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Survey of Current use of AASHTO Specifications 

• The attached copy of a survey and summary of responses was 
conducted and kindly provided by Mr. Andy Muñ;oz, Jr., a Geotechnical 
Engineer with the FHWA Southwest district. 
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U.S. DEPARTMENT OF TRANSPORTATION 
Federal Highway Administration 

819 Taylor Sreet - Room 8A00 
FORT WORTH, TEXAS 76102-9003 

(817) 978-4382 
FAX: (817) 978-4144 

May 10, 1999 
HNG-06 

5021 

Dear State Geotechnical Engineer; 

The purpose of this letter is to request your comments concerning your involvement with the 
AASHTO STANDARD SPECIFICATIONS that involve Geotechnical Engineering Design. 

This is a topic of discussion at the 24th S.W. Geotechnical Engineers Conference, scheduled 
for June 16-18, 1999 in Sacramento, California and I need your quick and brief responses by 
June 1. 

I have assembled a summary list of the AASHTO STANDARD SPECIFICATIONS from 
the subcommittees of "Highway Bridges" and "Materials" that involves Geotechnical 
Engineering and enclosed is a copy for your information. Please review the list and provide 
"off-the-cuff" comments on the following: 

(1) Does your Geotechnical Department have a copy of the four sources of AASHTO 
Specs listed in the enclosure? 

(2) Are these AASHTO Specs routinely used by the State DOT engineers for their 
designs and analyses? 

(3) Were you involved in the development or revision of any of the AASHTO Specs? 

(4) Is your State DOT committed to LRFD for Foundation Design and what is your 
time-table? 
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State of Practice Questionnaire 

A questionnaire concerning the design and construction practices of deep 

foundations used by the Highway Departments was developed and distributed to 

298 State Highway officials, TRB representatives and State and FHWA geotechnical 

engineers. 
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NCHRP PROJECT 24-17 
LRFD DEEP FOUNDATION DESIGN 

August 1999 

SURVEY ON THE APPLICATION OF DEEP FOUNDATIONS 

STATE: _______________________ DEPARTMENT: _____________________________ 

ENGINEER: ______________________ TITLE: __________________________________ 

PHONE: ____________________ FAX: _____________________ 

E-MAIL: ______________________________________________ 

Please send back to: Dr. Ching L. Kuo 
Geo Structures Corporation 
2713 Falling Leaves Drive 
Valrico, FL 33594 

FOUNDATION ALTERNATIVES 

1. What is the breakdown of foundation types used in your bridge structures? 
 %______ Shallow Foundation ٱ
 %______ Driven Piles ٱ
 %______ Drilled Shafts ٱ
 Others ٱ

Comment: 
_____________________________________________________________ 
_____________________________________________________________ 
_____________________________________________________________ 

2. Do you have a preferred type of deep foundation? 
 Driven Pile ٱ
 Drilled Shaft ٱ
 _________________________ Others ٱ
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3. Which type of driven piles do you use most (Please rank according to their 
usage; 1 for most used, 6 for least used)? 
 Prestressed Concrete Pile ٱ
 Steel H-Pile ٱ
 Open-end Steel Pipe Pile ٱ
 Closed-end Steel Pipe Pile ٱ
 Timber Pile ٱ
 ____________________ Others ٱ

DRIVEN PILES 

Design Considerations 

1. What are the static axial geotechnical design methods and/or computer 
programs you use for driven pile design? 
 α - method (Tomlinson, 1987) ٱ
 β - method (Esrig & Kirby, 1979) ٱ
 γ - method (Vijayvergiya and Focht, 1972) ٱ
 Nordlund method (Nordlund, 1963) ٱ
 Nottingham and Schmertmann method for CPT (1975) ٱ
 Schmertmann method for SPT (Sharp, 1987) ٱ
 Meyerhof method (1976) modified by Zeitlen and Paikowsky (1982) ٱ
 _______________________________________________ Others ٱ

If computer programs are used in design, are they developed by: 
 In-House ٱ
 FHWA ٱ
 Commercial ٱ
 ___________________________________________ Others ٱ

2. What are the dynamic axial geotechnical design methods, and/or computer 
programs you use for driven pile design? 
Dynamic Formula 
 ____= .Engineering News Record (ENR) F.S ٱ
 ____= .Gates, F.S ٱ
 ____= .Other, Specify ________________, F.S ٱ
Computer Program 
 WEAP by GRL ٱ
 __ Other, Specify ٱ
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3. What are the primary parameters used in your design and/or computer 
program? 
 SPT-N Value ٱ
 CPT Data ٱ
 Pressuremeter Data ٱ
 Dilatometer Data ٱ
 Friction Angle (ø) and Cohesion (c) ٱ
 ________________________________________ Others ٱ

