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Attachment B 
 

Revised Meeting Agenda 



Tentative Schedule for Dec. Kickoff Meeting (11-30-06)  
When: Dec 4, 5 & 6– to be finalized next week 
Where: Gainesville – FDOT will supply vans and meeting room for one day 
Contact person in Wm’s office: Linda Ryan (Linda.ryan@dot.state.fl.us) 
 
Dec 4 – Team meeting 
 
1:30 – 5:30 PT Meets 

• Scope adjustments 
• Discussion of K and W methods 
• Other candidates? 
• Basis for a choice 
• Further define roles and responsibilities 

 
Dec 5 –Joint Meeting 
 
8:30 -12  Combined meeting 

• Introductions 
• Review of minutes from last meeting 
• Presentation on  Risk Analysis by Steve Ernst of FHWA 
•  Coastal Eng 101 
• Intro to wave tank visit - Max  
• Possible basis for design cases – Jeff and all 
 

12 -1  Lunch 
1PM Leave for U of F wave Tank 
3:30 Return to meeting 

•  How does project fit in big picture?  What is already available? 
• What other work is underway at state and federal level? 
• Philosophy 
• Review of progress on related FDOT projects.- Max and Dennis 
• Task Force presentations 
• Progress on Tasks 2,3, 4 and  6 

o Status of Lit Survey and Damage Types – JMK 
o Wave loads – JMK, Max, Jeff 

 Basis of decision 
 Wallingford, Douglas and Modified Kaplan 
 Test matrix 

o Screening Process Update 
o Review Retrofit Manual Outline 
o Retrofit concepts – Wagdy 
o Cost effectiveness memo by Mike Knott – reported by Jeff 

 
5:00 Adjourn 
 
Dec 6  
 
8-4:30 Meet with TF 

• Continue progress on Tasks 2,3 and 4 - continued 



• TF feed back and direction 
• Scope/Work Plan 
•  Expectations 
• Products 
• Set date for next combined meeting 

 
 



Attachment C 
 

Dr. Sheppard’s Presentation on: 
Terms and Definitions 
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BackgroundBackground

Storm SurgeStorm Surge
Wind SetupWind Setup
Wind WavesWind Waves
Wave LoadingWave Loading

Storm SurgeStorm Surge

Storm Surge MechanismsStorm Surge Mechanisms
Low PressureLow Pressure Storm Surge MechanismsStorm Surge Mechanisms

Wind StressWind Stress
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Storm Surge MechanismsStorm Surge Mechanisms
Wave ShoalingWave Shoaling

Storm Surge MechanismsStorm Surge Mechanisms
Wave SetupWave Setup

Katrina Storm SurgeKatrina Storm Surge
Saint Louis Bay BridgeSaint Louis Bay Bridge
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Wind SetupWind Setup

Wind WavesWind Waves

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 required for one wave Time required 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

Wave Height LimitationsWave Height Limitations

Water Depth:Water Depth:

Wave SteepnessWave Steepness

sH  0.7 d≤

[ ]22
sH  0.020 g T  tanh(kd )≤

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 Level Water Level -- Wave Parameter Wave Parameter 
IssuesIssues

Design EventDesign Event
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Joint ProbabilityJoint Probability
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Bay

O
c
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a
n

Bridge 2

Bridge 1

Joint Probability of Storm Surge, Setup and WavesJoint Probability of Storm Surge, Setup and Waves

At the US-98 Bridge 
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Hurricane Ivan Parameter PhasingHurricane Ivan Parameter Phasing
Comparison 22000 meters Upstream of US-98 
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Water Level Water Level -- Wave Parameter Wave Parameter 
IssuesIssues

Example Example –– Particular LocationParticular Location
100 year event (1% probability each year)100 year event (1% probability each year)

Storm surge (FEMA, other)Storm surge (FEMA, other)
Wind setup Wind setup 
Wave height and periodWave height and period

Joint ProbabilityJoint Probability

Storm Surge/Wave ForcesStorm Surge/Wave Forces

Storm Surge/Wave Forces Depend On:Storm Surge/Wave Forces Depend On:
Water elevationWater elevation
Wave heights and periodsWave heights and periods

Water particle velocityWater particle velocity
Water particle accelerationWater particle acceleration

