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Purpose

e Evaluate the Bridges in the Florida Keys
e Design Hurricane Stages
e Design Flows
e Design Wave Heights
e Design Scour
e |dentify Vulnerable Areas along Evacuation
Route
e Wave and Surge Loading on Bridge Decking

e Phase Il of the Federally Mandated Scour
Evaluation Program
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Approach

Task

1. Develop Calibrated Wave and Circulation
Models

2. Hindcast Historical Record (>150 Years)

e Interpolate/Extrapolate to Design Values
Surge
Wave Height
Flow
Scour

3. Evaluate Bridges — Scour & Wave Loading
4. Reporting
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Task 1

Project Initiation - Gather Available
Data/Initiate Model Mesh Development

Reduce, Analyze, Reconcile, and Assess
Available Data

Obtain Additional Survey and
Geotechnical Data

Complete and Calibrate Models
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Data Collection

e Aerial Photographs/Maps
e Bathymetry/Topography
e Existing
e Acquired
e Geotechnical Data
e Existing
e Acquired
e Field Measurements
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Data Collection

e Bridge Data

e Hurricane Data
e Wind and Pressure Fields
e High Water Marks
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Aerials/Maps
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Bathymetry/Topography

e Survey Data Acquired at 25 Crossings
e Offshore Profiles
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Geotechnical Data

e Existing Plans
e Identify Missing/Unreliable Data

e |dentify “Rule of Thumb” Failure (5 ft, 50
blows/ft)

e Acquired Data

e Borings at 19 Crossings

e Testing
Unconfined Compressive Strength
RETA (Erosion Rate vs. Shear Stress)
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RETA Results

Erosion Rate Vs Shear Stress at North Pine Channel 23-26 ft
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Field Investigation

0.00 500 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00

e Obtain Measurements for Calibration

e Water Surface Elevation
e Flow Rate
e Wave Climate

Height

Period

Direction

e Mid-April 2005 to Mid-June 2005
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Gage Locations

2 WaVeniere ce T I0E NOAA Gages

Wave Data

— North of Kemp Channel
American Shoal
Sugarloaf Key

— Tennessee Reef
— Elbow Reef
— Long Key
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Flow Measurement Locations




— Bow Channel
— Card Sound Road
Cow Key Channel
— Channel 2
Vaca Cut

Flow Rate (cms)
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Bridge Data

General Superstructure Description
General Substructure Description
Span Description

Abutment Description

General Bed Description

Detailed Description of Each Pier
e Station

e Skew

e Geometry

e Tip Elevations
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Historical Hurricane Data

e Wind and Pressure Files of Historical
Events

e Provides Inputs to Hindcast Simulations
e 1850-2004
e 28 Hurricanes, 9 Tropical Storms
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Hurricane High Water Marks

e Georges (1998) Data Set Most Reliable
e USACE
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Model Development and
Calibration

e Deep Ocean Wave Modeling — WAM
e Coastal Wave Modeling — SWAN

e Tidal Circulation and Surge Modeling -
ADCIRC
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Deepwater
Wave (WAM)

Shallow Water
Wave (SWAN)

Output at Each Node
And Time Step

wind &
Pressure

1

I 1

Storm Surge
(ADCIRC)
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WAM Grid
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Wave Parameters
Water Elevations

Depth-Averaged
Velocities

Wind Velocity
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"ADCIRC Mesh
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ADCIRC Mesh — Lower Keys
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Calibration

e WAM — Hurricane Katrina Buoy
Measurements

¢ SWAN — Wave Gage Measurements

e ADCIRC — Tide Gage Measurements and
Hurricane Georges High Water Marks
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WAM Calibration

NDBC Buoy Locations
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SWAN Calibration

e Only 2 of the 4 Gage Pairs

e Calibration Meshes Test
e Parameter
e Resolution

— WAM
— Measured
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Sugarloaf Key

Significant Wave Height (m)
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ADCIRC Calibration

e Tidal Measurements
e \Water Surface Elevation
e Flow Rate

e Hurricane Georges
e High Water Marks
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American Shoal
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Cow Key Channel

— Model
= Measured

Flow Rate (cms)
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Hurricane Georges (1998)
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High Water Mark Locations
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Key West
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Task 2 Hindcast Historical Record

e Hindcast 37 Storms
e Reduce Data
e Develop Design Values (100- & 500-yr)
e Flow Rate
e \Wave Parameters
e Elevations
e Scour
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Develop 100- & 500-yr Design
Parameters

e Extreme Value Analysis — Ochi (2004)

e Results of Hydrodynamic Model and Scour
Calculation Used as “Observations”

e Probability Distributions for “Number of
Cyclones in N Years” and “Intensity for
Each Parameter (e.g. Wave Height, Scour
Depth)”
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Choosing The Design Value

e Peak of the Plot Shows the Most Probable
Extreme Value

e However It Will Be Exceeded with a
Probability Of More Than 50%

e Design Values Should Be Taken Such
That the Value Will Not Be Exceeded with
a Probability of 90% or 95 %
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23



100-yr Extreme
Water Surface

Elevation

for

Bridge 900016
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From Modeling Results

Calculate Design:
e Wave Heights
e Water Surface Elevations
e Scour

Perform Scour Evaluations
|ldentify Vulnerable Roadway Sections
Calculate Wave Forces
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Vulnerability Analysis

e Examined Each Y2 Mile of US-1

e |dentified Areas where

e Surge Elevations at or near the Measured
Crown Elevation

e Significant Wave Energy Offshore

e Exposure of the Roadway to Wave Energy
Entering from Open Waters
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Exposed to wave energy
i from both the Gulf and
4 Atlantic

Protected by
Significant
Development [

Bahia Honda
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Wave Force Calculation

e Methodology - Developed by OEA Following
Method by Kaplan
e Recently Incorporated by AASHTO

e Inputs:
e Bridge Superstructure Geometry and Elevations
e 100-yr (5% Risk) Maximum Wave Heights

e Wave Periods:
Steepness Limited
Long Period (14 second)
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Baea Chica Channal
Bridge Number $00003 | $00074
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Maximum Maximum Maximum Horizontal | Maximum Total
Vertical Force Slamming Force Force at Maximum Vertical Force
(Kips) (kips) Vertical Force (kips) (kips)
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Scour Evaluation

e Rock Scour Calculation

e Scour Rating

e Condition of Abutment Protection
e Recommendations
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AN

Lignumvitae Channel
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Harris Gap Channel
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Spanish Harbor Channel

Bahia Honda
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Reporting

e Individual Scour and Wave Vulnerability
Reports for Each of the 56 Bridges

e Roadway Vulnerability Report
e Final Summary Report
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Questions?
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