4. If friction angle (ø) and cohesion (c) are used in the design, how are the 
design parameters determined? 
 Laboratory Testing ٱ

Type of Test: _______________________________________ 
 Correlation with in-situ testing ٱ

Type of test: ________________________________________ 
Type of correlation: _________________________________ 

5. How do you assess the side friction coefficient? 
(a) In cohesive soil (CA - adhesion)_________________________ 
(b) In cohesionless soil (δ - interfacial friction angle) _______________ 

6. Which methodology are you currently using for geotechnical and structural 
design? 
 Allowable Stress Design (ASD) ٱ
 AASHTO Load Factor Design (LFD) ٱ
 AASHTO Load and Resistance Factors Design (LRFD) ٱ
 ___________________________ Others ٱ

7. Do you apply a partial safety factor for the side friction and the end bearing 
to determine the allowable capacity ASD methodology? 
 __________ = .No. Use global F.S ٱ
 Yes. F.S. =______ for Side Friction, F.S. = ______ for End Bearing ٱ

8. Do you consider pile settlement in design? 
 .No ٱ
 ._____________ Yes. Tolerable settlement is typically ٱ

9. What are the lateral geotechnical/structural design methods and/or computer 
programs you use for driven pile design? 
 Simplified methods (e.g., Broms, 1964) ٱ
 p-y curve methods ٱ
 __________________________________________________ Others ٱ

A-12



If computer programs are used in design, are they developed by: 
 In-House ٱ
 FHWA ٱ
 Commercial ٱ
 ___________________________________________ Others ٱ

9. What are the controlling factors when designing piles subjected to lateral 
load? 
 .________________ Lateral deflection. The tolerate deflection is ٱ
 Lateral pile capacity. The method used is _____________________ and ٱ

the safety factor is _______________. 

10. Do you consider downdrag force in design? 
 .No ٱ
 ____________________________ ?Yes. Which method do you use ٱ

11. Do you take into account the construction method in design? 
 .No ٱ
 ____________________________ ?Yes. If yes, please indicate how ٱ

11. What is the estimated risk or failure probability of the group foundation 
design based on the safety factor you used? 
 Less that 0.1% ٱ
 Between 0.1 to 1% ٱ
 Between 1 to 10% ٱ
 More than 10% ٱ
 Unknown ٱ

What is your assessment for the acceptable maximum failure probability? _____% 

12. Have you ever had a pile design that ended in failure? 
 .No ٱ
 Yes. If yes, please provide some information as to what happened and ٱ

why. 

Construction Considerations 

1. Do you perform static pile load test during construction? 
 .No ٱ
 ?Yes. What criteria are used to justify the test ٱ

__________________________________________________________ 
______________________________________________ 

What kind of test do you perform? (e.g. slow maintained to twice the design 
load)_____________________________________________ 
_______________________________________________________ 
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2. Do you perform dynamic pile load test during construction? 
 .No ٱ
 Yes. What are the criteria to justify the test? What percentage (%) of ٱ

piles per bridge is usually subjected to dynamic load testing? 
_____________________________________________________________ 

3. What type of instrument is used for the dynamic load testing? 
 PDA by GRL ٱ
 ______________________ Others ٱ

4. Which driving condition do you use to set production pile length and driving 
criteria? 
 End of initial driving ٱ
 Beginning of redriving ٱ
 ____________________________________ Others ٱ

5. Do you consider pile freeze or relaxation effects in determining driving 
criteria? 
 .No ٱ
 ?Yes. How do you consider this during design ٱ
_____________________________________________________________ 
_____________________________________________________ 
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DRILLED SHAFTS 

Design Considerations 

1. What are design methods and/or computer programs do you use for drilled 
shaft design? 
 ,α - Method (Total Stress Approach) (Reese and O'Neill, 1998; Kulhawy ٱ

1989) 
 β - Methods (Effective Stress Approach) (Reese and O'Neill, 1988) ٱ
 Reese and Wright (1977) Approach for side friction in cohesionless ٱ

soils. 
 FHWA (O'Neill, 1996) Approach for intermediate geomaterials (soft ٱ

rock) 
 Carter and Kulhawy (1988) Approach for intermediate geomaterials ٱ

(soft rock) 
 ________________________________________________ Others ٱ

If computer programs are used in design, are they developed by? 
 In-House ٱ
 FHWA ٱ
 Commercial ٱ
Others ___________________________________________ 

