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I. LRFD Implementation-Team Plan 

Implementation committee established
members from academia, structural, 
geotechnical, rating, document publishing, 

d FHWAand FHWA
Committee created plan

D fi d i l t ti t t iDefined implementation strategies
pilot projects, substructure and 
superstructuresuperstructure
Established a plan for staff and consultant 
trainingtraining



LRFD Implementation-Team Plan

Evaluated available resources like readyEvaluated available resources like ready 
to use software
Defined needs for update of manuals p
standards and software
Established an implementation schedule, p ,
deadlines
Sought assistance from FHWA 
Communicated plan to Administration, 
FHWA and other affected entities



LRFD Implementation, Initial 
ChallengesChallenges 

1. Working through the implementation 
and phasing-out of the metric 

tsystem
2. Unavailable LRFD software tools for 

project mass productionproject mass production



LRFD Implementation, Initial 
ChallengesChallenges 

3. Most of the structural portions of LRFD 
code were defined first.  Many 

d ti f thunanswered questions from other 
sections such as Geotechnical. Initial 
LRFD Implementation includedLRFD Implementation included 
substructure methodology plan -
Service load with FS or factored loads 
(LFD th d)(LFD method)



LRFD Implementation, Initial 
ChallengesChallenges

4 Comprehending the new versus the old4. Comprehending the new versus the old 
methodology

5 Understanding the process from design5. Understanding the process from design 
to construction



LRFD Implementation

II. Phased-in the new method



II. Phased-in the new method 
LRFD EQUIVALENT FACTOR OF SAFETY

DESIGNER’S CONCERN
FACTOR OF SAFETY CAN FALL BELOW 2.0
LRFD Equivalent Factor of Safety = 
1.25DL+1.75LL)/[Ф(DL+LL)=(1.25R+1.75)/[ *(1+R)]  ) [ ( ) ( ) [ ( )]
Where R=ratio of DL/LL



II. Phased-in the new method 

Φ factor for Dynamic Analysis and Static Load Test MethodΦ factor for Dynamic Analysis and Static Load Test Method

LRFD Equivalent Factor of Safety  =  
1 2 DL 1 LL)/[Ф(DL LL) (1 25R 1 75)/[ Ф*(1 R)]1.25DL+1.75LL)/[Ф(DL+LL)=(1.25R+1.75)/[ Ф*(1+R)]  
Where R=ratio of DL/LL



II. Phased-in the new method 
Φ factor for Static Analysis Methods

LRFD Equivalent Factor of Safety= 
(1.25DL+1.75LL)/[Ф(DL+LL)=(1.25R+1.75)/[ Ф*(1+R)]  Where 
R=ratio of DL/LL



II. Phased-in the new methodII. Phased in the new method

•Typical 70’ span substructure loads yp p
ASD with FS=2, pile load=340T
LRFD with Ф=0.7, pile load= 390 TONS, p
15% more, higher substructure demand

•Long Span bridges 470’ main span
ASD with FS=2 pile load=330T
Same pile layout LRFD Ф=0.7= 260 TONS, 20% 
less



LRFD Implementation

IIIa. Experiences with local projects 
L l ditiLocal conditions …
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III- Experiences with local projects
TYPICAL PILE BENT FOUNDATION



III- Experiences with local projects
FOOTING AND PILE BENT FOUNDATIONFOOTING AND PILE BENT FOUNDATION



Data ExchangeData Exchange 
among

G t h i l E tGeotechnical Experts
Structural Designers

A d C t ti St ffAnd Construction Staff



soil input parameters-generated by Geotechnical



FB-PIER

III- Experiences with local projects



From designer, loads combinations for g ,
factored and service conditions



From geotechnical team, factor resistance 
capacity curve



Pile Data Sheet and testing requirements, contract 
III- Experiences with local projects

plans, a team effort



Pile Data Sheet
1400 m bridge, 4 test piles and 28 PDA tests,
t ik t 14 d ith l i t f llrestrikes at 14 days with capwap analysis to follow



Pile Data Sheet, test piles, PDA and CAPWAP 
analysis



III- Experiences with local projects
TYPICAL DRILLED SHAFT INSTALLATION



III- Experiences with local projects

FACTORED SHAFT LOADS, LOAD CASE NO. 444

Drilled shaft load case from designer
,

Group loading strength 5= 1(1.25DC1+1.5DW1+1.35LL10-
1.35BR1+0.4WS1+1.0WL1)

Dead
load

Live
load

Braking 
force

Wind on
struct.

