacities. 

The helical piles and anchors at the three bridge locations were installed over 

the course of four weeks. During the installation, large boulders up to several 

feet in diameter were encountered, which created a challenge to installing 

the piles in the required locations. In these instances, the boulders were 

removed, or the bridge was slightly re-aligned. After the piles and anchors 

were connected to the timber abutments, the general contractor was able to 

immediately place the bridge structure, which had been assembled on site. 

Construction preparation at one of the three bridge locations

Project: Chequamegon-Nicolet National Forest Pedestrian Bridges  
Location: Ashland and Bayfield Counties, WI 
Installer: DBS Residential Solutions

Piles, anchors, and brackets installed Timber abutments attached to the helical 
pile and anchor brackets

Bridge completed  Bridge completed 
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