
11

2008 FICE-FDOT Design Conference
FB-Multipier update

FB-MultiPier bridge model

UNIVERSITY OF
FLORIDA E n g i n e e r i n g

C i v i l   &   C o a s t a l

Henry T. Bollmann, P.E., Jay Jung, Ph.D., Marc Hoit, Ph.D.
Bridge Software Institute, Gainesville, FL, USA

OverviewOverview

• SR 20 / Apalachicola River Bridge model 
used to demonstrate some program 
featuresfeatures

• Coupled vessel / pier dynamic impact 
analysis (on going)
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• Design Tables (on going)
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SR 20 / Apalachicola River Bridge ConstructionSR 20 / Apalachicola River Bridge Construction
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SR 20 / Apalachicola River Construction Site SR 20 / Apalachicola River Construction Site 
(viewed from  the East, 1997)(viewed from  the East, 1997)

FBFB--MultiPier Single Pier ModelMultiPier Single Pier Model
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3-D Schem atic sketch of Pier FB-M ultiPier m odel of the Pier
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Pile Cap ModelingPile Cap Modeling
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M odeling of pile cap connecting colum ns to pilesM odeling of pile cap connecting colum ns to piles

Graphic User Interface of FBGraphic User Interface of FB--MultiPierMultiPier
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C i v i l   &   C o a s t a lScreen shot of bridge m odel data pageScreen shot of bridge m odel data page
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FBFB--Multipier model of SR 20 / Apalachicola River BridgeMultipier model of SR 20 / Apalachicola River Bridge
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224/280/224 ft steel spans across the river224/280/224 ft steel spans across the river

FBFB--MultiPier 3MultiPier 3--D Finite Element Model :D Finite Element Model :
SR 20 / Apalachicola River Bridge SR 20 / Apalachicola River Bridge 
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“Thin View Mode”
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Modeling of Bridge Span PropertiesModeling of Bridge Span Properties
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Input page of superstructure propertiesInput page of superstructure properties

Modeling of Composite DecksModeling of Composite Decks
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Input table of com posite deck properties, span #2Input table of com posite deck properties, span #2



66

2550 kip at pier 2, scaled up 200 x2550 kip at pier 2, scaled up 200 x

• Case I : Guided Bearings

Plan view shows relation of deck 
to substructure when bearingsto substructure when bearings 
ARE guided. (400 kip 
transferred to deck)

UNIVERSITY OF
FLORIDA E n g i n e e r i n g

C i v i l   &   C o a s t a l

Plan view of deform ed bridgePlan view of deform ed bridge

Modeling of Boundary Condition (Bearings)Modeling of Boundary Condition (Bearings)
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Modeling of boundary conditions of girders - Custom 
Bearings
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Modeling of Bearing PropertiesModeling of Bearing Properties

UNIVERSITY OF
FLORIDA E n g i n e e r i n g

C i v i l   &   C o a s t a l

LoadLoad--Displacem ent curve for linear (or NonDisplacem ent curve for linear (or Non--linear) bearing springslinear) bearing springs

2550 kip Applied at Pier 2 (scaled up 200 x)2550 kip Applied at Pier 2 (scaled up 200 x)

• Case II : Un-Guided Bearings

relation of deck to substructure 
when bearings are NOTwhen bearings are NOT 
guided. (130 kip transferred to 
deck)
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Plan view of deform ed bridgePlan view of deform ed bridge
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Overview of Deflected Shape (scaled up 100 x)Overview of Deflected Shape (scaled up 100 x)

• Case II : Un-Guided Bearings

UNIVERSITY OF
FLORIDA E n g i n e e r i n g

C i v i l   &   C o a s t a l

33--D view of deform ed bridgeD view of deform ed bridge

33--D view of FEA m odelD view of FEA m odel

Deflected Shape of Pier 1 (scaled up 150 x)Deflected Shape of Pier 1 (scaled up 150 x)

• Case II : Un-Guided Bearings
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Deflection of Pier 1 Deflection of Pier 1 
after loading at Pier 2after loading at Pier 2

33--D view of Deflected BridgeD view of Deflected Bridge
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Automated AASHTO Load Comb. GenerationAutomated AASHTO Load Comb. Generation
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AASHTO  Load Com b. Generation Dialogue BoxAASHTO  Load Com b. Generation Dialogue Box

Result of AASHTO Load Comb. GenerationResult of AASHTO Load Comb. Generation
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Com bination 28 produces a m ax dem and/capacity ratioCom bination 28 produces a m ax dem and/capacity ratio
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Display of Pile Member Forces (Load Comb. 28)Display of Pile Member Forces (Load Comb. 28)
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Display of Pile Member Forces (removed steel casing)Display of Pile Member Forces (removed steel casing)
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Soil PY Plot (SoilSoil PY Plot (Soil--Structure Interaction)Structure Interaction)
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Soil PY Plot Dialogue Box of FBSoil PY Plot Dialogue Box of FB--M ultipierM ultipier

