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Backgroundg

1992 – First looked at LRFD
1993 C t d E li h t M t i1993 – Converted English to Metric
1994 – AASHTO LRFD Specification
1995 (F b ) FHWA LRFD T i i1995 (February) – FHWA LRFD Training
1995 (October) – Draft Implementation Plan
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Draft Implementation Timelinep

Oct 1995  – Implementation Preparation
July 1997 –Training
July 1998 – Implementation
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Implementation Preparationp p

Document Conversion
Software modificationSoftware modification
Calibration of geotechnical 

i t f t f Fl idresistance factors for Florida 
foundations  
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Implementation Preparationp p

Document Conversion - All theDocument Conversion All the 
documents for structural design were 
converted to LRFDconverted to LRFD

Structures Design Guidelines
SpecificationsSpecifications
Soils and Foundation Handbook
CADD and etcCADD, and etc..
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Implementation Preparationp p

Software Modification 
In-house

FL-Pier (FB-PIER)
SPT94/SPT97 (FB-DEEP)

Commercial 
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Implementation Preparationp p

Calibration of Geotechnical Resistance 
factors for Florida Foundationsfactors for Florida Foundations 

Why did we have to do the calibration?
How did we do the calibration?How did we do the calibration?

.

January 13, 2008
Implementation Status of Geotechnical 

LRFD in the State DOT Workshop



Reasons

1. AASHTO Resistance Factors were 
calibrated:calibrated:

For commonly used design methods;
F l l i f tiFor general geologic formations.
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Reasons

1. AASHTO Resistance Factors were calibrated:
For commonly use design methods;y g ;
For general geologic formations.

2. Florida has its unique geological formation;2. Florida has its unique geological formation;
Soft Vuggy limestone
Ball bearing sandsBall bearing sands
High groundwater table
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Reasons

1 AASHTO Resistance Factors were calibrated:1. AASHTO Resistance Factors were calibrated:
For commonly use design methods;
F l l i f tiFor general geologic formations.

2. Florida has its unique geological formation;
3 M th d f l th t FDOT d t3. Methods of analyses that FDOT used were not 

included in the AASHTO LRFD specifications;
Pile Design SPT94/SPT97 or FBDeep;Pile Design - SPT94/SPT97 or FBDeep;
Drilled Shaft Design – FHWA or O'Neil Method for           

sand and clay, McVay’s Method for rock socket side 
h
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Reasons
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Reasons

1. AASHTO Resistance Factors were calibrated:
For commonly use design methods;
For general geologic formationsFor general geologic formations.

2. Florida has its unique geological formation;
3. Methods of analyses that FDOT used are not3. Methods of analyses that FDOT used are not 

included in the AASHTO LRFD specifications;
4. Adopting the AASHTO LRFD specifications 

without considering Items 2 & 3 would be eitherwithout considering Items 2 & 3 would be either 
overly or under conservative.
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Reasons

Realistic Resistance Factors should beRealistic Resistance Factors should be 
calibrated for the combination of

Foundation Type
Soil Type / local geological conditionSoil Type / local geological condition
Method of field exploration and         
laboratory testing
Design Methodology
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How did we do the calibration?

1 Estimate the resistance factors in ASD design1. Estimate the resistance factors in ASD design 
methods by fitting with the factors of safety to 
avoid drastic deviation from the past safe andavoid drastic deviation from the past safe and 
satisfactory practices as follows;

)( LDnLD
n QQFSRQQ
FS
R

+≥→+≥ASD

n

LLDD
LLDDn R

QQQQR γγφγγφ +
≥→+≥LRFD
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How did we do the calibration?
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How did we do the calibration?

2. Observe the resistance factor versus2. Observe the resistance factor versus 
safety factors with different bridge span 
lengths, dead/live load ratios, type of 
foundations and design methods.