2. What are the primary parameters used in your drilled shaft design and/or 
computer program? 
 SPT-N Value ٱ
 CPT Data ٱ
 Pressuremeter Data ٱ
 Dilatometer Data ٱ
 Friction Angle (ø) and Cohesion (c) ٱ
 __________________________________ Others ٱ

3. If friction angle (ø) and cohesion (c) or rock shear strength are used in 
design, how the design parameters are determined? 
 Laboratory testing ٱ

Type of test: _________________________________________ 
 Correlation from in-situ testing ٱ

Type of test: _________________________________________ 

4. Do you consider the roughness of the borehole wall in rock socket design? 
 .No ٱ
 Yes. How do you determine the roughness, by ٱ

 Assumption ٱ
 ?Field measurement ٱ
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5. Which methodology are you currently using for geotechnical and structural 
design? 
 Allowable Stress Design (ASD) ٱ
 AASHTO Load Factor Design (LFD) ٱ
 AASHTO Load and Resistance Factors Design (LRFD) ٱ
 ____________________________ Others ٱ

6. Do you apply partial safety factor on side friction and end bearing to 
determine allowable capacity in ASD? 
 __________ = .No. Using global F.S ٱ
 Yes. F.S. =______ for Side Friction, F.S. = ______ for End Bearing ٱ

7. Do you consider shaft settlement in design process? 
 .No ٱ
 _______________ Yes. Tolerant Settlement is ٱ

8. What are the lateral geotechnical/structural design methods and/or computer 
programs you use for driven pile design? 
 Simplified methods (e.g., Broms, 1964) ٱ
 p-y curve methods ٱ
 __________________________________________________ Others ٱ

If computer programs are used in design, are they developed by? 
 In-House ٱ
 FHWA ٱ
 Commercial ٱ
 _____________________________________________ Others ٱ

9. What are the controlling factors when designing drilled shafts subjected to 
lateral load? 
 .____________ Lateral deflection. The tolerate deflection is ٱ
 Lateral pile capacity. The method used is __________________ and the ٱ

safety factor is _________________. 

10. Do you consider downdrag force in design? 
 .No ٱ
 ______________________________ :Yes. Which method do you use ٱ

11. Do you take into account the construction method in design? 
 .Yes ٱ
 .No ٱ
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12. What is the estimated risk or failure probability of the foundation design 
based on the safety factor you used? 
 Less that 0.1% ٱ
 Between 0.1 to 1% ٱ
 Between 1 to 10% ٱ
 More than 10% ٱ
 Unknown ٱ
What is the acceptable maximum failure probability to you? ______% 

Construction Considerations 

1. Do you perform a static pile load test during construction? 
 .No ٱ
 ?Yes. What are the criteria to justify the test ٱ
_____________________________________________________________ 

2. What type of load test is used? 
 Conventional static load test. If yes, what type? (slow maintained, short ٱ

duration etc.) 
 Osterberg Load Cell Test ٱ
 Statnamic Load Test ٱ
 ______________________ Dynamic Load test; Type of Test ٱ
 _________________________________________ Others ٱ

3. What is the method of excavation usually used in drilled shaft installation? 
 Dry methods ٱ
 Wet methods ٱ
 Casing methods (__ Temporary or __ Permanent) ٱ
 ____________________________ .Others ٱ

4. If drilled slurry is used during construction, what type of material and 
criteria are used? 
 Mineral Slurry of Processed Attapulgite ٱ
 Mineral Slurry of Bentonite Clays ٱ
 Synthetic Polymers ٱ
 __________________________ .Others ٱ

5. What is the requirement of the shaft cleanliness? 
_____________________________________________________________ 
______________________________________________________ 

6. Do you use any type of shaft inspection device to inspect the bottom of the 
shaft? 
 .No ٱ
 _________________________________ Yes. Type of Equipment ٱ
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7. Do you use integrity testing for drilled shafts quality control? 
 No ٱ
 :Yes. If yes, please specify type of tests and frequency of testing ٱ

 Surface Reflection (Pulse Echo ٱ Cross Sonic Logging (CSL) ٱ
Method) 

 _____________________ Others ٱ
What percentage of caissons is tested? _____ 

Winword/Ongoing Research/NCHRP LRFD/Databases/Survey/Modified Survey Final.doc 
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2.2 Summary - Design and Construction Practices 

2.2.1 General 
Section 2.1 presented the questionnaire that was developed and distributed. A table 
summarizing the responding states as of 9/30/99 was also included. 
A total of 45 surveys were returned and analyzed (43 states and 2 FHWA 
personnel). The analysis of the survey is presented below. 