Lime stone McVay, PLime stone McVay, P--Y curvesY curves
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Soil Table (Material Modeling Feature)Soil Table (Material Modeling Feature)
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Soil Table of FBSoil Table of FB--M ultipierM ultipier

AASHTO Load Factor TableAASHTO Load Factor Table
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Auto Generated AASHTO  Load Factor Table of FBAuto Generated AASHTO  Load Factor Table of FB--M ultipierM ultipier
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New Analysis Models of FBNew Analysis Models of FB--Multipier Multipier 

• Coupled vessel / pier dynamic impact analysis
using a single pier with discrete mass system

• Design Tables that identify the controlling forces from all 
load combinations needed to accomplish the AASHTO 
design checks. 
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Barge Impact Tests  were conducted at St. Barge Impact Tests  were conducted at St. 
George Island Bridge during March / April  George Island Bridge during March / April  
2004. A total of 15 impact tests  were 2004. A total of 15 impact tests  were 

d dd d

Barge Impact Tests at St George Island BridgeBarge Impact Tests at St George Island Bridge

conductedconducted
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Courtesy of UF Structure Research Group, Gary Consolazio et al.Courtesy of UF Structure Research Group, Gary Consolazio et al.
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Coupled Vessel Impact Analysis of FBCoupled Vessel Impact Analysis of FB--MultipierMultipier

• Dynamic bridge model (FB-MultiPier)
• Simplified dynamic barge model
• Crushable barge bow sectiong

V
( )bP t ( )bP t

Crushable bowCrushable bow
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Pier + soil + Pier + soil + 
superstructuresuperstructure

modelmodel

Barge modelBarge model

W

Validation of Coupled Vessel Impact Analysis Validation of Coupled Vessel Impact Analysis 
(CVIA) Models of FB(CVIA) Models of FB--MultipierMultipier
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Courtesy of UF Structure Research Group, Gary Consolazio et al.Courtesy of UF Structure Research Group, Gary Consolazio et al.
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Dynamic Amplification EffectsDynamic Amplification Effects
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Courtesy of UF Structure Research Group, Gary Consolazio et al.Courtesy of UF Structure Research Group, Gary Consolazio et al.

Simplified Superstructure Analysis ModelSimplified Superstructure Analysis Model

• Full bridge models : computationally expensive
• One-pier two-span 

(OPTS) model
• Impacted pier and two 

adjacent spans are 
retained

• Remainder of bridge 
modeled with springs 
& point masses
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FBFB--Multipier Model DevelopmentMultipier Model Development

• CVIA and OPTS have been implemented in FB-MultiPier
• Several Florida bridge-configurations are currently being analyzed:
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SR-20 at Blountstown 
channel pier

SR-20 at Blountstown 
off-channel pier

New St. George Island 
channel pier

New St. George Island 
off-channel pier

FBFB--Multipier Model DevelopmentMultipier Model Development

• Florida bridge-configurations analyzed:
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Old St. George Island 
channel pier

Old St. George Island 
off-channel pier

Ringling                     
channel pier

Ringling                      
off-channel pier
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Numerical model: bridgeNumerical model: bridge

• New St. George Island Bridge (constructed: 2004): Channel pier
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Numerical model: OPTSNumerical model: OPTS

• New St. George Island Bridge (constructed: 2004): Channel pier
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CVIA output: OPTS vs. Full Bridge AnalysisCVIA output: OPTS vs. Full Bridge Analysis

• New St. George Island Bridge (constructed: 2004): Channel pier
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Design Table Application (controlling forces)Design Table Application (controlling forces)
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Design Table Application (controlling forces)Design Table Application (controlling forces)
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Tapered column and cap sectionsTapered column and cap sections

Design Table Application (controlling forces)Design Table Application (controlling forces)
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Design Tables (under development)Design Tables (under development)
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Axial Forces at pile headsAxial Forces at pile heads
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Max demand / capacity for each pile crossMax demand / capacity for each pile cross--section section 
and display of all concurrent forces.and display of all concurrent forces.
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Contact Information:Contact Information:

• Bridge Software Institute (BSI) 352-392-9537
(ext 1514) Cary Peterson( ) y

• Henry  (ext 1515)  HBOLL@CE.UFL.EDU

• BSI@CE.UFL.EDU

UNIVERSITY OF
FLORIDA E n g i n e e r i n g

C i v i l   &   C o a s t a l

• WWW://BSI-WEB.CE.UFL.EDU


