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Project ObjectivesProject Objectives

Simulate Impacts of Hurricane Ivan at the Simulate Impacts of Hurricane Ivan at the 
II--10 Escambia Bay Bridge10 Escambia Bay Bridge
Develop the 100Develop the 100-- and 500and 500--yr Hurricane yr Hurricane 
Storm Surge and Wave Heights at the Storm Surge and Wave Heights at the 
Bridge LocationBridge Location
Provide Recommendations for the Bridge Provide Recommendations for the Bridge 
Length and TouchLength and Touch--down Locationsdown Locations
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ProcedureProcedure

MultiMulti--phased Modeling Approachphased Modeling Approach
WAM WAM –– Offshore Wave ModelOffshore Wave Model
SWAN SWAN –– Nearshore Wave Model (Coastal Nearshore Wave Model (Coastal 
Areas and Bay)Areas and Bay)
ADCIRC ADCIRC –– Tidal Circulation and Hurricane Tidal Circulation and Hurricane 
Storm Surge ModelStorm Surge Model

Input Conditions Provided By Input Conditions Provided By 
OceanweatherOceanweather
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Procedure (continued)Procedure (continued)

Perform Extremal Analysis of Hurricane Perform Extremal Analysis of Hurricane 
Sustained Wind Speeds at Landfall for Sustained Wind Speeds at Landfall for 
RegionRegion
Determine Relationship between Wind Determine Relationship between Wind 
Speed and Central Pressure for RegionSpeed and Central Pressure for Region
Scale Wind Speed Data and Central Scale Wind Speed Data and Central 
Pressure for Ivan Data to Develop 100Pressure for Ivan Data to Develop 100--
and 500and 500--year Hurricanesyear Hurricanes
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Procedure (continued)Procedure (continued)

WAM WAM —— Open Ocean Wave ConditionsOpen Ocean Wave Conditions
SWAN SWAN ——Coastal Wave ConditionsCoastal Wave Conditions
ADCIRC ADCIRC —— Storm Surge ElevationsStorm Surge Elevations
SWAN SWAN —— Bay Wave ConditionsBay Wave Conditions
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Procedure (continued)Procedure (continued)

Wind &
Pressure

Deepwater
Wave (WAM)

Shallow Water
Wave (SWAN)

Storm Surge
(ADCIRC)

Output at Each Node 
And Time Step

Wave Parameters

Water Elevations

Depth-Averaged
Velocities

Wind Velocity
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Extremal AnalysisExtremal Analysis

Most Probable Extreme Values:Most Probable Extreme Values:
100100--year year –– 120.7 mph120.7 mph
152152--year year –– 125.4 mph125.4 mph
200200--year year –– 129.8 mph129.8 mph
350350--year year –– 136.5 mph136.5 mph
500500--year year –– 140.8 mph140.8 mph

Ivan (130 mph) ~ 200Ivan (130 mph) ~ 200--year Stormyear Storm
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Wind Speed vs. Central PressureWind Speed vs. Central Pressure
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WAMWAM

Developed Grid for North Atlantic and Gulf Developed Grid for North Atlantic and Gulf 
of Mexicoof Mexico
15 minute Resolution Grid15 minute Resolution Grid
Boundary Conditions Boundary Conditions –– Ivan and Design Ivan and Design 
Wind SpeedsWind Speeds



8

2006 Design Conference

WAM GridWAM Grid
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Comparison of WAM Results with Buoy Data
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Comparison of WAM Results with Buoy Data
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Comparison of WAM Results with Buoy Data
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SWANSWAN

Developed Grid for Panhandle CoastDeveloped Grid for Panhandle Coast
3 minute Resolution Grid3 minute Resolution Grid
Boundary Conditions:Boundary Conditions:

Ivan and Design Wind SpeedsIvan and Design Wind Speeds
Output Spectra from WAMOutput Spectra from WAM
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SWAN Coastal GridSWAN Coastal Grid
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ADCIRCADCIRC

Mesh for N. Atlantic and Gulf of MexicoMesh for N. Atlantic and Gulf of Mexico
Increased Resolution in Pensacola BayIncreased Resolution in Pensacola Bay
Boundary Conditions:Boundary Conditions:

