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Wave Force Research & Existing Bridges’ Vulnerability to Wave Loading:  An overview of wave forces on bridges and the 
research currently being conducted at the University of Florida to improve predictive methods is presented.  A procedure for 
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Wave Forces ResearchWave Forces Research
Existing Bridge Existing Bridge 

VulnerabilityVulnerability
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Presentation OutlinePresentation Outline

Wave / Surge Induced Bridge FailuresWave / Surge Induced Bridge Failures
Waves and Wave Induced ForcesWaves and Wave Induced Forces
Wave Force ResearchWave Force Research
Existing Bridges Vulnerability to Storm Existing Bridges Vulnerability to Storm 
Surge and Wave LoadingSurge and Wave Loading
SummarySummary
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MotivationMotivation
Recent Bridge Failures Attributed to Storm Recent Bridge Failures Attributed to Storm 
Surge/Wave Induced FailuresSurge/Wave Induced Failures

II--10, Escambia Bay (Pensacola, FL)10, Escambia Bay (Pensacola, FL)
USUS--90, Biloxi Bay (Biloxi, MS)90, Biloxi Bay (Biloxi, MS)
USUS--90, Saint Louis Bay (Bay Saint Louis, MS)90, Saint Louis Bay (Bay Saint Louis, MS)
II--10, Lake Pontchartrain (New Orleans, LA)10, Lake Pontchartrain (New Orleans, LA)

Bridge FailuresBridge Failures

Pensacola, FL Bay Saint Louis, MS

Biloxi, MS Biloxi, MS
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Wind Generated WavesWind Generated Waves
Definitions:Definitions:

Wave HeightWave Height –– Distance from trough to Distance from trough to 
crestcrest

Significant Wave HeightSignificant Wave Height –– Average height Average height 
of 1/3 highest wavesof 1/3 highest waves

Wave PeriodWave Period –– Time requited for one wave Time requited for one wave 
to pass a fixed pointto pass a fixed point

Peak PeriodPeak Period –– PeriodPeriod of waves with most of waves with most 
energy energy 

Wind Generated WavesWind Generated Waves
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Wind Generated WavesWind Generated Waves

Hurricane Wave Field 
Composed of Waves 
with Range of Heights 
and Periods

Wind WavesWind Waves

Height and Period (Length) depend on:Height and Period (Length) depend on:

Wind SpeedWind Speed
Wind DurationWind Duration
Fetch LengthFetch Length
Water DepthWater Depth
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Wave Height LimitationsWave Height Limitations

Water Depth:   Water Depth:   HHmaxmax < ~ 0.8 x Depth< ~ 0.8 x Depth

Wave Steepness:Wave Steepness:
Deep water             Deep water             

HHmaxmax < ~  0.14 x L< ~  0.14 x L00

Shallow waterShallow water
HHmaxmax < ~ 0.082 x L< ~ 0.082 x L00

Fetch Length Fetch Length –– Wind DurationWind Duration
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Fetch Length Fetch Length –– Wind DurationWind Duration

Fully Developed Waves 

Influence of Fetch LengthInfluence of Fetch Length
Significant Wave Height Versus Fetch Length
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Water Velocities and Water Velocities and 
Accelerations in a WaveAccelerations in a Wave

Velocities and Accelerations Can Be Very Velocities and Accelerations Can Be Very 
Large in a WaveLarge in a Wave
Drag Forces Function of Velocity SquaredDrag Forces Function of Velocity Squared
Inertia Forces Function of AccelerationInertia Forces Function of Acceleration

Horizontal Velocity Profile Under AHorizontal Velocity Profile Under A
Wave Crest Wave Crest -- ExampleExample
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Storm Surge/Wave ForcesStorm Surge/Wave Forces

Storm Surge/Wave Forces Depend on:Storm Surge/Wave Forces Depend on:
Storm surge elevationStorm surge elevation
Wave heights and periodsWave heights and periods
Structure shape, dimensions, and elevation Structure shape, dimensions, and elevation 
relative to the storm surge water levelrelative to the storm surge water level

Surge/Wave ForcesSurge/Wave Forces
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Wave Force ResearchWave Force Research
Research Objective Research Objective 

Improve ability to accurately predict Improve ability to accurately predict 
surge/wave loading on bridgessurge/wave loading on bridges

ApproachApproach
Modify and extend existing theory to include Modify and extend existing theory to include 
bridge span structuresbridge span structures
Conduct wave tank tests with instrumented Conduct wave tank tests with instrumented 
model bridge spansmodel bridge spans
Use field data from Hurricanes Ivan and Use field data from Hurricanes Ivan and 
Katrina to test/verify predictive equationsKatrina to test/verify predictive equations

Wave Force ResearchWave Force Research

TheoreticalTheoretical
Extending theory to include surge/wave Extending theory to include surge/wave 
forces on bridge spansforces on bridge spans

H Drag Inertia CAMF F F F= + +

V Buoyancy Drag Inertia CAMF F F F F= + + +
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Wave Force ResearchWave Force Research

TheoreticalTheoretical
Moments as well as forces essential to Moments as well as forces essential to 
computing structural responsecomputing structural response

