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DEMANDS FOR 
OPTIMIZATION

 Providing more value to the owner 
through design economy

 Design-build projects drive the need for 
innovation to minimize quantities at pre-
bid phase

 Complex bridge superstructures can be 
highly dependent on foundation behavior



SOIL STRUCTURE 
INTERACTION (SSI) 
MODELING

 Typically used to evaluate pile fixity 
and minimum pile tip elevations

 LPILE software is most commonly 
used and only evaluates a single pile

 In practice, P-Y (lateral) springs are 
often the only method of SSI 
considered
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FB-MULTIPIER
OVERVIEW

 Non-linear SSI modeling software

 Can model interaction between 
bridge piers, single substructure, 
pile caps, and piles

 Substructure, pile cap, piles, and 
soil elements expressed as nodes 
with spring resistance



FB-MULTIPIER
BACKGROUND

 Developed / maintained by the Bridge Software Institute (BSI)

 BSI supported by the University of Florida

 FB-MultiPier is a commercial software used by state DOTs and 
industry professionals



FB-MULTIPIER
SUBSURFACE PROFILE



FB-MULTIPIER GLOBAL 
SOIL INPUTS
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FB-MULTIPIER LATERAL 
(P-Y) SAND MODELS



FB-MULTIPIER LATERAL 
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FB-MULTIPIER LATERAL 
(P-Y) ROCK MODEL



FB-MULTIPIER AXIAL 
(T-Z) SAND MODEL
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FB-MULTIPIER AXIAL 
(T-Z) ROCK MODEL



FB-MULTIPIER TORSIONAL
(T-Θ) SAND MODEL



FB-MULTIPIER TORSIONAL
(T-Θ) CLAY MODEL



FB-MULTIPIER TIP
(Q-Z) MODEL



COORDINATION WITH 
STRUCTURAL ENGINEERS
 Must provide data to structural engineers in a standard format
 Must be familiar with FB-MultiPier soil models and soil properties



FB-MULTIPIER PILE 
OUTPUT



FULL BRIDGE MODEL
 Multiple substructure units can be 

modeled simultaneously
 Units are connected by elastic 

beam representing the 
superstructure
 This approach was used on 

Bonner Bridge project to 
redistributed excessively large 
vessel collision forces and 
optimize the number of piles



FB-MULTIPIER PILE CAP 
STIFFNESS



PILE HEAD FIXITY

Free Head Fixed Head
Actual Head Condition

Rigid connection 
between pile and cap



PILE UPLIFT
 Owners often prohibit uplift in 

piles
 This can result in costly ballasting 

of pile caps with excess concrete 
or increasing pile cap dimensions
 Uplift one on side of a large pile 

cap can often be redistributed to 
adjacent piles in the form of 
additional compressive load



PILE UPLIFT
 Example pier - the pile shown in 

blue experienced considerable 
uplift loads in certain load cases
 If it is removed from the FB Multi-

Pier model in these load cases, 
the pile cap redistributes 
increased compressive load to 
the 4 piles shown in red



MINIMUM PILE TIP ELEVATION

 FDOT’s Structures Manual requires setting a minimum tip elevation 
to satisfy lateral stability, typically using FB-MultiPier as follows:
o “Establish a high end bearing resistance such that the pile tip will not 

settle due to axial forces”
o “Apply the controlling lateral load cases, raising the pile tips until the 

foundation becomes unstable”
o “Add 5 feet or 20% of the penetration, whichever is less, to the 

penetration at which the foundation becomes unstable”



PERMANENTLY CASED FOUNDATIONS:
DRILLED SHAFTS AND MICROPILES 

 Geotechnical engineers typically 
assume zero skin friction along 
permanent casing for micropiles and 
drilled shafts (with some exceptions)
 This same assumption should be 

carried through to FB-MultiPier – soil 
along casing should be modeled 
with near zero axial load transfer 
(i.e. near zero shear modulus)

Permanent casing
(Zero load transfer)

Rock socket



MICROPILES WITH SLOPING ROCK LINE
MULTIPLE SOIL SETS



INDIVIDUAL PILES WITH 
INADEQUATE AXIAL RESISTANCE

 Major bridges with significant 
number of piles often have a few 
piles that do not meet driving criteria

 FB MultiPier can redistribute load 
through the cap based on actual pile 
resistance



INDIVIDUAL PILES WITH 
INADEQUATE AXIAL RESISTANCE

 For example, required nominal 
resistance for pile group is 1,600 kips 
based on max pile load of 1,200 kips

 Pile 6 drove to 1,400 kips, 200 kips short 
of required resistance and it was the 
max loaded pile in the group in FB-
MultiPier



INDIVIDUAL PILES WITH 
INADEQUATE AXIAL RESISTANCE
 FB-MultiPier can be re-run with reduced 

Q-Z and/or T-Z stiffness at Pile 6 ONLY 
to redistribute load into adjacent piles if 
they have sufficient resistance

 Pile cap may have increased bending 
stress, must also be evaluated

 Cleaner and more economical solution 
than splicing concrete piles



QUESTIONS?
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