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Basis for presentation

◼ Conducted 2017-2019

◼ Key activities included:

• Collection of load test records

• Development and evaluation of 

design methods

• Probabilistic calibration of 

resistance factors

• Reporting and revisions to 

AASHTO LRFD Specifications

◼ Exclusively addresses 

geotechnical axial response



Current AASHTO Specifications
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Limit State Method/Ground Condition Resistance Factor

Compression – 

Single MP

Presumptive Bond Resistance 0.55

Tip Resistance – Rock 0.50

Load Test Table 10.5.5.2.3-1 <= 0.70

Block Failure Clay 0.60

Uplift Resistance – 

Single MP

Presumptive Values 0.55

Load Test Table 10.5.5.2.3-1 <= 0.70

Uplift Resistance – 

Group
Sand & Clay 0.50

AASHTO (2020) Table 10.5.5.2.5-1



Philosophy
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Limited Information→

Conservative Design

Typical Information→

Normal Design

Extensive Information→

Efficient Design

Kennedy, et al. (2022)

Courtesy of Tim Siegel, Dan Brown & Assoc.
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Design approaches
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Collected load test records
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Soil Type
Micropile Type

Total
A B C D E

Cohesive Soil 1 (1) 6 (3) 0 3 (1) 2 (2) 12 (7)

Sandy Soil 6 (4) 6 (5) 0 8 (4) 16 (8) 36 (21)

Weak Rock 11 (8) 3 (2) 0 2 (2) 4 (1) 20 (13)

Competent Rock 9 (7) 7 (5) 0 0 1 (1) 17 (13)

Mixed 0 0 0 17 (1) 0 17 (1)

Total 27 (20) 22 (15) 0 30 (8) 23 (12) 102 (55)
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Soil Type
Micropile Type

Total
A B C D E

Cohesive Soil 17 (8) 7 (3) 0 5 (3) 9 (6) 38 (20)

Sandy Soil 19 (10) 73 (22) 13 (1) 17 (8) 25 (14) 147 (55)

Weak Rock 138 (33) 17 (7) 0 5 (1) 1 (1) 161 (42)

Competent Rock 89 (29) 22 (11) 0 2 (1) 2 (2) 115 (43)

Mixed 0 0 0 160 (1) 3 (2) 163 (3)

Total 263 (80) 119 (43) 13 (1) 189 (14) 40 (25) 624 (163)

Cohesive soil

   Sandy soil

   Weak rock

   Competent rock
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Observed within-site variability for drilled shafts
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Bayesian updating
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Presumptive design methods
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Micropiles in Cohesive Soil



Recommended presumptive design models
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Bond Material
Preliminary Models Updated Models

𝒏 𝝁𝒒𝒔
(ksf) 𝑪𝑽𝒑𝒓𝒆𝒅 𝒏 𝝁𝒒𝒔

(ksf) 𝑪𝑽𝒑𝒓𝒆𝒅

Cohesive Soil 19 1.8 0.56 24 2.9 0.55

Clean Sand 8 4.0 0.44 42 6.9 0.43

Gravelly Sand 8 4.5 0.47 16 5.8 0.46

Silty/Clayey Sand 20 4.0 0.63 72 7.7 0.63

Argillaceous Rock 17 16.8 0.44 73 19.8 0.44

Limestone 7 25.9 0.33 75 45.9 0.32

Karstic Limestone 6 12.2 0.26 14 21.4 0.25

Sandstone 0 7.9 0.5 21 13.3 0.48

Gneiss 0 15.1 0.5 19 24.8 0.48

Granite & Basalt 0 7.1 0.5 49 16.7 0.48

AASHTO

Range

0.7 – 4.0

1.4 – 8.0

2.0 – 8.0

0.7 – 8.0

2.0 – 28.8

21.6 – 43.2

10.8 – 36.0

28.8 – 97.7



Resistance factors for presumptive design models
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Bond Material
Nom. Resist., 

𝒒𝒔 (ksf) 

Resistance Factor, 𝝋𝒒𝒔 Fact. Resist., 

𝝋𝒒𝒔
∙ 𝒒𝒔 (ksf)Calibrated Recommended

Cohesive Soil 2.9 0.18

0.20

0.6

Clean Sand 6.9 0.26 1.4

Gravelly Sand 5.8 0.24 1.2

Silty/Clayey Sand 7.7 0.14 1.5

Argillaceous Rock 19.8 0.25 4.0

Limestone 45.9 0.37 9.2

Karstic Limestone 21.7 0.46 4.3

Sandstone 13.3 0.22 2.7

Gneiss 24.8 0.22 5.0

Granite & Basalt 16.7 0.22 3.3



Undrained Shear Strength, 𝑠𝑢 (ksf)
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Predictive design method – cohesive soil
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Predictive design method – cohesive soil
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Predictive design methods – cohesive soil
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= 0.45 𝜎𝑞𝑠

= 0.46 
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= 0.57 𝜎𝑞𝑠

= 0.43 

OLS WLS

Deming Weighted
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Predictive design methods – cohesive soil
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Resistance factors for predictive design – cohesive soil
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Resistance factors for design based on load tests
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Design based on site-specific load tests

Number of 

Tests

Resistance Factor

Non-

redundant
Redundant

1 0.57 0.81

2 0.70 0.94

3 0.76 1.01

4 0.79 1.06

5 0.81 1.09

7 0.84 1.14

10 0.89 1.18

◼ Nominal resistance 

established as minimum 

measured resistance from all 

tests

◼ No distinction regarding 

whether failure observed

◼ Agnostic to method used to 

establish bond resistance

◼ Number of tests constrained to 

individual “construction control 

areas” and consistent 

construction procedure
20



Conclusions

◼ Recommended design provisions provide flexibility for 

different design situations while still achieving target reliability

• Site-specific load tests produce most efficient design

• Predictive design methods produce intermediate design efficiency

• Presumptive design methods produce least efficient designs

◼ Resistance factors for presumptive and predictive design 

methods are lower than currently adopted, but without 

requirement for site-specific load tests

◼ Resistance factors for site-specific load tests are similar to or 

greater than currently prescribed in AASHTO Specifications
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What’s next?

◼ Consideration by AASHTO COBS

◼ More research

• Greatest knowledge gap for predictability is in rock

• Redundancy

• Within-site variability

• load transfer relations

22
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