Structure shape, dimensions, and elevation Structure shape, dimensions, and elevation 
relative to the storm water levelrelative to the storm water level

Horizontal Velocity Profile Under AHorizontal Velocity Profile Under A
Wave Crest Wave Crest -- ExampleExample
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Surge/Wave ForcesSurge/Wave Forces Force and Moment CalculationsForce and Moment Calculations

Four Methods Being ConsideredFour Methods Being Considered
Modified Kaplan Modified Kaplan -- DMSDMS
Wallingford I Wallingford I -- JSJS
Wallingford II Wallingford II -- JSJS
Douglas Douglas -- JSJS



Attachment D 
 

Dr. Sheppard’s Presentation 
 On 

Laboratory Testing in U of FL 
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Wave Tank TestsWave Tank Tests

Need Sufficient Measurements to Identify Need 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

Test SetupTest Setup Test SetupTest Setup
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Phase I Test SequencePhase I Test Sequence

Bridge Deck Only Tests (completed)Bridge Deck Only Tests (completed)
Generic flat deck structureGeneric flat deck structure
Test instrumentationTest instrumentation

Bridge Deck with Girders (in progress)Bridge Deck with Girders (in progress)
Common bridge superstructure designCommon bridge superstructure design
Potential for air entrapment Potential for air entrapment –– increased increased 
buoyancybuoyancy
Increased horizontal forcesIncreased horizontal forces

Phase I Wave ConditionsPhase I Wave Conditions
Non Breaking Monochromatic WavesNon Breaking Monochromatic Waves

Wave periodWave period
Wave heightWave height
Water depthWater depth
Deck elevation relative to storm water surfaceDeck elevation relative to storm water surface

Random wavesRandom waves
Significant wave heightSignificant wave height
Peak periodPeak period
Water depthWater depth
Deck elevation relative to storm water surfaceDeck elevation relative to storm water surface

Phase II Test SequencePhase II Test Sequence
(proposed)(proposed)

Slamming Force TestsSlamming Force Tests
Modified instrumentation to determineModified instrumentation to determine

MagnitudeMagnitude
DurationDuration
Spatial extentSpatial extent

More rigid model support structureMore rigid model support structure

Phase II Wave ConditionsPhase II Wave Conditions
Non Breaking Monochromatic WavesNon Breaking Monochromatic Waves

Wave periodWave period
Wave heightWave height
Water depthWater depth
Deck elevation relative to storm water surfaceDeck elevation relative to storm water surface

Random wavesRandom waves
Significant wave heightSignificant wave height
Peak periodPeak period
Water depthWater depth
Deck elevation relative to storm water surfaceDeck elevation relative to storm water surface
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Phase III Test SequencePhase III Test Sequence
(proposed)(proposed)

Bridge Deck with GirdersBridge Deck with Girders
Common bridge superstructure designCommon bridge superstructure design
Potential for air entrapment Potential for air entrapment –– increased increased 
buoyancybuoyancy
Increased horizontal forcesIncreased horizontal forces

Phase III Wave ConditionsPhase III Wave Conditions
Breaking Monochromatic WavesBreaking Monochromatic Waves

Wave periodWave period
Wave heightWave height
Water depthWater depth
Deck elevation relative to storm water surfaceDeck elevation relative to storm water surface

Preliminary Laboratory Tests Preliminary Laboratory Tests 
Measured and Predicted Measured and Predicted 

ForcesForces
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Dr. Sheppard’s Presentation 
 On 

Methods of Calculating Wave Forces
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Wave Forces on Bridge Wave Forces on Bridge 
Decks Decks 

D. Max Sheppard
OEA, Inc.

University of Florida

Phil Dompe
OEA, Inc.