Wind 
on live 
l d

totals

load
FY 853 K 263 K -32 K -47K -9 K 1028 K

FX 23 K 15 K 12K 8 K 3 K 61 KFX -23 K -15 K -12K -8 K -3 K -61 K

FZ - - 20K -7 K -3 K 10 K

MX 1’ K 5’ K 724’K -173’K -74’K 483’KMX 1 5 724 173 74 483
MZ 207’K 136’K 172’K 116’K 50’K 681’K



NORMALIZED CURVES SHOWING LOAD 
TRANSFER VS SETTLEMENTTRANSFER VS SETTLEMENT



IIIb. Testing deployed in our local 
projects



CPT

• STATIC AND DYNAMIC TESTING
• LRFD REWARDS TESTING, IMPROVES THE 

KNOWNS AND LOWERS RISKS



CPT RESISTANCE



CPT PILE CAPACITY PREDICTION



PDA AND CAPWAP ANALYSIS



LATERAL STATNAMIC TEST



OSTERBERG CELL



OSTERBERG CELL





CSL-DRILLED SHAFT



Inspection Chart for Pile Bearing Capacity
16" (400mm) PPC PILES- Initial Drive
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Challenges for the future



IV. Goals and Challenges for the future

1. Continue to improve the reliability index 
b t ki d t f d t il d l l d tby taking advantage of detailed local data 
collected for the different methods and 
teststests



IV. Goals and Challenges for the future

• To see the resistance factors for LouisianaTo see the resistance factors for Louisiana 
conditions, please attend presentation 
titled: LRFD Calibration of Axially-Loadedtitled: LRFD Calibration of Axially Loaded 
Concrete Piles Driven into Soft Soils Time: 
January 14 2008 10:15am-12pmJanuary 14, 2008. 10:15am 12pm 
(Session 262)



RESISTANCE FACTORS FOR DRIVEN PILES, 10-41



IV. Goals and Challenges for the future

Site Variability Determination
In order to justify the use of higher resistance factors using field 

verification tests, site variability shall be evaluated. Paikowsiky et al. 
(2004) suggested the following steps to determine the site variability.

• Step 1: For each identified significant stratum at each boring 
location determine the average property value e g SPT value qclocation, determine the average property value, e.g., SPT value, qc 
value, etc., within the stratum for each boring.

• Step 2: Determine the mean and coefficient of variation (COV) 
of the average values for each stratum determined in Step 1.
S 3 C f CO• Step 3: Categorize the site variability as low if the COV is less 
than 25 percent, medium if the COV is between 25% and 40%, and 
high if the COV is 40% or more.

• AASHTO specifications do not address how to estimate COVs. p
Geotechnical Engineering Circular No. 5 provides four techniques in 
determining variabilities of particular design parameter 





Goals and Challenges for the futureGoa s a d C a e ges o t e utu e

2 St i f i t t li bilit f th2. Strive for consistent reliability for the 
entire structure in all possible failure 

dmodes.



Clearly define redundancy of our 
di i dconditions and structure types

• For five piles or more is the capFor five piles or more, is the cap 
connecting the piles capable of resisting 
the load with the possible partial loss ofthe load with the possible partial loss of 
one of the piles ?

• Has AASHTO made clear the implied• Has AASHTO made clear the implied 
redundancy is only regarding axial loads, 
The system may well be non redundantThe system may well be non redundant 
against slope failures, debris, etc… 



AASHTO SEC 10 page  10-39 explains the choices of β



Goals and Challenges for the future

3 Do not compromise safety the integrity

Goa s a d C a e ges o t e utu e

3. Do not compromise safety, the integrity 
of the AASHTO code  and bridge design 
life as one attempts to thwart escalatinglife as one attempts to thwart escalating 
construction costs



Bridge Costs

Goals and Challenges for the future

Bridge Costs
EM1110-2-1304 Civil Works Construction Cost 
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IV. Goals and Challenges for the future

• Improve the code to account for theImprove the code to account for the 
appearance of complex partnerships and 
new methods of contracting constructionnew methods of contracting, construction 
and ownership



We have come a long way….

C-93-101 VESSEL 
Gross wt. Of Vehicle 1,025,268 lbs.
Total No. of Axle 18
Total No of Tire 144Total No. of Tire 144
Total Length 121 ft.
Width 20' - 10 1/8"
Height 24' - 7 1/4"

questions ?
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