.
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How did we do the calibration?
Resistance Factor, φ QD/QL 

FS=1.5 FS=2.0 FS=2.5 FS=3.0 
1 1.00 0.75 0.60 0.50 

2 0.94 0.71 0.57 0.47 

3 0.92 0.69 0.55 0.46

4 0.90 0.68 0.54 0.45 

5 0.89 0.67 0.53 0.44 

6 0.88 0.66 0.53 0.44

7 0.88 0.66 0.53 0.44 

8 0.87 0.65 0.52 0.44
.

9 0.87 0.65 0.52 0.43 

Median 0.94 0.70 0.56 0.47 
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How did we do the calibration?

Calibration using Reliability Theory
FOSM Method
FDOT Deep Foundation Databasep

For Piles and Drilled Shafts

.
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How did we do the calibration?

Consider both loads, Q, and resistance, R, are 
random variables and Q < R. The probability of 
failure is;failure is;

( ) [( ) 0]P P R Q P R Q< <( ) [( ) 0]fP P R Q P R Q= < = − <
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Calibration using Reliability Theory

Assume R and Q are log-normal distribution then;

⎡ ⎤_ _
2 2

2 2

ln( / ) (1 ) /(1 )
[ln( / ) 0)] 1

ln[(1 )(1 )]
Q R

f

R Q

R Q V V
P P R Q f

V V

⎡ ⎤+ +⎢ ⎥= < = − ⎢ ⎥+ +⎢ ⎥⎣ ⎦
_
R = mean resistance values _

[( )( )]R Q⎢ ⎥⎣ ⎦

Q = mean load values
VR , VQ = coefficients of variation of R and Q
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Calibration using Reliability Theoryg y y

R li bilit I dReliability Index

)1/()1()/ln( 22
__

RQ VVQR ++
β

])1)(1ln[( 22
QR

RQ

VV ++
=β
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Calibration using Reliability Theoryg y y
 

Reliability Probability Probability ReliabilityReliability  
Index 
        β 

Probability 
of Failure 
      Pf 

2 0 1 00E 01

Probability 
of Failure 

Pf 

Reliability
Index 
β 

1 0E 01 1 962.0 1.00E-01
2.5 0.99E-02 
3 0 1 15E-03

1.0E-01 1.96
1.0E-02 2.50 
1 0E-03 3 033.0 1.15E 03

3.5 1.34E-04 
4.0 1.56E-05

1.0E-03 3.03
1.0E-04 3.57 
1.0E-05 4.10

4.5 1.82E-06 
 

 

1.0E-06 4.64 
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Calibration using Reliability Theoryg y y

Select Target Reliability Index, βT

for calibration of the resistance factor.    

2 2 2( / ) (1 ) /(1 )R D D L L QD QL RQ Q V V Vλ γ γ
φ

+ + + +
=

2 2 2( / ) exp[ ln[(1 )(1 )]QD D L QL T R QD QLQ Q V V V
φ

λ λ β+ + + +
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Deep Foundations Calibrationsp

Driven PilesDriven Piles
SPT-94 – FDOT Pile Design Software
Dynamic Load Testing using PDADynamic Load Testing using PDA
Static Load Testing
Osterberg Cell Load TestOsterberg Cell Load Test
Statnamic Load Test

January 13, 2008
Implementation Status of Geotechnical 

LRFD in the State DOT Workshop



Resistance Factors for Driven Piles
 
 

ASD  
Design

 
Method S β

Target 
Reliability

Resistance 

φDesign Method FS β Reliability 
Index, βT Factor, φ

SPT94 2.0 2.45-
2.57 

     2.5 0.65 

PDA(EOD) 2 5 3 04 2 5 0 65

 
 

PDA(EOD) 2.5 3.04-
3.14 

2.5 0.65

WEAP 3.0 2.28-
3.11 

2.5 0.35 

 
Compression 

Static Load Test 2 0 2 5 0 75Static Load Test 2.0 - 2.5 0.75

SPT94 2.0 - - 0.55  
Uplift 

Static Load Test 2 0 - - 0 65Static Load Test 2.0 - - 0.65

Lateral Load Structure Stab. - - - - 
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Resistance Factors for Driven Piles
 