Justin Marin
University of Florida

OutlineOutline
Motivation For, Objectives OF StudyMotivation For, Objectives OF Study
BackgroundBackground
Wave Loading ProblemWave Loading Problem

Screening criterion Screening criterion –– existing bridgesexisting bridges
Design eventDesign event

Environmental parametersEnvironmental parameters

Wave force and moment computationWave force and moment computation
Structural responseStructural response
Retrofit options Retrofit options –– existing bridgesexisting bridges

SummarySummary

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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Objectives of Florida and Objectives of Florida and 
National ProjectsNational Projects

Develop screening criterionDevelop screening criterion
Develop different level methods for Develop different level methods for 
establishing design surge, setup and wave establishing design surge, setup and wave 
parametersparameters
Develop/adopt method for estimating Develop/adopt method for estimating 
surgesurge--wave forces and moments on bridge wave forces and moments on bridge 
decksdecks
Develop retrofit options for existing bridgesDevelop retrofit options for existing bridges

Water Level Water Level -- Wave Parameter Wave Parameter 
IssuesIssues

Water Level Water Level -- Wave Parameter Wave Parameter 
IssuesIssues

Design EventDesign Event
Storm surgeStorm surge
Wind setupWind setup
Wave height and periodWave height and period

Joint ProbabilityJoint Probability
SITE  SPECIFICSITE  SPECIFIC
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Joint Probability of Storm Surge, Setup and WavesJoint Probability of Storm Surge, Setup and Waves

At the US-98 Bridge 
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Water Level Water Level -- Wave Parameter Wave Parameter 
IssuesIssues

Example Example –– Particular LocationParticular Location
100 year event (1% probability each year)100 year event (1% probability each year)

Storm surge (FEMA, other)Storm surge (FEMA, other)
Wind setup Wind setup 
Wave height and periodWave height and period

Joint ProbabilityJoint Probability

Storm Surge/Wave ForcesStorm Surge/Wave Forces

Storm Surge/Wave Forces Depend On:Storm Surge/Wave Forces Depend On:
Water elevationWater elevation
Wave heights and periodsWave heights and periods

Water particle velocityWater particle velocity
Water particle accelerationWater particle acceleration

Structure shape, dimensions, and elevation Structure shape, dimensions, and elevation 
relative to the storm water levelrelative to the storm water level

Horizontal Velocity Profile Under AHorizontal Velocity Profile Under A
Wave Crest Wave Crest -- ExampleExample Surge/Wave ForcesSurge/Wave Forces
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Force and Moment CalculationsForce and Moment Calculations

Four Methods Being ConsideredFour Methods Being Considered
Modified Kaplan Modified Kaplan -- DMSDMS
Wallingford I Wallingford I -- JSJS
Wallingford II Wallingford II -- JSJS
Douglas Douglas -- JSJS

Wave ForcesWave Forces
Modified Kaplan MethodModified Kaplan Method

Kaplan MethodKaplan Method

Extension of Morison Equation ApproachExtension of Morison Equation Approach
Add mass time dependentAdd mass time dependent

H Drag Inertia CAMF F F F= + +

V Buoyancy Drag Inertia CAMF F F F F= + + +

Kaplan MethodKaplan Method

[ ]
Drag

inertia

F  A V V

d m(t)V(t) dm(t) dV(t)F V m
dt dt dt

dm(t) cam  change in added mass
dt

ρ∝

∝ = +

≡ ≡
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Kaplan MethodKaplan Method

Developed for Offshore PlatformsDeveloped for Offshore Platforms
Small structures relative to wave lengthsSmall structures relative to wave lengths
Flat plate decksFlat plate decks
Long waves (low frequency)  T ~ 14 Long waves (low frequency)  T ~ 14 --18 sec    18 sec    
(wave lengths ~ 960 ft  to 1440 ft)(wave lengths ~ 960 ft  to 1440 ft)

Kaplan MethodKaplan Method

Modified/Extended Modified/Extended 
Kaplan MethodKaplan Method

Developed for Bridge Super Structure Developed for Bridge Super Structure 
ShapesShapes

Girders Girders –– possible air entrapmentpossible air entrapment
Shorter waves T ~ 4 Shorter waves T ~ 4 -- 8 sec                        8 sec                        
(wave lengths 80 ft  to  225 ft)(wave lengths 80 ft  to  225 ft)

Larger velocity and acceleration gradientsLarger velocity and acceleration gradients
Larger buoyancy force gradientsLarger buoyancy force gradients
Larger change in added mass componentsLarger change in added mass components

Modified/Extended Modified/Extended 
Kaplan MethodKaplan Method

Moments as well as forces essential to Moments as well as forces essential to 
computing structural responsecomputing structural response
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Modified/Extended Kaplan MethodModified/Extended Kaplan Method
Vertical ForceVertical Force

QusiQusi--stationary forcestationary force
Slamming forceSlamming force

Slamming
Force

Time

Vertical
Force

Qusi-Stationary
Force

Modified/Extended Kaplan MethodModified/Extended Kaplan Method
Slamming ForceSlamming Force

Magnitude?Magnitude?
Duration?Duration?
Spatial distribution?Spatial distribution?

