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LRFD Implementation ExperienceLRFD Implementation ExperienceLRFD Implementation ExperienceLRFD Implementation Experience

Teaching NHI’s LRFD course on Teaching NHI’s LRFD course on 
Substructures nationwideSubstructures nationwideSubstructures nationwideSubstructures nationwide

Contractor for developing andContractor for developing andContractor for developing and Contractor for developing and 
implementing the LRFD action plan for implementing the LRFD action plan for 
Arizona DOT since 2005Arizona DOT since 2005Arizona DOT since 2005Arizona DOT since 2005



Common ObservationsCommon ObservationsCommon ObservationsCommon Observations

Why change to LRFD?Why change to LRFD?
Fear confusion and misinformationFear confusion and misinformationFear, confusion and misinformationFear, confusion and misinformation

Apply “patches” to mask SLD approach as Apply “patches” to mask SLD approach as 
LRFD by using pseudo load andLRFD by using pseudo load andLRFD by using pseudo load and LRFD by using pseudo load and 
resistance factorsresistance factors
D f ti ? Wh t i th t?D f ti ? Wh t i th t?Deformations? What is that?Deformations? What is that?
Structural and geotechnical specialists do Structural and geotechnical specialists do 
not communicate wellnot communicate well



Ten Steps for ImplementationTen Steps for ImplementationTen Steps for ImplementationTen Steps for Implementation
1 102 3 4 5 6 7 8 9

Steps followed by an exampleSteps followed by an example
Assumption that AASHTO (2007) is goingAssumption that AASHTO (2007) is goingAssumption that AASHTO (2007) is going Assumption that AASHTO (2007) is going 
to be adoptedto be adopted
There is a difference between adoptingThere is a difference between adoptingThere is a difference between adopting There is a difference between adopting 
AASHTO (2007) and adopting LRFD AASHTO (2007) and adopting LRFD 
principlesprinciplesprinciplesprinciples



Assemble a TeamAssemble a TeamAssemble a TeamAssemble a Team
1

Geotechnical and Bridge GroupGeotechnical and Bridge Group
Initiative from the geotechnical groupInitiative from the geotechnical groupInitiative from the geotechnical groupInitiative from the geotechnical group

Local peer reviewer(s)Local peer reviewer(s)
E t l i ( )E t l i ( )External peer reviewer(s)External peer reviewer(s)
Beware of selfBeware of self--proclaimed LRFD expertsproclaimed LRFD experts

Structural Geotechnical 
Specialist Specialist



Identify EndIdentify End--ProductProductIdentify EndIdentify End ProductProduct
1 2

Several forms of endSeveral forms of end--productproduct
Examples: Design guidelines policy memosExamples: Design guidelines policy memosExamples: Design guidelines, policy memosExamples: Design guidelines, policy memos

Identify topicsIdentify topics
Shallow foundationsShallow foundationsShallow foundationsShallow foundations
Deep foundationsDeep foundations

Drilled shafts Driven pilesDrilled shafts Driven pilesDrilled shafts, Driven pilesDrilled shafts, Driven piles
Retaining wallsRetaining walls
OthersOthersOthersOthers



Perform Parametric StudiesPerform Parametric StudiesPerform Parametric StudiesPerform Parametric Studies
1 2 3

Break down problem at the most basic Break down problem at the most basic 
level to identify potential conflicts/issueslevel to identify potential conflicts/issueslevel to identify potential conflicts/issueslevel to identify potential conflicts/issues

qqss = = β β σσvv

Perform sensitivity analysisPerform sensitivity analysisPerform sensitivity analysisPerform sensitivity analysis
Do not perform “singleDo not perform “single--point” analysispoint” analysis
Plot graphs and evaluate trendsPlot graphs and evaluate trends
Be careful with spreadsheets/programsBe careful with spreadsheets/programse ca e u t sp eads eets/p og a se ca e u t sp eads eets/p og a s

Perform verification hand calculationsPerform verification hand calculations



Identify Effects on Local PracticeIdentify Effects on Local PracticeIdentify Effects on Local PracticeIdentify Effects on Local Practice
1 2 3 4

Evaluate results of parametric studies with Evaluate results of parametric studies with 
respect to local successful past practicerespect to local successful past practicerespect to local successful past practicerespect to local successful past practice

Compare local practice with newer LRFD Compare local practice with newer LRFD 
frameworkframework
Evaluate effect on costsEvaluate effect on costs

ADOT ExamplesADOT ExamplesADOT ExamplesADOT Examples
Modify shallow foundation settlement analysisModify shallow foundation settlement analysis
Modify definition of IGM for drilled shaftsModify definition of IGM for drilled shaftsModify definition of IGM for drilled shaftsModify definition of IGM for drilled shafts
Modify loadModify load--transfer curves for gravelly soilstransfer curves for gravelly soils



Consult Local Peer ReviewersConsult Local Peer ReviewersConsult Local Peer ReviewersConsult Local Peer Reviewers
1 2 3 4 5

Confirm the proposed modificationsConfirm the proposed modifications
Document decisionsDocument decisionsDocument decisionsDocument decisions

Find supporting dataFind supporting data
ADOT E lADOT E lADOT ExamplesADOT Examples

Past successful practice for spread footingsPast successful practice for spread footings
Utah DOT database on gravelly soilsUtah DOT database on gravelly soils
Past successful practice for shafts  Past successful practice for shafts  



Perform CalibrationsPerform CalibrationsPerform CalibrationsPerform Calibrations
1 2 3 4 5 6