 

            Resistance  Factor, φ 
        AASHTO 

 
Design Method 

   1994 2007 
     FDOT 

SPT94 0 45 0 3 0 65
 

SPT94 0.45 0.3 0.65

PDA(EOD) 0.7 0.65 0.65 

 
 

Compression 

WEAP - 0.40 0.35

Static Load Test 0.80 0.55-0.80a 0.75 

SPT94 0.35 0.25 0.55 
 

Uplift 

Static Load Test 0.80 0.60 0.65 
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 a. for different site variability 



Deep Foundations Calibrationsp

Drilled ShaftsDrilled Shafts
Design shafts embedded in both soils and 
rocksrocks
Design shafts socketed in rock only
Static Load TestStatic Load Test
Osterberg Cell Load Test
Statnamic Load TestStatnamic Load Test
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Resistance Factors for Drilled Shafts
( B id f d i ) 

 

ASD  
Design 

 
Method FS β

Target 
Reliability 

Resistance 

Factor φ

( Bridge foundation)

FS β Index, βT
Factor, φ

Side friction 
including soil 

2.5 4.45-
4.60 

    4.0 0.60 

Side friction only 2.5 3.73-     3.5 0.65

 
 

Compression y
3.83 

 Including 1/3 end 
bearing 

2.5 3.49-
3.59 

2.5 0.55 

p
* 

(in rock) 

Load Test 2.0 - 2.5 0.75  Load Test 
(including static, 

Statnamic, & 
Osterberg) 

2.0 2.5 0.75

Same as side 2 5 - - 0 50 
Uplift 

Same as side 
friction only  

2.5  0.50

Lateral Load Structure Stab. - - - 1.0 
 

* Note : Use McVay’s side friction method for design
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Resistance Factors for Drilled Shafts
( B id f d i )

 
 

     Resistance  Factor, φ 
Design

 
Method

( Bridge foundation)

, φ
      AASHTO 

Design Method

  1994    2007     FDOT 

Side friction only 0.55-
0 65 0.60 0.65  
0.65

 Including 1/3 end 
bearing - 0.55 0.55 

 
Compression* 

(in rock) 
  Load Test 

(including static 0 55(including static, 
Statnamic, & 
Osterberg) 

0.80 0.55-
0.70b 0.75 

Uplift Same as side 
friction only - 0.40 0.50p friction only 

Lateral Load Structure Stab. - - - 
 

• * : Use McVay’s side friction  method for design 
• b: for various site variability but no greater than 0 70
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Resistance Factors for Drilled Shafts

 ( Miscellaneous Structures)
 

ASD  
Design 

 
Method FS β 

Target 
Reliability 
Index, βT

Resistance 

Factor, φ, β
Compression* Same as bridge 

foundations  
2.5 -      - 0.55 

 Same as bridge 2.5 - - 0.50
Uplift 

g
foundations  

Lateral Load Brom’s 1.5 - - 0.9 

T i FDOT St t 1 0 1 0Tosion FDOT Structures 
Office 

1.0 - - 1.0

 

* Note : Use McVay’s side friction  method for design 

January 13, 2008
Implementation Status of Geotechnical 

LRFD in the State DOT Workshop



Implementation Plan - 1995p

Documents 
SoftwareSoftware
Resistance factors calibration for Florida      
f d tifoundations
Training
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Trainingg

Training started in July 1997Training started in July 1997
Six (6) two-day training sessions in Metric 
UnitsUnits
Topics covered

LoadsLoads
Concrete Design
Steel Designg
Geotechnical Design
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LRFD Implementation - 1998

I t d d t i l t LRFD t tiIntended to implement LRFD starting 
July 1998 in Metric units
Obstacles