These Questions Must Be Answered These Questions Must Be Answered 

Slamming
Force

Time

Vertical
Force

Qusi-Stationary
Force

Before its Impact Before its Impact 
on Structural on Structural 
Response Can Response Can 
Be DeterminedBe Determined

Modified/Extended Kaplan MethodModified/Extended Kaplan Method

H Drag Inertia CAMF F F F= + +

V Buoyancy Drag Inertia CAMF F F F F= + + +

Qusi-stationary Force

( )

( )

a
v drag buoyancy

a
d buoyancy

d m V
F =  + F  + F

dt
d m V 1   = + ρ L w C  V V  + F

dt 2

Modified/Extended Kaplan Modified/Extended Kaplan 
MethodMethod

Qusi-stationary Force

( )a a
a

d m V dm dV = V  +  m
dt dt dt
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Modified/Extended Kaplan MethodModified/Extended Kaplan Method

2

a 1 2 32

  l(t) b(t) h(t) h(t)m  added mass C C C
b(t) b(t)b(t)4 1

l(t)

π ρ ⎛ ⎞
≡ = + +⎜ ⎟⎜ ⎟

⎝ ⎠⎛ ⎞+ ⎜ ⎟
⎝ ⎠

Density  of  Water
b  Wetted Span Width
l   Span Length
h  Wetted Span Height
t  Time

ρ ≡
≡
≡
≡
≡

Modified/Extended Kaplan MethodModified/Extended Kaplan Method

Need Laboratory Data to Determine Drag Need Laboratory Data to Determine Drag 
and Inertia Coefficientsand Inertia Coefficients
Wave Tank Tests at Coastal Engineering Wave Tank Tests at Coastal Engineering 
Laboratory at University of FloridaLaboratory at University of Florida

Measured & ComputedMeasured & Computed Vertical ForceVertical Force
Earlier Results for Deck OnlyEarlier Results for Deck Only

Comparison of Experimental Data vs SeaBE for the Z Direction
T = 2.0s, H = .77ft - .81ft, h = 2.2ft, Yc = .22ft

-150

-100

-50

0

50

100

150

200

24.6 25.1 25.6 26.1 26.6 27.1 27.6 28.1 28.6

Time (s)

Fo
rc

e 
(lb

s)

Exper
Comp

Measured & ComputedMeasured & Computed Vertical ForceVertical Force
Deck with GirdersDeck with Girders

Deck with Girders : Predicted vs. Measured
Zc = 0,    T = 2.0 sec

-100

-50

0

50

100

150

200

12 12.5 13 13.5 14 14.5 15 15.5 16
Time (sec)

Fo
rc

e 
in

 Z
 (l

bs
)

Measured
Predicted
mov avg



9

Measured & ComputedMeasured & Computed Vertical ForceVertical Force
Deck with GirdersDeck with Girders

Deck with Girders : Predicted vs. Measured
Zc = 0    T = 2.5 sec
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Field ValidationField Validation

II--10 Escambia Bay Bridges 10 Escambia Bay Bridges -- IvanIvan
II--10 Lake Pontchartrain Bridges 10 Lake Pontchartrain Bridges –– KatrinaKatrina
Hurricane Hindcasts Exist for Both BridgesHurricane Hindcasts Exist for Both Bridges
Damage Information ExistsDamage Information Exists

Field ValidationField Validation

MeanWater LevelStorm Surge

Points about which
moments are taken

Storm Water Level
a

b

Bed

max

ds

Span Cross-section
BW

Yc

a= Girder Height (thickness) ds = Storm Water Depth
b = Deck Height (thickness) Yc = Distance from Storm Water
BL= Bridge Span Length Level to Bottom of Girder
BW= Bridge Span Width

Wave Direction
x

y

+Moment

II--10 Escambia Bay 10 Escambia Bay -- IvanIvan
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II--10 Escambia Bay 10 Escambia Bay -- IvanIvan II--10 Escambia Bay Bridge Spans10 Escambia Bay Bridge Spans