2.2.2 FOUNDATION ALTERNATIVES 
14% of Responders primarily used shallow foundations, 75% used driven pile 
foundations, and 11% used drilled shaft foundations. Of those responding, 64% 
prefer driven pile foundations, as compared to 5% preferring drilled shaft 
foundations. Of those responders using driven piles, 21% primarily used prestressed 
concrete pile, 52% used steel H piles, 2% used open-ended steel pipe piles, and 25% 
used closed-end steel pipe piles. 

2.2.3 DRIVEN PILES - Design Considerations 
1. The most common methods for evaluating the static axial capacity of driven 

piles were: 59% for the α - method (Tomlinson, 1987), 25% for the β - 
method (Esrig & Kirby, 1979), 5% for the γ - method (Vijayvergiya and 
Focht, 1972), 75% for Nordlund's method (Nordlund, 1963), 5% for 
Nottingham and Schmertmann's method for CPT (1975), 9% for 
Schmertmann's method for SPT (Sharp, 1987), 14% for Meyerhof's method 
(1976) modified by Zeitlen and Paikowsky (1982), and 25% for in-house 
methods and other less common methods. Of the computer programs used in 
design, 39% were developed in-house, 75% came from the FHWA and 20% 
from commercial vendors. 

2. The most common dynamic geotechnical methods used in pile driving 
included: 45% using the ENR formula, 16% using Gates's equation with 
safety factors ranging from 2.0 to 3.5, and one (1) State using it's own 
dynamic formula. Wave Equation Analysis using the program GRLWEAP 
was used by 80% of the respondents. 

3. Of the primary parameters used in design, 86% used SPT-N values, 11% 
used CPT data, 2% used Dilatometer data, and 77% used friction angle (ø) 
and cohesion (c). None of the respondents reported the use of Pressuremeter 
data. 

4. The friction angle (ø) and cohesion (c) determined from laboratory testing 
were from Triaxial test, Direct shear test and Unconfined compression test. 
The In-situ tests primarily were the SPT, and less than 10% states use CPT, 
DMT, Vane shear test, or others. 

5. The majority (more than 50%) of States used Tomlinson's method to assess 
the side friction coefficient in cohesive soil (CA - adhesion), and Nordland's 
method in cohesionless soil (δ - interfacial friction angle 

6. For the methodology currently used for geotechnical and structural design, 
93% used Allowable Stress Design (ASD), 37% used AASHTO Load 
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Factor Design (LFD), and 30% used AASHTO Load and Resistance Factors 
Design (LRFD). 

7. For those respondents using the allowable stress design (ASD) to evaluate 
capacity, 95% used a global safety factor ranging from 2.0 to 3.0 depending 
on construction control, 5% used partial safety factors with 1.5 to 2.0 for 
Side Friction and 3.0 for End Bearing. 

8. 48% considered pile settlement in the design with tolerable settlement 
ranging from 0.25-1.0 inches. 

9. 34% used simplified methods (e.g., Broms, 1964) in the lateral pile design 
methods and/or computer programs, and 88% used methods based on p-y 
curves. 

Of the computer programs used in design, 14% were In-House, 82% were from the 
FHWA and 55% came from Commercial vendors. 

10. In designing piles subjected to lateral load, the tolerable deflection was most 
often taken to lie between 0.25 to 2.0", and the lateral pile capacity safety 
factors ranged from 1.5 to 3.0. 

11. 25% of the respondents did not consider downdrag forces in design. 
12. 48% did not take into account the construction method in design. 
13. The estimated risk or failure probability of the group foundation design 

based on the safety factor used: 27% were less than 0.1%, 4% were between 
0.1 to 1%, one percent (1%) of the responses were between 1% to 10%, and 
67% were unknown. The assessment for the acceptable maximum failure 
probability ranged from about zero (0) to 1%. 

14. 14% of respondents had experienced pile failure. 

2.2.4 DRIVEN PILES - Construction Considerations 
1. 77% performed static pile load test during construction, and the primary test 

method was the Quick Method. 
2. 84% performed dynamic pile load test during construction, and about 1% to 

10% of piles per bridge were usually subjected to dynamic load testing. 
3. All of respondents performing dynamic load testing (86% of responses) 

used the PDA by GRL. 
4. When setting production pile length and driving criteria, 82% used the End 

of Initial Driving conditions, and 52% used the Beginning of Redriving 
conditions. 