In March 1998: Change Metric to English
LRFD Curved Girder & Movable Bridge 
Specifications were not available
Retaining Walls (MSE & Cast-in-Place)

Design Software not available
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LRFD Implementation - 2002

Complete implementation in 2002
ExceptExcept

Steel curved girder - LFD Specification 
MSE W ll ASDMSE Walls - ASD

Design software not available
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LRFD Implementation – Fine Tuning

Calibrate the resistance factor for 
Statnamic load test - 2003
Added Non-redundant resistance factor 
for drilled shaft design - 2005g
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Resistance Factors for Drilled Shafts
20072007

 
 

 
Design 

 
Method 

Resistance 

Factor φFactor, φ
Side friction only 0.60 

 Including 1/3 end 
bearing

0.55 

 
 

Compression
*

Bridge foundation
bearing 

 
Non-Redundant 

(2005) 
0.45 

Load Test 0 75

*
(in rock) 

 Load Test 
(including static, , 

& Osterberg) 
 

0.75

Statnamic 0.70
(March 2003) 

 
Uplift 

Same as side 
friction only  

0.50 

Lateral Load Structure Stab. - 
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* Note : Use McVay’s side friction  method for design 



Resistance Factors for Driven Piles
20072007

 
 

 
Design

 
Method

Resistance 

φDesign Method
Factor, φ

SPT94 0.65  

PDA(EOD) 0.65

WEAP 0.35 

 
Compression

Static Load Test 0.75 

Statnamic 
(M h 2003)

0.70 
(March 2003)

SPT94 0.55  
Uplift 

Static Load Test 0.65 
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Implementation - 2007p

MSE Walls – 100% LRFD since July 1, 2007
FDOT providesFDOT provides 

EXCEL Spreadsheet for MSE wall external 
stability analysesstability analyses
EXCEL Spreadsheet for Cantilever Wall 
Design 
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Implementation - 2007p

These retaining walls programs 
were written with the modification 
of bearing resistance factor:

AASHTO: 
All retaining Walls    φb = 0.45 (SPT)

FDOT:
MSE Walls               φb = 0.55 
Cantilever Walls       φb = 0.50
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Recent Works on Resistance Factors

Cylinder piles –Calibrated resistance factors, φ, and  
added to FB-DEEP,
Site Variability - Using geostatistic and bootstrap 
analyses to calibrate resistance factors, φ, with the 

fconsideration of 3-D site variability, expect to have results in 
later part of 2008 or early 2009;
New Instrumentation System - Evaluating a new 

t f b dd d i t t ti f i l it isystem of embedded instrumentation for wireless monitoring 
of deep foundations, during and after construction;  
New Design Concept - Using FDOT’s new web-base 
geotechnical database in the design to increase thegeotechnical database in the design to increase the 
confidence level. Resistance factors will be re-calibrated 
when enough data is collected by using this approach.
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Summaryy

FDOT implemented LRFD starting inFDOT implemented LRFD starting in 
January 2002, 
Implemented the LRFD MSE wall designImplemented the LRFD MSE wall design 
in July 2007 ;
Fi t d lib t i tFine tune and re-calibrate resistance 
factors for any items that are deemed 

d i i knecessary and is an on-going work.
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Conclusion

AASHTO resistance factors should be used with 
caution because they may not be proper for 
every state;
A geotechnical database should be developedA geotechnical database should be developed 
by each state;
Resistance factors should be calibrated based 

l ll d l d d t b d l lon locally developed database and local 
geologic conditions as well as experience;
A standard procedure should be developed for sta da d p ocedu e s ou d be de e oped o
resistance factor calibration.

January 13, 2008
Implementation Status of Geotechnical 

LRFD in the State DOT Workshop



END

Any Questions?

January 13, 2008
Implementation Status of Geotechnical 

LRFD in the State DOT Workshop



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