Ivan and Design Wind SpeedsIvan and Design Wind Speeds
Ivan and Design PressuresIvan and Design Pressures
Radiation Stresses from SWANRadiation Stresses from SWAN
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SWAN BaySWAN Bay

Mesh for Pensacola and Escambia BayMesh for Pensacola and Escambia Bay
9 second Resolution9 second Resolution
Boundary Conditions:Boundary Conditions:

Ivan and Design Wind SpeedsIvan and Design Wind Speeds
WSE from ADCIRCWSE from ADCIRC
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SWAN Bay GridSWAN Bay Grid
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East AbutmentEast Abutment

Setback Setback 
LocationLocation
Wave Wave 
ClimateClimate
Surge Surge 
ElevationElevation
Historical Historical 
AerialsAerials
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II--10 over Escambia Bay10 over Escambia Bay
Study ResultsStudy Results

Identified Mode of FailureIdentified Mode of Failure
Established Design CriteriaEstablished Design Criteria

Wave Crest ElevationsWave Crest Elevations
Storm Surge ElevationsStorm Surge Elevations
Flow VelocitiesFlow Velocities

Established East Abutment LocationEstablished East Abutment Location
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USUS--90 over Saint Louis and 90 over Saint Louis and 
Biloxi BaysBiloxi Bays

Biloxi Bay

Saint Louis Bay
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Hurricane KatrinaHurricane Katrina
LandfallLandfall

Pearl River at Pearl River at 
the Louisianathe Louisiana--
Mississippi Mississippi 
BorderBorder
150 mph 150 mph 
(Category 3)(Category 3)
August 29, 2005August 29, 2005

Storm SurgeStorm Surge
WavesWaves
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USUS--90 over Biloxi Bay90 over Biloxi Bay
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Project ObjectivesProject Objectives
Develop Design Develop Design 

Water LevelsWater Levels
DepthDepth--averaged Velocitiesaveraged Velocities
Wave ParametersWave Parameters
Wave Loads Wave Loads 
Scour depthsScour depths

Design ConditionsDesign Conditions
KatrinaKatrina
50 and 50050 and 500--year storm surge events andyear storm surge events and
100 and 500100 and 500--year river flood eventsyear river flood events
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ProcedureProcedure

MultiMulti--phased Modeling Approachphased Modeling Approach
WAM WAM –– Offshore Wave ModelOffshore Wave Model
SWAN SWAN –– Nearshore Wave Model Nearshore Wave Model 
ADCIRC ADCIRC –– Tidal Circulation and Hurricane Tidal Circulation and Hurricane 
Storm Surge ModelStorm Surge Model
RMA2 RMA2 –– Runoff ModelsRunoff Models

Input Conditions Provided By Input Conditions Provided By 
OceanweatherOceanweather
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Procedure (continued)Procedure (continued)

Perform Extremal Analysis of Hurricane Perform Extremal Analysis of Hurricane 
Sustained Wind Speeds at Landfall for Sustained Wind Speeds at Landfall for 
RegionRegion
Determine Relationship between Wind Determine Relationship between Wind 
Speed and Central Pressure for RegionSpeed and Central Pressure for Region
Scale Wind Speed Data and Central Scale Wind Speed Data and Central 
Pressure for Katrina Data to Develop 50Pressure for Katrina Data to Develop 50--
and 500and 500--year Hurricanesyear Hurricanes
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Procedure (continued)Procedure (continued)
ModelingModeling

WAM WAM —— Open Ocean Wave ConditionsOpen Ocean Wave Conditions
SWAN SWAN —— Coastal Wave ConditionsCoastal Wave Conditions
ADCIRC ADCIRC —— Storm Surge ElevationsStorm Surge Elevations
RMA2 RMA2 —— Riverine Runoff ConditionsRiverine Runoff Conditions

CalculateCalculate
Wave Forces on PilesWave Forces on Piles
Scour Depths (not for design)Scour Depths (not for design)

Hydraulics ReportHydraulics Report
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Procedure (cont.)Procedure (cont.)