Always use judgment and experience to Always use judgment and experience to 
evaluate calibration resultsevaluate calibration resultsevaluate calibration resultsevaluate calibration results
Use reliability theory if appropriate Use reliability theory if appropriate 
statistical data is availablestatistical data is availablestatistical data is availablestatistical data is available
ADOT ExamplesADOT Examples

D t i i t f t f idD t i i t f t f idDetermine resistance factors for side Determine resistance factors for side 
resistance of drilled shafts in gravelly soilsresistance of drilled shafts in gravelly soils
U i t f t f d i AASHTOU i t f t f d i AASHTOUse resistance factors for sands in AASHTO Use resistance factors for sands in AASHTO 
as interim (conservative) guidanceas interim (conservative) guidance



Initiate Training ProgramsInitiate Training ProgramsInitiate Training ProgramsInitiate Training Programs
1 2 3 4 5 6 7

Get the word out to practicing engineersGet the word out to practicing engineers
Start training and outreach programsStart training and outreach programsStart training and outreach programsStart training and outreach programs
ADOT ExamplesADOT Examples

F 3F 3 d NHI ld NHI lFour 3Four 3--day NHI classesday NHI classes
Two ASCE AZ section presentationsTwo ASCE AZ section presentations
2007 “Roads and Streets” Conference2007 “Roads and Streets” Conference
Train DOT and consultant engineersTrain DOT and consultant engineers



Prepare Policy MemorandaPrepare Policy MemorandaPrepare Policy MemorandaPrepare Policy Memoranda
1 2 3 4 5 6 7 8

Guidance style Guidance style NOTNOT cryptic code stylecryptic code style
Clearly identify deviations from AASHTOClearly identify deviations from AASHTOClearly identify deviations from AASHTOClearly identify deviations from AASHTO
Provide examples using representative Provide examples using representative 
soil conditions bridge configuration/loadssoil conditions bridge configuration/loadssoil conditions, bridge configuration/loadssoil conditions, bridge configuration/loads
Consider other effects, e.g., scourConsider other effects, e.g., scour
ADOT Examples ADOT Examples ---- Prepared 3 memosPrepared 3 memos
Structural GeotechnicalStructural 
Specialist

Geotechnical 
Specialist



External and Local Peer ReviewsExternal and Local Peer ReviewsExternal and Local Peer ReviewsExternal and Local Peer Reviews
1 2 3 4 5 6 7 8 9

Request a credible external peer review Request a credible external peer review 
for the policy memorandafor the policy memorandafor the policy memorandafor the policy memoranda
Don’t wait till the end to get an external Don’t wait till the end to get an external 
reviewreview –– do it along the waydo it along the wayreview review –– do it along the waydo it along the way
Reconvene local peer reviewers Reconvene local peer reviewers 

OOADOT ExampleADOT Example
External Reviewer External Reviewer –– Jerry DiMaggio/FHWAJerry DiMaggio/FHWA



Release / Update MemosRelease / Update MemosRelease / Update MemosRelease / Update Memos
1 102 3 4 5 6 7 8 9

Final discussion between State Bridge Final discussion between State Bridge 
Engineer and Geotechnical EngineerEngineer and Geotechnical EngineerEngineer and Geotechnical EngineerEngineer and Geotechnical Engineer
Release memosRelease memos
Update memos as necessaryUpdate memos as necessaryUpdate memos as necessaryUpdate memos as necessary

New AASHTO Editions, Comments, Errors, New AASHTO Editions, Comments, Errors, 
Clarifications Additional Data etcClarifications Additional Data etcClarifications, Additional Data, etc. Clarifications, Additional Data, etc. 

Recommended best practice regardless of Recommended best practice regardless of 
LRFD ASDLRFD ASDLRFD or ASDLRFD or ASD



Example Policy Example Policy 
M dM dMemorandumMemorandum



Example Example 
PolicyPolicyPolicy Policy 

MemorandumMemorandum

Reason for memo, Reason for memo, 
which section of which section of 
AASHTO is being AASHTO is being 
modified, etc.modified, etc.



Example Example 
PolicyPolicyPolicy Policy 

MemorandumMemorandum



Example Example 
PolicyPolicyPolicy Policy 

MemorandumMemorandum

R f l iR f l iRange of analysis Range of analysis 
instead of “singleinstead of “single--

i t” l ii t” l ipoint” analysispoint” analysis



Example Example 
PolicyPolicyPolicy Policy 

MemorandumMemorandum



Example Example 
PolicyPolicyPolicy Policy 

MemorandumMemorandum

Don’t be crypticDon’t be crypticDon t be cryptic Don t be cryptic 
Provide discussions Provide discussions 
Explain reasonsExplain reasonsExplain reasons Explain reasons 
Include equations Include equations 
as necessaryas necessaryas necessaryas necessary



Example Example 
PolicyPolicyPolicy Policy 

MemorandumMemorandum



Example Example 
PolicyPolicyPolicy Policy 

MemorandumMemorandum



Example Example 
PolicyPolicyPolicy Policy 

MemorandumMemorandum

ProvideProvideProvide Provide 
information for an information for an 
actual designactual designactual designactual design



Example Example 
PolicyPolicyPolicy Policy 

MemorandumMemorandum

Provide guidanceProvide guidanceProvide guidance Provide guidance 
for evaluation of for evaluation of 
deformationsdeformationsdeformationsdeformations



Formula for SuccessFormula for SuccessFormula for SuccessFormula for Success
LRFD

Must Perform Deformation Analysisy

St t l G t h i lStructural 
Specialist

Geotechnical 
Specialistp p

SUCCESS
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