Wave Force ResearchWave Force Research
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Wave Tank TestsWave Tank Tests

Sufficient Measurements to Identify Sufficient Measurements to Identify 
Components of Horizontal and Vertical Components of Horizontal and Vertical 
ForcesForces

InstrumentationInstrumentation
Four threeFour three--component load cellscomponent load cells

Pressure transducers on top and bottomPressure transducers on top and bottom

Wet/dry sensors on top and bottomWet/dry sensors on top and bottom

Wave Tank TestsWave Tank Tests

Wave TankWave Tank
6 ft wide x 6 ft deep x 120 ft length6 ft wide x 6 ft deep x 120 ft length
Random wave generatorRandom wave generator
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Model Bridge SpanModel Bridge Span

Model Bridge SpanModel Bridge Span
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Vulnerability of Existing Bridges Vulnerability of Existing Bridges 
to Storm Surge and Wave to Storm Surge and Wave 

LoadingLoading
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Vulnerability of Existing BridgesVulnerability of Existing Bridges

Which coastal bridges are vulnerable to Which coastal bridges are vulnerable to 
storm surge and wave loading during a storm surge and wave loading during a 
design storm event?design storm event?
Screening criterion is being developed to Screening criterion is being developed to 
identify bridges potentially vulnerableidentify bridges potentially vulnerable
Detailed analysis to determine surge/wave Detailed analysis to determine surge/wave 
induced forces/moments and structural induced forces/moments and structural 
response for potentially vulnerable bridgesresponse for potentially vulnerable bridges

Study ObjectivesStudy Objectives

Develop:Develop:
A screening criterionA screening criterion
A procedure to:A procedure to:

Identify all bridges in an area that might possibly Identify all bridges in an area that might possibly 
be vulnerablebe vulnerable
Screen out those bridges that DO NOT need Screen out those bridges that DO NOT need 
further analysisfurther analysis
Analyze potentially susceptible bridgesAnalyze potentially susceptible bridges
Compute surge/wave and resistive forcesCompute surge/wave and resistive forces
Compute structural responseCompute structural response
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Screening Procedure FrameworkScreening Procedure Framework

Use existing data/informationUse existing data/information
Include quantities on which wave forces depend:Include quantities on which wave forces depend:

Approximate wave heights and periodsApproximate wave heights and periods
Storm surge elevationsStorm surge elevations
Wind alignment with fetch probabilitiesWind alignment with fetch probabilities
Bridge superstructure elevationBridge superstructure elevation
Bridge span typeBridge span type

Include bridge importanceInclude bridge importance
Evacuation routeEvacuation route
Minor bridge with easy detour Minor bridge with easy detour 

Screening CriterionScreening Criterion

Quantities ConsideredQuantities Considered
Maximum wave heightsMaximum wave heights
Probability of maximum wave heightsProbability of maximum wave heights
Potential for large buoyancy forcesPotential for large buoyancy forces
Bridge elevation relative to surge elevationBridge elevation relative to surge elevation
Span type (single, continuous)Span type (single, continuous)
Importance of bridgeImportance of bridge
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Definition SketchDefinition Sketch
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Screening CriterionScreening Criterion

Wave Vulnerability Classification Index = WP(SS+E+B+S+C)
Possible Range 0 to 16

Bridges with Indices ≥ 5 Need Further Analysis
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For  Bridges Requiring For  Bridges Requiring 
Additional AnalysisAdditional Analysis

Improved Wave Height, Period PredictionImproved Wave Height, Period Prediction
Detail Structure InformationDetail Structure Information
Wave Force and Moment CalculationsWave Force and Moment Calculations
Structure Response CalculationsStructure Response Calculations

Bridges Predicted to Fail Under Bridges Predicted to Fail Under 
Design Storm Conditions Design Storm Conditions 

Examine Retrofit Options for that BridgeExamine Retrofit Options for that Bridge
Cost Benefit AnalysisCost Benefit Analysis
Select Option (note that option may be no Select Option (note that option may be no 
action)action)
Implement Retrofit OptionImplement Retrofit Option
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SummarySummary
Surge/Wave Forces Depend On:Surge/Wave Forces Depend On:

Surge heightSurge height
Wave height and periodWave height and period
Structure shape and sizeStructure shape and size
Structure elevation relative to surge elevationStructure elevation relative to surge elevation

Wave Height and Period Depend On:Wave Height and Period Depend On:
Wind speedWind speed
Wind durationWind duration
Fetch lengthFetch length
Water depthWater depth

SummarySummary
Bridge Vulnerability Screening Procedure Bridge Vulnerability Screening Procedure 
Being DevelopedBeing Developed

Determine bridges potentially vulnerableDetermine bridges potentially vulnerable
Procedure to Determine Storm Surge and Procedure to Determine Storm Surge and 
Wave Forces and Moments on Bridge Wave Forces and Moments on Bridge 
Spans and the Structural Response Spans and the Structural Response 
Currently Being DevelopedCurrently Being Developed
FHWA FHWA –– Pooled Fund Study to Examine Pooled Fund Study to Examine 
Retrofit Options to Start in Fall 2006Retrofit Options to Start in Fall 2006
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Questions, Questions, 
CommentsComments


