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I.  PROBLEM NUMBER 

ST-09-03 
 
 
II.  PROBLEM TITLE 
Calibration of LRFD Resistance Factor for the Wave Equation Analysis of Pile Driving 

Program 
 
 
III.  RESEARCH PROBLEM STATEMENT 
 
Many Oregon bridges are supported by groups of steel and concrete piles driven deep into the underlying soils.  The 
load bearing capacity of a pile depends on a complex interaction involving pile dimensions, pile structural capacity, 
the surrounding soil properties, time to loading and the depth of the pile.   
 
The Wave Equation Analysis of Pile Driving program (WEAP) is a common computer algorithm used to estimate pile 
load bearing capacity while the pile is being driven.  ODOT has used the WEAP program very successfully for pile 
driving operations over the last fifteen years in conjunction with the Allowable Design Stress (ASD) design method.  
Starting in 2007, the FHWA required states to use a new design method on structures called Load and Resistance 
Factor Design (LRFD).  The LRFD design method, as described in AASHTO, has default resistance factors that are 
applied to the load bearing values generated by the WEAP program.  It is known that by using the AASHTO LRFD 
default resistance factors with WEAP results in significantly more conservative pile designs than those prior to 
LRFD.  In essence, the new design code forces ODOT to build foundations beyond the high level of safety achieved 
with the previous design method. This will result in much more expensive foundation costs for bridge construction.   
 
The new AASHTO LRFD code allows recalibration of the resistance factors to account for standard of practice, site 
specific soil and pile conditions, and local judgment of transportation jurisdictions.  The TRB Circular “Calibration 
to Determine Load and Resistance Factors for Geotechnical and Structural Design” documents the procedure for 
conducting the recalibration that assures the level of safety intended by LRFD.  A preliminary study funded by ODOT 
and OTREC determined that most of the data needed to perform the recalibration are already available.   
 
IV.  RESEARCH OBJECTIVES 
 
The objective of the research is to recalibrate the LRFD resistance factor for use with the WEAP program. 
 
V.  WORK TASKS, COST ESTIMATE AND DURATION 
 
Task 1:  Background Research  
Conduct a review of the current procedures for calibrating LRFD resistance factors and adapt them to this study. 
Develop the calibration procedure and documentation process needed for ODOT and AASHTO approval of the 
results.  Any current or proposed research efforts of other states to develop customized WEAP resistance factors will 
be documented and reviewed. 
Cost: $25,000 
 
 
Task 2:  Consolidate Pile Load Test Information and Prepare Data 
The preliminary ODOT/OTREC effort obtained two national pile load test databases. Additional pile load test 



information appears to be available and will be obtained if possible. These databases will be consolidated into a 
single database for use in the recalibration effort (Task 3). Redundant records will be eliminated and the combined 
database will be sorted and records selected for calibration based on criteria established by the TAC. Criteria for 
defining specific data fields will be established. Anomalies in the data and missing data will be identified and 
resolved if possible. If necessary, additional pile driving data will be generated to fill in gaps in the database.   
Cost: $80,000 
 
Task 3:  Establish LRFD Resistance Factor 
Following the protocol defined in Task 1, a statistical analysis will be conducted on the data from Task 2 to establish 
the resistance factor for the WEAP program. Static pile bearing capacity analysis will be performed on a dataset 
expected to be in excess of 100 case histories to develop site specific soils data for input into the wave equation 
analysis. 
Cost: $100,000  
 
Task 4:  Final Report and Implementation 
The research effort will be described in a final report.  The report will include a detailed description of the 
procedures used to calculate the WEAP resistance factor for future reference. 
Cost: $35,000 
 
ODOT support and project management:  $10,000 
 
 
Total project cost: $250,000  Duration:  2 years 
 
VI.  IMPLEMENTATION 
 
It is anticipated that ODOT foundation engineers and FHWA personnel responsible for authorizing new LRFD factors 
will be on the technical advisory committee to provide technical oversight of the research.  Therefore, the recalibrated 
LRFD resistance factor for WEAP that results from the research will be readily approved by FHWA and will be 
quickly available for use in new bridge designs in Oregon.  The results of this research study would be submitted to 
AASHTO for adoption into the national code. 
 
VII. POTENTIAL BENEFITS 
 
A comparison conducted under the preliminary study showed that the number of piles could double on some bridge 
projects when strictly following the new AASHTO LRFD code requirements (as compared to earlier designs using 
ASD procedures).  It is believed that this research will result in a much less conservative resistance factor for the 
WEAP method than what is currently provided in AASHTO but still maintain the level of safety required by the LRFD 
code. As Oregon continues replacing many of its highway bridges, employing more accurate, less conservative 
resistance factors will reduce bridge construction costs significantly.  These benefits could be extended to other states, 
counties and governmental agencies that use the wave equation method to determine pile bearing capacity.   
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