Approximate Maximum Resistive Forces and Approximate Maximum Resistive Forces and 
MomentsMoments

Maximum Vertical Force = Weight + TieMaximum Vertical Force = Weight + Tie--Downs = Downs = 
238 + 328 =  238 + 328 =  -- 566 kips566 kips

Maximum Moment about Lower Trailing Edge       Maximum Moment about Lower Trailing Edge       
= (238 x 17.5) + (164 x 32.5) = 9,495 ft kips= (238 x 17.5) + (164 x 32.5) = 9,495 ft kips

566956 to 1,513130

566454 to 735122

Resistive Force (kips)Force                      
(kips)

Modified Kaplan
Span

Vertical Force

9,495-9,861 to -16,105130

9,495-4,784 to -7,667122

Resistive Force 
(ft-kips)

Moment                      
(ft-kips)

Modified Kaplan
Span

Moment about Trailing Edge

II--10 Escambia Bay Bridge Spans10 Escambia Bay Bridge Spans
SummarySummary

ObjectivesObjectives
Develop screening criterionDevelop screening criterion
Develop different level methods for Develop different level methods for 
establishing design surge, setup and wave establishing design surge, setup and wave 
parametersparameters
Develop/adopt method for estimating surgeDevelop/adopt method for estimating surge--
wave forces and moments on bridge deckswave forces and moments on bridge decks
Develop retrofit options for existing bridgesDevelop retrofit options for existing bridges
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SummarySummary

ChallengesChallenges
Determining design parametersDetermining design parameters

Joint probability of storm surge, wind setup, wave Joint probability of storm surge, wind setup, wave 
parametersparameters

Determining wave forces and momentsDetermining wave forces and moments
Identifying/Developing retrofit optionsIdentifying/Developing retrofit options

SummarySummary

ProgressProgress
Progress on Screening CriterionProgress on Screening Criterion
Ready to start comparisons of different Ready to start comparisons of different 
methods for computing wave forces and methods for computing wave forces and 
momentsmoments
Generating information needed to analyze Generating information needed to analyze 
joint probability of environmental parametersjoint probability of environmental parameters
Work initiated on retrofit optionsWork initiated on retrofit options

Questions, Questions, 
CommentsComments
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Improve Wind Alignment CriteriaImprove Wind Alignment Criteria

Based on durations for wind directions Based on durations for wind directions 
from hindcast eventsfrom hindcast events

Update hurricane path statisticsUpdate hurricane path statistics
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Wind Gage Locations 

Landfall at the Eye of the HurricaneLandfall at the Eye of the Hurricane
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Landfall 12.6 Mile to the Right of Forward MotionLandfall 12.6 Mile to the Right of Forward Motion
(Angle Relative To Path)(Angle Relative To Path)
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Attachment F 
 

Mr. Shelden’s Presentation 
On 

The Basis of Existing Codes,  
Wallingford’s Method, and, 
 Proposed Design Criteria 
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Huntington Beach Pier, California 
(1988 Storm)

Catalina Island Ferry Terminal, 1960’s
Hs= 10 feet, Tp = 7 sec, Still Intact
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Proposed Design Approach
• Load Factor Equation

– (1.25 or 0.9)DC + (1.5 or 0.65)DW + (?)WS + (?)SC + 
(?)WV

• Force=f(Surge,H,a,b)
• Need COV for Surge & H for Monte-Carlo 

Simulation
• Ref:  PIANC Working Group No. 12 

“Uncertainty Related to Environmental Data and 
Estimated Extreme Events,”
Burcharth, et.al
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Proposed Design Approach

• Uncertainty
– Errors in Calculation Methods
– Extreme Value Analysis

• Recommend COV 0.3
• Recommend 100-year Event as Basis

– 100-yr surge w/ associated wave, wind, scour
– 100-yr wave w/ associated surge, wind, scour

Proposed Design Approach

• Three Levels of Analysis
– Level I:  Existing Data – may be too 

conservative (FEMA, ASCE-7)
– Level II:  Intermediate – Refine items with 

greatest uncertainty or conservatism
– Level III:  Extensive numerical modeling and 

statistical analyses
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