5. 36% did not consider pile freeze or relaxation effects in determining driving 
criteria. 

2.2.5 DRILLED SHAFTS - Design Considerations 
1. Of the design methods used in drilled shaft design, 36% used the α - Method 

(Total Stress Approach) (Reese and O'Neill, 1998; Kulhawy, 1989), 41% 
used the β - Method (Effective Stress Approach) (Reese and O'Neill, 1988), 
9% used the Reese and Wright (1977) approach for side friction in 
cohesionless soils, 39% used the FHWA (O'Neill, 1996) approach for 
intermediate geomaterials (soft rock), 11% used Carter and 
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Kulhawy's (1988) approach for intermediate geomaterials (soft rock), and 
27% used other methods. 
Of the computer programs used in design, 18% were developed In-House, 
50% came from the FHWA, 29% from Commercial vendors, and 20% from 
others. 

2. Of the primary parameters used in drilled shaft design, 70% were SPT-N values, 
7% were from the CPT test, 2% were Pressuremeter Data, 2% were Dilatometer 
Data, and 68% were Friction Angle (ø) and Cohesion (c). 27% were obtained by 
other methods. 

3. The friction angle (ø) and cohesion (c) or rock shear strength determined 
from Laboratory Testing were from the Triaxial test, Direct shear test and 
Unconfined compression test. The in-situ tests used were primarily the SPT, 
with less than 10% of States using the CPT, DMT, Vane Shear test, or 
others. 

4.  Of the 16% considering the roughness of the bore hole wall in rock socket 
design, all did so by assumption. 

5. For the methodology currently used for geotechnical and structural design of 
drilled shafts, 86% used Allowable Stress Design (ASD), 32% used 
AASHTO Load Factor Design (LFD), and 25% used AASHTO Load and 
Resistance Factors Design (LRFD). 

6. In the allowable capacity ASD methodology, 90% used global safety factors 
ranging from 2.0 to 3.0 depending on construction control, 10% used partial 
safety factors with 1.5 to 3.0 for side friction and 2.0 to 3.0 for end bearing. 

7. 61% considered shaft settlement in the design process, with tolerable 
settlements ranging from 0.25 inches to 2.0 inches. 

8. 27% used Simplified (e.g., Broms, 1964) lateral drilled shaft design methods 
and/or computer programs, and 82% used methods based on p-y curves. 

9. In designing drilled shaft subjected to lateral load, the tolerate deflection 
ranging from 0.25 to 2.0", and the safety factor of lateral pile capacity 
ranging from 1.5 to 3.0. 

10. 45% of respondents did not consider downdrag force in design. 
11. 30% of respondents did not take into account the construction method in 

design. 
12. Of the estimated risk or failure probability of group foundation designs 

based on the safety factor used, 20% were less than 0.1%, 7% were between 
0.1 to 1%, 2% were between 1 to 10%, and 71% were unknown. The 
assessment for the acceptable maximum failure probability was from about 
zero (0) to 5%. 

2.2.6 DRILLED SHAFTS - Construction Considerations 
1. 66% performed static load testing during construction. 
2. The type of load test used included 32% that used conventional static load 

testing, 43% used an Osterberg Load Cell, 11% used the Statnamic Load 
Test, and 7% used Dynamic Load testing. 
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3. The method of excavation usually used in drilled shaft installation by 
respondents included 64% using Dry methods, 52% using Wet methods, and 
86% using Casing methods. 

4. For the drilling slurry used during construction, 25% used a Mineral Slurry 
of Processed Attapulgite, 52% used a Mineral Slurry of Bentonite Clays, 
and 36% used Synthetic Polymer slurries. 

5. A majority of the States responding used AASHTO Specifications for shaft 
cleanliness, which requires more than 50% of base to have less than 0.5 
inches of sediment, and the maximum sediment thickness to be less than 1.5 
inches. 

6. 54% performed inspection of the shaft bottom, in which only one State has 
specific inspection device. The rest performed inspection by using manual 
probes or an underwater camera and camcorder. 

7. 16% did not perform integrity testing for drilled shaft quality control, 64% 
used Cross Sonic Logging (CSL), 7% used Surface Reflection (Pulse Echo 
Method), and 7% Gamma Ray or NX coring. 
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