Wind &
Pressure

Deepwater
Wave (WAM)

Shallow Water
Wave (SWAN)

Storm Surge
(ADCIRC)

Output at Each Node 
And Time Step

Wave Parameters
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Depth-Averaged
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Extremal AnalysisExtremal Analysis
Most Probable Extreme Values:Most Probable Extreme Values:

5050--year year –– 128.7 mph128.7 mph
100100--year year –– 151.0 mph151.0 mph
500500--year year –– 199.2 mph199.2 mph

Hurricane Katrina (150 mph) ~ 100Hurricane Katrina (150 mph) ~ 100--year year 
Storm Storm in Terms of Landin Terms of Land--falling Wind falling Wind 
SpeedSpeed
Greatest Wind Speed Greatest Wind Speed –– 190 mph 190 mph 
Hurricane Camille (1969)Hurricane Camille (1969)
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Wind Speed vs. Central PressureWind Speed vs. Central Pressure
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WAMWAM

Developed Grid for North Atlantic and Gulf Developed Grid for North Atlantic and Gulf 
of Mexicoof Mexico
15 minute Resolution Grid15 minute Resolution Grid
Boundary Conditions Boundary Conditions –– Hurricane Katrina, Hurricane Katrina, 
5050-- and 500and 500--year Design Wind Speedsyear Design Wind Speeds
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WAM GridWAM Grid
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NDBC Wave Buoy LocationsNDBC Wave Buoy Locations
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NDBC Station 42039
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Significant Wave Heights Significant Wave Heights -- 4204042040
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SWANSWAN

Developed Grids for Coastal MississippiDeveloped Grids for Coastal Mississippi
Nested GridsNested Grids
Boundary Conditions:Boundary Conditions:

Katrina, 50Katrina, 50--, and 500, and 500--year Windsyear Winds
Output Spectra from WAMOutput Spectra from WAM

OutputOutput
Wave Parameters at BridgesWave Parameters at Bridges
Wave Radiation Stresses Wave Radiation Stresses –– ADCIRC ADCIRC BCsBCs
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SWAN GridsSWAN Grids
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Biloxi Bay GridBiloxi Bay Grid
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Saint Louis Bay GridSaint Louis Bay Grid
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ADCIRCADCIRC

Mesh for N. Atlantic and Gulf of MexicoMesh for N. Atlantic and Gulf of Mexico
Increased Resolution in Biloxi and Saint Increased Resolution in Biloxi and Saint 
Louis BayLouis Bay
Boundary Conditions:Boundary Conditions:

Katrina, 50Katrina, 50--, and 500, and 500--year Wind Speedsyear Wind Speeds
Katrina, 50Katrina, 50--, and 500, and 500--year Pressuresyear Pressures
Radiation Stresses from SWANRadiation Stresses from SWAN
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Maximum WavesMaximum Waves

Determine Maximum Wave Height,  Determine Maximum Wave Height,  
Amplitude, and PeriodAmplitude, and Period
SWAN Wave Spectra at BridgeSWAN Wave Spectra at Bridge
PDF of Heights and AmplitudePDF of Heights and Amplitude
Joint PDF of Amplitude and Period to Find Joint PDF of Amplitude and Period to Find 
Most Probable PeriodMost Probable Period
Includes Steepness CriteriaIncludes Steepness Criteria
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100100--year Saint Louis Bayyear Saint Louis Bay
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500500--year Saint Louis Bayyear Saint Louis Bay
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100100--year Biloxi Bayyear Biloxi Bay
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500500--year Biloxi Bayyear Biloxi Bay



38

2006 Design Conference

USUS--90 over Saint Louis and 90 over Saint Louis and 
Biloxi BaysBiloxi Bays

Study ResultsStudy Results
HindcastedHindcasted Hurricane KatrinaHurricane Katrina
Established Design CriteriaEstablished Design Criteria

Wave Crest ElevationsWave Crest Elevations
Storm Surge ElevationsStorm Surge Elevations
Flow VelocitiesFlow Velocities
Scour (not for design)Scour (not for design)
Wave Forces on Bridge PiersWave Forces on Bridge Piers
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Questions, Questions, 
CommentsComments


